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Abstract Ozonated water and peracetic acid were tested as
sanitizers to enhance the storability of fresh-cut melon cubes.
Sanitizers were also combined with suitable packaging mate-
rials (polypropylene and polylactic acid based plastic films).
Fresh-cut melon cubes were stored at 4 °C for up to 7 days.
Ozonated water and peracetic acid treatments were given by
dipping cubes into 0.8 ppm Oz and 100 ppm Tsunami 100™
solutions, respectively, for 3 min. Both sanitizers exhibited
efficiency in reducing the total microbial counts on melon
cubes (< 2 log CFU g™"). Respiratory activity and ethylene
production were both affected by the interaction between the
sanitizer and the packaging used. Carbon dioxide and oxygen
reached 9.89 kPa and 12.20 kPa partial pressures, respective-
ly, using peracetic acid treatment in combination with poly-
propylene film packaging, consequently developing off-odors
starting from day 3. Strong color changes were noted in cubes
stored in polylactic acid packaging after 7 days of storage,
affecting the sensory quality of the melon cubes. Sensory
evaluation (overall visual quality) indicated loss in fla-
vor in the polypropylene packaging. The overall visual
quality started to decline on 3rd day because of the
development of translucency.Overall, the use of ozone
in combination with polypropylene packaging provided the
best solution to maintain the quality of melon cubes for up
to 5 days of storage at 4 °C.
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Introduction

Freshly cut fruits and vegetables are highly perishable
(Massantini and Salcini 2003), including fresh-cut melon both
in mixed salad fruits or as loose pieces. Melon can become
contaminated during preharvest and postharvest handling and
packaging, transportation, distribution and/or immediately be-
fore consumption (Beuchat 1996). Cutting the melon may
cause important changes in quality attributes such as color,
sweetness, texture (Portela and Cantwell 1998), ethylene pro-
duction, respiration rate (Aguayo et al. 2007), microbial
growth (Aguayo et al. 2003) and aromatic volatile compounds
(Beaulieu 2006).

The washing process, in which physical and chemical treat-
ments are used to eliminate, or at least reduce, the population
of pathogenic and spoilage microorganisms, is one of the most
important processing operations (Moscetti et al. 2013).
Chlorine-based washing systems have been widely used by
the majority of fresh produce manufactures to reduce micro-
bial contamination of fresh-cut vegetables with good efficien-
cy (Sapers et al. 2001). In recent years, concern has been
raised about potentially toxic and carcinogenic by-products
that can be formed when chlorine reacts with organic com-
pounds (Villanueva et al. 2004a). The use of hypochlorite-
based systems for washing fresh products is already prohibited
in various European Union countries (or especially Denmark
and Germany) (Betts and Everis 2005).

Another effective system to sanitize fresh-cut produce is
the use of a peracetic acid-based sanitizer. This sanitizing
agent does not react with proteins to produce toxic or carci-
nogenic compounds (Holah et al. 1990). Peracetic acid has


http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-016-2207-y&domain=pdf

J Food Sci Technol (May 2016) 53(5):2352-2360

2353

been suggested to act primarily on lipoproteins in the cell
membrane (Leaper 1984), and it may be equally effective
against outer-membrane lipoproteins, facilitating its action
against Gram-negative cells. Due to its tolerance to many
factors such as temperature, pH, water hardness and contam-
ination from the soil, it is highly useful in treating horticultural
produce (Artés et al. 2007). Park and Beuchat (1999) observed
that 40 to 80 ppm peracetic acid was effective in significantly
reducing Salmonella and Escherichia coli O157:H7 on the
melon surface.

