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Quality Changes in Cantaloupe During Growth,
Maturation, and in Stored Fresh-cut Cubes
Prepared from Fruit Harvested at
Various Maturities
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ABs iissci. Cantaloupe (Ciic:i,nis melo L. var. reticulatus Naudin) were evaluated during development and then freshcut cubes were stored after preparation from various maturities to track quality changes during storage. Flowers

were anthesis tagged one morning in two seasons (years) and developing fruit were harvested weekly at 13, 20, 27 to
28, and 34 to 35 days after anthesis (DAA). Mature fruit were harvested at 37 to 38 DAA with five distinct maturities:
1/4-, 1/2-, 3/4-slip, full-slip (FS), and overripe (OR). Hunter L* and a* color values indicated a change from pale green
to light orange that occurred 28 DAA. There were significant decreases in L* , a*, and b* by day 9 in storage (4 °C)
as fresh-cut cubes. After 28 DAA, sucrose dramatically increased, and this was positively correlated with increases
in both total sugars (r = 0.882, P = 0.084) and percent soluble solids concentration (r = 0.939, P = 0.041). Gradual
deterioration occurred during storage, as determined by a uniform subjective quality criterion, which was
independent of maturity. There was a negative linear trend in hand-held and instrumental firmness over the length
of storage for each maturit y level, and the slopes decreased significantly with increasing maturity, indicating the effect
of storage duration decreased as harvest maturity increased. There as a significant increasing trend in vitamin C
(P= 0.042) during development from 12 through 35 DAA, then losses were greater in fresh-cut cubes prepared from
full-slip fruit (65%) than less-mature fruit: 3/4-slip, 50%; 1/2-slip, 48%; 1/4-slip, 40%. The pH of mesocarp tissue
dropped to the lowest value (5.25) just before physiological maturity at 27 to 28 DAA, then peaked after harvest
(6.51-6.79), and declined somewhat by the end of storage as fresh-cut cubes. III muskmelon fruit used to produce
fresh-cut cubes should be harvested 1/2-slip to attain optimum physiological quality and consumer acceptability.

