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ABSTRACT: After harvesting litchi, the red color of the fruit pericarp is rapidly lost resulting in discoloration
and browning during storage and marketing. The loss of the red color is caused by the degradation or loss of
stability of anthocyanins. The action of peroxidase and polyphenoloxidase is usually related to the browning
and discoloration of fruits of various species. This study aimed to evaluate the influence of pH and temperature
on peroxidase and polyphenoloxidase activities, in a partially purified preparation of pericarp of the litchi
cultivar Bengal. Fruits were harvested at the ripe stage and polyphenoloxidase was partially purified by
sequential saturation in 80% ammonium sulfate. At concentrations of 40-50% and 60-70% ammonium sulfate
the activities of polyphenoloxidase and peroxidase were, respectively, 124 times and 158 times higher than in
the crude extract. The activity of peroxidase and polyphenoloxidase was maximum at pH 6.5 and 7.0,
respectively, and no activity was detected at pH 2.5 and 9.5. Pre-incubation of the enzyme extract for 45 min
at pH 2.5 or 9.5 completely inactivated the enzymes, with the highest degree of efficiency at pH 2.5. Peroxidase
activity was highest at 70°C and remained active for a period of 120 min at 70 and 80°C. Peroxidase became
completely inactive when maintained at 90°C for 10 min or 1 min at 100°C. Polyphenoloxidase activity was
highest at 20°C and remained active for a period of 120 min at 40 and 50°C and was inactivated after 10 min
at 60°C. Due to the high temperature of inactivation of the peroxidase and polyphenoloxidase activities, the
enzymes can be inactivated more easily in fruits using acid or alkaline solutions.
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Efeito do pH e da temperatura nas atividades da peroxidase e
polifenoloxidase do pericarpo de lichia

RESUMO: Apds a colheita do fruto, a cor vermelha do pericarpo da lichia é rapidamente perdida, o que resulta
em descoloragdo e escurecimento durante o armazenamento e comercializagio. A perda da cor vermelha é
devido a degradacio de antocianinas ou a perda de sua estabilidade. Usualmente, a acdo da peroxidase e
polifenoloxidase esta relacionada ao escurecimento e a descoloracio de varias frutas. Avaliou-se a influéncia do
pH e da temperatura na atividade da peroxidase e polifenoloxidase em uma preparagio purificada parcial de
pericarpo de cultivar Bengal. Os frutos foram colhidos no estadio vermelho maduro. A polifenoloxidase foi
parcialmente purificada por saturagio seqiiencial até 80% de sulfato de amdnio. Na concentracio de 40-50% e
de 60-70% de sulfato de amonio, a atividade da polifenoloxidase e peroxidase foi 124 e 158 vezes maior vezes
maior do que a encontrada no extrato cru. A peroxidase e polifenoloxidase apresentaram 6tima atividade em
pH 6,5 e 7,0 e nenhuma atividade foi detectada a pH 2,5 € 9,5. A pré-incubagio do extrato das enzimas até 45
min a pH 2,5 ou 9,5 inativou completamente as enzimas, sendo que o maior grau de eficiéncia ocorreu em pH
2,5. A peroxidase apresentou maior atividade a 70°C, permanecendo ativa durante um periodo de 120 min a 70
e 80°C. A peroxidase tornou-se completamente inativa, quando aquecida durante 10 min a 90°C ou durante 1
min a 100°C. A polifenoloxidase apresentou maior atividade a 20°C, permanecendo ativa durante um periodo
de 120 min a 40 e 50°C e inativada aos 10 min a 60°C. Devido a alta temperatura para inativagio, a atividade
da peroxidase e polifenoloxidase pode ser reduzida, imergindo os frutos em solug¢des acidas ou alcalinas.
Palavras-chave: Lizchi Chinensis Sonn., purificagdo de enzima, escurecimento da casca

Introduction major limitation in litchi marketing is the rapid loss of

this red color after harvest, along with pericarp brown-

Litchi (Litchi chinensis Sonn.) is a subtropical/tropi- ing (Zhang et al., 2005). Post-harvest browning of litchi
cal fruit of high commercial value with a white, fruit has been attributed mainly to the degradation of
transulent aril and appealing red pericarp color. The red pigments in association with phenolic oxidation by
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polyphenoloxidase (PPO) and/or peroxidase (PO) en-
zymes (Jiang et al., 2004). Polyphenoloxidase (Liu et al.,
2007) is a widely distributed copper-containing enzyme
that catalyzes the hydroxylation of monophenols to o-
diphenols (EC 1.14.18.1, cresolase or monophenol
monooxygenase) and the oxidation of o-diphenol to o-
quinones (EC 1.10.3.2, diphenolase or catecholase) and
PO (EC 1.11.1.7) Li and Yan (1963) first detected the re-
lationship between PPO activity and litchi peel brown-
ing. Significant progress in purification and character-
ization of PO and PPO and its substrates in litchi peri-
carp tissue has since been made. Nonetheless, enzymatic
browning is still the major practical limitation of litchi
fruit storage (Jiang et al., 2003). The purpose of this study
was to investigate the influence of pH and temperature
on peroxidase and polyphenoloxidase activity and the
enzyme inactivation by pH and heat.

