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Okra is originally from Africa and 
was brought to Brazil by the slaves. 

Cultivated mainly in the Northeast and 
Southeast regions, okra finds in Brazil 
excellent growing conditions (Mota 
et al., 2000). However, the period of 
postharvest shelf life is short, mainly 
under room temperature and low relative 
humidity, which leads to accelerated loss 
of water, depreciating commercial value 
of fruit for fresh consumption (Finger 
et al., 2008).

Temperature of storage is the most 
important environmental factor to 
extend the shelf life of fresh fruits 
and vegetables. However, products of 

tropical and subtropical origin can be 
seriously damaged during cold storage, 
usually under temperatures between 
5 and 13°C. Sevillano et al. (2009) 
show that the development of chilling 
is triggered by low temperatures, but 
above freezing point. Chilling injury 
symptoms in okra fruits appear as 
points of depression on the surface 
associated with a further browning 
under temperature of 5oC (Finger et 
al., 2008). This limits the storage of 
tropical and subtropical fruits and 
vegetables due to their sensitiveness to 
cold stress. The susceptibility to low 
temperatures of this particular set of 

cold-sensitive horticultural products 
causes the appearance of physiological 
disorders (the whole set is known as CI), 
which have detrimental effects on their 
quality (Aghdam et al., 2013).

Phenolic compounds have important 
role on determining flavor and color 
of fruits and vegetables and those 
are involved on enzymatic browning 
reactions due to injuries. Browning 
is related to enzyme activity by the 
oxidation of the phenolic compounds 
catalyzed by the polyphenoloxidase 
(Menolli et al., 2008; Pasquariello et 
al., 2015) and peroxidase (Silva et al., 
2009). These biochemical changes occur 
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ABSTRACT
This study evaluated the involvement of peroxidase and 

polyphenoloxidase on the enzymatic browning of okra and the 
role of catalase in the appearance of chilling injury in cultivars 
Amarelinho and Mammoth Spineless treated with hot water. Okra 
fruits from two cultivars were immersed in water at 40°C, during 
15 and 30 minutes. The control treatment was not immersed, and 
all fruits were stored at 5°C. Visual analysis of fruits was carried 
out and total chlorophyll content and total phenolic compounds 
were determined. The activity of the enzymes catalase, peroxidase 
and polyphenoloxidase was analyzed. In all treatments, the cultivar 
Mammoth Spineless showed higher values of chlorophyll content 
and soluble phenolic compounds compared to cultivar Amarelinho. 
For both cultivars, catalase activity was higher at the last days of 
storage, regardless if the fruits were immersed or not in hot water. 
However, the catalase activity was higher in ‘Mammoth Spineless’, 
which presented the higher tolerance to chilling injury. The fruit skin 
browning was coincident with the increase on polyphenoloxidase 
activity and phenolic compounds content. This relationship was not 
observed for the peroxidase activity. The heat treatment during 15 
minutes increased the length of storage of cultivar Amarelinho, and 
for 30 minutes of the cultivar Mammoth Spineless.

Keywords: Abelmoschus esculentus, catalase, peroxidase, 
polyphenoloxidase, heat treatment.

RESUMO
Tratamento hidrotérmico minimiza os efeitos da refrigeração 

em frutos de quiabo

O objetivo desse trabalho foi avaliar a relação das enzimas pero-
xidase e polifenoloxidase com o escurecimento enzimático do quiabo 
e analisar o envolvimento da catalase com o aparecimento de injúria 
por frio, em frutos das cultivares Amarelinho e Mammoth Spineless 
imersos em água quente. Frutos de quiabo das duas cultivares foram 
imersos em água a 40°C por 15 e 30 minutos. O tratamento controle 
não foi imerso, e todos os frutos foram armazenados a 5°C. Realizou-
-se a análise visual dos frutos e determinou-se os teores de clorofilas 
totais e compostos fenólicos totais. Analisou-se a atividade da enzima 
catalase, peroxidase e polifenoloxidase. Em todos os tratamentos, 
a cultivar Mammoth Spineless apresentou valores de clorofila e 
compostos fenólicos superiores em relação à cultivar Amarelinho. 
A catalase apresentou maior atividade, para as duas cultivares, nos 
últimos dias de armazenamento, para frutos imersos ou não. Porém, 
a atividade da catalase foi maior em ‘Mammoth Spineless’ que foi a 
que apresentou maior tolerância à injúria chilling. O escurecimento 
dos frutos coincidiu com o aumento da atividade da enzima PPO e 
do conteúdo de compostos fenólicos. Para a peroxidase, esta relação, 
não foi observada. O tratamento térmico durante 15 e 30 minutos 
proporcionou maior período de conservação para as cultivares Ama-
relinho e Mammoth Spineless, respectivamente.