In muskmelon, development of an abscission layer between
the vine and fruit at the peduncle is a good indicator of full
ripeness and harvest time. Fruit harvested before development
of the abscission zone will not develop quality, volatile,
and flavor attributes similar to fruit that remained on the vine
until fully ripe (Beaulieu, 2006; Beaulieu and Grimm, 2001;
Beaulieu et al., 2004; Pratt, 1971; Wyllie et al., 1996).
However, fruit harvested at or after development of the
abscission have a shorter storage life, and flavor or textural
loss may occur before completion of the marketing process
(Evensen, 1983; Hoover, 1955; Ogle and Christopher, 1957).
Muskmelons are highly regarded for their unique flavor, and
high sugar levels [soluble solids concentration (SSC)] are
generally the determinant of quality (Bianco and Pratt, 1977;
Yamaguchi et al., 1977). However, SSC in five muskmelon
cultivars were only partially correlated with sweetness (Mutton
et al., 1981; Yamaguchi et al., 1977) and high SSC alone did not
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appear to define good melon quality adequately (Aulenbach and
Worthington, 1974; Currence and Larson, 1941; Mutton et al.,
1981). Within a muskmelon fruit, markedly different sugar
levels have been reported at different locations from stem to
calyx across various tissue types (Mizuno et al., 1971). Accordingly, it is a challenge to present consistently the consumer with
an optimum melon or fresh-cut muskmelon product with both
postharvest keeping quality and optimized flavor.
Nevertheless, melons and fresh-cut melons are rapidly
gaining popularity and a large share of the produce market
across the United States (Bareuther, 2000). Total sales in the
fresh-cut category (food service plus retail) was expected to be
$14 billion in 2005, and fresh-cut fruit sales are expected to top
$1 billion per year by 2008 (Produce Marketing Association,
2005). Retail scan data from Aug. 2002 to Aug. 2003 (performed by Information Resources, Chicago) indicated that
fresh-cut fruit sales hit $243 million, an impressive 15% increase in 1 year (Western Farm Express, 2003). Sales trends for
fresh-cut salads indicate clearly that consumers will pay for the
convenience, if quality is perceived to be better than or equal
to uncut product. However, fresh-cut fruit sales have lagged
behind their counterpart, vegetables, because of numerous physiological and biochemical phenomena. Consumers often buy
the first time based on appearance, but repeat purchases are
driven by expected quality factors such as flavor and texture
(Beaulieu, 2006; Waldron et al., 2003).
Cutting plant tissue increases respiration rates and woundinduced ethylene production, and causes major tissue disruption
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as sequestered enzymes and substrates become mixed
(Toivonen and DeEll, 2002; Watada and Qi. 1999; Wiley,
1994). Minimal processing also increases the surface area per
unit volume, which accelerates water loss. Altered water activity and mixing of intracellular and intercellular enzymes
with substrates contributes to physiological, textural, and flavor
changes/losses during or after cutting, which shortens storage
life. These physiological changes may be accompanied by
flavor loss, browning, decay, increased rate of vitamin loss,
rapid softening, color loss, and a shorter storage life.
Maintaining flavor, aroma, postharvest, and microbial quality after processing and throughout the distribution chain is a
major challenge facing the industry delivering fresh-cut fruit
products. Processors believe that many fresh-cut fruit have
about a 7- to 9-d postcutting life. Yet, to move from regional
retail-based operations to centralized national manufacturing,
a minimum shelf life of 7 to 14 d would be required. This has
been achieved with many fresh-cut vegetables and salads, but
not for most fresh-cut fruit because of numerous physiological
reasons (Beaulieu and Gorny, 2004; Toivonen and DeEII, 2002;
Watada and Qi, 1999; Watada et al., 1990: Wiley, 1994). We
have demonstrated previously that muskmelon fruit harvested
at different maturity deliver stored cubes differing significantly
in flavor and textural attributes (Beaulieu et at., 2004). Subsequently, muskmelon fruit were evaluated during development and as fresh-cut cubes stored after preparation from
various harvested maturities to assess physiological and quality
changes during storage. The ultimate goal was to identify the
best harvest maturity required to deliver fresh-cut muskmelon,
with optimized physiological qualities, through storage.
Materials and Methods
PLANT MATERIAL. Orange-flesh muskmelons (Sol Real')
were grown in Kettleman City. CA (year 1), and Five Points,
CA (year 2), as previously described (Beaulieu, 2006). Briefly,
4000 to 6000 flowers were tagged during anthesis in one
morning during peak flowering, and developing fruit proximal
to tagged flowers were removed. Developing fruit were
harvested weekly for 4 weeks at 13, 20, 28, and 35 d after
anthesis (DAA) in June/July (year 1) and 13, 20, 27, and 34
DAA in July in year 2. Fruit were field hydrocooled in an ice
slurry, chilled (5 °C) until packed with Styrofoam beads, and
shipped overnight to the Southern Regional Research Center,
New Orleans (SRRC). For each sampling thy, five immature
developing fruit were used for analysis in year I whereas, six
fruit were used in year 2. Data illustrating attributes in
immature fruit were combined and graphed as 13, 20, 28. 35,
and 38 DAA (corresponding with 3/4-slip at "typical commercial harvest"). Mature fruit were harvested in year I at 38 DAA
with five distinct maturities: 1/4-, 1/2-, 3/4-slip, full-slip (FS),
and overripe (OR); and in year 2 at 37 DAA, omitting OR. Onequarter slip fruit had a clearly green, well-attached peduncle.
whereas 1/2-slip fruit had a distinct abscission layer detectable
at the peduncle, roughly halfway in the stem. Three-quarter slip
fruit (typical commercial harvest) were almost abscised at the
peduncle, and FS fruit had just separated naturally, or was
cleanly separated from the vine with light pressure. Numerous
tagged fruit were flagged at FS, and OR was precisely
categorized as 2 d past FS. Fruit were field hydrocooled, stored
2 d at rz5 °C, packaged as noted, and freighted to the SRRC for
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analysis. In year 1, 5 d elapsed between harvesting and fresh
cutting, and 4 d elapsed before cutting in year 2.
FRESH-CUT CUBE PREPARATION. Fruit in optimum condition
were washed in cold running tap water, sanitized in 100 lILL'
NaCIO (pH, 6.7), rinsed in deionized water, and uniformly
peeled using a CP-44 Melon Peeler (Muro Co., Tokyo), except
13-DAA fruit, which were hand peeled with a carrot peeler.
About 2 to 3 x 2.5-cm cubes were prepared in pielike wedges cut
from the 2.5-cm-wide slices (Beaulieu and Lea, 2003). Equatorial tissue was preferred and were used over blossom and stemend cubes because curvature at the end of fruit lends to odd and
misshapen cubes; however, stem and blossom end tissue were
not precluded when cube size was sufficient. Processing was
done under strict sanitary conditions, using good manufacturing
practices in a food preparation kitchen. Cubes from numerous
fruit (10 per maturity), were randomized, and roughly 300 g
were randomly placed into 710-mL low-profile Juice Catcher
containers (SRW-24-JC; Pactiv Corp. Lake Forest, IL). Freshcut cubes were stored at 4 C and cubes were assessed from
individual containers after 0, 2, 5, 7, 9, 12, and 14 d of storage.
SUBJECTIVE APPRAISAL. A complete and uniform subjective
quality criterion was established for fresh-cut muskmelon to
help predict or point out overall quality deterioration (Beaulieu,
2005). Overall color, edge or tissue damage, spoilage, aroma/
smell, and desiccation were evaluated on a 1 to 9-point scale
