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Abstract Fresh-cut ‘Piel de Sapo’ melon was processed at
different ripeness stages and stored under modified atmo-
sphere packaging for 35 days at 5 °C. Raw material firmness
and soluble solids content ranged from 6.5 to 3.9 N and
11.1 to 14.3 °Brix, respectively. The effects of a 2.5 kPa
O, +7 kPa CO, packaging atmosphere and a dip of 1%
ascorbic acid and 0.5% calcium chloride on physiology, mi-
crobiological stability as well as color and firmness were
evaluated. An intermediate stage of ripeness at processing
was the most suitable to extend the shelf-life of fresh-cut
‘Piel de Sapo’ melon. Green-mature fresh-cut melon re-
duced CO, accumulation and ethanol production. In addi-
tion, a treatment with ascorbic acid and calcium chloride
in combination with modified atmosphere packaging, con-
tributed to a greater extension of the shelf-life of fresh-cut
melon than that reported for fruits stored under non-modified
atmosphere, slowing down the growth of microbial popula-
tions, maintaining the original color and reducing softness.
Thus, the shelf-life of green-mature fresh-cut ‘Piel de Sapo’
melon dipped in an ascorbic acid and calcium chloride so-
lution and packaged under modified atmosphere was about
10 days.
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Introduction

‘Piel de Sapo’ melon (Cucumis melo L.) is a major commer-
cial cultivar in Spain. The fruits are oval shaped with retic-
ular greenish color skin and white sweet flesh. Like other
members of the Cucurbitaceae, ‘Piel de Sapo’ is chilling
injury sensitive. This physiological disorder appears when
melons are stored at low temperature. Changes in membrane
structure in response to chilling temperatures are consid-
ered as the primary events of chilling injury and lead to a
loss of permeability and metabolic dysfunction. Secondary
reactions include ethylene production, increased respiration
or accumulation of toxic compounds such as ethanol and
acetaldehyde [1].

Processing of fresh-cut fruits involves wounding stress as
aresult of mechanical injury when peeling or cutting, leading
to an increase in the respiration rates of fresh-cut commodi-
ties in comparison to those of the corresponding whole fruits
[2]. Minimal processing damages the tissue integrity, leading
to several biochemical deteriorations such as browning, off-
flavors and texture breakdown [3]. Many factors may affect
the physiological response of the fruit, including the cultivar,
maturity stage, temperatures or packaging atmospheres.

The stage of ripeness appears to be essential to keep
quality of fresh-cut produce and to extend their shelf-life.
The more mature the fruit, the shorter the shelf-life of the
fresh-cut commodity. Moreover, if the fruit is not sufficiently
mature at processing the product will not reach the optimal
sensorial attributes [4]. To our knowledge, there are no data
available comparing the physiological and microbiological
response of fresh-cut melon processed at different stages of
maturity.

It has been reported that the modification of package at-
mospheres, in concomitance with chemical treatments, effec-
tively retards the detrimental phenomena that occur during
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fresh-cut processing. Low O, and/or high CO, atmospheres
have been shown to reduce respiration, decrease ethylene
production and inhibit or delay enzymatic reactions. A stor-
age atmosphere of 2—5 kPa O, plus 1015 kPa CO, at 0-5 °C
has been proved to maintain the quality of fresh-cut ‘Can-
taloupe’ or ‘Honeydew’ melons [5, 6]. Fresh-cut ‘Amarillo’
melon maintained its fresh quality attributes under a passive
modified atmosphere for 10 days at 5 °C [7]. Temperatures
below 7-10 °C are associated with the occurrence of chilling
injury in intact melons. However, fresh-cut produce is rec-
ommended to be held at temperatures below 5 °C because
of a significant reduction in the respiratory metabolic rates
at low temperatures. In addition, lower microbial population
and longer shelf-life of fresh-cut produce stored at 5 °C has
been reported rather than at 10 °C [6].

The addition of chemical agents is the most common way
to control browning and softening phenomena. Some blends
of additives have been proved to extend the storage life of
fresh-cut produce. Dips containing ascorbic acid have been
generally used to delay browning on cut fruit surfaces [8, 9].
Ascorbic acid (AA) content is regarded as a quality indicator
for fresh-cut fruits and vegetables. Because of its antioxi-
dant activity it plays an important role in many metabolic
pathways that have a direct impact on the oxidative stability
of fruits [10]. On the other hand, treatments with calcium
salts have been shown to be effective in preserving fresh-
cut melon from softening [11, 12]. The action of calcium
chloride (CaCly) treatments in fruits and vegetables may
be generally attributed to its diffusion into the tissue and
its complexion to polygalacturonic acid residues, present in
the cell wall and middle lamella, to provide stabilization of
membrane systems [13].