The use of ozonated water has been suggested as an inter-
esting alternative to traditional sanitizers due to its efficacy at
low concentrations and short contact times as well as its break-
down into non-toxic products (Carletti et al. 2013; Botondi et
al. 2015b). The efficacy of ozonated water is closely related to
ozone solubility, which increases as the temperature of water
decreases (Bablon et al. 1991). The flow rate of ozone and
contact time affect the transference of ozone to water, and
appropriate mixing or turbulence increases bubble contact
and solubilization in water. The purity and pH of water greatly
affect the rate of ozone solubilization. Disinfection byproduct
residues from oxidative reactions are generally considered to
be innocuous (Suslow 2004). In 1997, the Electric Power
Research Institute (EPRI) supported a generally recognized
as safe (GRAS) classification of ozone as a disinfectant for
foods when used at levels and for methods of applica-
tion in accordance with good manufacturing practices.
In 2001, the Food and Drug Administration (FDA
2001) approved the application of ozone as a direct
food additive for the treatment, storage, and processing
of foods in gas and aqueous phases.

Packaging technology is an efficient mechanism of reduc-
ing postharvest deteriorative processes in fresh products.
Packaging using polymer films has been cited as one of the
most suitable methods available to provide physical protection
against mechanical damage and contamination, maintain the
gaseous concentration in the produce surroundings and, thus,
to control or moderate the processes responsible for quality
degradation in fresh-cut produce. Currently, many types of
plastic films are available for fruits and vegetables; it is im-
portant to select the most appropriate packaging film because
a bad material shortens the shelf life of this type of food.
Generally speaking, polyethylene (PE) or polypropylene
(PP) bags and polyvinylchloride (PVC) trays are used for
packaging purposes.

UE regulation no. 1580/2007 (European Commission
2007) introduces the use of eco-friendly packages for fruits
and vegetables. When evaluating novel plastic polymers, it is
important to consider polylactic acid (PLA), which is biode-
gradable and compostable, in accordance with EN 13432/
2002 (UNI 2002), and is derived from renewable sources.
PLA has been considered one of the best solutions for pack-
aging materials (Rhim et al. 2007). Oriented PLA can be used

as fresh food service containers (Auras et al. 2005). In spite of
the major environmental advantages of biopolymers, the ac-
tual cost of these materials is a great obstacle to their use.
However, EU policy on environmental protection, with incen-
tives for companies using biodegradable materials, opens the
potential to reduce the cost of this material. Passively modified
atmospheric packaging in combination with active packaging
using PLA-coated cardboard trays wrapped with a thin, low-
density PE film significantly extends the shelf life of fresh
tomatoes stored at 20 °C for 30 d (Garcia-Garcia et al.
2011). Furthermore, PE and PLA polymeric trays maintained
the overall quality of fresh cut spinach stored in a cold room
for 6 d at 4 °C, but spinach stored in PLA trays maintained its
flavor longer (Botondi et al. 2015a).

The aim of this research is to evaluate ozone treatment
compared to peracetic acid as standard treatment to preserve
fresh-cut melons. In addition, storage in a modified atmo-
sphere using PP and PLA bags, which are biodegradable
and compostable and, are derived from renewable sources is
evaluated.

