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Abstract

The fruit of the late season ‘Chuhwangbae’ Asian pear cultivar is prone to the incidence of physiological disorders during
cold storage and following shelf life. However, pre-storage conditioning treatments have been used to reduce the incidence
and severity of numerous storage disorders in cold-stored Asian pears during cold storage and shelf life. Thus, this study
aimed to evaluate the effects of a pre-storage conditioning treatment at 22 °C for seven days on fruit quality attributes,
the incidence and severity of physiological disorders, and targeted primary metabolites in the fruit of late season ‘Chuh-
wangbae’ Asian pear cultivar for a shelf life of 21 days at 22 °C following three months of cold storage at 0.5 °C with
90% of relative humidity. The peel blackening, cortex browning, core browning, and cavity were reduced by pre-storage
conditioning treatment during shelf life after short-term cold storage. Although flesh firmness responded inconsistently in
ealier shelf life, titratable acidity (TA) was lower in pre-storage conditioned fruit than in untreated fruit and weight loss
and the ratio of soluble solids content (SSC) to TA were higher in pre-storage conditioned fruit compared to untreated fruit
as a control. The cortex hue angle values of the fruit colour variables were higher in pre-storage conditioned fruit than
in the untreated fruit. The pre-storage conditioning treatment notably affected threonine and total amino acids among the
targeted primary metabolites during shelf life after cold storage. The correlation coefficient network indicated that the cor-
tex browning and cavity were positively correlated with fumaric acid, sorbitol, and sucrose in the pre-storage conditioned
fruit. Therefore, the results suggested that pre-storage conditioning treatment should be highly effective in reducing the
incidence and severity of physiological disorders by mediating primary metabolism during the shelf life after cold storage.
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1 Introduction

As a long-term popular Asian pear cultivar in Korea, the
‘Shingo’ Asian pear cultivar, known as the ‘Niitaka’ pear
in Japan, has been broadly cultivated and popular cultivar
in Korea which is appreciated owing to its postharvest pre-
mium fruit quality of high storability and consistent fruit
quality at harvest and during long-term cold storage (Choi
et al. 1995; Lee et al. 2003). Thus, it has been reported that
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more than 85% of Asian pear production is derived from
one single Asian pear cultivar, ‘Shingo’, according to the
results of the annual national statistics report on agricultural
commodities (KOSIS 2024). Among the developed Asian
pear cultivars, numerous cultivars have been actively bred,
and released into the Asian pear industry; however, ‘Chuh-
wangbae’ as a late-season Asian pear cultivar, has garnered
notable interest from Asian pear growers and is cultivated
and produced extensively to meet consumer demand in the
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Asian pear market (Hwang et al. 2001; Lee et al. 2018).
There were several physiological disorders, detected in
the fruit of the ‘Chuhwangbae’ Asian pears at harvest and
during cold storage, or even during shelf life immediately
after harvest or cold storage (Lee et al. 2018; Lwin and Lee
2021a). Chilling injury symptoms in ‘Chuhwangbae’ pears
manifest as several physiological disorders, such as peel
blackening, cortex and core browning, and the formation of
cavities on the peel, cortex, and core tissues. The severity of
the storage disorders is further aggravated as they advance
in both cold storage and shelf life condition after cold stor-
age (Latt et al. 2024a; Lwin et al. 2023b).

Among various potential technologies to control the
development of physiological disorders during cold storage
and the following shelf life phase, the controlled atmosphere
(CA) storage technology could be involved in delaying the
incidence of flesh breakdown in CA stored Asian pears
(Park et al. 1999). During short-term storage, 2% CO, treat-
ment delays the development of skin blackening in the fruits
of late-season Asian pear cultivars (Lee et al. 2018). The
incidence and severity of specific physiological disorders,
including internal browning, core browning, pithiness, and
water soaking, increase with an increase in storage and han-
dling temperatures in the fruit of early-season Asian pears
during shelf life followed by short-term cold storage (Lee
et al. 2013b). Pre-harvest aminoethoxyvinylglycine (AVG)
treatment reduces the incidence of pithiness and core
browning in ‘Wonhwang’ Asian pears during the shelf life
period right after harvest, with no incidence of mealiness
observed (Choi et al. 2013). The application of 1-methylcy-
clopropene (1-MCP) postharvest treatment has been linked
to a decrease in both the occurrence and intensity of flesh
and core browning, as well as pithiness and mealiness, in
early-season Asian pears throughout their shelf life follow-
ing harvest (Lee et al. 2012c, 2014, 2017). However, pre-
harvest GA,; application enhances the severity of peel
staining, cortex and core browning, water soaking, meali-
ness, and skin browning during shelf life immediately fol-
lowing harvest in early-season Asian pears (Lee et al. 2014)
and during their distribution in international markets (Seo et
al. 2019). In addition, the severity of physiological disorders
is further aggravated by pre-harvest GA,, ; treatment in the
fruit of early-season Asian pears during long-term cold stor-
age (Latt et al. 2024b). However, the pre-drying application
reduces the incidence of skin blackening in the fruit of the
‘Chuhwangbae’ Asian pear cultivar during short-term cold
storage (Lee et al. 2018). In addition, the implementation of
pre-storage conditioning immediately following harvest has
been shown to diminish both the incidence and severity of
physiological disorders in Asian pear cultivars during cold
storage (Seo et al. 2019).
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Recently, untargeted and targeted metabolomic
approaches based on highly advanced analytical technolo-
gies have been actively applied to elucidate the biochemical
mechanisms underlying the incidence of physiological dis-
orders in several horticultural commodities after and during
cold storage. An untargeted metabolomics approaches using
GC- and LC-MS based technologies are used to investi-
gate the incidence of firm flesh browning in CA-stored
‘Empire’ apple (Lee et al. 2012b) and internal browning in
CA-stored ‘Braeburn’ apple (Lee et al. 2012a) as well as
the incidence of core breakdown in CA-stored ‘Conference’
European pear (Pedreschi et al. 2009). Furthermore, the tar-
geted metabolomics methodology is particularly effective
in elucidating the specific metabolic pathways linked to the
development of physiological disorders in cold-stored fruits
of Asian pear cultivars (Lwin and Lee 2022; Lwin et al.
2023c). The targeted metabolomics approach was applied
to examine the biochemical mechanisms involved in physi-
ological disorders affected by pre-storage ambient tempera-
ture conditioning in the fruit of ‘Chuhwangbae’ Asian pears
during long-term cold storage (Lwin et al. 2023b). However,
whether pre-storage ambient temperature conditioning after
harvest affects fruit quality or the incidence of physiological
disorders during the shelf life period after short-term cold
storage remains unclear. Therefore, this study aimed to test
the hypothesis that the pre-storage ambient temperature con-
ditioning treatment could affect the fruit quality and reduce
the incidence and severity of physiological disorders during
shelf life period after short-term cold storage in the fruits
of late season ‘Chuhwangbae’ Asian pear cultivar. Addi-
tionally, the targeted metabolomics approach was applied
to comprehend the relationship between targeted primary
metabolites and physiological disorders in pre-storage con-
ditioned fruit of ‘Chuhwangbae’ Asian pear cultivar for up
to 21 days of shelf life period after short-term cold storage.

2 Materials and methods

2.1 Fruit material, treatment and storage
conditions

The fruits of the ‘Chuhwangbae’ pear (Pyrus pyrifolia
Nakai) cultivar were collected on October 4, 2018, from
the Pear Research Center, at the National Institute of Hor-
ticultural and Herbal Science (NIHHS), Rural Develop-
ment Administration (RDA) located in Naju, Jeollanam-do,
Republic of Korea. Pears were selected according to similar
size and no physiological storage disorders or mechanical
damages and stored at 22 °C for 7 days as a pre-storage
ambient temperature conditioning treatment. Untreated
fruits were directly transferred to the cold storage facility
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at 0.5 °C with 90% relative humidity (RH). Then, the fruit
quality parameters and tissue sampling to evaluate the pre-
storage ambient temperature conditioning treatment effects
were conducted on 1, 7, 14, and 21 days during the shelf life
period after three months of cold storage.

