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ABSTRACT

Several fresh-cut apple snacks are available on the market, and their color is highly relevant
for consumers. As apple slices brown very quickly after cutting, dipping them in an
antioxidant solution for a few minutes is common to avoid this phenomenon. However, this
procedure has some limitations. Using the same solution for several immersion cycles over
several hours can lead to cross-contamination and microbial growth. In addition, osmotic
exchange phenomena in the immersion tank lead to a reduction in the concentration of the
active ingredients of the antioxidant solution over time, which requires continuous
readjustment of the concentrations. These aspects, together with the large quantities of
exhausted antioxidant solution to be disposed of, are limiting factors that drive the search
for alternative and more sustainable methods than dipping. In this work, a comparison
between a conventional dipping treatment of fresh-cut apples and spraying at increasing
volume of antioxidant solution was performed. Color, considered as the quality reference
parameter, was visually assessed (occurrence of dark spots) and CIE Lab colorimetric indices
were measured over a five-day experimental period. Based on dark spots and the changes
in brightness (A L*), hue angle (A h), and chroma (A C*), some of the spraying treatments
applied were found to be comparable to dipping in controlling browning. For all treatments,
high intra- and inter-batch variability and variability within slices of the same apple were
observed concerning both instrumental data and dark spots development, indicating that
further investigation is needed to validate this result and to apply this procedure at an
industrial level.
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INTRODUCTION

Large quantities of apples and apple-based
processed foods are consumed worldwide,
and South Tyrol, with 18,500 hectares of ap-
ple orchards, represents the largest conti-
guous apple-growing site in Europe [1]. Di-
verse apple cultivars grown in South Tyrol
were chemically characterized for their vo-
latile profile [2] and the content of minerals
[3], vitamins [4][5][6], and phenolic com-
pounds [7][8]. The properties of apples have
been known for a long time. They contain
nutritionally relevant compounds and have
beneficial properties against heart diseases,
asthma, diabetes, cholesterol, and over-
weight [9][10][11][12][13].

The demand for ready-to-eat fruit- and
vegetable-based products is constantly in-
creasing [14]. This is due to the awareness
by shoppers that a connection between nu-
trition and their well-being exists, guiding
them to consume healthy food [15]. There
are numerous types of apple snacks on the
market, some of which, like fresh-cut apples,
have a high dietary value because they are
only minimally processed [16][17][18].

The color of such a product highly influences
its acceptability by consumers [19][20]. Di-
verse studies are focused on color changes
that occur after processing and storage of
fruits and vegetables [20][21][22][23], and
intensive research is being carried out on
methods aimed at improving the appea-
rance of fresh-cut apple pieces, their preser-
vation over time [20][24][25][26][27][28]
[29][30][311[32][331[34][35], and thus, their
shelf life. Common strategies to increase the
shelf life of fresh-cut fruit include storage at
low temperature, treatment with antioxi-
dants, and packaging in a protective atmos-
phere [28].

Dipping in an antioxidant solution is the
most commonly used method to prevent
browning in fresh-cut fruit [29] and the best
one for fresh-cut fruits and vegetables [36].
The disadvantages of this method include
the risk of cross-contamination and micro-
bial growth [32][37][38][39] as well as the
dilution of the solution in the dip tank with
multiple and frequent exposures [38] that
resultsin the need to regularly replace or ad-
just the solution, with serious consequences
on the costs of raw materials and disposal
[39].

Alternatives to dipping for fresh-cut apples
can be spraying [32] or coating [40]. Some
advantages of spraying can be foreseen,

such as: tailored use of antioxidant solution,
hence optimizing the quantities of raw ma-
terial needed and avoiding waste and dis-
posal costs; prevention of cross-contamina-
tion; constancy of the concentration of so-
lutes in the solution from the first to the last
batch of production. A spraying treatment
could be therefore suitable for industrial
processes.

