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1. Introduction
Pesticides are usually applied  simultaneously or one 
after another  for crop protection, and such pesticide 
application can impair the activities of various enzymes in 
the fruit structure, as it usually stays which significantly 
affects the value of the fruit remains in the fruit for a 
long time. According to the UN’s Food and Agricultural 
Organization, pesticides means any substance or mixture 
of substances intended to prevent, destroy or control any 
pest and vectors of human or animal diseases, unwanted 
species, including insecticides, fungicides, herbicides, 
and disinfectants. Substances that may be administered 
to animals for the control of plants or animals or insects, 
spiders, or other pests on or on their bodies, which 
cause harm or otherwise interfere with the production, 
processing, storage, transportation, or marketing of food, 

agricultural products, wood and wood products, or animal 
feed. Otherwise, pesticides are compounds recommended 
for use as plant growth organizers, desiccants, defoliants, 
or compounds to thin fruit or prevent mutational fruit 
shedding, and are compounds used in crops before or after 
harvest to protect crops from damage during transport 
and storage (FAOSTAT, 2002). The use of pesticides is 
inevitable in growing agricultural products. Nevertheless, 
the unconscious increase in pesticide use in the last years 
has significantly affected both environmental pollution 
and human health. Food safety is a growing area of concern 
worldwide due to its direct impact on human health 
(Darko and Akoto, 2008). In recent years, the presence of 
harmful pesticide residues (insecticide, fungicide, etc.) has 
caused great concern in foods (Karalliedde et al., 2003). 
Despite their ability  to protect crops and human health, 
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their overutilization and misuse, their instability, and their 
ability to be transported over long distances ultimately 
cause widespread environmental pollution (Singha et al., 
2008). In addition, since very little pesticide is usually 
involved directly in the pesticide’s mechanism of action, 
many of these chemicals end up as deposits and “waste” 
in the environment where they are active (Kaushik et al., 
2009). These residues can affect both target and nontarget 
organisms (Sinan et al., 2007). Some part of these chemicals 
has structural similarities with natural phenolic substrates 
for PPO. This has inspired scientists to invent biosensors 
that use immobilized enzymes to identify pesticide 
residues in environmental and food samples (Anh et 
al., 2002a, 2004b). A recent study (Rung and Schwack, 
2005) showed that the parathion, aminoparathion, an 
organophosphorus insecticide can behave as a substrate 
for PPOs in forming red colored polymerized compounds. 
Polyphenol oxidases (PPO; EC 1.14.18.1 and EC 1.10.3.1), 
also known as tyrosinases or catechol oxidases, are 
metalloproteins containing copper atoms and protected by 
three histidine rings with amino acids in the active center. 
These enzymes, which are common in nature, are found 
in animals, plants, and microorganisms. They catalyze 
two different reactions; hydroxylation of monophenols to 
o-diphenols (monophenolase activity) and oxidation of 
o-diphenols to o-quinones (diphenolase activity). Many 
researchers reported that PPO activity causes browning 
reactions in fruits and vegetables. Also, lots of researchers 
reported that the main reason for browning reactions, 
especially in apples, is due to PPO activity (Nicolas, et al., 
1994). Therefore, a lot of work has been done to inhibit 
PPO activity. In one of these studies, it was determined 
that as a result of the characterization of the PPO enzyme 
purified from Jonagored apple, there was high activity 
against 4-methylcatechol and L-dopa substrates (Rocha et. 
al., 2001). 