Material and Methods

Plant Material

Ripe red litchi fruits of cv. Bengal were harvested in
Vigosa, MG, Brazil (lat 20° 54' S, long 42° 51' W, 650 m
asl). The pericarp was removed and the fruits were stored
in liquid nitrogen at -196°C until analysis.

Extraction of PPO and PO

Sixty grams of litchi pericarp were ground with 300
mL of cold 0.1 M phosphate buffer (pH 6.5), 0.1% so-
dium bisulfite, 150 mM NaCl for PO extraction and
added to 1% polyvinylpyrrolidone (PVP) soluble in
PPO for its extraction. The mixture was filtered through
four layers of cheesecloth and centrifuged at 18,000¢ for
30 min at 4°C. The supernatant was saturated up to 80%
ammonium sulfate in 20% steps for 30 min with agita-
tion, followed by centrifugation at 18,000g for 30 min.
The pellets were re-suspended in 10 mM phosphate-
NaOH, 0.1% sodium bisulfate pH 6.5 buffer and dialyzed
overnight against the same buffer (Underhill and
Critchley, 1995). All procedures were performed at 4°C.

Enzyme Assay for PPO and PO

Peroxidase activity in the extracts was measured as
described by Loukili et al. (1999) using 24 mM guaiacol
and 60 mM hydrogen peroxide in a spectrophotometer,
recording changes in absorbance (470 nm).
Polyphenoloxidase activity in the extracts was measured
as proposed by Shin et al. (1997) in a spectrophotometer
as well, recording the changes in absorbance (410 nm),
using 100 mM 4-methylcatechol as substrate and 0.2 M
phosphate buffer pH 6.5.

Optimum temperature for PPO and PO activities
The activity of peroxidase and polyphenoloxidase
was determined in a temperature range from 10°C to
100°C, at intervals of 10°C, after 10 min of pre-incuba-
tion in 0.2 M phosphate buffer, pH 6.5. The enzyme
preparation was incubated at 70, 80, 90, and 100°C for a
period of two hours and aliquots of the material were
taken every 10 min. Then the extract was placed in an

icebath (cooling to 4°C) for 30 min and the remaining
activity was determined at 25°C.

Effect of pH on PPO and PO activities and stabilities
The enzyme activity was measured by mixing dia-
lyzed extract with 0.1 M sodium citrate-NaOH pH 2.5 -
6.0, 0.1 M phosphate buffer-NaOH pH 6.5 - 8.0 and 0.1
M Tris-HCl pH 8.5 - 9.5 buffers (Yue-Ming et al., 1997).
The extract was pre-incubated with buffers of 0.2 M so-
dium citrate-NaOH pH 2.5 and 0.2 M Tris-HCI pH 9.5,
at 1:1 (v/v) at 4°C, and the activity measured in 0.1 M
phosphate buffer-NaOH pH 6.5 at 25°C, measured ev-
ery 2.5 min of incubation, using guaiacol (24 mM) and
hydrogen peroxide (60 mM) as substrate of peroxidase
and 4-methylcatechol (100 mM) for polyphenoloxidase.
Each experiment was replicated four times and the total
protein of the extracts estimated by the method of Bradford
(1976), using Bovine serum albumin (BSA) as standard.

Results and Discussion

Based on the information about the influence of pH
and temperature on iz vitro activity of PO and PPO, it
is possible to inactivate these enzymes by using acidic
or basic solutions and heat treatment, in order to in-
crease the fruit storage period.

Peroxidase began to precipitate when at least 30%
ammonium sulfate was added, reaching the highest spe-
cific activity in a range of 60 to 70% saturation, which
was 158 times higher than in the crude extract (Table 1).
Purification procedures with ammonium sulfate usually
induce two to four-fold increases of most enzymes. For
litchi however, the gain in specific activity was much
higher. This may indicate the presence of inhibitors in
the crude extract of the litchi pericarp, which had been
removed by the precipitation followed by dialysis.

