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Physiological responses of Indian jujube (Ziziphus mauritiana
Lam.) fruit after postharvest hot water dipping

Chih-Sheng Chang, Chin-Cheng Lin, Yi-Lu Jiang, Tan-Cha Lee and Pai-Tsang Chang®
Department of Horticultural Science, National Chiayi University, 300 Xuefu Rd., Chiayi City, 60004, Taiwan

Summary

The effects of hot water dipping (HWD) on the
physiological response in Indian jujube (Ziziphus
mauritiana Lam.) fruit and its storability were in-
vestigated. Hot water dipping significantly inhibited
polyphenol oxidase (PPO) activity, and enhanced the
activities of peroxidase (POD) and catalase (CAT), but
not ascorbate peroxidase (APX), in jujube fruit peel,
which resulted in a reduction of peel browning and a
lower occurrence of chilling injury during cold tem-
perature storage. The weight loss of all treatments
increased throughout storage; however, HWD signifi-
cantly reduced the fresh weight loss when Indian ju-
jube fruit was stored at 2 °C. The fruit immersed in
58 °C water for 15 seconds not only showed a signifi-
cant reduction in the decay ratio, but also maintained
better commercial quality (e.g., appearance) in com-
parison with other treatments. In addition, fruit
treated with hot water dipping (58 °C for 15 seconds)
was able to prolong its storage life to 23 days when
stored at 2 °C.
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Introduction

Indian jujube fruit (Ziziphus mauritiana Lam.) is now
commercially grown in southern areas of Taiwan because
of increased consumer demand for its nutritive value and
antioxidant capacity (Pareek et al, 2009). In general, har-
vested fruit face many issues in the market, including peel
browning, decay and water loss, and short storage life under
ambient temperature; issues which are also noted in Indian
jujube fruit production in Taiwan. A cold storage tempera-
ture is thus often used to extend postharvest life and main-
tain quality of commodities; however, Indian jujube fruit as
well as oranges (Bassal and El-Hamahmy, 2011), loquat (Cao
etal.,, 2011), bananas (Chen et al,, 2008), kiwifruits (Ma et al.,
2014), and peaches (Tsantili et al., 2010), is very sensitive to
low storage temperatures leading to chilling injury (CI) (Lin
and Shiesh, 2010; Jat et al,, 2012; Tembo et al., 2008). The
CI symptoms are like peel browning, pitting, and postharvest
decay associated with either the loss of membrane permea-
bility or membrane peroxidation.

Heat treatments, in the forms of hot air, vapor heat, and
hot water dips/brushes are non-chemical postharvest meth-

2 Corresponding author: ptchang@mail.ncyu.edu.tw.

Volume 75 | Issue 1

| January-February 2020

/ Significance of this study

What is already known on this subject?

» Horticultural crops face many postharvest problems
including skin browning, decay, and water loss, and
short storage life.

What are the new findings?

» HWD significantly inhibited polyphenol oxidase (PPO)
activity, and enhanced the activities of peroxidase
(POD) and catalase (CAT).

What is the expected impact on horticulture?

» This method can be applied on Indian jujube not only
to reduce the fresh weight loss during storage period
but to prolong its storage life to 23 days.

ods applied to horticultural crops, such as apples (Bai et al.,
2006; Maxin et al., 2012), peaches (Jemric et al., 2011), and
muskmelons (Yuan et al., 2013), to reduce CI, inhibit post-
harvest decay, and manage exocarp browning during cold
storage, thus prolonging both storability and market value
(Fallik, 2004; Lu et al., 2010; Paull and Chen, 2000). Heat
treatments are not only to induce defensive proteins (e.g.,
heat shock proteins) to tolerate the heat stress, but also
up-regulate antioxidant enzymes (e.g., PPO, POD, CAT, and
APX) to resist against reactive oxygen species (ROS), which
are associated with chilling injury (Cao et al,, 2011; Khademi
et al, 2013; Liu et al, 2012; Yang et al., 2012). In addition,
little information is currently known regarding the beneficial
effects of postharvest heat treatments on Indian jujube fruit.

In this study jujube fruits were treated with various HWD
conditions and then stored at low and ambient temperatures
in order to examine the effects of HWD treatments on phys-
iological responses and postharvest quality of jujube fruits,
and also to assay the antioxidant enzymes in response to
these treatments.

Materials and methods

Plant material

The fruit of Indian jujube (locally called cv. ‘San Mu’)
were obtained from a commercial orchard in Juchi, Chiayi,
Taiwan, (lat. 23.50°N, long. 120.60°E, elevation 150 m). The
fruit were harvested at the commercially mature stage and
immediately delivered to the laboratory. All fruit samples
were selected to be as uniform as possible (e.g., in terms of
fruit size, appearance, and being free from damage and dis-
ease) for later hot water dipping (HWD).
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Treatment

