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Abstract

This study evaluated seasonal changes in various fruit quality attributes and the incidence of 

physiological disorders in the blocky and conical types of paprika cultivars using a simulated export 

system. The effects of three different pericarp colors were also investigated. ‘Scirocco’, ‘DSP 

7054’, and ‘Volante’ cultivars were used as a blocky type, while ‘Raon red’, ‘Raon orange’, and 

‘Raon yellow’ cultivars were used as a conical type with red, orange, and yellow pericarp color, 

respectively. The fruit was shipped at 10°C for two weeks, stored at 10°C for one week, and then 

transferred at 22°C for one week to simulate export by shipping. Storage temperatures and relative 

humidity levels greatly fluctuated in the winter season as compared to the summer season. Thus, 

fruit weight loss was higher in the winter season than in the summer season regardless of the cultivar 

type. However, the pericarp firmness was lower in the winter season. The soluble solids content and 

titratable acidity were higher in conical type than in the blocky type of paprika cultivar and highest 

in the ‘Raon red’ cultivar. The pericarp lightness and hue angle responded differently during the 

export season, depending on the pericarp color and fruit type. The incidence and severity of fruit 

shriveling were higher in the winter season than in the summer season, irrespective of the cultivar. 

Fruit shriveling was less severe in the conical type than in the blocky type, regardless of the pericarp 

color. Moreover, the incidence and severity of fruit softening, pedicel wilting, and pedicel 

browning were higher in the winter season than in the summer season. Therefore, the results 

indicate that the storage humidity levels likely play a pivotal role in the postharvest handling of 

paprika fruit quality during the seasonal export period. Thus, careful consideration of various 

techniques that are contingent upon the season of export and the specific type of fruit is required.
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storage humidity, storage temperature
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Introduction

Since the paprika (Capsicum annuum L.) fruit, also known as sweet pepper or bell pepper, was introduced into Korea, 

its cultivation and consumption have grown exponentially (Lim et al., 2007, 2008a). Along with the consistent and 

continuous production and export of the blocky type of paprika, the conical type of paprika also has great attractive value 

due to its fruit size and high soluble solids content (SSC) (Kim et al., 2016; Kye et al., 2022). Thus, numerous conical 

types of paprika cultivars are being actively bred and developed through both public and private breeding projects for 

commercial use (Baek and Shin, 2020; Kye et al., 2022). In addition, the antioxidant activity, specifically the free radical 

scavenging activity, is much higher in the conical type of paprika fruit than in the blocky type, regardless of the pericarp 

color (Luitel and Kang, 2013; Kye et al., 2022). However, it was reported that consumer preference for paprika fruit was 

based on their pericarp color rather than on the retail price or vitamin C content (Frank et al., 2001).

Immediately after harvest, paprika fruit are sorted using a fruit quality grading system that takes into account the 

pericarp color coverage and fruit size (or fruit weight) (Fox et al., 2005; Díaz-Pérez et al., 2007; Lim et al., 2007; 

Mohi-Alden et al., 2022). The fruit are packed into suitable packaging materials and then directly distributed into 

wholesale and retail markets or shipped for export (Singh et al., 2014; Seo et al., 2019; Lwin et al., 2022). During their 

distribution and shelf life period, paprika fruit are exposed to various types of biotic and abiotic stress under unfavorable 

environmental conditions, such as high temperatures and low relative humidity levels (Lwin et al., 2022). Thus, the 

overall fruit quality could deteriorate during storage (Choi et al., 2015). Typically, paprika fruit lose water through the 

various physiological processes associated with respiration and transpiration from the fruit surface during storage and 

shelf life, which reduce the fresh weight of the fruit (Taheri et al., 2020). Under such conditions, the fruit begin to wilt 

and/or shrivel (Manolopoulou et al., 2010). In addition, the reduced fresh weight of paprika fruit is directly associated 

with a reduction in the pericarp firmness (Liu et al., 2015; Taheri et al., 2020). SSC, as a fruit quality parameter, is affected 

during both cold storage and distribution (Lim et al., 2008b) and is highly sensitive to the fruit maturity stage (Kasampalis 

et al., 2022). The fruit quality parameters of paprika are greatly influenced by the cultivar type and postharvest handling 

practices as well (Smith et al., 2006; Frans et al., 2021; Lwin et al., 2022). However, the effects of various fruit quality 

parameters on different paprika cultivars during different seasons have not been adequately investigated. Therefore, we 

attempt to test the hypothesis that the fruit quality of paprika cultivars depending on the export stage is affected differently 

during the two contrasting export seasons. Thus, the objective of this study aimed to evaluate various fruit quality 

attributes of six paprika cultivars during the winter and summer seasons and to assess the phenotypic responses to 

physiological disorders under a simulated export system from the harvest to the final distribution stages. 

