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Abstract: About 20% of fresh fruits and vegetables are rejected for not meeting the superficial aesthetic
standards (color, shape, and size). Part of the food production is not used in the human food chain.
The transformation of these fresh products into novel re-valuable ones is a challenge for a sustainable
food industry. This research studies an alcoholic fermentation fruit-based wine from two melon
(Cucumis melo L.) cultivars: Jimbee® (smooth and yellow skin with orange flesh) and Okashi® (netted
yellow-orange skin with pale green flesh). The melon juice (must) was fermented by Saccharomyces
cerevisiae and enriched in sucrose and organic acids to achieve alcoholic fermentation, acidity, and
flavors, obtaining a fruity-flavored and dry melon-based wine with 10◦ alcoholic grade, in both
melon cultivars. The volatile compounds were measured by GC-MS and the odor activity value
(OAV) was calculated. The Jimbee and Okashi melon wines increased their aromatic profile due to an
increment in medium-chain fatty acid ethyl esters such as ethyl hexanoate, ethyl octanoate, and ethyl
decanoate (OAV > 1), which contributed to the fruity aroma. Other volatile compounds such as ethyl
9-decenoate and phenethyl acetate (OAV > 1) appeared in the Okashi wine, which brought a floral
aroma. For sensory evaluation (40–100), the Jimbee cultivar, with its orange flesh, scored 68.2 and the
Okashi cultivar, with pale green flesh, scored 82.8, which was the preferred melon-based wine. This
is an example of a circular economy model to produce a fruit-based wine with commercial potential
and satisfactory sensory evaluation.

Keywords: cosmetic defects; beverage; aroma; waste; food loss; fermentative process

1. Introduction

In recent times, supermarkets and even consumers have come to reject fruits and
vegetables as marketable fresh products due to merely superficial cosmetic imperfections [1].
Cosmetic quality standards for fruits and vegetables are specific requirements regarding
color, shape, and size that harvested products need to meet after preparation and packaging.
This means that part of the food production will not be used in the human food chain
but will instead be intended for low-value valorization. In general, these cosmetic quality
standards are often linked to food losses (if they occur before reaching the food chain)
or food waste (at the end of the food chain as retail and final consumption). This food
loss and/or waste has a significant environmental impact (land use, water consumption,
greenhouse gas emissions, etc.) and financial implications. For this reason, reducing food
loss and waste has been identified as an important means of achieving future sustainability
goals [2]. It is a challenge for the agricultural sector to stimulate a circular economy
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model where these fruits and vegetables bearing superficial cosmetic imperfections can
be revalued into novel food products such as fruit beverages and fruit-based wine by
alcoholic fermentation. Winemaking is traditionally based on using grapes as the fruit
of choice, although there are also traditional examples of fermented drinks made from
rice, honey, and other fruits, such as persimmon and kiwi [3,4]. Several fruits are grown
in huge quantities around the world to obtain alcohol in the fermenting process. The
process is similar to grape-based winemaking through alcoholic fermentation using yeasts,
Saccharomyces cerevisiae as the predominant species, obtaining ethanol, CO2, and other
secondary metabolites that increase the aroma profile such as esters, and higher alcohols [5].
Fruits other than grapes such as apples, berries, cherries, wild apricots, kiwifruit, plums,
peaches, and strawberries are used in winemaking in many parts of the world. Cider, or
apple wine, is obtained from fermented apples and is one of the most popular non-grape
fruit wines [6]. In the US and Canada, some examples of fruit-based winemaking include
strawberries, plums, peaches, blackberries, etc. Europe predominates in the use of apples
and peaches, whilst Asia includes tropical and subtropical fruits such as mango, cocoa,
pineapple, etc. [7]. The main components of theses fruits wines (alcohols, monoterpenic
compounds, and ethyl esters) resulted in the production of fruity, green apple, banana,
sweet, citrus, roses, and honey aroma, whereas aromas from typical white wines by grapes
are described as fruity, floral, green, sweet, and fatty [7]. Melon (Cucumis melo L.) is a fruit
with a great commercial value that is cultivated in different parts of the world due to its
adaptability to many soil types and temperatures.

Melon production has risen by 20 million tons in the world [8]. Spain was the world’s
foremost melon exporter in 2020, producing more than 600,000 tonnes and exporting
440,000 tonnes, approximately 20% of total global exports [9]. C. melo cultivars belong-
ing to different botanical varieties such as cantalupensis, reticulatus, inodorus etc., are
highly valued for their sweetness, aroma, and pulp texture. Some authors studied the
physicochemical analysis of melon-based wine [10] and evaluated the majorities of volatiles
in melon distillates [11]. In this research, we study two melon cultivars for fruit-based
winemaking: Jimbee® (orange flesh) and Okashi® (pale green flesh); no references for these
fermented wines are available. The objective of this study is to develop and characterize a
fruit-based wine from two melon cultivars with different flesh colors, when those fruits are
discarded by the supermarket as fresh fruits for not meeting the required aesthetic stan-
dards, despite still having a high sensorial quality that could provide a newly fermented
wine with commercial potential.

2. Materials and Methods
2.1. Small-Scale Melon Wine

Two commercial cultivars, Jimbee® (smooth and yellow skin with orange flesh, honey-
dew melon type) and Okashi® (netted yellow-orange skin with pale green flesh, galia melon
type) were obtained from JimboFresh International Coop. (Murcia, Spain) in the summer
season. These melons did not reach the aesthetic standards required by supermarkets, in
spite of being healthy fruit but with a small caliber and some sunspots. Fresh melons were
transported by car to the laboratory (30 km). Fruits were hand-washed, peeled, deseeded,
and cut into small pieces before blending in a commercial blender (OK Juicer OPJ 4321)
to obtain the juice to be used as a must (Figure 1). The decantation and fermentation
processes were run in 2 L closed jars by triplicate, with an airlocker to avoid the entrance
of air. The musts were decanted for 24 h at 1 ◦C and 40 mg/L of SO2 was added. Both
musts were decanted at 5 ◦C, and the liquid obtained was used for alcoholic fermentation,
after adding 5 g/L of tartaric acid and malic acid (1:1, w/w), 0.2 g/L of commercial yeast
(Zymaflore® X5, Laffort, Bordeaux, France), 0.2 g/L of nutrient yeast (Superstart® Blanc,
Laffort, Bordeaux, France), and commercial saccharose until the must reached 24 ◦Brix.
Alcoholic fermentation was run at 15 ◦C until the total soluble solids (TSS) stabilized. At
that point, the TSS obtained was 11.30 ± 0.31 ◦Brix in the Jimbee and 8.93 ± 0.07 ◦Brix in
the Okashi wines. Finally, after a second decantation at 5 ◦C, SO2 was added to the melon
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wines until it reached 150 mg/L, filtered through plate (Filtro Jolly 20, MORI, Tavarnelle
Val di Pesa, Italy) using V12 filter sheets 20 × 20 (Gruppo Cordenons SpA, Milano, Italy).
The wines were then put into glass bottles (750 mL) and stored at 5 ◦C for 3 months. Three
replicates were prepared per melon cultivar. Melon-based wine was making by triplicate
with three different batches.
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Figure 1. Scheme of the production of melon wine.

