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ABSTRACT

Background: Grape juice has a high antioxidant potential, capable of fighting oxidative
processes in the body. The juice is mainly marketed in its concentrated form, which has a high
content of glucose and fructose. The juice concentrate may then be used as an osmotic agent to
dehydrated fruit with a relatively short shelf-life at room temperature, such as melon. The
osmotic dehydration process can also be combined with conventional drying in order to further
reduce the water activity (a,) of the product. Finally, the antioxidant-rich melon meets the
consumers’ demand for foods which contain ingredients that may impart health benefits.

Results: Melon dehydrated by osmotic process at 200, 400 and 600 mbar, using grape juice
concentrate (GJC), showed no significant differences in physical characteristics (a,, °Brix, and
moisture content). Higher efficiency was observed when dehydration was performed at 200
mbar. After osmotic dehydration with GJC, both plasmolysis of the melon cells and an increase
in intercellular spaces were observed by optical microscopy, with no negative impact on the
mechanical properties (True stress, Hencky’s strain and deformability modulus). Calcium present
in GJC was impregnated into the melon matrix, thus contributing with the mineral composition
and mechanical properties of the final product. No significant differences were observed for the
antioxidant capacity of melon dehydrated both with GJC and GJC followed by air-drying at 50
and 70°C. This demonstrates that it is possible to combine the two processes to obtain a product
with intermediate moisture without decreasing its antioxidant capacity. The samples scored
above the acceptable limit (>5) varying between like slightly to like moderately, resulting in a
purchase intent with average scores between 3 (maybe/maybe not buy) and 4 (probably would
buy).
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Conclusions: A product with intermediate water activity, acidic, firm, high antioxidant capacity,
rich in calcium and in naturally occurring sugars, and potential sensory acceptance can be
obtained using grape juice concentrate in the osmotic dehydration process, followed by air-
drying process.

Keywords: osmotic dehydration, air-drying, fruit juice, optical microscopy, antioxidants,
calcium.

BACKGROUND

Grape juice is considered a product with high antioxidant potential, capable of combating
oxidative processes in the organism [1, 2]. Several studies have shown that grape juice
consumption can positively influence risk factors associated with cardiovascular health, cancer,
neurodegenerative diseases, and age-related cognitive decline [3—5]. Grape juice is marketed
mostly in the concentrated form, and contains a high content of glucose and fructose, which are
widely used in osmotic dehydration processes [6, 7]. Thus, grape juice concentrate can be used
as an osmotic agent to dehydrate fruits with relatively short shelf-life at room temperature, such
as melon.

Grape mushand grape juice concentrate were used as osmotic agents for dehydration of kiwi
and yellow melon, with high dehydration efficiency when compared with sucrose solution [8, 9].
The processes were conducted under reduced pressure with a vacuum pulse application [8] and
constant pressure [9]. The mass transfer during melon dehydration with grape juice concentrate
and sucrose solution has been modeled by Fick’s and Page’s equations [9]. Besides the
improvement in the dehydrating efficiency, the antioxidants in grape juice can also be
incorporated into the melon matrix, resulting in products with distinct characteristics, attracting
consumers’ interest.

Despite the advantages of osmotic dehydration (OD), the mass transfer (water loss and
solute gain) can lead to changes in texture, thereby changing the cellular structure of the product,
depending on the conditions of the process and the product’s characteristics [10]. Some authors
investigated the OD process in strawberry slices at different process times, and found that the
cell damage was enhanced with the increase in time [11]. These changes alter the mechanical
properties of the fruit, and thus its appearance and texture, influencing consumers’ acceptance.

The OD can also be combined with other preservation methods such as freezing or drying.
With respect to the freezing process, the use of grape juice concentrate can improve the product
resistance to damage by freezing, since the low molecular mass solutes in the juice have a
cryoprotectant effect [12]. Additionally, the OD process reduces the drying time and limits the
undesirable effects of heat on the quality of the final product, besides preventing subsequent
structural damages [13]. Furthermore, drying is essential to remove water to a microbiological
safe level. Finally, the consumption of foods enriched with natural antioxidants can protect
against the oxidative stress related diseases or improve cognitive performance in humans [14].

Consequently, the study aimed to evaluate the effect of different osmotic pressure on cell
structure and mechanical properties of yellow melon, using grape juice concentrate as an osmotic
agent; to assess the antioxidant capacity, calcium content, and sensory acceptance of the product;
and to dehydrate melon with grape juice concentrate followed by conventional drying at 50 and
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70°C. In this context, the use of osmotic dehydration process can ensure a final product with
better sensory quality, more uniform characteristics, and increased shelf life.