Materials and Methods

Plant Materials and Storage Conditions

Two types of paprika (Capsicum annuum L.) fruit, blocky and conical types, were harvested in two seasons. The first 

harvest occurred on 17 February 2022 for the winter season and the second was on 9 June 2022 for the summer season. 

Red ‘Scirocco’, orange ‘DSP 7054’, and yellow ‘Volante’ blocky types of paprika cultivars were cultivated in Yeongam, 

Jeollanam-do, while red ‘Raon red’, orange ‘Raon orange’, and yellow ‘Raon yellow’ conical types of paprika cultivars 
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were produced in Jinju, Gyeongsangnam-do, Republic of Korea. All cultivars were cultivated according to the standard 

agronomic practices of each region and were harvested at commercial maturity (RDA, 2023). They were then 

immediately transported to the National Institute of Horticultural and Herbal Science (NIHHS), Rural Development 

Administration (RDA) in Wanju, Korea, where they were randomly arranged into four groups of 15 fruits each. One 

group was used to assess the fruit quality characteristics at harvest on the same day. The other three groups were stored in 

a refrigerated container maintained at 10°C at the NIHHS facility for the simulated shipping treatment. Two weeks later, 

three groups of six cultivars each were transferred to a laboratory at Chung-Ang University, Anseong, Gyeonggi-do, 

Republic of Korea, which took 2 h at 22°C. The fruit quality parameters of one of the three groups were directly evaluated 

as was done at harvest time. The other two groups were immediately stored at 10°C for one additional week. Next, the 

wholesale distribution system involved in exporting the paprika fruit was mimicked to determine the fruit quality 

attributes of one group of packed fruit during this entire process. The last group was stored at ambient temperature for one 

additional week in order to mimic the paprika fruit quality under shelf life conditions. The temperature and relative 

humidity during storage were recorded during a simulated export period using a data logger (TR-72wf, T&D Co., 

Nagano, Japan).

Assessment of Fruit Quality Attributes

Each cultivar was packed into four boxes. Each box contained 15 fruits on a paper tray (three replicates, five fruits per 

replicate). The fruit quality attributes were evaluated at four simulated export steps: at harvest, two weeks after the 

‘Shipping’ period, three weeks an additional week following a mimicked wholesale ‘Storage’ and distribution period, and 

then upon an additional week after a mimicked ‘Shelf life’ period (Fig. 1). The weight loss of each individual fruit was 

evaluated using a previously published method (Byeon and Lee, 2020). The results were expressed as the percentage of 

the initial weight that was lost (Latt et al., 2023). The color of the fruit was measured at three points on the equatorial 

region of each fruit using a colorimeter (Minolta CR-400, Minolta Co., Osaka, Japan) after calibration with a standard 

white plate (Y = 93.8, X = 0.3130, y = 0.3191). Lightness (L*), chroma (C*), hue angle (ho), greenness to redness (a*), and 

blueness to yellowness (b*) were expressed as average values using a previously developed CIE system (McGuire, 1992; 

Lee et al., 2022b; Lwin et al., 2022). The color coverage was expressed as a percentage and represents the change from 

immature green to a mature color.

Physiological disorders, in this case, shriveling, softening, pitting, pedicel wilting, and pedicel browning, were 

evaluated throughout the experimental period. The incidence rate (%) was calculated as the ratio of damaged fruit to the 

total number of fruit examined (Lee et al., 2013). The severity of the physiological disorders was expressed using the 

method proposed by (Lee et al., 2019), in which the damaged area of a fruit is depicted as follows: 0 = 0%, 1 = 1–10%, 

2 = 11–25%, 3 = 26–50%, 4 = 51–75%, and 5 = 76–100% of the fruit area being damaged.