PPO enzyme was purified and characterized from 
Yomra apple cultivar grown in Turkey and sodium 
metabisulfite was found to be the most suitable inhibitor 
that inhibits Yomra PPO (Can et.al., 2014). PPO enzyme 
was purified from Amasya apple cultivar and inhibitor 
studies were carried out after characterization. A study 
showed that the most effective inhibitor was L-cysteine   
(Oktay et.al., 1995). Gianfreda and Rao studied the 
interaction of soil enzymes with pesticides (2004) and it 
was observed that pesticides increased enzymatic activity. 
‘Jonagold’ (Malus x domestic) apple cultivar which belongs 
to Rosaceae family was used in our study. ‘Jonagored’  is 
a mutant of ‘Jonagold’  which is a controlled cross 
of ‘Jonathan’ with ‘Golden Delicious’ (Trillot, 1993). There 
is a lack of studies that have been done on ‘Jonagold’ apple 
PPO so that our study was carried out in a specific area 
in the ‘Jonagold’ apple growing area in Atmaca village of 

Prizren which is a city of Kosovo. 
When the literature was examined, the absence of 

any study examining the effects of ‘Jonagold’ apple PPO 
and pesticides on this enzyme encouraged us to do this 
study. For this purpose, in our study, pesticide applied 
and untreated apples were grown in a special area in the 
‘Jonagold’ apple growing area in Atmaca village of Prizren 
province of Kosovo. The data obtained show the effect 
of pesticides on Jonagold PPO. These results contain 
important information for the use of Jonagold apple PPO as 
a bioactive agent in biosensors to be designed for pesticide 
determination in the future. The obtained data bring to 
light new pesticide functional features of great interest in 
the medicinal, agro-chemical, and environmental circles.

2. Materials and methods
2.1. Plant materials (apples) and reagents
‘Jonagold’ apples used in this study were harvested from 
Atmaca (42°14’39.7”N 20°40’57.6”E) village of Prizren 
district of the Republic of Kosovo and stored at 4 °C. 
Polyvinyl pyrrolidone was purchased from company VWR. 
Dipotassium hydrogen phosphate, potassium dihydrogen 
phosphate and L-Ascorbic Acid were purchased from 
Lachner. Trizma base, Pyrogallol, Catechol, L-Tyrosine, 
and 4-methylcatechol were purchased from Acros, 
Germany. All other chemicals used were purchased from 
Fluka and Sigma Aldrich. All chemicals were analytical 
grade. 
2.2. Pesticide application
In recent years, pesticides have been sprayed on fruits and 
vegetables to provide protection against external factors. 
Like other vegetables and fruits, pesticide spraying is done 
in ‘Jonagold’ apple. Certain apple trees (approximately 
50 trees) were not sprayed so that they would not be 
affected by pesticide spraying on the ‘Jonagold’ apple 
plantation. These trees have been grown in a completely 
natural environment. Then the apples were collected and 
transported to the laboratory environment. In laboratory, 
PPO has been purified from ‘Jonagold’ apples. Based on 
this, the aim of the study is to compare the PPO activity 
(AWP = apple with pesticide) in pesticide-sprayed apples 
and the PPO activity in nonpesticide-sprayed apples (AFP 
= Pesticide Free Apple). While comparing, the difference 
between kinetic values such as optimum pH, temperature, 
Michealis-Menten constant (Km), maximum velocity 
(Vmax), resistance to metals, and storage stability were 
determined experimentally.

‘Jonagold’ apple trees that were previously detected 
in the apple growing area, Atmaca village of Prizren were 
marked and pesticides were applied to these trees, while 
the others were not. 

In our study, there were about 400 trees in an area 
of one ha. Pesticide application was not applied to 1225 
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m2 of one-ha area. This area was marked as the AFP area 
and there were about 50 ‘Jonagold’ apple trees in this 
area. The apples in this AFP area were picked specifically 
from the extreme region. The reason is that, as a result 
of pesticide spraying in the AWP region, AFP apples 
were inadvertently exposed to pesticide spraying in the 
border area. Therefore, apples were especially selected and 
collected from the extreme area. 

Pesticide application was made in two steps:
• In the first step, Acrobat (2 kg/ha), Kumulus (3 kg/

ha), and Deltamethrin (0.4 l/ha) were used twice 2021, 
May. 

• In the second step, Armethyl (2.5 kg/ha) and Grande 
(0.5 l/ha) were used for once 2021, June.