METHODS

Material

Melons (Cucumis melo L. var. inodorus) grown in Mossoro region (RN, Brazil) were obtained
from a local market (CEASA, Campinas, Brazil). Fruits were selected based on skin color
(yellow), pulp (whitish green), appearance (similar size and shape), and manually washed and
peeled. Grape juice concentrate was purchased from the company Golden Sucos (RS, Brazil),
and diluted with water to 60°Brix. For comparison purposes, sucrose solution (60°Brix) was
prepared from commercial sugar. Table 1 shows the characteristics of both osmotic solutions and
melons [9].

Table 1. Physicochemical characteristics of melon and osmotic solutions.

Characteristics Melon Sucrose GJC
solution

°Brix (25 °C) 10.84 + 0.84 60 60

Titratable acidity (g'/100 g)* 0.11+0.01 0.0041 + 0.0005 2.084 +0.011

Reducing sugar (g glucose/100g)* 3.96 £0.35 0.163 +£0.042 50.06 = 1.06

pH (25 °C) 5.87+0.19 7.31+0.17 3.03+0.02

a,’(25°C) 0.9928 + 0.8769 £ 0.0005 0.8382 +
0.0019 0.0028

Moisture (%) 88.45+0.89 n.d. n.d.

'g citric acid for melon and sucrose solution and g tartaric acid for grape juice; *wet basis; n.d., not determined; *a,,
= water activity.

Osmotic dehydration

Osmotic dehydration (OD) was carried out in equipment with natural circulation, as described by
Chambi et al. [9]. Melon samples (cylinders 11 mm diameter and 10 mm high) were subjected to
OD using osmotic solution (60°Brix) at 40°C, and fruit: osmotic solution ratio of 1:10, under
different absolute pressures (200, 400, and 600 mbar) for 60 minutes. All OD process were
performed in triplicate. Antifoam (0.3 mg g*) Xiameter AFE-0010 (D'Altomare Quimica Ltda,
Sao Paulo, Brazil) was added to the grape juice to prevent foam formation.

Air-drying

Air-drying studies were carried out after the osmotic dehydration. Melon cubes (10 mm sides)
were kept in grape juice concentrate (60°Brix) at 40°C under 600 mbar for 60 minutes, at a ratio
of 1:5, fruit : osmotic solution, without addition of antifoam. No significant differences were
observed in the physical characteristics (ay, °Brix, and moisture content) of these samples when
compared with samples dehydrated using fruit to solution ratios of 1:7 and 1:10 (data not
shown). After removal from the grape juice concentrate, the dehydrated cubes were drained,
rinsed with distilled water, and placed on absorbent paper to remove the excess of solution, and
transferred to forced-air oven at 50 and 70°C until reaching ay, ~ 0.7 (at 25°C). Melon dehydrated
with GJC (dehydrated melon 1) and with GJC followed by air-drying process at 50 and 70°C
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(dehydrated melons 2 and 3, respectively) were evaluated for the antioxidant capacity, calcium
content, and sensory acceptance.

Physical Characteristics

Soluble solids content was measured by direct readings in an automatic refractometer, model
121300 (Reichert, USA) at 25°C. Moisture content was determined by gravimetric method. The
a, was measured using a Dew Point Water Activity Meter model 4TE-Aqualab (Decagon
devices Inc., USA) at 25°C. Depression of water activity (Aay) was calculated by the Equation 1
[15]. All determinations were carried out in triplicate.

a ity—a i
Aaw — < w (fresh fruL;) w (osmodfehydrated frult)) X 100 (1)
w (fresh fruit)

Process effectiveness
The process effectiveness (PE) was calculated by the ratio of water loss (WL) to the solute gain
(SG) at the end of osmotic dehydration [16] (Equations 2, 3 and 4).

PE = WL/SG )
WL = Mf-Xf_Mo-Xo (3)
MO
_ Mf-sf_MO-SO
SG = ML 4)

WL and SG were expressed in grams per gram of initial fresh melon mass; Mrand M, are the
final and initial samples mass (g) respectively; Xrand X, are the final and initial moisture content
(g g melon) respectively; and Syand S, are the final and initial soluble solids content (g g
melon) respectively.

Mechanical properties

The mechanical properties were evaluated by uniaxial compression in a TA.XT2i texture
analyzer (Stable Micro Systems, UK), with a flat-end cylindrical probe (40 mm diameter). The
probe was lubricated with silicone oil to avoid the effects of the plate-sample friction during
compression. Compression tests were done at 1 mm s until 80% of sample deformation [17].
From the force-deformation data, true stress (o) and Hencky’s strain (¢) were calculated
according to Equations 5 to 7 [ 18] respectively.

o = Ft/At (5)
_ HoAp
A= ©)

€= —In [H_o] (7
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Where F; and 4, are the compression force and the contact area at the time of compression ¢,
respectively. 4, is the initial specimen area, H, and H, is the height of the cylinder at the time of
compression ¢ and ¢ =0, respectively.