Besides microbiological contamination, en-
zymatic browning is the most common
cause of quality loss of a fresh food product
that affects its quality and shelf life [20][34].
Therefore, numerous studies are focused on
solving this issue [20][25][30][33][34][35]
[41][42]. Antioxidants extend the shelf life of
fresh produce acting as reducing agents that
slow down the browning process [20][33]
[43]. Ascorbic acid, commonly used as anti-
oxidant in food industry and labeled as addi-
tive (E300) [20][29][33][34][44], its deriva-
tives, or a combination of ascorbic acid and
sodium chloride and calcium chloride are of-
ten used for fresh-cut apples [22][24][33]
[35][45].

While most of research is focused on dipping
fresh-cut apples in antioxidant solutions
[29][46], little is reported concerning spray-
ing. A study compared the effects of these
two treatments on carrots, using chitosan-
based coatings [47], another work showed
the application of starch-, carrageenan- and
chitosan-based coatings through spraying
on strawberries [48], and, concerning ap-
ples, only one study was found about the
comparison of dipping and spraying treat-
ments [32], and, in this case, as for another
research from the same author focused on
dipping [47], a commercial product (Nature-
Seal®) was used as antioxidant.

In the present study, the efficacy of spraying
on the browning prevention of Golden Deli-
cious fresh-cut apple slices was compared to
the conventional dipping treatment. The
aim of the research was to optimize the
spraying procedure in a laboratory scale as
an alternative to dipping for the application
of the antioxidant solution on apple slices.

MATERIALS AND METHODS
CHEMICALS

Sodium chloride (99.9%) and calcium chlo-
ride 6-hydrate (99.9%) were purchased from
PanReac & AppliChem. L-ascorbic-acid
(>299.0%) was purchased from Merck Life
Science S.r.l.
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APPLES

Apples of the cultivar Golden Delicious were
purchased from a local retailer, stored at
2 °Cunder normal atmospheric conditions in
darkness, and washed down with water be-
fore use. The apple peel was not removed
before treatment, as fresh-cut apple pieces
are currently marketed with the peel [24].
Immediately prior to the treatments, each
apple was sliced using a hand household sli-
cing machine.

TREATMENTS

Treatments were carried out at room tem-
perature on 6 replicates. Each replicate con-
sisted of one apple cut into 5 slices.

DIPPING

An antioxidant solution was freshly pre-
pared by adding 1% ascorbic acid, 0.05%
NaCl, 0.5% CaCl2 to distilled water. Apples
slices were dipped in the antioxidant solu-
tion for 5 minutes in a 1:4 w/w ratio be-
tween apple amount and antioxidant solu-
tion. The apple slices were then removed
and allowed to drain at ambient conditions
for 30 seconds.

SPRAYING

An antioxidant solution was freshly pre-
pared by adding 2% ascorbic acid, 0.1%
NaCl, 1% CaCl2 to distilled water. The anti-
oxidant solution was sprayed with a non-
professional sprayer from a distance of 24
cm from the tabletop on which apple slices
were placed, with a 90-degree angle be-
tween the sprayer outlet and the tabletop.
Four different case studies were considered:
12-, 16-, 20-, and 24-sprays, obtained by the
application of series of 4 sprays of antioxi-
dant solution to the surface of apples re-
peated for 3, 4, 5, and 6 times at 30-second
time intervals between consecutive applica-
tions.

ANALYSIS OF ASCORBIC ACID
SAMPLE PREPARATION

Five slices belonging to one apple (approx.
80 g) were placed in a household blender,
and 50 mL of deionized water were added
prior to grinding the apple slices for 30 se-
conds. Approximately 4 mL of the extract
were then centrifuged (ST160R, Thermo
Fisher Scientific) at 7000 rpm at 10 °C for 5
minutes, and an aliquot of the supernatant
was further diluted 1:40 v/v with deionized
water prior to analysis. The extraction was
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performed in triplicate (3 apples per treat-
ment) on non-treated apples and apples
treated with dipping and spraying.