Materials and methods
Sample preparation

Muskmelon fruits (Cucumis melo L. cv. Marcelo) were grown
with no chemicals and were harvested from a farm in Central
Italy in late June 2014. The fruits were immediately taken to
the laboratory in appropriate thermal boxes, and a low tem-
perature (4 = 0.5 °C) was maintained throughout transporta-
tion. Muskmelons were preliminarily selected by size
(13.0 £ 1.5 cm diameter), weight (920 = 60 g) and external
skin color (75 % yellowness), and only sound fruits were used.
For each melon, the soluble solid content (SSC) was evaluated
to obtain a uniform batch. Muskmelons were washed by dip-
ping in chlorinated water (150 ppm) for 5 min and vigorous
scrubbing with a brush. Fruits were manually peeled and cut
into cubes (2.5 x 2.5 cm; corresponding to 20.0 + 2.2 g per
cube) using a stainless steel sharpened knife. Peeling and cut-
ting were conducted under sanitary conditions. Cubes were
randomly selected and assigned to 6 treatments of 3 replica-
tions each (approximately 200 g) and then maintained at
4 £ (.5 °C for 30 min before sanitizing treatments. Tsunami-
treated samples (TS) were dipped into a 100 ppm Tsunami
100™ solution (15.2 % peracetic acid and 11.2 % hydrogen
peroxide) (Ecolab, Mendota Heights, MN) for 3 min at room
temperature (20 + 1 °C). Ozone-treated samples (O3)
were dipped into 0.8-ppm ozonated water for 3 min at
room temperature. An ozone generator YX-1000 (BNP,
Guangzhou, China) was used for ozonation. Control
samples were dipped into 50 ppm NaOCI solution at pH 6.0
for 3 min at room temperature.
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After sanitizing treatments, samples were left to dry for
30 min at room temperature prior to packaging and storing
at4 + 0.5 °C for 7 d in a dark cell. Thus, each sample was
packaged using a low-permeability commercial plastic film
(polypropylene, PP) and a fully biodegradable and compost-
able film (polylactic acid, PLA). PP and PLA were character-
ized by water vapor transmission rates (WVTR) of 23 g/m’
(23 °C, 60/70 % R.H.) and 40 g/m* (23 °C, 85 % R.H.),
respectively, and an oxygen permeability (OP) of
63 cm®/m?, 24 h, 1 bar (38 °C, 90 % R.H.) and 370 cm®/m?,
24 h, 1 bar (23 °C, 75 % R.H.), respectively.

Analytical measurements

All analyses were performed immediately prior to treat-
ment (0 d) and at 1, 3, 5 and 7 d of storage. Measurements
were performed on a total of 12 trays for each storage duration
(3 replications per treatment).

The oxygen, carbon dioxide and ethylene partial pressures
(kPa) in the tray headspace were monitored at 20 °C according
to Massantini et al. 2009a. Oxygen and carbon dioxide partial
pressures were monitored with an Oxycarb analyzer (Isolcell,
Bolzano, Italy). The ethylene partial pressure was measured
with a gas chromatograph (Fractovap 4200, Carlo Erba,
Milan, Italy) equipped with a flame ionization detector (FID)
and a 1-m long activated alumina column (80/100 mesh). A
nitrogen carrier flow of 20 mL min ' was used. Ethylene
measurement was performed isothermally at 100 °C.

Flesh color was measured with a CM-2600d colorimeter
(Konica Minolta, Osaka, Japan). Results were expressed ac-
cording to the CIELab color space through the L* (lumi-
nance), 4 (hue angle, & = tang 'b*/a*) and C* (saturation
index or Chroma, C* = [a** + b**]"?) coordinates. We also
measured the color difference CIE 1976 (AE* = [AL** +
Aa** + Ab*?]"?) among the color data for each sample col-
lected every sampling day from the beginning of the test (0 d).
The value of AE* expresses the difference between two colors
numerically as follows: imperceptible (AE* < 1), minimal
(1 < AE* < 2), just perceptible (2 < AE* < 3), perceptible
(3 < AE* <5), strong difference (5 < AE* < 12) and different
color (AE* > 12) (Massantini et al. 2009b).

Flesh firmness was determined with a digital penetrometer
model 53,205 (TR Turoni & Co., Forli, Italy) provided with an
8-mm tip; results are expressed as the maximum force (N)
required the 7-mm probe to penetrate the melon pulp.

The soluble solid content was measured as Brix degrees
with a WM-7 digital refractometer (Atago, Tokyo, Japan)
and official ‘Refractometer Method for fruit and fruit
products’ (AOAC 932.12) was followed (Horwitz and
Latimer 2005).

