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SUMMARY. Dudaim melon (Cucumis melo Group Dudaim) is a unique edible melon
for which few postharvest physiology studies have been conducted. To investigate
the postharvest behavior of dudaim melon, two cultivars (Zangi-Abad and
Kermanshah) were planted, tagged at anthesis, and harvested at two maturity
stages: 21 and 28 d after anthesis (DAA). Harvested fruit were stored at 5 or 13 �C
for up to 3 weeks and various quality parameters including color, firmness,
titratable acidity (TA), total soluble solids (TSS), weight loss, chilling injury (CI),
ethylene production, protein content, glucose content, fructose content, sucrose
content, and maltose content were assessed during storage. After 3 weeks of storage
at 13 �C, early-harvested fruit (21 DAA) had relatively similar color values (L*,
lightness; a*, green–red tones; b*, blue–yellow tones) and TA compared with late-
harvested fruit (28 DAA); however, some quality traits, such as TSS, were not
similar. Ethylene content decreased initially after harvest and then started to
increase during storage at 13 �C. Formost treatments, glucose and fructose contents
decreased whereas sucrose andmaltose contents increased with advancing maturity.
Increased ethylene production, in concert with color development at 13 �C, similar
to ripe fruit, and the changing balance of measured mono- and disaccharide sugars
in harvested fruit likely indicates ‘Kermanshah’ is climacteric. Results for ‘Zangi-
Abad’ were not as definitive. Dudaim melon fruit can be harvested at an optimum
stage of maturity, similar to known climacteric melon fruit, and then allowed to
ripen at proper storage temperatures before consumption. Based on the results of
this study, we recommend that harvest at 21 DAA and storage at a nonchilling
temperature such as 13 �C are the optimal stage and temperature for long
storage purposes.

M
elon (Cucumis melo) is one
of the most important hor-
ticultural crops in Iran.

Worldwide, more than 31 million t
of melons were produced in 2016,
with China, Turkey, and Iran being
the major producers (Food and Agri-
culture Organization of the United

Nations, 2016). The dudaim or
queen anne’s pocket melon is a special
melon traditionally cultivated in Iran.
It is characterized by small reddish
yellow fruit with ochre stripes, and
a round or slightly oval shape with
velvety skin. It has a uniquely fragrant
and musky aroma (Aubert and Pitrat,
2006; Shu et al., 1995), and a whitish
and insipid pulp that is barely edible
(Raghami et al., 2013). The fragrance
of the melon has been generally de-
scribed as a mix of cantaloupe, pine-
apple, and a hint of jasmine (Aubert

and Pitrat, 2006). Dudaim melons
are not sweet, but are valued for their
high fragrance, ornamental beauty,
and medicinal properties (Soltani
et al., 2010). In Kermanshah prov-
ince, one of the important places of
melon production in Iran, Iranian
farmers grew almost 689 ha of
dudaim melon, with a total produc-
tion of 12,000 t (Islamic Republic
News Agency, 2014).

There are 19 horticultural gr-
oups of melon, with dudaim being
one of them (Pitrat, 2016). As a re-
sult of known and probable inter-
breeding among melons and melon
types, the dudaim and chito (C.
melo Group Chito) groups were
combined because some melons
typically termed dudaim did not
always have white flesh or lacked
sweetness (Munger and Robinson,
1991). The fruit mature �1 month
after pollination and detach from
the plant when ripe (Hatami et al.,
2016). The stripes change color as
the fruit approaches maturity. The
dark-green stripes become intense
orange, maroon, or brown and the
light-green stripes become intense
yellow (Paris et al., 2012).

We have demonstrated previ-
ously that the best apparent ripening
indices for dudaim melons are the
color change of stripes and tendril
condition (yellow or dry tendril),
and the recommended internal ripen-
ing indices are color of fruit flesh and
TSS content (Hatami et al., 2016).
However, there is often noted vari-
ability between and within melon
types regarding ethylene production,
softening, and postharvest chilling
sensitivity (Fernandez-Trujillo et al.,
2008; Pech et al., 2008).