SPECTROPHOTOMETRIC ANALYSIS

Ascorbic acid (AsA) standard mother solu-
tion at a concentration of 500 mg/L was pre-
pared and further diluted with deionized
water to construct a calibration curve in a
concentration range between 5 mg/L and 50
mg/L. A UV-1800 spectrophotometer (Shi-
madzu Europa GmbH) was used for the ana-
lysis of AsA. The detection wavelength was
set at 245 nm, as previously reported
[44][48][49][50]. The instrumental autozero
was always performed prior analysis and de-
ionized water was used as blank sample.
Quartz cuvettes with an optical path of 1
mm were used, and measurements were
performed at room temperature. The
amount of AsA absorbed by apple slices af-
ter each treatment was calculated based on
the calibration curve by measuring the dif-
ference between the content of AsA in non-
treated and treated apples.

COLOR EVALUATION

For the colorimetric measurements, the in-
strument Chroma Meter CR-400 (Konica Mi-
nolta Sensing Europe B.V.) was used. The in-
strument was calibrated daily before mea-
surement. The non-treated and treated
apple slices were analyzed at defined time
intervals from 0 h to 99 h after cut. For the
non-treated apples and 12-spray treatment,
measurements were carried out for a
shorter period because the color of the
apple flesh was clearly no longer visually ac-
ceptable one day after cut, for non-treated
apples, and two days after cut, for 12-spray
treatment. Measurements were made on 4
points per apple slice (two per each side), on
5 slices per each apple, and six replicates
(apples) were analyzed per treatment. Sub-
sequently, each sliced apple was placed in a
commercial freezer bag and stored at 4 °C.
Apples were not stored under controlled at-
mosphere, in order to avoid metabolic stress
induced by the ascorbic acid on the respira-
tion pathways of apples [30]. The CIE Lab
color space coordinates (L*, a*, b*) were
measured, and A L*, A a*, A b*, chroma (C),
A C*, hue angle (h) [51], A h, and total color
difference (A E*) were calculated.

Photographs (Canon EOS 850D) of all sam-
ples were collected over storage. Since
browning could be very heterogeneous even
within the same apple, a visual overview of
the color of the 5 slices simultaneously was

made, evaluating the presence and abun-
dance of dark spots as reported on literature
studies [29][50][52] which described the
secondary browning with a similar ap-
proach. Pictures of apple slices (5 slices be-
longing to one apple per each picture) sub-
jected to the various treatments and col-
lected over the entire experimental period
were randomized and examined by three in-
dependent inspectors that evaluated them
based on the following criteria: 1 = absence
of dark spots, 2 = few, minor localized visible
dark spots, and 3 = moderate to severe oc-
currence of dark spots.

STATISTICS

Statistical analysis of data was performed
using SPSS (IBM SPSS 27 Statistics). An ana-
lysis of variance (ANOVA) with a p value of
0.05 was used to evaluate differences be-
tween treatments, using Tukey's post hoc
test for pairwise comparisons.

RESULTS AND DISCUSSION

The efficacy of a dipping treatment of fresh-
cut apples in an antioxidant solution based
on ascorbic acid, sodium chloride, and cal-
cium chloride was compared to that of
spraying treatments performed with in-
creasing amounts of antioxidant solution
sprayed. The apple cultivar Golden Delicious
was chosen because it is the most used in
the food industry and widely cultivated in
South Tyrol, and because previous studies
reported that it is susceptible to enzymatic
browning at rates suitable for the investiga-
tion of this phenomenon after the immer-
sion in ascorbic acid-based antioxidant solu-
tions [33].