To ascertain the rates of fruit respiration and ethylene production, paprika fruit were sealed in an enclosed container (1.9 

L) for 2 h, after which 1 mL each of the sample gas was collected from the headspace of the container. One gas sample was 

injected into a gas chromatograph (YL6500GC, YL Instrument Co., Ltd., Anyang, Korea) to measure fruit respiration in 

each case. The chromatograph was activated with an 80/100 Porapak Q column (Supelco Inc., Supelco Park, Bellefonte, 

PA, USA). The temperatures of the injector and thermal conductivity detector were set to 200°C and 150°C, respectively, 

and the oven was set to 50°C. The other gas sample for determining the ethylene production rate was assessed using a gas 
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chromatography system (Agilent 8890 GC, Agilent Technologies Inc., Santa Clara, CA, USA) with a CP-Al2O3/Na2SO4 

deactivated column (50 m × 0.53 mm i.d. × 10 µm film thickness, Agilent J&W PLOT column, Agilent Technologies Inc., 

Santa Clara, CA, USA). The temperatures of the injector, oven, and flame ionization detector were set to 200°C, 70°C, 

and 250°C, respectively. Helium (He) was used as the carrier gas at a flow rate of 30 mL min-1 for both GC analysis 

conditions (Byeon et al., 2022; Latt et al., 2023). Fruit firmness was measured using a Brookfield texture analyzer (CT3 

4500, AMETEK Brookfield, Inc., Middleborough, MA, USA). A 2 mm plunger was inserted on opposite sides of each 

fruit. The pre-test speed, post-test speed, and sample rate were 2 mm·s-1, 10 mm·s-1, and 100 point·s-1, respectively. The 

results were expressed in Newton (N). The SSC was determined using a digital hand-held pocket reflectometer (Model 

PAL-1, Atago Co., Ltd., Tokyo, Japan) and the titratable acidity (TA) was determined by titrating 5 mL of juice squeezed 

from paprika to an endpoint of pH 8.2 with 0.1 N NaOH using a Titrette (Titrette® bottle-top burette, BrandTech® 

Scientific, Inc., Wertheim, Germany). Both SSC and TA were expressed as percentages (Lee et al., 2022a; Lwin and Lee, 

2022).

Statistical Analyses

A completely randomized design was adopted to evaluate the fruit quality attributes and physiological disorders in the 

Fig. 1. Responses to storage temperature and relative humidity levels by blocky and conical types of paprika fruit shipped in 
a container maintained at 10°C for two weeks, transferred at 10°C for one week, and then stored at 22°C for one week 
of additional shelf life in the winter and summer seasons. 
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two types (blocky vs conical) of paprika cultivars with three different pericarp colors (red, orange, and yellow) during a 

simulated export period comprising two contrasting seasons. A completely randomized design was assigned to each 

cultivar with three replications, with five fruits per replicate. Weight loss, firmness, and physiological storage disorders 

were determined by using 15 paprika fruits as replicates. However, fruit respiration and ethylene production rates were 

investigated using six replicates (or fruits). The data were used to form a general linear model (GLM) for statistical 

analyses. SSC, TA, and SSC/TA data were obtained using three replicates with five fruits per replicate. The GLM 

procedure was utilized to determine the statistical significance of each variable through an analysis of variance (ANOVA) 

using SAS 9.3 (SAS Institute Inc., Cary, NC, USA). The least significant difference (LSD) test was applied to examine the 

significance of any difference in the means among the cultivars (p < 0.05). The correlation coefficient network was 

obtained with the MetScape (Version 3.1.3) plugin for Cytoscape (Version 3.8.2; https://cytoscape.org/), as described 

previously (Basu et al., 2017; Lwin et al., 2022).

Results

Storage Air Temperature and Relative Humidity Responses

The storage air temperature was slightly lower in the winter season than in the summer season regardless of the cultivar 

and fruit type. The storage air temperature remained stable in the summer season during the simulated export and 

wholesale market storage period, irrespective of the fruit type. However, in the winter season, although the storage air 

temperature remained relatively constant during the shipping period, it fluctuated daily during the wholesale market 

storage period. During the shelf life, the storage air temperature changed daily, regardless of the fruit type or export season 

(Fig. 1). 

The relative humidity was approximately 90% during the simulated shipping period, except for the blocky type in the 

winter season. The relative humidity of the conical types of paprika cultivars showed less fluctuation during wholesale 

market storage, in contrast to that for the blocky type of paprika cultivar, regardless of the export season. In addition, 

during the shelf life, the relative humidity changed inconsistently relative to the fruit type in winter, whereas it showed 

consistent changes in summer (Fig. 1).