2.2. Physicochemical Analysis

Physicochemical parameters—alcohol strength (% v/v), TSS, extracts, and total and
free SO2—were measured using the standardized method by the International Organization
of Vine and Wine [12] in the musts and the melon wines. The pH was measured using a
pH meter (Crison 501, Barcelona, Spain). Total acidity (TA), and volatile acidity (VA) were
determined with a titrator acidity (T50, Metter Toledo, Milan, Italy), and expressed as gram
equivalent citric acid per L of must (g CE/L) and gram equivalent tartaric acid per L of
wine (g TE/L) for TA and gram equivalent acetic acid per L of wine for VA. Color was
determined using a colorimeter (Chroma Meter CR–400, Minolta, Tokyo, Japan) previously
calibrated with a white reference plate. A glass cuvette with 10 mm optical thickness was
used to measure the must or the melon wine CIELAB parameters. Three color readings
were taken per sample. Hue angle (◦h), a qualitative attribute of color, was calculated as
tan−1 (b*/a*). The value of chroma (C*), which is the degree of quantitative difference of
h◦ with reference to grey, was evaluated as (a*2 + b*2)1/2.

2.3. Individual Soluble Sugar by Ionic Chromatography (IC)

Individual soluble sugars were determined according to Hu et al. [13], with a slight
modification. A Metrohm 871 Advanced Compact IC (Metrohm, Ionenstrasse, Switzer-
land) was used. The IC separation was carried out on a Metrosep Carb 1 column (5 µm,
150 × 4.00 mm) with a Metrosep guard column, NaOH 80 mM as eluent, and the flow was
set at 1 mL/min and the oven temperature at 32 ◦C. The analytes were analyzed with an
amperometry detector, working and reference electrodes were made of gold and platinum,
respectively, and the potential range was set for ±2.00. Residual sugar in the melon wine
was calculated as the sum of glucose, fructose, saccharose, and maltose, and the sugar-free
extract (g/L) as the difference between the dry extract and the residual sugar.



Foods 2022, 11, 3619 4 of 14

2.4. Determination of Total Polyphenol Content (TPC) and Antioxidant Capacities (FRAP and TEAC)

Melon wine samples were diluted in water (1:5) and their total polyphenol content
(TPC) and antioxidant capacities were determined, using a multiscan plate spectrophotome-
ter (Tecan infinite M200, Männedorf, Switzerland). For TPC, Folin-Ciocolteau’s reagent
was used and performed as detailed by Martínez-Sánchez et al. [14], using gallic acid as
the standard (mg gallic acid equivalent/L of must or wine, mg GAE/L). Ferric reducing
antioxidant capacity (FRAP) was measured by the increment of absorbance at 593 nm
due to the reduction of ferrous cation Fe + 3 by antioxidants at 37 ◦C and pH 3.6 [15] and
was evaluated according to cation ferrous Fe + 2 linear calibration (mmol Fe+2/L of wine).
Trolox equivalent antioxidant capacity (TEAC) was performed according to [16], measuring
the reduction of radical ABTS at 734 nm, and Trolox was used as the equivalent standard,
with data expressed as mmol Trolox equivalent/L of wine (mmol TE/L of wine).

2.5. Analysis of Volatile Compounds by GC-MS

Headspace solid-phase micro-extraction (HS-SPME) was used to extract the volatile
profiles from the samples [3], which were then identified using gas chromatography (Agi-
lent 7890B) coupled to a mass spectrometer (Agilent MSD 5977A), with an autosampler
(Gerstel MPS 2XL Twister, Linthicum Heights, MD, USA). A 15 mL SPME glass vial contain-
ing 1 g of sodium chloride and 3-octanol as internal standard (i.s.) (20 µg/mL in sample,
Sigma–Aldrich, St. Louis, MO, USA) was filled with 7.5 mL of sample supernatant. The
sample was incubated at 40 ◦C for 10 min to equilibrate before volatile chemicals were
extracted using HS-SPME with a DVB/CAR/PDMS fiber (50/30 µm, Supelco, Bellefonte,
PA, USA) inserted in the vial’s headspace for 45 min (40 ◦C). The conditions detected by
the GC–MS were based on Lu et al. [3]. Compounds were separated using a VF-WAXms
(30 m × 0.25 mm, i.d. 0.25 µm), carrier gas (e.g., He) velocity at 1 mL/min, splitless mode,
and 240 ◦C injection mode. The oven temperature program was initially set at 40 ◦C to
100 ◦C by 2 ◦C/min, then raised to 250 ◦C by 10 ◦C/min and held for 10 min. For MS
conditions, the electron impact (EI) was set at 70 eF, the source temperature at 230 ◦C, and
the scan time segments ranged from 35 to 550 m/z.

The NIST database was used to identify volatile chemicals by comparing the mass
spectrum and retention index (RI) by the Kovats Index (KI). RI values were calculated
using n-alkane external standard solution C8-C20 (Sigma-Aldrich, St. Louis, MO, USA)
with the same GC-MS conditions. The ratio of the GC peak area of each volatile in the total
ion chromatogram to the peak area of the internal standard was used to determine the
concentration of the analyses as a semi-quantification, as per the following equation [3,17],
where I.S. is the internal standard.

Volatile compound (µg/L) =
Peak area o f unknown· Concentration I.S. (µg/L)

Peak area o f I.S.

2.6. Odor Activity Value (OAV) and Relative Odor Contribution (ROC).

Odor activity values (OAV) and relative odor contributions (ROC) are both conven-
tional markers used for quantifying the sensory contribution of aromatic chemicals to wine
flavor [18]. OAV was calculated by dividing a compound’s mean concentration (n = 3) by
its odor threshold value, as previously reported by other authors [18–20] The ROC of each
aroma component is measured as the ratio of the compound’s OAV to the overall OAV of
each wine.

2.7. Sensory Evaluation

The sensory evaluation was carried out in a normalized tasting room (at 22 ◦C) and
conducted in standardized random coded wine glasses with 15 mL of melon wine, and both
varieties were described separately. Twelve judges (7 women and 5 men, between 30 and
55 years of age) of the research group formed the sensory panel. Each judge analyzed two
duplicates per wine and the sensory evaluation assessment was performed according to
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OIV 332A/2009 resolution [12], where judges evaluated different attributes (Table 1). Each
sensory attribute’s score was recorded, and an overall score was calculated by summing
the individual attribute ratings.

Table 1. Organoleptical characteristic and definition in sensory evaluation.

Organoleptical
Characteristic Definition Range (Excellent

to Inadequate)
Visual: Discrimination of differences in outside world with sensory impressions from visible light rays.
Limpidity Measure of cloudiness. (5–1)
Aspect other than limpidity Determine the full spectrum of visible properties of a product (10–2)
Nose: Sensations perceived by the olfactory organ when stimulated by certain volatile substances.

Genuineness Measure degree of sensation perceived (magnitude) by the nose, of a
viticulture, oenological defect of product (6–2)

Positive intensity Degree (magnitude) of full spectrum of qualitative odors perceived by nose. (8–2)

Quality Spectrum of properties and characteristics of a wine that gives an aptitude to
satisfy nose, implicit or expressed needs (16–8)

Taste: Full spectrum of sensations perceived with wine mouthfeel.

Genuineness Measure degree of sensation perceived (magnitude) by the taste, of a
viticulture, oenological defect of product (6–2)

Positive intensity Degree (magnitude) of full spectrum of qualitative odors perceived by taste. (8–2)

Harmonious persistence
To measure the length of residual olfacto-gustatory sensation, corresponding
to the sensation perceived when the product is in mouth and length of time

is measured.
(8–4)

Quality Degree (magnitude) of full spectrum of qualitative odors perceived by taste (22–10)
Harmony—Overall judgement: Corresponds to overall appraisal of a product. (11–7)

3. Results and Discussions
3.1. Must Composition

Physicochemical Jimbee and Okashi musts parameters are shown in Table 2. Initially,
the pH was 6.28 and 6.05, TA 1.43 and 1.96 g CE/L for the Jimbee and Okashi melon
musts, respectively. These values are in the range of other fresh melon cultivars recently
reported [21]. The h◦ was 65◦ for the Jimbee and 109◦ for the Okashi musts, due to its
typical orangeness, and pale green-slightly yellow flesh color, respectively. After must
correction, where organic acids, yeast, nutrients, and saccharose were added, the pH
decreased to almost 4.5. In both melon musts, the addition of saccharose reached 24 ◦Brix,
being monitored to know the evolution of alcoholic fermentation. After fermentation, in
the first week, the TSS dropped to 12–15 ◦Brix and slowly decreased in the following week,
staying stable at 11.3 and 8.9 ◦Brix for the Jimbee and Okashi wines, respectively. The sugar
stability indicated the end of the alcoholic fermentation.