Peroxidase activity was pH-dependent, with com-
plete inactivation at pH 2.5 and when > 8.5 (Figure 1).
The maximum enzyme activity observed at pH 6.5 de-
creased when the pH was reduced or increased; the drop
was sharper in the alkaline than in the acid range (Fig-
ure 1). Maximum activity of litchi peroxidase was ob-
served at a slightly acid pH, near pH 6 as observed for
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Figure 1 - Influence of pH on peroxidase activity in the pericarp

of litchi fruit. Vertical error bars indicate standard

deviation.
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Table 1 - Activity of litchi pericarp peroxidase and polyphenoloxidase in crude extract and after fractionation with

ammonium sulfate.

Ammonium sulfate saturation Polyphenoloxidase activity Peroxidase activity
% AU/min/mg protein AU/min/mg protein
Crude extract 0.93 0.73

0-10 1.56 0

10-20 25.63 0

20-30 52.37 0

30-40 76.94 4.60
40-50 114.61* 20.02
50-60 80.93 58.27
60-70 53.86 115.10*
70-80 34.59 109.23

“Fraction used for the pH and temperature experiments. AU: absorbance units.
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Figure 2 - Influence of pre-incubation at pH 2.5 (W) and 9.5 (@)

on activity of litchi fruit peroxidase. Vertical error
bars indicate standard deviation.

strawberry peroxidase (Civello et al., 1995). Pre-incuba-
tion of the extract at pH 2.5 or 9.5 caused a reduction in
peroxidase activity, which was proportional to the pe-
riod for which the extract had been maintained at low
or high pH (Figure 2). The pH of 2.5 was more efficient
in reducing peroxidase activity than 9.5; after 45 min of
incubation the pH of 2.5 reduced the activity by 91.9%
and the pH of 9.5 by 69.4% (Figure 2). These results show
that peroxidase activity is more effectively inhibited in
an acid than in an alkaline pH.

From 10 to 30°C the peroxidase activity increased
slowly, at temperatures above 30°C the rate of activity
increase was higher, and at 70°C the activity reached its
peak (Figure 3). When the temperature exceeded 70°C,
the activity began to decline, and inactivation was ob-
served at 90 and 100°C after 10 min of pre-incubation in
phosphate buffer at pH 6.5 (Figure 3). In fact, the enzyme
activity was completely inactivated after boiling the ex-
tract for one minute. Maintaining the extract for 10 min
at 90°C also inactivated the peroxidase reaction com-
pletely (Figure 4) and temperatures of 70 and 80°C re-
duced it proportionally to the period of incubation. Af-
ter 120 min at 70 and 80°C the peroxidase activity in the
extract was reduced by 58.8 and 67.6%, respectively (Fig-
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Figure 3 - Influence of temperature on peroxidase activity of
litchi pericarp. Error bars indicate standard

deviation.
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Figure 4 - Activity of litchi pericarp peroxidase after pre-
incubation at 70°C (M), 80°C (®) and 90°C (A).
Vertical error bars indicate standard deviation.

ure 4). These results confirm that litchi is highly heat-
resistant, similar to peroxidase of fresh asparagus
(Rodrigo et al., 1996), suggesting that extensive heat treat-
ments are needed to inactivate litchi peroxidase.
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Polyphenoloxidase activity was present in all frac-
tions of ammonium sulfate precipitation, reaching the
highest specific activity at 40% and 50% saturation,
where a 124-fold increase was observed in the activity
as compared to the crude extract (Table 1). Both below
and above 40 - 50% ammonium sulfate saturation, the
specific activity was gradually reduced, indicating that
a great portion of PPO was, in fact, precipitated at 40%
and 50% ammonium sulfate (Table 1). The gain in spe-
cific PPO activity achieved by the ammonium sulfate
precipitation was extremely high, which may indicate
the presence of inhibitors of the enzyme activity in the
crude extract of litchi pericarp, and that such inhibition
factors were efficiently removed by precipitation and
subsequent overnight dialysis.

Polyphenoloxidase reached a plateau of maximal ac-
tivity at pH 6.5 and 7.0, which decreased when the pH
was reduced or elevated (Figure 5). A sharper decrease
in the activity was observed when the pH was higher
than 7.0 compared to a decrease to less than 6.5, and no
activity was detected at pH 2.5 and 9.5 (Figure 5). Be-
tween pH 6.0 and 3.0, the PPO activity remained con-
stant, but at a lower activity level than in the range of
pH 6.5 - 7.0. Jiang (2001) found that the PPO activity in
litchi was maximum at pH 6.8 with 4-methylcatecol,
while below pH 4.0 no enzyme activity was detected.
Sellés-Marchart et al. (2006) reported that differences in
optimum pH for PPO activity depended on the plant
sources, extraction methods, purity of the enzyme, buff-
ers, and substrates. To investigate the pH stability of lit-
chi pericarp PPO, Liu et al. 2007 incubated the enzyme
in various buffer solutions ranging from pH 3.1 to 8.0 at
4°C, and the residual PPO activity was determined at
given time intervals. Tukey’s test showed no significant
change in the enzyme activity during the 15 days of stor-
age at pH 6.0, 7.5, and 8.0, respectively, leading to the
conclusion that PPO was stable in a pH range of 6.0-8.0.
PPO activity in Amasya apple was highest at pH 7.0 and
9.0, on the substrates cathecol and 4-methylcathecol, re-
spectively (Oktay et al., 1995). This variation in pH in
relation to maximum activities of polyphenoloxidases
showed the presence of different isozymes with distinc-
tive kinetic properties.

