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Science and Art Faculty, Sakarya University, Adapazarı, Turkey, and Science and Art Faculty,
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Polyphenol oxidase (PPO) of Malatya apricot was isolated by (NH4)2SO4 precipitation and dialysis.
PPO showed activity to catechol, L-dopa, and gallic acid. Catechol was the most suitable substrate
for Malatya apricot PPO (lowest Km value). The optimum pH for the PPO was 8.5. Heating for 40
min at 40 °C did not cause a significant loss of enzymic activity. The times required for 50%
inactivation of activitiy at 60 and 80 °C were found to be 47 and 16 min, respectively. The I50
values of inhibitors studied on PPO were determined by means of activity percentage [I] diagrams.
The values were 2.7 × 10-5, 5.03 × 10-5, 3.62 × 10-5, 3.68 × 10-5, and 8.30 × 10-4 M for sodium
metabisulfite, ascorbic acid, 2-mercaptoethanol, thiourea, and salicylic acid, respectively. Ascorbic
acid, 2-mercaptoethanol, sodium metabisulfite, and thiourea inhibited the reaction strongly.
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INTRODUCTION

The browning reaction during storage or processing
of fruits and vegetables is a widespread phenomenon.
In most cases, the browning reaction is considered
detrimental to the quality of the product (Zhow and
Feng, 1991). Malatya apricot is one of the best varieties
of apricot grown in Turkey, but the fruits are prone to
browning during storage. This is commercially undesir-
able. It is caused primarily by the oxidation of some
phenolic substrates to corresponding quinones by poly-
phenol oxidase (PPO) in the presence of oxygen. It has
been related to enzymic browning in several plant tis-
sues (Zhow and Feng, 1991; Sharon and Khan, 1979;
TanX, 1984; Galeazzi and Sgarbieri, 1981a,b; Roudsari
et al., 1981; Augustin et al., 1985; Wissemann et al.,
1985).
PPO from different plant tissues shows different

substrate specificities and degrees of inhibition. There-
fore, characterization of the enzyme could help to de-
velop more effective methods in controlling browning
of plants and products. Our objective was to isolate PPO
from Malatya apricot and to characterize the enzyme
at different pH values and temperatures. Substrate and
inhibitor effects were also studied.

EXPERIMENTAL PROCEDURES

Materials. Malatya apricots (Prunus armeniaca L.) were
harvested fresh from Malatya, Turkey. All chemicals were
purchased from Sigma Chemical Co. Enzyme assays were
conducted using an LKB UV-vis spectrophotometer.
Isolation of PPO. Malatya apricots (P. armeniaca L.) were

harvested fresh (Malatya, Turkey) and stored at 4 °C. For
preparing the crude extract, 20 g of fruit was homogenized
in 100 mL of 0.5 M phosphate buffer (pH 7) containing 0.5%
poly(ethylene glycol) and 10 mM ascorbic acid by using a
Waring blender for 2 min. The crude extract was filtered, and

the filtrate was centrifuged at 20000g for 30 min at 4 °C.
The supernatant was brought to 80% (NH4)2SO4 saturation
with solid (NH4)2SO4. The precipitated PPO was separated
by centrifugation at 20000g for 30 min. The precipitate
was dissolved in a small amount of 0.5 M phosphate buffer
(pH 7) and dialyzed at 4 °C in the same buffer for 3 h with
three changes of buffer during dialysis. The dialyzed sample
was used as the PPO enzyme source in the following experi-
ments.
Assay of PPO Activity. Enzyme activity was determined

by measuring the increase in absorbance at 420 nm with a
spectrophotometer. The sample cuvette contained 2.8 mL of
substrate in various concentrations prepared in the homog-
enization buffer and 0.2 mL of the enzyme. The blank sample
contained only 3 mL of substrate solution. Enzyme activity
was calculated from the linear portion of the curve. One unit
of PPO activity was defined as the amount of enzyme that
caused an increase in absorbance of 0.001/min (Oktay et al.,
1995).
Effect of pH. The activity of the enzyme was determined

in the pH range 3.5-10 by using 0.1 M phosphate and 0.1 M
Tris-HCl buffers. The optimum pH for the PPO was obtained
with catechol as substrate.
Heat Inactivation of PPO. The thermal denaturation of