Stress-strain curves show an initiating effect resulting from a non-ideal flat surface of
samples. This effect was in failure strain < 0.04 (fresh melon) and < 0.1 (dehydrated melon); as a
result, it was considered negligible for the calculation of the mechanical parameters at failure.
Deformability modulus was taken from the slope of initial linear zone of stress-strain curve after
the initiating effect. For each process, seven samples were analyzed, and the means were used to
calculate the final average. Whereas texture is not uniform among fruits, values of the three
parameters were normalized as the ratio between values for the both treated and untreated
samples.

Structural observation

Three samples were removed from the stirred vessels for structural observation at the same
sampling times of the textural measurements. One rectangular slab with 1 mm thickness was
gently cut parallel to the major axis of each cylinder, and in its middle length with a razor blade.
The slabs were fixed for 48h in 4% glutaraldehyde solution, 0.2 M Potassium phosphate, dibasic,
0.1 M citric acid monohydrate, and 4% sucrose. Afterwards, the slabs were dehydrated in a
graded alcohol series of 10, 30, 50, and 70% containing sucrose 4%, for 1 h each. The
dehydrated samples were immersed into pre-infiltration solution (100% alcohol + hydroxyethyl
methacrylate resin mixed with 10% benzoyl peroxide, 1:1 ratio) during 3 days, followed by
immersion in infiltration solution (hydroxyethyl methacrylate resin mixed with 10% benzoyl
peroxide) for 3 days, in cooling environment. The samples were then placed in Teflon moulds
containing approximately 1.5mL infiltration solution and dimethyl sulfoxide (hardener) in a ratio
of 15:1 (v/v). Polymerization was completed at room temperature within 16 h. The polymerized
blocks were sectioned (thickness 7 um) using a rotary microtome, distended on slides, and
stained with aqueous 0.05% toluidine blue in sodium acetate buffer (pH=4.7). The samples were
examined using an Olympus BX 51 light microscope (Olympus Optical Co., Tokyo, Japan) [17,
19].

Antioxidant capacity

Sample preparation

Fresh melon was ground in a blender coupled with a convenient filter accessory and filtered
again through a cotton layer. Grape juice concentrate (0.2 g) was dispersed in SmL distilled
water, and 5 mL ethanol were added. Dehydrated melon was ground in a mortar containing
liquid nitrogen, dispersed (0.5 g) in 5 mL water, kept at rest for 10 min, and5 mL ethanol were
added to the dispersion and sonicated for 20 min. The extracts were centrifuged at 13,000 x g for
10 min at 10°C, and the supernatant was separated for analysis. All procedures were performed
in a dark room at 20°C.

ABTS
ABTS assay was based on the method of Re et al. [20]. ABTS radical cation was produced by
reacting 7 mM ABTS solution with 2.45 mM potassium persulphate during 16h in the dark at
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room temperature. The radical ABTS solution was diluted with ethanol to an absorbance of
0.72+0.02 at 734 nm, and 4.95 mL of this solution was mixed with 50 uL of sample or Trolox
standard (0 — 2000 uM in ethanol). The absorbance was measured at 734 nm at exactly 6 min.
Results were expressed as Trolox equivalent antioxidant capacity.

DPPH

DPPH assay was based on the method of Brand-Willians et al. [21]. In the dark, 50 uL of
sample or Trolox standard (0 — 2000 uM in ethanol) were added to 4.95 mL of 0.06 mM DPPH
solution (in ethanol) and the reaction was kept for 16 h. This time was necessary to achieve
constant concentration of remaining DPPH for grape juice concentrate, and was used for all
assays. After the reaction, the absorbance was measured at 517 nm, and the results were
expressed as Trolox equivalent antioxidant capacity.

ORAC

ORAC assay was performed as described by Ou et al. [22] for hydrophilic antioxidants using a
Fluorescence microplate reader SynergyHT, Biotek (Winooski, USA) with an excitation filter at
485 nm and an emission filter at 528 nm, under automatic shaking and temperature control. In
dark, 25 uL sample diluted in phosphate buffer, blank, or Trolox standard (0-50 uM in phosphate
buffer) were added to black microplates of 96-well, mixed with 150 uL fluorescein solution
(111.2 nM) and incubated at 37°C for 30 min. With a multichannel pipettor, 25 uL. AAPH (0.153
M) were added to the wells to reach a final volume 200 uL in each well. The plate was
immediately transferred to the plate reader and the fluorescence was measured every minute for
2 hours, with total fluorescence decay of 70+5 min for all samples and standards. The net Area
Under the Curve (AUC) of fluorescence decay over time (AUCampie-AUCh1ank) Of the standards
and samples were determined by Gen5TM 1.11 data analysis software. ORAC values were
expressed as Trolox equivalent antioxidant capacity.