2.2 Determination of fruit quality parameters

The effects of pre-storage ambient temperature condition-
ing treatment were evaluated on fruit quality attributes,
the incidence and severity of physiological disorders, and
targeted major metabolites during the shelf life period at
22 °C after short-term cold storage. Fruit fresh weight loss
was determined at harvest time and at the corresponding
sampling time point during shelf life after three months of
cold storage (Park et al. 2024). A chroma meter (Minolta
CR 200, Konica Minolta Co., Osaka, Japan) was used to
assess the colour parameters of the peel, cortex, and core tis-
sues (Lwin et al. 2023a). Fruit flesh firmness was evaluated
using a texture analyzer (TAHDi/500, TAHD, London, UK)
with an 11 mm cylinder shape probe (Latt et al. 2024b). The
titratable acidity content (TA, %) and soluble solids content
(SSC, %) were analyzed using a Titrette bottle-top burette
(BrandTech® Scientific, Inc., Wertheim, Germany) and a
digital refractometer (PAL-a, Atago Co., Tokyo, Japan),
respectively (Latt et al. 2024a). After cutting the equato-
rial portion of the fruit, the incidence and severity rate of
physiological disorders were recorded according to previ-
ous studies (Latt et al. 2023; Lee et al. 2013a; Lwin et al.
2021b). The severity of each disorder was evaluated as the
percentage of the area exhibiting the disorder relative to the
total surface area and subjectively defined the levels as: 0,
0%; 1, 1-10%; 2, 11-25%; 3, 26-50%; 4, 51-75%; and 5,
76—100%. The incidence was determined as the proportion
of the fruit exhibiting the disorder. Then, the cortex tissues
from the different parts of the equatorial region of fifteen
fruits were flash-frozen with liquid nitrogen and stored at
-80 °C for metabolite analyses.

2.3 Determination of soluble carbohydrates and
organic acids

The sample extraction protocols for the measurement of
soluble carbohydrates and organic acids were adopted from
previous studies (Latt et al. 2023; Lwin and Lee 2020). For
analysis of soluble carbohydrates, such as sucrose, fructose,
glucose, and sorbitol, 5 g of fresh sample was mixed with
30 mL of extract buffer consists of 0.1 M perchloric acid
and 0.1% meta-phosphoric acid in water and a syringe filter.
Measurements were performed using filtered through high-
performance liquid chromatography (HPLC) with a flow

rate of 0.5 mL min~! purified water and column oven set
at 70 °C.

For organic acids, 10 pL of extracted samples were
injected into an Ultimate 3000 HPLC (Thermo Dionex
Co., Sunnyvale, CA, USA) equipped with refractive
index detector (RI detector, ERC, RefractoMA X520, Data
Apex, Prague, Czech Republic) with an Aminex column
(300 x 7.8 mm, Bio-Rad Co., Hercules, CA, USA) as previ-
ous studies (Latt et al. 2024b).

2.4 Determination of free amino acids

To determine the free amino acid contents, the extract was
mixed with hydrochloric acid and homogenized before dry-
ing in a centrifuge. Then, the derivation was performed using
a borate buffer for 15 min at a temperature of 56 °C. An Ulti-
mate 3000 HPLC system (Thermo Dionex Co., Sunnyvale,
CA, USA) was equipped with a fluorescence and UV detec-
tors (Agilent 1260, Agilent Technologies, Santa Clara, CA,
USA) was used for the analysis. The mobile phase solvents
consisted of 40 mM sodium phosphate, and formulated
from purified water, acetonitrile, and methanol in a ratio of
10:45:45 (v/v, %), with a flow rate was set at 0.5 mL min '
(Latt et al. 2024a).

2.5 Statistical analyses

The results were presented with mean=+standard error (SE)
with three replicates. All data were analyzed using two-way
ANOVA with two main factors, pre-storage ambient tem-
perature conditioning treatment and shelf life after short-
term cold storage, and their interaction effect using SAS
Ver.9.3 (SAS Institute Inc., Cary, NC, USA). The mean
difference between the untreated control fruits and the pre-
storage ambient temperature conditioning treatments was
assessed utilizing the least significant difference (LSD) test.
Fruit quality parameters, physiological storage disorders,
and targeted primary metabolites for the determination of
pre-storage ambient temperature conditioning treatment
effects were generated with a normalized heatmap system
using a MetaboAnalyst Ver. 5.0 (Chong et al. 2018; Lwin
et al. 2021a). The network of correlation coefficients was
constructed utilizing the MetScape plugin within the Cyto-
scape software Ver. 3.8.2 (https://cytoscape.org/) (Basu et
al. 2017; Lwin and Lee 2021b; Lwin et al. 2021b).
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3 Results

3.1 Pre-storage ambient temperature conditioning
effects on the physiological disorders

The incidence rate and severity of physiological disorders
were determined during the shelf life period immediately
after 3 months of cold storage at 0.5 °C with 90% RH. The
physiological disorders, such as peel blackening, cortex
browning, core browning, and cavity, occurred in fruits after
cold storage, and the incidence and severity of physiological
disorders were higher in untreated control fruit than in pre-
storage conditioned fruit during shelf life after short-term
cold storage. In all physiological disorders, fruits treated
with pre-storage ambient temperature conditioning showed
reduced incidence and severity levels compared to the con-
trol fruits during shelf life. In particular, core browning was
only detected in the untreated control fruit during shelf life,
with an increasing trend. Overall, an increasing trend was
observed in almost all physiological disorders, whereas fruit
treated with pre-storage ambient temperature conditioning
treatment showed evidently reduced physiological disorders
after 2 weeks of shelf life (Fig. 1).

Peel blackening Cortex browning

3.2 Fruit quality attributes

The physiological fruit quality attributes were not signifi-
cantly different between the untreated control fruit and pre-
storage conditioned fruit, except for flesh firmness, TA, and
the ratio of SSC to TA values at certain sampling points
(Figs. 2 and 5). During shelf life, the fruit fresh weight loss
was gradually increased in both control and treated fruits.
Similarly, for fruit flesh firmness, the decreasing rate of fruit
treated with pre-storage ambient temperature conditioning
was lower than that of untreated control fruits during the
second half of the shelf life period. However, flesh firm-
ness was highly maintained in the fruit of the pre-storage
ambient temperature conditioning treatment immediately
after the removal of cold storage compared to the untreated
fruit. SSC was only different on day 1 after cold storage
but did not differ between treatments during the entire shelf
life period. However, TA tended to be lower in the pre-
storage ambient temperature conditioning treatment than in
the untreated control fruit during the entire shelf life period
after short-term cold storage. Thus, during the shelf life, the
SSC-to-TA ratio tended to be higher in the pre-storage ambi-
ent temperature conditioning treatment than in the untreated
control fruit (Fig. 2).

Core browning Cavity
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Fig. 1 The incidence rate and severity of peel blackening, cortex
browning, core browning, and cavity in ‘Chuhwangbae’ pear fruit
treated with pre-storage conditioning at 22 °C for 7 days after harvest
and stored at 0.5 °C for 3 months followed by 21 days at 22 °C. Each
datum point indicates the mean of fifteen fruit replicates (n=15)=+stan-
dard error, where larger than the symbols. The incidence of physiologi-
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cal disorders was expressed as a percent of affected fruit (n=15). The
severity of physiological disorders was subjectively scored as 0=0%,
1=1-10%, 2=11-25%, 3=26-50%, 4=51-75%, and 5=76-100%
area coverage of the peel, cortex, and core tissues with the largest
area for the corresponding symptoms. The least significant difference
(LSD) test was applied to examine significance at p=0.05
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Fig. 2 Physiological responses of fruit fresh weight loss, flesh firm-
ness, soluble solids content (SSC), titratable acidity (TA), and the ratio
of SSC to TA to the pre-storage conditioning treatment at 22 °C for 7
days immediately after harvest in ‘Chuhwangbae’ pear fruit and stored

The treatment responses of the colour variables of the
fruit peel, cortex, and core tissues were shown in Fig. 3. The
lightness and chroma values of the peel, cortex, and core
tissues were gradually declined during shelf life, although
there was an inconsistent response to the pre-storage ambi-
ent temperature conditioning treatment. However, the hue
angle value of the cortex tissue was higher in pre-storage
conditioned fruit than in untreated control fruit, while the
values of peel and core tissues did not consistently respond
to pre-storage ambient temperature conditioning treatment
during shelf life after short-term cold storage (Figs. 3 and