Trials carried out before the experiments
described in this paper (data not shown)
suggested that a spraying treatment based
on the use of the antioxidant solution con-
taining each of the active ingredients at a
double concentration compared to that
used for dipping, with a minimum number of
12 sprays, allowed satisfactory preliminary
results to be obtained. Besides dipping and
12 sprays, some other case studies were
considered (16, 20, 24 sprays) and the con-
tent of ascorbic acid absorbed by apple
slices immediately after each treatment was
measured in order to verify that the apples
had absorbed a quantity of active ingre-
dients comparable to that measured after

dipping.

To evaluate the effect of the various treat-
ments on the color of apple slices and thus

04/2022 Laimburg Journal

Tab. 1: Amount (meantSD) of ascorbic acid
(AsA) absorbed by apples treated with dipping
and spraying.

Absorbed AsA
Treatment
[mg/g apple]
12 sprays 0.22 £0.07
16 sprays 0.22£0.04
20 sprays 0.28 £0.02
24 sprays 0.24 £ 0.03
dipping 0.19+0.02

on their shelf life, the color changes were as-
sessed over 5 days by measuring the three
CIE Lab color space coordinates L*, a*, b*
and their kinetics, and calculating total color
difference, hue angle, and chroma. The dif-
ferences between treatments were evalu-
ated for each of the investigated colorimet-
ric indices. Finally, the presence and the
abundance of dark spots were visually de-
termined.

COMPARISON OF ABSORBED ASA
IN APPLES TREATED WITH DIPPING
AND SPRAYING

A major challenge concerning the compari-
son of the dipping procedure with spraying
was the necessity of reaching similar con-
centrations of active ingredients on the sur-
face of apple slices in order to expect a
similar anti-browning efficacy between
treatments.

AsA is commonly used as antioxidant
[23][25][26][32][42][43] and shown to be
very effective against enzymatic browning
[20][24][33][41]. Additionally, it is easily de-
tectable spectrophotometrically, and there-
fore its absorption by treated apples could
be readily measured.

A fast and easily applicable method for AsA
measurements in laboratory as well as
during processing consists of a spectropho-
tometric measurement at a wavelength of
245 nm of the watery extracts of apple
slices. The method is not selective to detect
AsA since at this wavelength an interference
due to the presence of B-vitamins, polyphe-
nols, and dehydroascorbic acid can occur
[26][48]. However, since the only difference
between treated and non-treated apples
was the dipping or spraying in the antioxi-
dant solution, it is to be expected that the
increase in the absorbance signal at 245 nm
is solely due to the presence of AsA in the
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antioxidant solution used. The amount of
absorbed AsA was measured by subtracting
the absorbance at 245 nm of non-treated
apple to that of treated ones.

The absorbed amounts of AsA immediately
after each treatment are summarized in Ta-
ble 1.

Dipped apples absorbed the lowest amount
of AsA compared to the other treatments
but in the same order of magnitude. As ex-
pected, the absorbed amount of AsA tended
to increase by increasing the number of
sprays. Nevertheless, no difference was
found between 12 and 16 sprays, which may
be due to an intrinsic variability in the sam-
ple preparation procedure. Surprisingly, a
lower value was observed after treating
apples with 24 sprays compared to 20
sprays, and this may be due to the dripping
of the solution with consequent reduction of
absorbed AsA, thus the volume to be laid on
apple slices must be taken into account with
regards to the application procedure to use.
Above a certain volume of sprayed solution,
no increase in AsA concentration on apple
slices could be obtained with 30 seconds in-
tervals between series of sprays.
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COLOR CHANGES AS A FUNCTION
OF STORAGE TIME

A parameter used to assess color changes is
the total color difference (A E*), as de-
scribed in numerous studies [30][35][52]
[53][46][54][55][56]. Delta E is a standard
parameter that quantifies the difference be-
tween the color under investigation (for
example after shelf life) and the original
color of a product. Low A E values indicate
great similarity between two colors, while
high A E values indicate a significant mis-
match.

