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ABSTRACT

Prolonged maceration was applied to two Apulian white grape cultivars, Minutolo and Verdeca. The impact of
prolonged maceration (up to six months) on the quality of the wines was evaluated through characterization of
phenolic, volatile and sensory profiles. Macerated wines presented a peak of extraction after 4 months, followed
by a decrease probably due to precipitation/reabsorption. Extraction of seed phenols occurred during longer
maceration times. Volatile profile was also modified, showing a different behavior at different maceration times.
Oxidation and aging compounds appeared during maceration, that are unusual for traditional white wines.
Furthermore, maceration successfully enhanced varietal identity of Minutolo. The terpene profile of Minutolo
wines changed during maceration, with a maximum of terpenols after 1 month of maceration, while longer
maceration added a pattern of oxidized terpenes. Sensory analysis highlighted clearly distinct profiles of wines,
according to both cultivar and maceration time. A good attitude was observed of both varieties to undergo
maceration. In particular, Verdeca appeared suitable for longer maceration times, with flowery, citrus and
apricot notes after 4 months, while enhanced apricot notes were perceived after 6 months. On the other hand,

Minutolo wine after 6 months of maceration was characterized by a marked astringency and peach flavor.

1. Introduction

Macerated white wines are defined as *’white wines derived from the
alcoholic fermentation of a must in prolonged contact with grape
pomace, including skins, pulp, seeds and eventually stems’” (OIV - In-
ternational Organisation of Vine and Wine, 2020). This technique, that
is nowadays increasingly attracting the attention of consumers, pro-
ducers and researchers, allows to obtain wines that incorporate char-
acteristics of both red and white wines. Sometimes these wines are
defined as “orange wines” or “amber wines” (Milat et al., 2019).

There are still few studies available involving macerated white wines
and they are mostly focused on their phenolic profile which is found to
be richer than in conventional ones (Bestulic et al., 2022; Giriboni et al.,
2016; Korenika et al., 2014; Milat et al., 2019; Rustioni et al., 2023). Asa
result, antioxidant and vasodilator activity are also increased and
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became similar to those of red wines (Korenika et al., 2014; Milat et al.,
2019; Radeka et al., 2022; Salemnia et al., 2019).

Maceration applied during white winemaking seems to induce a
faster onset of fermentation, probably due to the extraction of readily
assimilable nitrogen and co-factors necessary for the correct develop-
ment of the cells (Sancho-Galan et al., 2021; Townshend, 2018). It also
implies increased potassium extraction, that leads to a higher pH value,
a decrease in total acidity, and a rise in volatile acidity (Darias-Martin
et al., 2000; Sancho-Galan et al., 2021). Moreover, maceration affects
sensory profile due to increased extraction of phenols, which results in
higher antioxidant activity, but can also lead to increased sensation of
astringency and bitterness as well as to the development of orange/-
amber colour that is typical in these wines (Bestuli¢ et al., 2022).
Furthermore, long maceration can have a negative impact on esters,
B-damascenone, hotrienol. It can also increase sulfur compounds
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(particularly dimethyl sulphide) (Buican et al., 2023), which could be
related to defects in sensorial properties. Nevertheless, as a consequence
of higher extraction of aromatic volatile compounds and aromatic pre-
cursors, macerated white wines can be, depending on a series of factors
(es. cv, percentages of skins, maceration time and temperature, etc),
appreciated for their high aromatic intensity and complexity (Bestuli¢
et al., 2022; Buican et al., 2023; Darias-Martin et al., 2000; Salemnia
et al., 2019; Townshend, 2018). In fact, sensory profile of long macer-
ated white wines is influenced by compounds that are typical of aging
process (ethyl acetate, ethyl 3-metylbutyrate, isoamyl alcohol, TDN,
ethyl lactate) that give rise to floral and fruity notes but also sweet
sensations. Higher concentration of volatile benzoic compounds can
determine honey, dried figs and tobacco notes. Anyway, aroma pattern
cahnges during aging, with a decline in fruity and floral aromas, that can
be replaced by spicy ones (Buican et al., 2023).

Prolonged maceration is a valid technique to enhance white wines’
quality and differentiate production. However, macerated white wines
characteristics cannot be generalized, as they depend on many factors
(grape variety, ripening state, winemaking parameters etc.). The recent
review by Buican et al. (2023) highlighted some aspects requiring
further research, in order to exploit this winemaking technique outside
of its traditional areas. In particular, an in-depth study is required to
improve the technique, adapt it to different cultivars and assess the
optimal duration of maceration. Such research could support industry
on the way of the exploitation of local biodiversity and of the adaptation
to new market trends and environmental changes.