Table 2. Physicochemical parameters of the Jimbee and Okashi melon musts.

Parameter Jimbee Must Okashi Must

TSS (◦Brix) 11.30 z ± 0.31 8.93 ± 0.07
pH 6.28 ± 0.02 6.05 ± 0.00

TA (g CE/L) 1.43 ± 0.01 1.96 ± 0.03
L* 34.73 ± 0.18 39.23 ± 0.25

◦Hue 65.46 ± 0.44 109.00 ± 0.48
Chroma 15.82 ± 0.17 20.65 ± 0.61

TPC 305.58 ± 11.38 216.68 ± 5.36
FRAP 2.59 ± 0.06 1.60 ± 0.03
ABTS 2.44 ± 0.15 1.87 ± 0.26

z Mean (n = 3 ± SE). L*: Luminosity (0 to 100). TA (g CE/L): g citric acid equivalent per liter. TPC: mg GAE/L.
FRAP: mmol Fe+2/L. ABTS: Trolox equivalent antioxidant capacity: mmol TEAC/L.
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3.2. Melon Wines Characterization

The results of the physico-chemical analysis for melon wines are shown in Table 3. In
both melon wines, the alcohol content at the end of fermentation was closed to 10◦. The
TSS were 11.30 and 8.93, ◦Brix and residual sugar were 1.82 and 1.67 g/L for the Jimbee and
Okashi wines, respectively. These results characterize both melon beverages as dry wine
(<4 g/L in residual sugar) [12]. Both melon wines presented a similar amount of individual
soluble sugars (Table 4), with fructose being the most abundant soluble sugar (1.02 and
1.44 g/L), followed by saccharose in the Jimbee wine (0.63 g/L), but it was not detected in
the Okashi wine. Maltose and glucose were quantified in very low concentrations (Table 3).
However, the sugar-free extract was 53.38 and 25.33 g/L for the Jimbee and Okashi wines;
this is an important wine parameter when evaluating fullness and harmony; dry white
wines are usually below 25 g/L [18].

Table 3. Physicochemical parameters of the Jimbee and Okashi melon wines.

Parameter Jimbee Wine Okashi Wine

Alcohol (%; v/v) 9.8 z ± 0.0 9.9 ± 0.0
TSS (◦Brix) 11.30 ± 0.31 8.93 ± 0.07

Residual sugar (g/L) 1.82 ± 0.34 1.67 ± 0.22
Sugar-free extract (g/L) 53.38 ± 2.26 25.33 ± 0.28

pH 4.09 ± 0.02 4.01 ± 0.03
TA (g TE/L) 8.86 ± 0.31 6.88 ± 0.19

Volatile acidity (g/L) 0.38± 0.09 0.21 ± 0.52
SO2 free (mg/L) 131.84 ± 2.56 63.15 ± 0.74
SO2 total (mg/L) 142.40 ± 1.85 97.60 ± 1.07

L* 50.17 ± 0.21 61.32 ± 0.03
◦Hue 95.67 ± 0.37 107.54 ± 0.07

Chroma 13.68 ± 0.15 10.06 ± 0.28
TPC 406.71 ± 3.26 242.17 ± 2.40

FRAP 5.33 ± 0.15 3.07 ± 0.02
ABTS 1.94 ± 0.01 1.04 ± 0.03

z Means (n = 3 ± SE). L*: Luminosity (0 to 100). TA (g CE/L): g citric acid equivalent per liter. TPC: mg GAE/L.
FRAP: mmol Fe+2/L. ABTS: Trolox equivalent antioxidant capacity: mmol TEAC/L.

Table 4. Individual sugar (g/L) of the Jimbee and Okashi melon wines.

Soluble Sugar Jimbee Wine Okashi Wine

Glucose 0.04 z ± 0.00 0.04 ± 0.00
Fructose 1.02 ± 0.20 1.44 ± 0.21

Saccharose 0.63 ± 0.11 LD < 0.01
Maltose 0.13 ± 0.04 0.18 ± 0.01

Total 1.82 ± 0.34 1.66 ± 0.22
z Mean (n = 3 ± SE). Level of detection (LD).

The pH dropped to close to 4 in both melon wines, which is slightly higher than the
usual recommendation for the stabilization of wines (pH between 3.1 to 3.6) [22]. The TA
was higher in the Jimbee melon wine than in the Okashi, 8.86 and 6.88 g TE/L, respectively.
In general, table wines usual ranges from 5.5 to 8.5 g TE/L, but white wine is preferred with
a slightly higher TA than red wines [22]. These results suggest that these melon wines can
reach similar acidity to that demanded in white grape wines, depending on the quantity and
type of organic acids added. Total SO2 was 142.4 and 97.6 mg/L for the Jimbee and Okashi
wines, respectively. According to the OIV, the total SO2 must be lower than 150 mg/L for
red wines and lower than 200 mg/L for white wines. The free SO2 was 131.84 mg/L in the
Jimbee and 63.15 mg/L in the Okashi melon wines. SO2, used as an antioxidant, enzyme
inhibitions, and antimicrobial activity, all exist in different states in wine as bounded or free,
and these bonds are reversible or irreversible with major constituents of wine (carbonyl
compounds, pyruvic acid, α-ketoglutarate, sugars, sugar acids) [23]. Free SO2 is the most
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easily absorbed by the microorganism, values of 0.8 to 1.5 mg/L are enough to suppress
wild yeast and bacteria, and it decreases during the time in the bottle [22]. For total SO2, the
typical value for white wines is between 37 and 59 mg/L [18], and for fruit-based (peach,
blueberry, bayberry, dragon fruit, Chinese quince) wines. [24] reported a range from 22
to 51 mg/L for total SO2 and between 3.2 and 13 mg/L for free SO2. Our results comply
with the current regulations for white grape wines, suggesting that our melon wines are
below the limits of total SO2 and with a proper content of free SO2 for stabilizing melon
wine for a long time. Table 4 shows the results of the color evaluation. The L* was 50.17 for
the Jimbee melon wine, and 61.32 for the Okashi wine. As expected, the coloration of the
melon flesh provided lower luminosity values than those found in white wines obtained
from grapes (<95) [25,26]. As mentioned before, the Jimbee melon must was characterized
by orange flesh (◦h = 65.46) and with the fermentation process, the final wine color changed
to yellow (◦h = 95.67), where most of the natural pigments (carotenoid) sedimented and
were removed by filtering. However, chroma values measured in the Jimbee must and the
melon wine were quite similar, 15.82 and 13.68, respectively. The ◦h for the Okashi melon
scarcely changed, ranging from 109 in the must to 107 in the wine, with a slight trend from
greenish color to yellow (Tables 2 and 4). These color parameters obtained in melon wines
were similar to those for white grape wines [25,26]. However, both the melon wines had
lower lightness, but that can be increased by using a different type of filtering [27].

