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Characterization of ‘Biuti’ Peach Polyphenoloxidase
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Abstract In Brazil canned ‘Biuti’ peach is a very popular form of this sub-tropical fruit. This production represents an important
economic agro-activity in Minas Gerais, Brazil during the summer period, in preparation for the Christmas celebrations. The aim
of this work was to characterize the ‘Biuti’ peach polyphenoloxidase (PPO), since peach products show enzymatic oxidation of
the polyphenols by oxidative enzymes, which affects the products during their shelf life. Two different hypothesis for the
browning problem in processed peaches were studied: the inadequacy of the blanching treatment and the presence of a latent
phenolase in the peaches. The PPO was characterized: pH optimum (5.5) and stability (5.5-6.5); optimum temperature at 20oC
and 80% of the activity retained after 30 min at 15-40oC. The test for the presence of latent PPO in the processed and canned
peaches was negative. Ascorbic acid, ß-mercaptoethanol, sodium metabisulfite, and cysteine were efficient in inhibiting the PPO.
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Introduction

Peach is a fruit highly appreciated throughout the world
due its flavor, attractive color, and high economic value in
the productive chain. In Brazil, the annual production of
peaches is increasing more than 15% per year, and the
knowledge about the processing behaviour is a determinant
factor for its increasing production. One of these new
regional varieties peaches is the ‘Biuti’ peach, produced
mainly in Minas Gerais and São Paulo, Brazil (1). The
annual peach production in Brazil is last year 2008 was
130,000 ton, more than 90% of this production is
destinated to processing products for Brazilian market.
Today this production represents already 100% of total
consume in Brazil, and products from Greece and Chile
has decreased due the improvement of our internal production.

The ‘Biuti’ peach is an excellent fruit for both in natura

consumption and industrialization. These peaches are
typically large and spherical, with very yellow, acid-sweet
tasting pulp, which is easy to separate from the stone (2).
These characteristics have resulted in the ‘Biuti’ peach
having an increasing share of the industrialized peach
market in recent years.

Despite all the potential for development in the food
industry, peach products suffer from some serious
technological problems. In particular, enzymatic oxidation
of the polyphenols by endogenous oxidative enzymes
affects the products during their shelf life. The browning
problem is frequent and affects canned products (3).

This study focused on two different hypothesis to
understand the browning phenomena in the processed
peaches. The first and most common one was an
inadequacy of the blanching process. In order to test this
hypothesis, the polyphenoloxidase (PPO), present in the

‘Biuti’ was isolated, characterized, and measured its activity
after several combinations of heat treatment and chemical
inhibition.

The second idea concerned the presence of a latent
endogenous phenolase. The literature describes the unusual
characteristic of some enzymes to remain in an inactive or
latent state (4-7). The PPO can be released from latency or
activated, by a variety of treatments or agents, including
acid shock (8), urea (9), anionic detergents such as sodium
dodecyl sulfate (SDS) (10), proteases (11), and fatty acids
(12). The use of SDS as an activating agent is particularly
interesting because few enzymes are known to be activated
by SDS (13). Swain et al. (9) showed, for the first time in
1966, that this enzymatic activation process was related to
a limited conformational change in the latent enzyme.

With respect to the production of regional peach varieties
that only grow in Brazil the majority of the research carried
out is focused on genetic improvement of the plants, on
tillage and on storage of the fruits. The increasing size of
the fruit processing industry in Brazil, and the lack of
information about the technological problems the industry
is facing, has created a demand for research data on the
oxidative enzymes in these fruits and their characteristics. 
The objective of this work was to provide experimental
data on the oxidative enzymes present in the ‘Biuti’ peach,
which shows an increasing participation in the national
industry.

Materials and Methods

Fresh fruits The ‘Biuti’ peaches were obtained from a
commercial cultivar of these peaches in São Sebastião do
Paraíso, MG, Brazil. They were picked at commercial
harvest maturity, ready to be sold to the industry or used
for direct consumption. The fruits were refrigerated until
processed the next day.

Industrial samples Peaches in the form of fruit in syrup
were processed and 400 g (wet weight) aliquots canned
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and stored at room temperature. Five-hundred g aliquots of
the peach pulp were filled into glass jars and blanched at
95oC for 30 min. They were then stored at room temperature.