To determine microbial growth during storage, samples
were homogenized in 90 mL of sterile peptone-buffered water
in a sterile bag with a Stomacher model 4153-50
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(International PBI, Milan, Italy) for 2 min. Serial dilutions
were prepared in peptone saline solution, as needed, for plat-
ing. Mesophilic aerobic bacteria, mold and yeast were quan-
tified. The following media and incubation conditions were
used for each microbial group: plate count agar (Merck,
Darmstadt, Germany) for mesophilic aerobic bacteria, incu-
bated at 30 °C for 48 h and 7 °C for 10 d, respectively, and
potato dextrose agar (Merck, Darmstadt, Germany) with
oxytretracycline (0.1 g L") for yeast and mold, incubated at
22 °C for 3 and 7 d, respectively. Microbial counts were
expressed as log CFU g'. The microbial quality of the prod-
uct was evaluated based on a maximum of 7 log CFU g™ for
mesophilic bacteria, 5 log CFU g~ for yeast, and 3 log
CFU g' for mold (Silveira et al. 2008).

Sensory evaluation was performed by a group of 10-trained
judges. The members of the panel (6 women and 4 men; aged
20-35) were trained to recognize and score the quality
attributes of fresh and stored processed melon samples.
Melon cubes were randomly selected from each pack-
age. The following sensory parameters were assessed:
overall visual quality (OVQ), flavor, translucency and
off-odor. OVQ and flavor were assessed using a 10-
point scale, where 0 = inedible, 3 = poor, 5 = fair,
7 = good and 9 = excellent. Off-odor and translucency
were scored on a 0-5 scale, where 0 = none, 3 = moderate
and 5 = severe.

Statistical analyses

A three-factor analysis of variance (ANOVA) was performed
to evaluate the main effect of sanitizer, packaging and storage
period, and the interaction of factors. The least significant
difference (LSD) was calculated for an appropriate level
of interaction (p < 0.05). Results are reported as the
mean and standard error of the mean. R statistics soft-
ware ver. 3.0.2 with package ‘agricolae’ ver. 1.1-6 was
used. Sensorial data were subjected to hierarchical clus-
tering using the Wards method following the objective
of identifying agglomerates by treatment and packaging
used as well as days of storage.

Results and discussion
Microbial analysis

Fresh-cut melon is a fertile environment for pathogenic and
spoilage microorganisms, so the sanitizing process is one of
the most important procedures ensuring the microbial safety
of the product. In our experiment, all sanitizing treatments
reduced the initial total count of mesophilic bacteria, mold
and yeast at counts significantly lower than 2.2, 2.5 and 1.0
log CFU g ', respectively. However, none of the adopted
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sanitizers or packages hindered the microbial growth more
than another, except for control samples (chlorine treatment).
Moreover, the trend in microbial count during storage
was consistent with results reported by several authors
on fresh-cut melon (Luna-Guzman and Barrett 2000;
Silveira et al. 2008), confirming the effectiveness and
robustness of both ozonated water and Tsunami 100™ as
sanitizers.

Specifically, the microbial load of both mold and yeast was
not affected by ozonated water, Tsunami 100™ and type of
packages because no significant differences were observed on
different days of storage. Specifically, at 0 d the counts for
both sanitizers were lower than 0.8 log CFU g ' and at 7 d the
values ranged between 1.1 and 1.5 log CFU g ', which were
under the limits allowed by the European Community legis-
lation (European Commission 2005). On the contrary, control
samples (chlorine treatment) did not fit the market at day 5
(data not shown).

Figure 1 shows the growth of aerobic mesophilic bacteria
on fresh-cut melon up to 7 d of storage. On day 3, mesophilic
counts were approximately 5 log CFU g™' in all sam-
ples, except for control samples (chlorine treatment) that
showed a count higher than 6.0 log CFU g ' (data not
shown). Toxins may be metabolized at a microbial
count higher than 6.0 log CFU g ' (Wu et al. 2012).
Thus, after a 5-d storage period, only fresh-cut melon
cubes treated by ozonated water in both PLA and PP
packages were not significantly over 6 log CFU g
(p £0.01). In contrast, on day 7, the mesophilic count
exceeded 6.0 log CFU g™ in all samples, resulting in potential
health risks for the consumer.