where 9 points = excellent (just cut, typical of the cultivar);
7 points = very good; 5 points = good, limit for marketing;
3 points = fair, absolute limit for household use with trimming
or loss; and 1 point = poor, inedible. Odd whole numbers were
sound judgments whereas even numbers were used for borderline decisions. Three trained judges independently performed
subjective assessments each sampling day and their results
were averaged.
PHYSIOLOGICAl. MEASUREMENTS. Percent SSC was measured
from extracted juice samples or expressed cubes with a handheld electronic refractometer (PR IOI; Atago, Tokyo). Firmness
was measured instrumentally (Stable Micro System Texture
Analyzer TA.XT2; Texture Technologies, Scarsdale, NY) as
described previously (Beaulieu et al., 2004). Briefly, 10 freshcut cubes, per maturity, were selected and carefully trimmed on
each side to 1 cm with two razor blades mounted in a stainless
steel device. A compression test was performed in perfect I cm3 cubes using a 4-cm-diameter flat compression probe (100 g
force, 0.981 N) with a force to 75% of original size. Firmness
was also measured in individual cubes with a hand-held
penetrometer (FT327; McCormick, Alphonsine, Italy) using
an 8-mm probe. Cubes were manually held in position while the
probe was rapidly inserted, perpendicularly to the surface, until
the demarcation on the probe. With immature fruit, percent SSC
was sampled in triplicate from 15 fruit (year I) and 18 fruit
(year 2), with five fresh-cut cubes per triplicate container
[experimental unit (EU)J per treatment each year. Color (L*,
a* , and b*) was recorded with a Hunter color meter (DP-9000;
Hunter Associates Laboratory, Reston, VA) calibrated against
both white (93.088, —0.689, and —0.099. for L* , a* , and b*
respectively) and black color tiles. Four color measurements
were taken per cube from immature fruit (15 in year 1 and 18 in
year 2; n = 132) and from five fresh-cut cubes per triplicate EU,
per treatment combination (n = 120). All penetrometer and
color readings were taken from the sides of each cube that were
sliced with a sharp knife, not the soft internal cavity side or the
external side peeled by the Muro peeler.
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TOTAL VITAMIN C ANALYSIS. A high-performance liquid
chromatography (FIPLC) method developed for simultaneous
measurement of ascorbic acid (AA) and dehydroascorbic acid
(DHA) was used (Zapata and Dufour, 1992), with modification.
Because researchers and some companies producing fresh-cut
fruit often use isoascorbic acid and isomers as antibrowning
agents, kojic acid (KA) replaced isoascorbic acid as the internal
standard. Cubes were homogenized with the Braun MP80 food
processor (Gillette Co., Boston), slurry was sieved through two
layers of Miracloth (Cedarlane Laboratories Ltd, Hornby, ON,
Canada), 1 niL was placed into a 10-mL volumetric flask to
which 1 mL KA solution (internal standard) was added, and 140
I.IL of a 1.0 N HCI solution was added to acidify the reaction.
Then 5 MeOH :95 MilliQ water (v/v) was added up to 10 mL,
mixed thoroughly, transferred to a centrifuge tube covered
tightly with parafllrn (Pechiney Plastic Packaging Co., Chicago), and centrifuged (Sorvall RC SB Superspeed Centrifuge;
DuPont Instruments, Wilmington, DE) 5 rnin at 10,000 g,, at
4 °C. Supernatant (3 rnL) was removed to a test tube, to which
I mL derivatizing solution, 1,2-benzenediarnine dihydrochloride, was added (final Ph, 2.20-2.45), vortexed for 5 s, filtered
through a 45-pm filter disk syringe into a brown sample vial,
crimp sealed with a septa-lid, placed 37 inin in total darkness at
room temperature (20 °C), then read on the HPL chromatograph. A Hewlett Packard 1090 Series II HPLC (Agilent
Technologies, Santa Clara, CA) was equipped with an Alitima
C18 (Alltech Assoc., Deerfield, IL) precolumn (3 x 4.6 mm)
and an Alltima C18 column (250 x 4.6 mm), with a variable
wavelength ultraviolet detector and an automatic (20 l.IL)
sampling loop. The mobile phase was HPLC-grade 5 methanol
95 water (v/v) containing 5 mm cetrimide (hexadecyltrimethylammonium bromide) and 50 m'vi KH 2 PO 4 with a 1.8-mLmin
flow rate with 12-min runs. 1,2-Benzenediamine dihydrochloride derivatizes DHA into the fluorophore 3-( 1 ,2-dihydroxyethyl)furo[3,4-b]quinoxaline-1-one at 348 nm, and AA and KA
were then detected at 261 nm. Concentrations were determined
based on internal standard (KA) in all samples and known
standard calibration curves of AA (r2 = 0.999) and DHA
(r2 = 0.999). Analysis was performed in triplicate only in year I.
SUGAR ANALYSIS. Sucrose, glucose, and fructose were analyzed by gas chromatograph (GC) on a Hewlett Packard 5890A
(Agilent Technologies) equipped with a flame ionization
detector, based on the International Commission for Uniform
Methods of Sugar Analysis method GS7/3-22 (2002), with
modifications (Beaulieu et al., 2003; Eggleston et al., 2002). A
DB-5 capillary column (5% phenyl—methyl polysiloxane,
30 m, 0.25-mm internal diameter, with a column film thickness
of 0.1 gm), was used with the following GC conditions:
injection port, 300 °C; detector 310, °C, oven started at 100
°C for 3 min then was programmed at S '/min until ISO °C, then
10 '/min until 300 °C, remaining at 300 °C for 10 mm. Head
pressure was 145 kPa with a 25:1 split ratio; sample volume was
1 l.tL. Trehalose dihydrate (Alltech Assoc.) was the internal
standard for sucrose, and methyl-a-D-glucopyranoside (SigmaAldrich, St. Louis) was the internal standard for glucose and
fructose. Analysis was only performed in year I on immature
fruit. Data were expressed as the percent sugar in juice basis (w/
w), where percent SSC was measured in samples with a
temperature-controlled refractometer accurate to ±0.01%
(TCR 15-30; Index Instruments, Ramsey, UK).
STATISTICAL ANALYSIS. Data were analyzed using SAS Proc
Mixed (SPlus release 8.2; SAS Institute, Cary, NC). For harvest
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maturity and storage as fresh-cut cubes, data were analyzed as a
randomized complete block design with a two-way treatment
structure (7 >< 5) with seven storage levels (days 0, 2, 5, 7, 9, 12,
and 14) and five maturity levels (1/4-slip, 1/2-slip, 3/4-slip, FS,
and OR), with the exception of color and the subjective variable edge or tissue damage. The study was repeated in 2 years;
however, there were no year I measurements for days 12 and
14, and there were only measures for OR in year 1. Each
treatment combination had three discrete containers as replications (EU), from which individual cubes comprised subsampIes. The Tukey multiple comparison procedure was used to
evaluate mean differences when main effect or interaction
means were statistically significant (P < 0.05). All multiple
comparisons (e.g., intercepts and slopes with 95% confidence
intervals) were conducted at the 0.05 level of significance.
With regard to the L* , a* , and b* color data, measurements in
year 2 for day 7 were dropped from the analyses because of
anomalous readings that could not be resolved. The initial
fresh-cut cube color analyses showed a significant year effect
(P < 0.0001). Subsequently, to eliminate the possibility that
interaction effects were a result of the missing treatment
combination within years, only those day and maturity levels
that were measured in both years were analyzed together. Color
data were analyzed as a randomized complete block design with
a two-way treatment structure (4 x 4) with four storage levels
(days 0,2,5, and 9) and four maturity levels (1/4-slip, 1/2-slip,
3/4-slip, FS). The data for the subjective evaluation of edge or
tissue damage were not normal, so a nonparametric test
(Kruskal-Wallace rank sum) for main effect differences was
conducted and a nonparametric test for trend (Mann—Kendall),
was applied. The Mann-Kendall test for trends was also applied
to the vitamin C data analysis.
Results and Discussion