In this work, we aimed to determine the effect of ripeness
at processing of fresh-cut ‘Piel de Sapo’ melon preserved
by modified atmosphere packaging and dipped in a solution
containing ascorbic acid and calcium chloride on respiration
rate, ethylene production, anaerobic metabolites, microbio-
logical stability and quality attributes.

Materials and methods
Evaluation of fruit ripeness

‘Piel de Sapo’ melons, grown in Castilla-La Mancha (Spain),
were harvested in August at a slightly under-ripe maturity
stage. The fruits were grouped in three lots of 20 each, stored
in a ventilated room at 10 °C and periodically exposed to
temperatures of 20 °C for periods of 48—72 h until the desired
ripeness was achieved.

At each storage interval, three melons in optimal
conditions were randomly removed from each group. The
fruits were peeled and cut into eight sections parallel to
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the longitudinal axis. The rind and seeds were removed,
and the pulp was sliced into small portions. Melon pieces
were combined and three samples removed for raw fruit
characterization through determination of soluble solids
content (Atajo RX-100 refractometer; Atago Company
Ltd., Japan), total acidity (AOAC 2000), pH (Crison 2001
pH-meter; Crison Instruments SA, Alella, Barcelona,
Spain), pulp color (Minolta CR-400 chroma meter; Kon-
ica Minolta Sensing, Inc., Osaka, Japan) and firmness
(TA-XT2 Texture Analyzer; Stable Micro Systems Ltd.,
Surrey, UK). Thus, three physiological stages of the fruit
were selected in order to study the effect of the stage
of ripeness at processing on the shelf-life of fresh-cut
melon.

Sample preparation

Melons were sanitized in a 200 ppm NaClO solution for
2 min, rinsed with tap water, and dried by hand. The fruits
were sliced and cut to obtain trapezoidal sections. The fruit
pieces were dipped for 1 min in a solution of 1% w/v L-
ascorbic acid and 0.5% w/v calcium chloride at a prod-
uct:solution ratio of 1:2. Control pieces were dipped into
distilled water. The excess of water was completely drained
and then, 100 g of melon pieces were packaged in polypropy-
lene trays. The O, and CO, permeability of the film were
110 cm® m~2 day~! bar~! and 500 g m~2 day~' bar~! at
23 °C and 0% RH, respectively (ILPRA Systems Espaiia,
S.L. Matar6, Spain). The modification of the package at-
mosphere was carried out by flushing a mixture of 2.5 kPa
O, +7 kPa CO, (N, balanced) in a ratio melon:gas mix-
ture of 1:2 (v/v) and thermosealing with a vacuum pack-
ing machine ILPRA Food Pack Basic V/6 (ILPRA Sys-
tems. CP, Vigevono, Italy). Trays were stored at 4+ 1 °C
in darkness and analyzed throughout 35 days of storage in
duplicate.

Headspace gases analysis

The gas composition of the package headspace was deter-
mined by a gas analyzer (Micro-GC CP 2002, Chrompack
International, Middelburg, The Netherlands) equipped with
a thermal conductivity detector. A sample of 1.7 ml was
automatically withdrawn from the headspace atmosphere
with a pin-needle connected to the injection system. The
determination of the oxygen concentration was carried
out by injecting a sample of 0.25 ul to a CP-Molsieve
5 A column (4 m x 0.35 mm, df =10 wm) at 60 °C and
100 kPa whereas a 0.33 ul portion was injected to a
Pora-PLOT Q column (10 m x 0.32 mm, df =10 um) at
75 °C and 200 kPa for carbon dioxide, ethylene and ethanol
analysis.
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Color and firmness evaluation

The color of fresh-cut melon was determined with a Minolta
CR-400 chromameter (Konica Minolta Sensing, Inc., Osaka,
Japan). The equipment was set up for a D75 illuminant and
10 © observer angle. Ten replicates from two packages were
evaluated for each treatment. Three readings were obtained
for each replicate by changing the sample position to get uni-
form color measurements. CIE L* (lightness), a* (red-green)
and b* (yellow-blue) color parameters were obtained through
reflectance values. Color changes of processed melon were
expressed as chroma (C*) and whiteness index (WI).

C* = [(@*)* + (b*))'/? (1)

WI=100 — [(100 — L*)* + (@")’ + (b")"1' )

Firmness evaluation was performed using a TA-XT?2 Texture
Analyzer (Stable Micro Systems Ltd., Surrey, UK) by mea-
suring the maximum penetration force. Cylindrical samples
of 2.0 cm high were obtained from the trapezoidal melon
pieces and were positioned to be penetrated by a 4 mm di-
ameter rod through their geometric center. The downward
distance was set at 10 mm at a rate of 5 mm s~! and auto-
matic return. Ten samples from two trays of fresh-cut melon
were randomly withdrawn from each treatment to obtain
representative readings.