The present research was aimed at applying this ancient winemaking
technique to preserve and valorise Apulian cultivars by producing wines
which are different from conventional ones in sensory properties and
chemical profile. To this aim, prolonged maceration from 1 to 6 months
was applied to two native Apulian white grape varieties: the first one,
Minutolo is a terpenic variety (Paradiso et al., 2022) while, the other,
Verdeca, is more neutral. The impact of prolonged maceration on the
quality of the wines obtained from these cultivars has been evaluated
throughout physicochemical analysis and characterization of phenolic,
volatile and sensory profiles.

2. Materials and methods
2.1. Wine samples

Grapes from Vitis vinifera cv. Minutolo and Verdeca were harvested at
technological maturity and phytosanitary health 100%, placed in boxes,
transported to winery and immediately processed. At harvest, grapes
had a potential alcohol content of 13% vol and a pH of 3.3. After
crushing and destemming, potassium metabisulphite (6 g 100 kg™1) was
added to grapes, together with ascorbic acid (2 g 100 kg™1), oenological
tannin (3 g 100 kg’l, Galitan, Enolife s.r.l., Montemesola, Italy) and
pectolytic enzymes for white grapes (1 g 100 kg !, Lisofine, Enolife s.r.L.,
Montemesola, Italy). For each cv. crushed grapes were divided into two
batches: one batch was directly pressed into a pneumatic press and
transferred to a 25 hL steel tank for conventional white winemaking (V-
CT and M-CT); the other was transferred into three 50 L steel tanks and
submitted to winemaking with maceration. Fermentation was carried
out for both control and macerated samples adding 20 g hL™! yeast
(Saccharomyces cerevisiae LF 13 V, Enolife s.r.l., Montemesola, Italy).
Both batches were submitted to the same nitrogen supplementation
protocol. Fermentation temperature was kept at 15-16 °C with a final
rise at 20 °C. During maceration, push down occurred three times a day
until the first half of fermentation, two times a day until % of fermen-
tation and then once a day till the end of fermentation. At the end of
fermentation (16 days after inoculation) macerated samples from each
50 L tank were transferred into four 1 L airtight glass jars and kept, to
obtain 1 month (M-1, V-1), two months (M-2, V-2), four months (M-4, V-
4) and six months (M-6, V-6) macerated samples. Overall, each macer-
ated wine was obtained in three experimental replicates. Maceration
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was carried out at room temperature (20 + 3 °C). Both control and
macerated wines were bottled in glass 0.75 L bottles and rapidly
analyzed.

2.2. Chemical analysis

Main oenological parameters were evaluated using the FTIR tech-
nique (OenoFoss, Foss, Hillerod, DK). Total phenols (TP), total flavo-
noids (TF), proanthocyanidins (PA) and flavans reactive with vanillin
(VRF) were determined according to Gambacorta et al., 2011, using an
UV-visible spectrophotometer. For flavonoids and anthocyanins deter-
mination, wine samples were diluted 25 times with
ethanol-hydrochloric acid solution. An adsorbance spectrum in the
range of 230-700 nm was recorded. The flavonoids content was calcu-
lated according to the following formula:

F = Epgy * df * 82.4

Eggp = Specific extinction coefficient at 280 nm assessed with the
graphic method (absorbance corresponding to the segment, parallel to
the y-axis, starting from the peak medium at 280 nm and finishing on the
tangent joining the points of minimum at the left and the right of the
peak).

df = dilution factor

82.4 = value determined considering the ratio between the con-
centration (expressed as mg L™1) and the corresponding Eagg of pure
(+)-catechin.

The anthocyanins content was determined according to the following
formula:

F = Emaximum * df * 26.6

Enmaximum = specific extinction coefficient at the maximum of visible region
(~520 nm) assessed with the graphic method as described before.

df = dilution factor.

26.6 = value determined considering the molar extinction coefficient
of an anthocyanins mixture deriving from grapes (€ = 18800, MW
medium = 500). The A content was determined using a calibration curve
for malvidin-3-glucoside and expressed as mg L~! of malvidin-3-
glucoside.

The total polyphenols content was measured at 700 nm using the
Folin-Ciocalteu reactive and quantified by the following formula:

TP = Eq90 V! * 186.5
E7pp = absorbance at 700 nm.
V = wine volume (1 mL)

186.5 = value determined considering the ratio between the con-
centration (expressed as mg L) and the corresponding E;qo of pure
(+)-catechin.

In the case of flavans reacting with vanillin, absorbance at 500 nm
was measured and content was evaluated according to the following
formula:

FRV = AE * df * 290.8

C = EI — EO (difference between the absorbance assessed at 500 nm of the
sample with and without vanillin).

df = dilution factor.