Fruit were randomly divided into four treatment groups,
each with 300 fruit. The first group was subjected to HWD
at 56 °C for 30 sec, the second group was subjected to HWD
at 56 °C for 1 min, the third group was subjected to HWD
at 58 °C for 15 sec, and the fourth group was untreated
and used as the control. After HWD, the fruit were tap
water-cooled (25 °C) for 3 min, and then air-dried at room
temperature (25 °C) for 24 h. Every five fruit were then
placed in a polyethylene (PE) bag (specification: 0.03 mm
in thickness, 28.5 cm in length, and 22.0 cm in width) and
sealed. Thereafter, each treatment group was divided into
three subgroups of 20 bags, and each subgroup was stored
at 2 °C, 5 °C, and 25 °C, respectively. The subgroups stored
at 2 °C and 5 °C, respectively were kept for three weeks and
then shifted to 25 °C (80-85% RH) for one week to simulate
a period when the fruit is being sold, and the other subgroup
was stored at 25 °C for one week only. The samples stored
at 2 °C and 5 °C, respectively were taken weekly for further
quality determination and compound analysis, and fruit
stores at 25 °C were tested every day. All experimental fruit
were subjected to physical analysis (e.g., weight loss, chilling
injury, and decay ratio), chemical analysis (e.g., total soluble
solids (TSS)%, titratable acid (TA)%, sugar to acid (TSS/TA)
ratio), polyphenol oxidase (PPO) activity, peroxidase (POD)
activity, catalase (CAT) activity, ascorbate peroxidase (APX)
activity, and shelf-life.

Weight loss

Ten fruit (two bags) were randomly picked and marked
from each subgroup (e.g., 2 °C, 5 °C, and 25 °C) of each treat-
ment for weight loss calculation. The initial fresh weight of
these 10 marked fruit was recorded using a digital balance
(Scaltec SBA-51, Germany) before storage. Weight loss was
averaged and expressed as the percentage loss of the initial
fresh weight of the fruit.

Evaluation of chilling injury

Twenty fruit from each subgroup were randomly select-
ed and marked for the evaluation of chilling injury symptoms
(peel pitting and brown staining). The score of chilling injury
(CI) was set according to the fraction of total surface areas
affected by sheet pitting or browning; 0 (C,); 1, 5% pitting
or browning (C,); 2, 6-25% pitting or browning (C,); 3, 26—
50% pitting or browning (C;); and 4, more than 50% pitting
or browning (C,) (Figure 1A). The CI incidence was calculat-
ed as follows:

E((n X C)+..+4(nxCy)/ (NxC,) x100%

where n is the number of CI fruit per grade; C, is the degree
of CI; and N is the total number of fruit examined multiplied
by the maximum numerical CI degree, i.e., 4.

Decay assessment

Another 20 fruit (four bags) from each subgroup were
randomly selected and marked for the decay assessment.
Each fruit was visually evaluated for the presence and sever-
ity of decay. A non-decayed jujube fruit was scored as 0 (D,);
1, 5% decay (D,); 2, 6-25% decay (D,); 3, 26-50% decay
(D3); and 4, more than 50% decay (D,) (Figure 1B). The decay
ratio was expressed as the percentage of decay, as follows:

2((n X D) +...+(n x D,))/(N x D,) x 100%

where n is the number of decayed fruit per grade; D, is the
grade of decay; and N is the total number of fruit examined
multiplied by the maximum numerical decay grade, i.e., 4.

Total soluble solids, titratable acid, and sugar to acid ratio

Another 20 fruit from each subgroup were used to assess
the soluble solids, titratable acid, and sugar to acid ratio. The
jujube fruit were peeled and the pits removed, and then the
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FIGURE 1A. The level of chilling injury of Indian jujube fruit. A non-decayed jujube fruit was scored as 0 (C,); 1, 5% pitting
or browning (C,); 2, 6-25% pitting or browning (C,); 3, 26-50% pitting or browning (C;); and 4, more than 50% pitting or

browning (C,).

FIGURE 1B. The severity of decay of Indian jujube fruit. A non-decayed jujube fruit was scored as 0 (D,); 1, 5% decay (D,);
2,5-25% decay (D,); 3, 26-50% decay (Ds); and 4, more than 50% decay (D,).
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material was homogenized and filtered. A few drops of juice
were placed on a refractometer (Mater-M, Tokyo, Japan) to
measure TSS expressed as a percentage (%). Titratable acid
was determined by titrating 0.1 N sodium hydroxide (NaOH)
to pH 8.2, and expressed as percentage of citric acid. The sug-
ar/acid ratio was represented as percentage of sugar/acid.

Enzyme extracts

Fruit samples were taken for enzyme assays according to
the method in Yang et al. (2012) with some modifications.
One gram fresh Indian jujube fruit peel was homogenized by
using a mortar and pestle with 5 mL of 0.05 M phosphate
buffer (pH 7.8) containing 0.2 g of polyvinylpyrrolidone at
4 °C. The homogenate was filtered through Whatman No.41
filter paper (Sigma-Aldrich, USA) and then centrifuged at
12,000 xg, 4 °C for 20 min. The supernatant was used to ex-
amine the activity of the enzyme.

Polyphenol oxidase (PPO) activity

The PPO activity was determined according to the meth-
od in Promyou et al. (2012) with some modifications. We
added 2.75 mL of 0.05 M phosphate buffer solution (pH 7.0),
0.15 mL of 0.2 M catechol as a substrate, and 0.1 mL of the
enzyme extract into a test tube and mixed thoroughly. The
absorbance of the reaction mixture was recorded in 30 sec
intervals at 25 °C for 5 min using UV /vis spectrophotometer
(Hitachi, U-1800, Japan) at 420 nm. One unit of PPO activity
was defined as a change of 0.01 in absorbance per minute.
The PPO activity was expressed in U g! FW min™. Each treat-
ment was conducted with three replications.

