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Abstract: Oriental melons have a relatively short shelf life as they are harvested during the summer 14 
season and susceptible to cold-induced injuries. Typical chilling injury when stored at 4℃ is 15 
expressed as browning of the fruit suture. To prolong the shelf life and reduce browning of the fruit, 16 
the effects of modified atmosphere packaging (MAP), X-tend modified atmosphere (MA)/modified 17 
humidity (MH) bulk packaging (XF), and polyethylene (PE) packaging, on oriental melons were 18 
investigated during storage at 4℃ and 10℃ for 14 days and under retail display conditions at 20℃. 19 
The O2 concentrations in PE packages stored at 4℃ and 10℃ ranged from 17.4–18.5%, whereas those 20 
in XF packages were reduced to 16.3–16.6%. The CO2 content of XF package (4.2–4.6%) was higher 21 
than that of PE package (1.4–1.9%) stored at 4℃ or 10℃. Relative humidity (RH) saturated in the PE 22 
packages but not in the XF packages after seven days of storage. Furthermore, PE packages 23 
performed better at maintaining melon weight and firmness than XF packages during storage at 24 
10℃ for 14 days and under retail display conditions at 20℃. PE and XF packages effectively reduced 25 
the browning index of the peel and white linear sutures of oriental melons compared with the 26 
unpackaged control during cold storage at 4℃, and this observation was maintained at the retail 27 
display condition at 20℃. The enhanced CO2 levels, reduced O2 levels, and optimal RH values that 28 
were provided by the MAP, prevented the browning symptoms and improved the marketability 29 
and shelf life of oriental melons. 30 

Keywords: Browning; Modified atmosphere packaging; Moisture loss; Oriental melon; Relative 31 
humidity 32 

 33 

1. Introduction 34 

The oriental melon (Cucumis melo var L.) is an important agricultural commodity and famous 35 
summer fruit in Korea. The oriental melon has light yellow smooth skin and white flesh, with a white 36 
suture between the yellow skin, holding a completely different appearance and taste compared with 37 
other melons including honeydew and cantaloupe [1]. The oriental melon has high sugar content, 38 
calcium, and vitamin C [2]. It is commonly cultivated directly in the open field, in the middle of April, 39 
or planted after growing seedlings, in the end of May. The melons are normally harvested from May 40 
to August, which is the rainy season with high temperatures. Therefore, it is difficult to maintain the 41 
quality of the oriental melon at room temperature, during storage and shipping. The Cucumis melo  42 
var L makuwa oriental melon has a shelf life after harvest of only ~10 days at room temperature due 43 
to its typical climacteric behavior and thin pericarp [3]. The oriental melon quality during storage at  44 

room temperature (23℃) is affected by softening, senescence, browning, and overall decay of the 45 
fruit [1,4,5]. Due to its unique appearance and taste, oriental melons are exported from Korea to other 46 
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countries [6]; therefore, low temperature storage strategies are necessary to extend their shelf life. 47 
However, under low temperature storage, oriental melons can develop cold injuries (CIs), such as 48 
soaking and Alternaria rot [7]. Browning of the peel and suture are the main factors that lead to oriental 49 
melon postharvest loss. Peel browning increases with low melon storage temperatures [8], with the 50 
optimal oriental melon storage conditions being within 7–10℃ and high relative humidity (RH) of 51 
90–95% [2]. Ethanol application has reduced the internal ethylene concentration of harvested oriental 52 
melons and maintained postharvest storage quality [1,9], whereas heat treatment at 38℃ for 48 h also 53 
prevented CIs outcome [7]. Furthermore, melon fruit senescence and decay can be controlled by 54 
methyl jasmonate [10], chitosan [11], and modified atmosphere packaging (MAP)[12]. 55 

MAP is a technology used to extend the shelf life of fruits and vegetables. Packaging with plastic 56 
films results in the creation of a modified atmosphere compared with the exterior environment, with 57 
higher CO2 and water vapor levels, and lower O2 levels, due to respiration and reduction of moisture 58 
loss from the commodity [13]. Reduced O2 or elevated CO2 levels inside the package can reduce 59 
ethylene production, delay ripening and softening, and slow various compositional changes 60 
associated with ripening. The use of MAP alleviates CIs in horticultural crops such as sweet corn [14] 61 
and sweet cherries [15]. X-tend films (StePac L.A., Israel) were developed to modify the atmosphere 62 
and humidity inside the package and prolong the product quality; therefore, extending the shelf life 63 
of fresh products, such as melon, broccoli, green onions, mango, and honeysuckle fruits [16-18]. Porat 64 
et al. [19] demonstrated that the use of a MAP ‘bag-in-box’ packaging with X-tend film reduces the 65 
incidence of rind disorder symptoms in citrus fruits. Moreover, X-tend films was developed to have 66 
higher permeability to water vapor by possessing microperforations, which will al low it to achieve 67 
enough in-pack relative humidity that will prevent the accumulation of condensed water on the 68 
produce [20]. This MAP and modified humidity packaging (MHP) was reported to effectively reduce 69 
CI symptoms in mangoes and tomatoes [21,22].  70 

MAP in combination with low temperature storage is an effective way to improve the shelf life 71 
of crops. This study aimed to determine the effects of MAP using polyethylene (PE) film and MA/MH 72 
film on the quality attributes, CI, shelf life, and decay of oriental melons during storage at optimal 73 