-
@ O3-PLA
O3-PP
Y- @ TS-PLA
O TS-PP
TDD " -
=
=
@)
ERE
=
<
=]
o
E
o
2
g o7

Days of storage

Fig. 1 Mesophilic load (log CFU g-1) of fresh-cut melon sanitized with
ozonated water (O3) and Tsunami 100TM (TS) and packaged with
polylactic acid (PLA) or polypropylene (PP) films. Vertical bars represent
the standard error of the means (n = 5)

Package atmosphere composition

The trends of oxygen and carbon dioxide partial pressures in
the tray headspace are shown in Fig. 2a and 2b. After a 1-d
period of adjustment between the respiration and permeation
rates, a steady state was established inside the package. In
several treatments, the headspace composition started to
change starting at day 5, as also observed by Silveira et al.
(2011), due to a significant interaction between main factors
(i.e., ‘sanitizer’ and ‘packaging’) (p < 0.05). As expected, the
physiological activity of melon cubes and microbial count
both rising contributed to the headspace composition
(Luna-Guzman and Barrett 2000), which was also af-
fected by the gas permeability of the package. The ox-
ygen and carbon dioxide partial pressures progressively
decreased and increased, respectively, with larger changes
in the PP-wrapped trays.

In detail, the oxygen concentration was significantly
reduced to below 18 kPa after 3 d of storage in the PP
package, which also showed the lowest partial pressure
when combined with TS sanitizer (Fig. 2a). In contrast,
the oxygen level was maintained above 18 kPa for the
PLA package regardless of the sanitizing treatment
used. The highest carbon dioxide concentrations (be-
tween 6 and 10 kPa) were observed after 3 d of storage
in the PP packages (Fig. 2b). The carbon dioxide level
never exceeded partial pressures of 15 kPa, which was indi-
cated by Bai et al. (2003) as a safe threshold to prevent fer-
mentation in fresh-cut melon.

In fresh-cut melon, oxygen consumption and carbon
dioxide production may be affected by microbial growth
and senescence of tissue (Villanueva et al. 2004b). In
our experiment, samples exhibited major changes in ox-
ygen and carbon dioxide partial pressures when treated
with the TS sanitizer and PP packaging. TS-PP samples
had an average headspace composition of 12.20 kPa O,
and 9.89 kPa CO, during storage at 4 °C up to 7 d.
These results led us to speculate that the microbial count was
related to increased respiration during storage; however, both
the sanitizer and package were also involved in changes in
physiological activity.

Ethylene production confirmed the aforementioned
hypothesis by showing that fresh-cut melon stored in
PP packaging accumulated the highest amount of ethyl-
ene after day 3, thereby indicating possible increases in
physiological activity (Fig. 2c). This finding could be
related to possible deterioration of the tissue due to
senescence, in accordance to the results reported by
Aguayo et al. (2004). However, PLA samples did not
show significant changes in ethylene partial pressure
during storage. Moreover, the sanitizer used did not signifi-
cantly affect the evolution of ethylene concentration in the
headspace throughout the storage period.
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a <« Fig. 2 Evolution of oxygen (a), carbon dioxide (b) and ethylene (c)
partial pressures in the headspace of packages containing fresh-cut melon
- LSD (P <0.05) =1.32 cubes dipped in ozonated water (O3) or Tsunami 100TM (TS) and sealed
a7 using polylactic acid (PLA) or polypropylene (PP) films. Samples were
—~ stored at 4 °C up to 7 d. Vertical bars indicate the Least Significant
) Difference (LSD) (1 = 5)
<
2 =
2
] Finally, PLA packaging exhibited low carbon dioxide and
g o ethylene concentrations into the package, probably due to the
g8 high gas permeability of the plastic film.
g, In this study, the use of alternative sanitizers to chlorine
g < paired with MAP and low temperature allowed to extend shelf
life of fresh-cut Marcelo melon.
o Soluble solid content (SSC)