290.8 = value determined considering the ratio between the con-
centration (expressed as mg L™1) and the corresponding Esgo of pure
(+)-catechin.

The proanthocyanidins content was measured at 532 nm and
calculated according to the following formula:
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P=AEV ' *1162.5

AE = EI - EO (difference between the specific extinction coefficient assessed
at 532 nm with the graphic method of the sample after and before acid hy-
drolysis by heat).

V = wine volume (1 mL).

1126.5 = value determined considering the ratio between the con-
centration (expressed as mg L™!) and the corresponding AE of pure
cyanidin chloride.

Three experimental replicates were analyzed for each wine.

2.3. Analysis of volatile aroma compounds

The volatile compounds were extracted by the solid-phase micro-
extraction (SPME) technique, according to Paradiso et al. (2022). The
samples were weighed (1 + 0.05 mL) into 20 mL vials containing 0.2 g
mL™! of NaCl (to increase the ionic strength), closed with a silico-
ne/PTFE septum and an aluminium cap. Semi-quantitation was per-
formed adding internal standard (2-octanol). A mother solution,
obtained from the pure standard (Sigma Aldrich, Milan, Italy), was
diluted to reach a final concentration of 8.2 mg L™}, then 10 pL of this
final dilution was added to the sample. Samples were loaded into an
autosampler Triplus RSH (ThermoFisher Scientific, Rodano, Italy).
Before extraction, stabilization of the headspace in the vial was obtained
by equilibration for 10 min at 50 °C. The extraction was carried out
using a divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/
PDMS) 50/30 mm SPME fiber assembly (Supelco, Bellefonte, PA, USA)
at 50 °C for 30 min. The fiber was desorbed at 200 °C for 2 min in the
injection port of the gas chromatograph, operating in split-less mode.
The GC-MS analyses were performed using a Trace1300 gas chromato-
graph equipped with a mass spectrometer ISQ Series 3.2 SP1. The
compounds were separated in a Thermo capillary column VF-WAX MS
(60 m, 0.25 mm, 0.25 pm), under the following conditions: injection
port temperature, 200 °C; oven temperatures, 40 °C for 0.5 min then 3°C
min~! to 210 °C with a final isothermal for 2 min. Mass detector was set
at the following conditions: detector voltage, 1700 V; source tempera-
ture, 250 °C; ionization energy, 70 eV; scan range, 33-150 amu.
Tentative identification of the peaks was done by means of Xcalibur v2.0
software, in particular, Qual Browser, by matching their spectra with the
reference mass spectra of NIST library. Semi-quantitation of the com-
pounds was done by the internal standard method, and the amounts
were expressed as pg of 2-octanol equivalents Liter .

2.4. Sensory analysis

A panel composed of 6 judges (4 males, 2 females; age 35-58),
winemakers and professionals, participated at wine evaluation sessions.
All judges were experienced in wine tasting and were familiar with
Apulian cultivars. One training session was carried out to familiarize
with the sensory methodology. The adopted methodology did not
require further training, being based on free description (Souza Gonzaga
et al., 2019, 2021). In order to provide robustness to the analysis and
compensate for the number of panelists, lower than 10-15 as suggested
by Souza Gonzaga et al. (2021), three experimental replicates were
analyzed for each wine. Samples were coded with 3-digit random
numbers and presented in random order at serving temperature (13 +
2 °C) in glasses complying with the requirements of the ISO 3591 (2)
standard (ISO, 1977). Panelists individually evaluated each wine in an
open-plan sensory facility and took a 1-min forced break between each
wine, while having access to water and plain crackers as palate
cleansers. Two sensorial sessions were carried out. In each session two
batches of 4 or 5 samples were analyzed, with an interval between
batches for rinsing and defatiguing mouth (Jackson, 2017).

Due to the need of exploring the sensory space covered by these

LWT 192 (2024) 115698

wines (Barbe et al., 2021), they were characterized by free-choice
profiling: judges evaluated and freely described the characteristics of
each wine using a free vocabulary of sensory descriptors, by creating
their own list of attributes with no need to explain the significance of the
words, neither to limit the number of words. They were only asked to
avoid hedonic attributes (Barbe et al., 2021; Souza Gonzaga et al.,
2021). The textual data were preprocessed according to Symoneaux
et al. (2012): removal of mistakes, elimination of connectors and
auxiliary terms, lemmatization, regrouping synonyms, management of
ambiguous words (polysemy and homographs). The frequency of
occurrence of sensory descriptors was acquired and submitted to sta-
tistical analysis.

