hnology
Tec

urnal of Fo
o
Jo

&

rocessing
dP

ISSN: 2157-7110

Journal of Food

Danza, et al., J Food Process Technol 2015, 6:4
DOI: 10.4172/2157-7110.1000439

Processing & Technology

Research Article

Open Access

A New Example of Nanotechnology Applied to Minimally Processed Fruit:
The Case of Fresh-Cut Melon
Alessandra Danza, Amalia Conte, Marcella Mastromatteo and Matteo Alessandro Del Nobile*
Department of Agriculture Sciences, Food and Environment, University of Foggia, via Napoli, 25–71122 Foggia, Italy

Abstract
The effects of silver nanoparticles (Ag-MMT) incorporated into an alginate-based coating applied to fresh-cut melon
(Cucumismelo L.) were assessed on the product shelf life. Different concentrations of Ag-MMT nanoparticles were tested in
coated melon that was packaged in an oriented polypropylene-based bag and stored at 5°C. Results showed that the active
coating was effective from the microbiological and the sensory point of view, if compared to the uncoated fruit that rapidly lost the
characteristics responsible for fruit acceptance. A significant shelf life prolongation was recorded from less more than 3 days of the
control samples to 11 days of coated fruit, thus promoting further investigation on Ag- MMT coating as valid preservation strategy.
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Introduction
Nanotechnology is an emerging technology also in food science
where the interest for manufacturing new materials at the nanoscale
level is growing [1]. Among the different types of nanoparticles (NPs),
silver ones (AgNPs) have proved to be very effective as thesecompounds
generally exert high antimicrobial activity against both Gram-positive
and Gram- negative bacteria, such as methicillin resistant S. aureus
[2] and E. coli, P. aeruginosa and S. faecalis [3]. The research in
food science has exploited the nanotechnology to also developnew
packaging materials with improved antimicrobial properties. In this
context, a new class of antimicrobial systems has been generated
from inorganic phyllosilicate clays, such as montmorillonite (MMT),
which constitute a support for AgNPs. According to Bouwmeester
[4], nanotechnologies currently applied to food can be divided in
different food production phases, from processing where NPs may
appear in suspension or emulsion, to preservation and packaging. As
a fact, NPs can be engineered as food additives or supplements for
functionalized foods, such as nano-delivery systems [5,6] build from
peptide, carbohydrate or lipid monomers [7-9]. On the other hand,
some examples have been also found as NPs applied for preservation
aims. Costa et al. [10] reported a significant shelf life prolongation of
fresh fruit salad obtained with a new packaging system incorporating
Ag-MMT as active compounds. The same authors also reported a
significant shelf life prolongation of fresh-cut carrots treated with
Ag-MMT [11]. Incoronato et al. [12] applied AgNPs to Fiordilatte
cheese, thus demonstrating a significant enhancement of the fresh
dairy product quality stored in the active packaging. Fresh-cut fruit
and vegetables are increasingly available on supermarket shelves. The
operations to obtain fresh-cut produce (washing, peeling and cutting)
generally promote a faster physiological deterioration, biochemical
change and microbial degradation [13]. Melon (Cucumismelo)
in particular, is one of the most consumed fresh-cut fruit due to its
attractive color, good flavor, refreshing properties and its high content
of vitamins, mineral salts and fibers. Unfortunately, the shelf life of this
product is strongly affected by the high amount of water and sugars
which constitute an ideal substrate for microbial proliferation, besides
the almost neutral pH does not constitute a natural barrier against
pathogens. Moreover, melons are grown on the ground, then to direct
contact with any organic fertilizers and the surface uneven and porous
allows microorganisms to adhere very well, then cross contamination
of the pulp at the time of cutting can easily occur. These reasons
make necessary to develop valid preservation techniques to prevent
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the deteriorative processes that occur during processing and storage
(microbial spoilage, desiccation, discoloration or browning, textural
changes and development of off-odor). Edible coatings may reduce
fresh-cut fruit deterioration, being able to control the respiration rate
and the water loss and also serving as carriers of active compounds
[14-16]. Moreover, the use of coatings as carriers of silver represents a
viable approach to avoid the direct contact of nanoparticles with food
[12,17]. The aim of this work was to evaluate the influence of alginate
coating loaded with silver- montmorillonite nanoparticles (Ag-MMT)
on shelf life of fresh-cut melon. To assess the influence of the active
coating on the fresh-cut produce, both microbial and sensory quality
decay were assessed during a proper refrigerated storage period.