Sample preparation Nearly 10 kg of fresh peaches from
2 different cultivars were peeled, cut in half and the stone
removed using stainless steel knives. The fruits were then
cut into 1 cm cubes, and 500 g aliquots stored in plastic
bags. The bags were frozen in liquid nitrogen and stored at
−80oC.

Extraction of the oxireductases The enzymes were
extracted according to Flurkey et al. (10). The fruits and
their derivatives were homogenized in citrate-phosphate
buffer (0.1 M, pH 5.5) at 4oC in the proportion of 1:1. A
1 1/2 volumes (as compared to the weight of the fruit) of
acetone at 4ºC and 5% of the weight of the fruit in
polyethylene glycol 6000 were added to the fruit and
mixed. The mixture was filtered using a vacuum pump,
and the procedure repeated twice more with the residue.

For the analyses of polyphenoloxidase (PPO) and
peroxidase (POD), the enzyme extract was diluted in
phosphate buffer (0.05 M, pH 6.2) containing 1 M KCl, in
the proportion of 1:100 and agitated for 30 min. It was then
centrifuged for 15 min, the solution filtered through cotton
cloth and the enzymatic activity measured in the supernatant.

Polyphenoloxidase assay The PPO activity was assayed
according to Oktay et al. (14), using catechol as the
substrate. One unit of enzyme activity was defined as that
causing an increase of 0.001 units of absorbance/min/mL
of sample.

Peroxidase assay POD activity was determined according
to Khan and Robinson (15) and Holschuch (16), using
guaiacol as the substrate. One unit of enzyme activity was
defined as that causing an increase of 0.001 units of
absorbance/min/mL of the sample.

Biochemical characterization of the ‘Biuti’ PPO The
effect of pH on the PPO was determined using a reaction
system containing 0.1 mL of the enzyme extract; 1.7 mL of
the various buffers; 1.2 mL of the substrate catechol
solution (15 mM) in phosphate buffer (0.05 M, pH 6.0).
The total volume of each tube was 3.0 mL. The blank was
composed of 3.0 mL of the substrate solution in buffer.

The various buffers used were: citrate-phosphate buffer
(0.1 M) with pH values from 3.0 to 5.5; phosphate buffer
(0.025 M) with pH values from 6.0 to 8.0; and Tris-HCl
buffer (0.1 M) with pH values from 8.5 to 9.0. The enzyme
activity was determined as described above.

To check for pH stability, the enzyme was pre-incubated
in the same buffers for 20 hr at the optimum temperature,
as described by Fujita and Tono (17) and Fujita et al. (18).
The reaction mixture was the same as described above, and
the enzyme activity was determined as described above.

The effect of temperature on the PPO was determined
using a reaction system containing 0.1 mL of the enzyme
extract; 1.7 mL of phosphate buffer (0.05 M, pH 6.0); and
1.2 mL of the catechol (substrate) solution (15 mM) in
phosphate buffer (0.05 M, pH 6.0). The total volume of
each tube was 3.0 mL. The blank was composed of 3.0 mL

of the substrate solution in buffer. The enzyme reaction
was tested at different temperatures (from 10 to 80oC) for
5 min incubation, and the enzyme activity determined as
described above.

Heat stability of the PPO was tested by pre-incubating 2
mL of the enzyme extract at different temperatures (from
10 to 80oC) for 30 min. The samples were then placed on
ice and the enzyme activity determined as described above.
To study the effect of various additives on PPO activity, 1,
5, and 10 mM of the additives tested were added to the
enzyme reaction system described above. The reaction
mixtures were incubated at the optimum temperature for 5
min according to Sidiqq et al. (19) and the enzyme activity
determined as described above.

The presence of a latent PPO in the enzyme extract
obtained from the industrially processed and canned
peaches was tested by adding 2 mM of SDS to the reaction
system described above. A control test containing the same
enzyme extract but without the SDS was also prepared and
the enzyme activity determined as described above.

‘Biuti’ PPO inactivation study
Effect of different inhibitors at different temperatures:
The most effective inhibiters of the PPO, as determined in
preliminary tests, were added at several different
concentrations to the PPO reaction system and incubated at
temperatures from 10 to 80oC for 30 min, this being the
time used for the heat treatment by the industry. The
treatments were selected according to their use by the fruits
and vegetables industry. The enzyme activity was
determined as described above.
Chemical and heat treatment: The effect of the
combination of heat treatment and chemical compounds on
the inactivation of the PPO was studied by incubating
samples with the enzyme extract and a chemical compound
in a 1:1 proportion at the temperature indicated in Table 1.
The enzyme activity was determined as described above.