Apples were collected in middle of July (2021). After 
the apples were harvested, they were stored under the 
conditions described in section 2.1.
2.3. Enzyme extraction
30 g of ‘Jonagold’ apples were chopped and mixed with 
30 mL of 0.1 M phosphate buffer (pH 7.0) containing 
1% triton X-100, 1.5% polyvinyl pyrrolidone, and 5 mM 
ascorbic acid. It was completely homogenized using a 
blender for 5 min. The homogenate was then filtered and 
centrifuged at 5000 rpm for 20 min. Enzyme assays were 
carried out with the aid of a Thermo Scientific Genesys 
UV-VIS Spectrophotometer. Centrifugation was done 
until no precipitate formed in the extraction tubes. The 
supernatant obtained after centrifugation was used as the 
crude enzyme extract (Oktay et al., 1995).
2.4. Effect of pH
Optimal pH for ‘Jonagold’ apples PPO activity was 
determined using 10 mM catechol, 4-methylcatechol, and 
pyrogallol as substrate in buffers of pH values ranging 
from 3.0 to 9.0. The buffer systems used were citrate buffer 
for pH 3.0–5.0; phosphate buffer for pH 6.0–7.5; Tris-HCl 
buffer for 7.5–9.0. Observing absorbance increases at 420 
nm for 60 s with the spectrophotometric method was 
performed for enzyme activity determinations.
2.5. Effect of temperature
PPO enzyme activity was measured at temperature values 
ranging from 0 °C to 80 °C to determine the optimum 
temperature of ‘Jonagold’ apple PPO using 10 mM 
catechol, 4-methylcatechol, and pyrogallol as substrate. 
The enzyme was incubated in phosphate buffer for 1 min 
at the appropriate temperature. After the incubation, the 
increase in absorbance was observed at 420 nm for 60 s 
with the addition of the substrate solution.
2.6. Substrate specificity 
A substrate specificity study was carried out to determine 
which substrates the enzyme can transform and against 
which it has a higher affinity. The activity of the enzyme 
against four different substrates was determined. For this 

purpose, 4-methylcatechol, pyrocatechol, pyrogallol, and 
L-tyrosine were used as substrates. The Km value was 
calculated for each substrate and the substrates used were 
compared. Vmax and Km were calculated according to the 
Lineweaver and Burk method (Wong et al. 1971).
2.7. Enzyme kinetics
Substrate solutions ranging from 0.05 mM to 50 mM were 
used in kinetic studies. These different substrate solutions 
were used to determine the enzyme’s Vmax and Km. 
Enzyme activity was monitored spectrophotometrically 
at 420 nm for 60 s. After the measurements were taken, 
the initial velocities were calculated using the absorbance-
time graph. Km and Vmax constants were obtained after 
the necessary calculations were made in the Michaelis-
Menten (substrate concentration [S] versus velocity 
(V)) and Lineweaver-Burk method (1/[S] versus 1/V) 
(Lineweaver and Burk, 1934).
2.8. Effect of metals
In order to measure and examine the effect of metals on 
PPO enzyme activity obtained from ‘Jonagold’ apples, 
metal solutions containing different concentrations of 
metal were prepared. Studies were carried out under 
standard conditions. The tested concentrations of metals 
were 0.5 mM, 1 mM, and 5 mM. The enzyme solution 
was incubated with metals in pH 7.0 phosphate buffers 
at 4 °C for 30 min. The reaction was initiated by adding 
4-methylcatechol in constant concentration to the reaction 
medium. In the study, Al+3, Ba+2, Ca+2, Co+2 Cu+, Fe+3, Mg+2, 
Ni+2, K+, Na+ and Zn+2 metals were used. As a control, the 
reactions were performed under the same conditions in 
a metal-free environment and the results were compared 
(Cerrahoğlu and Arabacı, 2016). 
2.9. Storage stability of the enzyme
The storage stability study of the PPO enzyme was carried 
out at 3 different temperatures, –20 °C, 4 °C, and room 
temperature (average 25 °C). In order to find the storage 
stability of the enzyme at room temperature, the decrease 
in its activity at room temperature was recorded by 
measuring the change in absorbance at 420 nm for 60 s. 
Here, 10 mM 4-methylcatechol was used as the substrate. 
In order to see the stability of the enzyme in storage at 
–20 °C, the enzyme was stored at –20 °C and recorded by 
measuring the absorbance value at 420 nm for 60 s once 
a week. Again, 10 mM 4-methylcatechol was used as the 
substrate. In order to measure the stability at 4 °C, activity 
was measured in the same way, but the measurement 
frequency was set to every 8–12 h (Cerrahoğlu and 
Arabacı, 2016).

