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Quality Attribute Changes in Intact and Fresh-Cut Honeydew
Melon (Cucumis melo var. inodorus) cv. ‘Honey World’

during Storage
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ABSTRACT

Honeydew melon (Cucumis melo var. inodorus) cultivar ‘Honey World’ is grown commercially

in Thailand for its fruit. The purpose of this study was to investigate the quality changes in intact and

fresh-cut ‘Honey World’ melon fruit during storage. The intact fruit were stored at room temperature

(27 ± 2 °C) for 21 d and the fresh-cut fruit were stored at 4 ± 2 °C for 9 d. Weight loss, texture,

electrolyte leakage, flesh color, total soluble solids (TSS), titratable acidity (TA), pH and TSS/TA ratio

were determined. Marked loss of texture was detected in both the intact and the fresh-cut fruit throughout

storage. The weight loss and electrolyte leakage of both the intact and fresh-cut fruit increased during

storage. In the intact fruit, lightness and hue angle remained constant throughout storage. An increase in

the whiteness index and a decrease in chroma were detected during storage. In the fresh-cut fruit, the

lightness, whiteness index and chroma declined and hue angle remained constant throughout storage.

The total soluble solids content of both the intact and fresh-cut fruit increased and then remained constant

over storage. The titratable acidity and pH of both the intact and fresh-cut fruit remained constant

during storage. The TSS/TA ratio of the intact fruit declined slightly at day 21 and that of the fresh-cut

fruit increased at day 6 and remained constant during storage. In conclusion, a marked loss of texture

was found and might be the key factor affecting the quality of both the intact and fresh-cut ‘Honey

World’ melon fruit when compared to other parameters.
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INTRODUCTION

Recently, melons have become the fourth

most commercially important fruit in the world,

after oranges, bananas and grapes (Aguayo et al.,

2004). Melons are a popular fruit because of their

pleasant odor and sweet taste (Villanueva et al.,

2004). The main factors limiting the quality of

melon fruit are texture, sweetness and odor

(Portela and Cantwell, 1998; Luna-Guzmán et al.,

1999). The market quality of melon fruit is

determined on the basis of sugar content and more

routinely as the total soluble solids content

measured in °Brix (Lester and Dunlap, 1985;

Villanueva et al., 2004). The total soluble solids

content recommended for melon fruit sold in

markets should be higher than or equal to 10 °Brix

(United National Economic Commission for
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Europe, 2006) and specifically for honeydew-type

melon fruit it should be higher than 8 °Brix USDA

(1981). Portela and Cantwell (1998) reported that

a small change in the sugar content of fully ripe

muskmelon fruit was detected during storage.

Lester and Dunlap (1985) also reported the

accumulation of sugar in muskmelon fruit during

ripening. It is widely recognized that flesh

softening is one of the key factors limiting the

quality, acceptability and shelf-life of fruit and

vegetables; Simandjuntak et al. (1996) suggested

that one of the most common problems of melon

fruit during storage was softening. During

ripening, melon fruit lose flesh firmness rapidly

(Aggelis et al., 1997). Portela and Cantwell (1998)

reported that during storage, the firmness loss in

fresh-cut honeydew melon (Cucumis melo var.

inodorus) fruit was higher than that of fresh-cut

cantaloupe melon (Cucumis melo var. reticulatus)

fruit. The loss of texture is usually related to the

loss of tissue turgor pressure, cell membrane

degradation and cell wall disassembly (Brummell,

2006). Ergun et al. (2005, 2007) reported that the

loss of texture in intact and fresh-cut Galia melon

(Cucumis melo var. reticulatus) fruit was

concomitant with an increase in tissue electrolyte

leakage. Rojas et al. (2006) suggested that the loss

of texture in honeydew melon fruit is related to

the loss of turgor pressure. The relationship

between the loss of firmness and the modification

of pectin polymers and other cell wall components

in melon fruit has been reported by Ranwala et al.

(1992), Rose et al. (1998), Villanueva et al. (2004)

and Supapvanich (2009).

‘Honey World’ melon is known as a

cultivar of the honeydew-type of melons (Cucumis

melo var. inodorus). The surface of the fruit is

white-green with some net lines. The flesh is sweet,

firm, white-green in color and delicate and juicy.

As a commercial melon cultivar grown in

Thailand, there were no reports available for

‘Honey World’ melon fruit regarding quality

changes during storage or the postharvest quality

attributes of either the whole fruit or fresh-cut

products that were investigated in this study.