Calcium

Calcium was measured by atomic absorption spectroscopy in a PerkinElmer AAnalyst 200
spectrophotometer (Shelton, USA) using a hollow cathode lamp for calcium (422.7 nm) and an
acetylene-air flame. Calcium standard solution (1000 mg L) (Sigma) was diluted with 2% (v/v)
HNO; (Sigma) to obtain working standards varying from 0.5 to 5 mg L. Instrumental
parameters and sample preparation were made according to Boen et al. [23] with some
modifications. The samples (~1.0 g) were mixed with 4 mL of 69% HNO; and heated in a
digestion block at 110°C during 2 hours. After cooling, 2mL of 69% HNOsand 2 mL of 30%
H,0, were added to tubes containing the dehydrated melon and GJC samples, while ImL of 30%
H,0, was added to tubes containing fresh melon. These samples were heated at 130 °C during 2
hours. These conditions led to a complete mineralization of the samples. Mineralized samples
were quantitatively transferred to volumetric flasks of 10 mL (for fresh melon) and 25 mL (for
dehydrated melon and GJC) and the volumes completed with ultra-pure deionized water (Arium
comfort I ultra-pure water system, Sartorius, Gottingen, Germany). When necessary, samples
were diluted with ultra-pure water to obtain absorbance readings between 0.1 and 0.2.
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Lanthanum (0.5% w v') was added to the samples and standards to avoid phosphate
interference. Before readings, samples were passed through a quantitative filter (Type 3551,
Nalgon). Analysis was performed in triplicate. All materials used for the experiments were
rinsed with 10 % nitric acid and ultra-pure water.

Sensory evaluation

Sensory evaluation of dehydrated melon was carried out in standardized individual booths, in the
Sensory Laboratory of the Department of Food Technology, UNICAMP (Sao Paulo, Brazil),
under controlled conditions (lighting and temperature), one day after production. Acceptance test
was performed for the attributes aroma, flavor, texture, color, and overall impression using a
nine-point structured hedonic scale (1=Dislike extremely, 5=Neither like nor dislike, 9=Like
extremely), and purchase intention was assessed using a five-point structured hedonic scale
(1=definitely would not buy, 5=definitely would buy). Samples were given to each judge in a
completely randomized order, served on white plastic cups, and labeled with three digit random
numbers [24]. Water was provided for palate cleansing between samples. The panelist consisted
of 28 male and 32 female aged from 18 to 50 years (<30 years = 93%). The panelist included
students, professors, and staff members of the School of Food Engineering who have prior test
experience, as this type of test is carried out several times during the year. This evaluation was
permitted to identify trends and provide direction to the research. This research is in accordance
with the ethical research on human beings and was approved by the Research Ethics Committee
of State University of Campinas - UNICAMP, Brazil, under the number CAAE
41682715.3.0000.5404.

Statistical analysis
Experimental results were analyzed by ANOVA and Tukey’s multiple test at 95% confidence
level using the statistical program Statistical Analysis Systems (SAS).

RESULTS AND DISCUSSION

Physical characteristics

No significant changes were observed for the parameters soluble solids, moisture, and water
activity (Table 2) of melon dehydrated with grape juice concentrate or sucrose solution,
regardless of the pressure applied to the OD process. The use of GJC as an osmotic agent
resulted in a product with higher soluble solids, lower moisture, and lower a,, when compared to
melon dehydrated with sucrose solution for all pressures used. The water activity lowering
capacity (Aa,) of grape juice in melon at different pressures for 1 hour at 40°C was close to the
values obtained for guava (Aa, = 3.55%) and apple (Aa,, = 4.08%) respectively [25, 26]. These
fruits were dehydrated in sucrose solution (60°Brix) and maltose syrup (56% w w™) for 5 h and 6
h at 40 and 20°C, using fruit : osmotic solution ratio of 1:45 and 1:20, with vacuum pulse
(absolute pressure of 100 mbar) and atmospheric pressure, both under constant stirring [25, 26].
Moreover, Aa, was greater than the maximum values obtained for apple (Aay = 1.88%), melon
(Aay, = 0.91%), and mango (Aa,, = 0.61%) subjected to pulse vacuum osmotic dehydration
(absolute pressure from 326 to 407 mbar) for 20 min using sucrose solution at 50 and 57°Brix, at
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25°C and fruit : osmotic solution ratio of 1:10 [15]. In addition to this study, only one study
reported a high water activity lowering capacity (Aa,, = 5.6%) when kiwi was dehydrated in
grape mushat 63°Brix (a,, = 0.789) during 3 h at 35°C with vacuum pulse application (50 mbar
absolute pressure) for 5 minutes and recirculation rate of 1m’ h™' [8]. These observations
demonstrate that the OD process with GJC can decrease water activity of the product in a shorter
period, using lower volumes of osmotic solution. The significant reduction of a,, of melon can be
due to the low GJC water activity (a, = 0.838) (Table 1), the smaller molecular size of the
reducing sugars in the juice (facilitating their incorporation), the reduced pressure applied to the
process, besides the natural circulation in the equipment [9].

