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/e current research aimed at studying the possibility of improving the postharvest storability of “Nanfeng” mandarins by hot
water dipping (HWD) treatment. /e research was conducted in two phases. Firstly, two different temperatures (50 and 55°C)
were tested for three different dipping durations (2, 3, and 4min) on the mandarin fruits, and the best combination was defined for
the prevention of weight loss and fruit decay. Next, the optimal treatment (HWD at 50°C for 3min) was used in further studies to
test the effects on the postharvest fruit quality attributes. Regular measurements were performed to determine total soluble solid
(TSS) content, titratable acid (TA) content, vitamin C (VC) content, total sugar content, respiration rate, malondialdehyde
(MDA) content, and activities of superoxide dismutase (SOD) enzyme, polyphenoloxidase (PPO) enzyme, and peroxidase (POD)
enzyme. According to the results obtained, HWD treatment was found to prevent the loss of TSS, TA, and VC contents during the
storage period. /e HWD-treated fruits were also found to have a lower respiration rate and MDA content as compared with
control treatment. Furthermore, HWD treatment significantly enhanced the activities of SOD, POD, and PPOwhich are known to
enhance tolerance to lipid peroxidation and are associated with the fruit protection from injuries and pathogens. Present results
also suggest that the activation of the SOD and POD enzymes is highly related to the respiratory activities of the fresh produce.
/is suggests that the HWD can be used to improve the storability of “Nanfeng” mandarins by maintaining the postharvest
physical and biochemical quality.

1. Introduction

Mandarin fruits are grouped into nonclimacteric fruits
which do not ripen after harvest, but are responsive to the
postharvest applied ethylene. Mandarins are rich in nutri-
ents, antioxidants, vitamin C, and phenolic and other bio-
active compounds and are traditionally and scientifically
known to be very beneficial for human health [1]. Culti-
vation of this highly valuable crop was reported to originate
from China and ancient Egypt and is suitable to be grown
anywhere with Mediterranean climates [2]. Total world

production was about 51.6 million tonnes in 2017, where
about 35.2% is produced only in China [3]. Mandarins are
among the important fruits in world trade, where the
consumers’ demand on mandarin fruits has been increasing
throughout the world [4]. Mandarin fruits are sensitive to
postharvest storage conditions, mainly to weight loss,
chilling injury, and decay, and correct handling practices are
important to reduce postharvest losses [5, 6]. Moreover, VC
content, antioxidants, soluble sugar, titratable acidity, and
phenolic compounds are also greatly affected by postharvest
storage conditions [7]. It was reported for the developing
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countries that the postharvest losses due to fungal spoilage
exceed 50% of stored products in a year [8]. Numerous
agrochemicals, i.e., imazalil, propiconazole, and thiaben-
dazole, have been utilised for many years to manage post-
harvest fungal diseases [9], but global attention of the
consumers is moving towards the alternative physical and/or
biological methods and is not preferring the produce with
the use of agrochemicals [8, 10].

High storage temperatures increase respiration and
transpiration, which enhance fruit senescence, and low
temperatures cause chilling injury and are reported to in-
crease the accumulation of volatile compounds, which cause
off-flavour at mandarins [11]. /e recommended optimum
temperature for postharvest storage of mandarins is 5–8°C,
which is above the chilling temperature zone and below the
maximum limit for optimum respiration rate [11, 12].
Previous research studies reported that the utilisation of
some handling practices, i.e., edible coatings [13, 14],
wrapping [15], pectin [16], salicylic acid [17], and plant
extracts or its main constituents [18, 19], helps to preserve
the postharvest quality of citrus fruits. Numerous previous
studies also reported that high temperature preconditioning
(37 to 55°C for 3 days to 3min) helps to alleviate chilling
injury at different fresh products. Numerous studies re-
ported high success for the hot water dipping (HWD)
treatment on different products in terms of the prevention of
postharvest losses and quality retention [20, 21]. /e use of
heat treatment against chilling injury has been studied ex-
tensively, but very few studies have been carried out on the
influences of heat treatment on fruits’ biochemical changes
and its antifungal activity. /e potential effects of HWD on
the biochemical changes need further studies for a clear
understanding of the mechanism. Superoxide dismutase
(SOD) and peroxidase (POD) enzymes are reported to al-
leviate lipid peroxidation [22, 23], while polyphenoloxidase
(PPO) enzymes are known to enhance disease resistance in
plant tissues [24]. /erefore, enhancing the activity of these
enzymes would delay fruit senescence and improve the
storability of fresh produce. In line with this information, the
present study aimed at improving the storability of “Nan-
feng” mandarins by treating with postharvest hot water
dipping (HWD) and at studying some of the biochemical
changes during cold storage. Impacts of HDW on the weight
loss and fruit decay, as well as on the total soluble solid (TSS)
content, titratable acidity (TA) content, vitamin C (VC:
ascorbic acid) content, total sugar content, respiration rate,
malondialdehyde (MDA) content, SOD activity, POD ac-
tivity, and PPO activity, were studied in the present research.