Microbiological stability

The microbiological stability of fresh-cut ‘Piel de Sapo’
melon was evaluated through the determination of total
mesophilic aerobic bacteria and yeast and mold populations.
Two replicate counts were obtained each time from two pack-
ages at the same experimental condition. The analyses were
carried out weekly for 35 days. A sample of 10 g melon
was homogenized for 2 min with 90 ml of 0.1% sterile pep-
tone solution with a Stomacher Lab Blender 400 (Seward
medical, London, UK). Serial dilutions of fruit homogenates
were plated on plate count agar (PCA) at 30 °C £ 1 °C for
72 h+£ 3 h for mesophilic aerobic bacteria counts [14] and
chloramphenicol glucose agar (GCA) at 25 °C£ 1 °C for 5
days for yeast and mold counts [15].

Statistical analysis and mathematical modeling

Statistical analysis was performed using the Statgraph-
ics plus v.5.1 software (Manugistics, Inc., Rockville, MA,
USA). Data were analyzed by multifactor analysis of vari-
ance. The analysis of covariance was used to decide whether
significant differences (p<0.05) existed among treatments.

The Duncan’s multiple-range test was applied to determine
differences among levels of each factor.

The growth of microorganisms as affected by the studied
conditions was modeled according to a modification of the
Gompertz equation [Eq. (3)], which has been proposed to
predict the shelf-life of fresh-cut apple slices [16].

y=k+Aexp[—exp[(MmTaxe)(k—t)—i-l“ 3)

where £, initial count estimated by the model [log (cfu g’l)];
A, maximum growth attained at the stationary phase [log
(cfu g M]; Mmax» maximal growth rate [Alog (cfu g=!)
day~']; A, lag time (days); ¢, storage time (days).

Results and discussion
Physicochemical characteristics of ‘Piel de Sapo’ melon

Melon maturity was determined on the basis of the pulp
sugar content, total acidity (TA), pH, color and firmness.
The soluble solids content (SSC) in melon flesh ranged from
11.1 to 14.3 °Brix, depending on their physiological stage
at processing. The sugar content followed an upward trend
through ripening (Table 1). Villanueva et al. [17] reported
SSC of 11.0-15.5 °Brix in moderately ripe or ripe ‘Piel
de Sapo’ melons. These authors suggested minimum sugar
content for this fruit of 8 °Brix, since the melons are not
usually fit for consumption below that level.

The ripening process from green to green-mature melon
involved a decrease in TA and an increase of pH (Table 1).
The pH values in green-mature or mature stages were about
6, in agreement with those reported by Villanueva et al. [17]
for moderately ripe and fully ripe ‘Piel de Sapo’ melon.
Aguayo et al. [18] reported lower initial TA in ‘Galia’ and
‘Cantaloupe’ than in ‘Amarillo’ or ‘Piel de Sapo’ fresh-cut
melon.

Table 1 shows that color changes on melon flesh through
ripening were due to a decrease in a* and b* values whereas
no significant differences in lightness (L*) were detected. The
more advanced the fruit maturity at processing, the greater
decrease experienced by C* [Eq. (1)] and WI [Eq. (2)] pa-
rameters. This depletion was also reported by Aguayo et al.
[18] as a consequence of translucency injury on fresh-cut
melon, which has been found to be related to a physiological
disorder exhibited as symptom of senescence. Translucency
may be a consequence of an advanced stage of ripeness,
treatments that accelerate ripening or high storage tempera-
tures.

The firmness significantly depleted from 6.5 to 3.9 for
green and green-mature melons (Table 1). Fruit ripening is
characterized by tissue softening, that is associated with the
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Table 1 Physicochemical
characteristics of melon before
processing

Values are given as mean +

Ripeness stage

Green Green-mature Mature
Soluble solids ( °Brix) 11.1+£0.3 13.45+£0.07 14.30£0.14
Total acidity (g citric 0.3024+0.003 0.288 +0.009 0.284 +0.006
acid/100 g)

pH 5.880+0.014 5.95+0.08 5.99+£0.04
Pulp color

L* 61.71£0.19 60.2+0.7 59.0+£1.5

a* —1.794+0.07 —1.76 £0.09 —1.256 +0.009

b* 6.1+0.3 5.9310 4+ 0.0007 4.77+0.15

Whiteness index (WI) 61.09£0.13 59.8+0.7 57.74 £0.08

Chroma (C*) 6.4+0.3 5.684 £0.022 493+0.15
Firmness (N) 6.49+1.08 3.97+1.05 39+14

standard deviation

enzymatic degradation of cell wall compounds like pectic
substances and neutral detergent fiber (NDF) such as cellu-
lose, hemicelluloses and lignin. A slight decrease of NDF
content as well as degradation of pectic substances at final
stage of ripening of ‘Piel de Sapo’ melon has been reported
by Villanueva et al. [17].

