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Abstract: Sicilian wines have shown a growing expansion in the international market, and over 60% of
the production of them is focused on quality products. Grillo is a white grape variety, and it is among
the best-known variety, with a cultivated area of 6300 ha and with the vocation of being particularly
predisposed to aging for years or even decades. This paper aimed to perform a physiochemical (SSC
and pH) and polyphenolic characterization of Grillo wines that were produced by a selected winery
in the years 2011–2021 using an optimized RP-HPLC-DAD method. The polyphenols fraction was
assessed by means a semiquantitative analysis on which, statistical processing was carried out. The
HCA and PCA highlighted the presence of three clusters in the samples. Cluster 1 was composed
of the samples from the years 2011–2014, cluster 2 composed of the samples from 2015–2017, and
cluster 3 composed of the samples from 2019–2021. Using an HSD Tukey test, it was possible to
point out that some compounds were makers of specific clusters and therefore, specific vintages. This
preliminary study showed that polyphenols are suitable markers that can be used to identify Grillo
vintages, and they should be also related to the storage conditions or different production processes.
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1. Introduction

Viticulture consists of the set of agronomic techniques that are used for the cultivation
of the vine. From planting vines to their removal, viticulture embraces every aspect of the
grape plant’s life. The cultivation of vineyards is one of the most important and essential
phases of the wine making process [1–3]. The first evidence of Sicilian viticulture seems
to date back to the 2nd millennium BC. Influenced by the various dominations that have
occurred on the island, Sicilian viticulture is today characterized by a complexity of native
cultivars [4]. Sicily, with 17.5% of the national production, is the Italian region with the
largest wine-growing area. In recent decades, Sicilian wines have experienced a growing
expansion in the international market [5]. Indeed, since the early 1990s, Sicilian wine
producers have understood the need to increase the quality of their production to compete
with the market challenges of the global market [6]. Over 60% of the production is focused
on quality wines with 24 PDO (Protected Designation of Origin) and 7 PGI (Protected
Geographical Indication) certifications. Among the best-known and autochthonous ones
are Nero D’Avola, Frappato, Nerello, Grillo, Catarratto, Carricante, and Marsala [6].

The wide organoleptic variety of these wines—from the more alcoholic and full-bodied
ones to the fresher, elegant, and fragrant ones—is due not only to the grape variety, but
to the different pedoclimatic conditions of the Sicilian Island [7]. The Mediterranean
climate, in fact, is characterized by hilly and coastal areas with mild winters and low
rainfall and hot summers, and sometimes it is sultry and ventilated, while the mountainous
and inland areas are affected by a continental climate, which is cold and rigid, especially
on the Etna and Madonie mountains, which strongly determines the daily and seasonal
temperature variations [8]. The characteristics and production of the different cultivars are
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also influenced by the differences in the composition of the soils of the different areas [9].
For example, the lava soils of Etna are optimal for the Carricante and Nerello vines, and
the calcareous and clayey soils are optimal for the Nero d’Avola vines, while those of tuff
give a sugary charge and a refined aroma to the white wines, in particular to the Grillo [9].

The Grillo is a white grape variety that is famous above all for its role in the Marsala
fortified wines of the island [10]. It is still widely planted in western Sicily, with there being
a cultivated area of 6300 ha, despite the fall in the trend of Marsala, and it is now most
commonly used in a variety of still white wines, both varietal and blended types [11]. Grillo
adapts well to the hot and dry Sicilian climate and shows adequate resistance to downy
mildew. Its high sugar levels and the ease with which it oxidizes make it a good option for
fortification. Grillo can produce wines with an alcohol content that reaches 15/16◦ vol. [12].
In recent years, as the focus has shifted from quantity to quality, the Sicilian producers of it,
thanks to the improvement of viticultural and vinicultural techniques, have begun to revisit
the Grillo wines. This has produced Grillo wines of a great organoleptic thickness, savoury,
and fragrance that are more pleasant than the rather earthy styles that were previously
available. Furthermore, Grillo has the vocation of being particularly predisposed to aging
for years or even decades [13].

In this regard, the present study aimed to investigate the possibility of using the total
content of polyphenols as an indicator of the shelf-life of Grillo wines.

In the scientific literature, there are some studies on the subject, for example Arena et al.
(2021) showed that the phenolic content in Malvasia delle Lipari wine varies over time
(6 months of monitoring) and with the storage temperature (30, 35, and 45 ◦C), and that
this aspect was not influenced by the colour of the glass bottle [14]. Diaz-Maroto et al.
(2020) showed that after 12 months of bottle storage, a significant loss of the phenolic
compounds was observed in all of the analyzed samples [15]. The same trend was found
by Castellanos et al. (2021), but they also highlighted that after 12 months of storage, no
changes in the phenolic content were reported [16]. Therefore, the studies on the subject do
not show a univocal trend of the phenolic content during storage, so there is a bibliographic
gap in the variation of these compounds in white wines during the aging period.

In this context, our research aimed to perform a polyphenolic characterization of the
Grillo wines that were produced by a selected winery in the years 2011–2021 using an
optimized RP-HPLC-DAD method. The data that were obtained were then processed by a
chemometric analysis. In addition, the soluble solids content (SSC) and pH were determined
due to their importance as quality indices in winemaking. The SSC are mainly organic
sugars, such as glucose, sucrose, and fructose, which affect the taste and transparency of
the wine. The pH was used as the measure of its acidity, which is due to the inclusion of
organic acids such as lactic acid, malic acid, and others. Furthermore, the pH is an important
parameter of complicated biochemical changes during fermentation and winemaking (e.g.,
degradation of some nutrients or formation of by-products) [17–21].