3. Results
In this study, PPO enzyme was extracted and characterized 
from ‘Jonagold’ apple cultivar (Malus x domestica). In the 
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apple growing area, the trees were marked by dividing 
them in half. Some of the apple trees were pesticide-
free, while others were affected by pesticide chemicals as 
described in section 2.3. They all grew up in their natural 
habitat. In order to optimize the pH and temperature values 
of PPO enzyme activity obtained from free and pesticide-
treated apples, enzyme activity was determined at different 
pH and temperatures, and the results are shown in Figures 
1 and 2. As shown in Figure 1 at the optimum pH values for 
AFP and AWP PPO enzyme, we can see that the optimum 
pH range is between 4.5 and 8.0. 

When both PPO enzyme activities for each substrate 
are compared, it is seen that the optimum pH of 
4-methylcatechol in AFP PPO enzyme is in the acidic 
region with pH 4.5, whereas it is in the neutral region with 
pH 7.0 in AWP PPO enzyme. Pyrocatechol has an optimum 
pH value similar to pH 7.0 in both enzyme activities. While 
pyrogallol has an optimum pH value with pH 7.5 in AFP 
PPO enzyme, it shifts its optimum pH value to the basic 
region with a pH of 8.0 in AWP PPO enzyme. In general, we 
can say that pesticide application affects the optimum pH of 
the substrate in enzyme activity.

In the present study, the optimum temperature of the 
enzyme activity from both sources was also determined. 
For this purpose, the enzyme solution was incubated 
for 1 min in the buffer at the desired temperature, and 
then its interaction with the substrate was measured in 
spectrophotometry. When the optimum temperature of 

PPO enzyme from the AWP and AFP in the presence of 
different substrates is compared, it is seen that the PPO 
enzyme from the AWP is active higher temperature than the 
one in the AFP in Figure 2. Figure 2 shows that the optimum 
temperature values have been changed from 10 to 60 °C 
for both PPO enzymes. When using only the pyrocatechol 
substrate, the optimum temperature with the highest PPO 
enzyme activity from AFP is 10 °C. By comparison, it can 
be seen that the PPO enzyme from pesticide-treated apples 
has activity at a higher temperature than the PPO enzyme 
from AFP. 

Considering the kinetic activity and substrate specificity 
of the PPO enzyme obtained from two different sources, four 
different substrates were used and the results are presented 
in Table 1. These substrates were 4-methylcatechol, 
pyrocatechol, pyrogallol, and L-tyrosine. Among these 
substrates, both PPO enzymes did not have any activity 
with L-tyrosine as a monophenol substrate. The PPO 
enzyme from AWP and AFP showed very good activity 
with diphenolic (pyrocatechol and 4-methylcatechol) and 
triphenolic (pyrogallol) substrates (Table 1). When the 
kinetic values in Table 1 are examined, it is seen that the PPO 
enzyme from AFP has the best affinity for 4-methylcatechol 
with a Km value of 0.27 mM and Vmax/Km value of 0.492 
(U/mM.min). Figure 3 shows that the Lineweaver–Burk 
plot for 4–methylcatechol as a substrate for AWP and AFP 
PPO enzyme. PPO enzyme from both sources has a similar 
affinity to pyrogallol with a Km value of 0.37 mM. 