Previous studies have shown there are significant differences
between volatiles in immature fruit that were harvested during
growth and development versus mature fruit harvested during
late stages of growth and development (Beaulieu, 2006;
Beaulieu and Grimm. 2001; Shalit et al., 2001). Correspondingly, one would expect significant physiological changes
between immature and mature fruit, as previously described
(Lester, 1990, 1998; Lester and Dunlap, 1985; Pratt, 1971; Pratt
et al., 1977; Wyllie et al., 1996). This was reconfirmed and
extended for stored fresh-cut cubes via analysis of color,
firmness, sugars, and vitamin C in 'Sol Real' muskmelon.
Physiological trends: Immature to mature fruit

The Hunter L* and a* values indicated a marked color
change from pale green to light orange that occurred 28 DAA
(Fig. 1). The a* value changed sharply from negative (greenness) to positive (redness) and, concomitantly, the L* value
(lightness) decreased, indicating a change from lighter to darker
orange. The seed cavities were fully mature by 35 DAA and
the tissue was already light orange with a faintly characteristic
muskmelon odor. There was, furthermore, a marked distinction
between 35 DAA versus 38 DAA in terms of ester and acetate
concentration (Beaulieu, 2006). There was also a gradual then
marked decrease in firmness as well as an increase in percent
SSC during fruit development to harvest on 37 and 38 DAA
(Fig. 2). From 13 DAA until harvest there was a total 51.9%
decrease in firmness, yet roughly one-third of the overall
J. AMER. Soc. HORT. Sci. 132(5):720-728. 2007.
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Fig. 3. Sugars (sucrose, glucose, and fructose) and percent soluble solids (SS)
in 'Sol Real' muskmelon mesocarp tissue during fruit development. Single
year data (year I); n = 3 ± St) per point.