Table 2. Physical characteristics of OD melon with sucrose solution (SS) and grape juice
concentrate (GJC) at different vacuum pressures

Pressure Soluble solids (g 100" g™ melon) Moisture (%)

(mbar)

SS GJC SS GJC
200 27.8+1.2* 30.9+1.6* 73.5+1.1% 67.1£1.6™
400 27.3+0.6* 29.6+0.5** 72.9+0.4% 68.2+0.4%°
600 27.840.1** 28.84+0.5** 72.7+0.9% 68.7+0.8%°
Pressure ay Aay, (%)

(mbar) SS GJC SS GJC
200 0.979+0.002** 0.963+0.002%" 1.4+0.1*" 2.940.1**
400 0.976+0.001** 0.951+0.003" 1.6+0.3%" 4.440.4**
600 0.973+0.006™* 0.966+0.005** 2.0+0.7** 3.6+0.6™*

Lowercase letters in the same column and capital letters in the same line (within the same parameter) indicate
significant differences (p<0.05).

Process effectiveness

The OD process was more effective (> WL/ SG) at 200 mbar (Table 3) using GJC as an osmotic
agent. The decrease in absolute pressure led to an increase in movement of osmotic solution
within the equipment, which was more pronounced for GJC. An increase in liquid volume in the
cooling system was also noted due to water evaporation, which was also higher for GJC. Water
evaporation is effective in avoiding excessive dilution of the osmotic solution during OD,
allowing working with osmotic solution of ~ 59°Brix, which was adjusted to 60°Brix using GJC
(68°Brix) at the end of each process. The motion of the solution at 200 mbar results from the
collision of water molecules at temperature (40°C) close to the boiling point of water (~ 62°C) at
this pressure, which may have contributed to a greater melon water loss at 200 mbar. The
increase in fluid movement and the presence of proteins and polysaccharides in grape juice [27]
resulted in high foaming, especially at 200 and 400 mbar. Proteins may have been adsorbed at
the liquid/gas interface due to their amphiphilic feature, while the polysaccharides increased the
interface viscosity, thereby reducing the liquid drainage rate. For these reasons, an antifoam
agent was used in all processes.
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Although high dehydration efficiency was observed (higher WL and lower SG) at 200 mbar,
no significant differences were observed in °Brix, moisture, and a,, of the dehydrated melon
when compared to the samples subjected to OD at 400 and 600 mbar (Table 2), once the solute
gain at 400 and 600 mbar was greater than at 200 mbar. These results are interesting because the
solutes may contain antioxidants from grape juice, which can be better incorporated at high
absolute pressure.

The use of GJC as osmotic agent is an alternative to improve the effectiveness of the
process, and to obtain a product with lower water activity when compared to the sucrose
solution. GJC has water activity lower than sucrose solution (Table 1) at the same solute
concentration, and therefore higher osmotic pressure. Thus, the chemical potential gradient
between water in the liquid phase of the melon cell and water in grape juice will be higher than
the gradient created with the sucrose solution, resulting in further water loss for the first osmotic
agent. The lower a,, of GJC is due to its complex composition containing mainly low molecular
weight solutes (150 to 190 g mol™).
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Table 3. SG and WL of melon dehydrated with sucrose and grape juice concentrate (60 °Brix),
for 1 h at 40 °C, and fruit ratio:osmotic agent of 1:10 at different absolute pressures.

SG (g g melon) WL (g g melon) WL/SG
Pressure
(mbar) SS GJC SS GJC SS GJC
200 | 0.08+0.01%* | 0.05+0.01°* | -0.35+0.01°* -0.51+£0.01*® | 43+0.6* | 11.2+1.2*
400 | 0.10£0.02°** | 0.10+£0.01** | -0.30+£0.01"* -0.47+0.01°% | 3.0+0.6™ | 4.9+0.4°*
600 | 0.12+0.01** | 0.09+0.02** | -0.28+0.01** -0.47+0.06" | 2.320.1°® | 5.2+0.3%

Lowercase letters in the same column and capital letters in the same line (within the same parameter) indicate
significant differences (p<0.05).

Mechanical properties

Fresh melon showed true stress values at rupture of 145.5+31.6 kPa, Hencky’s strain at rupture
of 0.26+0.07, and deformability modulus of 884.3+135.1 kPa, which resulted in a firm product
with low deformation, despite the variable mechanical behavior. Therefore, the results obtained
after OD were normalized with their corresponding fresh melons to eliminate this effect (Table
4). Values lower or higher than one indicate decrease or increase of the parameter, respectively.