MATERIAL AND METHODS

Plant material
‘Honey World’ melon (Cucumis melo

var. inodorus) fruit were obtained from a local

orchard in Pannanikhom district, Sakon Nakhon

province. The fruit were harvested at 35 d after

anthesis and then delivered to the Food Technology

Laboratory on the campus of Kasetsart University

in Sakon Nakhon province, and screened for

uniformity so that all samples were free from any

defects. The surface of each fruit was cleaned with

100 µL.L-1 sodium hypochlorite at room

temperature (27 ± 2 °C) and air-dried.

Quality changes in intact ‘Honey World’ melon
fruit

The whole fruit samples were stored at

room temperature (27 ± 2 °C and 63–67% relative

humidity) for 21 d. The texture, weight loss,

electrolyte leakage (EC), flesh color, total soluble

solids, titratable acidity, TSS/TA ratio and pH were

recorded throughout the storage period. Three

replicates were measured.

Minimal processing of ‘Honey World’ melon
fruit

The melon fruits were screened and

prepared as described in the previous section. All

materials used for processing were disinfected

using 200 µL.L-1 sodium hypochlorite. The fruits

were sliced in half with a sharp knife and each

half was cut at the exposed end into four equal

pieces. The seeds, cavity tissues and peel were then

removed. The fruits were cut into cubes

approximately 2 × 2 × 2 cm. Seven cubes were

kept in polyethylene plastic containers wrapped

with punctured wrapping film (10 holes, 0.5 mm

in diameter, were made using a needle). The

containers were kept at 4 ± 2 °C for 9 d. The
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texture, weight loss, EC, flesh color, total soluble

solids, titratable acidity, TSS/TA ratio and pH were

recorded throughout the storage period. Three

replicates were measured.

Physicochemical measurements

Weight loss
The weight loss of both the intact and

the fresh-cut fruit was monitored before and after

storage. The percentage of weight loss during

storage was calculated compared to the initial

weight.

Texture
Flesh texture was determined using a TA-

XT II texture analyzer (Stable Micro Systems,

Surrey, England), equipped with a 2 mm diameter

probe. The probe was driven at a crosshead speed

of 10 mm.sec-1 to a depth of 5 mm. The maximum

force exerted (expressed as kilograms per square

centimeter) was used for texture data.

Electrolyte leakage
Electrolyte leakage measurement was

modified from the method described by Ergun et

al. (2005). Flesh melon cylinders (9 mm in

diameter) were removed from the equatorial part

of the fruit using a cork borer. The cylinders were

cut to produce 4 mm thick discs. Seven discs per

fruit were rinsed with deionised water and dried

using Whatman filter paper. The discs were placed

into a 100 mL beaker and then 30 mL of 500 mM

mannitol was added. The conductivity of the

solution was immediately measured using a

conductivity meter (sensionTM5, Hach Company,

USA). The discs were left in the mannitol for 4 hr

and the conductivity of the solution was then

recorded. For total electrolyte determination, the

discs and bathing solution were stored in a freezer

for 24 hr, thawed and then boiled for 15 min. After

the solution was cooled to room temperature, the

conductivity was measured. The electrolyte

leakage was expressed as the percentage of

mesocarp total electrolyte content.

Flesh color
The color of the melon flesh was

measured using a HunterLab MiniScan@XE Plus

(Hunter Associates Laboratory Inc., USA). The

flesh color was interpreted using values for L*

(lightness), chroma (C* = [a*2 + b*2]1/2) and hue

angle (h° = 180 + tan-1[b* / a*]), where 0° = red

purple; 90° = yellow; 180° = bluish green; and

270° = blue.

Total soluble solids
The TSS content was used to estimate

the sweetness using a hand-held refractometer

(ATAGO MNL-1125, Japan). Juice from the melon

flesh was used to assay the TSS (expressed as

°Brix).

Titratable acidity (TA) and pH
A sample of 10 mL of the juice was

titrated with 0.1 N NaOH using 1% (w/v)

phenophthalene as the indicator. The volume of

0.1 N NaOH used in the titration was recorded.

Titratable acidity was defined as the percentage

of titratable acidity (%TA). For the pH

determination, a 15 mL sample of the juice was

measured using a pH meter (Metrohm,

Switzerland).

Statistical analysis
A complete randomised design was used.