Melon fruit ripening is a geneti-
cally determined event that involves
a series of changes in color, texture,
firmness, aroma, and flavor, making
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fruit scent and flavor appealing to
consumers (Nunez-Palenius et al.,
2008). Decreasing growth rate and
increasing soluble solids contents are
important physiologic changes that
clearly precede accelerated ethylene
production. Because melons do not
store starch, ethylene cannot affect
soluble solids content by increasing
starch hydrolysis, as in banana (Musa
acuminata) or pear (Pyrus communis)
(Pratt, 1971; Pratt et al., 1977). The
flavor of fruit and vegetables and their
quality depend mainly on the amount
of soluble sugars such as glucose,
fructose, maltose, and sucrose (Cai
et al., 2015). Sugar content (related
to sweetness), volatile content (re-
lated to flavor and aroma), and the
texture of melon fruit are important
indices of maturity (Beaulieu, 2006;
Beaulieu and Lancaster, 2007).

The ripening process in melons
includes both ethylene-dependent
and ethylene-independent pathways
(Pech et al., 2008). Some ripening-
associated events, such as degreening
of the rind and cell separation in the
peduncular abscission zone, are to-
tally dependent on ethylene. In con-
trast, some other ripening events,
such as softening and membrane de-
terioration, depend only partially on
ethylene and display some ethylene-
independent components (Flores
et al., 2001).

To the best of our knowledge,
there are no publications that elu-
cidate the climacteric ethylene pro-
duction in dudaim fruit. Although
the postharvest attributes in other
groups of melon such as inodorus
(C. melo Group Inodorus) and canta-
lupensis (C. melo Group Cantalupen-
sis) have been investigated extensively,
the dudaim group is limited to the
studies of Aubert and Pitrat (2006),
Shu et al. (1995), and Zeinalipour
et al. (2017). The goal of this work
was to evaluate the storability, quality
changes, and general postharvest be-
havior of different maturity stages in
dudaim melon during storage.

Material and methods

PLANTING AND HARVESTING.
Two cultivars of dudaim melon
(Zangi-Abad and Kermanshah) were
direct-seeded in a randomized com-
plete block design at theMohammad-
Shahr Research Station (Karaj, Iran)
of the Horticultural Science Department
of the University of Tehran. There were

three rows per cultivar, six plants per row
in the field, totaling 18 plants per treat-
ment. The spacing was 1 m between
rows and 0.5 m between plants in rows.
Watering was accomplished by the drip
tape method every 3 d, and the average
diurnal temperature was 27.9 �C (aver-
age maximum temperature, 35.9 �C;
average minimum temperature, 19.9
�C). The soil type was a clay loam
(46.2% clay, 31.2% silt, 22.6% sand)
without fertilizer application and no
chemical pest control.

About 30 d after seed germina-
tion, female flowers were tagged on
the day of anthesis and fruit were
harvested at two maturity stages: 21
and 28 DAA. These harvest stages
were determined from other field tri-
als in which fruit generally had a green
rind color at about 21 DAA (early
harvest), which became an orange,
mottled fully ripe color (light-yellow
background) by about 28 DAA (late
harvest) and, if left in the field, would
display the maroon/brown-mottled
color (orange background) by about
35 DAA (Hatami et al., 2016). Har-
vested fruit were stored at 5 or
13 �C for 3 weeks (relative humidity,
90% to 95%) to investigate possi-
ble alterations in ethylene produc-
tion and chilling sensitivity. Quality
parameters were measured every 7
d in storage. Storage at ambient room
temperature was the standard for pro-
gressive stages of fruit color change,
as shown in Fig. 1.

QUALITY ANALYSES. Surface color
values including L*, a*, and b* were
measured using a colorimeter (Chroma
Metermodel CR-400;Minolta, Osaka,
Japan) at three random points on the
fruit rind (within the dark-strip areas;
the ground color was not measured).
Fruit firmness was measured at two
points on the equatorial zone of the
fruit, without pre-peeling the epidermis,
using a hand-held firmness penetrome-
ter (FT 327; Effegi, Alfonsine, Italy)
fitted with an 8-mm-diameter plunger
tip. Fruit were measured at storage
temperatures and the mean skin thick-
ness for the two cultivars was about
1 mm. Titratable acidity was expressed
as apercentageof citric acid, asmeasured
by titrating 5mL fruit juice with 0.01N
sodium hydroxide to a pH endpoint of
8.1. Soluble solids content of the fruit
juice was determined using a hand-held
refractometer (N1; Atago, Bellevue,
WA). Weight loss was expressed as the
percentage loss of the initial total fruit

weight. Fruit decay was evaluated only
as a symptom of CI.