5).
3.3 Targeted primary metabolites

The metabolic responses of the pre-storage ambient tem-
perature conditioning treatment were evaluated during the
shelf life immediately after short-term cold storage (Fig. 4).
Soluble carbohydrates, such as fructose, sucrose, glucose,
and sorbitol were detected in the fruits of the control and
treated groups. The levels of fructose and glucose were
increased; however, sucrose was decreased during the shelf
life in both the untreated control and treated fruits. The
sorbitol content was increased in the control fruit until 14
days of shelf life, while the pre-storage ambient temperature
conditioning-treated fruit remained constant until the end of
the shelf life period. Similarly, the response to pre-storage

Shelf life (days)

at 0.5 °C for up to 3 months followed by 21 days at 22 °C. Each datum
point indicates the mean of fifteen fruit replicates (n=15)+standard
error, where larger than the symbols. The least significant difference
(LSD) test was applied to examine significance at p=0.05

ambient temperature conditioning was not significantly
affected during shelf life for major organic acid contents. Of
the targeted primary metabolites, no significant effects were
observed on free amino acid contents by pre-storage ambi-
ent temperature conditioning treatment during the shelf life
period compared to the untreated control fruit. However,
amino acid contents, such as glutamic acid, threonine, and
alanine, were higher in the pre-storage ambient temperature
conditioning treatment than in the untreated control fruit
at the end of the shelf life period. Meanwhile, isoleucine
and leucine contents were higher in the untreated control
fruit than in the pre-storage-conditioned fruit at the end of
the shelf life period. Overall, after short-term cold storage,
the free amino acid contents in both control and pre-storage
conditioned fruits were decreased in accordance with the
shelf life period (Figs. 4 and 5).

3.4 Normalized heatmap matrix responses to pre-
storage conditioning treatment

The normalized heatmap matrix was used to analyse the
effects of pre-storage ambient temperature conditioning
treatment on fruit quality attributes, physiological disorders,
and targeted primary metabolites in the fruit of ‘Chuhwang-
bae’ pears during the shelf life period after short-term cold
storage, together with the results of ANOVA with the treat-
ment and interaction effects at 1, 7, 14, and 21 days shelflife

@ Springer



678 Horticulture, Environment, and Biotechnology (2025) 66:673-688
N Peel Cortex Core
LSD, ,s=0.9 LSD, ,s=1.8 LSD, ,s=4.5
¥ 607 172} 1 60 f
=2
?
O 59 { 1 70 50
c
=
=
2
—1 58+ 1 68 | 1 40+t
57 — : : 66
40 1— " " — 10 .
LSD, ,s=0.9 LSD, ,s=1.9
5
Q 3971 1 9o}
@©
£
@]
—_
o 38 1 1 87
©)
37 7 16
77 ; 100 ; — 84 . :
LSD LSD, 05=1.2 LSD, 15=3.2
82
& 761 {98t
S 80 L
Q
D 751 1 96t {78
©
() 76
T 741 1 94t
74 |
73 t t t 92 t f — 72 } . .
1 7 14 21 1 7 14 21 1 7 14 21

Shelf life (days)

Shelf life (days)

Shelf life (days)

‘ —@— Control —@— Pre-storage conditioning

Fig.3 Physiological responses of lightness (L*), chroma (C*), and hue
angle (4°) from peel, cortex, or core tissues to pre-storage conditioning
treatment at 22 °C for 7 days immediately after harvest in ‘Chuhwang-
bae’ pear fruit and stored at 0.5 °C for 3 months followed by 21 days at

at 22 °C (Fig. 5). The results indicated that variables, such
as fruit fresh weight loss, cortex /4°, targeted primary metab-
olites, total amino acids, and threonine were highly affected
by the pre-storage ambient temperature conditioning treat-
ment. Physiological disorders, such as peel blackening, cor-
tex browning, core browning and cavity, were significantly
influenced by the application of the pre-storage ambient
temperature conditioning treatment. However, the incidence
and severity of physiological disorders were not influenced
by the shelf life period or the interaction effects of the pre-
storage ambient temperature conditioning treatment and
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22 °C. Each datum point indicates the mean of fifteen fruit replicates
(n=15)+standard error, where larger than the symbols. The least sig-
nificant difference (LSD) test was applied to examine significance at
p=0.05

shelf life period. Moreover, flesh firmness, peel C*, SSC,
SSC/TA, TA, sorbitol, citric acid, shikimic acid, total amino
acids, serine, aspartic acid, and lysine were not affected
by shelf life duration, and the remaining variables showed
significant responses to shelf life duration. Among the vari-
ables examined, only fresh fruit weight loss, flesh firmness,
asparagine, and GABA were influenced by the interaction
effect of pre-storage ambient temperature conditioning and
shelf life duration factors (Fig. 5).
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3.5 Correlation coefficient heatmap matrix

Pearson’s correlation coefficient heatmap matrix was applied
to determine the overall relationship among fruit quality
attributes, physiological disorders, and targeted primary
metabolites, irrespective of pre-storage ambient tempera-
ture conditioning treatment in the fruits of the late season
‘Chuhwangbae’ pears during the shelf life period immedi-
ately after short-term cold storage. The results were com-
pared with all data obtained from untreated and conditioned
fruits. According to the results of overall correlation coef-
ficient heatmap matrix revealed that malic acid, fructose,
cortex h°, peel C*, SSC, core h°, fresh weight loss, peel 4°,
peel L*, and cortex L* were strongly and positively corre-
lated with each other. Additionally, this positive correlation
coefficient cluster was positively correlated with arginine,
glucose, citric acid, fumaric acid, and SSC/TA at the lower
left of the correlation heatmap matrix. In the upper-right
corner of the correlation heatmap matrix, glutamic acid,
aspartic acid, threonine, serine, glycine, cortex C*, lysine,
total amino acids, and asparagine were positively correlated.
However, their relationship was relatively weak compared
with the results from the previous cluster. Notably, cavity,
peel blackening, cortex browning, and core browning were
strongly and positively correlated. Furthermore, isoleucine
was positively correlated with valine (Fig. 6).

3.6 Pearson’s correlation coefficient network

The effects of pre-storage ambient temperature conditioning
treatment were examined with a Pearson’s correlation coef-
ficient network, based on the threshold value of correlation
coefficient (»>]0.75|) (Fig. 7). In the untreated control fruits,
fruit weight loss was strongly and positively correlated with
colour variables, such as peel L*, peel C*, peel h°, core
h°, cortex L*, cortex 4°, shikimic acid, and aspartic acid.
Moreover, fumaric acid was strongly and negatively asso-
ciated with sucrose, glutamine, and tyrosine. Physiological
disorders in untreated control fruit were positively cor-
related with some amino acids, such as isoleucine, valine,
threonine, arginine, and glucose, which were positively cor-
related with organic acids, such as citric and malic acids
(Fig. 7A). In contrast, for physiological disorders in pre-
storage conditioned fruit, cortex browning and cavity were
positively correlated with sorbitol, sucrose, and fumaric
acid. In addition, fresh fruit weight loss was strongly and
positively correlated with TA and flesh firmness and was
positively correlated with amino acids, such as isoleucine,
tyrosine, phenylalanine, and glycine. Cortex /#° was posi-
tively correlated with glutamine and tryptophan; simultane-
ously, they were positively linked to fruit fresh weight loss
and flesh firmness (Fig. 7B).