Palavras-chave: Abelmoschus esculentus, catalase, peroxidase, 
polifenoloxidase, tratamento térmico.
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during the cold storage process and can 
produce significant loss of quality.

One technique that has been used to 
avoid the development of chilling injury 
is the manipulation of temperature 
before storage at low temperature. The 
thermal pre-treatment with immersion 
in hot water significantly reduced the 
symptoms of chilling injury in loquat 
(Edagi et al., 2009) and bananas (Wang 
et al., 2012), without changing other 
fruit characteristics and helped to delay 
the ripening of cucumbers (Zhanga et 
al., 2014). 

According to Aghdam et al. (2013), 
fruit ripening, low temperature and 
oxidative stress induce the synthesis of 
heat shock proteins. These conditions are 
involved in chilling injury development 
in sensitive fruits and vegetables. The 
heat shock proteins can also play a 
protective role against the secondary 
oxidative stress occurring in most of 
the stressful conditions suffered by the 
plant, as low temperatures. In plants, 
the protection against oxidative stress, 
is by a complex antioxidant system 
that includes antioxidant enzymes and 
antioxidant metabolites.

A previous work has also shown the 
ability of a heat treatment to promote the 
accumulation of heat shock proteins in 
plants, in response to high temperatures 
(Son et al., 2012, Wu et al., 2015).

However, the physiological base 
for tolerance by using immersion in hot 
water before storage at low temperatures 
is not fully understood in okra, in 
relation to the activity of enzymes.

In this context, the study evaluated 
the involvement of peroxidase and 
polyphenoloxidase on the enzymatic 
browning of okra and the role of catalase 
in the appearance of chilling injury in 
two cultivars treated with hot water.

MATERIAL AND METHODS

Fruits of okra cultivars Amarelinho 
and Mammoth Spineless, grown on the 
garden of the Universidade Federal de 
Viçosa (UFV), were harvested between 
the sixth and the eighth day after 
anthesis, with 8 to 13 cm in length, from 

December to April. Soil preparation 
and cultural practices were performed 
according to the recommendations for 
the crop (Correia et al., 1999).

Fruits were immersed in hot water 
at 40°C during 15 and 30 minutes, and 
the control treatment remained without 
immersion. After immersion, the fruits 
were dried with a paper towel and placed 
in polystyrene trays (15x20 cm) covered 
with a layer of PVC film (polyvinyl 
chloride). Then the trays were stored 
at 5°C and relative humidity of 90±2% 
for 16 days. Treatments were arranged 
in a 2x3 factorial arrangement, with 2 
cultivars and 3 times of immersion in 
water, in a randomized block design 
with 4 replications. Each plot consisted 
of a tray on which were placed 15 fruits.

Development of chilling injury was 
scored at every two days according to 
a grading scale described by Finger et 
al. (2008).

The severity of injuries was assessed 
according to shelf life condition, by 
using a scale of subjective grading 
varying from 0 to 4: (0) absence of any 
point of injury depression on the fruit 
surface, (1) less than 5 points, (2) 5 to 
10 points of injury, (3) 11 to 15 points 
of injury and (4) more than 15 points of 
chilling injury.

The presence of dark spots on the 
fruit was assessed receiving score from 
0 to 4: (0) no browning (1) small spots, 
(2) larger spots in approximately 30% 
of the fruit, (3) spots occupying between 
30 to 50% the surface of the fruit and 
(4) spots occupying more than 50% of 
the fruit surface.