SUGAR ANALYSIS. To measure
glucose, fructose, sucrose, and malt-
ose, 1 mL fruit juice was extracted
from 30 g mesocarp tissue using
a garlic press from both fruit within
the replicate. Juices were centrifuged
at 10,000 gn and then the superna-
tants were filtered through a 0.2-mm
syringe filter. Thereafter, 10 mL was
injected into an ultra-high-performance
liquid chromatography (PLATINblue;
Knauer, Berlin, Germany) equipped
with an amide (NH2) column [250 ·
4.6 mm i.d. (Asahipak NH2p-50; Sho-
dex, Tokyo, Japan)] and a smart re-
fractive index detector. A mixture of
75% acetonitrile with 25% ultrapure
water (v/v) was used as the mobile
phase, and the flow rate was set at 1
mL�min–1. Glucose, fructose, sucrose,
and maltose were identified and quanti-
fied using sugar standards, and results
are expressed as milligrams per milliliter
(Muir et al., 2009).

ETHYLENE PRODUCTION. Ethylene
production was determined accord-
ing to Hatami et al. (2016) for in-
dividual fruit within the replicate
during storage at their respective
temperatures; results are reported as
microliters per kilogram per hour.
Fruit were placed into individual jars
that were quickly purged of air and
sealed. The jars were held closed
(static) for 1 h at 5 or 13 �C. The
fruit held under the static conditions
accumulated ethylene gas at the re-
spective holding temperatures, per
treatment design, then the ethylene
concentration inside the jars was mea-
sured by taking a 1-mL gas sample
from the headspace. Samples were
injected into a gas chromatograph
(7890A; Agilent Technologies, Santa
Clara, CA) using a capillary column
[100 m · 0.25 mm · 0.2 mm (CP-Sil
88; Varian, Palo Alto, CA)] equipped
with a flame ionization detector.

CI ASSESSMENT. Chilling injury
was assessed visually after 21 d of
storage plus 2 d at room temperature
using two fruit per replicate (2 culti-
vars · 2 maturity stages · 2 storage
temperatures · 3 replications · 2
observations = 48 fruit). Symptoms
evaluated included skin lesions, sever-
ity of irregular coloring, pitting, crack-
ing, and decay. The visual assessment
was performed using a 0- to 3-point
scale where 0 = no injury (no signs),
1 = slight injury (<20% of surface area),
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2 = moderate injury (20% to 50% of
surface area), and 3 = severe injury
(>50% of surface area). Chilling injury
was calculated as

CI ¼
P

Scale3Nð Þ
Total fruit no:

;

where N is the number of fruit on the
corresponding scale (Lu et al., 2010).

PROTEIN CONTENT. Estimation
of protein concentration was deter-
mined using the method of Bradford
(1976), with bovine serum albumin
as the standard. The amount of pro-
tein in chromatographic fractions was
measured by absorbance on a spectro-
photometer at 595 nm (S2100UV;
Unico, Princeton, NJ).

STATISTICAL ANALYSIS. The ex-
periment was performed according
to a factorial design with cultivar
(Zangi-Abad and Kermanshah), ma-
turity stage (21 and 28DAA), storage
temperature (5 and 13 �C), and sam-
pling time (0, 7, 14, and 21 d) as the
main factors with three replicates and
two fruit per replicate (2 · 2 · 2 · 4 ·

Fig. 1. Early-harvested (21 d after anthesis) ‘Zangi-Abad’ (top) and ‘Kermanshah’ (bottom) dudaimmelon fruit held at room
temperature for 10 d.
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3 · 2 = 192 fruit as experimental
units), based on a completely ran-
domized design. Data were subjected
to an analysis of variance using SAS
software (version 9.1; SAS Institute,
Cary, NC). When significant differ-
ence were detected (P < 0.01), Dun-
can’s new multiple range test was
used to compare the mean of
treatments.