2. Materials and Methods

2.1. Materials. Current studies are conducted with “Nan-
feng” mandarins (Citrus reticulata Blanco cv. 97–2) which
are collected from an orchard established in Nanfeng
(Jiangxi, China) in November 2012 (preliminary experi-
ments for screening the suitable HWD condition) and in
November 2013 (further studies to investigate the preser-
vation effects). /e fruits were harvested based on fruit size
(40–50 g) and color (citrus color index, 2.5–3.2). Fruits were

then selected to eliminate any fruits with mechanical injury,
blemish, or diseases.

2.2. Preliminary Experiments. Before conducting further
studies with chemical analysis, a preliminary experiment was
conducted to evaluate the preservation effects of hot water
dipping (HWD) on the decay rate and weight loss. Pre-
liminary experiments were conducted in 2012 with the fruits
which were harvested in November. Two different water
temperatures (50 and 55°C) with three different dipping
durations (2, 3, and 4min), together with one control (no
treatment), were tested in the preliminary experiments.
Preliminary experiments were carried out with a total of
2100 fruits. Each experiment (#7) consists of 300 fruits
(100∗ 3 replications). After treating the fruits with the
mentioned applications, the fruits from the control group
and the six HWD treatments were individually film-pack-
aged and stored at 6± 0.5°C. /e relative humidity (RH) of
the inner atmosphere was also adjusted to 85–90% and
regulated continuously during the storage. Weight loss and
decay rate for each group were recorded at 90 d after storage.

2.3. Evaluation of Decay Rate and Weight Loss. Fruit decay
rate of the “Nanfeng” mandarins was determined at the end
of the storage period (90 days) of preliminary studies visually
by assessing each fruit. /e number of rotted fruits was
counted and noted to calculate the percentage of rotted
fruits. All fruits (#100) of the 3 replications of each treatment
(totally 300 fruits for each treatment) were used for the
determination of the decay rate. Weight loss determination
was then conducted with 20 fruits (randomly selected) from
each replication of each treatment (totally 60 fruits for each
treatment). /e initial weights of each fruit were measured
and noted at the beginning of the experiments. /us, at the
end of the storage period, final weights were then measured
and noted. /e weight of each fruit was measured with a
digital scale (±0.01 g). Weight loss (%) was calculated by
dividing the weight loss (final weight − initial weight) to the
initial weight and multiplying with 100. Next, the average
weight loss was calculated for each treatment.

2.4. Further Experiments. Results of preliminary studies
showed that the HWD at 50°C for 3min has the highest
impact on the prevention of weight loss and reducing the
decay rate. /us, further studies were carried out with this
treatment. /ese studies were conducted in 2013 with the
fruits which were harvested in November 2013. /is ex-
periment consists of 570 fruits in total. 30 fruits (10∗ 3
replications) out of 570 were used to measure the initial
quality characteristics of the fruits to enable further com-
parison./e other 540 fruits were randomly divided into two
groups (HWD-treated and nontreated control) each con-
taining 270 fruits. /e HWD-treated fruits were dipped in
hot water at 50°C for 3min. /en, both HWD-treated and
control fruits were individually film-packed (18 cm× 15 cm,
Lingqu Fresh Packaging Products Co. Ltd., Guilin, China)
and precooled (10–12°C, 12 h). Finally, all fruits were stored
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at the same conditions with preliminary experiments
(6± 0.5°C and 85–90% RH). Studies were continued for 90
days, and biochemical parameters were analyzed with 10-
day intervals for both treated and untreated fruits. At each of
these measurement points (10, 20, 30, 40, 50, 60, 70, 80, and
90 days), 30 fruits (10∗ 3 replications) from each treatment
(HWD-treated and control groups) were randomly taken
out for analyzing TSS content, TA content, VC content, total
sugar content, respiration rate, MDA content, SOD activity,
POD activity, and PPO activity.