Package atmosphere composition

Oxygen and carbon dioxide partial pressures in trays
headspace throughout storage of fresh-cut melon are shown
in Figs. 1 and 2. The oxygen consumption of fresh-cut melon
was influenced neither by the fruit ripeness condition at pro-

cessing nor by dips of 1% AA and 0.5% CaCl,. On the other
hand, the composition of packaging atmosphere significantly
affected O, concentration inside packages through storage
(p<0.001). The O, concentration in packages that were ini-
tially flushed with 2.5 kPa O, + 7 kPa CO, depleted to levels
below 1 kPa O, beyond 14 days storage in all the assayed
conditions and treatments (Fig. 1A and B). On the other
hand, O, levels progressively decreased under non-modified
atmosphere but concentrations above 1 kPa were maintained
throughout storage (Fig. 1C and D).

The stage of ripeness at processing had a significant effect
on CO; accumulation inside the packages throughout stor-
age (p<0.001). Thus, the more advanced the state of ripeness

Fig.1 Evolution of O, 3.5 i 35
concentration in the package b)
headspace throughout storage of 3.0 (@) ( T 3.0
fresh-cut melon processed in
different ripeness stage. (a, b) 2.5 T 25
Melon packaged under 2.5 kPa =50 1 10
0, + 7 kPa CO, conditions; (c, & )
d) melon packaged under ‘:1.5 N 115
non-modified atmosphere. (a, ¢) ©
Melon dipped in a solution of 1.0 +1.0
1% ascorbic acid and 0.5%
CaCl; ((e) green, (H) 0.5 T 0.5
green-mature, (A) mature); (b, ]

0.0 t t t t t t f t t t t + 0.0

d) control melon (( o) green,

(O) green-mature, (A) mature)

a Springer

time (days)

time (days)



Eur Food Res Technol (2007) 225:301-311

305

Fig. 2 Evolution of CO, 50 50
concentration in the package (a) (b)
headspace throughout storage of | 1
fresh-cut melon processed in 40 40
different ripeness stage. (a, b)
Melon packaged under 2.5 kPa ;c':‘ 30 s
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(O) green-mature, (A) mature) 50
()
40
=30 1
: ;
S 20 ’
10 1
[
0 L t t t t t t
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at processing, the higher the CO, production (Fig. 2). Ma-
ture melon evolved more CO, than green and green-mature
melons, especially beyond 17 days of storage. Mature melon
packaged under non-MA and without dipping treatment ex-
hibited a maximum CO, accumulation of 45.5 kPa at the end
of storage (Fig. 2D). Enhanced CO; production may be due
to microbial growth and a general deterioration of the tissue
of fresh-processed melon [17]. A dipping treatment of 1%
AA and 0.5% CaCl, was found to slow down the CO, accu-
mulation under non-MA packaging (p<0.001). According
to these results, a low temperature calcium treatment during
processing of fresh-cut ‘Cantaloupe’ melon has been shown
to effectively retard CO, production [11, 19].

Low O, levels may cause a risk of anaerobic fermentation
and thus, minimum 1 kPa O, and maximum 15 kPa CO, have
been suggested as safe levels to prevent toxicity or anoxia
inside packages of fresh-cut melon [6]. An atmosphere com-
position of 4 kPa O, and 12-13 kPa CO, was reached in
packages of fresh-processed ‘Amarillo’ melon stored under
non-MA at 5 °C for 14 days. This packaging condition was
effective to keep sensorial quality and microbial safety and
to avoid loss of weight and translucency [18]. Similar O, and
CO,; concentrations were reached in packages of fresh-cut
‘Piel de Sapo’ melon stored under non-MA after 14 days of
storage at 5 °C (Fig. 1C and D).

‘Piel de Sapo’ melon evolved small amounts of ethy-
lene thus indicating a low physiological activity. Neither

time (days)

time (days)

the stage of ripeness at processing nor the dipping treat-
ment affected significantly ethylene levels inside the pack-
ages (p>0.05). On the other hand, ethylene production in-
side packages stored under non-MA was higher than under
2.5 kPa O, + 7 kPa CO; conditions (p<0.05). Ethylene lev-
els reached values of 0.5 and 0.8 ppm in packages stored
under a 2.5 kPa O, + 7 kPa CO, atmosphere and non-MA,
respectively (Fig. 3). Melon cultivars such as ‘Cantaloupe’
have exhibited a climacteric pattern of ethylene production
during ripening [20]. However, ‘Piel de Sapo’ melon shows
a low physiologic activity and has been reported to exhibit a
non-climacteric ripening pattern [21].