Materials and Methods
Fruit preparation
‘Proteo’ Melons (Cucumis melon L.) were kindly provided by a
local farm (Futuragri, Foggia, Italy) at a commercial stage of ripeness,
transported within 2 h directly from the field to the laboratory under
refrigerated conditions and stored in a ventilated room at 4°C prior to
processing. For the samples preparation a protocol including proper
washing steps wasfollowed. The whole fruit was firstly washed with
tap water to remove residuals, dipped for 5 min in chlorinated water
(20 ml L-1) and finally washed in a 50% water-ethanol solution for
the same time. Afterward, the whole fruit was air-dried for 10 min at
room temperature (23°C), peeled, cut longitudinally using a manual
vegetable cutter into slices of about 25 mm thickness and the pulp was
further cut in trapezoidal sections (12 g). The coating solutions were
prepared by dissolving food-grade sodium alginate powder (2% w/v)
(Farmalabor, Canosa, Italy) in distilled water while heating on a stirring
hot plate for 10 min at 70°C until the mixture became clear. Silvermontmorillonite nanoparticles (Ag-MMT) were kindly provided by
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the National Research Council of Naples (IPCB) that prepared the
nano composite systems as also reported in another work [18]. The AgMMT nanoparticles were in the range of 10–40 nm and were added to
the coating solution in concentrations of 150, 250 and 500 ppm (w/v),
by stirring the solution for 30 min. Melon pieces were first dipped
into each active solution for 2 min, the excess solution was allowed
to drip off before submerging each fruit piece in a calcium chloride
solution (5% w/w) for 5 min to promote the alginate gel forming. All
samples were dried at room temperature for 2 min. A proper amount
of coated samples corresponding to 100 g was packaged in an oriented
polypropylene-based bag of 40 µm thickness. The bags were 250 mm ×
250 mm long, with an Oxygen Transmission Rate (OTR) of 1171.72 ±
9.58 cc/(m2.day) at 23°C and 0% RH. The bags were hermetically sealed
by means of a thermal sealer (Gandus sealers, Milan, Italy) under air
conditions and then stored at 5°C for the entire observation period
(19 days). As reference sample, uncoated fresh-cut melon was also
packaged. In the current work a coating without any active compounds
was not taken into account because preliminary tests on the same
cultivar melon highlighted that the behaviors of coated and uncoated
samples were very similar. For the sake of clarity, the investigated
samples were labeled as follows: CTRL (uncoated fresh-cut melon),
Coat-150 (fresh-cut melon coated with 150 mg of Ag-MMT), Coat250 (fresh-cut melon coated with 250 mg of Ag-MMT) and Coat-500
(fresh-cut melon coated with 500 mg of Ag-MMT).

Microbiological analyses and pH determination
Viable cell loads of main spoilage microorganisms were monitored
for the entire observation period. For microbiological analyses, about
10 g of sample was aseptically removed from each package, placed in
a stomacher bag, diluted with 0.9% NaCl solution and homogenized
with a Stomacher LAB Blender 400 (Pbi International, Milan, Italy).
Decimal dilutions were carried out using the same diluent. Mesophiles
and psychrotrophs were determined on Plate Count Agar (PCA) with
incubation at 30°C for 24–48 h and 7°C for 10 days, respectively. For
coliforms, Violet Red Bile Agar (VRBA) was used and plates were
incubated at 37°C for 18–24 h. Yeasts andmoulds were determined on
Sabouraud Dextrose Agar (SDA),supplemented with chloramphenicol
(0.1 g L-1) (C. Erba, Milan, Italy) with incubation at 25°C for 48 h and 5
days, respectively. deManRogosa Sharpe agar (MRS), added with 0.17
g/L cycloheximide (Sigma-Aldrich, Milan, Italy) incubated at 30°C for
2–4 days for lactic acid bacteria (LAB). All the media used were from
Oxoid (Milan, Italy). The microbiological analyses were carried out
twice on two different batches. The measurement of pH on the first
homogenized dilution of the fresh-cut melon was performed twice on
two different batches, by using a pH-meter (Crison, Barcelona, Spain).