PPO was studied at 10, 40, 60, and 80 °C. For the study, 0.5
mL of enzyme in a test tube was incubated at the required
temperature for fixed time intervals. At the end of the
required time interval, the test tube was cooled by immersion
in ice. The activity of the enzyme was then determined
(Augustin et al., 1985).
Enzyme Kinetics and Substrate Specificity. Michaelis

constant (Km) and maximum velocity (Vmax) were determined
using four substrates (L-dopa, catechol, gallic acid, and L-
tyrosine) in five different concentrations. The reaction was
followed in a spectrophotometer, and data were plotted ac-
cording to the method of Lineweaver and Burk (1934). To
investigate substrate specificity, the same four compounds at
various concentrations were tested as substrates for PPO.
Effect of Inhibitors. To determine effects of inhibitors,

the reaction assay contained 0.3 mL of 0.1 M catechol, 0.1 mL
of enzyme solution, 2.6 mL of 0.1 M phosphate buffer, and
inhibitor solution at various concentrations. Inhibitors studied
were ascorbic acid, sodium metabisulfite, thiourea, salicylic
acid, and 2-mercaptoethanol. To determine the inhibitor
concentration that reduced the enzyme activity by 50% (I50),
regression analysis graphs were drawn by using percent
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inhibition values by a statistical packing program on a
computer. I50 values were determined from the graphs (Arslan
et al., 1997).

RESULTS AND DISCUSSION

Effect of pH. The pH profile of the PPO was deter-
mined between pH 3.5 and 10 (Figure 1) with catechol
as substrate. Only one maximum of pH 8.5 was ob-
served within the pH range used. In general, most
plants showed maximum activity at or near neutral pH
values (Oktay et al., 1995). However, we found alkaline
pH to be optimum for catechol. The optimum pH for
PPO activity has been found to vary with the source of
the enzyme and substrate in a relatively wide range of
pH (Zhow and Feng, 1991).
Heat Inactivation of PPO. A typical thermolability

profile of the apricot PPO is shown in Figure 2. Heating
for 40 min at 40 °C did not cause a significant loss of
enzymatic activity. The times required for 50% inacti-
vation of activitiy at 60 and 80 °C were found to be 47
and 16 min, respectively. It has been noted that heat
stability of the enzyme may be related to ripeness of
the plant, and in some cases it is also dependent on pH.
In addition, different molecular forms from the same
source may have different thermostabilities (Park et al.,
1985).
Enzyme Kinetics and Substrate Specificity.

Malatya apricot PPO showed activity to catechol, L-
dopa, and gallic acid (Table 1). The substrate with
highest activity was catechol, followed by L-dopa and
gallic acid. L-Tyrosine and resorcinol were also tested
but were not oxidized by Malatya apricot PPO. The
enzyme had no activity toward monophenols. These
findinds are similar to those for Yali pear PPO (Roud-

sari et al., 1981), Bartlett pear PPO (Rivas and Whi-
taker, 1973), and kiwi fruit PPO (Park and Luh, 1985).
Effect of Inhibitors. Table 2 shows I50 values

obtained with various compounds as inhibitors using
catechol as substrate. The values were 2.7× 10-5, 5.03
× 10-5, 3.62 × 10-5, 3.68 × 10-5, and 8.30 × 10-4 M for
sodiummetabisulfite, ascorbic acid, 2-mercaptoethanol,
thiourea, and salicylic acid, respectively. Ascorbic acid,
2-mercaptoethanol, sodium metabisulfite, and thiourea
inhibited the reaction strongly. The prevention of
enzymic browning by a specific inhibitor may involve a
single mechanism or be the result of an interplay of two
or more mechanisms of inhibitor action (Roudsari et al.,
1981). Ascorbic acid and 2-mercaptoethanol act by
reducing the quinones formed by PPO to polyphenols
while they are themselves oxidized.
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Figure 1. Effect of pH on the activity of PPO from apricot.

Figure 2. Heat inactivation of apricot PPO at various
temperatures.

Table 1. Substrate Specificity and Kinetic Data of
Apricot PPO

substrate Km (mM) Vmax (units/mL‚min)

catechol 6.6 ( 0.47 833 ( 9.32
L-dopa 12.5 ( 5.5 500 ( 11.7
gallic acid 20 ( 2.03 1.5 ( 0.04

Table 2. Effects of Some Inhibitors on the Activity of
PPO from Anethum graveolens L.

inhibitor concn (M) % inhibition I50× 10-5

sodium metabisulfite 8.30 × 10-6 36 2.7
1.66 × 10-5 44
3.30 × 10-5 50
6.60 × 10-5 74

ascorbic acid 1.66 × 10-5 35 5.03
3.30 × 10-5 41
6.60 × 10-5 48
8.30 × 10-5 60

2-mercaptoethanol 1.60 × 10-5 36 3.62
3.30 × 10-5 41
5.00 × 10-5 58
6.60 × 10-5 83

thiourea 1.60 × 10-5 34 3.68
3.30 × 10-5 48
5.00 × 10-5 54
6.63 × 10-5 76

salicylic acid 3.30 × 10-4 24 83.7
5.00 × 10-4 30
6.60 × 10-4 33
8.30 × 10-4 50
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