3.3. Total Polyphenol Content (TPC) and Antioxidant Capacities (FRAP and TEAC)

The TPC and antioxidant capacities measured in the Jimbee and Okashi musts were
similar to those found in other studies performed in fresh melon [28,29]. The effects of
the alcoholic fermentation during fruit winemaking in TPC and antioxidant capacities
are shown in Tables 1 and 3. During the winemaking process, both melon cultivars
showed the same trend, with TPC increasing by about 13%, duplicated FRAP level, and
decreasing TEAC value. These differences between antioxidant assays (FRAP and TEAC)
are due to the different chemical reactions that each assay involves. The FRAP method
constitutes an approach based on electron transfer, specifically based on the reducing
action of antioxidants. In this method, iron in the oxidized form of Fe+3 is reduced to Fe+2

at acidic pH [30]. TEAC measures the relative ability of antioxidants such as Trolox to
scavenge the ABTS generated in the aqueous phase, the assay is based on a quencher of
peroxyl radicals [31]. Furthermore, this difference in both antioxidant assays could be due
to the relative differences in the phenolic transformation that occur during the winemaking
process. [32] reported the same trend in antioxidant capacity between the must to wine
process (13%).

Jimbee and Okashi wines exhibited TPC levels of 406 and 242 mg GAE/L, in the range
of the 350 mg GAE/L reported by Minkova et al. [10] in melon wines. These results were
higher than in apple wine (223 mg catechin equivalent/L) but lower than in blackcurrant
(420 mg catechin equivalent/L), principally because that fruit is rich in anthocyanins, thus
increasing its TPC and antioxidant capacity [33]. Nevertheless, when we compare the TPC
of melon wines versus Sauvignon blanc wines (242–278 mg GAE/L), the results are higher
than or similar. Concerning the antioxidant capacity (TEAC), the melon wines presented
1.60 and 1.80 mmol TEAC/L; these levels were slightly higher than for Sauvignon blanc
wines (1.26–1.50 mmol TEAC/L) [18].

3.4. Volatile Compounds in Melon Wines

The volatile compounds identified in these melon wines (Table 5) were classified
as esters (34), alcohols (17), unsaturated aliphatics (3), aldehydes (5), organic acids (3),
and miscellaneous (5). As expected, during the fermentation process, in both melon
wines, the concentration of total volatile compounds increased. These increases went
from 2145 µg/L, measured in the must, to 12,788 µg/L for the wine from the Jimbee
melon, and from 1769 obtained in the must to 20,504 µg/L in the wine from Okashi. As
expected, the alcoholic fermentation produced CO2, ethanol, acetic acid, and other volatile
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compounds described below. The Jimbee must presented mainly ester compounds such
as butyl acetate, ethyl acetate, isobutyl acetate, methyl acetate, and fatty alcohols as 1-
octanol, 1-hexanol, and isomers of nonen-1-ol isomer. These same volatiles have been
reported in orange honeydews and cantaloupe fresh melon [34,35]. At the end of the
alcoholic fermentation, the increase in volatile content changed the aroma profile. The
relative proportions of alcohol increased from 18% to 56%, mainly caused by the presence
of ethanol, 3-methyl-1-butanol, 2,4-bis(1,1-dimethylethyl)-phenol, and phenylethyl alcohol
produced by S. cerevisiae [5,36]. The content in the total ester volatile group also increased
during fermentation, from 1021 to 4325 µg/L, decreasing the initial ester compounds to
medium-chain fatty acid (MCFA) ethyl esters such as ethyl octanoate, ethyl decanoate, ethyl
laurate, and ethyl hexanoate. However, other esters such as ethyl acetate and 2-methylbutyl
acetate showed increases produced by S. cerevisiae [5] and which are commonly present in
white and red wines [18,37].

Table 5. Identification and quantification (µg/L) of volatile compounds in the Jimbee and Okashi
melon musts and wines.

R.T. Tentative ID KI Jimbee Must Jimbee Wine Okashi Must Okashi Wine

Esters

2.171 Methyl acetate <1100 117.08 z ± 1.57 n.d. n.d. n.d.
2.477 Ethyl Acetate <1100 219.19 ± 2.51 672.16 ± 117.71 151.56 ± 2.34 456.61 ± 59.24
3.079 Ethyl propionate <1100 15.24 ± 0.08 n.d. 19.25 ± 0.32 n.d.
3.276 n-Propyl acetate <1100 36.87 ± 0.53 n.d. 19.76 ± 0.34 n.d.
3.793 Isobutyl acetate <1100 132.65 ± 2.13 n.d. 113.95 ± 2.77 n.d.
4.187 Ethyl butanoate <1100 63.18 ± 0.69 36.10 ± 6.40 41.46 ± 0.77 n.d.
4.471 Ethyl 2-methyl-butanoate <1100 22.03 ± 0.60 n.d. 48.16 ± 0.80 n.d.
4.876 Butyl acetate <1100 257.51 ± 5.22 22.66 ± 7.37 87.90 ± 2.06 n.d.
6.047 2-Methyl-1-butyl acetate <1100 40.69 ± 3.64 194.39 ± 45.14 64.60 ± 3.79 310.69 ± 91.07
6.582 Propyl 2-methyl-butanoate <1100 n.d. n.d. 6.08 ± 0.41 n.d.
7.623 Pentyl acetate 1110 n.d. n.d. 7.42 ± 0.92 n.d.
10.047 Ethyl hexanoate 1194 6.31 ± 0.23 156.95 ± 40.09 7.28 ± 0.11 405.28 ± 68.15
11.861 Hexyl acetate 1245 62.41 ± 1.08 n.d. 63.35 ± 3.68 n.d.
13.790 4-Hexen-1-ol acetate- 1290 n.d. n.d. 37.76 ± 1.17 n.d.
20.526 Ethyl octanoate 1423 n.d. 1271.05 ± 232.08 n.d. 3876.75 ± 276.55
21.683 Heptyl formate 1445 7.50 ± 0.55 n.d. n.d. n.d.
22.693 Octyl acetate 1463 17.02 ± 3.86 n.d. n.d. n.d.
23.312 Butane-2,3-diyl diacetate 1474 18.90 ± 0.29 n.d. n.d. n.d.
26.111 Ethyl nonanoate 1519 n.d. 27.32 ± 0.87 n.d. 25.20 ± 0.83
28.830 Ethyl 3-Nonenoate 1556 n.d. n.d. n.d. 29.31 ± 1.74
29.328 Methyl decanoate 1562 n.d. n.d. n.d. 49.65 ± 1.94
31.552 Ethyl decanoate 1590 n.d. 600.12 ± 79.84 n.d. 1197.58 ± 58.97
32.185 3-Methylbutyl octanoate 1597 n.d. n.d. n.d. 63.40 ± 5.21
33.515 Phenylmethyl acetate 1695 4.82 ± 2.41 n.d. 6.08 ± 0.06 n.d.
33.005 Ethyl 9-decenoate 1651 n.d. n.d. n.d. 696.19 ± 72.37
33.881 Ethyl methoxyacetate 1711 n.d. 49.24 ± 14.90 n.d. 32.89 ± 0.81
35.245 Phenethyl acetate 1761 n.d. 74.92 ± 0.73 n.d. 258.95 ± 3.74
35.354 Methyl laurate 1765 n.d. 31.82 ± 4.70 n.d. n.d.
36.056 Ethyl laurate 1790 n.d. 318.35 ± 41.66 n.d. n.d.
36.361 3-Methylbutyl decanoate 1802 n.d. n.d. n.d. 41.58 ± 1.58
38.724 Methyl 2,4,6-trimethylnonanoate 2005 n.d. 101.73 ± 2.15 n.d. n.d.
39.783 Ethyl nonanoate 2102 n.d. n.d. n.d. 10.37 ± 1.07
40.420 Methyl palmitate 2159 n.d. n.d. n.d. 44.54 ± 0.81
40.827 Ethyl palmitate 2195 n.d. 67.14 ± 12.19 n.d. 377.98 ± 10.05
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Table 5. Cont.