Results and Discussion

Extraction of the oxireductases The enzymatic extracts
of the different peaches samples (fresh frozen fruit, fruit in
syrup, and peach pulp) were obtained as described, and the
PPO and POD analyses were performed according to
described on the methodology. On the fresh frozen fruit,
the results were 2,557.0 (±8.6) U/mL of PPO and 1,175.0
(±7.8) U/mL of POD. On the other 2 industrialized
samples, none activity of PPO or POD were detected.

The results of the fresh frozen peach showed that the
PPO activity had a nearly 46% higher value than the POD
activity. According to Brandelli and Lobes (3), the PPO is
really the major responsible enzyme for fruits darkening.
Toraless et al. (34) studied darkening events in 4 kinds of
Brazilian peaches, and conclude that the PPO was
responsible for the enzymatic darkening. Observing all
these results, the rest of the study was dedicated to
characterization and inhibition tests with only of the PPO
present on the fresh frozen ‘Biuti’ peaches samples.

Characterization of ‘Biuti’ PPO
Effect of pH on PPO stability: The pH optimum for the
enzyme-catalyzed oxidation of catechol in phosphate
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buffer was found to occur between pH 5.0 and 6.0. The
enzyme showed 80% of activity in an optimal pH range
between 5.0 and 8.0. In the pH range between 4.0 and 4.5,
50% of PPO activity was observed. At a pH value above
8.0, the activity decreased very rapidly (Fig. 1A).

This result is in accordance with that of Gawlik et al.
(21) for the phenol oxidase from broccoli (pH 5.7); that of
Sidiqq et al. (19) for the phenol oxidase from pears cv. Red
(pH 5.5) and with the results obtained by McCallum and
Walker (22) for the phenol oxidase of wheat flour (pH 5.6).
On the other hand, the phenol oxidase isolated from the
peach cv. Halford showed maximum activity at pH 6.2
(23), that from aubergine at pH 4.0 (18), that from potato
at 6.7 (24) and that from apples at 4.6 (25). According to
Vamos-Vigyazo (26), the PPO system in fruits seems to be
most active at a near neutral pH value.

The pH stability profile for the enzyme showed that
100% of the PPO activity was retained between pH 5.5 and
6.5. In the pH range between pH 7.0 and 8.0, 70-90% of
the PPO activity was retained. The enzyme was not stable
below pH 5.0 or above 8.5 (Fig. 1B). This result corresponds
well with the results obtained by Fujita et al. (18) for the
phenol oxidase from lettuce (pH stability between 5.0 and
8.0, retaining 80-100% of the PPO activity) and for the
phenol oxidase from eggplant (pH stability between 5.0
and 8.0).

The rapid inactivation of the enzyme above pH 8.0 may
be due to conformational changes in the enzyme under the
alkaline conditions and/or the enzyme may react rapidly
with quinones via Maillard reactions and/or the Strecker
degradation (27).
Effect of temperature on PPO stability: The enzyme
showed the highest activity at 20oC with the substrate
catechol, and showed 80% of activity between 15 and
30oC. At temperatures below 15oC, the activity decreased
rapidly (Fig. 2A). The maximum activities for the PPOs
obtained from grape cv. Emir (28), mango (29), and banana

(30) were, respectively, 25, 30, and 30oC.
The enzyme was incubated at different temperatures for

30 min and the residual enzyme activity was measured.

Table 1. Additives, time, and temperature applied in the inactivation of polyphenoloxidase (PPO)

Treatment Chemical compound
Additive 

concentration

Heat treatment

Time (min) Temperature (oC)