4 Discussion

Late-season Asian pear cultivars, such as ‘Chuhwangbae’
cultivar, are highly sensitive to long-term cold storage (Lwin
and Lee 2021a; Lwin et al. 2021b). The symptoms of several
physiological disorders, including skin blackening (Choi et
al. 2020; Lee et al. 2018), peel staining (Latt et al. 2024a),
internal browning (Lwin and Lee 2021a), core browning
(Latt et al. 2024a), and cavity (Lwin et al. 2023b) could be
detected and severely developed in the fruit of ‘Chuhwang-
bae’ Asian pears during cold storage and even shelf life after
cold storage. Several potential technical approaches have
been continuously performed and evaluated to confirm the
effectiveness of controlling or suppressing the incidence of
physiological disorders in cold-stored pear fruit. Of those
technical applications, postharvest 1-MCP technology was
not highly effective in controlling the incidence of internal
browning and peel blackening in ‘Chuhwangbae’ pears dur-
ing the shelf life after cold storage (Lwin and Lee 2021a;
Lwin et al. 2021b). However, gradual cooling, pre-drying,
storage temperature control, and CO, treatments could be
fairly effective in reducing the incidence of physiological
disorders during the shelf life or cold storage (Choi et al.
2020; Latt et al. 2024a; Lee et al. 2018). In addition, pre-
storage ambient temperature conditioning treatment could
be highly effective on controlling the development of physi-
ological storage disorders in cold-stored ‘Chuhwangbae’
pears (Lwin et al. 2023b). In this study, pre-storage ambi-
ent temperature conditioning treatment at harvest reduced
the incidence and severity of physiological disorders in the
‘Chuhwangbae’ cultivar during its shelf life after cold stor-
age (Figs. 1 and 5). Previously, it was confirmed that pre-
storage ambient temperature conditioning treatments could
control physiological disorders only during cold storage
(Lwin et al. 2023b). Furthermore, pre-drying treatment and
delayed cooling after pre-conditioning at harvest reduce the
incidence of skin blackening in cold-stored ‘Chuhwangbae’
pears (Lee et al. 2018). Pre-conditioning suppresses chilling
injury symptoms by mediating ethylene biosynthesis and
altering valine and isoleucine metabolism in cold-stored
peaches, thereby enhancing the chilling injury tolerance
(Tanou et al. 2017). Pre-storage ambient temperature condi-
tioning treatment considerably mitigates the incidence and
severity of chilling injury symptoms, such as soft scald and
soggy breakdown, in long-term CA-stored ‘Honeycrisp’
apples by influencing the glycolysis/gluconeogenesis, pro-
pionate metabolism, and alanine, aspartate, and glutamate
metabolism (Leisso et al. 2017). Therefore, the results
indicated that pre-storage ambient temperature condition-
ing immediately before cold storage could be associated
with the metabolic adjustment within pear fruit. This pro-
cess potentially allows a physiological adaptation period
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{ Fig. 4 Metabolic responses of soluble carbohydrates (fructose,
sucrose, glucose, and sorbitol), major organic acids (malic, citric, shi-
kimic, and fumaric acids), and free amino acids contents to pre-storage
conditioning treatment at 22 °C for 7 days immediately after harvest in
‘Chuhwangbae’ pear fruit and stored at 0.5 °C for 3 months followed
by 21 days at 22 °C. Each datum point is the mean of three repli-
cates (n=3)+standard error. Each data unit was mentioned as fresh
weight basic and expressed as g kg~! FW for soluble carbohydrates
and organic acids and mg kg~ ! FW for amino acids, respectively. The
least significant difference (LSD) test was applied to examine signifi-
cance at p=0.05

to the rapid cold storage, thereby reducing the incidence
and severity of physiological disorders during the shelf life
period. In contrast, pre-drying treatment immediately before
cold storage gradually decreases the incidence of skin
blackening during cold storage, as fruit fresh weight loss
increases at harvest (Lee et al. 2018). Typically, late-season
Asian pear cultivars would be more susceptible to the inci-
dence of water soaking or watercore at harvest (Hayama et
al. 2014; Liu et al. 2022) and even during cold storage (Latt
et al. 2024b). The intercellular space of flesh tissues from
the symptoms of water soaking or watercore would be fully
saturated with water molecules within the pore space of the
cortex tissues (He et al. 2024) and core regions (Chigwaya
et al. 2021) in stored apples. With an increase in the delayed
cooling air temperature, fruit fresh weight loss increases and
flesh firmness decreases in apples (Li et al. 2015) and Asian
pears (Lee et al. 2016b). However, ethylene production and
fruit respiration rates are increased with increasing pre-con-
ditioning temperature in Asian pears during the pre-condi-
tioning treatment period (Lee et al. 2016b). This indicates
that the pre-storage ambient temperature conditioning treat-
ment likely increases the effectiveness of removing water
molecules from the intercellular spaces of flesh tissues dur-
ing that period. Thus, losing water molecules from the pithy
connectivity of flesh tissues would reduce the incidence of
physiological disorders by enhancing oxygen diffusivity
within flesh tissues during cold storage.

Regarding fruit quality attributes, fruit fresh weight loss
was higher in pre-storage temperature-conditioned fruit
than in the untreated control fruit during the shelf life after
short-term cold storage (Figs. 2 and 5). Although the fruit
respiration rate was not determined in this study, the fruit
fresh weight loss could be derived from fruit respiration and
transpiration during the shelf life. In addition, fruit respi-
ration and transpiration were significantly increased during
the pre-storage ambient temperature conditioning period.
Therefore, the fruit fresh weight loss was already suffi-
ciently high in the pre-storage conditioned fruit compared
to the untreated fruit at the removal time point after short-
term cold storage (Fig. 2). Furthermore, the lower levels of
SSC and TA in the pre-storage ambient temperature condi-
tioning treatment immediately after cold storage could have

resulted from the effectiveness of the pre-storage ambient
temperature conditioning treatment immediately after har-
vest for fruit respiration to provide or support the energy
sources (Fig. 2). Fresh weight loss increases with increasing
pre-storage ambient temperature during the conditioning
period; thus, fruit respiration and ethylene production rates
are proportional to the conditioned ambient temperature in
early season Asian pears (Lee et al. 2016b). Internal ethyl-
ene concentration (IEC) is higher in conditioned fruit than
in untreated control fruit, and thus, the levels of acetalde-
hyde and ethanol are lower in conditioned fruit of ‘Honey-
crisp’ apples during the shelf life and cold storage periods
(Al Shoffe et al. 2018). Therefore, the results indicated that
the reduction in fruit fresh weight loss in pre-storage con-
ditioned fruit could be derived from fruit respiration and
transpiration during the conditioning period, based on the
decrease in SSC and TA immediately after cold storage. In
addition, the pre-storage ambient temperature conditioning
treatment tended to reduce the levels of SSC and TA dur-
ing the entire shelf life period, although the flesh firmness
did not consistently respond to the conditioning treatment
(Fig. 2). However, flesh firmness was positively correlated
with TA and fruit fresh weight loss in conditioned fruit
(Fig. 7B).

Of the fruit colour variables, cortex 4° values were only
higher in pre-storage conditioned fruit than in the untreated
control fruit during the entire shelf life period immediately
after short-term cold storage, although the other colour vari-
ables were not affected by conditioning treatment (Figs. 3
and 5). The fruit colour variables were highly affected
during the shelf life period, except for peel C* (Fig. 5).
Notably, all the colour variables in the untreated control
fruit were strongly correlated with each other and were
placed between most amino acids and the other parameters
(Fig. 7A). Cortex L* could play a key role in connecting
most amino acids and some of the parameters in pre-stor-
age conditioned fruit (Fig. 7B). In particular, the pre-stor-
age ambient temperature conditioning treatment could be
assumed to differentially affect all the colour variables by
mediating major metabolites during shelf life. The exterior
colour parameters gradually respond to increased condition-
ing temperature in avocados (Arpaia et al. 2018). However,
the exterior peel 4° values respond differently to the corre-
sponding fruits and vegetables as well as to the pre-storage
temperature and delayed cooling period (Li et al. 2015). The
cortex /° values were higher in pre-storage conditioned fruit
than in untreated fruit during the shelf life (Fig. 3) and were
also strongly affected by the shelf life period after cold stor-
age (Fig. 5). Thus, the cortex 4° was positively correlated
with tryptophan, glutamine, flesh firmness, and fresh weight
loss in the pre-storage ambient temperature conditioning
treatment (Fig. 7B), but broadly correlated with numerous
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Fig. 5 The normalized heatmap matrix of physiological fruit quality
attributes, severity of physiological disorders, and targeted primary
metabolites in ‘Chuhwangbae’ pear fruit treated with pre-storage con-
ditioning treatment at 22 °C for 7 days immediately after harvest and

variables, including colour parameters in untreated control
fruit (Fig. 7A). High cortex A° values are associated with
the incidence and severity of cortex browning during shelf
life. The incidence and severity of cortex browning were
higher in untreated control fruit than in pre-storage condi-
tioned fruit, resulting in the colour alteration of the cortex
tissue, thereby contributing to retaining the higher level of
cortex /° values during shelf life. The alteration of flesh