2.5. Biochemical Quality Analysis

2.5.1. TSS and Total Sugar. At each sampling point (10, 20,
30, 40, 50, 60, 70, 80, and 90 days), 30 fruits (10∗ 3 repli-
cations) from each treatment (HWD-treated and control
groups) were randomly taken out from the storage condi-
tions and the total soluble solid (TSS) and total sugar of the
juice samples were determined. /e TSS content (%) was
measured by using a RA-250WE Brix-meter (Atago, Tokyo,
Japan), while the anthrone colorimetric method was used to
assess the total sugar content (%) of the samples.

2.5.2. TA and VC. /e juice extracts of the same fruits (used
for analyzing the TSS and total sugar) were used to deter-
mine TA and VC contents. /e standard method described
by AOAC [25] was used to assess TA by titrating the samples
with 0.1M NaOH to an endpoint of pH 8.1. /e assessment
of VC content was then carried out by titration with 2,6-
dichlorophenol indophenol.

2.5.3. Respiration Rate. /e respiration rates of the fruits
treated with HWD and control groups were determined
according to the method of Chen et al. [18]. At each sam-
pling point (10, 20, 30, 40, 50, 60, 70, 80, and 90 days), the
respiration rate was measured by the CO2 production of 30
fruits (for each treatment) by using a GHX-3051H infrared
CO2 fruit and vegetable breathing apparatus (Jingmi Sci-
entific LLC., Shanghai, China), and the results were
expressed as mg kg− 1 h− 1.

2.5.4. MDA Content. /e malondialdehyde (MDA) content
of the HWD-treated and untreated control groups was
assessed according to the method described by Hodges et al.
[26]. MDA content determination was performed at each
sampling point for each of the fruits (30 fruits for each
treatment). Peel tissues of fruits were ground and used for
the analysis. /e MDA content of the samples was expressed
as mmol g− 1 fresh weight (FW).

2.5.5. Protective Enzyme Activities. Similar to the other
biochemical analyses, 30 fruits from each treatment were
taken out from the storage rooms at each sampling point and
the SOD, POD, and PPO activities were assessed. /e
modified method of Ballester et al. [22] by Chen et al. [14]
was used to determine the SOD, POD, and PPO activities of

the HWD-treated and control fruits. SOD, POD, and PPO
activities were measured and expressed as U min− 1 g− 1.

2.6. Statistical Analysis. Raw data of the preliminary ex-
periments with 7 different treatments were subjected to the
analysis of variance to determine if there is significant
difference among the treatments, and the mean separations
were assessed according to Duncan’s multiple range test
(P< 0.05). /e comparison of further data about the bio-
chemical parameters from two treatments (HWD-treated
and control groups) was then assessed with the independent-
samples t-test at P< 0.05. SPSS software (version 17.0, SPSS
Inc., Chicago, IL) was used for the statistical analysis, and the
results are expressed as the mean with standard error (SE)
for different treatments. R 3.6.2 statistical program was used
to perform principal component analysis (PCA) and
Pearson correlation analysis.

3. Results

3.1. Hot Water Dipping (HWD) Treatments on Decay Rate
and Weight Loss of Nanfeng Mandarin. Weight loss and
decay rate are the two most important indicators of the
postharvest quality of fresh horticultural products. Results of
the present study suggested that all treatments (except HWD
at 55°C for 4min) were effective in prevention of the fruit
decay and in protection of the fruit weight (Figure 1).

Among the tested treatments, HWD at 50°C for 3min
was more effective than the others. /e decay rate at the
fruits treated with HWD at 50°C for 3min was only 4.33% at
the 90th day of storage, while it was counted as 26.67% at the
control treatment. /e efficacy of the treatments was found
to be lower at higher temperatures. Similar results were
found for the weight loss. At the end of the storage period,
weight loss was 5.25% at the control treatment and was
4.42% at the fruits treated with HWD at 50°C for 3min.
According to these results, HWD at 50°C for 3min was
found to be the most effective temperature and duration
combination, and it was decided to be compared with the
control treatment in the further studies.

3.2. Effects of HWD on Postharvest Fruit Quality of Nanfeng
Mandarin. TSS, TA, and VC contents of fruits are among
the most important postharvest quality parameters of
mandarin fruits. Further studies showed that the HWD
treatment has a significant influence on the total soluble
solid (TSS) content of the fruits; however, this impact began
to appear 30 days after storage (Figure 2).