Carbon dioxide partial pressure (kPa CO,)

LSD (P <0.05) = 1.87

e

Ethylene partial pressure (P a CoHy)

O3-PLA
O3-PP
TS-PLA
TS-PP

LSD (P £0.05)=11.55
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There was no significant difference among the samples initial
values of the SSC of melon cubes (approximately 13.56°
Brix). A very slight increase in SSC was noted during storage
(p < 0.05), probably as consequence of water loss (data not
shown). Changes in SSC were affected by package material,
with the highest average value of 13.93 °Brix for PLA sam-
ples (p < 0.05), which were characterized by a high WVTR.
Finally, the sanitizing treatment showed no significant effect
on SSC (p = 0.74).

Color measurement

Appearance is a primary criterion for the quality evalu-
ation of food (Kays 1999). In this context, color per-
ception represents a discriminant factor for food choice,
preference and acceptability. Moreover, color may have a fun-
damental role in the perception of flavor and texture of food
(Meilgaard et al. 2006).

In terms of melon cube color, Fig. 3 shows that the L* and
C* values of all samples decreased with increasing storage
time. No differences in color were observed between sanitizer
treatments (data not shown), while both L* and C* exhibited a
significant interaction between ‘storage time’ and ‘packaging’
factors (p < 0.05), showing the lowest values for the PLA
samples. At day 0, luminance data were of 62.93 £ 0.69,
dropping noticeably to 61.84 + 0.62 and 56.56 + 0.53 at the
end of the storage for PP and PLA packages, respectively.
Chroma data ranged from 43.20 £+ 0.27 to 41.79 + 0.64 and
36.31 £0.79 for PP and PLA samples, respectively. A signif-
icant decrease in luminance and Chroma in melon cubes could
be a clear symptom of translucency development, the water-
soaked aspect of the cubes, and therefore a loss in quality
appearance (Beaulieu et al. 2011).

Hue angle (%) can be a symptom of ripening process or
browning appearance. In our experiment, the hue angle did
not show any changes during storage (data not shown). The
sanitizers used in this study are strong oxidizing agents and
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Fig. 3 Luminance (a) and chroma (b) trends in fresh-cut melon cubes
packaged using polylactic acid (PLA) or polypropylene (PP) films.
Samples were stored at 4 °C up to 7 d. Vertical bars indicate the Least
Significant Difference (LSD) (n = 5)

thus are capable of interfering with the activity of enzymes
related to the browning of the tissue, such as polyphenol ox-
idase (Silveira et al. 2008).

The CIELab color difference (AE*) allows precise mea-
surement and better understanding of the color development
of melon cubes that occurred during storage. The results show
that samples with AE* values over the ‘strong’ color differ-
ence threshold on the seventh day of storage were in PLA
packaging. In fact, the AE* of PLA samples was 9.44 (a
‘strong difference’ in color), while PP samples had a value
0f2.52 (a ‘perceptible difference’ in color). Results confirmed
that packages with higher vapor transmission rate and gas
permeability caused the higher loss in the typical color of
melon cubes.

Firmness

Firmness significantly declined during storage for all treat-
ments (p < 0.01). No ‘sanitizer’ or ‘packaging’ main effects
were observed (p =0.15 and p = 0.85, respectively). As shown
in Fig. 4, the firmness gradually decreased by 58.34 % at
the end of the storage, reaching the minimum average
value of 5.38 £ 0.45 N. The change in firmness was
higher than that observed by Silveira et al. (2008) and
Aguayo et al. (2003), who reported losses of firmness
of approximately 43.57 % and 21.7 % in fresh-cut
‘Galia’ and ‘Amarillo’ melon cultivars, respectively, stored
at 5 °C for 10 d. Thus, the firmness trend of fresh-cut melon
is also affected by cultivar.