(10℃) and chilled temperature (4℃) temperatures, and under retail display condition (20℃). 74 

 75 

2. Materials and Methods  76 

2.1. Sample preparation 77 

Oriental melons (Cucumis melo var L. ‘Smart’) were harvested in August 2018 at optimum maturity from 78 
a plantation located in Sungju, South Korea, and used a day after harvest. Fruits were assessed for total 79 
soluble solids, color, firmness, elasticity, and weight before storage under different packaging 80 
conditions. For film processing, low -density polyethylene (PE) film (0.03 mm thickness; Tebangparteck, 81 
Korea) and Xtend M A/M Hbulk package (XF) with antifog (815-ST2, StePac) were used. The control 82 
melons were stored in a standard cardboard box without film treatment. The fruits were stored at 4°C 83 
and 10°C for 14 days, and transferred to 20°C for another five days to mimic the process of commercial 84 
melon distribution from producer to local market (temperature and relative humidity data throughout 85 
the experiment is available in Figure S1). After transferring to market display conditions (20°C), the 86 
storage bags were opened. Physicochemical and sensory parameters were evaluated and compared 87 
among the three packaging groups that contained 12 fruits at the beginning of the experiment (Day 0).  88 

2. Materials and Methods  89 

2.1. Sample preparation 90 

Oriental melons (Cucumis melo var L. ‘Smart’) were harvested in August 2018 at optimum maturity 91 
from a plantation located in Sungju, South Korea, and used a day after harvest. Fruits were assessed for 92 
total soluble solids, color, firmness, elasticity, and weight before storage under different packaging 93 
conditions. For film processing, low-density polyethylene (PE) film (0.03 mm thickness; Tebangparteck, 94 
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Korea) and Xtend Modified Atmosphere/Modified Humidity bulk package (XF) with antifog (815-ST2, 95 
StePac) were used. The control melons were stored in a standard cardboard box without film treatment. 96 
The fruits were stored at 4°C and 10°C for 14 days, and transferred to 20°C for another five days to 97 
mimic the process of commercial melon distribution from producer to local market (temperature and 98 
relative humidity data throughout the experiment is available in Figure S1). After transferring to market 99 
display conditions (20°C), the storage bags were opened. Physicochemical and sensory parameters 100 
were evaluated and compared among the three packaging groups that contained 12 fruits at the 101 
beginning of the experiment (Day 0). 102 

2.2. In-package temperature, humidity, and headspace gas composition 103 

The headspace gas composition (O2 and CO2 concentration) inside each package was monitored 104 
daily using a CheckMate 3 gas analyzer (PBI Dansensor , Denmark). To monitor the temperature and 105 
humidity in the packages, data loggers (Watch dog, Spectrum Technology, USA) were placed inside 106 
the packages of each treatment and set to record temperature and RH every 30 min. 107 

2.3. Weight loss of oriental melon fruit 108 

Oriental melons were weighed at the beginning and at the end of the experiment. The weight loss 109 
(WL) percentage was calculated according to the following equation: WL(%) = [(IW−FW) / IW] × 100 , in 110 
which the final weight (FW) was related to the initial weight (IW) of each sample. 111 

2.4. Firmness analysis 112 

Firmness was measured at three points on the shoulder of each of 10 oriental melons from each 113 
group using a texture analyzer (TA Plus Lloyd Instruments, Ametek, USA) connected to a computer, 114 
by applying a plunger of 5 mm in diameter. The amount of force required to compress the radial 115 
pericarp surface of each oriental melon at a constant speed of 2.4 mm/sec was recorded. The fruit 116 
firmness value was expressed as force per unit (N). The reported values represented the average value 117 
of 10 samples, with three measurements per sample, of each group.  118 

2.5. Total soluble solids 119 

The total soluble solid (TSS) content of the oriental melons was measured using a digital 120 
refractometer (PAL-1, Atago, Japan). Each whole oriental melon was cut in half, and each half was 121 
further divided into three parts. The juice from slices was extracted manually and put into the 122 
refractometer. The value of soluble solids content was expressed as Brix. The reported values represent 123 
the average value of 10 samples per group.  124 

2.6. Surface color analysis 125 

The surface color of each oriental melon was measured at three points on the peel with a reflectance 126 
colorimeter (Chroma Meter CR-400, Konica Minolta, Japan) using the Hunter color system. The color 127 
of each oriental melon was expressed as Hue value. The reported values represent the average of 12 128 
samples per group.  129 

2.7. Determination of browning injury index and marketability 130 

The browning of oriental melon peels and white linear sutures were measured in 15 individual 131 
fruits by an experienced investigator. The browning index assessment was performed using the 132 
following visual appearance scoring scale in relation to the portion of the fruit that was under 133 
investigation: 0, no symptoms; 1, 2–5% symptom; 2, 5-25% symptoms; 3, 25–50% symptoms; and 4, 134 
>50% symptoms. The browning index was determined using the following equation: [∑(symptom scale 135 
× number of fruit at each scale)]/(total number of fruit in the treatment). 136 

Fruit marketability was assessed according to overall visual quality score: 5, excellent; 4, good; 3, 137 
fair; 2, bad; and 1, severe bad. The marketable limit was set as 3, and fruits with lower scores were 138 
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considered unmarketable. Marketability data are presented as the percentage of marketable fruits that 139 
were affected within each treatment. The experiment was repeated thr ice and the standard error of the 140 
mean for each parameter was calculated. 141 