Table 4. Standard mechanical properties of OD melon with sucrose solution (SS) and grape juice
concentrate (GJC) at different vacuum pressures

Pressure True stress values at Hencky’s strain at Deformability modulus
(mbar) rupture rupture
SS GJC SS GJC SS GJC
200 0.83+0.16" | 1.74+0.08"* | 1.7420.04® | 3.26+0.32** | 0.41+0.01°8 0.63+0.03*
400 1.16£0.02°% | 2.07£0.12** | 1.8720.01°® | 4.19+0.07** | 0.58+0.06a°* | 0.50+0.01**
600 1.23+0.08** | 1.62+0.17** 1.83+0.1° 3.5240.45* | 0.67+0.07** 0.47+0.08**

Lowercase letters in the same column and capital letters in the same line (within the same parameter) indicate
significant differences (p<0.05).
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No significant effects of the different pressure conditions were observed on the mechanical
behavior of melon subjected to osmotic dehydration using the GJC or sucrose solution,
indicating that the mechanical behavior was a function of the concentration of solids in the dried
samples, which was significant different (Table 4). The type of osmotic agent had a significant
effect on the mechanical behavior of melon. Therefore, melon subjected to OD with GJC showed
greater ability to resist compression (high stress values at rupture) when compared with the
melon dehydrated with sucrose solution under different pressures. The increase in melon
firmness was due to the high water loss during OD, which resulted in low moisture content
(Table 2). Moreover, melon dehydrated with GJC had more plasticity (high Hencky’s strain
values) during compression, probably due to its soluble solids content (Table 2). A lower
elasticity (low deformability modulus values) was observed in melon dehydrated with GJC and
with sucrose solution, without significant differences among them.

The mechanical properties of fruits and vegetables have been associated with different
structural levels of the material [18]. At the microstructural level, some elements are relevant to
the texture, including the structure and chemical characteristics of the plant cell wall, wall
thickness, cell turgor pressure, and strength and nature of cell-to-cell adhesion. At higher
structural levels, the tissue structure (cell orientation, and amount of intercellular spaces) and the
different types of tissue or organs forming part of the vegetable product are also relevant.
Changes in these parameters were observed in the morphological analysis, and will be discussed
hereafter.

Appearance and morphology of osmotically dehydrated melon

Melon dehydrated with sucrose solution and GJC presented, respectively, a slight pale yellow
color and a dark red color (Figure 1). After OD with sucrose and GJC solutions, a decrease in
volume of melons was observed, with percentages of 19.7% and 47.2% respectively, due to high
water loss (Table 3). There were no differences in appearance (to the naked eye) of dehydrated
melon as a function of the pressure applied.

Figure 1. Images of melon dehydrated with sucrose solution and grape juice concentrate at 200
mbar, 400 mbar, and 600 mbar at 40 °C for 1 hour using fruit ratio:osmotic agent of 1:10.
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Images of fresh melon showed turgid cells with the plasmalemma in close contact with the
cell wall, with small and triangular intercellular spaces (Figure 2). Cells were mostly rounded,
with different sizes. Some cells have thin and well defined cell wall (Figure 2a) and others have
thick cell wall with small dimples (Figure 2b, c), as a result of the softened tissue due to
ripening. Several factors including cell turgor, force with which cell middle lamella joins
together, and cell wall compression strength have contributed to the results in the mechanical
properties of fresh melon.

Significant changes in the cell structure of melons were not observed with variation of
pressure, as also observed for the mechanical properties. In practice, it is not possible to study
melons with exactly the same cell structure, thus it is difficult to assess the effect of variation of
pressure on the melon cellular structure, and consequently on its mechanical behavior. This is
because the initial morphology of the cell has an important influence on the response to the OD
process [28]. The main changes in the present study were due to the type of osmotic agent used
in the process. The use of GJC led to significant changes in the melon cellular structure (Figure
2). In a first assessment, a more preserved cellular structure was observed in the melon
dehydrated with sucrose solution, in addition to cells destroyed in the melon dehydrated with
GJC. Thus, in general the water loss of melon resulted in the deformation of the cell walls,
decreased turgor pressure in cells, and plasmolysis.
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Figure 2. Mesocarp cross sections of fresh melon (a,b,c) subjected to osmotic dehydration with
sucrose solution (d = 200mbar; and e = 400 mbar; f = 600 mbar) and grape juice concentrate (g =
200 mbar; h =400 mbar; i = 600 mbar).
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The OD with sucrose solution resulted in an increase in intercellular spaces (Figure 2def),
with partial plasmalemma detachment from cell wall surface (Figure 2e), increased undulations
(Figure 2e), cell wall thickening (Figure 2d, e), and loss of the initial cell shape. Consequently,
the dehydrated melon presented larger deformation (Table 4), reduced elasticity, and equal
resistance to compression when compared to fresh melon. Sucrose diffusion into the melon
cellular matrix (during OD) and its interaction with the polymers of the pectic acid in the cell
wall and middle lamella, and low water content may result in the formation of a gel structure,
increasing consistency of the tissue, contributing to the increase in plasticity, decrease in
elasticity, and maintenance of resistance to tissue compression.