firmness loss (32.5%) occurred only during 3 d: from 34 to 35
DAA to 37 to 38 DAA. During growth and development
through to commercial harvest, SSC doubled (5.37% to
10.62%).
Percent glucose and fructose in the juice were highly correlated (r = 0.997, P = 0.002), and remained somewhat stable
during development, each comprising roughly 2% sugar in
juice (w/w) of the total sugars (Fig. 3). Twenty-eight DAA,
sucrose markedly increased, and this was positively correlated
with increases in both total sugars (r = 0.882, P = 0.084) and
percent SSC (i = 0.939, P = 0.041) of the expressed samples.
Sucrose concentration was correlated to total sugar concentration in numerous C. melo cultivars that accumulate sucrose
(Stepansky et al., 1999). As previously noted in muskmelons
(Hubbard et al., 1989; Lester et al., 2001; McCollum et al.,
1988: Wang et al., 1996), there was almost no sucrose
accumulation during the early stages of growth and development as the glucose and fructose concentrations increased
slightly through 28 DAA. It has been well established that
sucrose accumulates massively during the final stages of
maturation and is the dominant sugar in most dessert melons
(Bianco and Pratt, 1977: Hubbard et al., 1989: Lester, 1998;
Lester and Dunlap, 1985; Lester et al., 2001; McCollum et al.,
1988; Stepansky et al., 1999; Wang et al., 1996). During devel-

opment, total sugars and percent SSC were highly positively
correlated (r = 0.990, P = 0.007), as illustrated in Fig. 3. We
previously documented that percent SSC in expressed cubes
and homogenized juice were correlated, and that cube measures
were generally higher (Beaulieu et al., 2003). The current data
again illustrate how expressed percent SSC readings slightly
overestimate (1% to 2%) true sugar content of the tissue.
Vitamin C (combined DHA and AA) had a statistically
significant increasing trend (Maim-Kendall test for trend, P =
0.042) during development from 12 through 35 DAA (Fig. 4).
The individual components of total vitamin C (AA and DHA)
followed the same general trend (data not shown). Vitamin C
peaked at 35 DAA (47.3 mg/I00 g), and afterward there was
a decrease in vitamin C content between 35 DAA and the
beginning of cutting. This loss, independent of maturity, was
likely the result of shipping, handling, and the natural senescence process. Nonetheless, upon processing, all four maturities contained between 33.8 to 40.9 mg/ 100 g vitamin C, which
falls within the range of 36.7 mg/100 g reported in the U.S.
Department of Agriculture (USDA) National Nutrient Database
for Standard Reference (U.S. Department of Agriculture.
2006).
The pH of the mesocarp tissue (homogenized) dropped to the
lowest value (5.25) 27 to 28 DAA, just before physiological
maturity (the point at which viable seed achieves its maximum
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dry weight), then increased markedly during growth and
development, peaking (6.51-6.79) after harvest (Fig. 5) as
previously reported (Wang et al., 1996).
Physiological trends: Stored fresh-cut cubes prepared
at various maturities

There were numerous significant main effect or interaction
means, and clearly significant maturity-dependent trends for
various physiological parameters in stored fresh-cut muskmelon prepared from fruit harvested at distinctly different
maturities. In general, the fresh-cut cubes maintained very
good appearance throughout the duration of storage (14 d)
while held under ideal conditions at optimal temperatures
(4 °C).
SUBJECTIVE QUALITY ASSESSMENT. Consumers might not
notice subtle quality deterioration of fresh-cut fruit in the
package, and we have determined that discrete quality evaluations by trained persons can often highlight physiological
deterioration earlier than apparent overall quality loss deems
the product commercially unacceptable (Beaulieu et al., 2003).
A similar trend was again observed in fresh-cut muskmelon,
using a rigorous subjective quality criterion (Beaulieu, 2005),
even though product remained acceptable and marketable
(averaged scores, ^!5 points) throughout storage. Herein,
overall fresh-cut muskmelon held with good appearance
through the duration of storage (up to 14 d) with little exception.
Edge and tissue damage declined significantly after 5 d in
storage, and there was a significant mean separation between
days 0 to 5 versus 7 to 14 (Table 1). It is noteworthy to mention
that these results indicating acceptable appearance occur in a
product that has not withstood the rigors of normal commercial
shipping and handling. A nonparametric Kruskal-Wallace rank
sum test for main effect differences in edge or tissue damage
was conducted, and there were statistically significant year
and day main effects (Table I). There was also a statistically
significant downward trend with increasing storage time using
the nonparametric test for trend (Mann-Kendall; test statistic =
-18, P = 0.00 14). The same general trend was observed in the
overall averaged subjective data for all treatments, which was
driven most by the single parameter "desiccation" (data not
shown). Gradual deterioration is an expected result of general
senescence, and little to no microbial decay (data not shown)
was indicated because no precipitous "spoilage" or subjective
full-slip, year-I
--. 1/2-slip, year-2
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between years from harvest to cutting.
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Table 1. Analysis of variance for subjective "edge and tissue damage,"

with a Kruskal-Wallace multiple comparison procedure
(experiment wise error rate = 0.05) to determine mean separation,
in fresh-cut muskmelon prepared at various maturity and stored up
to 14 dat 4 'C.
p
df
Source of variation
0.0000
1
35.483
Year
0.0000
54.079
6
Day
4