Figure 1. Comparison of optimum pH values of PPO enzyme activity from AWP and AFP in the presence of different substrates.
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The metal effects on PPO enzyme activity obtained 
from AWP and AFP were also investigated with a constant 
5 mM concentration of 4-methylcatechol as substrate. 
The results are presented in Table 1 and Figure 4.  When 
the values of the metal solutions in Table 2 on the PPO 
enzyme activity are examined, it is seen that the metals 
tested at different concentrations, except for the Cu+2 
atom, have an inhibitory effect on the PPO enzyme 
activity from both sources. Cu metal had an activator 
effect on the PPO enzyme activity form AWP and AFP. In 
general, it can be concluded that metals tested at different 
concentrations (0.5 to 5 mM) did not have much effect on 
PPO enzyme activity from AWP. However, it is seen that 
metals are effective on PPO enzyme activity in AFP. The 
storage stability of the PPO enzyme in AWP and AFP was 
investigated in order to determine how the activity of the 

PPO enzyme would change when stored under changing 
temperature conditions. As a result of this, the enzyme 
was stored at room temperature (25 °C), +4 °C’ and –20 
°C , and enzyme activity was determined at certain time 
intervals (Figure 5).  In the presence of 4-methylcatechol 
substrate, the activity of PPO enzyme in AFP and AWP 
apples at room temperature decreased to 50% after 150 
h and had an activity of 15% after 400 h. In the storage 
stability at +4 °C, it was found that there was a 50% decrease 
in the relative activity of the enzyme after 100 h substrate 
(4-methylcatechol) and that the enzyme had 10% activity 
at the end of 405 h. However, as seen in Figure 5, the PPO 
enzyme activity is higher in AFP. In the storage stability 
at –20 °C, in the presence of 4-methylcatechol substrate, 
PPO activity in AWP and AFP decreases regularly in the 
first 100 h. However, after 150 h, there is a 50% decrease in 

Table 1. Optimum temperature, optimum pH, and kinetic parameters of PPO enzyme from AWP and AFP.

Optimum pH Optimum 
temperature (°C)

Km
(mM)

Vmax 
(U/min.)

Vmax/Km 
(U/mM.min.)

AWP AFP AWP AFP AWP AFP AWP AFP AWP AFP

4-methyl catechol 7.0 ± 0.2 4.5 ± 0.1 50 ± 4 40 ± 3 0.98 ± 0.01 0.27± 0.01 0.08 ± 0.002 0.133 ± 0.003 0.081 ± 0.003 0.492 ± 0.002

Pyrocatechol 7.0 ± 0.2 7.0 ± 0.2 30 ± 3 10 ± 4 3.94 ± 0.02 2.27 ± 0.03 0.02 ± 0.001 0.081 ± 0.002 0.005 ± 0.001 0.035 ± 0.001

Pyrogallol 7.5 ± 0.1 7.5 ± 0.2 40 ± 4 50 ± 5 0.37 ± 0.02 0.37 ± 0.01 0.034 ± 0.002 0.051 ± 0.001 0.091 ± 0.002 0.137 ± 0.003

L-tyrosine - - - - - - - - - -

Figure 2. Comparison of optimum temperature values of PPO enzyme activity from AWP and AFP in the presence of different substrates.
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the relative activity of the PPO enzyme in AWP, whereas 
there is a 30% decrease in the relative activity of the PPO 
enzyme in AFP. By the end of 400 h, the PPO enzyme in 
AWP was found to have an activity of 1%. It was found 
that the PPO enzyme in AFP had an activity of 30% at the 
end of 405 h.