/e TSS content of the HWD-treated fruits was found to
be higher than that of the control fruits from the 30th day of
storage until the end of the experiments (90 days of storage).
/e fruit TSS was found to increase during the initial periods
of storage and then to decrease after 30 days of storage. At
the beginning of the experiments, the TSS of the HWD-
treated and control fruits was 14.80% for both, and it de-
creased to 14.56% and 14.33%, respectively. Results showed
that the HWD treatment is effective in maintaining fruit
TSS. Similar results were found for TA, VC, and total sugar
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contents of the fruits. According to the results, 30 days of
storage is a critical period for the occurrence of chilling
injury and the physiological changes began. Similar trend
was found for the total sugar content during the storage and
at the end of the storage period, and HWD-treated fruits
were found to have higher total sugar content. /e TA
content of the fruits showed a decreasing trend during the
storage period, and the control fruits showed a higher trend
than the HWD-treated fruits. At the end of the storage
period, the TA of the HWD-treated fruits decreased from
0.85% to 0.45%, while that of the untreated control fruits
decreased to 0.38%. /e trend of the VC content was similar
to the TSS and total sugar contents; however, the effec-
tiveness of the HWD-treated fruits was observed since the
first measurement (10 days of storage). At the end of the
storage period, the HWD-treated fruits were found to have
16.35mg 100 g− 1 VC, which decreased to 13.86mg 100 g− 1 at
the untreated control fruits.

3.3. Effect of HWD on Respiration Rate and MDA Content of
Nanfeng Mandarin. Respiration is among the most im-
portant factors determining the postharvest quality and
storability of fresh products. It converts stored sugars into
energy and increases weight loss [27]. Storing fruits at low
temperatures is the most effective way for decreasing the
respiration rate. Results of the present study showed that the
respiration rate of the mandarins decreased gradually during
the first phases of the cold storage (until 60 days of storage)
and reached its valley values and then it showed an increase
(Figure 3). Results also showed that the HWD-treated fruits
have a lower respiration rate than the untreated control

fruits. Malondialdehyde (MDA) is the end product of lipid
peroxidation which is known to increase while chilling
injury increases [16]. /us, determination of the MDA
content is an important measure for the determination of the
chilling injury and oxidative damage on the cells. According
to the results obtained, the MDA content of the fruits in-
creased considerably during the cold storage; however, the
fruits treated with HWD were found to have lower values
than control. Current results suggested that the HWD
treatment is highly active in reducing the MDA content of
the fruits, which is a sign of the improvement of the fruits
postharvest quality.

3.4. Effects of HWD on SOD, POD, and PPO Activities of
Nanfeng Mandarin. Superoxide dismutase (SOD) and
peroxidase (POD) enzymes are reported to alleviate lipid
peroxidation [22, 23], while polyphenoloxidase (PPO) en-
zymes are known to enhance disease resistance in plant
tissues [24]. For this reason, further studies were also aimed
at measuring the change in SOD, POD, and PPO activities
during the cold storage. As shown in Figures 4(a) and 4(b),
the SOD and POD activities of the mandarins increase
during the initial periods of the cold storage and then, after
reaching a peak, they began to decrease. /e SOD activity of
the untreated control fruits reached the peak in 40 days,
while the HWD-treated fruits required 60 days to reach the
peak. Similar results were observed for POD, while the
control fruits reached peak in 30 days and the HWD-treated
fruits reached in 50 days. Here, the HWD-treated fruits were
found to have higher SOD and POD activities than the
untreated control fruits. /e PPO activity of the “Nanfeng”
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Figure 1: Effect of different HWD treatments on decay rate and weight loss of “Nanfeng” mandarin stored at 6± 0.5°C for 90 days. Values
are the mean± SE.
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Figure 2: Effects of HWD on the contents of TSS (a), total sugar (b), TA (c), and VC (d) of “Nanfeng” mandarin during 90 days of cold
storage at 6± 0.5°C. /e symbols “∗” and “∗∗” represent significantly higher and lower values for the HWD-treated fruits than the control
fruits, respectively. /e significant difference was determined according to the independent-samples t-test (P< 0.05) on each storage day.
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mandarins was found to be different than the SOD and POD
activities. /e peak time of the PPO activity was on the 70th
day of cold storage (Figure 4(c)). On the other hand, during
the whole storage period, the fruits treated with HWD were
found to have higher PPO activities than the untreated
control fruits.