16
147
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Figure 5 - Influence of pH on polyphenoloxidase of pericarp of
litchi fruit. Error bars mean standard deviation.

Pre-incubating the extract at pH 2.5 or 9.5 for as long
as 45 min caused a decrease in PPO measured at opti-
mum pH 6.5 (Figure 6). A pH of 2.5 was more efficient
in reducing enzyme activity than pH 9.5 after 45 min of
pre-incubation, reducing the specific enzyme activity by
94.6 and 70.9%, respectively (Figure 6). Thus, the inacti-
vation of litchi polyphenoloxidase can be easily
achieved by lowering the pH.

The polyphenoloxidase activity was highest at 20°C,
and was continuously reduced by rising temperatures
until complete inactivation at 60°C. PPO remained ac-
tive for a period of 120 min at 40 and 50°C and was inac-
tivated after 10 min at 60°C (Figure 7). Jiang (2001)
found that litchi PPO had a remarkably high optimum
temperature of 65°C and was stable in a broad range of
temperatures, with little activity reduction after 30 min
at 75°C, while at higher temperatures, the enzyme was
inactivated. Liu et al. (2007) showed that the optimum
temperature was 45°Cand when exceeding 45°C the PPO
activity decreased.

The optimum temperature of 18°C of the litchi en-
zyme was similar to that of the Amasya apple PPO
(Oktay et al., 1995), and rather different from the 35 and
50°C found for Anna apple and strawberry, respectively
(Serradell et al., 2000). However, Yue-Ming et al. (1997)
reported that the enzyme in litchi fruit cv. Mauritius has
a remarkably high optimum temperature (70°C). These
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Figure 6 - Influence of pre-incubation at pH on polyphenoloxidase.
Vertical error bars indicate standard deviation.

70
60
50
40
30
20
10

0 T T
10 20 30 40 50 60

Temperature (°C)

AU/min/mg protein

Figure 7 - Influence of temperature on the activity of litchi fruit
pericarp. Vertical error bars indicate standard
deviation.
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Figure 8 - Activity of litchi pericarp polyphenoloxidase after pre-

incubation at 40°C (W), 50°C (®) and 60°C (A).

Vertical error bars indicate standard deviation.

results clearly demonstrate the sensitivity of litchi
polyphenoloxidase to heat; the activity can therefore be
controlled by inducing either low or high temperatures.

Heating the extract to 40°C slowly reduced the en-
zymatic activity of PPO and after 120 min the remain-
ing activity was 64.4% of the initial reaction rate (Fig-
ure 8). Maintaining the temperature at 50°C for two
hours also affected the enzyme action more dramati-
cally, reducing the activity to 20.4% of that determined
at the beginning of the heat treatment, while a tempera-
ture of 60°C for 10 min reduced the enzyme activity to
scarcely detectable (Figure 8). The high heat-sensitivity
of the pericarp PPO indicates that the undesirable
browning caused by enzyme action may be dramati-
cally reduced by this treatment. However, as the brown-
ing seems to result from the combined action of peroxi-
dase and polyphenoloxidase, the heat treatment would
not be effective due to the high thermal stability of the
former enzyme (Shin et al., 1997). Jiang (2001) stated that
the application of heat treatment seems inappropriate
for the control of fruit browning in view of the optimum
temperature and thermal stability of litchi PPO.. Fur-
ther research is required to evaluate how the immersion
treatment in acid or alkaline solutions would influence
the red fruit color during storage. Jiang (2001) reported
that the absence of PPO activity below pH 4.0 could
explain the delay in peel browning of acid-treated lit-
chi fruit.

Conclusions

The activity of peroxidase and polyphenoloxidase
was maximum between pH 6.5 and 7.0 and no activity
was detected at pH 2.5 or 9.5. The peroxidase activity
peak was observed at 70°C. The enzyme was inactivated
completely when maintained for 10 min at 90°C or for
one minute at 100°C. The polyphenoloxidase activity in-
creased from 10 to 20°C, the enzyme was inactivated
completely when maintained for 10 min at 60°C. The
browning of litchi fruit can be controlled by applying
acid or alkaline solution treatments.
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