Results and discussion
Color

In general, fruit harvested at 21
DAA had a green color and fruit
harvested at 28 DAA had an orange
color (Figs. 1–3). The 28 DAA a*
values were significantly greater com-
pared with the earlier harvested (21
DAA) fruit. The a* value is a good
indicator of red color development
and the degree of ripening in melon.
Overall, the a* color change dis-
played greater values in fruit har-
vested at 28 DAA than those
harvested earlier at 21 DAA (Fig. 4).
This clearly indicates the color
changed with advancing maturity, as
positive a* values indicate the or-
ange–red of ripe fruit, whereas nega-
tive readings (lower values) indicate
the greenness of earlier harvested
fruit. The a* values of fruit from the
28-DAA harvest did not change sig-
nificantly during 3 weeks of storage at
either storage temperature (Fig. 4).
Fruit from the earlier 21-DAA harvest
that were stored at 5 �C did not attain
similar a* values compared with those
stored at 13 �C and all fruit harvested
at 28 DAA (Fig. 3). Color changes in
‘Kermanshah’ fruit were similar to
‘Zangi-Abad’ fruit, except that early-
harvested fruit stored at 13 �C—
although exhibiting a noticeable in-
crease in a* values—did not quite
attain a* levels as high as late-
harvested fruit (Fig. 4).

At the beginning of storage, b*
values of late-harvested fruit were
significantly greater than those of
early-harvested fruit of both cultivars
(Fig. 4). At 13 �C, the b* value of
early harvested fruit increased
sharply until the end of the storage,
when early-harvested ‘Zangi-Abad’
fruit attained greater b* values com-
pared to late-harvested fruit. The
profile of b* color changes for late-
harvested fruit (28 DAA) at both
storage temperatures and early 21-
DAA-harvested fruit at 5 �C was con-
stant and there were no significant

changes during storage. Concomi-
tant with the ripening of dudaim
fruit, there was a color change to-
ward yellow (positive b* value). Silva
et al., (2004) also reported increas-
ing b* color in cantaloupe (C. melo
Group Cantalupensis) rind with the
progression of maturation.

Contrary to the results of early-
harvested fruit at 5 �C, those stored at
13 �C had similar L* values as late-
harvested fruit until the end of the
storage. In general, the stripes
changed color upon approaching ma-
turity; the dark green became intense
orange or maroon or brownish and
the light green became intense yel-
low. In other words, a* and b*
tended toward positive values (more
yellow, orange, and red colored) as
fruit matured. In general, storage at
13 �C resulted in coloring of early-
harvested fruit, similar to the color of
late-harvested fruit upon harvest.
Hence, 13 �C storage appears to be
the proper temperature for attaining
optimum color of these dudaim fruit.

Firmness
At the beginning of storage,

firmness of fruit harvested at 21
DAA (13.17–13.50 N) was signifi-
cantly (P < 0.05) greater than that of
late-harvested fruit (11.30–11.33 N)
(Table 1). Early-harvested fruit at
13 �C underwent a gradual loss of
firmness during storage, contrary to
the fruit stored at 5 �C, for which
there were no significant changes. In
late-harvested ‘Zangi-Abad’ fruit,
there was a decrease in firmness dur-
ing storage, with the magnitude of
decrease greater at 13 �C. The firm-
ness of late-harvested ‘Kermanshah’
fruit at both storage temperatures did
not have significant fluctuations dur-
ing storage. In general, melon fruit
harvested at 21 DAAwere firmer than
those harvested at 28 DAA, both
immediately after harvest and at the
end of storage, as was the case with
‘Galia’ melons (C. melo Group Can-
talupensis) reported previously (Fallik
et al., 2005). Several authors (Gil
et al., 2006; Luna-Guzm�an and

Fig. 2. Early-harvested [21 d after anthesis (left fruit)] and late-harvested [28
d after anthesis (right fruit)] ‘Zangi-Abad’ (top) and ‘Kermanshah’ (bottom)
dudaim melon fruit.
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Barrett, 2000) have reported a loss of
firmness during storage and ripening
of melon fruit. In general, 21-DAA

fruit held at 5 �C did not soften as
much as those held at 13 �C, and also
the final firmness of ‘Zangi-Abad’

fruit harvested at 21 DAA was statis-
tically greater compared to melons
harvested at 28 DAA stored at 5 or
13 �C (Table 1).

TA, TSS, and weight loss
During storage of early-harvested

‘Zangi-Abad’ and ‘Kermanshah’ fruit,
there was often a gradual increase in
TA level, followed by a gradual de-
crease until the end of the storage
period at 13 �C, when they ultimately
attained a similar TA level to fruit
harvested at 28 DAA (Table 1). The
initial gradual increase is the result of
the synthesis of organic acids, such as
citric and malic acids (Davies and
Hobson, 1981), and the subsequent
decrease may be related to greater
respiration and ripening rates, wherein
organic acids could be used either as
a substrate in respiration or in conver-
sion to sugars (Hatami et al., 2013;
Shahidul Islam et al., 1996).