2.5. Statistical analysis

Two-way Analysis of Variance (ANOVA) with interactions, one-way
ANOVA, Tukey’s post hoc test, heatmap with cluster analysis and
principal components analysis (PCA) of volatile compounds were car-
ried out with Origin Pro 2022 (OriginLab, Northampton, MA, USA).
Correspondence analysis (minimum term frequency = 3) and Co-
occurrence network (minimum term frequency = 3, filter edges = Jac-
card, top 40 edges) were out on the results of sensory analysis using the
KH coder software (http://khcoder.net/en/) (Paradiso et al., 2022).

3. Results and discussion
3.1. Chemical analysis

The enological parameters of wines are reported in the Supplemen-
tary Table S1. All wines showed complete fermentation of sugars. In
spite of the small size of maceration vessels, volatile acidity, though
increasing as maceration time increased, remained below the limit of
1.08 g acetic acid L™}, with the exception of one of the M-6 replicates,
that reached 1.3 g acetic acid L™}, leading to a mean value of 1.01 g
acetic acid L™, Malolactic fermentation occurred during the second
month of maceration, based on the levels of malic and lactic acids.

Fig. 1 reports the results of the analysis of phenolic compounds on
Minutolo and Verdeca wines macerated for 1, 2, 4 and 6 months, as well
as of the control wines produced by traditional white winemaking.

Fig. 1A shows TP and TF behavior. A marked increase in TP during
maceration occurred: Verdeca and Minutolo control wines presented
concentrations of 569 and 226 mg L ™! respectively, while a maximum of
6670 and 5682 mg L~! was reached in M-4 and V-4 respectively, simi-
larly to those typically found in red wines (Salemnia et al., 2019). These
results agree with many studies in literature, such as the one conducted
by Bene and Kallay (2019), in which an increase in total polyphenols
was reported in wines obtained with 5 weeks maceration, reaching a
concentration of 1632 mg L~L. Also Bestuli¢ et al. (2022) and Korenika
et al. (2014) reported higher concentrations, in almost all categories of
phenolics evaluated in macerated wines compared with traditional ones.
This trend is probably the result of increased extraction from the skins
that occurred during maceration, assisted by the presence of ethanol
produced during fermentation (Lukic et al., 2015). The slight decrease in
phenols observed in 6-months macerated samples suggests that, after
four months of maceration, phenol extraction was complete. Moreover,
this slight decrease, may indicate precipitation or reabsorption reactions
of phenols on the skins, which occur at very long maceration times (6
months), as previously described by Baiano et al. (2014) and Recamales
et al. (2006)).

Fig. 1B shows the concentration trends of VRF, PA, and the ratio
VRE/PA. VRF is an index giving information related to the size of
condensed tannins and astringency (Ossola et al., 2017): it consists of
flavan monomers and low molecular weight oligomers and is negatively
related to oxidative polymerization. These compounds are mainly
located in seeds and defined as aggressive tannins as they impart bitter
characteristic to wines (Noble, 1994; Picariello et al., 2018). In the
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Fig. 1. Indices of phenolic compounds in control and macerated white wines. A: Contents of total phenols (TP) and total flavonoids (TF); B: Proanthocyanidins (PA),
Vanillin reactive flavans (VRF) and the ratio VRF/PA; C: correlation between phenolic compounds parameters and maceration time.

current study data show increasing concentrations of VRF starting from
value of 19 and 87 mg L ! respectively in Minutolo and Verdeca control
wines, to 2026 and 2380 mg L ™! in 6-months macerated Minutolo and
Verdeca samples. Also, the VRF/PA increased as maceration advanced,
starting from values of 0.4 in controls (V-CT, M-CT), up to values of 0.9
in V-6 and 0.7-0.8 in M-6. The simultaneous increase of these two pa-
rameters may indicate the progressive extraction of seed phenolics that
is promoted by ethanol production (Canals et al., 2005), during pro-
longed maceration.

Fig. 1.C emphasizes the correlation between total phenols, flavo-
noids, proanthocyanidins, vanillin-responsive flavans, VRF/PA and
maceration time. In general, data of Minutolo wines were more corre-
lated to maceration time compared to Verdeca ones, probably due to a
better phenol extractability. As expected, a positive correlation between
maceration and TP was observed for both varieties. Furthermore, fla-
vonoids were the most abundant class of phenolic compounds and were
closely correlated to TP content (p < 0.01, data not shown), which in-
dicates the strong impact of the duration of maceration on the phenolic
class of flavonoids, in contrast to traditional white wine where
hydroxycinnamic acids are the most representative class of phenols
(Reynolds, 2010).