 
4. Discussion
Pesticides that are used to protect fruits and vegetables 
against harmful external factors affect enzymatic activity. 
When the results of substrate specificity of the PPO 
enzyme purified from ‘Jonagold’ apple are examined 
(Table 1), it can be seen that it did not show any activity 
against the monophenolic substrate L-tyrosine. However, 
the PPO enzyme showed high activity with diphenolic 
(4-methylcatechol and pyrocatechol) and triphenolic 
(pyrogallol) substrates. It showed the highest activity 
with 4-methylcatechol and pyrogallol substrate. However, 
when evaluated over Vmax values, it is seen that the PPO 
enzyme showed high activity with the 4-methylcatechol 
substrate (Figure 3). Based on the specific substrate 
actions pesticides are classified into three different types: 
tyrosinases, cathecol  oxidases,  and laccases. Tyrosinases, 
have both cresolase and catecholase activities (Sánchez-
Ferrer et. al., 1995). Catechol oxidases, also known as 
o-Diphenol oxidases, catalyze the oxidation of o-diphenols 
to o-quinones. Also, laccases have the ability to oxidize 

various aromatic compounds by a radical-catalyzed 
reaction mechanism (Fronk et. al., 2015). It has been 
determined that the PPO enzyme purified from ‘Jonagold’ 
apple has Laccase character due to its interaction with 
diphenolic (4-methylcatechol and pyrocatechol) and 
triphenolic (pyrogallol) substrates. This study, was found 
to be in agreement with the studies of Palma-Orozco et al. 
(2014) that were made on the PPO enzyme purified from 
mango fruit. Optimum pH studies for the ‘Jonagold’ PPO 
enzyme showed that the PPO enzyme had the best activity 
in the acidic and neutral regions. The enzyme showed 
high activity with the 4-metylcatechol substrate in the pH 
range of 4.5 to 7.0, while in the neutral region it showed 
high activity only with the pyrocatechol and pyrogallol 
substrates (Figure 1). 

In the study of Rocha et al. in 2001, it was experimentally 
proven that the interaction of the PPO enzyme purified 
from Jonagored apple with the substrates was only with 
diphenols and triphenols. In addition, it was determined 
that the PPO enzyme showed high activity with the 
4-methylcatechol substrate in the pH range of 4.5 to 7.0. 
The substrate specificity and optimum pH results of the 
PPO enzyme purified from ‘Jonagold’ apple were found to 
be similar to the previous studies. Interesting results were 
obtained when comparing the substrate specificity of the 
PPO enzyme purified from AWP and AFP apples. When 
the substrate specificity of the PPO enzyme is evaluated, 

Figure 3. Lineweaver-Burk plot for 4-metyl catechol substrate of PPO enzyme from AWP and AFP.
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especially with 4-methylcatechol, it is seen that the AWP 
PPO activity is lower than the PPO activity in AFP (Table 
1). Considering the Vmax values, it was determined that 
the Vmax value of AFP PPO was approximately 2.5 times 
higher than the Vmax value of AWP PPO. Deltamethrin 

was used when spraying pesticides, as described in section 
2.2. 

In the study of Fattouch et al. (2010), the effect of a 
range of commonly used pesticides on enzyme  activity 
has been evaluated using the  purified quince (Cydonia 

Table 2. Effect of metals on the PPO enzyme activity from AWP and AFP.

AFP AWP

  PPO % remaining activity PPO % remaining activity

  Metal concentration Metal concentration

Metals 0.5 mM 1 mM 5 mM 0 mM 0.5 mM 1 mM 5 mM 0 mM
Al3+ 64.60674 54.77528 75.8427 100 91.70732 58.53659 43.90244 100
Ba2+ 63.20225 68.82022 72.33146 100 77.07317 69.26829 13.65854 100
Ca2+ 51.26404 58.28652 26.68539 100 62.43902 70.2439 25.36585 100
Co2+ 64.60674 66.01124 28.08989 100 61.46341 73.17073 72.19512 100
Cu2+ 64.60674 80.75843 139.0449 100 66.34146 86.82927 90.73171 100
Fe3+ 50.5618 65.30899 3.511236 100 77.07317 69.26829 59.5122 100
Mg2+ 43.53933 35.11236 78.65169 100 84.87805 77.07317 28.29268 100
Ni2+ 37.92135 36.51685 87.7809 100 80.97561 80.97561 38.04878 100
K+ 33.70787 27.38764 47.75281 100 68.29268 84.87805 21.46341 100
Na+ 32.30337 28.08989 27.38764 100 78.04878 79.02439 24.39024 100
Zn2+ 35.11236 21.76966 63.20225 100 55.60976 70.2439 32.19512 100