In general, the internal tissue in fresh-cut melon lacks the
protection of the typical net or waxy pericarp of whole
melon, making it highly susceptible to softness (Aguayo
et al. 2004). In addition, loss of firmness in fresh-cut
melon is strictly related to modifications in pectic and
hemicellulosic polysaccharides as well as net loss of
non-cellulosic neutral sugars. Softening is usually asso-
ciated with enzymatic activity, such as galactosidase,
endo-polygalacturonase, and/or exo-galactosidase (Botondi
et al. 2000). Specifically, endo-polygalacturonase plays an
important role in postharvest fruit decay caused by mi-
croorganisms. Microbial growth is affected by the gas
composition in a modified atmosphere packaging (MAP)
system. Thus, under inappropriate gas composition,
spoilage might be associated with undesirable changes
in firmness. MAP techniques have the potential to delay
and arrest microbial spoilage and consequently may

. LSD (P £0.05) = 1.66
9_
z
=1
E oo
5
-
—a—
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—a—
«+-|—— TS-PP
T T T T T
0 1 3 5 7

Storage period (days)

Fig.4 Firmness of fresh-cut melon cubes dipped in ozonated water (O3)
or Tsunami 100TM (TS) and packaged using polylactic acid (PLA) or
polypropylene (PP) films. Samples were stored at 4 °C up to 7 d. Vertical
bars indicate the Least Significant Difference (LSD) (n = 40)
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Table1 Effect of sanitization treatments, packaging and storage on sensory attributes of fresh-cut melon stored at 4 °C for 7 d. Results are reported as
the mean + standard deviation of the mean
Main factors OoVvQ Flavor Translucency Off-odor
Sanitized (S)
Ozone 7.08 + 1.94 6.13 + 2.05 191 + 0.22 1.78 + 0.72
Tsunami 7.07 + 1.98 6.47 + 1.88 1.85 + 0.32 1.84 + 0.74
Packaging (P)
PLA 7.03 + 2.02 6.73 + 1.05 a 1.94 + 0.19 1.76 + 0.79
PP 7.13 + 1.89 5.87 + 0.97 b 1.82 + 0.15 1.87 + 0.66
Storage Time (T)
0 9.00 a' 9.00 a 1.00 a 1.00
1 8.75 + 0.40 a 6.75 + 0.95 b 1.20 + 0.45 a 1.50 + 0.58
3 6.71 + 0.10 b 5.66 + 0.98 c 223 + 0.62 b 1.71 + 0.34
5 5.76 + 0.31 c 5.55 + 0.43 c 1.98 + 0.67 b 2.05 + 0.51
7 493 + 0.17 d 4.54 + 0.76 d 3.21 + 0.46 c 2.81 + 0.24
Interaction
SxPxT NS NS NS o2

! Different letters indicate significant differences at p < 0.05

Z## indicate significance at p < 0.01

reduce the softening of fresh-cut melon (Aguayo et al. 2004).
Nevertheless, several authors (Amaro et al. 2012; Botondi et
al. 2014) reported controversial results on the use of MAP for
the storage of fresh-cut melon, with no effect on delaying the
natural softening of the product.

Finally, the sanitizers and packaging tested in this study did
not produce different changes in firmness among samples,
probably because of the lack of difference in microbial
growth. However, PP samples tended to have lower firmness
at the end of the storage period.