3.2. Volatile composition

Table 1 shows the concentrations of volatiles (acetate esters,
branched ethyl esters, straight chain ethyl esters, other esters, C-6
compounds, aldehydes, ethers and acetals, ketones, acids, alcohols,
sulfur compounds, terpenes and norisoprenoids) detected in control and
macerated wine samples. Influence of cultivar and time variables on the
composition of the volatile profile of wines was evaluated by two-way
ANOVA. Maceration time had a strong influence on all classes of vola-
tile compounds, while the cultivar variable influenced only some classes
of compounds (acetate esters, other esters, C-6 compounds, aldehydes,
ketones, acids, terpenes, acetals/ethers and norisporenoids). Interaction
between maceration time and cultivar affected all classes of volatiles,
indicating different behaviors of cultivars towards maceration.

In the present study, different categories of esters exhibited distinct
trends with respect to both maceration time and cultivar variables.

Acetate esters were generally present in higher concentrations in
Minutolo wines: their concentration triplicated after 1-2 months of
maceration, reaching 1934.9 pg L7}, as respect to control (557 pg L™h
and then decreased in longer macerated samples. Verdeca initially had
higher concentration in acetate ester than Minutolo, but this remained
constant or at least decreased throughout maceration. Acetate esters,
characterized by fruity notes, are fermentative products. A reduction
during maceration can be explained by their hydrolysis at the acid pH of
wine (Marais, 1978). The main acetate ester in both cultivars was ethyl
acetate, related to volatile acidity but associated with pineapple, fruity,
solvent and balsamic notes when present at lower levels (Buican et al.,

2023). The level of ethyl acetate reached a maximum after 2 months of
maceration in Minutolo wine (1706.64 pg L™) and after 1 month of
maceration for Verdeca (1000.79 ug L™1). Also (Luki¢ et al., 2015) found
increased concentrations of ethyl acetate in white wines macerated
during and after fermentation.

Ethyl esters, instead, showed the lowest concentration in M-2 and V-
2 respectively of 656.4 pg L™* and 619.2 pg L™1. However, after 4 and 6
months of macerations, their concentration increased, reaching the
highest value in M-6 and V-6 of 2991.4 pg L' and 2447.2 pg L7},
respectively. The initial reduction may be due to chemical hydrolysis
determined by the acidic pH of the wine, but also adsorption on lees
(Lukic et al., 2015). The following increment can be mainly attributed to
newly-formed ethyl esters, above all succinate that strongly increased,
reaching a maximum after 6 months of maceration, 2539.8 pg L™* and
2086.91 pg L ! respectively in Minutolo and Verdeca.

Branched-chain ethyl esters concentrations did not differ from the
control during the early stages of maceration, while they increased in
samples of both varieties macerated at 4 and 6 months maybe due to the
esterification between ethanol and acids deriving from higher alcohols
oxidation (Diaz-Maroto et al., 2005). The maximum concentration was
found for ethyl isopentyl succinate, without differences between culti-
vars. Regarding other esters, they were present in higher concentrations
after maceration, expecially, in Verdeca samples, monoethyl succinate
that reached a maximum of 122.36 in V-6 pg L™!. Only isoamyl octa-
noate was present in both control and macerated samples. In Verdeca
samples it was at the highest concentration in the control, and then
decreased after maceration, while, in Minutolo wines, it reached a
maximum after 2 months of maceration. As regards esters detected in
macerated white wines, literature reports conflicting results. In the
study conducted by Wang et al. (2016), where maceration was applied
during white winemaking, throughout the duration of fermentation
(approximately 3 weeks), a general increase in esters concentration was
observed. On the contrary Luki¢ et al. (2015) reported a marked
decrease in esters, especially straight chain ethyl esters.

Concerning C-6 compounds, Verdeca samples had higher values
compared to Minutolo. In both varieties concentrations increased up to 2
months of maceration and then decreased markedly. They are pre-
fermentative aromas which derive from membrane lipids via the lip-
oxygenase pathway. Their presence in wines is not always desired,
however, if present in small concentration, they may contribute posi-
tively to white wine aroma, conferring pleasant herbaceous notes
(Zalacain et al., 2007).

Aldehydes concentration was higher in Minutolo samples and, in
both varieties, was variable depending on maceration time. Aldehydes
(mostly represented by nonanal) reached a maximum in control samples
and then, as maceration progressed, it decreased probably depending on
oxidation into the corresponding acids (Waterhouse et al., 2016), except
for M-2. Acetaldehyde was present at the highest concentrations after
one and two months of maceration, in both varieties, as a results of
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oxidation of ethanol, probably occurring in higher extent in the early
stages of maceration, with higher availability of dissolved oxygen.