In general, at harvest and during
storage, the TSS content of fruit
harvested at 28 DAA was greater than
that of early-harvested fruit. During
the first week of storage, the TSS
content of early-harvested fruit de-
creased, but then it started to increase
slightly (Table 1). In the anthesis-
tagged cantaloupe, the TSS content
changes depended on the stage of
ripeness at harvest (Beaulieu and
Lea, 2007). Storage of harvested fruit
at high temperatures hastens not only
ripening but also the respiratory loss
of stored carbohydrates (Saltveit,
2005).

The least weight loss occurred in
fruit harvested at 28 DAA at 5 �C; the
greatest weight loss was related to
early-harvested fruit at 5 �C (Fig. 5).
Storage of 21-DAA fruit at 5 �C
resulted in greater water loss than
storage at 13 �C, but for 28-DAA
fruit, the reverse was true for both
cultivars. Thus, DAA had a great ef-
fect on water loss at the two temper-
atures. Greater weight loss observed
in early-harvested fruit may be related
to a poorly developed epidermis and
waxy cuticle compared with riper
fruit (Saltveit, 2005), and the greater
weight loss observed at 5 �C is likely
related to CI symptoms. Percent-
age weight loss increased significantly
(P < 0.05) in most treatments during
storage. Cong et al. (2007) also
reported weight loss of Hami melons
resulting from transpiration during
storage.

Fig. 3. ‘Zangi-Abad’ dudaim melon fruit harvested at 21 and 28 d after anthesis
(DAA), after 3 weeks storage at 5 and 13 �C (41.0 and 55.4 �F).

Fig. 4. Changes in a* (green–red tones), b* (blue–yellow tones), andL* (lightness)
of early-harvested [21 d after anthesis (DAA)] and late-harvested (28 DAA) fruit
of two dudaimmelon cultivars (Zangi-Abad andKermanshah) held at 5 and 13 �C
(41.0 and 55.4 �F) for 21 d. Vertical bars represent SE.
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CI
Symptoms of CI were signifi-

cantly greater (P < 0.05) in early-
harvested fruit stored at 5 �C than in

those stored at 13 �C (Fig. 6). There
were no significant differences be-
tween early-harvested ‘Zangi-Abad’
and ‘Kermanshah’ fruit stored at 5 �C.

A similar pattern was also observed in
late-harvested ‘Zangi-Abad’ and ‘Ker-
manshah’ fruit at 5 �C. Accelerated
physiologic breakdown and increased
incidence of pathologic decay occurs in
chilling-sensitive melon fruit stored at
a chilling temperature: typically less than
12 �C (Beaulieu and Gorny, 2016).
Fruit harvested at 28 DAA and stored
at 5 �C showed significantly greater
resistance to CI than fruit harvested at
21 DAA. Maturity is an important de-
terminant of susceptibility to CI and it
has been reported that ripening reduces
chilling sensitivity for melon as well as
for other fruit of tropical and subtropical
origin (Whitaker, 1994). Ripe fruit are,
almost by definition, more chilling re-
sistant thangreen fruit and canbe stored
at lower, near-chilling temperatures
(Saltveit, 2005).

Table 1. Mean values for four fruit quality parameters of two dudaim melon cultivars (Zangi-Abad and Kermanshah)
harvested at 21 and 28 d after anthesis (DAA) and stored at 5 and 13 �C (41.0 and 55.4 �F) for up to 21 d.