Peroxidase (POD) activity

The POD activity was assayed according to the method in
Yang et al. (2012) with some modifications. The total 3.0 mL
mixed solution contained 0.1 mL of 4% (v/v) guaiacol, 0.1 mL
of 0.3% H,0,, 2.75 mL of 0.05 M phosphate buffer (pH 7.0),
and 50 pL of the enzyme extract. The absorbance of POD at
470 nm was recorded for 5 min using a UV /vis spectropho-
tometer (Hitachi, U-1800, Japan). One unit of POD activity
was defined as a change of 0.01 in absorbance per minute.
The POD activity was expressed in U g FW min''. Each treat-
ment was conducted with three replications.

Catalase (CAT) activity

The CAT activity was recorded according to the method
in Yang et al. (2012) with some modifications. The 3.0 mL re-
action mixture contained 1.0 mL of 0.3% H,0,, 1.95 mL H,0,
and 50 pL of the enzyme extract. The oxidation of H,0, was
measured by the decrease in absorbance at 240 nm in 30 sec
intervals for 5 min. The unit of CAT activity was defined as
a change of 0.01 in absorbance per minute, which was ex-
pressed in U g FW min™. Each treatment was conducted
with three replications.

Ascorbate peroxidase (APX) activity

The APX was detected according to the method in Yang et
al. (2012) with some modifications. The total 3.0 mL reaction
mixture contained 2.60 mL of 0.1 mM EDTA, 0.15 mL 5 mM
ascorbate, 0.15 mL 20 mM H,0,, and 0.1 mL of the enzyme
extract. The absorbance of APX at 290 nm was recorded for
5 min using a UV/vis spectrophotometer (Hitachi, U-1800,
Japan). One unit of APX activity was defined as the amount
that caused a change of 0.01 in absorbance per minute. The
APX activity was expressed in U g* FW min’. Each treatment
was conducted with three replications.
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Shelflife evaluation

When the stored fruits were moved to a 25 °C environ-
ment, each one was visually evaluated for either skin pitting
or browning every day. Once pitting or browning had oc-
curred over 5% of a fruit’s surface area, then this was defined
as the end of the fruit’s shelflife, as such specimens no longer
have any market value.
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FIGURE 2. Changes in weight loss of Indian jujube fruit
treated with hot water dips under various conditions:
(A) fruit stored at 25 °C for 7 days, (B) fruit stored at 2 °C for
21 days and at 25 °C for another 7 days, and (C) fruit stored
at 5 °C for 21 days and at 25 °C for a further 7 days. Values are
means * SE, for n=10.
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Statistical analysis

All data were analyzed by one-way analysis of variance
(ANOVA) using SAS (version 9.2; SAS Institute, Cary, NC).
Mean value separations were performed using a least signifi-
cant difference (LSD) test at 5% (P<0.05) level.

Results

Weight loss

The weight loss of Indian jujube fruit immersed in differ-
ent HWDs and then stored at 25 °C, 2 °C, and 5 °C is shown
in Figures 2A-C, respectively. The weight loss of the fruit in-
creased significantly throughout storage when jujube fruit
were stored at 25 °C. Although a higher weight loss rate was
calculated in the control fruit, there was no significant differ-
ence in the weight loss among all treatments when the fruit
was stored at 25 °C (Figure 2A). There was also no significant
difference in weight loss among all treated fruit when stored
at 2 °C for two weeks; however, the weight loss of the controls
was significantly higher than seen with the fruit treated with
56 °C HWD for 1 min and 58 °C HWD for 15 sec in the third
week. At the end of 2 °C storage and when moving to 25 °C,
the weight loss of the controls was significantly higher than
that of other HWD treated fruit, but no significant difference
was found among HWD treatments (Figure 2B). An increase
in weight loss was found for all treatments when the fruit
were stored at 5 °C for three weeks and subsequently moved
to 25 °C for one week; however, there was no significant dif-
ference in weight loss among all the treatments (Figure 2C).

Chilling injury (CI)

The degree of CI severity depended on both HWD and
the number of storage days, and this was not only detected
during the low temperature storage period, but also after
shifting to 25 °C. The earliest CI symptoms were recorded on
the control fruit when these were stored at either 2 °C or 5 °C
on day 14, and the CI of the jujube fruit in all treatments in-
creased continuously throughout storage. Fruit treated with
56 °C HWD for 1 min and 58 °C HWD for 15 sec, respectively,
and stored at both 2 °C and 5 °C for three weeks and shifted
to 25 °C for one day (day 22) both saw no CI (Figures 3A and
3B). A significantly lower occurrence of CI was found for ju-
jube fruit treated with 56 °C HWD for 1 min and 58 °C HWD
for 15 sec in comparison to the control and those treated

with 56 °C HWD for 30 sec after moving from 2 °C to 25 °C
(Figure 3A). Similar results were found when jujube fruit
were stored at 5 °C for three weeks and then moved to 25 °C
for one week (Figure 3B).