Acids concentration was significantly higher in control samples,
compared to macerated ones: V-CT had the highest concentration of
7377.3 pg L1, followed by M-CT with a concentration of 1552.4 pg L ™"
Acids in wines are usually associated with unpleasant odors when pre-
sent at high levels (Bakker & Clarke, 2011). From the first month of
maceration, a marked decrease was observed: concentrations in samples
M-1 and V-1 were, respectively, 285.1 pg L™ and 193.6 pg L™}, and
remained stable throughout maceration. This decrease could be attrib-
uted to reabsorption phenomena on skins and above all lees (Alexandre
et al., 1997). The high concentration of acids in control samples was
mostly due to octanoic acid in both varieties, and decanoic acid in
Verdeca. Acetic acid and nonanoic acid concentrations, instead,
increased with maceration. In particular, acetic acid reached 257,96 pg
L7! in 6 months macerated Minutolo wines and 181,96 pg L™ in Ver-
deca one. In fact, volatile acidity resulted higher in macerated samples
but still below legal limits (Zoecklein et al., 1990).

Acetals and ethers were detected in macerated samples. Acetalde-
hyde ethyl amyl acetal probably resulted from mild oxidation processes.
Lukic et al. (2015) report an increase of acetals in long macerated white
wines.

Alcohols concentration increased in both varieties as maceration
progressed, up to two months, and then decreased, remaining the same
or above control concentration. Alcohols present in higher concentra-
tion both in Minutolo and Verdeca wines were phenylethyl alcohol,
isoamyl acohol and isobutanol. The increase observed in the early stages
of maceration is in agreement with what was found by Wang et al.
(2016) in 3 weeks macerated wines. The following decrease may depend
on their adsorption on macromolecules (Aith Barbara et al., 2020) or
oxidation into aldehydes and finally acids.

Sulfur compounds concentration showed an increase for both culti-
vars and, for Minutolo, more than doubled, following maceration, in
accordance with the study conducted by Fedrizzi et al. (2012). This
increase may be due to both turbidity of the must and increased
extraction of amino acid precursors of these molecules, released from
the skins during maceration (Karagiannis & Lanaridis, 1999). Their
presence is indicative of reductive processes, which, along with the
oxidized products found in the same samples, makes it necessary to
monitor oxygen supply during maceration and redox equilibria along
the profile of the maceration vessel. Methionol was the most represen-
tative and was present in both control and macerated samples. The
others arose along maceration.

In Minutolo wines, terpenes reached the highest concentration
(6189.7 pg L™ 1) after one month of maceration. The presence of terpenes
in Minutolo was expected since it is known to be a semi-aromatic grape
variety (Baiano et al., 2015; Paradiso et al., 2022). The main terpenes
were linalool and terpineol. The increase in terpenes following macer-
ation was expected as they are located in the skins, along with their
precursors, and were extracted into the must during maceration (Wang
et al., 2016), especially in the monoterpene glycoside form that is than
hydrolyzed into volatile during fermentation (Buican et al., 2023). This
behavior agrees with other research (Lukic et al., 2015; Radeka et al.,
2008; Wang et al., 2016). According to a classification of wines based on
terpenes concentration and proposed by Mateo and Jiménez (2000), this
wine can be classified as intensely flavored muscat. While remaining
above that of M-CT, as maceration progresses, terpenes concentration
decreased, showing in M-6 a 48% reduction compared to M-3. Never-
theless, an increment of the complexity in terpenes composition was also
registered in longer macerated samples: in addition to terpenes
mentioned above, in M-4 myrcene, hotrienol, a-citronellol and cis-ger-
aniol were also found, while in M-6 the presence of two oxidized ter-
penes (linalool and nerol oxide) was also reported. V-CT had a low
terpenes concentration of 29.8 pg L', which remained almost un-
changed throughout maceration. In 6-months macerated Verdeca wines,
beside linalool and terpineol, also p-menthan-1-ol was found.
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The highest concentration of norisoprenoid compounds occurred in
control samples and was attributed to f-damascenone that significantly
decreased with maceration. In macerated samples, amounts were lower
(and related to the non-cyclic volatile norisprenoid 6-methyl-5-hepten-
2-one) or even zero. This result is in agreement with the results ob-
tained by Lukic et al. (2015), who found a reduction in the concentration
of norisoprenoids, in particular f-damascenone, in macerated samples.