2.8. Light and scanning electron microscopy for tissue structure analysis 142 

Tissue analysis was performed as previously described [23] with some modifications. Briefly, 143 
melon tissues were fixed in 2.5% glutaraldehyde (v/v in a 0.1 M phosphate buffer) at pH 7.2 in the 144 
presence of 4% sucrose (w/v) for 24 h. After three rinses (30 min, each) with the above indicated 145 
buffer, the specimens were post-fixed with 1% OsO4 w/v in the same buffer with 4% sucrose (w/v) 146 
for 4 h. They were then rinsed thrice (30 min, each) with the buffer, dehydrated in alcohol series, 147 
transferred to propylene oxide, and embedded in Epon epoxy resin. Semi-thin sections (2.5 µm) were 148 
prepared with an ultra-microtome and placed on glass slides. The Periodic Acid–Schiff (PAS) 149 
polysaccharide specific reaction was carried out , with tissues structures being shown in red color. 150 
Sections for staining were first plunged in 1% periodic acid (w/v) for 30 min, then in Schiffs reagent 151 
for 40 min, and in 5% sodium bisulfite (w/v) for 35 min. Sections were then rinsed in distilled water, 152 
dried on a warm plate, and mounted in Histomount. Negative control was performed by omitting 153 
the oxidation step with periodic acid. The samples were observed with a light microscope (Axioscop 154 
2, Carl Zeiss, Germany). Cuticle thickness was measured with ImageJ. In order to examine the 155 
morphological characters, live tissues were examined on a SEM (SU-3500, Hitachi, Tokyo, Japan) 156 
operating at low vacuum mode  [23].  157 

 158 

2.9. Quantification and composition of epicuticular wax  159 

Oriental melon surface was peeled with a potato peeler; with a thickness of about 3–4 mm. Yellow 160 
peel and white suture tissue were separated with scissor. The surface area of each tissue was calculated 161 
by ImageJ. Two oriental melons were peeled for one biological replication. Chloroform (5 mL) was 162 
placed into a 20 mL glass vial (Fisher Scientific, USA) and epicuticular wax was extracted by placing 163 
each individual sample into the chloroform and mildly agitating for 5 sec. Afterwards, the organic 164 
solvent was evaporated with a nitrogen stream heated to 40°C. After drying, 5 mL of 100 mg/L n-165 
tetracosane (internal standard) in chloroform was added to reconstitute the extracted wax. The extract 166 
(0.3 mL per vial) was then transferred to Reacti-vials (Thermo Fisher Scientific) and subsequently 167 
evaporated under a gentle stream of nitrogen. The extract was then redissolved in a mixture of 150 µL 168 
bis-N,N-(trimethylsilyl) trifluoroacetamide (BSTFA) containing 1% trimethylchlorosilane (TMCS;  169 
Sigma-Aldrich, USA) for derivatization. The vials were incubated at 75°C for 70 min before the extract 170 
was injected into a gas chromatograph (Nexis GC-2030, Shimadzu, Japan) coupled to a GCMS (GCMS-171 
QP 2020 NX, Shimadzu) for quantification. A capillary column (DB-5, Agilent, USA; 30 m, 0.25 mm, 172 
0.25 m) was used for separation. Oven temperature was initially maintained at 150°C for 1 min, then 173 
increased by 12°C∙min-1 to reach 300°C, which was maintained for 7 min. Both injector and detector 174 
temperatures were set to 270°C. The flow rate of the helium carrier gas was 1.2 mL/min. The following 175 
mass spectrophotometry parameters were employed: inlet temperature, 250°C; ion source temperature, 176 
300°C; and mass scan range was from 40 to 650. 177 

Compound identification was based on NIST library and authentic standards including C7-C40 178 
saturated alkanes standard mixture (Supelco, USA) and hexacosanol. Quantifications for some wax 179 
compounds were expressed as equivalent concentration using the standard alkanes  (C30 for 180 
triterpenes) or hexacosanol (all alcohols). 181 

2.10. Statistical analysis 182 

Experiments were performed in a completely randomized design. The data were analyzed by 183 
analysis of variance (ANOVA) using the Prism statistics software (GraphPad Software, USA), and 184 
significant differences were compared by one-way ANOVA following Tukey’s HSD tests for each 185 
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experiment at P < 0.05. Pearson’s correlation analysis was conducted using MetaboAnalyst 186 
(https://www.metaboanalyst.ca ). 187 

3. Results and Discussions 188 

3.1. O2 and CO2 concentrations 189 

Oriental melons were harvested at optimal maturity and stored in a MAP of PE film or XF, at 4°C 190 
or 10°C, for 14 days. The initial atmosphere of both PE and XF packages was maintained throughout 191 
the experiments and contained ~20.9% O2 and ~0.1% CO2. During the cold storage period, O2 and CO2 192 
concentration were relatively stable after 4 days of storage, regardless of the temperature. The O2 193 
concentration in the PE film packages stored at 4°C and 10°C ranged between 17.5–18.5% and 17.4–194 
17.9%, respectively, whereas O2 levels in the XF packages were lower (16.3–16.4% and 16.5–16.6%, 195 
respectively, Figure 1A). In contrast, XF showed a significantly higher CO2 concentration (4.2–4.6%) 196 
than that in PE (1.4–1.9%) packages, regardless of the temperature (Figure 1B). Overall, two MAP had 197 
significantly lower O2 and higher CO2 concentrations  than that in unpackaging group (21% of O2 and 198 
0.03% of CO2, data not shown here). In general, 3–8% CO2 and 2–5% O2 are recommended for MAP 199 
storage of fruits and vegetables [24]. Furthermore, a previous study suggested that the optimal 200 
controlled atmosphere for oriental melons was 2–3% O2 and 5–10% CO2 [2].  201 