Ethanol content in packages of green fresh-cut ‘Piel de
Sapo’ melon increased throughout time, reaching maximum
concentrations ranging from 80 to 125 ppm (Fig. 4). Irre-
spective of packaging conditions or dipping treatment, fer-
mentative pathways were triggered with higher intensity in
green melons, which suggests that slightly under-ripe fruits
are more susceptible to undergoing anaerobic metabolism.
The enhanced increase of ethanol content in green ripeness
stage beyond the 21st day of storage could be due to a stress
response that may lead to a loss of membrane integrity. In
fact, physiological disorders and membrane damage in fruits
are attributed to the effects of stressful levels of too-low oxy-
gen or too-high carbon dioxide [22]. Green-mature fresh-cut
melon exhibited the least accumulation of ethanol at the
end of storage. These results agreed with those reported by
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Fig. 3 Evolution of ethylene 1.0 1.0
concentration in the package (a) (©
headspace throughout storage of
. 0.8 T 0.8
fresh-cut melon processed in
different ripeness stage. (a, b) )
Melon packaged under 2.5 kPa £ 0.6 T 0.6
0O, 4+ 7 kPa CO, conditions; (¢, E
d) melon packaged under 2 0.4 1 Loa
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Soliva-Fortuny et al. [9] in fresh-cut ‘Conference’ pears.
Moreover, ethanol accumulation further increased under
2.5 kPa O, 4+ 7 kPa CO, atmospheres in comparison to non-
MA, regardless of the dipping treatment (p<0.001). Ethanol
production was avoided under a 2.5 kPa O, +7 kPa CO,
atmosphere during the first 10 days of storage. On the other
hand, packages of fresh-cut melon stored under initial non-
MA were kept 14 days without ethanol accumulation. Anaer-
obic metabolism may be promoted by a low availability of
O, and high accumulation of CO, in packages preserved
under initial 2.5 kPa O, + 7 kPa CO, atmospheres. Lakakul
et al. [23] pointed out the importance of maintaining O,
level just above the fermentation threshold and keeping CO,
concentration below the range that causes injury to fruits.

Color and firmness evolution

Color changes on fresh-cut ‘Piel de Sapo’ throughout stor-
age was mostly due to L* and WI depletion (Table 2).
Aguayo et al. [18] reported that WI decreased when translu-
cency injury increased on fresh-processed melon, as a con-
sequence of a physiological disorder characterized by dark
and glassy flesh. A dip containing AA and CaCl, was ef-
fective (p<0.001) to reduce translucency in packages of
green-mature and mature melon. On the other hand, translu-
cency was not observed on cut surfaces of green melons
throughout storage. It seems that translucency is a symp-
tom of senescence attributed to advanced stages of ripeness
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[5]. In addition, greater percentage of translucency was ob-
served on fresh-cut ‘Piel de Sapo’ melon stored under 2.5 kPa
O, +7 kPa CO, atmospheres than under non-modified at-
mosphere conditions. The deterioration of fresh-cut ‘Honey-
dew’ or ‘Cantaloupe’ melon packaged under MA has been
found to be primarily due to the development of translucency
[5-7, 18, 24].

Softening of fresh-cut melon differed significantly among
ripeness conditions (p<0.001). Green fresh-cut melon under-
went a dramatic decrease in firmness (Table 3) as a conse-
quence of physiological stress. Such loss of firmness could be
correlated with an enhanced accumulation of ethanol in green
melon packages (Fig. 4). Packaging with 2.5 kPa O, + 7 kPa
CO; atmospheres in concomitance with dipping treatment re-
duced softening of green and green-mature melons (p<0.05)
but could not further delay senescence in mature melon. Re-
cent studies have reported the effectiveness of adip of 1% AA
and 0.5% CaCl, combined with packaging under a low O, at-
mosphere to maintain firmness of fresh-cut apples and pears
during several weeks [25, 26]. Restricted oxygen concen-
trations appear to inhibit many biochemical reactions which
may lead to a loss of cellular integrity. In addition, calcium
salts interact with pectin to form a cross-linked polymer
network that increases mechanical strength, thus delaying
senescence and controlling physiological disorders in fruits
and vegetables [26]. Calcium chloride (1-5%) dips for 1—
5 min provided a firming effect on fresh-cut ‘Cantaloupe’
melon stored at 5 °C [11].
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Fig. 4 Evolution of ethanol concentration in the package headspace
throughout storage of fresh-cut melon processed in different ripeness
stage. (a, b) Melon packaged under 2.5 kPa O, 4 7 kPa CO; conditions;
(c, d) melon packaged under non-modified atmosphere. (a, ¢) Melon