Cultivar Maturity (DAA) Storage temp (�C) Time stored (d) Firmness (N)z Soluble solids (%) Titratable acidity (%)y

Zangi-Abad
21 5 0 13.17 abx 6.97 cde 0.16 bcd

7 12.83 abc 4.03 jk 0.21 ab
14 13.15 ab 5.15 hij 0.09 efg
21 13.13 ab 5.90 efg 0.12 cde

13 0 13.17 ab 6.97 cde 0.16 bcd
7 12.50 abc 3.87 jk 0.27 a

14 12.80 abc 4.05 jk 0.11 cde
21 12.65 abc 5.05 hij 0.05 hij

28 5 0 11.33 cde 8.23 bcd 0.06 ghi
7 12.30 abc 7.67 bcd 0.03 jk

14 12.00 abc 7.50 bcd 0.07 fgh
21 10.75 fg 7.30 cde 0.05 hij

13 0 11.33 cde 8.23 bcd 0.06 ghi
7 10.75 fg 7.73 bcd 0.05 hij

14 11.05 def 5.80 fgh 0.06 ghi
21 9.75 g 6.50 def 0.06 ghi

Kermanshah
21 5 0 13.50 a 5.50 ghi 0.10 def

7 12.93 abc 3.93 jk 0.17 bcd
14 12.88 abc 4.60 ijk 0.14 cde
21 13.33 a 6.70 def 0.13 cde

13 0 13.50 a 5.50 ghi 0.10 def
7 12.02 abc 3.63 k 0.18 bc

14 11.85 abc 4.50 ijk 0.14 bcd
21 10.88 efg 3.50 k 0.12 cde

28 5 0 11.30 cde 10.23 a 0.04 ijk
7 11.57 bcd 8.63 abc 0.05 hij

14 13.35 a 6.95 cde 0.10 defg
21 13.00 abc 7.90 bcd 0.09 efg

13 0 11.30 cde 10.23 a 0.04 ijk
7 10.87 efg 9.10 ab 0.02 k

14 12.55 abc 7.15 cde 0.07 fgh
21 12.63 abc 6.50 def 0.02 k

z1 N = 0.2248 lbf.
yExpressed as percent citric acid.
xMeans with different letter, within columns, are significantly different from each other by Duncan’s new multiple range test at P < 0.05.

Fig. 5. Changes in weight loss of early-harvested [21 d after anthesis (DAA)] and
late-harvested (28 DAA) fruit of two cultivars (Zangi-Abad and Kermanshah) of
dudaim melon held at 5 and 13 �C (41.0 and 55.4 �F) for 21 d. Vertical bars
represent SE.
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Although climacteric ripening
seems to predispose the fruit to suffer
more severe CI, this can be a collateral
effect, as Fernandez-Trujillo et al.

(2008) did not establish conclusively
a high correlation between the cli-
macteric genes and CI. Overall, the
greater the climacteric behavior, the

greater the total loss of fruit quality
and skin scald after storage, and the
lower the fruit weight at harvest.
However, exceptions were found to
a positive correlation between climac-
teric pattern and upsurge in ethylene
production, and decay disorders
(Fernandez-Trujillo et al., 2008).
Chilling sensitivity in melons can
cause depressed and/or delayed eth-
ylene production and increased sus-
ceptibility to rot. Ethylene production
was depressed in both cultivars at 5 �C
(Fig. 7). The CI may have been the
result of reduced ethylene production
per se or a result of the low storage
temperature.

Ethylene production
Initial fruit ethylene levels in the

two cultivars were greater in fruit
harvested at 28 DAA than in fruit
harvested at 21 DAA (Fig. 7). Ethyl-
ene production reached 0.14 and
0.25 mL�kg–1�h–1 in early-harvested
‘Zangi-Abad’ and ‘Kermanshah’ fruit
stored at 13 �C, respectively. Ethyl-
ene production was significantly
greater in fruit stored at 13 �C than
in fruit stored at 5 �C (P < 0.05), and
production of ethylene at 5 �C varied
slightly during storage (Fig. 7). In
‘Kermanshah’, production decreased
slightly during storage at 5 �C,
whereas at 13 �C there was an initial
decrease followed by an increase in
production through the end of
storage.

Based on the ethylene and chill-
ing data of ‘Zangi-Abad’, our results
were inconclusive, because this culti-
var may ormay not be climacteric. For
example, data collection could be
confounded by insufficient harvest
times (e.g., fruit were not physiolog-
ically mature) or insufficient time in
storage, because the climacteric pro-
cess could have begun at 21 d of
storage, especially at 13 �C. More
DAA data points (e.g., 35 DAA) and
longer postharvest storage could elu-
cidate whether ‘Zangi-Abad’ is in-
deed climacteric. Meanwhile, perhaps
the lower temperature did not allow
enough time for recovery and/or
a true display of ethylene production.
Chilling injury in ‘Zangi-Abad’ may
have exacerbated the poor results in
ethylene compared with ‘Kerman-
shah’. Alternatively, if ‘Zangi-Abad’ is
indeed climacteric, ethylene might
have already peaked, and day 0 values
were then declining. This appears to