Physiological Responses of Fruit Quality Attributes

The fruit appearance outcomes in the form of phenotypic responses are shown in Fig. 2, based on the fruit type (blocky 

vs conical type), fruit pericarp color (yellow, orange, and red peel), and simulated export period (harvest, shipping, 

wholesale market storage, and shelf life). In the winter season, the fruit rapidly lost weight during the shipping period, but 

the weight then remained consistent during the wholesale market storage and shelf life periods, regardless of the fruit type 

or cultivar. In contrast, weight loss according to the fruit type gradually increased during the simulated export period 

overall regardless of the fruit pericarp color. The weight loss was greater in the blocky type of paprika fruit than in the 

conical type (Fig. 3). Firmness of the fruit pericarp was also inconsistent in the winter season, irrespective of the cultivar 

type. Firmness of the fruit pericarp was higher in the conical type of paprika cultivar than in the blocky type in the summer 

season. Furthermore, the fruit pericarp firmness tended to decrease gradually throughout the simulated export period, 
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regardless of the fruit type or cultivar (Fig. 3). Fruit respiration and ethylene production were not consistent throughout 

the simulated export period, irrespective of the export season, cultivar type, or fruit pericarp color (Fig. 3). The SSC was 

higher in the conical type than in the blocky type of paprika cultivar, regardless of the export season or cultivar. While the 

SSC in the conical cultivars did not differ between export seasons, it was greatly reduced in the summer season instead of 

in the winter season. The SSC levels were highest in the ‘Raon red’ conical type and the ‘DSP 7054’ blocky type of 

paprika cultivar, irrespective of the export season (Fig. 3). The TA was higher in conical type than in the blocky type of 

paprika cultivar. It was also much higher in the summer export season than in the winter export season. The ‘Raon red’ 

cultivar had the highest TA, while the ‘Volante’ cultivar had the lowest when compared to the other cultivars, irrespective 

of the export season (Fig. 3). Notably, the SSC to TA ratio responded inconsistently to the simulated export period and 

export season (Fig. 3).

Fig. 2. Fruit phenotypic responses of paprika cultivars classified as blocky (‘Scirocco’, ‘DSP 7054’, and ‘Volante’) and conical 
(‘Raon red’, ‘Raon orange’, and ‘Raon yellow’) types shipped in a container at 10°C for two weeks, transferred at 10°C for 
one week, and then stored at 22°C for one week of additional shelf life in the winter and summer seasons, with a tray size 
of 34.5 cm × 49.5 cm.
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Responses of Color Variables in the Fruit Pericarp

The lightness of the pericarp (L*) remained consistent in the winter export season, regardless of the cultivar type. 

However, it gradually increased in the summer export season. Among the cultivars, the ‘Volante’ and ‘Raon yellow’ types 

had the highest pericarp L* value during the simulated export period, irrespective of the export season. However, pericarp 

L* was lowest in the ‘Scirocco’ and ‘Raon red’ cultivars, compared to those of the other cultivars. Pericarp L* was 

typically higher in the conical type than in the blocky type of paprika cultivar (Fig. 4). Pericarp chroma (C*) also similarly 

responded during the simulated export period. That is, C* value tended to decrease slightly during the winter simulated 

export period, but it gradually increased during the simulated export period in summer, irrespective of the cultivars. 

Pericarp C* was typically higher in the conical type than in the blocky type, regardless of the simulated export period (Fig. 

4). The pericarp hue angle (ho) was highest in the yellow pericarp paprika cultivars and lowest in the red pericarp cultivars, 

compared to those of other cultivars, irrespective of the simulated export season or cultivar fruit type (Fig. 4). Pericarp 

Fig. 3. Physiological responses of the fruit weight loss, pericarp firmness, respiration rate, ethylene production rate, soluble 
solids content (SSC), titratable acidity (TA), and SSC/TA ratio for paprika cultivars classified as the blocky (‘Scirocco’, ‘DSP 
7054’, and ‘Volante’) and conical (‘Raon red’, ‘Raon orange’, and ‘Raon yellow’) types shipped in a container at 10°C for 
two weeks, transferred at 10°C for one week, and then stored at 22°C for one week of additional shelf life in the winter 
and summer seasons. Weight loss and pericarp firmness data points are expressed as the mean of 15 paprika fruits as 
replicates (n = 15) ± standard error. However, ethylene production and respiration rate data points indicate the mean of 
six paprika fruits as replicates (n = 6) ± standard error. SSC and TA data points indicate the mean of three replicates (n = 
3) ± standard error. Different letters indicate significant differences among regions based on the least significant 
difference (LSD) test (p < 0.05).
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redness in terms of the a* value was highest in the red paprika cultivars (‘Scirocco’ and ‘Raon red’) but lowest in the 