Decay assessment

The decay ratios of jujube fruit that underwent different
HWDs and was then stored at 25 °C, 2 °C, and 5 °C are shown
in Figures 4A-C, respectively. When the fruit was stored at
25 °C, slight decay symptoms occurred on the control and
that treated with 56 °C HWD for 30 sec, but was not on the
fruit treated with 56 °C HWD for 1 min and 58 °C HWD for
15 sec on the first two days. Thereafter, all treatments ex-
hibited different severities of decay symptoms, and the decay
ratio was over 10% on the fruit treated with 58 °C HWD for
15 sec on the seventh day (Figure 4A). The HWD treatments
significantly inhibited the occurrence of decay compared
with the control when stored at 2 °C for two weeks. However,
the decay ratio reached at least 5% in all treatments in the
third week. After fruit was moved to a 25 °C environment on
the 23" day, 58 °C HWD for 15 sec significantly reduced the
development of decay to 6%. Thereafter, an increasing de-
cay ratio was found during the storage period (Figure 4B).
On the other hand, decay symptoms occurred in the control
and HWD treated fruit when they were kept at 5 °C in the
first week; the HWD treatments at 56 °C for 30 sec, 56 °C
for 1 min, and 58 °C for 15 sec significantly decreased the
occurrence of decay to only 20, 2, and 2%, respectively, of
that seen with the control fruit (Figure 4C). The HWD treated
fruit showed better reductions in the development of decay
than the control during the first three weeks at 5 °C storage.
Similarly, 58 °C HWD for 15 sec significantly lowered the fruit
decay ratio to 5% after the fruit shifted to a 25 °C environ-
ment on the 22" day (Figure 4C).

Fruit chemical characteristics

The various HWDs did not significantly affect the Indian
jujube’s fruit chemical properties, such as TSS, TA, and TSS/
TA, during storage (Figures 5 and 6). The average TSS among
all HWDs was 13.5%, 13.8%, and 13.6%, and the average TA
was 0.208%, 0.207%, and 0.21% when the fruit were stored at
25°C, 2 °C, and 5 °C, respectively, with neither TSS/TA show-
ing any significant differences among these treatments which
were 64.9, 66.7, and 64.8 for 25 °C, 2 °C, and 5 °C, respectively.
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FIGURE 3. Chilling injury score of Indian jujube fruit treated with hot water dips under various conditions: (A) fruit stored at
2 °C for 21 days and at 25 °C for another 7 days and (B) fruit stored at 5 °C for 21 days and at 25 °C for a further 7 days. Values

are means * SE, for n=20.
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PPO, POD, CAT, and APX activities

The PPO, POD, CAT, and APX activities in jujube fruit
treated by different HWDs and then stored at 25 °C, 2 °C, and
5 °C were investigated (Figures 7-10). The PPO activity of all
treatments increased over storage (Figures 7A-C); however,
PPO activity in the jujube peel immersed in hot water was
significantly lower than that of the untreated fruit during
storage. In addition, HWD treatments significantly enhanced

the POD activity in the jujube fruit and kept this at higher
levels than seen in the control fruit throughout the storage
at 25°C, 2 °C, and 5 °C, respectively (Figures 8A-C). The CAT
activity in the HWD treated jujube fruit was significantly
higher than that in the control fruit after being immersed in
hot water immediately. Although the CAT activity of all the
treatments varied during storage, fruit treated with 58 °C
HWD for 15 sec had in the highest CAT activity throughout
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FIGURE 4. Decay ratio of Indian jujube fruit treated with hot
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FIGURE 5. Changes in total soluble solids (TSS) of Indian
jujube fruit treated with hot water dips under various
conditions: (A) fruit stored at 25 °C for 7 days, (B) fruit
stored at 2 °C for 21 days and at 25 °C for another 7 days, and
(C) fruit stored at 5 °C for 21 days and at 25 °C for a further
7 days. Values are means * SE, for n=20.
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FIGURE 6. Changes in titratable acid (TA) of Indian jujube
fruit treated with hot water dips under various conditions:
(A) fruit stored at 25 °C for 7 days, (B) fruit stored at 2 °C for
21 days and at 25 °C for another 7 days, and (C) fruit stored
at 5 °C for 21 days and at 25 °C for a further 7 days. Values are
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FIGURE 7. Changes in the polyphenoloxidase (PPO) activity
of Indian jujube fruit treated with hot water dips under var-
ious conditions: (A) fruit stored at 25 °C for 7 days, (B) fruit
stored at 2 °C for 21 days and at 25 °C for another 7 days, and
(C) fruit stored at 5 °C for 21 days and at 25 °C for a further
7 days. Values are means * SE, for n=10.
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FIGURE 8. Changes in the peroxidase (POD) activity of Indian
jujube fruit treated with hot water dips under various condi-
tions: (A) fruit stored at 25 °C for 7 days, (B) fruit stored at
2 °C for 21 days and at 25 °C for another 7 days, and (C) fruit
stored at 5 °C for 21 days and at 25 °C for a further 7 days.
Values are means * SE, for n=10.
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FIGURE 9. Changes in the catalase (CAT) activity of Indian
jujube fruit treated with hot water dips under various condi-
tions: (A) fruit stored at 25 °C for 7 days, (B) fruit stored at
2 °Cfor 21 days and at 25 °C for another 7 days, and (C) fruit
stored at 5 °C for 21 days and at 25 °C for a further 7 days.
Values are means = SE, for n=10.
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FIGURE 10. Changes in the ascorbate peroxidase (APX)
activity of Indian jujube fruit treated with hot water dips
under various conditions: (A) fruit stored at 25 °C for 7 days,
(B) fruit stored at 2 °C for 21 days and at 25 °C for another
7 days, and (C) fruit stored at 5 °C for 21 days and at 25 °C for
a further 7 days. Values are means * SE, for n=10.

this period (Figures 9A-C). In contrast, there was no signif-
icant difference in APX activity in the fruit of all treatments
conditions during storage (Figures 10A-C).