Alternatively, other indices could be consi-
dered, including A L* [45][47], as well as L*
[21][25][30][41][52][56], chroma variation
(A C*) [46][57], and hue angle [23][57][56]
[58][59]. The L* value is measured on a scale
that goes from 0 (black) to 100 (white) and
indicates the brightness of a color. There-
fore, A L* expresses the difference in light-
ness/darkness between two colors (positive
values indicate that the color became lighter
and negative values indicate that the color
became darker). The value of chroma C* is
defined as colorfulness of an area judged as
a proportion of the brightness of a similarly

28h
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illuminated area that appears white or
highly transmitting [60]. It represents the
distance from the lightness axis (L*) and
starts at O in the center. The difference in
chroma (A C*) indicates difference in bright-
ness/dullness between two colors (positive
values indicate that the color became
brighter and negative values indicate that
the color became duller). Finally, the hue an-
gle is a single number, corresponding to an
angular position around a color wheel. It
does not take into account the lightness and
the saturation.

It should be noted that a colorimetric analy-
sis with a Chroma Meter CR-400 consists of
punctual measures and therefore cannot
cover the entire surface of the apple slice.

The colorimetric analyses showed a clear
difference between non-treated apples and
those treated with the antioxidant solution.
The color change (A E*) kinetics over the ex-
perimental period for each treatment and
for non-treated samples is shown (Fig. 1).
Statistical analysis was performed for all
sampling time-points. Non-treated apples
were statistically different (p = 0.05) from all
other treatments already 3 h after cut, while

Treatment

I dipping

I 24 sprays
I 20 sprays
1 16 sprays
1 12 sprays

B l
99h

Fig. 1: Kinetics of the total color difference (A E*) of the various treatments over 99 h, showing the overall color change between the sample analyzed
at timepoint 0 and the same sample analyzed at defined timepoints over storage. Pictures of apple slices after cut and at the last collection point
are reported for each condition under investigation, framed in matching colors. Vertical lines represent the standard deviation for each timepoint.
The slope of the curve is indicative of the speed and rate of color change over time (curves with a greater slope indicate that the color has changed
very intensively and quickly compared to less steep curves).
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Fig. 2: Kinetics of: (A) Presence and abundancy of dark spots; (B) difference of the brightness (A L*); (C) difference of the chroma (A C*), (D) difference
of the hue angle (A h) of apple slices subjected to the various treatments, measured during storage up to 99 h at 4 °C. Vertical lines represent the
standard deviation for each timepoint. The curves show the color changes that occurred over storage between the sample analyzed at timepoint O
and the same sample analyzed at defined timepoints, concerning all parameters under investigation. The slope of the curve is indicative of the speed
and rate of change of color over time (curves with a greater slope indicate that the color has changed very intensively and quickly compared to less
steep curves). The direction on the y axis indicate that for all treatments dark spots tend to increase over time (values going from 0 to 3), that
lightness and hue angle tend to decrease (negative values) over time (samples get darker and the color changes from yellow/light green to
red/brown), and that chroma increases (the samples assume a brighter/intensified color as the color darkens).

all treatments were statistically equal up to
that point. Afterwards, the 12-spray treat-
ment started to significantly differentiate
from the others, while up to 51 h, all other
treatments were not statistically different
from each other. From 70 h, dipping started
to statistically differentiate from all the
other treatments and at the end of the
storage period was significantly different
from 24 sprays, 20 sprays, and 16 sprays.

For illustrative purposes, representative
images of the product at the end of the stor-
age time have been inserted in Figure 1.
Apples treated with dipping, 16, 20, 24
sprays did not visually differ in browning at
the end of the storage period. However, it
could be observed that browning occurred
in an inhomogeneous manner even within
the slices of the same apple. To include the
intrinsic heterogeneity of the color of the
apple surface in the evaluation of browning,
the presence of dark spots over the entire
slice’s surface was visually ranked through a
numerical classification.