Melon dehydrated with GJC showed plasmolysis of cell membranes at all pressures studied.
Water content determines the cell volume, so that cell volume decreased when water flows
through the osmotic environment. When the cell wall that is the most rigid part of the cell does
not decrease in volume, the inner cell terminated by the plasma membrane continues to decrease,
detaching this biomembrane from the cell wall. In some cases, a rounded vesicle is formed inside
the cell (Figure 2h) and in other cases the vesicle is practically destroyed (Figure 2ghi). The
detachment of the plasmalemma was not uniform, and attached to the cell wall, showing
collapsed plasmalemma due to cell water output to the osmotic environment. The cells become
deformed, but are still connected to each other, with no increase in intercellular space and cell
wall thickening. These findings evidenced the formation of links between cell wall components,
the middle lamella, and plasmalemma which keep these membranes together. GJC contains
different minerals in its composition, including calcium that can form crosslinking with the free
carboxyl groups of the pectin chains in these membranes, enhancing cellular adhesion and
reducing their separation. The low GJC pH (3.03£0.02) (Table 1) favors these interactions
because the pectin has a negative charge at this pH (pKa pectin = 3.6-4.1).

Calcium salts are used to improve firmness of fruits submitted to the OD process, and
calcium lactate is the preferred salt once it does not confer bitter taste to the fruit [17]. The
amount of calcium lactate used in OD processes range from 5 to 40 g kg™ osmotic solution [17,
29, 30], corresponding to calcium concentrations between 650-5200 mg kg™'. GJC has a calcium
content of 506+5 mg kg™ (wet basis) which corresponds to the calcium present in a sucrose
solution containing calcium lactate at a concentration of 3.9 g kg™. Thus, the calcium in GJIC
improved the tissue mechanical properties because it was incorporated into the melon matrix and
interacted with pectins and other cell wall components, modifying the cellular structure of melon
and contributing to its firmness. The type of structure formed (open or close network) as a result
of the interaction between calcium and pectin affects the mass transfer. In the process conducted
with GJC, in addition to high water loss, a high solute gain was expected, once solutes in the
GJC have low molecular mass (glucose and fructose). However, the solute gain was prevented
probably due to the type of network formed. Some authors have reported that the presence of
calcium lactate in the sucrose solution used to dehydrate apple improved OD efficiency, which
was associated with reduced cell wall porosity due to formation of calcium pectate [29]. In this
study, low pH and the presence of calcium in the GJC affected the solute gain, which together
with the high water loss of melon matrix, led to a high efficiency of the OD process (Table 2).
The changes in cellular structure along with the soluble solids content and low moisture affected
the mechanical behavior of melon cellular matrix, resulting in a firmer product, with higher
deformation and less elasticity (Table 4).
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Antioxidant capacity and calcium content

As expected, higher antioxidant capacity was observed for grape juice concentrate when
compared to other products (Table 5), since the analysis was carried out in grape juice
concentrate (60°Brix). Grape and its derivatives are considered products with a high antioxidant
potential, capable of preventing oxidative processes in the organism [1]. The antioxidant capacity
of melon increased significantly after the OD at 600 mbar with GJC, indicating that the melon
has been enriched with antioxidant solutes present in the juice. Antioxidant capacity of melon
dehydrated at 200 and 400 mbar was not determined because melon physical characteristics in
those pressures were similar to those obtained at 600 mbar. Furthermore, the antifoam agent was
not required at high pressures. No changes in the antioxidant capacity were observed after drying
with hot air at 50 and 70°C, showing that the combination of two processes was effective to
obtain a product with low water activity without affecting its antioxidant capacity. Moreover, the
active components of GJC can be protected by their inclusion within the melon structure.
Vitamins, minerals, and probiotic microorganisms dispersed in sucrose solution have been
incorporated into fruits and vegetables through the vacuum impregnation technology, which is
applied intermittently during the process [31]. The advantage of using GJC in the OD process is
that it can be more effective than active components alone, since the physiological effect of a
single component differs in the presence of other components due to synergistic effects.

Table 5. Antioxidant capacity and calcium content of the raw material and final products
obtained after osmotic and hot air dehydration.

Antioxidant capacity (wmol TE g, d.b.) Calcium
Samples DPPH ABTS ORAC (ngg’, d-b)
Fresh melon n.d. 5.54+0.17 50.23 + 3.98° 279.97 £ 12.32
Grape juice concentrate 63.16 £ 0.78" 79.28 £2.55° 320.39 + 15.89* 816.75+7.98
Dehydrated melon 1 15.65+0.52°  29.00+0.97° 123.29 +3.73° 772.11 £3.52
Dehydrated melon 2 18.70 £ 0.30°  27.93+1.72*  110.40+13.71°  921.89+9.26
Dehydrated melon 3 1938 +£0.51°  26.03 +£0.48° 94.01+13.37°  916.73 £21.95

Dehydrated melon 1 — with GJC; Dehydrated melon 2 and 3 — with GJC followed by air-drying process ant 50 and
70°C, respectively; TE — Trolox equivalent; n.d. — not determined by the method; d.b. — dry basis. Lowercase letters
in the same column indicate significant differences (p<0.05).