Microbial stability and shelf-life modeling

Initial counts of aerobic mesophilic microorganisms on just
processed green or green-mature ‘Piel de Sapo’ melons were
approximately 3 log (cfu g~!) whereas mature melon loads
were about 6 log (cfu g=!). Too-soft initial texture of raw
material may be responsible for the appearance of exudates
on fruit cut surface at processing, which contain some com-
pounds that may be used to native or exogenous microor-
ganisms to grow on the product surface rapidly [27]. On the
other hand, populations of yeasts and molds for all ripeness
conditions ranged from 1 to 2.5 log (cfu g~!) at the be-
ginning of storage. Our results for green-mature fresh-cut
melon were similar to those found by Bai et al. [5] for fresh-
cut ‘Cantaloupe’ melons at a similar stage of ripeness. These
authors reported initial bacteria counts of 3.2 log (cfu g~')
under 4 kPa O, + 10 kPa CO, atmospheres and non-MA.
Under these packaging conditions, yeast and molds counts
were less than 1.9 log (cfu g~ ).

time (days)

dipped in a solution of 1% ascorbic acid and 0.5% CaCl, ((e) green,
(M) green-mature, (A) mature); (b, d) control melon ((o) green, ([J)
green-mature, (A) mature)

Packaging atmosphere and ripeness state at processing
affected significantly to microbiological counts during re-
frigerated storage (p<0.05). The more advanced the stage
of ripeness, the higher the microbiological counts (Fig. 5).
Tables 4 and 5 show the kinetic constants estimated by a
modification of the Gompertz model [28] (Eq. 3) to describe
the growth of aerobic mesophilic microorganisms and fungi
on fresh-cut melon. The maximal growth rate of mesophilic
aerobic microorganisms ({max ) Was higher than that of yeasts
and molds except for mature fresh-cut melon (Figs. 4 and 5).
Bai et al. [5] reported that bacterial populations in fresh-cut
‘Cantaloupe’ stored under a 4 kPa O, + 10 kPa CO, atmo-
sphere or non-MA exhibited faster growth than yeasts and
molds.

Low oxygen atmospheres generally inhibit the growth of
aerobic microorganisms [5]. A low O, atmosphere combined
with a dipping treatment reduced the proliferation of aerobic
mesophilic microorganisms on green or green-mature fresh-
cut ‘Piel de Sapo’ melon (p<0.05). Counts were particularly
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Table 2  Evolution of lightness and whiteness index throughout storage of fresh-cut melon processed in different ripeness stages and packaged

under 2.5 kPa O, + 7 kPa CO, and non-modified atmosphere

Green Green-mature Mature
AA + CaCl, Control AA + CaCl, Control AA + CaCl, Control
Days L* WI L* WI L* WI L* WI L* WI L* WI
2.5% O, + 7% CO,
0 6235a 62.05a 5439a 5425a 5155a 5147a 4482a 44.63a S54.17a 5408a 59.52a 59.25a
7 63.35a 6295a 53.82a 53.74a 52.15a 52.07a 4521a 45.07a 53.07a 5297a 59.36a 59.12a
14 63.74a 6332a 54.65a 54.58a 52.11a 52.03a 46.69ab 46.50ab 54.57a 5447a 59.16a 5891a
28 6290a 6251a 54.69a 54.63a 5255a 5247a 48.69bc 48.45bc 53.70a 53.66a 59.80a 59.53a
35 6230a 61.90a 5425a 54.16a 52.63a 5255a 5028c 50.10c 53.88a 5385a 5591b 55.69b
Non-modified atmosphere
0 60.67a 6038a 6l45a 61.20a 58.23a 5796a 53.97ab 53.70ab 60.77a 60.39a 59.64ab 59.37 ab
7 61.73a 6143a 59.54a 59.26a 58.04a 57.78a S51.71a 5147a 61.10a 60.68a 57.86a 57.6la
14 61.00a 60.75a 57.88a 57.63a 5747a 57.19a 5539b 55.13b 60.35a 5991la 60.18b 5991b
28 59.80a 5948a 59.55a 59.33a 6042a 60.17a 6049c 60.18¢c 60.44a 60.00a 63.08c 62.80c
35 5737a 57.07a 594la 59.16a 60.09a 59.85a 63.61d 6331d 59.16a 5870a 6342c 63.11c