R.T. Tentative ID KI Jimbee Must Jimbee Wine Okashi Must Okashi Wine

Alcohols

3.009 Ethanol <1100 n.d. 4407.75 ± 133.36 n.d. 6472.94 ± 94.29
4.308 1-Propanol <1100 n.d. n.d. n.d. 19.06 ± 5.84
5.639 Isobutanol <1100 n.d. 107.13 ± 9.25 n.d. 144.24 ± 4.95
9.057 2-Methyl-1-butanol 1163 38.64 ± 1.14 n.d. 15.40 ± 0.73 n.d.
9.237 3-Methyl-1-butanol 1169 n.d. 1425.50 ± 69.14 n.d. 2800.05 ± 92.86

16.037 1-Hexanol 1339 93.73 ± 2.23 67.06 ± 1.42 7.43 ± 0.73 n.d.
21.383 1-Nonen-3-ol 1439 13.74 ± 1.42 n.d. n.d. n.d.
27.558 1-Octanol 1539 96.66 ± 1.03 51.96 ± 1.53 n.d. n.d.
31.010 Nonen-1-ol isomer 1583 8.73 ± 1.16 n.d. 5.31 ± 1.53 n.d.
32.325 1-Nonanol 1599 14.48 ± 1.07 n.d. 11.45 ± 0.31 n.d.
32.828 Nonen-1-ol isomer 1636 13.71 ± 0.35 n.d. 18.27 ± 1.48 n.d.
33.697 Nonen-1-ol isomer 1705 48.79 ± 4.14 n.d. 45.82 ± 2.67 n.d.
34.295 3,6-Nonadien-1-ol 1727 40.72 ± 0.09 n.d. n.d. n.d.
34.702 Citronellol 1742 n.d. 38.99 ± 1.58 n.d. n.d.
36.210 Benzyl alcohol 1796 29.19 ± 0.67 n.d. 12.38 ± 0.28 344.52 ± 27.24
36.772 Phenylethyl alcohol 1835 6.34 ± 0.28 330.77 ± 15.06 2.04 ± 0.10 648.11 ± 7.16

41.083 2,4-Bis(1,1-dimethylethyl)-
phenol 2218 n.d. 356.03 ± 7.23 n.d. 512.36 ± 16.06

Unsaturated aliphatic

9.240 1-Heptene 1169 n.d. n.d. 15.94 ± 1.47 n.d.
32.208 6-Methyl-1-Octene 1598 n.d. 35.18 ± 3.19 n.d. n.d.
39.595 2-Methoxy-2-methylbut-3-ene 2085 n.d. 19.62 ± 5.80 n.d. n.d.

Aldehyde

12.465 Octanal 1260 n.d. n.d. 35.84 ± 0.34 n.d.
18.052 Nonanal 1377 n.d. n.d. 17.02 ± 1.57 n.d.
21.090 6-Nonenal 1434 n.d. n.d. 236.10 ± 6.84 n.d.
24.126 Benzaldehyde 1488 n.d. n.d. 5.51 ± 0.37 n.d.
28.256 2,6-Nonadienal, isomer 1548 16.90 ± 1.81 n.d. 97.13 ± 4.07 n.d.

Fatty acids

20.714 Acetic acid 1427 n.d. 701.42 ± 15.40 n.d. 314.59 ± 9.67
35.914 Hexanoic acid 1785 n.d. n.d. n.d. 78.13 ± 2.74
38.621 Octanoic acid 1995 n.d. 118.19 ± 14.62 n.d. 509.21 ± 18.20

Miscellaneous

10.934 3-Octanone 1220 7.83 ± 1.07 n.d. 5.99 ± 0.20 n.d.

19.754 Bis(1,1-dimethylethyl)-benzene
isomer 1408 36.68 ± 2.54 152.42 ± 8.11 n.d. 193.27 ± 9.13

22.620 S-(3-Hydroxypropyl) thioacetate 1462 n.d. n.d. 13.94 ± 2.81 n.d.
30.469 3-(Methylthio)propyl acetate 1577 35.18 ± 1.15 n.d. 14.88 ± 0.66 n.d.
37.142 1-Ethenyl-2-methylbenzene 1863 n.d. n.d. n.d. 48.13 ± 2.02

TOTAL 2145.56 ± 56.55 12,788.44 ±
1.228.65

1769.79 ±
26.15

20,504.38 ±
1.477.05

z Mean (n = 3 ± SE). R.T.: Retention time. KI: Kovats Index. n.d.: Not detected.

With regard to the Okashi melon wine, acetate esters initially predominated as ethyl
acetate, isobutyl acetate, butyl acetate, 2-methyl-1-butyl acetate and hexyl acetate, and
aldehyde as 6-nonenal and 2,6-nonadienal; all of these had been previously described in
muskmelon and Galia melon [35,38]. The content in alcohol compounds was lower than in
the Jimbee cultivar, in which nonen-1-ol isomers were predominant in the Okashi must.
As happened in the Jimbee wine, the relative proportion of volatile compounds in the
Okashi must changed after alcoholic fermentation, the alcohol group increased with the
same compounds described in the Jimbee wine but accompanied by an increase in benzyl
alcohol (12.38 in must to 344.52 µg/L in wine) which was only found in the Okashi melon
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wine. The ester group profile also changed during fermentation, except for ethyl acetate
and 2-methyl-1-butyl acetate. Other acetate esters quantified in the must but not identified
in the wine were ethyl propionate, n-propyl acetate, isobutyl acetate, ethyl butanoate, ethyl
2-methyl-butanoate, butyl acetate, propyl 2-methyl-butanoate, pentyl acetate, hexyl acetate,
4-hexen-1-ol acetate, and phenylmethyl acetate. Instead, fatty acid esters predominated in
the Jimbee and Okashi wines as ethyl octanoate and ethyl hexanoate, and other different
compounds such as ethyl 9-decenoate and ethyl palmitate, usually described in Chardonnay
wine [20] and other fruit-based wine developments such us persimmon and kiwi [3,4]. Two
aromatic volatiles were quantified in both melon wines: bis(1,1-dimethylethyl)-benzene and
2,4-bis(1,1-dimethylethyl)-phenol, which have been reported in other alcoholic beverages
such as white grape wine and rice wine [36,39]. Octanoic acid and acetic acid were the
principal organic acids identified in both melon-based wines. Acetic acid, an organic acid
that usually appears during alcoholic fermentation, had the largest quantities in the volatile
profile in both the Jimbee and Okashi melon wines, which confirms the volatile acidity
values obtained in the physicochemical analysis (Section 3.2). As mentioned above, the
volatile profile of both melon-based wines was relatively similar to that of other grape-
based wines described before, which could be reminiscent of grape wine, but with some
features of typical melon aroma.

3.5. Odor Activity Value (OAV) and Relative Odor Contribution (ROC)

Table 6 shows the OAV values and ROC index of individual volatile compounds
which contributed at the minimum threshold (OAV > 1) for its identification. Only six
compounds from the 67 identified exceeded the threshold values in melon-based wines,
the majority group corresponded to fatty acid ethyl ester usually produced by S. cerevisiae
during alcoholic fermentation; it possesses a lower threshold value and provides fruity,
candy, and perfume-like aroma [40]. Ethyl hexanoate had the highest OAV (19.62 in the
Jimbee melon wine and 50.66 in the Okashi wine) and the contribution (ROC) of aroma
in both wines was 0.68 and 0.44 in Jimbee and Okashi, respectively, which enhanced the
fruity and wine-like aroma. Ethyl octanoate and methyl decanoate were quantified in
both melon wines, and the ethyl hexanoate gave the wine a fruity aroma. Ethyl butanoate
was found only in the Jimbee melon wine (OAV = 1.81), this compound is associated
with pineapple- and apple-like aromas. The ethyl 9-decenoate and phenethyl acetate were
concentrated enough to reach the minimum threshold in the Okashi melon wine, 6.96 and
1.04, respectively, both of which contributed to a flower-like aroma.