3.5. PCA and Pearson Correlation Analysis. A PCA was
performed to assess the effectiveness of HWD treatment on
the biochemical changes. Eigenvalues of the covariance
matrix suggested that the two principal components (PCs)
are able to account for 79.47% of the total variance in the
dataset. PC1 was found to explain 49.07% and the PC2
explained an additional 30.40% of the variance. PC1 was
found to have high positive loadings for the POD, SOD, RR,
and TS while high positive loading was observed on PC2 by
TA and MDA. PCs made it possible to have a clear sepa-
ration among the variables and help to identify their rela-
tionships (Figure 5(a)). /e results also showed that the
enzymatic activities were differently impacted by hot water

dipping treatment (Figure 5(b)). Shifts in the average PC
scores from positive to negative were observed for the
HWD-treated fruits. /is means that the HWD-treated
fruits exhibited less oxidative stress as compared with the
control group.

Pearson correlation was used to evaluate the positive and
negative relationships among the study parameters
(Figures 6(a)–6(c)). /e TSS was found to be positively
correlated with VC in both HWD-treated and control
groups. On the contrary, it was found to have a moderate
negative correlation with the respiration rate at the HWD-
treated fruits, while the correlation was negligible at the
control group. Furthermore, the TSS was positively corre-
lated with PPO at the control group of fruits. Moreover, the
TA was significantly correlated with MDA and PPO at all
fruits. A weak negative correlation was also observed be-
tween the VC and MDA contents. One of the most im-
portant correlations was found between the TS and RR,
which was negative showing that the increase in respiration
rate causes a decrease in the total sugar content. At the same
time, the TS content of the HWD-treated fruits was found to
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Figure 4: Effects of HWD on enzyme activities of SOD (a), POD (b), and PPO (c) of “Nanfeng” mandarin during 90 days of cold storage at
6°C. /e symbols “∗” and “∗∗” represent significantly higher and lower values for the HWD-treated fruits than the control fruits, re-
spectively. /e significant difference was determined according to the independent-samples t-test (P< 0.05) on each storage day.
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be positively correlated with the SOD, POD, and PPO en-
zymatic activities. /is correlation was low at the control
group while the enzymatic activities of the control fruits
were low. /e other important correlation was recorded
between the MDA and PPO. Similarly, a high positive
correlation was found among the SOD, POD, and PPO
enzymes at the HWD-treated fruits. However, this corre-
lation was negligible at the control group of fruits, except
between SOD and POD.

4. Discussion

Heat treatment is a well-known and widely used method for
the prevention of chilling injury and fungal decay [28].
Current study supported this background information and
made it possible to optimize temperature and duration
combination for the “Nanfeng” mandarins for postharvest
quality preservation. Present results are novel for “Nanfeng”
mandarins and reveal that the optimum conditions signif-
icantly vary among different crops. Results of the present
study showed that the HWD treatment increases SOD, POD,
and PPO activities and reduces the respiration rate and
MDA content. /ese results are associated with a lower
weight loss and prevention of fruit decay. Similarly, Wang
et al. [29] reported that hot water treatment increases SOD
activities which in turn results with a decrease in Rhizopus
rot in peach. HWD was also reported to reduce decay in-
cidence and maintain the firmness of muskmelon fruit [30].
Erkan et al. [31] noted that the heat treatments, either hot
water dipping or curing with hot air, were effective for
reducing decay and chilling injury in “Clementine” man-
darins. In a different study with cv. “Wuzishatangju”

mandarins, it was reported that the hot water treatment
(45°C for 2min) provides higher efficacy on the control of
Penicillium digitatum and P. italicum without damaging
fruit quality [32]. /is result shows that temperature and
duration combination is highly variable for different fruits,
even for different varieties of the same species. In another
study, Atrash et al. [28] reported that the hot water treatment
significantly reduces weight loss and fruit decay of Mexican
lime. Antifungal activity of hot water treatment was pre-
viously reported for different fruits, i.e., “Clementine”
mandarins [33], “Satsuma” mandarins [34], banana [35],
squash [36], and apples [37]. However, the optimum tem-
perature and duration combination varied for all studies.