@ Springer

14 21
Shelf life (days)

stored at 0.5 °C for 3 months followed by 21 days at 22 °C. The figure
legend indicates the results of relative responses. NS, *, ** *¥* or
****= not significant or significant at p<0.05, 0.01, 0.001, or 0.0001,
respectively

tissue colour in long-term CA-stored ‘Empire’ apples is
strongly associated with the development and severity of
firm flesh browning (Lee et al. 2012b). The incidence and
severity of internal browning in cold-stored ‘Royal Gala’
apples are highly linked with the reduction of A° values
(Lee et al. 2013a), and also the incidence and severity of
diffuse flesh breakdown are negatively correlated with /°
values (Lee et al. 2016a). The incidence of flesh and core
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Fig. 6 Pearson’s correlation coefficient () heatmap matrix among the
variables of physiological fruit quality attributes, physiological disor-
ders, and targeted primary metabolites in ‘Chuhwangbae’ pear fruit
treated with pre-storage conditioning treatment at 22 °C for 7 days

browning is positively correlated with a* value during shelf
life in ‘Fuji’ apples (Lee et al. 2019). Therefore, the results
provided that the alteration of fruit colour variables could be
strongly resulted from the symptoms of physiological dis-
orders during shelf life after cold storage. In addition, pre-
storage ambient temperature conditioning treatment could
play a pivotal role in delaying the reduction of cortex tissue
coloration during shelf life after cold storage.
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immediately after harvest and stored at 0.5 °C for 3 months followed
by 21 days at 22 °C. The figure legend indicates the results of the cor-
relation coefficient (r). The red and blue colours indicate positive and
negative correlation coefficients between variables, respectively

Among the targeted primary metabolites, the contents
of threonine and total amino acids were highly affected
only by the pre-storage ambient temperature conditioning
treatment during the shelf life after cold storage (Figs. 4
and 5). Threonine and total amino acid levels were higher
during the first half of the shelf life period after pre-storage
ambient temperature conditioning treatment. In addition,
valine and isoleucine contents were higher in pre-storage
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Fig. 7 Pearson’s correlation coefficient network (» >|0.75]) among the
response variables in targeted primary metabolites and fruit quality
attributes in ‘Chuhwangbae’ pear fruit in the control (A) and pre-stor-
age conditioning treatment (B) at 22 °C for 7 days immediately after
harvest and stored at 0.5 °C for 3 months followed by 21 days at 22 °C.

conditioned fruit than in the untreated fruit during the
first half of the shelf life, whereas branched chain and
aromatic amino acids, leucine, tryptophan, tyrosine, and
phenylalanine, were not affected by pre-storage ambi-
ent temperature conditioning treatment (Fig. 4). Valine
was strongly and positively correlated with isoleucine
in the overall correlation coefficient heatmap matrix
(Fig. 6). However, other primary metabolites were not
consistently affected by the conditioning treatment or
shelf life (Fig. 5). However, the correlation coefficient
network results indicated that core browning, cavity, and
cortex browning were positively correlated with glucose,
arginine, valine, and isoleucine in the untreated control
fruits during the shelf life (Fig. 7A), but cortex brown-
ing and cavity were positively correlated with sorbitol,
fumaric acid, and sucrose in pre-storage conditioned
fruits (Fig. 7B). Higher levels of valine and isoleucine,
which play fundamental roles as substrates for the pro-
duction of volatile organic compounds (VOCs), are asso-
ciated with fruit respiration rather than VOCs generation
during shelf life (Kochevenko et al. 2012). Furthermore,
the differential responses of the targeted primary metabo-
lites were associated with pre-storage ambient tempera-
ture conditioning treatment during shelf life. As several
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The red and blue lines indicate positive and negative correlation coef-
ficients between variables, respectively. The thickness of correlation
coefficient network lines indicates the significant degree of correlation
coefficient () between variables

symptoms of physiological disorders can occur during
shelf life, the de novo production and accumulation of
free amino acids and corresponding enzymes are associ-
ated with the collapse of cellular structure and thus con-
tributed to aggravating cortex and core browning in flesh
tissues during shelf life after cold storage. The incidence
of blackheart, a chilling-induced internal browning disor-
der in pineapple fruit, increased the enzymatic activity of
polyphenol oxidase (PPO) 10-fold than that of unaffected
fruit, in which PPO was synthesized de novo in response
to chilling injury (Stewart et al. 2001). In addition, pre-
storage cold acclimation at 10 °C for 72 h induces the tol-
erance to chilling injury in cucumber fruit by mediating
plant hormone signal transduction, carbon metabolism,
and amino acids biosynthesis metabolism (Wang et al.
2021). The incidence of internal browning is also strongly
associated with higher accumulation of amino acids in
CA-stored apples (Lee et al. 2012a, b). Moreover, the
incidence rate of peel blackening, cortex browning, and
cavity was increased in pre-storage conditioning treated
fruit particularly at 14 days of shelf life condition, simi-
lar trend with the sharp decrease in the contents of total
amino acids. Otherwise, it could be assumed that the fluc-
tuation of major amino acid contents could be associated
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with the inconsistent responses of total amino acids con-
tent during shelf life. Therefore, the results indicated that
the development of internal browning is affected by the
alteration of cellular structure, thereby contributing to
increasing de novo production or accumulation of amino
acids during shelf life after cold storage.

5 Conclusion

The late-season Asian pear cultivar, ‘Chuhwangbae,’ is
prone to the incidence of physiological disorders in terms
of chilling injury symptoms during cold storage and fur-
ther getting severe during the shelf life period after cold
storage. Pre-storage ambient temperature conditioning
treatment is highly recommended and applied to com-
mercial orchards and storehouses to control or reduce
the incidence and severity of physiological disorders.
However, the impact of pre-storage ambient temperature
conditioning on fruit quality and its efficacy in prevent-
ing the incidence of physiological disorders during shelf
life after short-term cold storage remains uncertain. In
this study, pre-storage ambient temperature conditioning
treatment reduced the incidence and severity of physi-
ological disorders, including peel blackening, cortex
browning, core browning, and cavities. In addition, fruit
fresh weight loss was higher in pre-storage conditioned
fruit than in untreated fruit and gradually increased dur-
ing the shelf life. However, flesh firmness and TA would
be lower in the conditioned fruit than in the untreated
fruit during the second half of the shelf life. Of the fruit
colour variables, cortex A° values were higher in pre-
storage conditioned fruit than in untreated fruit during
the entire shelf life period after cold storage, whereas the
other colour variables remained inconsistent. Among the
targeted primary metabolites, threonine and total amino
acids were highly affected by pre-storage ambient tem-
perature conditioning during the shelf life, whereas the
other metabolites responded inconsistently to the pre-
storage ambient temperature conditioning treatment dur-
ing the shelf life. However, physiological disorders were
differentially correlated with the primary metabolites.
Core browning, cavity, and cortex browning were posi-
tively correlated with glucose, arginine, valine, and iso-
leucine in untreated fruit. However, cortex browning and
cavity formation were positively correlated with sorbi-
tol, fumaric acid, and sucrose in pre-storage conditioned
fruit. Overall, the results suggested that the pre-storage
ambient temperature conditioning treatment could be
involved in changing the biosynthesis metabolism of pri-
mary metabolites, such as soluble carbohydrates, organic
acids, and amino acids, thereby contributing to reducing

the incidence and severity of chilling injury symptoms
as observed and detected in the peel, cortex, and core
tissues during the shelf life immediately after cold stor-
age. Therefore, the pre-storage ambient temperature con-
ditioning treatment could be highly effective in retaining
fruit quality and reducing the physiological disorders in
late-season ‘Chuhwangbae’ Asian pears during the shelf
life following short-term cold storage.