T1 None none none

T2 Ascorbic acid 0.1% none none

T3 Citric acid 0.1% none none

T4 Sodium metabisulfite 0.05% none none

T5 None 2 70

T6 Ascorbic acid+citric acid 0.1% none none

T7 Ascorbic acid+citric acid+sodium metabisulfite 0.1%+0.05% none none

T8 Ascorbic acid+EDTA 0.1%+30 ppm none none

T9 Ascorbic acid+sodium metabisulfite 0.1%+0.05% none none

T10 Ascorbic acid 0.1% 2 70

T11 Citric acid+sodium metabisulfite 0.1%+0.05% none none

T12 Citric acid+EDTA 0.1%+30 ppm none none

T13 Citric acid 0.1% 2 70

T14 Ascorbic acid+citric acid+EDTA 0.1%+30 ppm none none

T15 Ascorbic acid+citric acid+sodium metabisulfite 0.1%+0.05% 2 70

T16 EDTA 30 ppm none none

T17 None 5 90

Fig. 1. (A) Activity of peach polyphenoloxidase (PPO) as a
function of pH, (B) pH stability of peach PPO after a pre-
incubation period of 20 hr at the pH indicated.
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After 30 min at 15 and 40oC, 80% of the PPO activity was
retained. The activity decreased rapidly after 30 min at
80oC (Fig. 2B). It has been reported that cabbage PPO
retained 40% of its activity after 10 min at 100oC (31),
while eggplant PPO retained 50% of its activity after 5 min
at 70oC. The PPO of artichoke cv. Jerusalem retained 80%
of its activity after 60 min at 75oC (32).
Effect of inhibitors on PPO: The effects of various
inhibitors on the PPO are shown in Table 2. EDTA, NaCl,
and KCl showed minimal inhibition. The more efficient
additives were: ascorbic acid, sodium metabisulfite, β-
mercaptoethanol, and L-cysteine (approximately 100%
inhibition of the PPO activities).
L-Cysteine was reported to be a strong inhibitor of apple

PPO (14) and ascorbates are effective inhibitors of dog
rose PPO (33).

The test for the presence of latent PPO in processed and
canned peaches was negative.

Inactivation of ‘Biuti’ PPO

Effect of the inhibitors at different temperatures: The
PPO activity was approximately zero when the enzyme was
incubated with 1 mM ascorbic acid, β-mercaptoethanol,
sodium metabisulfite, and cysteine at 50oC. The same
result was observed with all others inhibitors at 1 mM
concentrations and at 80oC (Fig. 3A).

A concentration of 5 mM of ascorbic acid, β-

mercaptoethanol, sodium metabisulfite, and cysteine was
more efficient on the enzyme inhibition, than 1 mM at 50
and 80oC (Fig. 3A and 3B).
Chemical compounds and heat treatment: The PPO
showed zero activity when submitted to heat treatment
alone for 5 min at 90oC (T17). An association of 0.1%
citric acid with 2 min at 70oC resulted in 90% of PPO
inhibition (T10).

Fig. 3. Effects of the inhibitors at concentrations of 1 (A) and
5 mM (B) on the polyphenoloxidase (PPO) activity at different
temperatures.

Fig. 4. % Inhibition of peach polyphenoloxidase (PPO) using
different treatments.

Fig. 2. (A) Activity of peach polyphenoloxidase (PPO) as a
function of temperature, (B) temperature stability of peach
PPO after a pre-incubation period of 30 min at the
temperature indicated.
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The least efficient treatments were: T3 (0.1% citric acid;
inhibition >30%), T5 (2 min at 70oC; inhibition approximately
0%), T12 (0.1% citric acid+30 ppm EDTA; inhibition
approximately 50%) and T16 (30 ppm EDTA; inhibition
=60-70%).

Processed samples The processed samples were tested
using the addition of SDS to the reaction system for PPO
activity. The SDS addition showed no effect, there being
no PPO activity with or without SDS only few days after
the processing.

In this study, it was not possible to find any correlation
between the level of browning and the inhibitors tested
during the temperature process. The different mechanisms
responsible for browning in different products must be
taken into account. Probably the browning in fresh fruits
the mainly cause is polyphenol enzymatic oxidation as
observed in the Fig. 1-3. Peach in syrup browning, as a
result of blanching and pasteurization processes, could be
ascribed both to enzymatic reactions taking place before
blanching and to non-enzymatic browning reactions
occurring during pasteurization. The formation of pro-
oxidant compounds (reactive radicals in the early stages of
the Maillard reaction), as well as antioxidant compounds
(free polyphenols as result of hydrolysis of glicosides,
polyphenols in their intermediate state of oxidation and

maillard reaction products) has been observed during plant
food processing and affects antioxidant activity through
different pathways (35).
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