 202 
 203 

 204 

Figure 1. Oxygen (A) and carbon dioxide (B) concentration inside the “box-in-bag” packaging of 205 
oriental melons. The melons were packaged using polyethylene film (PE) or Xtend film (XF), and 206 
stored at 4°C and 10°C for 14 days. Data are presented as the mean ± SE of three replicates. Different 207 
letters indicate significant difference among treatments within the same storage temperature and 208 
storage time by Tukey’s HSD test with P<0.05. 209 

3.2. RH and weight loss 210 

The RH within the PE packages was saturated under storage at both 4°C and 10°C within three 211 
days. In contrast, XF packages prevented water condensation inside and maintained high RH (~98%) 212 
during cold storage (Figure 2). The RH in the control was maintained at 87.2–93.0% from day 3 to day 213 
11 of storage, and increased up to 95% at day 14. Water condensation occurred inside PE packages; 214 
thus, no water loss occurred (Figure 2, RH changes in the two storage temperatures evaluated are 215 
available in Figure S1). 216 

The fruit weight loss is presented in Figure 2. Control samples of oriental melons stored at 4°C 217 
presented the highest loss in weight, with 3.67% and 4.5% of weight loss at day 14 and day 14 plus 218 
additional five days at retail display condition (14+5), respectively. However, PE and XF packaging 219 
treatment with refrigerated storage significantly reduced weight loss during the study period 220 
compared with the control samples. Minor weight loss was observed in samples packed in PE, 221 
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irrespective of the storage condition at 4°C or 10°C (0.2% and 0.07 %, respectively) during the 14 days. 222 
Although both PE and XF film packaging reach the same level of RH, weight loss rate (%) of the oriental 223 
melons was significantly lower in XF than in PE packaged samples during refrigerated storage at days 224 
7 to 14. Permeability of the XF films to moisture and gases could be directly responsible to the weight 225 
loss. PE acted as a complete barrier to prevent moisture loss, whereas XF showed permeability to 226 
moisture at all storage temperatures, even at the retail display condition at 20°C, because of its 227 
microperforation. These results indicated that weight loss is mainly a consequence of water content 228 
movement through the microperforation in the XF packaging, although water vapor was condensed on 229 
the PE packaging. Since PE acted as a barrier to water vapor release and helped maintain a high RH 230 
level, and consequently prevented weight loss of the fruits. It has been reported that MAP could extend 231 
the shelf life of fresh products by reducing their weight loss [25,26]. Nevertheless, when kept at 20°C 232 
after 14 days of low temperature storage, the oriental melons showed significant weight loss, which 233 
could be attributed to higher respiration and transpiration rates at this marketing display temperature. 234 

 235 
 236 

 237 

Figure 2. Weight loss and relative humidity inside the “box-in-bag” packaging of oriental melons. 238 
The melons were packaged using 0 polyethylene film (PE), Xtend film (XF), or no film treatment 239 
(control), and stored at 4°C or 10°C for 14 days. At day 14+2 the melons showed relatively lower 240 
weight loss compared with day 14, mostly due to the water condensing on the fruit and the box film, 241 
underestimating the actual weight loss of the fruit. Data are presented as mean ± SE of three replicates. 242 
Different letters indicate significant difference among treatments within the same storage temperature 243 
and storage time by Tukey’s HSD test with P<0.05. 244 

3.3. Fruit quality: firmness, total soluble solids (TSS), and surface color 245 

To evaluate the quality and shelf life of oriental melons, the fruits were stored at 4°C or 10°C for 246 
14 days and then transferred to retail display conditions at 20°C for another five days. Oriental melons 247 
stored in MAP at 10°C for seven days showed the highest firmness, which decreased with storage time. 248 
Nevertheless, fruits packed in XF or PE maintained their firmness better than control fruits upon being 249 
transferred to 20°C for five days (Table 1). In agreement with prolonged fruit quality, a previous study 250 
showed that MAP reduced the activity of enzymes involved in cell wall degradation [27]. 251 

For TSS content, significant differences among treatments at storage temperatures of 4°C or 10°C 252 
for 14 days were noticeable (Table 1). However, the trends of the different storing approaches were not 253 
consistent. Under retail display condition (20°C) for two days, generally unpacked fruit showed higher 254 
TSS than MAP fruits, but the trend was not consistent throughout the storage duration. An increase in 255 
TSS content, particularly of sugars, may indicate ripening of the fruits, whereas the delay of this process 256 
could be due to the packaging process. An increase in TSS may also result from the breakdown of other 257 
complex sugars such as pectin, which is decomposed by the enzymes of the fruit. 258 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 September 2020                   doi:10.20944/preprints202009.0071.v1

https://doi.org/10.20944/preprints202009.0071.v1


 7 of 18 

 