Figure 4. Comparative graph showing the effect of metals on the PPO enzyme activity from AFP and AWP.
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oblonga) PPO. Purified Deltamethrine was used as a 
pesticide and it was found that PPO inhibited the enzyme 
by 33%. According to our study, it was determined that 
it inhibited the PPO enzyme purified from AWP apples 
by 80%. As described in section 2.2, deltamethrin was 
not used alone besides, Acrobat and Kumulus were also 
used as a mixture. In the first step, the mixture in the 
pesticide spray significantly inhibited the ‘Jonagold’ PPO 
enzyme. The reason is that the molecules in the mixture 
that is used in the pesticide spraying in the first stage 
have organic properties and bind to the region outside 
the active center of the PPO enzyme. The fact that the 
Km values of the pyrogallol substrate are the same but 
the Vmax values are different (Blat, 2010) reveals that the 
PPO in AWP has a noncompetitive inhibition effect. The 
effect of deltamethrin pesticide on PPO enzyme purified 
from quince by Fattouch et al. in 2010 was recorded as 
competitive. In our results, it was determined that the 
results obtained with the pyrogallol substrate were close 
and similar results were obtained.

When the optimum temperature values of the PPO 
enzyme purified from AWP and AFP ‘Jonagold’ apples 
are examined, it is seen that the PPO enzyme activity in 
AFP is higher than the PPO enzyme activity in AWP. It 
has been established that the PPO enzyme in temperature-
dependent AWP is nonresistance. In the kinetic study 
of  Oktay et al. (1995), on the PPO activity of Amasya 
apple, the optimum temperature value was found to be 

high which is similar to our study. Therefore, it is seen that 
this study is similar to the studies that were done. 

This study also investigated the effect of metals on 
the PPO enzyme purified from AWP and AFP ‘Jonagold’ 
apples. Therefore, the enzyme activity was measured for 60 
s against time with metal solutions prepared at 0.5 mM, 1 
mM, and 5 mM ratios. 4-methylcatechol at a concentration 
of 5 mM was used as a substrate. In Table 2, it is seen that 
metal solutions used at low concentrations did not inhibit 
AWP PPO enzyme activity too much. However, AFP PPO 
enzyme activity was found to be inhibited more than AWP 
PPO. Therefore, AWP PPO enzyme activity was found 
to be resistant to low metal concentrations. It has been 
determined that the pesticides that were used do not affect 
the enzyme activity in large amount and even provide 
resistance against external factors. When looked at Table 
2 and Graph 4, it was determined that Cu ions increased 
the enzyme activity. Five mM Cu+2 ions concentration 
increased AFP PPO enzyme activity by 139%. Also, it was 
founded that Fe+3 ions, which inhibit AFP PPO enzyme 
activity the most, inhibited the enzyme by 96.5% when 
they were present in the reaction medium at 5 mM level. 
Afterwards, it was determined that Ca+2, Na+, and Co+2 
ions inhibited the AFP PPO enzyme by 75%. Whereas, 
Ba+2 ions, which inhibit AWP PPO enzyme activity the 
most, were found to inhibit the enzyme by 86.5% when 
they were present in the reaction medium at 5 mM level. 
Then, it was determined that Ca+2, Na+, K+, and Mg+2 ions 