AA, ascorbic acid; L*, lightness; WI, whiteness index

Data are the means of ten replications

Different letters in the same column indicate that mean values are significantly different by Duncan’s multiple-range test (p<0.05)

Table3 Firmness (N) changes throughout storage of fresh-cut melon processed in different ripeness stages and packaged under 2.5 kPa O, + 7 kPa

CO; or non-modified atmosphere

Green Green-mature Mature

Days AA + CaCl, Control AA + CaCl, Control AA + CaCl, Control

2.5% O, 4+ 7%CO,
0 4.17+0.08 a 430+0.03 a 3.356 +£0.024 a 3.374£0.06 a 3.494+0.14 a 3.41£0.08 a
7 337+0.14b 3.403+0.109 b 3454+0.19a 3424+0.05a 3.0£04b 3.364+0.05a
14 3.06+0.08 ¢ 3.03+0.07 ¢ 2.96+0.09 b 2.76 +0.06 b 2.61+0.09c 2.794+0.03 b
28 2.194+0.08d 2.39+0.16d 3.06+0.15b 2.354+0.12¢ 2.314+0.12d 2.104+0.05¢
35 2.26+0.07d 1.79+0.25¢ 3.01+0.14b 2.504+0.09 ¢ 2.314+0.12d 2.174+0.18 ¢

Non-modified atmosphere
0 421+0.04 a 4.18+0.04 a 3.384+0.06 a 3.348 £0.002 a 3.934+0.07 a 2.774+0.07 a
7 2.724+0.04 b 2.152+0.003 b 3.294+0.13a 2.7+06Db 3.394+0.04 b 2.78£0.09 a
14 2.64+0.13b 2.146 £0.016 ¢ 3.194+0.08 a 2.794+0.22b 3.04+0.07 ¢ 2.70+£0.14 a
28 2.494+0.08 ¢ 1.394+0.05d 2474+0.14b 1.82+0.21 ¢ 2.814+0.07d 27+03a
35 2.453+£0.006 ¢ 1.07+0.05¢ 2.241+£0.014 ¢ 1.638 £0.202 ¢ 2.619£0.006 e 24+£02b

AA, ascorbic acid

Data are the means of ten replications

Different letters in the same column indicate that mean values are significantly different by Duncan’s multiple-range test (p<0.05)

low on green fresh-cut melon for 14 days (Fig. 5A). On the
other hand, melon processed at the most advanced ripeness
exhibited the highest counts under all conditions, exceeding
counts of 6 log (cfu g~!) at the beginning of storage (Fig. 5).
The United States and most European countries have regula-
tions relative to fresh-cut produce, which limit the counts of
aerobic microorganisms to 6 log (cfu g~') at expiration date
[29]. Table 4 shows that a dipping treatment combined with
a 2.5 kPa O, +7 kPa CO, atmosphere on green or green-
mature melons reduced the maximal growth rate (j4max) and
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the counts attained at the stationary phase (A). The lag
phase period (1) of aerobic mesophilic microorganisms on
green and green-mature fresh-cut melon was around 7-10
days.

Yeasts and molds were less numerous than bacteria on
fresh-cut ‘Piel de Sapo’ melon throughout storage (Fig. 5),
which was also reported on fresh-cut ‘Cantaloupe’ [5] and on
other fresh-cut produce [30]. Initial counts grew slightly on
green melons compared to fruits processed at more advanced
ripeness (p<0.05) (Fig. 5). Low O, atmospheres combined



Eur Food Res Technol (2007) 225:301-311 309

Table 4 Kinetic constants estimated by a modification of the Gompertz model in order to describe the microbial growth of aerobic mesophilic
microorganisms of fresh-cut ‘Piel de Sapo’ melon, processed at different ripeness stage and packaging conditions

Aerobic mesophilic microorganisms

AA + CaCl, Control
MA packaging & A Mmax A R? k A Mmax A R?
2.5% O, 4+ 7%CO,
Green 2.61+0.21 1.8+£0.3 0.26+0.15 142433 99.427 2.8+0.3 34+0.6 0.224+0.08 8+4 99.693
Green-mature 3.0540.08 2.28 +0.11 0.224+0.04 78+1.3 99.967 3.14+0.5 4940.1 0.7+04 13.49 £2.02 99.499
Mature 6.17+0.6 2.644+0.25 0.154+0.015 11.59+£2.09 96.436 6.18 +-0.24 2.1+0.3 0.3+£026 13.44+1.8 99.479
non-MA
Green 3.13+£0.06 4498+0.108 0.41+0.03 11.2+04 99.996 3.3+£0.09 5294+0.15 04+£0.04 11.55+£0.48 99.987
Green-mature 3.39+0.23 44+04 0.44+0.15 10.14+£1.9 99.866 3.2+0.8 5.1£0.3 0.5+0.6 8+8 99.144
Mature 6.16+0.08 2.234+0.16 0.23+0.06 1494+1.8 99.929 6.254+0.14 194 £0.21 0.29+0.11 13.9+1.6 99.785