Besides the positive effects of HWD treatment on the
prevention of weight loss and fruit decay, HWD-treated
fruits of the present study were found to have higher TSS,
TA, total sugar, and VC contents as compared with un-
treated control fruits during cold storage. /e TSS and TA
are the two most important indicators of the fruits’ flavour,
and VC is an important nutritional component associated
mainly with citrus fruits. VC is an important marker for the
products’ resistance to oxidative stress. Biosynthesis of VC is
also reported to enhance scavenging of reactive oxygen
species (ROS) [38]. VC concentration of the present study
was found to be higher at the HWD-treated fruits. It was also
reported to increase at some other hot water-treated fruits,
i.e., orange, tomato, and banana [39, 40]. Massot et al. [41]
reported that heat stress might activate genes related to VC
biosynthesis. /e amount of VC at the chill temperatures
also helps to prevent chilling injury by neutralizing free
radicals [42]. Previous studies with different temperature
and duration combinations on different produce showed
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Figure 5: Two-dimensional principal component analysis (PC1: 49.07% and PC2: 30.40%) of the biochemical quality parameters during
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positive effects on VC biosynthesis and ROS decrement. In
one of these studies, Huan et al. [40] noted that hot water
treatment (at 48°C for 10min) helps to maintain peach fruit
quality, decrease ROS, and enhance the VC metabolism.
/ey noted that the positive effect of hot water treatment on
the prevention of ROS is a cause of enhanced VC biosyn-
thesis which might be a cause of expressions of PpaSOD5,
PpaCAT1, and PpaAPX2 in the treated fruit. In a similar
study, Fatemi et al. [43] reported that the application of hot
water prior to the storage of Valencia orange protects VC
content as compared with untreated control fruits. In an-
other study on “Satsuma” mandarins, Ghasemnezhad et al.

[44] observed that the higher efficacy on the prevention of
chilling injury was from 50°C for 2min application. /is
result supports the reasons for “carrying out present study”
in which the optimum temperature and duration combi-
nation is different for different varieties of the same species.
On the other hand, another study by Shen et al. [45] noted
that the optimum temperature and duration combination
for “Satsuma” mandarins is 50°C and 3min, and an increase
in temperature was reported to decrease the efficacy of the
application [45]. Similar results were reported for Mexican
lime [28] and zucchini fruits [46]. In agreement with the
results of the present study, Erkan et al. [31] noted that the
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Figure 6: Correlation matrix based on Pearson’s correlation coefficients among the biochemical quality parameters during storage. (a) /e
correlation matrix for HWD-treated fruits, (b)) the matrix for control group, and (c)) the overall average of all fruits (TA: titratable acidity;
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heat treatments delay the reduction of VC content and TSS,
but they also noted that, on the contrary to our results, it
reduces the TA which causes an increase in TSS/TA ratio.
Discussion of the current results with the previous studies
suggests that the hot water dipping treatment is an im-
portant treatment for the protection of the postharvest
storage quality of “Nanfeng” mandarins.

Respiration is among the most important factors de-
termining the postharvest quality and storability of fresh
products. It converts stored sugars into energy and increases
weight loss. Respiration rate of both HWD-treated and
untreated fruits of the present study was found to decrease
during cold storage, but was found to be lower at the HWD-
treated fruits, which explains the lesser weight loss at the
HWD-treated fruits. Similarly, Opio et al. [47] noted that hot
water treatment reduces the respiration rate and ethylene
production of lime fruits during storage. Some other studies
suggest that hot water treatment has no clear influence on
the respiration rate, i.e., on citrus fruit [48] and on peach
[40].

Malondialdehyde (MDA) is the end product of lipid
peroxidation and its content is considered as a biomarker of
oxidative damage [49]. MDA content is also known to in-
crease while chilling injury increases [16]. Similarly, Fahmy
et al. [50] suggested that the MDA equivalent is related to
oxidative stress of the cucumber fruits and could be used as
an indicator of damages at the cell membrane. In the present
study, the MDA content of the HWD-treated fruits was
found to be lower than that of the untreated control fruits
during the whole storage duration. Similar results were
reported by Tutan and Ekmekçi [51] for MDA content in
chickpea fruits. In a previous study, hot water treatment was
similarly reported to reduce the MDA concentration during
the storage of peach fruits [40]. In a more comprehensive
study, Lafuente et al. [52] reported that chilling favors
degradation of lipids and proteins and heat conditioning at
37°C for 3 days enhances the repression of genes in cold-
stored “Fortuna” mandarins which are involved in lipid
degradation and affects membrane permeability. Heat
conditioning is reported to express different genes that
encode late embryogenesis abundant (LEA) proteins and to
reduce ROS formation which is highly associated with
membrane damage.