The changes in fruit surface color over the storage period were measured as Hue value from both 259 
suture (Table 1) and peel (Figure 2G,H). The Hue value change of the suture was more obvious than 260 
that of the peel. Thus, Table 1 only shows Hue value of peel whereas suture of Hue value changes are 261 
presented in Figure S2. Surface color evaluations showed significant Hue value differences in white 262 
sutures on fruits between 4°C and 10°C stored oriental melon at days 14+2 and 14+5. The unpacked fruit 263 
control showed lower Hue value than both MAP fruits at retail display condition (20°C) after 14 days 264 
of cold storage. . The suture of control had slightly yellowing showing lower hue value (88.3) compared 265 
to PE and XF packaged fruit, 92.0 and 90.8, respectively at 14+5 days. Similar report showed apples 266 
stored in MA packs presented better color than fruits stored in air showing the higher L* and hue values 267 
and lower a*value after 6 month cold storage [28]. Lightness (L*) and green to red (a*) from Hunter’s 268 
L*a*b* values were mostly significantly different  in both peel or suture between treatment conditions, 269 
at either 4°C or 10°C storage. Lightness gradually decreased during storage time, but MAP treatments 270 
significantly inhibit lightness reduction of the peel or suture. This effect of MAP was more obvious in 271 
samples stored at 4°C than in those stored at 10°C. Decreasing lightness of the peel and suture at 4°C 272 
maybe related with CI, similar to browning. Taken together, storage temperature and MAP have 273 
significant impact on skin and suture color of the oriental melons (Figure S2 and S3, Table 1). These 274 
results indicated that modified the atmospheric condition, and the high humidity inside the packages 275 
slowed down the ripening and softening processes. However, previous reports described that XF10 276 
liners had no significant effects on other fruit quality parameters, including decay, juice TSS and acid 277 
content, and citrus fruit taste [19].  278 

 279 

Table 1. Firmness, soluble solid content, and Hue under modified atmosphere film of oriental melon during 4℃ 280 

and 10℃ storage. 281 

Storage time 

(days) 

Storage  

Temperature 

(°C) 

Treatment Firmness (N) TSS Hue of suture 

0 4 

Control  

PE 

XF 

19.45±0.62 a 

19.45±0.62 a 

19.45±0.62 a 

11.60±0.10 a  

11.60±0.10 a 

11.60±0.10 a 

96.70±0.33 a 

96.70±0.33 a 

96.70±0.33 a 

0 10 

Control  

PE 

XF 

19.45±0.62 a 

19.45±0.62 a 

19.45±0.62 a 

11.60±0.10 a 

11.60±0.10 a 

11.60±0.10 a 

96.70±0.33 a 

96.70±0.33 a 

96.70±0.33 a 

7 4 

Control  

PE 

XF 

14.01±0.45 a 

18.54±0.37 b,c 

16.57±0.56 b 

12.17±0.09 b,c,d 

12.27±0.13 d,e 

12.77±0.03 e 

94.77±0.36 a 

95.57±0.40 a 

95.80±0.32 a 

7 10 

Control  

PE 

XF 

18.93±0.37 c 

19.26±0.34 c 

19.86±0.82 c 

11.60±0.15 a 

11.70±0.15 a,bc 

11.70±0.07 ab 

94.92±0.55 a 

95.62±0.46 a 

95.79±0.34 a 

14 4 

Control  

PE 

XF 

19.52±0.41 b 

18.06±0.74 a,b 

19.09±0.45 b 

11.60±0.06 a,b 

11.27±0.09 a 

11.73±0.12 a,b,c 

91.35±0.75 a 

95.60±0.52 b 

94.35±0.42 b 

14 10 

Control  

PE 

XF 

17.67±0.50 a,b 

16.61±0.52 a 

17.82±0.33 a,b 

12.20±0.03 c 

11.70±0.17 a,b,c 

12.00±0.09 b,c 

91.66±1.04 a 

93.60±0.36 a,b 

94.76±0.42 b 

14+2 4 

Control  

PE 

XF 

14.00±0.46 a 

16.74±0.44a,b,c,d 

14.46±0.59 a,b 

12.03±0.09 b 

12.17±0.03 b 

11.23±0.13 a 

88.22±0.62 a 

92.71±0.66 b 

91.90±0.83 b 

14+2 10 

Control  

PE 

XF 

15.00±0.37 a,b,c 

17.93±0.43 d 

17.01±0.69 c,d 

13.30±0.06 c 

11.00±0.06 a 

12.50±0.13 b 

92.70±0.79 b 

93.77±0.46 b 

92.88±0.60 b 

14+5 4 Control  14.86±0.65 a 12.00±0.40 b 88.32±1.13 a 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 September 2020                   doi:10.20944/preprints202009.0071.v1

https://doi.org/10.20944/preprints202009.0071.v1


 8 of 18 

 

PE 

XF 

16.74±0.31 a,b 

16.35±0.55 a,b 

11.27±0.15 a,b 

11.07±0.18 a 

92.06±0.56 b,c 

90.83±0.88 ab 

14+5 10 

Control  

PE 

XF 

16.22±0.32 a 

18.22±0.53 b 

15.05±0.46 a 

11.20±0.13 a,b 

10.40±0.03 a 

12.00±0.09 b 

91.98±0.70 b,c 

94.69±0.38 c 

94.40±0.37 c 

Control, non-film treatment; PE film, 0.03 mm polyethylene; Xtend film, manufactured from blends of 282 
polyamides with other polymeric and non-polymeric compounds. Data represents the means ± standard 283 

deviation (n=30). Different letters indicate significant difference among treatments within the same storage 284 

temperature and storage time by Tukey’s HSD test with P<0.05. 285 

 286 

3.4. Browning of the fruit suture and tissue structure 287 

In our experiments, browning was observed in the control fruit during cold storage. In contrast, 288 
only one or two of the 15 MAP treated fruits showed less than 5% of fruit surface browning during 14 289 
days of cold storage. Browning increased after 14 days at 4°C and 10°C followed by five days of storage 290 
at 20°C (Figure 3); however, MAP with either PE or XF packaging considerably reduced peel and 291 
sutures browning compared with control samples. Storage temperature also affected oriental melon 292 
browning process. Notably, fruits stored at 4°C showed severe peel and white liner suture browning 293 
compared with fruits stored at 10°C. Consistent with these results, lower temperatures have been found 294 
to induce browning in muskmelons [8].  295 