It should be noted that, as the trial was not
performed with industrial equipment, the
hand-cutting of the apple resulted in an un-
even/wounded surface, which led to an in-
creased release of cellular juice and oxida-
tive enzymes in some parts of the slice,
causing the high variability observed.

The highest absorption of AsA was observed
with 20 sprays (Tab. 1), but the lowest A E*
occurred with the dipping treatment (Fig. 1),
characterized by the lower AsA absorption
(Tab. 1). Therefore, not only the concentra-
tion of active ingredients on the surface of
apple slices is important to reduce the enzy-
matic browning, but also the method
adopted to apply the antioxidant solution.

Dipping consists in a full immersion of apple
slices in a large water amount, therefore ca-
pillary effects are favored in these condi-
tions, and, presumably, active compounds
easier penetrated in the fruit compared to
the spraying procedures used. The degree of
tissue impregnation is associated to a con-
siderable extent with porosity [61][62], and
a higher mass transfer could be related to

higher porosity [63]. It can be inferred that
dipping improves conveyance of the anti-
oxidant solutes thanks to the effect of capil-
larity, which is more relevant in porous sub-
strates compared to plain ones. Moreover,
it was reported that immersing apples in an
ascorbic acid solution leads to a change in
permeability of the cell wall and cell mem-
brane [27]. Water and pigment release oc-
curs, resulting in vacuole shrinkage [27],
leading to an optimal permeation of the an-
tioxidant solution through the dipping treat-
ment. Ascorbic acid can cause a stress reac-
tion and thus damage the cell structure [31].
This results in enlarged interstitial spaces
within the tissue and increases the capacity
to absorb substances and ions [31]. The en-
larged interstitial spaces may have allowed
the apple to better absorb the antioxidant
solution during dipping, consequently slow-
ing down the enzymatic browning more
than with spraying.

The capillarity effect has more importance
on rough surfaces than on smooth ones, and
it is expected that this higher effectiveness
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Tab. 2: Results of the multiple comparisons
(Tuckey’s post hoc test) of the ANOVA for all
colorimetric indices and dark spots between
dipping and spraying treatments at 99 h. Sig-
nificant differences were indicated using aster-
isks (* p<0.05; ** p<0.01; *** p <0.001) and
not significant differences were indicated as
“ns”.

16 20 24
sprays sprays  sprays
AL* * ns ns
AC* ns ns *
Dark spots ns ns ns
A E* * * * %k

of dipping compared to spraying is more
evident on rough surfaces. Since apple slices
produced in the present experimentation
were unusually rough as an effect of manual
cutting, it is expected that using a profes-
sional cutter that produces smoother apple
slices would reduce this phenomenon, and
the effect of the concentration of AsA de-
posited on the surface would prevail.

A A E* between 3 and 6 is visible to the hu-
man eye [64]. Since for all treatments except
12 sprays the average A E* after 99 h never
exceeded a value of 6, a sensory test could
be performed in order to ascertain whether
this color change would be still approvable
by consumers.

Samples with an average A E* greater than 6
(non-treated apples and apples treated with
12 sprays) were too browned (see inner pic-
tures in Figure 1), and therefore were ex-
cluded from subsequent evaluations.

A visual assessment of browning was per-
formed on randomized pictures of apple
slices collected over storage to rank the oc-
currence and abundance of dark spots in a
1-3 range (Fig. 2 A). Based on this analysis,
the development of browning over time was
not statistically different (p =0.05) among all
treatment over the whole storage time.

As for dark spots, the colorimetric indexes A
L*, A C and A h were calculated on samples
with an average A E* lower than 6 (Fig. 2 B-
D).