In the heatmap of Fig. 2, 81 volatiles detected in samples by gas
chromatography are reported, used to discriminate wines with different
characteristics and grouped those with a similar volatile profile. On the
vertical axis, samples are divided into 4 different clusters, while on the
horizontal axis 6 main clusters of volatiles were identified. Control
wines (V-CT and M-CT) formed a separate cluster as they were markedly
different from all macerated samples. They were both characterized by a
cluster consisting in aldehydes (octanal and nonanal); several ethyl es-
ters related to fruity character; Phenylethyl acetate that impart flower
notes; medium chain fatty acids; two alcohols and a norisoprenoid
compound (pB-damascenone), a varietal aroma deriving from caroten-
oids, that is known, although present in small concentrations, to
contribute significantly to the aroma definition of wines because of its
low perception threshold (Gomez-Miguez et al., 2007), enhancing floral
and fruity aromas.

After one and two months of maceration, time variable had a greater
influence than cultivar in discriminating samples as it is possible to
identify two clusters, the first comprising samples macerated for one
month (M-1 and V-1), and the second represented by samples macerated
for two months (M-2 and V-2). M-1 and V-1 shared a group of volatiles
mainly constituted of fermentation esters. In this cluster there was also
an acetal, acetaldehyde ethyl amyl acetal, a marker of oxidation and
evolution in wines. It may derive from the reaction between ethanol,
pentanol and acetaldehyde, that take place along with a mild oxidation
(Lukic¢ et al., 2015). There are also some alcohols and a sulfur com-
pound, methionol, a potent aroma that may be negatively related to
pleasant descriptors in wines (Fang & Qian, 2005). M-1 was character-
ized by two terpenes: linalool and terpineol, both related to floral
aromas.

Samples macerated for two months, M-2 and V-2 were different from
previous ones being characterized by a cluster of volatiles comprising
various alcohols; acetaldehyde; acetate esters; a branched ethyl ester
(ethyl isovalerate); hexanoic acid, 2-methyl and 3-hexen-1-ol. Ethyl
esters of branched fatty acids characterized all macerated samples as
expected, since they are indicative of the evolution of wine aroma
(Diaz-Maroto et al., 2005).

Samples macerated for 4 and 6 months were substantially different
from both controls and 1-2 months macerated samples, which probably
implies that the influence of maceration in discriminating wines be-
comes more pronounced when maceration times are extended.
Furthermore, as maceration progresses, differences between cultivars
became more marked, as one cluster consists of Verdeca samples
macerated for 4 and 6 months, while Minutolo samples macerated for 4
and 6 months were not clustered together, indicating further evolution
of Minutolo wines as maceration progressed. Long macerated wines
shared a cluster of volatiles including several esters; thiophene 3,4-
dimethyl; benzyl alcohol and hotrienol. Among esters there are some
markers of malolactic fermentation, such as ethyl lactate and ethyl 2-hy-
droxy-isovalerate, as showed also in Table 1. Also isoamyl lactate
characterizing V-4 and acetoin characterizing V-6, are indicators of this
process. A correlation between white wines maceration and the begin-
ning of malolactic fermentation was also found by Sancho-Galan et al.
(2021). Longer macerated Minutolo differed from Verdeca one for two
different volatile clusters: the first (in M-6) mainly constituted by ethyl
esters, a norisoprenoid compound (the non-cyclic volatile norisoprenoid
6-methyl-5-hepten-2-one) (Meng et al., 2019), an aldehyde (3-fur-
aldehyde) and two oxidized terpenes (linalool and terpineol oxides),
which found a correlation between long maceration time and oxidation,
also confirmed by Aleixandre-Tudo et al. (2015); the latter (most
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Fig. 2. Volatiles heatmap with hierarchical clustering of control and macerated Minutolo
maceration; 2, 2-months maceration; 4, 4-months maceration; 6, 6-months maceration.

(M) and Verdeca (V) white wines.

CT, control wines; 1, 1-month

representative of M-4) comprising several terpenes (a-citronellol, cis--
geraniol, myrcene, terpinene-4-ol), two ketones (3-penten-2-one and
2-octanone). A cluster of volatiles including a terpene (p-menthan-4-ol)
is also observed in the Verdeca samples macerated for 4 and 6 months.
Also Wang et al. (2016) found a positive correlation between maceration
time and terpenes in wines.