3.742

0.4421

n
27

Mean
8.70

Mean separation'
a

27
27
27

8.18
8.11
7.00

b
b
de

9

27

7.22

c

12
14

15
15

7.00
6.86

de
e

Maturity

Day
0
2
5
7

'Means followed by the same lowercase letter were not significantly
different (P> 0.05) from each other.

average declines were observed. Based on overall average
subjective scores through the whole experiment, only one
treatment, 1/2-slip day 14, had possible microbial deterioration
or more rapid decay (5.8) compared with the other day 14
treatments (7.0). This treatment (1/2-slip day 14) also had the
only incidence of a subjective "spoilage" score attaining the
cutoff (5 points) for marketability. There were significant day
(P < 0.0001) and day x maturity (P <0.0001) effects for both
aroma/smell and desiccation. No significantly different maturity main effects for these parameters indicates that gradual
deterioration occurred during storage, which was independent
of maturity. This was evidenced by statistically significant
day x maturity interaction effects in "aroma/smell" and
"desiccation."
COLOR (HUNTER). Because the initial instrumental color
analyses showed a significant year effect (P < 0.0001), only
those days (0, 2, 5, and 9) and maturity levels measured in both
years were analyzed. The Hunter tristimulus color measurements L* , a* , and b* had statistically significant (P < 0.005)
year, day, and maturity effects, and no statistically significant
(P> 0.109) day x maturity interaction effects (Table 2). This
was corroborated with statistically significant year, day, and
day >< maturity interaction effects in subjective color appraisals
(data not shown). For each color measurement, L* , a* , and
b* , day 9 had the smallest mean value that was statistically
different (P = 0.05) from day 0, the largest mean value (Table
3). There were no mean trends for maturity in L* and a* color
measurements, and color at harvest was 66.06 and 13.63 for L*
and a* respectively. There was an increasing mean trend for b*;
as maturity increased, so did the mean value of b*. Overall,
tissue became lighter (L*), less red-orange (a*), and more
yellowish (b*). However, as previously reported (Boynton
et al., 2005), there were not consistent changes in hue during
storage (data not shown). Cantaloupe has weak polyphenol
oxidase activity, which helps explain the lack of browning
reactions in the cut product, even though water-dipped cubes
have demonstrated significantly different color (chroma and
L*) compared with cut control cubes (Lamikanra et al., 2000).
FIRMNESS (HAND HELD AND INSTRUMENTAL). There was no
statistically significant year effect for hand-held (McCormick)
firmness in stored fresh-cut cubes. There were statistically
J. AMER. Soc. HORT. Sci.

132(5):720-728. 2007.