Superoxide dismutase (SOD) and peroxidase (POD)
enzymes are reported to alleviate lipid peroxidation [22, 23],
while polyphenoloxidase (PPO) enzymes are known to
enhance disease resistance in plant tissues [24]. /e SOD
and POD enzymes are also named as defense-related en-
zymes [24]. POD is also known to prevent cells by scav-
enging free radicals under stress [23, 53]. In the present
study, the SOD, POD, and PPO activities were found to be
higher at the HWD-treated fruits as compared with the
untreated control fruits at the end of the cold storage period.
Although the SOD and POD activities were higher at the
HWD-treated fruits at the end of the cold storage period,
both SOD and POD activities were lower at the untreated
control fruits during the initial periods of the cold storage.
Similar results were previously reported by Yun et al. [48] for
SOD and POD activities on citrus fruits. /ey noted that the

SOD and POD activities were higher at the treated fruits in
the first 6 days of storage and then it decreased below to
control treatments and then increased again. So, the SOD
and POD activities were noted to fluctuate during the
storage period. In agreement with the present study, the
activities of PPO and POD were reported to decrease at the
longan fruits with the hot water treatment at 50°C for 10min
[54]. Higher activity of SOD and reduced decay was then
noted for sweet cherry fruit [55]. PPO and POD were
previously reported to be responsible for the oxidation of
phenolics in plant cells into antimicrobial quinones and
protect plants from pathogens [56]. Similar to present re-
sults, HWDwas previously noted to enhance the activities of
PPO and POD in muskmelon fruits [30]. In line with the
previous literature studies, it might be suggested that the
increase in the duration exposed to low temperatures in-
creases the SOD and POD activities of the HWD-treated
fruits. /is suggests that the fruits’ SOD and POD activities
are activated by both the preconditioning with heat treat-
ment and the duration of exposure to the low temperatures.
Present results suggest that the activation of the SOD and
POD enzymes is highly related to the respiratory activities of
the fresh products. It was found that the SOD and POD
activities of the HWD-treated fruits are lower than those of
the untreated control fruits until the fruits reach the lowest
respiration peak, and then SOD and POD enzymes are
activated with the increasing trend of respiration of the
fruits. /is shows that the activities of SOD and POD en-
zymes are highly influenced by heat treatment, but also
interrelated with the respiration rate. Moreover, the PPO
activity was found to be highly activated with the application
of hot water dipping treatment.

Since Pearson correlation studies resulted with a mod-
erate positive correlation between the MDA and the enzy-
matic activities, results of the present study suggested that
the activities of antioxidants (VC and phenolics) and de-
fense-related enzymes (SOD, POD, and PPO) are activated
by hot water dipping and effectively reduced the MDA
content and accumulation of ROS./eMDAwas previously
reported to have a moderate correlation with the PPO and
POD but to have a negligible correlation with SOD [57]. /e
weak negative correlation between the VC and MDA con-
tents showed that the increase in the MDA content nega-
tively affects the vitamin C content. /e high correlation
among the enzymatic activities at the HWD-treated fruits
suggested that the HWD treatment is highly advantageous to
improve the storability of “Nanfeng” mandarins by pre-
venting fruit senescence.

5. Conclusions

Results of the present study showed that, among the tested
hot water temperatures and dipping durations, the most
powerful treatment for an effective decay and weight loss
prevention at the “Nanfeng” mandarins is the HWD at 50°C
for 3min. /is treatment was found to reduce the decay rate
to only about 4.00% in 90 days of storage. Results also
showed that the HWD treatment is effective in preventing
the loss of TSS, TS, TA, and VC contents of the fruits. It was
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also noted from the further studies that the respiration rate
and MDA content are significantly reduced with the HWD
treatment. Results also showed that the HWD treatment is
effective in increasing the activities of defense-related en-
zymes (SOD, POD, and PPO) at mandarins which reduces
the fruit senescence and improves the storability of the fresh
produce. Results also suggested that the activities of SOD
and POD enzymes can be enhanced with the hot water
treatment but highly dependent on the respiration rate of the
fruits.
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