Shelf-life evaluation

Fruit treated with 58 °C HWD for 15 sec showed the lon-
gest shelf-life among the different storage conditions (Table
1). There was no significant difference in shelf-life between

FRUITS

International Journal

of Tropical

HWDs of 56 °C for 1 min and 58 °C for 15 sec when the fruit
were stored at either at 2 °C or 25 °C conditions, but a differ-
ence was found for fruit stored at 5 °C.

Discussion

The weight loss of Indian jujube fruit was increased for
all HWDs and storage conditions during the storage peri-
od. However, less weight loss was found in the HWD-treat-
ed fruit, and this was also associated with a low incidence
of CI, except for the fruit stored at 25 °C (Figures 2 and 3).
Schirra and D’hallewin (1997) indicated that HWD between
56-58 °C was optimal with regard to reducing Cl and causing
less weight loss of ‘Fortune’ mandarin. Promyou et al. (2012)
reported that hot water immersion (35 °C, 10 min) result-
ed in the lowest CI and weight loss in jujube fruit (Ziziphus
Jjujube Mill.) stored at 4+1 °C. Heat treatment could induce
resistance to Cl and decay during cold storage (Biolatto et al.,
2005; Schirra et al., 2004), as it can help maintain the com-
pleteness of the cell membrane and cell wall (Promyou et al.,
2008), resulting in less weight loss, which is supported by
the observation that CI occurrence is associated with an in-
crease in cell permeability (Gémez-Galindo et al., 2004). Sim-
ilarly, Erkan et al. (2005) suggested that hot water dipping
is effective in reducing the weight loss of citrus, because of
either the integrity of the cell membrane or cuticular proper-
ties of the fruit surface.

Pathogens generally penetrate into the epidermis or are
located in the injured tissue on surface of fruit developing de-
cay. Previous studies have shown that HWD treatment could
not only clean and disinfect, but also melt any waxes on the
fruit surface, which inhibited or reduced the pathogen de-
velopment, lowered the occurrence of decay on many fruits,
such as mandarins (Schirra and D’hallewin, 1997), kiwifruits
(Chenetal, 2015), peaches (Jemricetal, 2011), citrus (Porat
etal., 2000), melons (Sui et al.,, 2014), and strawberries (Vil-
la-Rojas et al.,, 2011). In this study, the various HWDs were
found to be effective in reducing decay as compared with that
seen in the control fruit.

In addition, HWDs did not affect TSS, TA, and TSS/TA
which is consistent with previous studies of Satsuma manda-
rin (Hong et al., 2007), jujube fruit (Lal et al., 2002), and ‘Star
Ruby’ grapefruit (Porat et al., 2000). In general, shorter HWD
and HWB do not affect the internal and external fruit quali-
ty, whereas longer heat treatments caused variations in fruit
quality depending on the heating conditions (Lurie, 1998).

Heat treatments are adopted as postharvest methods
because they can activate the antioxidant systems of fruit,
which regulate active oxygen species during inappropriate
storage conditions (Hodges et al.,, 2004; Sala and Lafuente,
2000). Heat treatments can thus increase resistance to low
temperature and delay CI in many fruit (Fallik, 2004; Lurie,
2006). Peel browning and blackening are two of the CI symp-
toms due to increased PPO activity, which also reduce the
amount of lower phenolics in harvested litchi fruit (Jiang et
al., 2004). Previous studies have indicated that lower PPO
activity is associated with less fruit blackening and browning
in bananas (Chen et al., 2008; Promyou et al., 2008), pawpaw
fruit (Galli et al,, 2009), jujube fruit (Promyou et al., 2012),
and grapes (Zhang et al., 2005). Although the activity of PPO
increased over the storage period, the HWD-treated fruit had
significantly lower PPO activity than seen with the control
fruit, and this corresponds to the lower CI score and decay
ratio found in the present study. POD, another antioxidant
enzyme was immediately induced by HWD treatment. The
higher POD activity in HWD-treated Indian jujube fruit re-
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TABLE 1. Shelf-life of Indian jujube fruit treated with different hot water dips under various conditions.