Table 2. Analysis of variance and parameter estimates for Hunter color measurements (L* , a* , and b*) in fresh-cut cantaloupe stored at 4 °C.
P
Mean
Source of variation
df
Sum of squ
Hunter L*
97.404
74.900
Year
97.404
<0.0000
17.860
5.953
4.578
0.0052
Day
3
43.373
14.457
11.117
<0.0000
Maturity
3
1.642
0.2704
Day >< maturity
17.780
1.263
9
102.736
1.300
Residual
79
Hunter a*
108.224
221.561
<0.0000
108
Year
4.507
9.227
<0.0000
Day
13.522
2.344
4.800
0.0040
Maturity
7.033
0.339
0.693
Day x maturity
3.047
0.7131
0.488
Residual
79
38.589
Hunter b*
127.846
219.446
1
127.846
<0.0000
Year
4.232
7.264
0.0002
3
12.696
Day
20.250
6.750
11.586
<0.0000
3
Maturity
1.677
0.1086
9
8.791
0.977
Day x maturity
46.024
Residual
79
0.583
Color data were analyzed as a randomized complete block design with a two-way treatment structure (4 x 4) with four storage levels (days 0,
2, 5, and 9) and four maturity levels (1/4-slip, 1/2-slip, 3/4-slip, full-slip).
significant day (P < 0.0001) and maturity (P < 0.0001) main
effects and day >< maturity (P = 0.006) interaction effects (Table 4).
There was a negative linear trend over the length of storage for
each maturity level; the slopes decreased with increasing
maturity (Table 4). This indicates that the effect of storage
duration decreased as maturity increased, and this was reflected
in the slope estimates. The intercept for 1/4-slip was statistically different from the four other maturity levels, indicating
that day 0 firmness in 1/4-slip cubes was statistically different
from the other four maturity levels, similar to instrumentally
observed texture (Beaulieu et al., 2004). Use of a texture
analyzer has illustrated consistent firmness loss in stored
fresh-cut muskmelon with both a puncture test (Gil et al.,
2006; Luna-Guzrnán and Barrett, 2000) and a compression test
(Beaulieu et al., 2004).
The modulus of elasticity (Young's modulus), the ratio of
stress to strain as calculated from the slope of the force/
deformation curve before the elastic limit (at the first bioyield),
is correlated with firmness (Abbott and Harker, 2004). Young's
Table 3. Mean estimates for Hunter L* , a* and b* color in stored (4°C)
fresh-cut muskmelon, prepared at various maturity, according to
Tukey multiple comparison procedure with an experiment wise
error rate = 0.05.
Multiple mean comparisons
L*
b*
a*
Days
az
13.63
a
40.09
a
66.06
65.72ab
13.63a
40.15a
39.89a
65.94a
13.10ab
39.24 b
65.01 b
12.74 b
Maturity
39.13 b
66.67 b
12.82 b
1/4-slip
65.10 a
39.74 a
1/2-slip
13.48 a
65.05 a
40.19 a
3/4-slip
13.49 a
65.98 b
13.31 ba
40.30 a
Full-slip
'Day and maturity means, per column, followed by the same lowercase
letter were not significantly different (P > 0.05) from each other.
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modulus followed a decreasing linear trend that was maturity
dependent (Fig. 6). Again, the magnitude of the slope decreased
with maturity (1/4 slip = -1.805 to FS = -0.033), an indication
that the effect of storage time decreased as maturity increased.
This was demonstrated in the slope estimates for FS, which
were not statistically different from 0 (P = 0.842). The Young's
modulus mean for 1/4-slip versus 1/2-slip, 3/4-slip, and FS was
statistically different (P = 0.05) on day 0, but by day 7 the four
maturity means were not statistically different (P = 0.05). On
day 0, the Young's modulus mean for 1/4-slip was significantly
suppressed as a result of significantly longer times required to
attain the distance to bioyield (data not shown). We previously
reported that Young's modulus had a significant negative
correlation with wetness, and positive correlation with hardness
and cohesiveness (Beaulieu et al., 2004). Subsequently, preparing fresh-cut cubes with FS fruit results in a "wet" product
that has poor hardness.
Whole muskmelon fruit and cube firmness was also positively correlated with increasing acetate ester levels (Beaulieu,
2005), and acetate loss was correlated with firmness loss in
stored fresh-cut cubes (Beaulieu, 2006). To deliver a longer
shelf life, some companies producing fresh-cut products prefer
to process less-mature fruit, which are typically firmer, as
clearly demonstrated within this study. However cubes prepared with less-mature fruit that are excessively firm, lack
flavor volatiles (Beaulieu, 2006) and have inferior, less acceptable sensory attributes (Beaulieu et al., 2004).
PERCENT SOLUBLE SOLIDS CONCENTRATION. There were statistically significant main effects for year (P < 0.0001), day
(P <0.0001), and maturity (P = 0.002), and the year mean effect
for percent SSC was substantial. We previously illustrated that
percent SSC declined markedly in all four maturities after 7 d of
storage, and SSC was much lower in 1/4-slip cubes compared
with the other three harvest maturities through 9 d of storage
(Beaulieu and Baldwin, 2002). However, trends in the combined 2-year data set were not as apparent because the overall
percent SSC levels were higher in year 2 (data not shown).
There was an increasing trend in percent SSC for maturity from
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Table 4. Parameter estimates for hand-held firmness (8-mm probe; McCormick, Aiphonsine, Italy) in fresh-cut muskmelon stored at 4 °C.
Intercept
Slope
95% LCLZ
Maturity
Mean
SigY
95% UCL'
95% LCL
Mean
Sig.
95% UCL
19.707
21.070
22.434
1/4-slip
-0.973
-0.789
a
-0.604
1/2-slip
16.039
17.402
18.766
-0.820
-0.636
ab
-0.452
15.387
3/4-slip
16.751
18.115
-0.756
-0.572
ab
-0.388
Full-slip
15.871
17.234
18.598
-0.611
-0.427
ab
-0.243
Overripe
14.494
16.365
18.237
-0.467
-0.246
-0.024
b
'LCL, lower confidence limit; UCL, upper confidence limit with 95% confidence intervals.
Sig., confidence interval significance of mean separation (P < 0.05). Means, per column, followed by the same lowercase letter were not
significantly different from each other.
Data were analyzed as a randomized complete block design with a two-way treatment structure (7 x 5) with seven storage levels (days 0, 2, 5,
7, 9, 12, and 14) and five maturity levels (1/4-slip, 1/2-slip, 3/4-slip, full-slip, and overripe).
1/4-slip to OR in the combined analysis, yet there did not appear
to be significantly different trends during the length of storage
(data not shown). This is not surprising considering that
substantially different spatial distribution of sugars has been
reported within individual melon fruit (Mizuno et al., 1971). In
previous 1-year studies, decreases in percent SSC and sugar
concentration were reported in numerous eastern and western
shipper fresh-cut muskmelon cultivars (Beaulieu, 2005;
Cantwell and Portela, 1997; Lange, 1998).
VITAMIN C AND p H. Cubes prepared from all four harvest
maturities had statistically significant decreasing trends (MannKendall test for trend, P = 0.042) in vitamin C content that
occurred at or just after 7 d in storage (corresponding with 50
DAA) at 4 °C (Fig. 4). Vitamin C losses were greater in freshcut cubes prepared from FS fruit (65%) than less-mature fruit:
3/4-slip, 50%; 1/2-slip, 48%; and 1/4-slip, 40%. This trend is
logical in that more mature fruit will senescence faster (corroborated by the previous firmness data), and hence lose quality
traits quicker than less mature fruit. Similar AA decreases have
been reported during storage in whole fruit, and especially in
more mature FS fruit (Evensen, 1983). Slight vitamin C losses
in fresh-cut muskmelon were recently reported (Gil et al.,
2006), although absolute levels of vitamin C recovered were
very low compared with our study and with the reference data
in the USDA National Nutrient Database for Standard Reference (U.S. Department of Agriculture, 2006). Nonetheless, this
is the first report of maturity-dependent vitamin C loss in freshcut fruit. Corresponding with decreasing vitamin C content, the
20
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Fig. 6. Instrumental firmness (Young's modulus) in stored (4 °C) I-cm3 freshcut muskmelon cubes prepared from fruit at four maturity levels (1/4-slip,
1/2-slip, 3/4-slip, and full-slip). Single-year data (year 1); SE, standard error
bars about the means; n 10. Most error bars are hidden by the data points.
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pH of cut tissue also decreased toward the end of storage. Only
year effects were observed in pH, and there were no significant
differences between maturities. Subsequently, random maturity
and year traces were presented (Fig. 5). A generally neutral pH
was conserved during storage, and fruit were only acidic during
immature stages. This cultivar (Sol Real) had marked pH
fluctuation during growth and development compared with
another orange flesh cultivar previously reported (Lester and
Dunlap, 1985). The absence of marked acidity increase during
storage as fresh-cut cubes indicates little lactic acid bacterial
growth, as previously reported (Lamikanra et al., 2000).
Conclusion