Acknowledgements We deeply appreciate Dr. Ug-Yong Lee at the
Pear Farms Company in Cheonan, Republic of Korea, for his coopera-
tion and support.

Author contributions Theint Thandar Latt: Methodology, data cura-
tion, formal analysis, investigation, validation, original draft, writing,
review, and editing. Jinhee Lee: Methodology, data curation, formal
analysis, investigation, validation, review, and editing. Hyowon Park:
Methodology, data curation, formal analysis, investigation, valida-
tion, review, and editing. Si-Eun Byeon: Methodology, data curation,
formal analysis, investigation, validation, review, and editing. Seung
Yeon Han: Methodology, data curation, formal analysis, investiga-
tion, validation, review, and editing. Hnin Phyu Lwin: Methodology,
data curation, formal analysis, investigation, validation, review, and
editing. Ho-Jin Seo: Conceptualization, methodology, validation, dis-
cussion, review, and editing. Seok Gyu Yun: Conceptualization, meth-
odology, validation, discussion, review, and editing. Jinwook Lee:
Conceptualization, data curation, investigation, writing, review and
editing, supervision, funding acquisition, and project administration.

Funding Open Access funding enabled and organized by Chung-Ang
University

This research was supported by the Chung-Ang University Research
Grants in 2024. In addition, this work was supported by the Rural De-
velopment Administration (RDA) [grant number RS-2023-00222984].

Data availability All data generated or analysed during this study are
included in this published article [and its supplementary information
files].

Declarations
Ethics approval and consent to participate Not applicable.
Consent for publication Not applicable.

Competing interests “Jinwook Lee” is the Associate Editor of the
Horticulture, Environment, and Biotechnology while conducting this
study. Editorial Board Member status has no bearing on editorial con-
sideration. The authors declare that they have no conflict of interest.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if you modified the licensed
material. You do not have permission under this licence to share
adapted material derived from this article or parts of it. The images
or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative

@ Springer



686

Horticulture, Environment, and Biotechnology (2025) 66:673-688

Commons licence and your intended use is not permitted by statu-
tory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

References

Al Shoffe Y, Shah AS, Nock JF, Watkins CB (2018) Acetaldehyde and
ethanol metabolism during conditioning and air storage of ‘Hon-
eycrisp’ apples. HortScience 53:1347—1351. https://doi.org/10.21
273/HORTSCI13167-18

Arpaia ML, Collin S, Sievert J, Obenland D (2018) ‘Hass’ avocado
quality as influenced by temperature and ethylene prior to and
during final ripening. Postharvest Biol Technol 140:76—84. https:
//doi.org/10.1016/j.postharvbio.2018.02.015

Basu S, Duren W, Evans CR, Burant CF, Michailidis G, Karnovsky A
(2017) Sparse network modeling and metscape-based visualiza-
tion methods for the analysis of large-scale metabolomics data.
Bioinformatics 33:1545-1553. https://doi.org/10.1093/bioinform
atics/btx012

Chigwaya K, Karuppanapandian T, Schoeman L, Viljoen DW, Crouch
1J, Nugraha B, Verboven P, Nicolai BM, Crouch EM (2021) X-ray
CT and porosity mapping to determine the effect of ‘Fuji” apple
morphological and microstructural properties on the incidence
of CO, induced internal browning. Postharvest Biol Technol
174:111464. https://doi.org/10.1016/j.postharvbio.2021.111464

Choi S-J, Hong Y-P, Kim Y-B (1995) Prestorage treatments to pre-
vent fruit skin blackening during cold storage of Japanese pear
‘Shingo’ (‘Niitaka’). Hortic Environ Biotechnol 36:218-223

Choi J-H, Lee U-Y, Ahn Y-J, Hwang Y-S, Chun J-P (2013) Effects
of ethephon and aminoethoxyvinylglycine on fruit quality and
incidence of physiological storage disorders during simulated
exportation environment in ‘Wonhwang’ pears. Kor J Agric Sci
40:79-86. https://doi.org/10.7744/cnujas.2013.7740.7742.7079

Choi M-H, Choi HJ, Hong SS, Lim B-S (2020) Effects of gradual cool-
ing treatment on the skin blackening and physicochemical charac-
teristics of ‘Chuhwang’ pear fruit. Food Sci Preserv 27:145-158.
https://doi.org/10.11002/kjfp.2020.27.2.145

Chong J, Soufan O, Li C, Caraus I, Li S, Bourque G, Wishart DS, Xia J
(2018) MetaboAnalyst 4.0: towards more transparent and integra-
tive metabolomics analysis. Nucl Acids Res 46:W486—W494. htt
ps://doi.org/10.1093/nar/gky310

Hayama H, Iwatani A, Nishimoto T, Oya Y, Nakamura Y (2014)
Watercore disorder in Japanese pear ‘Niitaka’ is increased by high
fruit temperatures during fruit maturation. Sci Hortic 175:27-32.
https://doi.org/10.1016/j.scienta.2014.05.033

He J, Van Doorselaer L, Tempelaere A, Vignero J, Saeys W, Bosmans
H, Verboven P, Nicolai B (2024) Nondestructive internal disor-
ders detection of ‘Braeburn’ apple fruit by X-ray dark-field imag-
ing and machine learning. Postharvest Biol Technol 214:112981.
https://doi.org/10.1016/j.postharvbio.2024.112981

Hwang YS, Chun JP, Lee JC, Seo JH (2001) Storage response of
‘Kamchun’ and ‘Chuwhang’ pears by harvest dates. Hortic Sci
Technol 19:48-53. http://www.dbpia.co.kr/journal/articleDetail?
nodeld=NODE00891701

Kochevenko A, Aratijo WL, Maloney GS, Tieman DM, Do PT, Taylor
MG, Klee HJ, Fernie AR (2012) Catabolism of branched chain
amino acids supports respiration but not volatile synthesis in
tomato fruits. Mol Plant 5:366-375. https://doi.org/10.1093/mp
/ssr108

KOSIS (2024) Korean Statistical Information Service (KOSIS). http:/
/kosis.kr/search/search.do

Latt TT, Lwin HP, Seo H-J, Lee J (2023) 1-Methylcyclopropene delays
degradation of peel greenness but induces internal physiological

@ Springer

storage disorders in cold-stored fruit of interspecific pears. Sci
Hortic 312:111852. https://doi.org/10.1016/j.scienta.2023.11185
2

Latt TT, Lwin HP, Lee J (2024a) Fruit quality and physiological stor-
age disorders respond differentially to storage temperature by
mediating targeted metabolites in cold-stored ‘Chuhwangbae’
pears. Sci Hortic 338:113610. https://doi.org/10.1016/j.scienta.2
024.113610

Latt TT, Lwin HP, Seo H-J, Hong SS, Lee J (2024b) Preharvest gib-
berellic acid,,; (GA,, ;) treatment induces physiological storage
disorders by mediating major metabolites in cold-stored ‘Won-
hwang’ pears (Pyrus pyrifolia Nakai). Sci Hortic 329:112971. htt
ps://doi.org/10.1016/j.scienta.2024.112971

Lee J-W, Kim S-H, Hong S-1, Jeong M-C, Park H-W, Kim D-M (2003)
Quality distribution of Korean Shingo pears. Food Sci Preserv
10:162-168

Lee J, Mattheis JP, Rudell DR (2012a) Antioxidant treatment alters
metabolism associated with internal browning in ‘Braeburn’
apples during controlled atmosphere storage. Postharvest Biol
Technol 68:32—42. https://doi.org/10.1016/j.postharvbio.2012.0
1.009

Lee J, Rudell DR, Davies PJ, Watkins CB (2012b) Metabolic changes
in 1-methylcyclopropene (1-MCP)-treated ‘Empire’ apple fruit
during storage. Metabolomics 8:742—753. https://doi.org/10.100
7/s11306-011-0373-5