The total chlorophyll content was 
determined by the method of Arnon 
(1949), using a spectrophotometer at 
645 and 663 nm.

The determination of catalase 
activity was performed according to 
the method of Kar & Mishra (1976) with 
modifications. Approximately 2 g of the 
external pericarp was homogenized in 
10 mL of 0.1 M phosphate buffer, pH 
7.0 and the resulting suspension passed 
through four layers of cheese cloth and 
centrifuged at 17.000 g at 4°C during 30 
minutes. An aliquot of the supernatant 
was removed and mixed with 0.11 mL 
of 0.1 mM H2O2 and 2.5 mL of 0.1 M 
phosphate buffer, pH 7.0. The reaction 

mixture was incubated in water bath 
at 25°C during one minute and the 
reaction was stopped by adding 10 mL 
of 2% H2SO4  (v/v). The residual H2O2 
was titrated with 0.01 N KMnO4 until a 
light purple color persists for at least 15 
seconds. A control sample was prepared 
in the same way, but the enzyme activity 
was stopped at “time zero” of reaction. 
The activity was expressed in mmoles of 
H2O2 consumed/min/mg protein.

To determine the polyphenoloxidase 
activity, approximately 2 g of the 
external pericarp of each sample was 
homogenized with 10 mL extraction 
buffer (0.1 M phosphate buffer, pH 
6.8, 0.5% Triton X-100 and 10 mM 
ascorbic acid). The resulting suspension 
was centrifuged at 4°C and 17.000 
g during 30 minutes, according to 
Concellón et al. (2004). An aliquot of 
the supernatant was taken, mixed with 
0.5 mL of distilled water, 0.5 mL (0.12 
M) 4-methyl catechol and 1.5 mL (0.1 
M) citric acid, pH 5.0. The reaction was 
determined in spectrophotometer by 
the changes in absorbance at 395 nm, 
during 3 minutes. Enzyme activity was 
expressed as absorbance units (AU)/
min/mg protein.

For the determination of the 
peroxidase activity approximately 2 g 
of sample from the external pericarp 
homogenized in 10 mL extraction buffer 
containing phosphate buffer (0.1 M) 
pH 6.5, 0.1% sodium bisulphite and 
sodium chloride (0.15 M) (Lagrimini 
et al., 1997). The resulting suspension 
was centrifuged at 17.000 g, 4°C during 
30 minutes. A 0.2 mL aliquot from the 
supernatant was mixed with 1.3 mL of 
0.56% guaiacol, 1.5 mL of phosphate 
buffer (0.2 M) pH 6.5 and 2% H2O2. 
The reactions were determined in a 
spectrophotometer by the changes in 
absorbance at 470 nm during 3 minutes. 
Peroxidase activity (POD) expressed in 
AU/min/mg protein. 

The total amount of protein in the 
extracts was determined as described 
by Bradford (1976) using Bovine Serum 
Albumin as standard.

The determination of total phenolic 
compounds was performed according 
to the method described by Kubota 
(1995). The readings were performed 
in spectrophotometer at 700 nm and 
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Figure 1. Values of visual scales to chilling injury and browning in okra cultivars  Amarelinho and Mammoth Spineless without immersion 
(A and D) and immersed during 15 (B and E) and 30 (C and F) minutes in water at 40°C and stored during 2, 4, 6, 8, 10, 12, 14 and 16 days 
at 5°C. Viçosa, UFV, 2014.

Hydrothermal treatment minimize the effects of refrigeration in okra fruits

RESULTS AND DISCUSSION

Time of storage influenced the 
development of symptoms of chilling 

software SAEG and submitted to 
analysis of variance and regression 
(p<0.1). The results of the visual 
analysis of the fruits were evaluated 
using descriptive statistics.

the results were expressed in mg of 
soluble phenols per g of fresh weight. 
A calibration curve with D-catechin was 
used as standard. 