Table 6. Volatile compounds identified with OAV > 1 and its ROC for the Jimbee and Okashi melon wines.

Tentative ID Threshold (mg/L) Odor Description OAV ROC
Jimbee Okashi Jimbee Okashi

Ethyl butanoate a 20 Pineapple, apple 1.81 z <1 0.06 <0.01
Ethyl hexanoate b 8 Fruity, green, wine-like 19.62 50.66 0.68 0.44
Ethyl octanoate a 580 Sweet, flora, fruity, pear 2.19 6.68 0.08 0.06
Ethyl decanoate a 200 Floral, fruity, 3.00 5.99 0.10 0.05

Ethyl 9-decenoate b 100 Rose <1 6.96 <0.01 0.06
Phenethyl acetate c 250 Floral, honey, rose <1 1.04 0.01 0.01

z Mean (n = 3 ± SE). a, b, c Thresholds references: [18–20]. OAV: odor activity value. ROC: relative odor contribution.

3.6. Sensory Evaluation

The sensorial wine quality is given in Table 7. The Jimbee melon wine obtained a
total score of 68.17, whilst the Okashi wine obtained 82.33. In relation with the visual
parameters, the limpidity and aspect of the Jimbee wine were lower than the Okashi, due to
the presence of more particles in suspension, and as explained above, these two parameters
were correlated to lightness color measurements (Section 3.2). Both melon wines had an
average intensity and a good impression of quality in nose. However, the Jimbee melon
wine had a lower genuineness than the Okashi wine, due to identified viticulture-based
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defects (e.g., raw material, some volatiles such as phenol, esters and oxido-reduction
compounds, etc.), and the high content of volatile acidity obtained in the Jimbee wine
(Table 4) [12]. These last differences were also found in the taste, where the panelists valued
the Okashi melon wine to be better than the Jimbee wine, with a low intensity of defects,
strong intensity, good persistence, and good-to-very good impression of quality according
to the description detailed in OIV. These values are correlated with the higher volatile
content measured in the Okashi melon wine, mainly the highest esters compound content
with a fruity-like aroma (Table 6). Regarding the overall judgment, the Jimbee melon wine
was judged as satisfactory, whilst the Okashi melon wine was close to receiving a very
good general impression. Finally, the evaluated total scores defined the Okashi cultivar
(82.83) as being a better melon-based wine which could be classified as Silver in accordance
with OIV, mainly due to its better scores in visual and taste values, with this cultivar being
preferred for melon-based wine.

Table 7. Sensory evaluation of the Jimbee and Okashi melon wines.

Organoleptical
Characteristics Jimbee Wine Okashi Wine Range (Excellent

to Inadequate)

Visual 7.33 z ± 1.82 13.67 ± 0.61 (15–3)

Limpidity 2.00 ± 0.68 4.67 ± 0.21 (5–1)
Aspect other than limpidity 5.33 ± 1.23 9.00 ± 0.45 (10–2)

Nose 22.5 ± 1.61 23.83 ± 2.12 (30–12)

Genuineness 3.83 ± 0.31 5.33 ± 0.21 (6–2)
Positive intensity 6.33 ± 0.56 6.50 ± 0.56 (8–2)

Quality 12.33 ± 0.95 12.00 ± 1.71 (16–8)

Taste 29.83 ± 2.55 35.5 ± 0.96 (44–18)

Genuineness 3.67 ± 0.56 4.17 ± 0.48 (6–2)
Positive intensity 4.83 ± 0.75 6.83 ± 0.17 (8–2)

Harmonious persistence 5.83 ± 0.48 6.50 ± 0.34 (8–4)
Quality 15.50 ± 1.20 18.00 ± 0.63 (22–10)

Harmony—Overall judgement 8.50 ± 0.50 9.83 ± 0.17 (11–7)

TOTAL 68.17 ± 3.22 82.83 ± 1.96 (100–40)
z Mean (n = 12 ± SE).

4. Conclusions

In this research, fruit-based wines from two melon cultivars, Jimbee (orange flesh)
and Okashi (pale green flesh), were obtained using melons discarded due to their cosmetic
defects. Prior to alcoholic fermentation, with S. cerevisiae, the must was adjusted with
organic acid (malic and tartaric acid) and saccharose to 24 ◦Brix to obtain a fruit-based dry
wine with a 10◦ alcoholic grade in both development wines. During fermentation, both
wines increased principally in MCFA ethyl esters such as ethyl hexanoate, ethyl octanoate,
and ethyl decanoate, which are responsible for the aromatic profile of the wine. Melons
with typical orange color flesh such as the Jimbee cultivar provided light-yellow color wine
with a fruity aroma due to ester with OAV > 1, such as ethyl butanoate, ethyl hexanoate,
ethyl octanoate, and ethyl decanoate. Melons with pale green color flesh such as the Okashi
cultivar, provided melon wines with a light-yellow color with a fruity and floral aroma,
characterized by the presence of ethyl hexanoate, ethyl octanoate, ethyl decanoate, ethyl
9-decenoate, and phenethyl acetate. In both melon wines, ethyl hexanoate had a high
OAV score and accordingly, the predominant aroma, obtaining 19.62 for the Jimbee wine
and 50.66 for the Okashi wine. In the sensory analysis, the Jimbee melon wine obtained
a total score of 68.17, whilst the Okashi wine scored 82.83. These differences were found
principally in the visual parameters and taste. Orange flesh melons have more particles
in suspension which means lower limpidity and luminosity, both are parameters that
are demanded in white grape wines. According to OIV categories, the Okashi melon
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would obtain the highest score, being classified as a silver level. However, these fruit
wines do not have to follow the same standards required of traditional white grape wines,
which guarantees their commercialization. In summary, this research is an example for
the agricultural sector to stimulate a circular economy model using the by-products of the
fresh melon industry to produce a novel fruit-based wine, rich in and TPC and antioxidant
compounds, with economic potential in the market. This type of wine presents low carbon
emissions and water footprints when discarded melon fruit is used.

Author Contributions: J.Á.S.-M.: formal analysis; data curation; methodology; investigation; val-
idation; writing-original draft. A.A.: conceptualization; methodology; supervision; investigation;
validation; project administration. E.C. and A.C.-B.: conceptualization; resources; validation. E.A.
conceptualization; methodology; investigation; supervision; funding acquisition; writing–review
and editing; project administration. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by RTI2018-099139-B-C21 project from Ministry of Science
and Innovation (Spain)—National Research Agency (MCIN/AEI/10.13039/501100011033) and by
“ERDF A way of making Europe”, of the European Union and by 21645/PDC/21 project from
“Fundación Séneca” of Murcia Region (Spain). José Angel Salas-Millán acknowledges financial
support for “Industrial PhD” grant (DIN2019-010837) from the Ministry of Science and Innovation
and JimboFresh International Company.

Data Availability Statement: The datasets supporting the findings of this article are available upon
reasonable request.

Conflicts of Interest: The authors declare that they have no known competing financial interest or
personal relationship that could have appeared to influence the work reported in this paper.