Lee U-Y, Oh K-Y, Moon S-J, Hwang Y-S, Chun J-P (2012c¢) Effects of
1-methylcyclopropene (1-MCP) on fruit quality and occurrence
of physiological storage disorders of Asian pear (Pyrus pyrifolia),
‘Wonhwang’ and ‘Whasan’, during shelf life. Hortic Sci Technol
30:534-542. https://doi.org/10.7235/hort.2012.12033

Lee J, Mattheis JP, Rudell DR (2013a) Fruit size affects physiologi-
cal attributes and storage disorders in cold-stored ‘Royal Gala’
apples. HortScience 48:1518-1524. https://doi.org/10.21273/HO
RTSCL.48.12.1518

Lee U-Y, Hwang Y-S, Ahn Y-J, Chun J-P (2013b) Comparison of fruit
quality and occurrence of physiological storage disorders during
storage and simulated marketing at different temperature condi-
tions in ‘Hanareum’ pears. Kor J Agric Sci 40:191-196. https://d
oi.org/10.7744/CNUJAS.2013.40.3.191

Lee U-Y, Oh K-S, Lim B-S, Wang M-H, Hwang Y-S, Chun J-P (2014)
Response of early-season Asian pear ‘Hanareum’ treated with
GA,,; to postharvest application of 1-methylcyclopropene
(1-MCP). Hortic Sci Technol 32:645-654. https://doi.org/10.72
35/hort.2014.14020

Lee J, Mattheis JP, Rudell DR (2016a) Storage temperature and
1-methylcyclopropene treatment affect storage disorders and
physiological attributes of ‘Royal Gala’ apples. HortScience
51:84-93. https://doi.org/10.21273/HORTSCI.51.1.84

Lee U-Y, Oh K-S, Hwang Y-S, Lim B-S, Ahn Y-J, Chun J-P (2016b)
Effect of temperature pre-conditioning on fruit quality of early-
season ‘Hanareum’ pears (Pyrus pyrifolia Nakai) during simu-
lated marketing. Hortic Sci Technol 34:94—-101. https://doi.org/1
0.12972/kjhst.20160003

Lee U-Y, Choi J-H, Lee J-H, Oh K-S, Chun J-P (2017) Effect of 1-MCP
treatment on the early-season Asian pear cultivar ‘Wonhwang’ in
response to different temperature conditions during simulated
exportation. Hortic Sci Technol 35:568-576. https://doi.org/10.1
2972/kjhst.20170061

Lee U-Y, Wang M-H, Bae T-M, Kim S-J, Choi J-H, Ahn Y-J, Chun J-P
(2018) Effects of pre-drying, delayed cooling, and carbon dioxide
on skin blackening disorder in Asian pear (Pyrus pyrifolia Nakai)
‘Chuhwangbae’. Hortic Sci Technol 36:370-379. https://doi.org/
10.12972/kjhst.20180036

Lee J, Kang I-K, Nock JF, Watkins CB (2019) Effects of preharvest
and postharvest applications of 1-methylcyclopropene on fruit
quality and physiological storage disorders of ‘Fuji’ apples during


https://doi.org/10.1016/j.scienta.2023.111852
https://doi.org/10.1016/j.scienta.2023.111852
https://doi.org/10.1016/j.scienta.2024.113610
https://doi.org/10.1016/j.scienta.2024.113610
https://doi.org/10.1016/j.scienta.2024.112971
https://doi.org/10.1016/j.scienta.2024.112971
https://doi.org/10.1016/j.postharvbio.2012.01.009
https://doi.org/10.1016/j.postharvbio.2012.01.009
https://doi.org/10.1007/s11306-011-0373-5
https://doi.org/10.1007/s11306-011-0373-5
https://doi.org/10.7235/hort.2012.12033
https://doi.org/10.21273/HORTSCI.48.12.1518
https://doi.org/10.21273/HORTSCI.48.12.1518
https://doi.org/10.7744/CNUJAS.2013.40.3.191
https://doi.org/10.7744/CNUJAS.2013.40.3.191
https://doi.org/10.7235/hort.2014.14020
https://doi.org/10.7235/hort.2014.14020
https://doi.org/10.21273/HORTSCI.51.1.84
https://doi.org/10.12972/kjhst.20160003
https://doi.org/10.12972/kjhst.20160003
https://doi.org/10.12972/kjhst.20170061
https://doi.org/10.12972/kjhst.20170061
https://doi.org/10.12972/kjhst.20180036
https://doi.org/10.12972/kjhst.20180036
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.21273/HORTSCI13167-18
https://doi.org/10.21273/HORTSCI13167-18
https://doi.org/10.1016/j.postharvbio.2018.02.015
https://doi.org/10.1016/j.postharvbio.2018.02.015
https://doi.org/10.1093/bioinformatics/btx012
https://doi.org/10.1093/bioinformatics/btx012
https://doi.org/10.1016/j.postharvbio.2021.111464
https://doi.org/10.7744/cnujas.2013.7740.7742.7079
https://doi.org/10.11002/kjfp.2020.27.2.145
https://doi.org/10.11002/kjfp.2020.27.2.145
https://doi.org/10.1093/nar/gky310
https://doi.org/10.1093/nar/gky310
https://doi.org/10.1016/j.scienta.2014.05.033
https://doi.org/10.1016/j.scienta.2014.05.033
https://doi.org/10.1016/j.postharvbio.2024.112981
https://doi.org/10.1016/j.postharvbio.2024.112981
http://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE00891701
http://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE00891701
https://doi.org/10.1093/mp/ssr108
https://doi.org/10.1093/mp/ssr108
http://kosis.kr/search/search.do
http://kosis.kr/search/search.do

Horticulture, Environment, and Biotechnology (2025) 66:673-688

687

storage at warm and cold temperatures. HortScience 54:1375-
1383. https://doi.org/10.21273/HORTSCI14062-19

Leisso RS, Hanrahan I, Mattheis JP, Rudell DR (2017) Controlled
atmosphere storage, temperature conditioning, and antioxidant
treatment alter postharvest ‘Honeycrisp’ metabolism. Hort-
Science 52:423-431. https://doi.org/10.21273/HORTSCI11436-1
6

Li L, Lichter A, Kenigsbuch D, Porat R (2015) Effects of cooling
delays at the wholesale market on the quality of fruit and vegeta-
bles after retail marketing. J Food Process Preserv 39:2533-2547.
https://doi.org/10.1111/jfpp.12504

Liu X, Shen Y, Liu D-H, Liu J, Zhang J, Wei J, Wang C-L (2022)
A sorbitol transporter gene plays specific role in the occurrence
of watercore by modulating the level of intercellular sorbitol in
pear. Plant Sci 317:111179. https://doi.org/10.1016/j.plantsci.20
22.111179

Lwin HP, Lee J (2020) Fruit quality and major metabolites in cold-
stored “Wonhwang’ Asian pears are differentially affected by fruit
size. J Sci Food Agric 100:5117-5125. https://doi.org/10.1002/j
sfa. 10422

Lwin HP, Lee J (2021a) Differential effects of preharvest sprayable
1-methylcyclopropene application on fruit quality attributes and
major targeted metabolites in cold-stored ‘Chuhwangbae’ pears.
Hortic Environ Biotechnol 62:53—61. https://doi.org/10.1007/s13
580-020-00289-9

Lwin HP, Lee J (2021b) Preharvest 1-methylcyclopropene treatment
effects on fruit quality attributes and targeted metabolites in
‘Wonhwang’ pears stored at room temperature after cold storage.
Sci Hortic 289:110480. https://doi.org/10.1016/j.scienta.2021.11
0480

Lwin HP, Lee J (2022) Differential effects of postharvest 1-MCP treat-
ment on fruit quality and targeted major metabolites in long-
term cold-stored ‘“Wonhwang’ pears. Hortic Environ Biotechnol
63:499-513. https://doi.org/10.1007/s13580-021-00412-4

Lwin HP, Choi J-H, Chun J-P, Watkins CB, Lee J (2021a) 1-Methyl-
cyclopropene treatment alters fruit quality attributes and targeted
metabolites in “Wonhwang’ pears during shelf life. Sci Hortic
284:110125. https://doi.org/10.1016/j.scienta.2021.110125