Sensory analyses
During storage, fruit samples were submitted to a panel of 7
trained evaluators in order to assess the sensory attributes. According
to a similar procedure reported in the literature [19] a 9-point scale
was used to define the intensity of odor, color, firmness and overall
quality. This last parameter has to be considered as an average of the
other sensory attribute (i.e., color, odor, and firmness) as evaluated by
each panelist. A score equal to 5 was used as the threshold for fruit
acceptability. To determine the Sensory Acceptability Limit (SAL) of
the investigated fresh-cut produce, a first order kinetic equation [20]
was fitted to the experimental data:
SA(t ) =

#
SAmin ! SA0 " exp(! K " SAL)
SA ! SA0 " exp(!K " SAL)&
( " exp(! K " t ))
+ % ! min
1!exp(! K " SAL)
1!exp(!K " SAL) '
$
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where SA(t) is the fresh-cut melon overall quality at time t, k is the
kinetic constant, SA is the initial value of the melon overall quality,
SAmin is the limit for fresh-cut produce acceptability, SAL is the sensory
acceptability limit (i.e., the time at which SA(t) is equal to SAmin), and t
is the storage time.

Statistical analysis
The values of the microbial cell loads and the SAL values relative to
the sensory quality were compared by one-way ANOVA, respectively.
A Duncan's multiple range test, with the option of homogeneous
groups (p<0.05), was used to determine significance among differences.
Statistical 7.1 for Windows (StatSoft Inc., Tulsa, OK, USA) was used for
this purpose.

Results and Discussion
Microbial quality
Table 1 reports the cell load of mesophylic and psychotropic
bacteria at 0 and 8 days of sampling for all the investigated samples.
A concentration of 5×107 CFU/g of total mesophilic bacteria was
selected as threshold for microbial acceptability, as imposed by the
French Regulation [21]. As can be seen from the table, the initial cell
load accounted for about 2 log CFU/g. A gradual increase in mesophilic
population was found for the uncoated melon (CTRL), until reaching
the microbial threshold within a few days of storage (5 days).
Differently, a low cell load was detected in all the active coated samples
where the microbial threshold was never reached. Anyhow, a certain
differences among the active coated samples were found. In fact, while
fresh-cut melon coated with the two lowest concentrations of AgMMT
(Coat-150 and Coat-250) reached a microbial concentration of about
6.89 and 5.57 log CFU/g, respectively, on the 8th day of storage, the
Coat-500 sample presented a cell load of 6.64 log CFU/g on day 13th
and reached the threshold on day 19th (7.79 log CFU/g). This result
confirmed the correlation between efficacy and Ag-MMT nanoparticles
concentration, as also demonstrated in other applications of silver
nanoparticles to fresh fruit [11]. The antimicrobial activity can be related
to the silver ions released. When the silver ions enter the bacterial cells
by penetrating through the cell wall turn the DNA into a condensed
form to react with the thiol group proteins and provoke the cell death
[22]. Morones et al. [23] studied the effect of silver nanoparticles on E.
Coli growth and demonstrated that at concentration less above 75 µg/
ml there was no bacterial growth. As regard the psychotropic bacteria,
a trend similar to that found for the mesophilic count was recorded
(data not shown). For the other investigated microbial groups (yeast,
moulds and coliforms) a very low proliferation (about 4 log CFU/g), by
one or two log cycles below the uncoated sample (CTRL) was recorded
throughout the storage in all the active coated fruits.
The pH values showed a constant trend during the entire
observation period, accounting for about 6 in all the active coated
samples and about 4.9 in the uncoated sample.