During muskmelon development, Hunter a* values changed
sharply from negative (greenness) to positive (redness), and L*
values decreased from light orange to dull, then deeper orange
27 to 28 DAA. Sucrose markedly increased 28 DAA, and this
was positively correlated with increases in total sugars (r =
0.882, P = 0.084) and percent SSC (r = 0.939, P = 0.04 1). Total
vitamin C significantly increased (P = 0.042) during development from 12 through 35 DAA. The pH of the mesocarp tissue
(homogenized) dropped to the lowest value (5.25) 27 to 28
DAA, just before physiological maturity, then increased markedly during development and maturity, peaking after harvest
(6.51-6.79), and generally declined by the end of storage as
fresh-cut cubes.
To the best of our knowledge, this study, including others
(Beaulieu, 2006; Beaulieu et al., 2004), was the first to evaluate
physiological, volatile, and sensory differences comprehensively in fresh-cut muskmelons prepared from several distinct
initial maturity stages. In general, the fresh-cut cubes maintained a very good appearance throughout the duration of storage (14 d) while held at optimal temperatures (4 °C). Gradual
subjective deterioration occurred during storage, which was
independent of maturity, and there were statistically significant
day and maturity main effects and day x maturity interaction
effects. Vitamin C losses were greater in fresh-cut cubes
prepared from FS fruit (65%) compared with less-mature fruit:
3/4-slip, 50%; 1/2-slip, 48%; and 1/4-slip, 40%. There was a
negative linear trend over the length of storage in hand-held
firmness for each maturity level, indicating that the effect of
storage duration decreased as maturity increased.
Significant maturity-independent declines of firmness and
acetate in fresh-cut cubes of 'Sol Real' have been observed, as
reported herein and previously (Beaulieu, 2006; Beaulieu et al.,
2004). Herein, and in another 2-year repeated study with 'Sol
J. AMER. Soc. HORT. Sci.
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Real' (Beaulieu, 2005), fresh-cut cubes rapidly lost firmness,
and acetate levels concomitantly declined during storage.
Coinciding with reduced volatiles recovered in 1/4-slip fruit
(Beaulieu, 2006) was the fact that these fresh-cut cubes retained
more finTiness during storage compared with the other three
maturities (Beaulieu et al., 2004). Parallelism may be drawn
between our findings and those in sliced pear (Pyrus calleryana
Decne 'Bradford') (Gorny et al., 1998a) and peach [Prunus
persica (L.) Batsch] (Gorny et al., 1998b), where some
ripening-related phenomena such as softening occur, but other
ripening-related processes such as flavor development and
acceptable texture were compromised when fruit were processed at an excessively immature stage.
To deliver a longer shelf life, firmer, often less mature fruit
may be processed by companies. Such a scenario is also much
more common during the "off season," when imported melons
are processed. However cubes prepared with less mature fruit,
that are excessively firm, as clearly demonstrated within this
study, lack flavor volatiles (Beaulieu, 2006) and have inferior,
less acceptable sensory attributes (Beaulieu et al., 2004).
Overall, and based on these quality data, it appears that high
quality fresh-cut muskmelon can be prepared with fruit when
harvested at least 1/2-slip, but not from 1/4-slip fruit. This is very
significant concerning the acquisition of high-quality "ripe" offseason, nondomestic produce and postprocessing quality.
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