Storage condition HWD treatments Total shelf life (day)?
25°C, 7 days Control 2.4 b
56 °C, 30 sec 35b
56 °C, 1 min 46 ab
58 °C, 15 sec 56a
2 °C, 3 weeks +25 °C, 7 days Control 20.3b
56 °C, 30 sec 21.2b
56 °C, 1 min 22.1ab
58 °C, 15 sec 234 a
5°C, 3 weeks +25 °C, 7 days Control 134c¢
56 °C, 30 sec 19.6 b
56 °C, 1 min 18.1b
58 °C, 15 sec 233a
YMean separation in column by LSD test at P<0.05.
zValues are means, for n=10.
flects the greater amount of phenolics that are induced to References

cope with other stresses. Previous studies have indicated
the positive relationship between POD activity and phenolic
compounds induced by heat treatments, which can effective-
ly delay CI and/or resist postharvest pathogens (Kamdee et
al., 2009; Yuan et al., 2013). Although POD activity decreased
gradually in the current study, POD activity was maintained
at a significantly higher level in HWD fruit than the control,
which is consistent with other reports on kiwifruits (Chen
et al., 2015) and bayberry fruit (Wang et al., 2010). Further-
more, the HWD treatments quickly increased CAT activity
in fruit peel, which is similar to previous studies of orang-
es (Bassal and El-Hamahmy, 2011; Sala and Lafuente, 2000)
and in kiwifruits (Chen et al,, 2015). In this study, CAT activity
declined rapidly when Indian jujube fruit were moved to cold
storage, which is associated with increased CI in previous
study (Sala and Lafuente, 2000). However, CAT activity was
significantly higher in HWD-treated fruit than the control,
and thus may similarly be responsible for the greater chilling
tolerance. Generally, APX activity increases along with the
activities of other enzymes, such as CAT, SOD, and glutathi-
one (GSH) reductase; however, APX activity did not change
during cold storage in the current study. It is possible that
the HWDs did not induce APX activity, and thus there was no
clear response to cold storage with regard to this, and so the
ascorbate-glutathione cycle may not be involved in antioxi-
dant protection against cold storage for Indian jujube fruit.

Conclusion

The results of this study show that HWD could be ben-
eficial for extending the shelf-life and reducing postharvest
decay and CI in Indian jujube fruit without affecting fruit
quality during cold storage. The HWD treatment (58 °C for
15 sec) was effective in enhancing POD and CAT activities but
decreased PPO activity, and thus the treated fruit had more
antioxidant capacity compared to the untreated fruit. Oth-
er advantages of HWD are that it can also reduce the loss of
fresh weight. Moreover, HWD can be easily be applied in the
Indian jujube fruit industry, because it requires a relatively
short exposure time of 15 sec-1 min. As a result, precise and
effective HWD techniques cooperated with optimal storage
temperature can be applied to a broader range of fresh har-
vested crops in the future.

Volume 75 | Issue 1

| January-February 2020

Bai, ], Mielke, E.A., Chen, PM,, Spotts, R.A,, Serdani, M., Hansen, ].D.,
and Neven, L. (2006). Effect of high-pressure hot-water washing
treatment on fruit quality, insects, and disease in apples and
pears: Part I. System description and the effect on fruit quality of
‘d’Anjou’ pears. Postharvest Biol. Technol. 40, 207-215. https://doi.
org/10.1016/j.postharvbio.2006.01.008.

Bassal, M., and El-Hamahmy, M. (2011). Hot water dip and
preconditioning treatments to reduce chilling injury and maintain
postharvest quality of Navel and Valencia oranges during cold
quarantine. Postharvest Biol. Technol. 60, 186-191. https://doi.
org/10.1016/j.postharvbio.2011.01.010.

Biolatto, A., Vazquez, D.E., Sancho, A.M.,, Carduza, FJ., and Pensel,
N.A. (2005). Effect of commercial conditioning and cold quarantine
storage treatments on fruit quality of ‘Rouge La Toma’ grapefruit
(Citrus paradisi Macf.). Postharvest Biol. Technol. 35, 167-176.
https://doi.org/10.1016/j.postharvbio.2004.08.002.

Cao, S.F, Yang, Z.F, Cai, Y.T, and Zheng, Y.T. (2011). Fatty acid
composition and antioxidant system in relation to susceptibility of
loquat fruit to chilling injury. Food Chem. 127, 1777-1783. https://
doi.org/10.1016/j.foodchem.2011.02.059.

Chen, H,, Cheng, Z., Wisniewski, M., Liu, Y.S., and Liu, J. (2015).
Ecofriendly hot water treatment reduces postharvest decay and
elicits defense response in kiwifruit. Environ. Sci. Pollut. Res. 22,
15037-15045. https://doi.org/10.1007/s11356-015-4714-1.

Chen, J., He, L., Jiang, Y., Wang, Y., Joyce, D.C,, Ji, Z., and Lu, W. (2008).
Role of phenylalanine ammonia-lyase in heat pretreatment-induced
chilling tolerance in banana fruit. Physiologia Plantarum 132, 318-
328. https://doi.org/10.1111/j.1399-3054.2007.01013 x.

Erkan, M., Pekmezci, M., and Wang, C.Y. (2005). Hot water and curing
treatments reduce chilling injury and maintain post-harvest quality
of ‘Valencia’ oranges. Intl. J. Food Sci. Technol. 40, 91-96. https://doi.
org/10.1111/j.1365-2621.2004.00912.x.

Fallik, E. (2004). Prestorage hot water treatments (immersion,
rinsing and brushing). Postharvest Biol. Technol. 32, 125-134.
https://doi.org/10.1016/j.postharvbio.2003.10.005.

Galli, F, Archbold, D.D., and Pomper, KW. (2009). Pawpaw fruit
chilling injury and antioxidant protection. ]J. Amer. Soc. Hortic. Sci.
134, 466-471. https://doi.org/10.21273 /JASHS.134.4.466.