Spraying could be expected to give a high
variability within apple slices since a non-
professional sprayer was used, and the neb-
ulization of the solution could have been not

ZUSAMMENFASSUNG

Eines der wichtigsten Merkmale zur Bestimmung der Qualitat von
frischen Apfelscheiben, die als Snacks verkauft werden, ist ihre
Farbe. Da die Scheiben nach dem Schneiden schnell braun werden,
ist es Ublich, sie einige Minuten lang in eine antioxidative Losung
zu tauchen (dippen). Dieses Verfahren hat jedoch einige
Einschréankungen. Die Verwendung derselben Lésung fiir mehrere
Eintauchzyklen Gber mehrere Stunden kann zu Kreuzkontamina-
tion und mikrobiellem Wachstum fiihren. AuRerdem fiihren os-
motische Austauschphdnomene im Tauchbecken dazu, dass die
Wirkstoffkonzentration der antioxidativen Losung im Laufe der
Zeit abnimmt, was eine standige Nachjustierung der Konzentratio-
nen erfordert. Diese Aspekte sowie die grofRen Mengen an
verbrauchter Antioxidans-Losung, die entsorgt werden missen,
sind wichtige Faktoren, welche die Suche nach einer alternativen
und nachhaltigeren Methode als dem Eintauchen, vorantreiben. In
dieser Arbeit wurde ein Vergleich zwischen einer herkémmlichen
Dipping-Behandlung von frisch geschnittenen Apfelscheiben und
der Besprihung (Spraying), mit steigender Konzentration der
Antioxidans-Losung, durchgefiihrt. Die Farbverdanderungen wur-
den visuell (Vorhandensein von dunklen Flecken) und instru-
mentell (CIE-Lab-Farbindizes) wahrend der flinftagigen Lagerung
bewertet. Anhand der dunklen Flecken und der Verdanderungen
der Helligkeit (A L*), des Farbtonwinkels (A h) und des Chromas (A
C*) waren einige der Sprihbehandlungen ebenso wirksam wie das
Eintauchen. Im Allgemeinen wurde eine hohe Variabilitat der
Daten innerhalb und zwischen den Chargen festgestellt, was
darauf hindeutet, dass weitere Untersuchungen erforderlich sind,
um dieses Ergebnis zu validieren und dieses Verfahren auf indu-
strieller Ebene anwenden zu kénnen.

RIASSUNTO

Una delle caratteristiche pit importanti per definire la qualita degli
spicchi di mela fresca venduti come snack & il colore. Dato che, una
volta tagliati, gli spicchi imbruniscono rapidamente, & prassi
immergerli (dipping) in una soluzione antiossidante per alcuni
minuti. Questa procedura presenta, tuttavia, alcune limitazioni.
L'uso di una stessa soluzione per diversi cicli di immersione
durante I'arco di molte ore puo dar luogo a fenomeni di conta-
minazione incrociata e crescita microbica. Inoltre, fenomeni di
scambio osmotico nella vasca di immersione determinano la
riduzione della concentrazione dei principi attivi della soluzione
antiossidante nel corso del tempo, che richiede un continuo
riaggiustamento delle concentrazioni. Questi aspetti, unitamente
alle grandi quantita di soluzione antiossidante esausta da smaltire,
costituiscono fattori limitanti che spingono alla ricerca di metodi
alternativi e pilu sostenibili rispetto al dipping. In questo lavoro, &
stato effettuato un confronto tra un trattamento di immersione
convenzionale e uno di spraying a volume crescente di soluzione
antiossidante su spicchi di mela fresca. Sono stati valutati i
cambiamenti di colore visivamente (presenza di macchie scure) e
strumentalmente (indici colorimetrici CIE Lab) per cinque giorni di
stoccaggio. In base alle macchie scure ed ai cambiamenti di
luminosita (A L*), angolo di tinta (A h) e croma (A C*), alcuni dei
trattamenti spraying sono risultati efficaci quanto il dipping. In
generale, si € osservata un'elevata variabilita dei dati intra- e inter-
lotto, indicando che sono necessarie ulteriori indagini per con-
validare questo risultato e per poter applicare questa procedura a
livello industriale.
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as homogeneous as that obtained with in-
dustrial devices. Dipping, on the other hand,
is not affected by the use or non-use of in-
dustrial equipment, as it simply consists of
immersing a solid into a liquid. Surprisingly,
a high variability was observed also among
dipped apples concerning all colorimetric in-
dices and dark spots, indicating that an ef-
fect of the roughness of the slices surface
produced by the manual cutting on the anti-
oxidant efficacy occurs. Presumably, a more
a standardized industrial-scaled methodo-
logy, with performing blades, would reduce
variability and increase precision.