Among the three methods used to evaluate the antioxidant capacity, the ORAC method
provided the highest values, and the DPPH method proved to be the least sensitive, with values
close to those obtained with the ABTS method. These results are in agreement with the results
obtained for grape juice, in which the DPPH method was less sensitive, and ORAC was the most
sensitive method [32]. The ORAC method has a very important advantage when compared to
other absorption spectroscopy methodologies using fluorescence as a measure of oxidative
damage, since less interference occurs from colored compounds present in samples, such as in
grape juice. The method measures the ability of an antioxidant to protect protein (fluorescein)
from oxidative damage caused by peroxyl radicals (biologically relevant), and can be used to
measure both hydrophilic and lipophilic antioxidants [33]. In this study, only the antioxidant
capacity of hydrophilic compounds was investigated.
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Vacuum OD proved to be a useful process for incorporating calcium from the GJC to the
melon structure, in a quick and simple manner. The calcium content (dry basis) of fresh melon
increased from 280 ug g to 772-922 ug g in the sample subjected to OD and conventional
drying, which was similar to the calcium concentration in the GJC (817 ug g'). Although the
calcium content was lower than other fortified products [29, 34], its intestinal absorption should
be facilitated due to the acidic pH of dehydrated melon (pH = 3.8+0.02) that contributes to the
calcium ionization, besides reducing the inhibitory effect of dietary phytic acid on calcium
bioavailability [35]. Several commercial calcium salts have been used for calcium enrichment of
different products, including calcium carbonate, calcium chloride, calcium phosphate, tribasic
calcium phosphate, calcium citrate malate, calcium lactate, calcium gluconate, calcium lactate
gluconate, as well as milk’s calcium [35]. The disadvantage of these salts is that they contain
very low amounts of elemental calcium. For example, calcium lactate (13% elemental calcium)
requires the addition of high amounts to the osmotic solution. It is noteworthy that calcium is one
of the most important minerals and is required for growth, maintenance, and reproduction of the
human body.

Sensory analysis

High variability was observed among the sensory scores, with coefficients of variation around
29% (Table 6). Among the products evaluated, significant differences were observed only for the
attribute taste, with high scores for melon subjected to OD, which contributed to the overall
impression of the product, with values ranging between 4.8 and 8.4. No significant differences
were observed for appearance, aroma, color, and texture among the products (Table 6),
indicating no effects of hot air on the dehydration process. Although the melon submitted to the
osmotic process presented water activity greater than the melon submitted to osmotic process
and hot air dehydration, this was not perceived by the panelists in the texture attribute. All scores
assigned to the samples remained above the acceptable limit (> 5), varying between slightly like
to moderately like, resulting in purchase intention with average scores between 3 and 4,
indicating that likelihood of purchasing the product. The visual impact of the product is decisive
for acquisition by the consumer, which may have led to a negative purchase intention, since the
attribute appearance had the lowest score in relation to the other attributes.

Table 6. Scores obtained from the panelists for melon samples dehydrated with grape juice
concentrate and with hot air.

Dehydrated melon

Attributes 1 5 3

Appearance 5.8+1.8" 55+1.8° 54+1.6°
Color 5.8+1.9° 55+1.8° 57+1.9°
Aroma 6.1+1.6° 63£1.6° 6.2+14°
Taste 6.6+ 1.8 58422 5422
Texture 6.1+2.0° 5.8+2.0° 6.1+1.7°
Overall acceptance 63+1.7 59+1.7" 55+1.8°

1-with GJC; 2-with GJC followed by air-drying process at 50°C; 3- with GJC followed by air-drying process at
70°C.Lowercase letters in the same column indicate significant differences (p<0.05).
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CONCLUSIONS

Dehydrated melon with similar physical characteristics including moisture content, soluble solids
content, mechanical and morphological properties can be obtained using absolute pressures from
200 to 600 mbar in the osmotic dehydration process. The use of GJC as osmotic agent results in
high efficiency of dehydration and high water activity lowering capacity when compared to
sucrose solution. The marked changes caused by GJC in the melon cellular matrix did not
directly affect the mechanical properties. Calcium present in GJC was impregnated into the
melon matrix and interacted with pectin, and other cell wall components, resulting in a firmer
product. Both osmotic and hot air dehydration processes can be combined to obtain a product
with intermediate moisture, without affecting their antioxidant capacity. Finally, a product with
low water activity, firmer texture, higher antioxidant capacity, rich in calcium, and potential
sensory acceptance can be obtained using grape juice concentrate in the osmotic dehydration
process.
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