yellow paprika cultivars (‘Volante’ and ’Raon yellow’). However, pericarp yellowness in terms of the b* value was 

highest in the yellow pericarp paprika cultivars and lowest in the red paprika cultivars (Fig. 4). Pericarp color coverage 

varied widely at harvest, although the corresponding pericarp of each cultivar was fully covered with color during the 

simulated export period, irrespective of the export season (Fig. 4). 

Incidence and Severity of Physiological Disorders

The shriveling of the fruit pericarp increased immediately after the completion of the shipping period in the winter 

season, irrespective of the cultivar type. After the shipping period, the incidence of shriveling of the fruit pericarp 

remained high. The severity of fruit pericarp shriveling increased gradually in the blocky type of paprika cultivar, 

regardless of the cultivar type; however, it became inconsistent after the shipping period in the conical type of paprika 

cultivar in the winter season. However, in the summer season, the incidence and severity of pericarp shriveling were 

sharply enhanced after two-weeks of cold storage, regardless of the pericarp color or fruit type. During the shelf life 

period, the incidence and severity of fruit shriveling were much higher in the blocky type than in the conical type of 

paprika cultivar, irrespective of the pericarp color (Fig. 5). 

Fig. 4. Color responses of the lightness (L*), chroma (C*), hue angle (h°), greenness to redness (a*), blueness to yellowness 
(b*), and color coverage (%) ratio in paprika fruit classified as blocky (‘Scirocco’, ‘DSP 7054’, and ‘Volante’) and conical 
(‘Raon red’, ‘Raon orange’, and ‘Raon yellow’) types shipped in a container at 10°C for two weeks, transferred at 10°C for 
one week, and then stored at 22°C for one week of additional shelf life in the winter and summer seasons. Each of the 
data points indicates the mean of 15 paprika fruits as replicates (n = 15) ± standard error. Different letters indicate 
significant differences among regions based on the least significant difference (LSD) test (p < 0.05).



422 Horticultural Science and Technology

Seasonal Difference of Fruit Quality Attributes and Physiological Disorders in Paprika Cultivars under a Simulated Export System

The incidence and severity of fruit softening increased sharply during the shipping period regardless of the pericarp 

color or fruit type. However, during cold storage, the handling period for wholesale distribution, and the shelf life period 

for retail marketing, the incidence and severity of fruit softening remained inconsistent in the winter season. In the 

summer season, while no fruit softening was detected during shipping, it rapidly increased during the cold storage and 

shelf life periods. Furthermore, the incidence and severity of fruit softening were much higher in the blocky type than in 

the conical type of paprika cultivar, irrespective of the pericarp color (Fig. 5).

Fig. 5. Incidence and severity of pericarp shriveling, softening, pericarp pitting, pedicel wilting, and pedicel browning in the 
fruit of paprika cultivars classified by blocky (‘Scirocco’, ‘DSP 7054’, and ‘Volante’) and conical (‘Raon red’, ‘Raon orange’, 
and ‘Raon yellow’) types of paprika cultivars shipped in a container at 10°C for 2 weeks, transferred at 10°C for 1 week, 
and then stored at 22°C for 1 week additional shelf life in winter and summer seasons. Each datum point indicates the 
mean of 15 replicates (n = 15) ± standard error. The severity of physiological disorders is 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 paprika fruit. Different letters 
indicate significant differences among regions based on the least significant difference (LSD) test (p < 0.05).
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The incidence and severity of pericarp pitting in the blocky type of paprika cultivar were only detected during the 

shipping period, not after the cold storage or shelf life periods. However, there was slight pericarp pitting in the conical 

type of paprika cultivar, irrespective of the pericarp color in the winter season. Pericarp pitting was not detected at all 

during the shipping period, although the incidence and severity of pericarp pitting greatly increased during the cold 

storage and shelf life periods, regardless of the paprika type or pericarp color. The incidence and severity of pericarp 

pitting were found to be higher in the blocky type than in the conical type of paprika cultivar (Fig. 5). 