References
1. Hingston, S.T.; Noseworthy, T.J. On the Epidemic of Food Waste: Idealized Prototypes and the Aversion to Misshapen Fruits and

Vegetables. Food Qual. Prefer. 2020, 86, 103999. [CrossRef]
2. Garnett, T. Where Are the Best Opportunities for Reducing Greenhouse Gas Emissions in the Food System (Including the Food

Chain)? Food Policy 2011, 36, S23–S32. [CrossRef]
3. Lu, Y.; Liu, Y.; Lv, J.; Ma, Y.; Guan, X. Changes in the Physicochemical Components, Polyphenol Profile, and Flavor of Persimmon

Wine during Spontaneous and Inoculated Fermentation. Food Sci. Nutr. 2020, 8, 2728–2738. [CrossRef] [PubMed]
4. Sun, N.; Gao, Z.; Li, S.; Chen, X.; Guo, J. Assessment of Chemical Constitution and Aroma Properties of Kiwi Wines Obtained

from Pure and Mixed Fermentation with Wickerhamomyces Anomalus and Saccharomyces Cerevisiae. J. Sci. Food Agric. 2022,
102, 175–184. [CrossRef] [PubMed]

5. Eder, M.; Sanchez, I.; Brice, C.; Camarasa, C.; Legras, J.L.; Dequin, S. QTL Mapping of Volatile Compound Production in
Saccharomyces Cerevisiae during Alcoholic Fermentation. BMC Genom. 2018, 19, 166. [CrossRef]

6. Joshi, V.K.; Panesar, P.S.; Rana, V.S.; Kaur, S. Science and Technology of Fruit Wines: An Overview. In Science and Technology of
Fruit Wine Production; Elsevier Inc.: Amsterdam, The Netherlands, 2017; pp. 1–72. ISBN 9780128010341.

7. Matei, F. Technical Guide for Fruit Wine Production. In Science and Technology of Fruit Wine Production; Elsevier Inc.: Amsterdam,
The Netherlands, 2017; pp. 663–703. ISBN 9780128010341.

8. Rolim, P.M.; Seabra, L.M.J.; de Macedo, G.R. Melon By-Products: Biopotential in Human Health and Food Processing. Food Rev.
Int. 2020, 36, 15–38. [CrossRef]

9. FAOSTAT. Available online: https://www.fao.org/faostat/es/#data/TCL (accessed on 12 April 2022).
10. Minkova, S.; Vlaeva, I.; Nikolova, K.; Petkova, N.; Gentscheva, G.; Tzvetkova, C. Assessment of the Elemental Composition,

Antioxidant Activity, and Optical Properties of Non-Traditional Bulgarian Fruit Wines. Bulg. Chem. Commun. 2022, 54, 26–30.
[CrossRef]

11. Gómez, L.F.H.; Úbeda, J.; Briones, A. Characterization of Wines and Distilled Spirits from Melon (Cucumis Melo L.). Int. J. Food Sci.
Technol. 2008, 43, 644–650. [CrossRef]

12. OIV International Organisation of Vine and Wine. Compendium of International Methods of Analysis -OIV Chromatic Character-
istics Method OIV-MA-AS2-11. 2009. Determination of Chromatic Characteristics According to CIELab (Resolution Oeno 1/2006).
Available online: https://www.oiv.int/public/medias/7907/oiv-vol1-compendium-of-international-methods-of-analysis.pdf
(accessed on 2 June 2022).

13. Hu, X.; Fang, C.; Lu, L.; Hu, Z.; Shao, Y.; Zhu, Z. Determination of Soluble Sugar Profile in Rice. J. Chromatogr. B 2017, 1058, 19–23.
[CrossRef]

http://doi.org/10.1016/j.foodqual.2020.103999
http://doi.org/10.1016/j.foodpol.2010.10.010
http://doi.org/10.1002/fsn3.1560
http://www.ncbi.nlm.nih.gov/pubmed/32566190
http://doi.org/10.1002/jsfa.11344
http://www.ncbi.nlm.nih.gov/pubmed/34061382
http://doi.org/10.1186/s12864-018-4562-8
http://doi.org/10.1080/87559129.2019.1613662
https://www.fao.org/faostat/es/#data/TCL
http://doi.org/10.34049/bcc.54.B1.0359
http://doi.org/10.1111/j.1365-2621.2007.01500.x
https://www.oiv.int/public/medias/7907/oiv-vol1-compendium-of-international-methods-of-analysis.pdf
http://doi.org/10.1016/j.jchromb.2017.05.001


Foods 2022, 11, 3619 13 of 14

14. Martínez-Sánchez, A.; Guirao-Martínez, J.; Martínez, J.A.; Lozano-Pastor, P.; Aguayo, E. Inducing Fungal Resistance of Spinach
Treated with Preharvest Hormetic Doses of UV-C. LWT Food Sci. Technol. 2019, 113, 108302. [CrossRef]

15. Al-Duais, M.; Müller, L.; Böhm, V.; Jetschke, G. Antioxidant Capacity and Total Phenolics of Cyphostemma Digitatum before and
after Processing: Use of Different Assays. Eur. Food Res. Technol. 2009, 228, 813–821. [CrossRef]

16. Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M.; Rice-Evans, C. Antioxidant Activity Applying an Improved ABTS
Radical Cation Decolorization Assay. Free. Radic. Biol. Med. 1999, 26, 1231–1237. [CrossRef]

17. Sun, Y.; Peng, W.; Zeng, L.; Xue, Y.; Lin, W.; Ye, X.; Guan, R.; Sun, P. Using Power Ultrasound to Release Glycosidically Bound
Volatiles from Orange Juice: A New Method. Food Chem. 2021, 344, 128580. [CrossRef] [PubMed]

18. Korenika, A.M.J.; Biloš, J.; Kozina, B.; Tomaz, I.; Preiner, D.; Jeromel, A. Effect of Different Reducing Agents on Aromatic
Compounds, Antioxidant and Chromatic Properties of Sauvignon Blanc Wine. Foods 2020, 9, 996. [CrossRef] [PubMed]

19. Cordente, A.G.; Solomon, M.; Schulkin, A.; Leigh Francis, I.; Barker, A.; Borneman, A.R.; Curtin, C.D. Novel Wine Yeast with
ARO4 and TYR1 Mutations That Overproduce ‘Floral’ Aroma Compounds 2-Phenylethanol and 2-Phenylethyl Acetate. Appl.
Microbiol. Biotechnol. 2018, 102, 5977–5988. [CrossRef]

20. Welke, J.E.; Zanus, M.; Lazzarotto, M.; Alcaraz Zini, C. Quantitative Analysis of Headspace Volatile Compounds Using
Comprehensive Two-Dimensional Gas Chromatography and Their Contribution to the Aroma of Chardonnay Wine. Food Res. Int.
2014, 59, 85–99. [CrossRef]

21. Manchali, S.; Murthy, K.N.C.; Vishnuvardana; Patil, B.C. Nutritional Composition and Health Benefits of Various Botanical Types
of Melon (Cucumis Melo L.). Plants 2021, 10, 1755. [CrossRef]

22. Jackson, R.S. Wine Science: Principles and Application; Academic Press: Cambridge, MA, USA, 2008; ISBN 9780333227794.
23. Giménez-Gómez, P.; Gutiérrez-Capitán, M.; Puig-Pujol, A.; Capdevila, F.; Muñoz, S.; Tobeña, A.; Miró, A.; Jiménez-Jorquera, C.