Gémez-Galindo, F, Herppich, W,, Gekas, V., and Sjéholm, 1. (2004).
Factors affecting quality and postharvest properties of vegetables:



12

Chih-Sheng Chang et al. | Physiological responses of Indian jujube fruit after postharvest hot water dipping

Integration of water relations and metabolism. Crit. Rev. Food Sci.
Nutr. 44, 139-154. https://doi.org/10.1080/10408690490424649.

Hodges, D.M., Lester, G.E., Munro, K.D., and Toivonen, PM.A. (2004).
Oxidative stress: importance for postharvest quality. HortScience 39,
924-929. https://doi.org/10.21273 /HORTSCIL.39.5.924.

Hong, S., Lee, H,, and Kim, D. (2007). Effects of hot water treatment
on the storage stability of Satsuma mandarin as a postharvest
decay control. Postharvest Biol. Technol. 43, 271-279. https://doi.
org/10.1016/j.postharvbio.2006.09.008.

Jat, L., Pareek, S., and Shukla, R.A. (2012). Colour changes in Indian
jujube fruit under modified atmosphere packaging. Curr. Opin. Agric.
1,19-23.

Jemric, T, Ivic, D., Fruk, G., Skutin Matijas, H., Cvjetkovic, B., Bupic,
M., and Pavkovic, B. (2011). Reduction of postharvest decay of peach
and nectarine caused by Monilinia laxa using hot water dipping.
Food Bioproc. Technol. 4(1), 149-154. https://doi.org/10.1007/
511947-010-0355-z.

Jiang, Y., Duan, X., Joyce, D., Zang, Z., and Li, ]J. (2004). Advance
in understanding of enzymatic browning in harvested litchi
fruit. J. Food Chem. 88(3), 443-446. https://doi.org/10.1016/j.
foodchem.2004.02.004.

Kamdee, C., Ketsa, S., and Van Doorn, W.G. (2009). Effect of heat
treatment on ripening and early peel spotting in cv. Sucrier banana.
Postharvest Biol. Technol. 52, 288-293. https://doi.org/10.1016/j.
postharvbio.2008.12.003.

Khademi, 0., Salvador, A., Zamani, Z., and Besada, C. (2013). Effects of
hot water treatments on antioxidant enzymatic system in reducing
flesh browning of persimmon. Food Bioproc. Technol 6, 3038-3046.
https://doi.org/10.1007/s11947-012-0959-6.

Lal, G., Fageria, M.S., Gupta Narendra, K., Dhaka, R.S., and Khandelwal,
S.K. (2002). Shelf-life and quality of ber (Ziziphus mauritiana Lamk.)
fruits after postharvest water dipping treatments and storage.
J. Hortic. Sci. Biotechnol. 77, 576-579. https://doi.org/10.1080/14
620316.2002.11511541.

Lin, H., and Shiesh, C. (2010). Application of postharvest technologies
for fruit crops in Taiwan. AARDO Workshop on Technology on
Reducing Post-harvest Losses and Maintaining Quality of Fruits and
Vegetables, p. 19-25.

Liu, J.,, Sui, Y., Wisniewski, M., Droby, S., Tian, S., Norellj, ]J., and
Hershkovitz, V. (2012). Effect of heat treatment on inhibition of
Monilinia fructicola and induction of disease resistance in peach fruit.
Postharvest Biol. Technol. 65, 61-68. https://doi.org/10.1016/j.
postharvbio.2011.11.002.

Ly, J., Charles, M.T, Vigneault, C., Goyette, B., and Raghavan, G.S.V.
(2010). Effect of heat treatment uniformity on tomato ripening and
chilling injury. Postharvest Biol. Technol. 56, 155-162. https://doi.
org/10.1016/j.postharvbio.2010.01.005.

Lurie, S. (1998). Postharvest heat treatments. Postharvest
Biol. Technol. 14, 257-269. https://doi.org/10.1016/S0925-
5214(98)00045-3.

Lurie, S. (2006). The effect of high temperature treatment on quality
of fruit and vegetables. Acta Hortic. 712, 165-173. https://doi.
org/10.17660/ActaHortic.2006.712.16.

Ma, Q., Suo, ], Huber, D.J., Dong, X., Han, Y,, Zhang, Z.,and Rao, ]. (2014).
Effect of hot water treatments on chilling injury and expression of
a new C-repeat binding factor (CBF) in ‘Hongyang’ kiwifruit during
low temperature storage. Postharvest Biol. Technol. 97, 102-110.
https://doi.org/10.1016/j.postharvbio.2014.05.018.

Maxin, P, Weber, RW.S,, Pedersen, H.L., and Williams, M. (2012).
Control of a wide range of storage rots in naturally infected apples by
hot-water dipping and rinsing. Postharvest Biol. Technol. 70, 25-31.
https://doi.org/10.1016/j.postharvbio.2012.04.001.

FRUITS

International Journal

of Tropical

Pareek, S., Kitinoja, L. Kaushik, R.A., and Paliwal, R. (2009).
Postharvest physiology and storage of ber. Stewart Postharv. Rev. 5,
1-10. https://doi.org/10.2212/spr.2009.5.5.