The incidence of pedicel wilting increased sharply during the shipping period or immediately after, irrespective of the 

cultivar type or pericarp color. The severity of pedicel wilting was much higher in the winter season than in the summer 

season. Interestingly, the severity of pedicel wilting was higher in the conical type than in the blocky type of paprika 

cultivar, regardless of the pericarp color or handling season (Fig. 5). The incidence of pedicel browning was high during 

the shipping and subsequent periods, irrespective of the type or pericarp color. However, the severity of pedicel browning 

was much higher in the winter season than in the summer season. That is, the severity of pedicel browning varied widely 

in the winter season, but it remained the same in the summer season, regardless of the cultivar type or pericarp color 

(Fig. 5).

Correlation Networks of Fruit Quality Parameters

Depending on the fruit handling season, the overall responses of the correlation coefficient networks appeared 

differently, as shown in Fig. 6. That is, the fresh weight of fruit was positively correlated with pericarp shriveling, fruit 

softening, pedicel wilting, and pedicel browning in the winter season and with pericarp pitting, pericarp shriveling, fruit 

softening, and pedicel browning in the summer season. Irrespective of the type or cultivar, pericarp a* was negatively 

correlated with the coverage of the pericarp color, pericarp C*, pericarp ho, SSC/TA, pericarp b*, and pericarp L*, 

whereas pericarp L* was strongly and positively correlated with pericarp ho, pericarp C*, and pericarp b* in the winter 

season. TA, SSC, SSC/TA, the fruit respiration rate (CO2), pericarp firmness, and pericarp color coverage were weakly 

positively correlated with pericarp L* in the winter season. Similarly, in the summer season, pericarp ho, and b* were 

strongly and positively correlated with pericarp L* but were negatively correlated with pericarp a*. The fruit respiration 

rate (CO2), SSC/TA, pericarp firmness, SSC, pericarp color coverage, and pericarp ho, L*, C*, and b* values were weakly 

positively correlated with pericarp L* in the summer season (Fig. 6). Nevertheless, fruit quality attributes were similarly 

correlated with themselves irrespective of the export season.

In the blocky type of paprika cultivar, TA was negatively correlated with SSC/TA but positively correlated with SSC. 

Pericarp shriveling, pedicel wilting, fruit softening, and the fresh weight of the fruits were negatively correlated with 

pericarp firmness but positively correlated with pedicel browning. Moreover, the fresh weight of the fruits was strongly 

and positively correlated with pericarp shriveling and fruit softening. Pericarp L*, ho, and b* values were positively 

correlated with pericarp C* but negatively correlated with pericarp a* regardless of the pericarp color. In the conical type 

of paprika cultivar, the fresh weight of the fruits was strongly and positively correlated with fruit softening and fruit 

shriveling but weakly correlated with pedicel wilting and pedicel browning. However, pericarp firmness was negatively 

correlated with fruit softening, the fresh weight of the fruits, pedicel browning, fruit shriveling, and SSC/TA. In addition, 

TA was negatively correlated with SSC/TA, pericarp L*, and pericarp ho, in which was negatively correlated with 

pericarp a* irrespective of the pericarp color (Fig. 6). 
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Discussion

Irrespective of the fruit type and cultivar, the storage temperature and storage humidity greatly fluctuate in the winter 

season, but not in the summer season. Such differential responses of the storage temperature and relative humidity would 

result from seasonal differences at these times, as the winter season is typically dry, whereas the summer season is 

generally humid due to the monsoon (or rainy) season, which generally lasts from the end of June to the middle of July. 

That is, a climatic alteration in the relative humidity depending on the calendar month clearly appeared during the 

simulated export period, while the storage temperature remained relatively constant during the entire simulated export 

period. The daily responses of the relative humidity fluctuated greatly within same pallet of ‘Wonhwang’ Asian pear fruit 

during its export period from Korea to Taiwan (Seo et al., 2019). That is, properly managing the relative humidity is 

critical for maintaining high quality fruit, compared to the quality obtained when the storage temperature is kept constant 

during the export period. In addition, the responses to changes in the relative humidity varied greatly during the shelf life 

period, irrespective of the export season or fruit type. Hence, additional care and special attention must be utilized 

differently to maintain the quality of the fruit depending on the export season. The responses to the relative humidity 