Figure 5. Time- varying comparative graph of the activity of PPO enzyme obtained from AWP and AFP in the presence of 
4-methylcatechol substrate at different temperatures.
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inhibited the AWP PPO enzyme by 75%. When the effect 
of Na+ and K+ ions was examined, it was determined that 
when used at low concentrations, AWP did not inhibit 
the PPO enzyme very much, whereas AFP inhibited the 
PPO enzyme by almost 60% to 70%. These results show 
that the AWP PPO enzyme is resistant to external factors. 
Pesticides have been found to be effective in the study. Since 
K+ and Na+ ions play an important role in the cell structure 
of living organisms and various other biochemical factors, 
it is thought that they have no effect on the enzyme. 
Other tested metals have the properties to easily interact 
with ligands such as imidazole, thiol and carbonyl, which 
contain atoms such as N, S, and O, which are found in the 
basic structures of biological systems. Accordingly, it is 
thought that the tested metals may interact with the ligands 
in the enzyme, causing changes in the conformation of 
the enzyme and inhibiting the enzyme at different rates. 
In some studies, there are also findings that the effects of 
metal solutions increase the activity on PPO enzymes. 
According to the study conducted by Gedikli et al. (2010), 
the effect of denim dyes containing metal ions (Mn, Pb, 
Ni, Zn, Co, Cd, and Cu) on laccase enzyme was examined. 
Palma-Orozco et al. (2014) tested metal ions at 0.1 mM, 
1 mM, and 10 mM concentrations on the PPO enzyme 
that they purified from mango fruit varieties. Their results 
determined that the effect of K+ ions on the PPO enzyme 
was low. However, they determined that the Na+ ions used 
in 0.1 mM concentration inhibited the PPO enzyme by 
10%. Cu+2 ions, on the other hand, inhibited PPO enzyme 
at the rate of 87% at 0.1 mM concentration, 67% at 2.5 mM 
concentration, 56% at 5.0 mM concentration, and 49% 
at 10 mM concentration. According to the studies, AFP 
and AWP ‘Jonagold’ PPO enzymes are inhibited at high 
metal concentrations, but maintain their activity at 1 mM 
and lower metal concentrations. Since metal ions in high 
concentrations are known to be toxic to living things, it is 
thought that metals inhibit the enzyme by interacting with 
various regions of enzymes at high concentrations.

The storage stability of the ‘Jonagold’ PPO enzyme was 
investigated in order to determine how the activity would 
change when stored under changing temperature conditions. 

Therefore, the enzyme was stored at room temperature, 
+4 °C and –20 °C, and enzyme activity was determined at 
certain time intervals. The study found that, the activity of 
PPO enzyme purified from AFP and AWP ‘Jonagold’ apples 
decreased by 70% at the end of 400 h. Also, AWP PPO lost its 
activity at the end of 400 h. It has been found that pesticides 
significantly reduce the shelf life of apples. In addition, it was 
determined that the polyphenol oxidase enzyme in the plant 
Prunus dulcis lost its activity in 16 h at room temperature 
and in 13 days (312 h) at –20 °C (Güngör and Badem, 2008). 
According to the results obtained, ‘Jonagold’ PPO enzyme 
was determined to be quite stable at –20 °C.

5. Conclusion
It is important to control the PPO enzyme activity since 
more than 50% of losses occur in the fruit and vegetable 
sector as a result of the browning reaction with the PPO 
enzyme. This study demonstrates the behavior of the 
Jonagold PPO in the presence of a range of pesticides used 
worldwide in human activities. Additionally, the study 
shows that pesticides protect apples from harmful external 
factors, while at the same time inhibit the PPO activity 
in the product. We have determined that inhibiting PPO 
activity extends the shelf life of the product and will greatly 
benefit the industry. Also, in this study’s results, it was found 
that pesticides bind to the active site of the PPO enzyme in 
apples, reducing the enzyme activity and making it more 
resistant to metals. Therefore, it can be said that pesticides 
will prevent the browning reaction in apples, extend the 
spoilage of the products and reduce the losses due to rot 
in the fruit and vegetable sector. Our findings are likely to 
have general utility in predicting environmental toxicants, 
like pesticides, which could bind and modulate enzymatic 
systems. It also presented good data for examining the 
utility of Jonagold PPO enzyme as a bioactive agent in the 
development of biosensors for pesticide determination.
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