Paull, R.E., and Chen, N.J. (2000). Heat treatment and fruit ripening.
Postharvest Biol. Technol. 21, 21-38. https://doi.org/10.1016/
S0925-5214(00)00162-9.

Porat, R, Daus, A., Weiss, B., Cohen, L., Fallik, E., and Droby, S. (2000).
Reduction of postharvest decay in organic citrus fruit by a short hot
water brushing treatment. Postharvest Biol. Technol. 18, 151-157.
https://doi.org/10.1016/S0925-5214(99)00065-4.

Promyou, S., Ketsa, S., and Van Doorn, W.G. (2008). Hot water
treatment delay cold-induced banana peel blackening. Postharvest
Biol.  Technol. 48, 132-138.  https://doi.org/10.1016/j.
postharvbio.2007.09.006.

Promyou, S., Supapvanich, S., Boodkord, B,,and Thangapiradeekajorn,
M. (2012). Alleviation of chilling injury in juju fruit (Ziziphus jujube
Mill) by dipping in 35°C water. Kasetsart J. 46, 107-119.

Prusky, D., Fuchs, Y., Kobiler, 1., Roth, 1., Weksler, A., Shalom, Y., Fallik,
E. Zaurberman, G., Pesis, E., Akerman, M., Yekutieli, 0., Wiseblum,
A, Regev, R, and Artes, L. (1999). Effect of hot water brushing,
prochloraz treatment and waxing on the incidence of black spot
decay caused by Alternaria alternate in mango fruit. Postharvest
Biol. Technol. 15, 165-174. https://doi.org/10.1016/S0925-
5214(98)00082-9.

Sala, .M., and Lafuente, M.T. (2000). Catalase enzyme activity is
related to tolerance of mandarin fruits to chilling. Postharvest
Biol. Technol. 20, 81-89. https://doi.org/10.1016/S0925-
5214(00)00115-0.

Schirra, M., and D’hallewin, G.(1997). Storage performance of Fortune
mandarins following hot water dips. Postharvest Biol. Technol. 10,
229-238. https://doi.org/10.1016/S0925-5214(96)01301-4.

Schirra, M., Mulas, M., Fadda, A., and Cauli, E. (2004). Cold quarantine
responses of blood oranges to postharvest hot water and hot air
treatments. Postharvest Biol. Technol. 32, 191-200. https://doi.
org/10.1016/j.postharvbio.2003.09.002.

Sui, Y, Droby, S., Zhang, D., Wang, W., and Liu, Y. (2014). Reduction of
Fusarium rot and maintenance of fruit quality in melon using eco-
friendly hot water treatment. Environm. Sci. Pollut. Res. 21, 13956-
13963. https://doi.org/10.1007/s11356-014-3302-0.

Tembo, L. Chiteka, Z.A., Kadzer, I, Akinnifesi, FK., and Tagwira,
E. (2008). Storage temperature affects fruit quality attributes of
ber (Ziziphus mauritiana Lamk.) in Zimbabwe. Afr. ]. Biotechnol. 7,
3092-3099.

Tsantili, E., Shin, Y., Nock, ].F,, and Watkins, C.B. (2010). Antioxidant
concentrations during chilling injury development in peaches.
Postharvest Biol. Technol. 57, 27-34. https://doi.org/10.1016/j.
postharvbio.2010.02.002.

Villa-Rojas, R., Lépez-Malo, A. and Sosa-Morales, M.E. (2011).
Hot water bath treatments assisted by microwave energy
to delay postharvest ripening and decay in strawberries
(Fragariaxananassa). J. Sci. Food Agric. 91, 2265-2270. https://doi.
org/10.1002/jsfa.4449.

Wang, K., Cao, S., Jin, P, Rui, H., and Zheng, Y. (2010). Effect of hot air
treatment on postharvest mould decay in Chinese bayberry fruit and
the possible mechanisms. Int. J. Food Microbiol. 741, 11-16. https://
doi.org/10.1016/j.ijfoodmicro.2010.05.004.

Yang, Q. Rao, J., Yi, S., Meng, K., Wy, ]., and Hou, Y. (2012). Antioxidant
enzyme activity and chilling injury during low-temperature
storage of kiwifruit cv. Hongyang exposed to gradual postharvest
cooling. Hortic. Environm. Biotechnol. 53, 505-512. https://doi.
org/10.1007/s13580-012-0101-8.

and Subtropical Horticulture



Chih-Sheng Chang et al. | Physiological responses of Indian jujube fruit after postharvest hot water dipping

Yuan, L, Bi, Y, Ge, Y., Wang, Y, Liu, Y., and Li, G. (2013). Postharvest
hot water dipping reduces decay by inducing disease resistance and
maintaining firmness in muskmelon (Cucumis melo L.). Sci. Hortic.
161,101-110. https://doi.org/10.1016/j.scienta.2013.06.041.

Zhang, J., Huang, W,, Pan, Q. and Lui, Y. (2005). Improvement of
chilling tolerance and accumulation of heat shock proteins in
grape berries (Vitis vinifera cv. Jingxiu) by heat pretreatment.
Postharvest Biol. Technol. 38, 80-90. https://doi.org/10.1016/j.
postharvbio.2005.05.008.

Received: Jan. 16,2018
Accepted: Sep. 5,2019