Statistical analysis was carried out using ANOVA

and the means compared using the least significant

difference test at a significance level of P < 0.05

using SPSS software (version 15.0; now a part of

IBM Corp.; White Plains, NY, USA). The data for

the triplicate measurements were presented as the

mean ± standard error (SE).
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RESULTS

Texture, weight loss and electrolyte leakage
A significant decrease in texture was

detected in both the intact and the fresh-cut ‘Honey

World’ melon fruit throughout storage (Figure 1A1

and A2). In the intact fruit, texture decreased from

181 kg.cm-2 at day 0 to 137 and 103 kg.cm-2 at

days 7 and 21, respectively. In the fresh-cut fruit,

texture decreased from 177 kg.cm-2 at day 0 to

124 and 87 kg.cm-2 at days 6 and 9, respectively.

The weight loss of both the intact and the fresh-

cut fruit also increased significantly during storage

(Figure 1B1 and B2). At the end of storage, the

weight loss of the intact fruit reached 7.8% and

that of the fresh-cut fruit reached 18.2%. The

electrolyte leakage (EC) of the intact fruit

remained constant over the first 7 d and a marked

and significant increase in EC was detected on day

21 (Figure 1C1). In the fresh-cut fruit, EC increased

significantly throughout storage (Figure 1C2).

Figure 1 Texture (A), weight loss (B) and electrolyte leakage (C) of the flesh, where the subscripts 1

and 2 for A, B and C represent: (1) Intact ‘Honey World’ melon fruit stored at room temperature

(27 ± 2 °C) for 21 d; and (2) Fresh-cut ‘Honey World’ melon fruit stored at 4 ± 2 °C for 9 d.

Vertical bars represent ± standard error of mean (n=3).
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Flesh color
The flesh color of the intact fruit is shown

in Figure 2. Lightness (Figure 2A) and hue angle

(Figure 2C) remained constant throughout storage.

An increase in the whiteness index was found in

the intact fruit at day 7 and then remained constant

until day 21 (Figure 2B). In contrast, a slight

decrease in chroma was detected in the intact fruit

at day 7 and then this also remained constant until

day 21 (Figure 2D). Figure 3 shows the color of

the fresh-cut fruit. Lightness (Figure 3A) and the

whiteness index (Figure 3B) of the fresh-cut fruit

remained constant from day 0 to day 6 and

decreased at day 9. Hue angle also remained

constant throughout storage (Figure 3C). A slight

decrease in chroma was found in the fresh-cut fruit

at day 6 and then it remained constant over storage

(Figure 3D).

Total soluble solids, TSS/TA ratio, Titratable
acidity and pH

Figure 4 shows the TSS, TSS/TA ratio,

TA and pH of the intact ‘Honey World’ melon fruit.

The TSS and TA increased slightly at day 7 and

then remained constant until day 21 (Figure 4A).

The TSS/TA ratio remained constant until day 7

and a slight increase was detected by day 21

(Figure 4B). The pH of the intact fruit remained

constant throughout storage (Figure 4D). The TSS,

TSS/TA ratio, TA and pH of the fresh-cut fruit are

shown in Figure 5. A slight increase in the TSS

was detected in the fresh-cut fruit at day 6 and

then it remained constant (Figure 5A). The TSS/

TA ratio increased significantly from day 0 to day

6 (Figure 5B). The TA (Figure 5C) decreased

slightly and pH (Figure 5D) remained constant

throughout storage.

Figure 2 Lightness (L*) (A), whiteness index (B), hue angle (C) and chroma (D) of the flesh of intact

‘Honey World’ melon fruit during storage at room temperature (27 ± 2 °C) for 21 d. Vertical

bars represent ± standard error of mean (n=3).
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Figure 3 Lightness (L*) (A), whiteness index (B), hue angle (C) and chroma (D) of fresh-cut ‘Honey

World’ melon fruit during storage at 4 ± 2 °C for 9 d. Vertical bars represent ± standard error

of mean (n=3).

Figure 4 Total soluble solid (TSS) (A), TSS/TA ratio (B), titratable acidity (TA) (C) and pH (D) of

intact ‘Honey World’ melon fruit during storage at room temperature (27 ± 2 °C) for 21 d.

Vertical bars represent ± standard error of mean (n=3).
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DISCUSSION

It is widely accepted that softening is a

key factor affecting the quality of fruit. This study

showed a marked decrease in texture of both the

intact and the fresh-cut ‘Honey World’ melon fruit

during storage which was concomitant with the

increase in weight loss and EC (Figure 1). Loss of

turgor pressure, membrane degradation and

disassembly of cell wall polymers are the three

main factors affecting the loss of texture in fruit

and vegetables (Brummell, 2006). Toivonen and

DeEll (2002) and Brummell (2006) reported that

the increase in electrolyte leakage indicates a

degradation of membrane integrity. Marked loss

of texture in intact melon fruit during storage has

been reported for cantaloupe melon fruit

(Simandjuntak et al., 1996; Gil et al., 2006),

Charentias melon fruit (Rose et al., 1998;

Nishiyama et al., 2007), and Galia melon (Ergun

et al., 2005). Similarly, Aguayo et al. (2004)

reported that the loss of texture is a key factor

limiting the quality of fresh-cut cantaloupe melon

fruit and a similar result has also been reported

for fresh-cut Galia melon fruit (Ergun et al., 2007).