MA, modified atmosphere; AA, ascorbic acid

k, initial counts estimated by the model [log (cfu g~)]; A, maximum growth attained at the stationary phase [log (cfu g71)]; imax, maximal growth
rate [Alog (cfu g~ 1) day~']; A, lag time (days)

Table 5 Kinetic constants estimated by a modification of the Gompertz model in order to describe the microbial growth of yeasts and molds of
fresh-cut melon, processed at different ripeness stage and packaging conditions

Yeasts and molds

AA + CaCl, Control
MA packaging k A Mmax A R? k A Mmax A R?
2,5% O, 4+ 7% CO,
Green 0.97+0.04 0.8+0.7 0.020£0.003 124+4 99.761 0.99+0.21 1.06£0.26 0.12+0.08 6+3  98.952
Green-mature 1.20+0.14 0.81£0.24 0.07 £0.06 11+£5 98.568 1.340.8 3444+1.13 022+0.15 3+7  98.777
Mature 1.0£04 1.84+0.5 0.124+0.08 6+1 98.759 2.84+0.3 21+04 0.14+£006 6+4  99.557
non-MA
Green 2.184+0.14 0.89+£0.24 0.09+£0.07 1244  98.77 2.16+0.19 134+03 0.10£0.08 106 98.981
Green-mature 2.30+£0.03 0.89+0.04 0.124+0.02 53405 99.962 2.1+0.3 19+03 02+0.14 3+£4 99.445
Mature 242+0.18 1.45+0.28 0.18+0.11 14+3 99307 2544022 2.02+0.27 0.18+£0.07 4.4+£2.299.670

MA, modified atmosphere; AA, ascorbic acid

k, initial counts estimated by the model [log (cfu g_1 )I; A, maximum growth attained at the stationary phase [log (cfu g_')]; Mmax, maximal growth

rate [Alog (cfu g=') day~']; A, lag time (days)

with AA and calcium treatment led to a significant reduction
of maximal growth rate of fungi in comparison with the other
studied conditions (Table 5). However, the counts attained
at the stationary phase were not significantly affected by
the different packaging conditions. The lag phase of fresh-
cut melon dipped in a solution of AA and calcium chloride
was lengthened to a minimum of 5 days whereas that of
untreated samples was less than 5 days, regardless of the
atmosphere conditions (Table 5). Without adding calcium,
the decrease of membrane strength and integrity would cause
a decompartmentalization of enzymes and substrates leading
to a rise in fluids and solute exchanges and thus, promoting
the proliferation of microorganisms.

Conclusions

Ripeness stage at processing is a limiting factor for the
shelf-life of fresh-cut ‘Piel de Sapo’ melon. Green-mature

fresh-cut melon exhibited lower rates of CO, and ethanol
accumulation than mature melon. Low O, atmospheres in
combination with AA and CaCl, treatments significantly re-
duced CO, accumulation and ethylene production as well as
the maximal growth rate of bacteria, yeasts and molds, ex-
cept for fully ripe melon which exhibited the highest initial
counts. The dipping treatment combined with packaging un-
der 2.5 kPa O, 4 7 kPa CO, atmospheres was also effective
to prevent the development of translucency and softening
of green or green-mature fresh-cut melon. In addition, low
O, atmospheres prevented the production of fermentative
metabolites like ethanol for 10 days. Therefore, for com-
mercial purposes, a shelf-life of 10 days is suggested for
green-mature fresh-cut ‘Piel de Sapo” melon dipped in 1%
AA and 0.5% CaCl, solution and packaged under a 2.5 kPa
O, + 7 kPa CO, atmosphere.
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Fig. 5 Evolution of microbial 10
growth throughout storage of
fresh-cut melon processed in
different ripeness stage: aerobic
mesophilic microorganisms (e)
green, () mature-green, (A)
mature); yeast and molds ((o)
green, (LJ) mature-green, (A)
mature). (a, b) Melon packaged
under 2.5 kPa O, + 7 kPa CO»
conditions; (¢, d) melon

log (CFU/g melon)

packaged under non-modified
atmosphere. (a, ¢) Melon dipped
in a solution of 1% ascorbic acid

and 0.5% CaCl, ((e) green, (H)
green-mature, (A) mature); (b,
d) control melon (( o) green,
(O) green-mature, (A) mature)

log (CFU/g melon)
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