Data were analyzed using the 
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injury in both cultivars. However, fruits 
from cultivar Mammoth Spineless 
were more tolerant than the cultivar 
Amarelinho when stored at 5°C (Figure 
1). The fruits control from cultivar 
Amarelinho began to develop brown 
spots and early symptoms of injury on 
day 4 (Figure 1a), while the heat treated 
fruits developed similar symptoms after 
6 days of storage (Figures. 1b and 1c). 
By the 8th day of storage, control fruits 
showed 30-50% of darkened surface 
(Figure 1a), while the hot water treated 
fruits browning occurred on the 12th day 
of storage (Figures 1b and 1c). After 14 
days of storage, only the fruits treated 
during 15 minutes with hot water did not 
reach stage 3 of chilling injury (Figure 
1b). Thus, the heat treatment during 
15 minutes was a suitable treatment to 
increase the length of storage on cultivar 
Amarelinho.

The control fruits from cultivar 
Mammoth Spineless began browning 
on the 6th day of storage (Figure 1d) 
and by the 8th day presented 30-50% 
damage (Figure 1e). Fruits treated with 
water at 40°C by immersion began to 
show browning symptoms on the 8th 
day and became severe only at the 12th 
day (Figures 1e and 1f). Symptoms of 
chilling injury, in this cultivar started in 
control fruits, followed by those treated 
during 15 minutes and immersed for 
30 minutes at 8th, 12th and 14th day of 
storage, respectively (Figures 1a, 1b 

and 1c). The heat treatment during 30 
minutes retained fruit quality, extended 
storage life and increased the length of 
storage of the cultivar. However, none 
of the treatments presented more than 
10 points of chilling injury (stage 3), 
demonstrating greater resistance of this 
cultivar to chilling. Treatment with hot 
water influenced positively the storage 
of okra, delaying the symptoms of 
chilling.

Shadmani et al. (2015) reported 
that there was a significant difference 
in the chilling development between 
hot water dipped and control fruit 
stored at 6°C, and it could be concluded 
that the application of hot water as a 
pre-conditioning treatment induced 
tolerance to chilling. Hot water treatment 
stimulates the defense mechanisms, 
before the fruits are subjected to cold, 
which establish cross-resistance to 
lower temperatures (Yimyong et al., 
2011).

Browning and necrosis were present 
in fruits of both cultivars when stored at 
5°C. Mota et al. (2010) determined that 
the incidence of injury and browning in 
fruits stored at 5°C with PVC, appeared 
three days after harvest, but good state of 
preservation remained until the 6th day.

The levels of total chlorophyll 
in fruits of ‘Amarelinho’ showed 
quadratic behavior with the increasing 
immersion time in hot water and day of 
sampling. The highest levels in the total 

chlorophyll were found when immersed 
in water during 11.02 minutes at 40°C 
at the beginning of storage (70.1 g/g 
FW) (Figure 2a). For fruits of cultivar 
Mammoth Spineless, the levels of total 
chlorophyll varied linearly with the 
length of treatment and day of sampling 
(Figure 2b).

The amount of chlorophyll on 
‘Mammoth Spineless’ reduced during 
storage, as occurred with the fruits of 
cultivar Amarelinho, but the longer the 
time of water treatment, the higher the 
level of remaining chlorophyll during 
storage.

Frui ts  of  cul t ivar  Mammoth 
Spineless showed higher content of 
chlorophyll than Amarelinho for all 
treatments and sampling days. This 
result was expected because fruits 
of cultivar Mammoth Spineless are 
deeper green than fruits from cultivar 
Amarelinho, which are more yellow, as 
its name suggests.

When comparing the behavior of 
the two cultivars regarding to catalase 
activity, no differences in general were 
observed (Figure 3). For both cultivars, 
catalase activity was higher at the last 
days of storage regardless if the fruits 
were immersed or not in hot water. 
However, the catalase activity was 
higher in ‘Mammoth Spineless’ which 
presented the higher tolerance to chilling 
injury. These results demonstrated that 
catalase activity (CAT) may act in 

Figure 2. Estimation of total chlorophyll content (CT) (mg/g FW) in okra cultivars Amarelinho (A) and Mammoth Spineless (B) stored at 
5°C, depending on time of immersion (T) in water at 40°C (not immersed, 15 and 30 minutes immersed) and the sampling days (A) (0, 4, 
8, 12 and 16 days). Viçosa, UFV, 2014.