Sensory quality
Figure 1 shows the evolution during storage of the fresh-cut
melon overall quality for all the investigated samples. SAL values
were listed in Table 2. The solid horizontal line is the overall quality
threshold (score=5). As can be inferred from Figure 1, in accordance
to the microbiological results, the uncoated sample (CTRL) rapidly
falls down below the threshold, due to the fast color changes caused
by dehydration. In fact, color is a critical quality parameter of fresh-cut
fruit since cutting operations may often lead to enzymatic browning.
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Samples

Mesophiles

Psycrotrophs

log cfu/ginitial

log cfu/g8days

log cfu/ginitial

log cfu/g 8days

Coat-150

2.00a ± 0.00

6.89a ± 0.33

2.89a ± 1.54

6.94a ± 0.27

Coat-250

2.00 ± 0.00

5.57 ± 0.68

2.00 ± 0.00

5.47b ± 0.51

Coat-500

2.00a ± 0.00

4.97b ± 0.21

2.00a ± 0.00

4.73b ± 0.38

CTRL

2.23a ± 0.40

7.79c ± 0.06

2.26a ± 0.38

7.82c ± 0.03

a

b

a

Mean values ± standard deviation.
Means in the same column followed by different superscript upper cases are
significantly different (P<0.05).
a-b

Table 1: Mesophilic and psychrotrophic initial and final bacterial count (log cfu/g)
of fresh-cut melon samples.

prolonged storage period, compared to the other samples. The shelf
life determination is generally intended as a consequence of both
microbial and sensory quality decay kinetic. Therefore, in the current
work, by comparing the microbial loads and the sensory acceptability,
the shelf life of melon coincided with the SAL values (Table 2). As
can be seen, statistical significant differences in shelf life were found
between uncoated and coated samples. In particular, the active coating
improved the shelf life of melon by increasing the microbial quality and
the sensory acceptability, if compared to the uncoated melon (CTRL).
Among the coated samples, the Coat-500 recorded better results by
assuring a sensory acceptability until the 11thday that represents an
interesting finding if compared to the uncoated fruit sample.

Conclusions
In this work the influence of an alginate coating loaded with
different concentration of Ag- MMT nanoparticles on shelf life of
fresh-cut melon was studied. To this aim, microbiological and sensory
attributes were observed during the storage. Results suggested that the
sensory parameters played a major role in determining the product
acceptability because the coating treatment with Ag-MMT controlled
the microbial growth and the melon did not overlap the microbiological
limit imposed for fresh-cut fruit and vegetables. The combined use
of alginate coating and silver nanoparticles allows maintaining good
melon quality, thus prolonging the shelf life to about 11 days, with
respect to the uncoated samples (3 days).
Figure 1: Overall quality decay of all fresh-cut melon samples. The curves are
the best fit of Eq. (1) to the experimental data.
Samples

SAL=Shelf life (day)

Coat-150

5.17a ± 0.18

Coat-250

5.95a ± 0.18

Coat-500

11.18c ± 0.18

CTRL

3.82b ± 0.21

a-c
Data in the column with different superscript letters are significantly different
(P<0.05).

Table 2: Sensory acceptability limit (SAL) and shelf life (mean ± SD) of fresh-cut
melon samples.

In the literature, some authors reported the positive effect of the
incorporation of additives (ascorbic acid, calcium chloride and sorbic
acid) into edible coatings for controlling browning phenomena [2426]. In the case under investigation, the active coated samples did not
show any color modification until the first week of storage and were
also preserved in terms of humidity. As can be seen from data listed
in Table 2, some differences can be observed between them. For the
Coat-150 and Coat-250 samples, the SAL value (5 days) was due to
a general spoiling in terms of consistency. These findings are in
accordance to the most studies carried out to evaluate the influence of
processing and storage conditions on the quality perception of freshcut fruits [27] where the visual quality decreased below the threshold
of marketability after about 1 week of storage. The slicing operations
result in a dramatic firmness decay of tissues fruit; moreover, the
transformation of proto-pectin to water-soluble pectin, the decrease in
cellulose crystallinity, the diffusion of sugar to the intercellular spaces
[28], the loss of turgor and the ion movement from the cell wall [29]
may be also responsible for softening. Differently, the Coat-500 sample
showed values of sensory quality above the threshold (score=5) for
about 11 days, thus demonstrating that the highest silver concentration
contributed to maintain an acceptable odor, color and firmness for a
J Food Process Technol
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