3.3. Sensory analysis

In order to assess the sensory evolution due to prolonged maceration
of Minutolo and Verdeca wines, 6 panelists tasted and evaluated control,
4 and 6 months macerated wine samples. Fig. 3 shows the sensory space
of samples according to the results of correspondence analysis carried
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Fig. 3. Correspondence analysis based on the frequency of attribution of aro-
matic descriptors to Minutolo (M) and Verdeca (V) control samples (V-CT, M-
CT), 4-months macerated samples (V-4, M-4), six months macerated samples
(V-6, M-6).

out on the frequency of occurrence of free-choice descriptors (Barbe
et al., 2021). Moving along the first dimension (49.35 % of variability),
the descriptors are distributed according to cultivars; instead, moving
along the second dimension (24.43 % of variability), there are attributes
that emerge with maceration. It can be observed that the separation
between macerated and unmacerated samples is very clear, and even in
terms of cultivar, samples are distributed differently. M-CT was
described as terpenic, coherently with the terpene contents reported in
the volatile composition, slightly bitter, with hints of varnish and
acetone. Verdeca control, on the other hand, turned out to be charac-
terized by yellow flowers and spicy notes. As a result of maceration,
wines made from both cultivars were richer in flavor descriptors and
more complex. Minutolo wines acquired floral hints and citrus notes that
may be attributed to increased concentrations of linalool and geraniol
(Buican et al., 2023) found in these wines. The development of bitter-
ness, reported by panelists, can be attributed to the increased concen-
tration in VRF detected in longer macerated samples during phenolic
analysis and it has been also confirmed by various authors (Aleixan-
dre-Tudo et al., 2015; Jagati¢ Korenika et al., 2018; Sancho-Galan et al.,
2021; Soares et al., 2020). Verdeca macerated wines gave a good
response to prolonged maceration as V-4 presented flowery and fruity
notes and apricot and citrus flavor, while V-6 enhanced the apricot notes
typical of macerated white wines (Palomo et al., 2007). These fruity
notes found in these wines could be related to higher concentrations of
newly formed ethyl esters (Buican et al., 2023). In-mouth velvety sen-
sations characterized both V-4 and V-6 wines. On the other hand, M-6
wine was characterized by a tannic character and peach flavor. In both
cv fruity notes were observed in macerated samples, in contrast with
Sancho-Galan et al. (2021) who observed a decrease in fruitiness char-
acter as the percentage of skins used during maceration increased.
Overall, the panel judged 4 months macerated samples (M-4 and V-4) as
balanced and pleasant, with interesting citrus and floral hints, that were
replaced by the stone fruit notes of six-month macerated wines. Lastly,
concerning color, Minutolo wines changed from pale yellow in the
control, to orangey after maceration, in agreement with Sokolowsky
et al. (2015) e da Bestuli¢ et al. (2022). In contrast, Verdeca wines
remained clear, straw yellow, even after prolonged maceration.
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3.4. Practical implications, strengths, and weaknesses of this research

The results obtained describe the behavior of two white grape vari-
eties from Apulia (Italy), Verdeca and Minutolo, when used to produce
macerated white wines. The different response of these two varieties to
varying duration of maceration highlights their potential to provide
wines with unique characteristics. This could be a tool for producers
aiming either at product diversification (Carbone, 2021), or at linking
wine production to territory (Festa et al., 2020). Moreover, this wine-
making strategy could be adopted to meet the demand of wines with
novel sensory profiles, especially from highly involved consumers
(Oyinseye et al., 2022). Also, advantages in terms of exploitation of
biodiversity and fight towards genetic erosion could be reached (Miazzi
etal., 2020). The evaluation of two local, scarcely known, cultivars, with
different technological attitudes, submitted to the same maceration
process can be considered a point of strength of this research, as well as
the adoption of a suitable approach to explore a novel sensory space. On
the other hand, information about the sensory profile of wines with
shorter maceration times is still lacking and requires further investiga-
tion. Moreover, the present research was carried out on a very small
scale and the results should be confirmed on a larger scale of processing.
Therefore, further research should be carried out on larger scale pro-
ductions, to optimize winemaking parameters (e.g. solid/liquid ratio,
duration of maceration) as well as to adapt vineyard management to
these specific oenological objectives.

4. Conclusions

In this study, maceration applied to white grapes varieties (Minutolo
and Verdeca) permitted to obtain wines with unique chemical and
sensory profiles compared to white wines obtained with traditional
winemaking. In particular, maceration had a significant impact on
phenols composition and concentration, that reached a maximum after 4
months of contact with skin and seeds. Furthermore, volatile profile was
modified: in macerated samples oxidation and aging compounds
appeared that are unusual for traditional white wines. Furthermore,
maceration successfully enhanced varietal identity of Minutolo,
improving terpenes composition. According to sensory analysis samples
presented clearly distinct profiles according to both cultivar and
maceration time. Interesting results emerged and highlighted firstly a
good attitude of both varieties to undergo maceration and secondly a
good response of Verdeca to longer maceration times. However, further
studies should be carried out in a larger scale to optimize the duration of
maceration and other parameters, such as solid/liquid ratio, in order to
exploit their specific sensory properties and avoid possible excess of
astringence. It would be also usefule to applicate and evaluate this
technique to other local varieties to evaluate their response.
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