A
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defense of the fruits against oxidative 
stress contributing to the relief to CI 
in fruits stored under low temperature. 
This increase of CAT activity may be 
due to the decomposition of hydrogen 

peroxide, promoting the formation 
of water and oxygen, responsible for 
defense against oxidative stress, and 
alleviation of chilling injury (Shadmani 
et al., 2015).

Peroxidase activity in cultivar 
Amarelinho was lower for the longer 
immersion times in hot water, with 
maximum activity on the 6th day of 
storage. Mammoth Spineless cultivar 
was not affected by treatment with 
average activity of 2.89 AU/min/mg 
protein (data not shown).

The comparison between both 
cultivars showed that the average 
peroxidase act ivi ty on cult ivar 
Amarelinho was higher (Figure 4). 
This fact would lead to believe that 
the peroxidase was most active in this 
cultivar because it is more susceptible 
to browning. However, visual analysis 
showed that the two cultivars behaved 
similarly with regard to darkening. 
Menolli et al. (2008) reported that the 
browning of arracacha roots coincided 
with the increase of peroxidase activity 
during storage at low temperatures.

In general, the concentrations of 
total phenolic compounds of the two 
cultivars were different, being higher 
in ‘Mammoth Spineless’. Longer period 
of storage lead to greater concentration 
of phenolic compounds in fruits of this 
cultivar (Figure 5). The concentrations 
of total phenolic compounds in fruits 
of ‘Amarelinho’ were lower when pre-
immersed during 15 minutes in hot 
water fruits (Figure 5a).

Po lypheno lox idase  ac t i v i t y 
of cultivar Amarelinho fitted in a 
quadratically model equation (Figure 
6a). Evaluating the effect of immersion 
time in each sampling day, from the 4th 
day of sampling, the fruits that were 
kept during 30 minutes in hot water 
had reduced polyphenoloxidase activity. 
And the activity was highest in fruits 
immersed during 10.4 minutes on the 8th 
day of storage, with a value of 0.37 AU/
min/mg of protein.(Figure 6a).

The initial increase of enzyme 
activity could be related to low 
temperature stress of stored fruits 
and, it was verified that the onset of 
browning coincided with the increase 
in polyphenoloxidase (PPO) activity. 
However, hot water treatment has been 
used to inhibit polyphenoloxidase 
activity, since it reduces the rate of 
the polymerization step of browning 
reactions (Barbagallo et al., 2012).

Figure 3. Mean values of catalase activity (CAT) (mmoles of H2O2 consumed/min/mg of 
protein) in okra cultivars Amarelinho and Mammoth Spineless stored at 5°C, depending on 
time of immersion in water at 40°C [not immersed (A), 15 (B) and 30 (C) minutes immersed] 
and the sampling days (0, 4, 8, 12 and 16 days). Means followed by the same letter in the 
column, for each combination of time of immersion in water at 40°C and day of sampling, 
do not differ at 5% probability by the Tukey test. Viçosa, UFV, 2014. 

C
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decreased linearly with increasing 
immersion time and showed quadratic 
behavior with the days of sampling 
(Figure 6b). The activity was maximum 
on the 7th day of storage, control fruits 
(0.34 AU/min/mg of protein) showing 
greater activity in relation to treatment 
(0.29 AU/min/mg of protein).

The PPO activity was maximum 
on the 7th day of storage for any 
period of immersion in water at 40°C 
during 30 minutes being the more 
efficient to reduce the enzyme activity 
(Figure 6b). The Amarelinho and 
Mammoth Spineless cultivars showed 
no differences in mean activity.