 296 

 297 

Figure 3. Effect of modified atmosphere packaging on peel browning symptom of white  linear sutures 298 
(A) and peel (B) of oriental melons. The fruits were packaged in a commercial box made of 299 
polyethylene (PE) or Xtend film (XF), and stored at 4°C or 10°C for 14 days (14). Afterwards, the 300 
melons were transferred to 20°C condition for five days (14+5). Fruits stored in a standard commercial 301 
box were used as controls. 302 

 303 

In addition, browning symptom of the suture was more severe than browning of the fruit peel 304 
tissue. For the same storage period, the incidence of suture browning was up to 5–10 times higher than 305 
fruit yellow peel. Fruit browning is the main contributor to the postharvest loss of oriental melons. The 306 
white linear sutures (2.25±0.56 μm, n=26) of oriental melons, unlike the peels (19.98±6.00 μm, n=26), 307 
have an epidermis layer with much less cuticular cells (Figure 4A,B,D,E). In other words, the peel had 308 
an 8.88 times ticker cuticle layer. Cross section of both browning damaged fruit peel and suture tissues 309 
showed very compact cell size and shrinking cell morphology (Figure 4C,F), suggesting severe water 310 
loss in the hypodermis layer. Interestingly, even in the browning area on the fruit peel surface, 311 
epidermis cells were not substantially shirked compared with the hypodermis layer (Figure 4C). This 312 
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result suggests that well-developed cuticle layer on the surface effectively prevents water loss. The 313 
browning of oriental melon peels and white linear sutures may have been caused by cell membrane 314 
impairment in the hypodermis layer, which suffered water loss during the long-term low temperature 315 
storage (Figure 4). Disruption of the cell membrane integrity could have caused lipid peroxidation by 316 
exposing cell membrane lipids to more O2. Even if a similar water loss has occurred in the same suture 317 
tissue in both 4°C and 10°C stored samples, lower temperature stored fruit showed more severe 318 
browning symptom at 4°C. This may be caused by the imbalance of the antioxidant system of the 319 
fruit [29]. Fruit cuticle is the outer physical barrier that protects it from external stresses, and helps 320 
maintain its internal structure and water content. A recent review paper on fruit cuticles reported a 321 
strong relationship between the cuticle features and susceptibility to fungal diseases [30].  322 
 323 
 324 

 325 

Figure 4. Anatomical analysis of oriental melon peel and suture . Light microscope images of yellow 326 
peel tissue : A, normal tissue ; B, amplified of image A; and C, browning symptom tissue . Light 327 
microscope images of white  linear suture tissue: D, normal tissue ; E, amplified of image D; and F, 328 
browning symptom tissue.  329 

 330 

3.5. Epicuticular wax and specific water loss in oriental melon sutures 331 

The water loss in the white linear suture area was particularly marked, which could due to the 332 
reduced thickness of the cuticle layer. Moreover, it may relate with the epicuticular wax difference on 333 
the fruit surface. The yellow peel tissue of the oriental melon has a completely different texture feeling 334 
as compared with the sutures surface, with the yellow  peel surface being oily and greasy, whereas the 335 
white suture surface has a non-greasy feeling. As shown in Figure 5, long chain alkanes, long chain 336 
alcohols and fatty acids were identified as the major epicuticular wax component on oriental melon 337 
surface. Total wax concentration of yellow fruit peel was significantly higher than that of white suture 338 
(26.95 vs 7.25 µg cm-2). Long chain alkanes were accounted for 59.8% and 70.2% of total wax 339 
components on yellow peel and white suture, respectively. Among them, hentriacontane (C31 alkane) 340 
was the major alkane of total waxes on both yellow peel and white suture (21.8 and 21.6% of total wax 341 
components, respectively), followed nonacosan (C29 alkane; 14.8% and 18.9% of total wax components, 342 
respectively). In yellow peel, long chain alcohols were account for 31% of total wax components, and 343 
was included octacosanol (C28 alcohol), heptacosanol (C27 alcohol) and hexacosanol (C26 alcohol) as the 344 
major alcohols (8.6%, 7.1% and 6.9% of total wax components, respectively). In white suture, long chain 345 
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alcohols were account for 17% of total wax components, and was included docosanol (C22 alcohol), 346 
octacosanol (C28 alcohol) and tetracosanol (C24 alcohol) as major alcohols (3.4%, 3.2% and 2.9% of total 347 
wax components). Fatty acids were account for 9.2% and 12.8% of total wax components on yellow peel 348 
and white suture, respectively. Oleic acid was the major fatty acid on yellow peel (4.8% of total wax 349 
components), whereas, stearic acid was the major fatty acid on white suture (7 .4% of total wax 350 
components). This result was consistent with a recent study on smooth surface melon, such as 351 
honeydew [31]. A correlation between the epicuticular wax and water content loss were reported for 352 
several fruits, including mulberries and peppers [32,33]. In blueberries, the organellar membrane 353 
structure was disrupted upon cuticular wax removal [34]. Chu et al. [34] also reported that wax removal 354 
decreased the activities of antioxidant enzymes and the antioxidant content of peppers, and accelerated 355 
accumulation of reactive oxygen species (ROS) and lipid peroxidation, especially at the later period of 356 
storage. In addition, epicuticular wax crystals can change hydrophobicity of a plant surface and its 357 
susceptibility of food pathogen [35,36]. In this study, the difference in epicuticular waxes between 358 
yellow peel and white suture was found out. These results suggest that differential susceptibility to 359 
browning on oriental melon surface by area was due to the difference in epicuticular waxes. In addition 360 
to major wax components, unknown triterpenes were also detected (Figure S4, Table S2); they were 361 
significantly higher on yellow peel surface (25.47 μg cm-2) than on white suture (4.03 μg cm-2). In plant 362 
belonging to the Cucurbitaceae family, cucurbitacins are known as triterpenes [37,38]. Although the 363 
unknown triterpenes showed 93% similarity to glutinol from NIST library, further studies are needed 364 
to examine the identification and role of triterpenes presented on oriental melon surface for 365 
physiological change at postharvest. 366 