The present study determined the relationship

between the increase in weight loss and electrolyte

leakage and the loss of texture (Figure 1). In a

similar vein, Miccolis and Saltveit (1995) reported

that the softening of melon fruit during storage is

associated with the loss of moisture. Ergun et al.

(2005, 2007) reported that the decrease in firmness

of intact and fresh-cut Galia melon fruit is

concomitant with the increase in electrolyte

leakage during storage. Rojas et al. (2006) reported

that softening in honeydew melon fruit was

associated with the change in tissue turgor

pressure. Moreover, the increase in weight loss and

electrolyte leakage are not the only factors related

to the increase in the loss of melon fruit texture;

cell wall disassembly is also important, as

described by Ranwala et al. (1992), McCollum

Figure 5 Total soluble solid (TSS) (A), TSS/TA ratio (B), titratable acidity (TA) (C) and pH (D) of

fresh-cut ‘Honey World’ melon fruit during storage at 4 ± 2 °C for 9 d. Vertical bars represent

± standard error of mean (n=3).
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et al. (1989), Rose et al. (1998), Nishiyama et al.

(2007) and Supapvanich (2009).

The color of ‘Honey World’ melon flesh

is light-green. As shown in Figures 2 and 3, the

hue angle of both the intact and fresh-cut fruit was

approximately 178° and did not change throughout

storage. Even though the lightness, whiteness

index and chroma changed during storage, these

might not have any influence on the changes in

flesh color of both the intact and fresh-cut melon

fruit. Similarly, Aguayo et al. (2004) reported that

there was no change during storage in the flesh

color of fresh-cut white flesh melon samples—

namely ‘Galia’ melon, ‘Amarillo’ melon and ‘Piel

de Sapo’ melon. These studies suggest that the

change in flesh color during storage was not the

key factor affecting the quality of both the intact

and fresh-cut ‘Honey World’ melon fruit.

Taste is an important factor limiting the

quality of melon fruit. For the commercial market,

the TSS of melon fruit should be higher than or

equal to 10 °Brix and below that level, melons are

not usually suitable for market (United Nation

Economic Commission for Europe, 2006). USDA

(1981) recommended that the minimum soluble

solids content of honeydew-type melons should

be equal to or higher than 8 °Brix. The results from

the present study show that the TSS of ‘Honey

World’ melon grown in Sakon Nakhon province

just reached the minimum required TSS level

(Figure 2A) as recommended by USDA (1981);

however, the TSS of both the intact and the fresh-

cut fruit did not markedly change during storage.

Similarly, no difference in the soluble solids

content of both intact and fresh-cut cantaloupe

melon fruit during storage was reported by Gil

et al. (2006). Portela and Cantwell (1998) also

reported that no changes in the TSS was detected

in fresh-cut honeydew melon fruit during storage.

In the present study, the TA and pH of both the

intact and the fresh-cut melon fruit seemed

constant during storage. In a similar vein, Gil et

al. (2006) reported that the TA and pH of both

intact and fresh-cut cantaloupe melon fruit did not

change during storage for 6 d at 5 °C. A similar

result was also reported for fresh-cut cantaloupe

melon fruit by Supapvanich (2009). The change

in the TSS/TA ratio of both the intact and the fresh-

cut melon fruit was concomitant with the changes

in the TSS and TA during storage. However, these

results suggest that the TSS, TA, TSS/TA and pH

may not be the key factors limiting both intact and

fresh-cut ‘Honey World’ melon fruit quality during

storage.

CONCLUSION

The marked loss of texture in ‘Honey

World’ melon fruit is concomitant with the

increases in electrolyte leakage and weight loss

during storage. The loss of texture is a key factor

limiting the quality of both intact and fresh-cut

melon fruit. The changes in the flesh color, TSS,

TA, TSS/TA ratio and pH may not be the key

factors influencing the quality of both the intact

and the fresh-cut melon fruit during storage. The

results of this work will benefit further studies

using postharvest technology to maintain quality

attributes and prolong the shelf life of the melon

fruit.
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