Lwin HP, Rudell DR, Lee J (2021b) Metabolism and cold chain per-
formance of ‘Chuhwangbae’ Asian pears as impacted by 1-MCP
treatment. Sci Hortic 288:110357. https://doi.org/10.1016/j.scien
ta.2021.110357

Lwin HP, Han SY, Byeon S-E, Lee J, Yoo J, Jung H-i, Lee J (2023a)
Differential responses of bulb quality attributes, mineral nutri-
ent contents, and targeted major metabolites in onion bulbs after
long-term commercial cold storage. Hortic Environ Biotechnol
64:627-642. https://doi.org/10.1007/s13580-023-00513-2

Lwin HP, Leisso RS, Lee J (2023b) Pre-storage temperature condi-
tioning reduces cortex browning and cavity and alters organic,
amino, and fatty acid metabolism in cold-stored ‘Chuhwangbae’
pears. Sci Hortic 315:111989. https://doi.org/10.1016/j.scienta.2
023.111989

Lwin HP, Torres CA, Rudell DR, Lee J (2023c) Chilling-related
browning of ‘Wonhwang’ pear cortex is associated with the alter-
ation of minerals and metabolism. Sci Hortic 321:112321. https:/
/doi.org/10.1016/j.scienta.2023.112321

Park YS, Pelayo C, Agar T (1999) Effects of storage temperatures and
CA conditions on physiological storage disorders and volatile
production of Asian pears during storage. Hortic Environ Bio-
technol 40:563-566

Park H, Latt TT, Jeong S, Byeon S-E, Lee J, Lwin HP, Eo HJ, Kim
C-W, Lee U, Lee J (2024) Packaging container effects on fruit
quality attributes, mechanical injury and physiological storage
disorders in hardy kiwifruit cultivars under a simulated handling
system. Hortic Sci Technol 42:399—413. https://doi.org/10.7235/
HORT.20240034

Pedreschi R, Franck C, Lammertyn J, Erban A, Kopka J, Hertog M,
Verlinden B, Nicolai B (2009) Metabolic profiling of ‘Confer-
ence’ pears under low oxygen stress. Postharvest Biol Technol
51:123-130. https://doi.org/10.1016/j.postharvbio.2008.05.019

Seo H-J, Wang Y-S, Lwin HP, Choi J-H, Chun J-P, Roan S-F, Chen
1-Z, Lee J (2019) Early season ‘Wonhwang’ pear fruit quality fol-
lowing international transport and storage is negatively impacted
by fruitlet stage gibberellic acid,., (GA,.,) application but
improved by postharvest 1-methylcyclopropene (1-MCP). Sci
Hortic 256:108549. https://doi.org/10.1016/j.scienta.2019.1085
49

Stewart RJ, Sawyer BJB, Bucheli CS, Robinson SP (2001) Polyphenol
oxidase is induced by chilling and wounding in pineapple. Funct
Plant Biol 28:181-191. https://doi.org/10.1071/PP00094

Tanou G, Minas IS, Scossa F, Belghazi M, Xanthopoulou A, Ganopou-
los I, Madesis P, Fernie A, Molassiotis A (2017) Exploring prim-
ing responses involved in peach fruit acclimation to cold stress.
Sci Rep 7:11358. https://doi.org/10.1038/s41598-017-11933-3

Wang B, Wu C, Wang G, He J, Zhu S (2021) Transcriptomic analysis
reveals a role of phenylpropanoid pathway in the enhancement of
chilling tolerance by pre-storage cold acclimation in cucumber
fruit. Sci Hortic 288:110282. https://doi.org/10.1016/j.scienta.20
21.110282

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.scienta.2023.111989
https://doi.org/10.1016/j.scienta.2023.111989
https://doi.org/10.1016/j.scienta.2023.112321
https://doi.org/10.1016/j.scienta.2023.112321
https://doi.org/10.7235/HORT.20240034
https://doi.org/10.7235/HORT.20240034
https://doi.org/10.1016/j.postharvbio.2008.05.019
https://doi.org/10.1016/j.scienta.2019.108549
https://doi.org/10.1016/j.scienta.2019.108549
https://doi.org/10.1071/PP00094
https://doi.org/10.1038/s41598-017-11933-3
https://doi.org/10.1016/j.scienta.2021.110282
https://doi.org/10.1016/j.scienta.2021.110282
https://doi.org/10.21273/HORTSCI14062-19
https://doi.org/10.21273/HORTSCI11436-16
https://doi.org/10.21273/HORTSCI11436-16
https://doi.org/10.1111/jfpp.12504
https://doi.org/10.1111/jfpp.12504
https://doi.org/10.1016/j.plantsci.2022.111179
https://doi.org/10.1016/j.plantsci.2022.111179
https://doi.org/10.1002/jsfa.10422
https://doi.org/10.1002/jsfa.10422
https://doi.org/10.1007/s13580-020-00289-9
https://doi.org/10.1007/s13580-020-00289-9
https://doi.org/10.1016/j.scienta.2021.110480
https://doi.org/10.1016/j.scienta.2021.110480
https://doi.org/10.1007/s13580-021-00412-4
https://doi.org/10.1016/j.scienta.2021.110125
https://doi.org/10.1016/j.scienta.2021.110357
https://doi.org/10.1016/j.scienta.2021.110357
https://doi.org/10.1007/s13580-023-00513-2

688

Horticulture, Environment, and Biotechnology (2025) 66:673-688

Authors and Affiliations

Theint Thandar Latt'® - Jinhee Lee’
Hnin Phyu Lwin'2® . Ho-Jin Seo?

P4 Jinwook Lee
JLA25@cau.ac.kr

Theint Thandar Latt
theintthandarlatt@gmail.com

Jinhee Lee
jinheeleel15@gmail.com

Hyowon Park
hwpark9211@gmail.com

Si-Eun Byeon
sieunb222@gmail.com

Seung Yeon Han
syhan2613@gmail.com

Hnin Phyu Lwin
hninphyuyau@gmail.com

@ Springer

- Hyowon Park'
- Seok Kyu Yun*

- Si-Eun Byeon'® . Seung Yeon Han'
- Jinwook Lee'

Ho-Jin Seo
shj2992@scnu.ac.kr

Seok Kyu Yun
sky0611@korea.kr

Department of Plant Science and Technology, Chung-Ang
University, Anseong 17546, Republic of Korea

Department of Horticulture, Tree Fruit Research & Extension
Center, Washington State University, Wenatchee, WA
98801, USA

Department of Horticulture, Sunchon National University,
Suncheon 57922, Republic of Korea

Pear Research Center, National Institute of Horticultural &
Herbal Science, Naju 58216, Republic of Korea


http://orcid.org/0000-0002-1178-2496
http://orcid.org/0000-0002-6434-3382
http://orcid.org/0000-0002-6375-389X
http://orcid.org/0000-0002-1531-4390
http://orcid.org/0000-0002-6625-3292
http://orcid.org/0000-0003-0392-0622
http://orcid.org/0000-0002-1719-4927
http://orcid.org/0000-0001-5354-6777
http://orcid.org/0000-0001-6547-2509

	﻿Pre-storage conditioning treatment reduces physiological disorders by mediating the targeted primary metabolites in ‘Chuhwangbae’ pears during shelf life after cold storage
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Materials and methods
	﻿2.1﻿ ﻿Fruit material, treatment and storage conditions
	﻿2.2﻿ ﻿Determination of fruit quality parameters
	﻿2.3﻿ ﻿Determination of soluble carbohydrates and organic acids
	﻿2.4﻿ ﻿Determination of free amino acids
	﻿2.5﻿ ﻿Statistical analyses

	﻿3﻿ ﻿Results
	﻿3.1﻿ ﻿Pre-storage ambient temperature conditioning effects on the physiological disorders
	﻿3.2﻿ ﻿Fruit quality attributes
	﻿3.3﻿ ﻿Targeted primary metabolites
	﻿3.4﻿ ﻿Normalized heatmap matrix responses to pre-storage conditioning treatment
	﻿3.5﻿ ﻿Correlation coefficient heatmap matrix
	﻿3.6﻿ ﻿Pearson’s correlation coefficient network

	﻿4﻿ ﻿Discussion
	﻿5﻿ ﻿Conclusion
	﻿References