 367 

 368 

 Figure 5. Comparison of epicuticular wax on oriental melon peel and sutures. Data are presented as 369 
mean ± SD of three replicates. Asterisks (**) indicate significant difference of total epicuticular wax 370 
between peel and suture by Student’s t-test with P<0.01. 371 

 372 
To visualize the trace of weight loss from fruit suture, the surface image of oriental melon was 373 

taken using scanning electron microscope. Intact suture surface did not show any microcrack (Figure 374 
6A) while browning area on suture surface showed microcrack (Figure 6B). The observed microcracks 375 
were probably occurred by water loss for its the lower levels of cuticle layer thickness and epicuticular 376 
wax deposit. These results also confirm that browning of suture surface was accelerated as dehydration. 377 
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 378 

 379 

Figure 6. Scanning electron microscope images from normal oriental melon fruit suture surface (A) 380 
and brown surface of fruit suture (B).  381 

 382 

3.6. Marketability change by modified atmosphere/modified humidity packeging (MAP/MHP) 383 

An evaluation of the percentage of marketable fruit, upon transfer to 20°C for two days after 14 384 
days of refrigerated storage (4°C), showed that unpackaged controls started with 37.5% of marketable 385 
fruit, whereas in PE or XF packed fruit, the initial percentage of marketable fruits were 85 .7% and 386 
79.1%, respectively (Figure 7A). Fruit analysis at day 14+5 also showed that PE (65%) and XF (60%) 387 
packaging achieved more than twice marketable fruit compared with unpacked fruit (28.6%). The 388 
marketability of unpackaged control fruits dramatically decreased under retail display conditions 389 
after cold storage compared with PE and XF packed fruits. However, there was no notable difference 390 
of marketability between PE and XF packed fruits stored under the same conditions for 14+2 and 14+5 391 
days. However, the melons decayed more frequently within the PE-treated group than in the XF-392 
treated group (Figure 7C,D), with about 25% more decayed fruit being observed in PE than XF. 393 
Unfortunately, we did not evaluate decay incidence from the treatments this study. It is possible that 394 
excessive humidity in the PE could promote decay of the fruit. Thus, MAP/MHP in XF packages 395 
provides an advantage for fruits that are sensitive to excess condensed water inside the package.  396 
According to our previous study [21], tomatoes treated with XF packaging showed numerically lower 397 
decay rate than with PE packaging; however, the differences were not statistically significant.  398 

To store oriental melons for long periods or transporting them long distances, low temperature 399 
storage is necessary to reduce their metabolism. including respiration and ethylene production, and 400 
thus maintain its freshness [39]. However, oriental melons stored at low temperatures (3–7°C) are 401 
susceptible to CI. Overall, fruits stored at 10°C showed better marketability than that stored at 4°C, 402 
since oriental melon fruits at 4°C storage showed lower CI, such as browning (Figure 7C,D), which 403 
consequently leads to poor overall appearance and low marketability. Moreover, below the browning 404 
tissue symptom, the fruits showed brown tissue color with compromised firmness upon 4°C and 405 
10°C control (Figure 7E,F). These results showed that MAP reduced browning symptom on peel and 406 
white linear suture and improved oriental melon marketability. In agreement, prior results showed that 407 
MAP prevents CI symptoms in tomatoes [21] and XF packaging reduced CI development in oranges 408 
after six weeks of cold storage at 2°C and five days under retail display conditions [19].  409 

 410 
 411 
 412 
 413 
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 414 

Figure 7. Effect of modified atmosphere packaging on overall appearance of oriental melons. 415 
Marketability of oriental melons that were stored at 4°C (A) or 10°C (B) for 14 days (14) and 416 
transferred to 20°C for another two or five days (14+2 or 14+5). Representative images from oriental 417 
melon stored at 4°C (C, E) or 10°C (D, F) for 14 days, and transferred to 20°C for another five days. 418 
Red arrows in C indicate mold damage by fungi. 419 