Fig. 6. Chilling injury of two dudaim melon cultivars harvested either 21 or 28
d after anthesis (DAA) and stored for 3 weeks at 5 or 13 �C (41.0 or 55.4 �F).
Injury was rated as follows, 0 = no injury (no signs), 1 = slight injury (<20% of
surface area), 2 = moderate injury (20% to 50% of surface area), and 3 = severe
injury (>50% of surface area). Values with a different letter are significantly
different from each other by Duncan’s new multiple range test at P < 0.05.

Fig. 7. Changes in ethylene, glucose, and fructose contents of early-harvested [21
d after anthesis (DAA)] and late-harvested (28 DAA) fruit of two dudaim melon
cultivars (Zangi-Abad and Kermanshah) held at 5 and 13 �C (41.0 and 55.4 �F)
for 21 d. Vertical bars represent SE. 1 mL�kg–1 = 1 ppm; 1 mg�mL–1 = 1000 ppm.
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be supported by the color changes
indicated pictorially. Subsequently,
there was a general and slight overall
senescent-induced increase in ethylene
levels during storage.

Sugar content

GLUCOSE AND FRUCTOSE. The
glucose and fructose contents of
late-harvested ‘Zangi-Abad’ fruit on
day 0 were significantly (P < 0.05)
greater than those of early-harvested
fruit (Fig. 7). In early-harvested
‘Zangi-Abad’ fruit at both tempera-
ture conditions, the amount of glu-
cose and fructose generally declined
during the storage period, and the
reduction was augmented at 13 �C.
The reduction in glucose and fructose
observed at 13 �C could be related to
its conversion to disaccharide sugars
(sucrose andmaltose) at such a proper
temperature for ripening. Glucose
and fructose are used for sucrose
formation and accumulation during
ripening of muskmelon fruit (Hubbard
et al., 1989; Ranwala et al., 1991). In
late-harvested ‘Zangi-Abad’ fruit, there
was a sharp decrease in the amount of

these two sugars during the first week
of storage and then they increased
gradually until the end of storage.

The glucose and fructose con-
tents of early-harvested ‘Kermanshah’
fruit on day 0 were significantly (P <
0.01) greater than those of late-
harvested fruit. Concerning ‘Ker-
manshah’ fruit harvested at 21
DAA and stored at 5 �C, the concen-
trations of glucose and fructose did not
fluctuate throughout the course of stor-
age. Similarly, ‘Kermanshah’ fruit har-
vested at 28 DAA and stored at 5 �C
displayed a slight increase in glucose and
fructose levels until day 14. There was
a gradual decrease, but this trend was
almost reversed in fruit stored at 13 �C.
This is an appropriate temperature for
the action of enzymes related to the
ripening process so that glucose and
fructose decreased and were likely in-
corporated into other sugars (Hubbard
et al., 1989; Lester, 1998). The levels of
glucose and fructose declined during
the later stages of the development of
oriental melon cultivars concomitant
with the accumulation of sucrose
(Zhang and Li, 2005).

SUCROSE AND MALTOSE. At the
beginning of storage (day 0), the
amount of sucrose and maltose in
‘Zangi-Abad’ fruit was very low
(about 0–0.89 mg�mL–1). In early-
harvested ‘Zangi-Abad’ fruit (21
DAA) at both temperature conditions
(5 and 13 �C), there was a slight
increase during the first and second
weeks (Fig. 8). However, during the
last week of storage at 13 �C, maltose
exhibited a moderate increase. Sugar
changes of late-harvested ‘Zangi-
Abad’ fruit (28 DAA) were com-
pletely different as the amount of
the disaccharide sugar sucrose started
from lower levels but finally reached
significantly greater levels (5.38 and
32 mg�mL–1 at 13 and 5 �C, respec-
tively), especially at 5 �C (Fig. 8).