The comparison of the results with 
data on the visual analysis showed that 
the onset of browning of okra coincided 
with the increase of polyphenoloxidase 
activity. In the presence of atmospheric 
oxygen and PPO, monophenol is 
hydroxylated to o-diphenol and diphenol 
can be oxidized to o-quinones which 
then undergo polymerization to yield 
dark brown polymers (Chisari et al., 
2007). In studies with arracacha roots 
(Menolli et al., 2008), loquats (Edagi 
et al., 2009) and processed kale leaves 
(Simões et al., 2015), a relationship 
was observed between browning and 
increased polyphenoloxidase activity, 
which also coincided with the increased 
content of phenolic compounds. In 
these studies, the stress caused to the 
fruits, due to the cold storage, may have 
turned on the secondary metabolism 
of the cells, which is one of the routes 
forming phenolic compounds (Ding et 
al., 2001), which explains the increase 
in the levels of total phenols. Nguyen 
et al. (2003) observed in a banana 
peel, the low temperature induced the 
activity of PPO, but with a decrease 
in phenolic compounds. This decrease 
correlated with the degree of browning 
may have been due to the use of phenolic 
compounds as a substrate for browning 
reaction.

The increase in polyphenoloxidase 
activity and the concentration of 
phenolic compounds coincided with 
increased darkening of okra. For 
peroxidase, this relationship is not 
observed. Considering the results, 
it is believed that browning in okra 
is mainly caused by non-enzymatic 

Figure 4. Mean values of peroxidase activity (POD) (UA/min/mg of protein) in okra cultivars 
Amarelinho and Mammoth Spineless stored at 5°C, depending on time of immersion in 
water at 40°C [not immersed (A), 15 (B) and 30 (C) minutes immersed] and the sampling 
days (0, 4, 8, 12 and 16 days). Means followed by the same letter in the column, for each 
combination of time of immersion in water at 40°C and day of sampling, do not differ at 5% 
probability by the Tukey test. Viçosa, UFV, 2014.
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reactions and maintain texture in various 
vegetables and fruits (Tsouvaltzis et al., 
2011; López-López et al., 2013).

PPO of ‘Mammoth Spineless’ 

The decrease in enzyme activity may 
have contributed to the lower browning 
in the fruits. Heat-shock treatments 
have been shown to prevent browning 
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reactions, triggered by the mixture of 
compounds due to cellular breakdown, 
caused by chilling injury. The Mammoth 
Spineless cultivar was more tolerant to 
chilling injury and had higher catalase 
activity, as well as higher levels of 
total chlorophyll and soluble phenolic 
compounds.

The heat treatment increased 
the length of storage days for both 
cultivars. The response of treated 
fruit to storage at lower temperatures 
with lower incidence of CI may be 

related to the antioxidant defense 
mechanism or to heat-shock treatment 
(Luengwilai et al., 2012). Recently, a 
comparative proteomic analysis in hot 
water treated citrus fruit was performed 
by Yun et al. (2013), revealed that 
resistance associated proteins were up-
regulated, but redox metabolism-related 
proteins were down-regulated by heat 
treatment. However, there is still a lack 
of molecular information about heat 
treatment especially the immediate 
responses of fruits (Wu et al., 2015).

The heat treatments during 15 and 
30 minutes delayed at 4 and 6 days 
respectively the onset of symptoms of 
cold injury for the cultivar Mamoth 
Spineless. Moreover, according to 
the visual scale, the injury was lower 
in fruits of the cultivar Amarelinho 
immersed in hot water during 15 minutes. 
The darkening of the fruit immersed 
during 15 minutes was delayed for 
both cultivars, and the browning index 
was lower when compared to control 
treatment. The heat treatment during 15 

Figure 5. Estimation of concentration of phenolic compounds (CF) (mg of D-Catequina/g of FW) in okra cultivars Amarelinho (A) and 
Mammoth Spineless (B) stored at 5°C, depending on time of immersion (T) in water at 40°C (not immersed, 15 and 30 minutes immersed) 
and the sampling days (A) (0, 4, 8, 12 and 16 days). Viçosa, UFV, 2014.

A B
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Figure 6. Estimation of polyphenoloxidase activity (PPO) (UA/min/mg of protein) in okra cultivars Amarelinho (A) and Mammoth Spineless 
(B) stored at 5°C, depending on time of immersion (T) in water at 40°C (not immersed, 15 and 30 minutes immersed) and the sampling 
days (A) (0, 4, 8, 12 and 16 days). Viçosa, UFV, 2014. 

A B
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minutes increased the length of storage 
of cultivar Amarelinho, and during 
30 minutes of the cultivar Mammoth 
Spineless.
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