Parat et al. [19] mentioned some potential disadvantages of MAP. For example, MAP may enhance 420 
anaerobic respiration and the development of off-flavor, and excessive humidity may increase decay 421 
incidence. Parat et al. [19] also reported that different perforation size in XF films could significantly 422 
affect the gas composition in the “bag-in-box”, implying that is still possible to optimize 423 
microperforation for oriental melon to achieve an optimized gas/humidity atmosphere. MAP can be 424 
used for both packaging and storage purposes with low cost. Thus, MAP could be helpful to 425 
ameliorate CI of oriental melon during cold storage for long distance transportation. 426 

3.5. Correlation between modified atmospherepakaging (MAP) and cold injuries (CI) 427 

To determine the CI reducing effect of MAP on oriental melon stored at 4°C, correlation analyses 428 
were conducted using brown index to quantify CI. Significant correlations are listed in Table S1 and 429 
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also presented in Figure 8. Browning was mostly observed on white sutures of the fruit, and was found 430 
to be strongly correlated with Hunter’s a* value at  4°C suture (r=-0.969, P<0.001, n=15), as well as with 431 
the L* value at 4°C suture (r=-0.961, P<0.001, n=15). Browning of suture at 4°C was also strongly 432 
correlated with the L* value at 4°C peel (r=-0.961, P<0.001, n=15). The marketable fruit percentage was 433 
strongly correlated with the L* value at 4°C peel (r=-0.965, P<0.001, n=15), as well as with the a* value 434 
at 4°C suture (r=-0.963, P<0.001, n=15). Visual color is one of the most important visual attributes to 435 
consumers. When browning symptom visually shows on the surface of oriental melon fruit the 436 
lightness is dramatically reduced (Figure 7C,D).  437 

 438 

Figure 8. Correlation analysis between various fruit quality parameters during refrigerated storage 439 
(4°C) and transferred to 20°C for additional two or five days.  440 

 441 

Altogether, the L* value changes on the peel and suture of oriental melon may be related with 442 
the browning process by CI (Figure 9). To date, no quantitative method is available to measure 443 
accurately the browning of oriental melon induced by cold storage. To the best of our knowledge, 444 
this study is the first to identify quantitative parameters of measuring CI-related browning of 445 
oriental melon. MAP decreased O2 and increased CO2 and humidity inside the packaging, resulting 446 
in reduced metabolism, weight loss, and CI degree. The water loss on the peel tissue may have a 447 
negative influence on the membrane structure and disruption of cellular compartmentalization 448 
[40]. A previous study on kiwifruit reported that gradual cooling had higher superoxide 449 
dismutase, catalase, ascorbate peroxidase, and peroxidase activities than the fruit treated by direct 450 
cooling during storage [29]. Based on this report, higher antioxidant activity may contribute to 451 
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reduced CI symptoms. In our study, we directly store oriental melon at 4°C, which may have 452 
attributed to lower antioxidant activity. Moreover, during the cold storage of oriental melon, ROS 453 
production might have been promoted by the impaired energy state of the cells and/or could have 454 
contributed for disruption of cell membrane integrity [41]. Indeed, membrane lipid peroxidation 455 
may be one of the first event of cold injury [41], and lipid peroxidation was reported as a CI 456 
symptom [29,39]. Our previous report showed that optimal package atmosphere conditions in 457 
MAP could lead to increased antioxidant levels, which in turn could improve the freshness of 458 
tomatoes by reducing CI during cold storage, even at retail display conditions [21]. In the present 459 
study, thicker cuticle layer with higher epicuticular wax deposits on the yellow peel of oriental 460 
melon can possibly explain why the peel tissue is less susceptible to browning than the white linear 461 
suture during cold storage. The higher water loss on the white linear suture tissue may also lead 462 
to cell membrane disruption and lipid peroxidation, ultimately resulting in browning symptom 463 
during cold storage. In addition, the yellow peel tissue of oriental melon contains antioxidant 464 
carotenoids, including lutein and β-carotene [42], which may have an important role on reducing 465 
lipid peroxidation. It has been reported that grapefruits with high accumulation of lycopene were 466 
highly resistant to CI upon subsequent postharvest cold storage [43]; however, mechanistic details 467 
that could explain this observation still remain to be elucidated. 468 

 469 

 470 

Figure 9. Modified atmosphere packaging (MAP)-mediated cold injury preventing effect on oriental 471 
melon during refrigerated (4°C) storage.  472 

 473 

4. Conclusions 474 

Preventing CI is critical for extending the shelf life and maintaining the postharvest quality of 475 
oriental melons during storage, transport, and retailing. This study provided experimental data that 476 
revealed that suture specific browning, as a CI symptom, is associated with impaired cuticle layer 477 
and reduced epicuticular wax protection. This study also showed that MAP with PE or XF can 478 
effectively prevent browning symptoms and prolong the freshness of oriental melon by using a 479 
modified storage environment with elevated CO2 (1.8–4.6%) and reduced O2 contents (16.2–18.5%) 480 
during cold storage. Moreover, optimal RH adjusted by MAP may influence the oriental melon 481 
quality, demonstrating to be ideal for its storage by minimizing weight loss and maintaining 482 
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firmness. In contrast, MAP had little influence on TSS. Furthermore, MAP effectively reduced the 483 
browning index and improved melon marketability compared with standard, unpackaged 484 
conditions. Altogether, this study showed that the use of PE and XF packing materials can modify 485 
the packaging atmospheric conditions to maintain the quality of oriental melons during cold storage 486 
and retail display conditions.  487 
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