In ‘Kermanshah’, the initial su-
crose and maltose levels (day 0) of
fruit harvested at 28 DAA were sig-
nificantly greater than those of fruit
harvested earlier. In early-harvested
‘Kermanshah’ fruit stored at 13 �C,
there was no disaccharide increase
throughout the storage period, and
the amounts of sucrose and maltose
were low. In ‘Kermanshah’ fruit har-
vested later (28 DAA), the maltose
content showed amarkedly ascending
trend, particularly at 5 �C, whereas
the trend for sucrose was the oppo-
site, especially at 5 �C. In general,
greater amounts of maltose were ob-
served in late-harvested fruit than in
early-harvested fruit during storage.

There was almost no sucrose
accumulation during the early stages
of maturity in ‘Zangi-Abad’ fruit, and
it has been well established that su-
crose accumulates massively during
the final stages of maturation and is
the dominant sugar in most climac-
teric muskmelons (Beaulieu and Lea,
2007). Our results also indicate that
the overall scheme of sugar variation
in most treatments included increas-
ing sucrose and maltose with advanc-
ing maturity. Monosaccharide sugars
were consumed and disaccharide
sugars were produced through enzy-
matic action (Hubbard et al., 1989)
throughout storage, especially at
13 �C, resulting in the increase in
fruit sweetness.

Protein content
Late-harvested fruit (28 DAA)

contained significantly greater total
protein at the beginning of storage
(day 0) than fruit harvested at 21

Fig. 8. Changes in sucrose, maltose, and protein contents of early-harvested [21
d after anthesis (DAA)] and late-harvested (28 DAA) fruit of two dudaim melon
cultivars (Zangi-Abad and Kermanshah) held at 5 and 13 �C (41.0 and 55.4 �F)
for 21 d. Vertical bars represent SE. 1 mg�mL–1 = 1000 ppm.
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DAA (Fig. 8). This difference per-
sisted atmost times during storage. In
late-harvested ‘Zangi-Abad’ fruit,
there was no significant protein in-
crease at most times. In contrast, the
protein content of early-harvested
‘Zangi-Abad’ fruit at 13 �C decreased
at each time point during the 21-
d storage period. Perhaps ‘Zangi-
Abad’ was not even physiologically
mature and/or not enough storage
time had elapsed to see proper cli-
macteric results. In early-harvested
‘Kermanshah’ fruit, protein content
increased with the advance in storage
time, except for the final week at
13 �C, when it was the same as the
first time point. In late-harvested ‘Ker-
manshah’ fruit, protein content fluc-
tuated at 5 �C but increased at 13 �C.
At the end of storage (day 21), the
greatest and least amounts of protein
in both cultivars were related to late vs.
early harvesting at 13 �C, respectively.
These results can be related to the
supposition that early-harvested fruit
(21 DAA) continued protein degrada-
tion through the ripening process.
According to their presumed climac-
teric nature and their requirement for
the use of substrates (such as carbohy-
drates and proteins) to complete the
ripening process, the early-harvested
fruit apparently catabolized more pro-
tein than the late-harvested fruit (28
DAA) (Ezura and Owino, 2008).

Conclusion
To the best of our knowledge,

this study is the first attempt to eval-
uate the postharvest behavior of
dudaim melon at two distinct matu-
rity stages. In summary, our previous
dudaim article (Hatami et al., 2016)
and results herein indicate that the
two evaluated dudaim cultivars have
similar postharvest behaviors with
respect to most assayed parame-
ters at both 21- and 28-DAA har-
vests, but not when stored at 5 �C.
‘Kermanshah’ dudaim fruit displayed
climacteric behavior based on the pa-
rameters measured. Storage at 5 �C
seemed to create some maturity-related
‘‘delays’’ regarding typical and normal
ripening. For example, ‘Zangi-Abad’
held at 5 �C did not ripen fully (in-
complete ethylene climacteric). Yet, this
apparent chilling sensitivity could be
confounded by insufficient DAA being
assessed (i.e., if 35 DAA was required in
‘Zangi-Abad’). Storage at 13 �Cresulted
in coloring of early-harvested fruit, with

color development relatively similar to
late-harvested fruit (28 DAA). Storage
at 5 �C suppressed ethylene produc-
tion in ‘Kermanshah’ in both 21- and
28-DAA harvested fruit, whereas fruit
held at 13 �C had greater ethylene
production rates. Of the two test
temperatures, 13 �C was a more ap-
propriate temperature for storing
dudaim fruit at different maturity
stages. Further study could determine
the per-cultivar-dependent optimum
harvest windows regarding DAA.
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