Owing to the high variability, there were not
always overlapping results for the pairwise
comparisons among treatments based on
the different colorimetric indices, which
were, therefore, all taken into accountin the
overall evaluation. In table 2, a summary of
the statistical comparison of 16, 20, and 24
sprays with dipping for each of the color in-
dices under investigation and for dark spots
at 99 his reported.

Despite the high variability, results in Table
2 show that 20-spray treatment was not sig-
nificantly different from dipping, suggesting
that process optimization could allow the ef-
ficient use of spray as an alternative to dip-

ping.

Under the present experimental conditions,
the volume of solution (2% AsA, 0.1% NaCl,
1% CaCl2 in distilled water) required to ef-
fectively spray (20 sprays) 1 kg of apples is
estimated as 188 mL. Considering that the
method can be highly improved by means of
more performing devices, this volume could
be even lower, allowing the reduced con-
sumption of reagents and reducing waste.
The solution could be stored in sterile dark
refrigerated conditions hence preserving its
titre and its microbial stability.

CONCLUSIONS

Dipping treatments for fresh-cut fruit are
widely used, nevertheless cross-contamina-
tion and microbial growth can occur. The
variation of the reagent's concentration
and, in turn, the reduction of the antioxidant
efficacy over subsequent immersions can be
of concern. In addition, the large volume of
antioxidant solution to be disposed of can
be an economic and environmental cost.
Therefore, alternative methods such as
spraying can be of interest for companies.

In this study, spraying was compared with
dipping for antioxidant treatments of fresh-
cut apples. Spraying treatments were per-
formed with a non-professional sprayer at
increasing number of sprays from 12 to 24
with an antioxidant solution at twice the
concentration of active ingredients com-
pared to dipping. The ascorbic acid ab-
sorbed by apples was measured imme-
diately after each treatment. The color
changes that occurred in samples over an
experimental period of 99 hours were as-
sessed both visually (as dark spots) and
colorimetrically, through the measurement
of CIE Lab parameters and calculating A E, A
L*, A h and A C* indices.

Results show that, based on A L*, A h, A C*
and dark spots, the color of apples treated
with 20 sprays or dipped was not signifi-
cantly different after 99 h of storage at 4 °C.

Dipping resulted in a lower uptake of AsA in
apple slices than all spraying treatments un-
der investigation, however it was as effec-
tive as the most effective spraying treat-
ment tested in preventing browning, indi-
cating that the application technique is
more important than the amount of antioxi-
dant absorbed by the apple surface.
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In order to obtain comparable efficacy of
spraying with dipping, it is therefore im-
portant to modulate the application tech-
nique and the concentration of reagents in
order to reach a sufficient amount of active
ingredients on the surface of apple slice and
to avoid runoff of the antioxidant solution
due to the overload of successive sprays. An
approach based on the measurement of at
least one of the ingredients of the antioxi-
dant solution could help in developing an
optimal spraying treatment to be used in or-
der to reach a similar efficacy to dipping.

These findings indicate that spraying could
be a valid alternative to dipping for the
treatment of fresh-cut apples, with poten-
tial advantages related to waste and costs
saving, constancy of the titre of the antioxi-
dant solution, and reduction of microbial
growth. A scale-up to an industrial level,
based on the use of professional instrumen-
tation for apple cutting and spraying, should
be further performed with the aim of vali-
dating the possibility to apply a spraying
treatment for the reduction of the enzy-
matic browning of fresh-cut apples.
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