Sensory analysis

Shelf life based on OVQ is mainly affected by the develop-
ment of translucency, while the end of aroma quality is affect-
ed by the development of a rancid off-odor (Bai et al. 2003). In
our experiment, remarkable changes in the sensory parameters
of melon pieces were observed as consequence of storage
(Table 1). Moreover, the results indicate that the overall visual
quality and translucency were not affected by the sanitizer or
packaging, while the flavor intensity and off-odor showed a

Cluster 1

mmmm Cluster 2
Cluster 3
mmmm Cluster 4

NS i

Fig. 5 Dendrogram plot of fresh-cut melon samples dipped in ozonated
water (O3) or Tsunami 100TM (TS), packaged using polylactic acid
(PLA) or polypropylene (PP) films and stored up to 7 d at 4 °C. The
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numeral prefix represents the day of storage (1, 3, 5 or 7) while the
grey-colored bottom bar represents the clustering groups
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statistically significant effect due to for packaging (p < 0.05)
and sanitizer x packaging x storage time interaction
(p <£0.01), respectively. It is important to note that no signif-
icant difference in sensory profile was observed immediately
after sample preparation (0 d).

Melon cubes had excellent overall visual quality up to day
1. Subsequently, the OVQ gradually declined starting from
day 3 because of translucent areas. Translucency development
was previously reported by Bai et al. (2003). They observed a
relationship between translucency and oxygen partial pressure
inside packages greater than 15 kPa. Translucency might also
be due to an increase in microbial activity, although all melon
pieces were free of decay at day 5 of storage. The OVQ score
approached the limit of marketability (5 = fair) at day 7 at a
value 0f4.93 £ 0.17.

Flavor was notably lower in PP-packaged samples
(5.87 £ 0.97) than in PLA-packaged samples (6.73 £ 1.05).
PP wrapping may be responsible for low biosynthesis in esters
and poor flavor intensity as consequence of the lower oxygen
level in the PP package (Amaro et al. 2012). The sanitizer did
not affect the loss of flavor, while the score decreased within
the first few days of storage in all samples. The trend in flavor
loss was similar to that reported for OVQ. In fact, the flavor
score was close to the marketability threshold of 5 at day 7 of
storage (4.54 + 0.76). However, the flavor was compromised
before visual quality in accordance with Beaulieu and
Baldwin (2002). Moreover, the Tsunami 100™ sanitizer in
combination with polypropylene wrapping (TS-PP) devel-
oped off-odors starting from day 3 (2.76 £ 0.63), while other
samples showed a slight production of off-odor up to the end
of storage (ranged between 2.0 and 2.2). The cause of the off-
odor development was not identified but was often associated
with samples subjected to the Tsunami-dipping treatment.

Fresh-cut melon may develop loss of freshness within few
days of refrigerated storage (Beaulieu 2006). Thus, as expect-
ed, the shelf life limit for fresh-cut melon needs to take into
account the synergistic interaction between post cutting treat-
ment and packaging on flavor and sensory acceptability.
Flavor quality is a major driving force within the fresh-cut
industry, so flavor deterioration should be minimized. The
flavor of fresh produce does not improve during postharvest
life. Therefore, it is also necessary to consider the initial prod-
uct variability expected from various melon cultivars growing
in different regions, crop years and agro-pedo-climatic
conditions.

Finally, cluster analysis showed 4 primary groups that were
mainly distinguished by days of storage (Fig. 5), thus demon-
strating that the Tsunami treatment in combination with the
polypropylene significantly affected the storability of the mel-
on cubes. In fact, the pattern showed that the TS-PP samples at
both 3 and 7 d of storage were uniquely preserved by cluster-
ing with the sample group belonging to the 1 d of storage
(Cluster 2).

Conclusions

Both sanitizers effectively achieved the same results in terms
of initial microbial load, outperforming control treatments
with chlorine. However, after 5-days storage period, the mi-
crobial count exceeded 6.0 log CFU g™ in all TS samples,
creating potential health risks to the consumer. Other signifi-
cant differences among samples were noted as a consequence
of the use of different packaging, where PLA had a light
barrier effect against gas produced during the respiratory ac-
tivity. Melon cubes stored using the PLA exhibited higher
luminance and Chroma loss, corresponding to the develop-
ment of a ‘strong difference’ in color after 7-d storage. PP
packaging was used in combination with ozonated water of
melon cubes showed minor loss in flavour.
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