Fig. 6. Pearson’s correlation coefficient network (r ≥│0.60│) among response variables for paprika cultivars classified as 
blocky (‘Scirocco’, ‘DSP 7054’, and ‘Volante’) and conical (‘Raon red’, ‘Raon orange’, and ‘Raon yellow’) types shipped in a 
container at 10°C for 2 weeks, transferred at 10°C for 1 week, and then stored at 22°C for 1 week additional shelf life in 
winter and summer seasons. Red and blue colors indicate positive and negative correlations among variables, 
respectively. Thickness of the correlation coefficient network lines indicates the significance of the correlation coefficient 
(r) among variables.
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varied depending on the fruit type. That is, the relative humidity fluctuated more greatly in the blocky type than in the 

conical type of paprika cultivar, irrespective of the export season. It is possible that these controversial results arose due 

to the packing materials used, which depends on the fruit type being exported. Therefore, special care and additional 

attention are required to maintain the proper storage humidity during the winter season. Nevertheless, management of the 

storage humidity should be considered separately depending on the export season, fruit type, and/or package type or 

material (Lwin et al., 2022).

Fruit weight loss was higher in the winter season than in the summer season regardless of the fruit type or cultivar. The 

greater loss of the fruit weight could be strongly associated with the reduced storage humidity in the winter season, 

compared to that in the summer season. However, the fruit respiration rate did not differ much and depended on the export 

season, although the fruit respiration rate could differ depending on the fruit type instead of the pericarp color in the winter 

season. Hence, it can be suggested that fruit weight loss is more clearly linked to the control of the storage humidity rather 

than to the fruit respiration during the export period. In addition, pericarp firmness was lower in the winter season than in 

the summer season, irrespective of the fruit type or pericarp color. When the shelf life period was extended, the loss of the 

fruit weight was negatively correlated with the firmness of the fruit pericarp, regardless of the cultivar (Lwin et al., 2022). 

Fruit firmness was negatively linked to the fresh weight loss during export from Korea to Taiwan (Seo et al., 2019). The 

present study showed that fruit firmness was negatively correlated with the fruit weight loss, irrespective of the fruit type 

(Fig. 6). These results indicated that the fluctuations in storage humidity levels may induce fruit weight loss, thereby 

reducing the pericarp firmness during the export period. 

While the TA was not greatly influenced by the export season, the SSC outcome for the blocky type of paprika cultivar 

was clearly affected, in contrast to that of the conical types. That is, the SSC levels in the conical type of paprika cultivar 

did not respond differently to the export season. Regardless of the export season, both the SSC and TA levels were greatly 

affected depending on the cultivar type at harvest (Lang et al., 2020). During cold storage, the SSC level of all cultivars 

was not strongly affected (Lim et al., 2008b). However, the contents of individual soluble carbohydrates, specifically 

fructose, glucose, and sucrose, were higher in the conical type than in the blocky type of paprika cultivar (Kye et al., 

2022). In this study, the SSC level was typically higher in the conical type than in the blocky type of paprika cultivar, 

irrespective of the pericarp color or export season. Nonetheless, the SSC level was highly influenced by the harvest season 

(Penchaiya et al., 2009). As shown in Fig. 3, the SSC level was clearly lower in the summer season than in the winter 

season, regardless of the cultivar. That is, the SSC levels in the blocky type of paprika cultivar would be greatly affected 

by seasonal factors. However, the SSC level was higher in the ‘Raon red’ cultivar than in the ‘Raon yellow’ cultivar, both 

of which are conical types of paprika cultivars, irrespective of the export season. The contents of soluble carbohydrates 

differed considerably depending on the pericarp color for the conical type of paprika cultivar at harvest (Kye et al., 2022). 

Therefore, the results suggest that the SSC and TA levels would not be affected by the export period, although they would 

be highly influenced by the export season and cultivar (or pericarp color).

Among the physiological responses of the pericarp color variables, pericarp L* did not differ during the simulated 

export period in the winter season, although there were major variations among the cultivars and fruit types. However, in 

the summer season, pericarp L* increased gradually, irrespective of the cultivar or fruit type. Pericarp C* also responded 

similarly to the export season. During cold storage, the pericarp color variables of green paprika fruit fluctuate 