Analysis of Free and Total Sulfur Dioxide in Wine by Using a Gas-Diffusion Analytical System with PH Detection. Food Chem.
2017, 228, 518–525. [CrossRef]

24. Zhang, A.; Zeng, L.; Bo, H.; Hardie, W.J. Sulphite-Corrected, Non-Phenolic and Phenolic Antioxidant Capacities of Fruit Wines
Profiled by Differential Folin-Ciocalteu Assay. Int. J. Food Sci. Technol. 2022, 57, 1259–1272. [CrossRef]

25. Raposo, R.; Ruiz-Moreno, M.J.; Garde-Cerdán, T.; Puertas, B.; Moreno-Rojas, J.M.; Zafrilla, P.; Gonzalo-Diago, A.; Guerrero, R.F.;
Cantos-Villar, E. Replacement of Sulfur Dioxide by Hydroxytyrosol in White Wine: Influence on Both Quality Parameters and
Sensory. LWT Food Sci. Technol. 2016, 65, 214–221. [CrossRef]

26. Santos, M.C.; Nunes, C.; Rocha, M.A.M.; Rodrigues, A.; Rocha, S.M.; Saraiva, J.A.; Coimbra, M.A. Impact of High Pressure
Treatments on the Physicochemical Properties of a Sulphur Dioxide-Free White Wine during Bottle Storage: Evidence for Maillard
Reaction Acceleration. Innov. Food Sci. Emerg. Technol. 2013, 20, 51–58. [CrossRef]

27. Gordillo, B.; Ciaccheri, L.; Mignani, A.G.; Gonzalez-Miret, M.L.; Heredia, F.J. Influence of Turbidity Grade on Color and
Appearance of Virgin Olive Oil. J. Am. Oil Chem. Soc. 2011, 88, 1317–1327. [CrossRef]

28. Fundo, J.F.; Miller, F.A.; Garcia, E.; Santos, J.R.; Silva, C.L.M.; Brandão, T.R.S. Physicochemical Characteristics, Bioactive
Compounds and Antioxidant Activity in Juice, Pulp, Peel and Seeds of Cantaloupe Melon. J. Food Meas. Charact. 2018, 12, 292–300.
[CrossRef]

29. Hodges, D.M.; Lester, G.E. Comparisons between Orange- and Green-Fleshed Non-Netted and Orange-Fleshed Netted Muskmel-
ons: Antioxidant Changes Following Different Harvest and Storage Periods. J. Am. Soc. Hortic. Sci. 2006, 131, 110–117.
[CrossRef]

30. Benzie, I.F.F.; Strain, J.J. Ferric Reducing/Antioxidant Power Assay: Direct Measure of Total Antioxidant Activity of Biological
Fluids and Modified Version for Simultaneous Measurement of Total Antioxidant Power and Ascorbic Acid Concentration.
Methods Enzym. 1999, 299, 15–27. [CrossRef]

31. Thaipong, K.; Boonprakob, U.; Crosby, K.; Cisneros-Zevallos, L.; Hawkins Byrne, D. Comparison of ABTS, DPPH, FRAP, and
ORAC Assays for Estimating Antioxidant Activity from Guava Fruit Extracts. J. Food Compos. Anal. 2006, 19, 669–675. [CrossRef]

32. Lingua, M.S.; Fabani, M.P.; Wunderlin, D.A.; Baroni, M.V. From Grape to Wine: Changes in Phenolic Composition and Its
Influence on Antioxidant Activity. Food Chem. 2016, 208, 228–238. [CrossRef]

33. Tarko, T.; Duda-Chodak, A.; Soszka, A. Changes in Phenolic Compounds and Antioxidant Activity of Fruit Musts and Fruit
Wines during Simulated Digestion. Molecules 2020, 25, 5574. [CrossRef]

34. Saftner, R.; Abbott, J.A.; Lester, G.; Vinyard, B. Sensory and Analytical Comparison of Orange-Fleshed Honeydew to Cantaloupe
and Green-Fleshed Honeydew for Fresh-Cut Chunks. Postharvest Biol. Technol. 2006, 42, 150–160. [CrossRef]

35. Kourkoutas, D.; Elmore, J.S.; Mottram, D.S. Comparison of the Volatile Compositions and Flavour Properties of Cantaloupe,
Galia and Honeydew Muskmelons. Food Chem. 2006, 97, 95–102. [CrossRef]

36. Chen, L.; Li, D.; Ren, L.; Song, S.; Ma, X.; Rong, Y. Effects of Simultaneous and Sequential Cofermentation of Wickerhamomyces
Anomalus and Saccharomyces Cerevisiae on Physicochemical and Flavor Properties of Rice Wine. Food Sci. Nutr. 2021, 9, 71–86.
[CrossRef] [PubMed]

37. Cameleyre, M.; Lytra, G.; Tempere, S.; Barbe, J.C. 2-Methylbutyl Acetate in Wines: Enantiomeric Distribution and Sensory Impact
on Red Wine Fruity Aroma. Food Chem. 2017, 237, 364–371. [CrossRef] [PubMed]

38. Lignou, S.; Parker, J.K.; Oruna-Concha, M.J.; Mottram, D.S. Flavour Profiles of Three Novel Acidic Varieties of Muskmelon
(Cucumis Melo L.). Food Chem. 2013, 139, 1152–1160. [CrossRef] [PubMed]

http://doi.org/10.1016/j.lwt.2019.108302
http://doi.org/10.1007/s00217-008-0994-8
http://doi.org/10.1016/S0891-5849(98)00315-3
http://doi.org/10.1016/j.foodchem.2020.128580
http://www.ncbi.nlm.nih.gov/pubmed/33191013
http://doi.org/10.3390/foods9080996
http://www.ncbi.nlm.nih.gov/pubmed/32722317
http://doi.org/10.1007/s00253-018-9054-x
http://doi.org/10.1016/j.foodres.2014.02.002
http://doi.org/10.3390/plants10091755
http://doi.org/10.1016/j.foodchem.2017.02.026
http://doi.org/10.1111/ijfs.15510
http://doi.org/10.1016/j.lwt.2015.08.005
http://doi.org/10.1016/j.ifset.2013.07.001
http://doi.org/10.1007/s11746-011-1787-y
http://doi.org/10.1007/s11694-017-9640-0
http://doi.org/10.21273/JASHS.131.1.110
http://doi.org/10.1016/S0076-6879(99)99005-5
http://doi.org/10.1016/j.jfca.2006.01.003
http://doi.org/10.1016/j.foodchem.2016.04.009
http://doi.org/10.3390/molecules25235574
http://doi.org/10.1016/j.postharvbio.2006.02.011
http://doi.org/10.1016/j.foodchem.2005.03.026
http://doi.org/10.1002/fsn3.1899
http://www.ncbi.nlm.nih.gov/pubmed/33473272
http://doi.org/10.1016/j.foodchem.2017.05.093
http://www.ncbi.nlm.nih.gov/pubmed/28764008
http://doi.org/10.1016/j.foodchem.2013.01.068
http://www.ncbi.nlm.nih.gov/pubmed/23561221


Foods 2022, 11, 3619 14 of 14

39. Baiano, A.; Mentana, A.; Varva, G.; Quinto, M. Effects of Different Vinification Procedures and Aging Containers on Phenolic and
Volatile Composition of Greco White Wines. Eur. Food Res. Technol. 2017, 243, 1667–1680. [CrossRef]

40. Hu, K.; Jin, G.J.; Mei, W.C.; Li, T.; Tao, Y.S. Increase of Medium-Chain Fatty Acid Ethyl Ester Content in Mixed H. Uvarum/S.
Cerevisiae Fermentation Leads to Wine Fruity Aroma Enhancement. Food Chem. 2018, 239, 495–501. [CrossRef] [PubMed]

http://doi.org/10.1007/s00217-017-2874-6
http://doi.org/10.1016/j.foodchem.2017.06.151
http://www.ncbi.nlm.nih.gov/pubmed/28873596

	Introduction 
	Materials and Methods 
	Small-Scale Melon Wine 
	Physicochemical Analysis 
	Individual Soluble Sugar by Ionic Chromatography (IC) 
	Determination of Total Polyphenol Content (TPC) and Antioxidant Capacities (FRAP and TEAC) 
	Analysis of Volatile Compounds by GC-MS 
	Odor Activity Value (OAV) and Relative Odor Contribution (ROC). 
	Sensory Evaluation 

	Results and Discussions 
	Must Composition 
	Melon Wines Characterization 
	Total Polyphenol Content (TPC) and Antioxidant Capacities (FRAP and TEAC) 
	Volatile Compounds in Melon Wines 
	Odor Activity Value (OAV) and Relative Odor Contribution (ROC) 
	Sensory Evaluation 

	Conclusions 
	References