(Cuadra-Crespo and del Amor, 2010), although they gradually decrease in the case of cold-stored paprika (Singh et al., 
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2014; Taheri et al., 2020). Even during the shelf life period, the pericarp L* and ho values of yellow paprika cultivars do 

not differ much (Frans et al., 2021). The phenotypic responses of pericarp color variables are greatly affected by the 

storage humidity in cold-stored green paprika (Nunes et al., 2012). Here, the storage humidity results during simulated 

export showed that the pericarp color responses could be influenced by the export season. Nonetheless, the results of the 

correlation coefficient network and the phenotypic responses of the pericarp color variables did not vary much between 

different export seasons, although the pericarp color variables were greatly affected by the fruit type. When the relative 

humidity was low, the surface area of the pericarp should also be lower in the conical type than in the blocky type of 

paprika cultivar. Thus, the pericarp color variables were lower in the blocky type than in the conical type during the 

simulated export period. The results of the correlation coefficient network were clearly different depending on the fruit 

type. Hence, the findings suggest that the pericarp color is affected by the storage humidity, although it reacts differently 

depending on the fruit type of paprika cultivar during the simulated export period.

The incidence and severity of fruit shriveling were higher in the winter season than in the summer season. These results 

could be strongly associated with the lower relative humidity during the simulated export period in the winter season. In 

fact, it is the rainy (or monsoon) season at the end of June in Korea. Consequently, the storage humidity level remained 

relatively high in the summer season compared to the winter season, irrespective of the fruit type or cultivar. Thus, it is 

assumed that the climatic difference would affect the incidence and severity of physiological disorders, specifically fruit 

shriveling. At the same time, the incidence and severity of fruit softening were also higher in the winter season than in the 

summer season, irrespective of the fruit type or cultivar. Nevertheless, the results of the correlation coefficient network on 

the relationship between the fruit weight loss and physiological disorders did not differ between the export seasons or 

between the fruit types. Thus, the incidence and severity of fruit shriveling and softening could be strongly associated with 

fruit weight loss, regardless of the export season or fruit type. The incidence rate of fruit shriveling in the red paprika fruit 

is highest during the retail display period, compared to that observed throughout the simulated postharvest chain system 

(Fernández-Trujillo et al., 2009). Even when the shelf life period is extended, the severity of fruit shriveling in both red 

and yellow paprika cultivars increases sharply immediately after a shelf life period of one week (Lwin et al., 2022). The 

severity of fruit shriveling and softening in the red paprika fruit increase gradually during cold storage (Rodoni et al., 

2012) and is further aggravated during supply chain and home storage periods (Owoyemi et al., 2021). Thus, lower 

storage humidity caused a deficit in the vapor pressure, inducing fruit weight loss and reducing the pericarp firmness. This 

can aggravate the incidence and severity of physiological disorders, including fruit shriveling, fruit softening, and 

pericarp pitting (Dijkink et al., 2004). Therefore, it is important to control the relative humidity to maintain the quality of 

the fruit during the entire export period, irrespective of the fruit type and/or cultivar.

Along with the incidence and severity of physiological disorders in pericarp tissues, the pedicel could be highly 

susceptible to wilting, browning, and rotting (or decay). Although we did not evaluate pedicel rot, pedicel wilting and 

browning were detected, and they tended to worsen when extending the export period, irrespective of the fruit type or 

cultivar. Similar to the severity of fruit shriveling and softening, the severity of pedicel wilting and browning was much 

higher in the winter season than in the summer season. The incidence and severity of pedicel browning tend to worsen 

during the shelf life after cold storage periods (Kong et al., 2020). As indicated in Fig. 6, the severity of pedicel browning 

and wilting in both types of paprika cultivar in the winter season was also positively correlated with the fruit weight loss. 

Thus, proper management of the storage humidity is a key step toward ideal maintenance of the fruit quality, as this 
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strategy reduces the incidence of physiological disorders during the export period. Therefore, along with controlling 

various fruit quality attributes, the incidence and severity of pedicel browning and wilting should be controlled by 

maintaining the storage humidity at high levels.

Hence, managing the relative humidity is critical for maintaining fruit quality levels during export; thus, fruit weight 

losses are greater in the winter season than in the summer season due to the lower relative humidity. Pericarp firmness is 

also lower in the winter season than in the summer season, while SSC and TA are greatly affected by the harvest season 

and cultivar rather than by the export period. In conclusion, it was confirmed that the degree to which seasonal differences 

affecting the fruit quality during the simulated export period was determined by the storage humidity. Therefore, it is 

necessary to consider reductions in the incidence and severity of physiological disorders so as to improve the fruit quality 

during the export period by appropriately managing storage humidity levels according to the season. 
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