2. Materials and Methods
2.1. Reagents and Standard Solutions

All reagents used were analytical grade. The acetonitrile, methanol, and formic acid
were provided by Merck (Darmstadt, Germany). The water was obtained from a Milli-Q
water purification system (Millipore, Bedford, MA, USA). The standards of gallic acid
(r2 = 0.9981), p-hydroxybenzoic acid (r2 = 0.9995), and ferulic acid (r2 = 0.9999) were from
Sigma-Aldrich (St. Louis, MO, USA). The standard stock solutions of polyphenols were
prepared in methanol and stored at 4 ◦C in the dark.

2.2. Sampling

A total of eighteen Grillo white wines from a Sicilian winery, called “Cantina Cellaro
S.C.A.”, located in Sambuca di Sicilia (Agrigento, Sicily), were analyzed. All of the samples
reported that there was Grillo on the label. The samples were produced during the period
of 2011–2021. For the same year of production, two bottles from different production
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batches were collected. No samples were included for the 2012 and 2018 vintages due
to their different storage conditions. The samples were filtered through a 0.45 µm PTFE
membrane filter (Merck, Darmstadt, Germany). The analyses were performed in triplicate
immediately after we opened the bottle. Table 1 shows the alcohol content and the selling
price of the analyzed samples.

Table 1. Sample details declared by the production company.

Production Year Alcohol Content Price

2011 12.5% vol 7.70 EUR
2013 13% vol 10.00 EUR
2014 13% vol 9.90 EUR
2015 13% vol 7.20 EUR
2016 13% vol 10.20 EUR
2017 12% vol 7.90 EUR
2019 12.5% vol 6.80 EUR
2020 13% vol 7.20 EUR
2021 12.5% vol 9.95 EUR

2.3. HPLC Analysis

A Waters HPLC system (600 Waters, Milford, MA, USA), which was entirely assembled
with PEEK tubing, was used for the chromatographic analysis. The HPLC system was
equipped with a 20 µL injection loop and coupled to a Waters Photodiode Array Detector
(2998 Waters, Milford, MA, USA) set at 280 nm. A reversed-phase Kinetex C18 column
(250 × 4.6 mm i.d., 5 µm pore size) (Phenomenex, Torrance, CA, USA) was used. The
mobile phase consisted of a 0.5% (v/v) solution of formic acid (eluent A) and acetonitrile
(eluent B). The gradient elution was as follows: 90:10% (A:B) from 0 to 2 min, 85:15% for
13 min, 50:50% for 2 min, and 10:90% for 12 min, which was followed by the cleaning and
balancing of the column [22–28]. The separation was achieved after 19 min with a flow
rate of 1 mL/min. Data acquisition and processing was performed using the Empower
2 software. Some polyphenols were identified by comparing their retention times with
those of the pure standards, and their quantification was carried out using the external
standard method.

2.4. Physiochemical Analysis

The soluble solids content (SSC) was measured using an RS PRO portable refractometer
(Milan, Italy) at 20 ◦C. The accuracy of the refractive index was ±0.01, and the ◦Brix range
was 0–20. The pH was measured using a pH-meter (Hanna Instruments, Woonsocket, RI,
USA) with an accuracy of 0.001.

2.5. Statistical Analysis

The HSD Tukey test and chemometric data analyses (PCA and CA) were performed
using the JMP software (ver. 16.2 Pro, SAS Institute, Cary, NC, USA).

3. Results and Discussions
3.1. Physiochemical Parameters

The presence of phytochemicals in the grapes (such as mineral salts, organic acids,
sugars, etc.), and therefore in the wine, deriving from the metabolism of the plants, is closely
related to their health properties. Furthermore, these substances are also involved in the
evaluation of food quality and safety. Their level in the final product is strictly influenced by
the cultivars, environmental factors, cultural practices, and genetic aspects [21]. Zietsman
et al. (2015) pointed out that large differences in the SSC in the wines should reflect the
variations in the annual climate conditions [29]. Rouxinol et al. (2022) reported that the SSC
and pH are important quality parameters that have a great impact on the wine’s quality
and are usually used to select the right harvest date [17].
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Table 2 shows the pH and SSC values that were measured in the analyzed samples.

Table 2. SSC and pH values for Grillo wine samples in the period of 2011–2021.

Sample
Vintage SSC (◦Brix) pH

2011 6.8 ± 0.1 a,b 3.36 ± 0.3 a

2013 7.0 ± 0.3 a 3.27 ± 0.1 a,b

2014 6.8 ± 0.1 a,b 3.15 ± 0.1 d

2015 7.1 ± 0.1 a 3.16 ± 0.3 c,d

2016 6.8 ± 0.3 a,b 3.21 ± 0.1 b,c,d

2017 6.4 ± 0.1 a,b 3.22 ± 0.3 b,c

2019 6.8 ± 0.3 a,b 3.17 ± 0.1 c,d

2020 6.9 ± 0.1 a,b 3.19 ± 0.3 b,c,d

2021 6.2 ± 0.1 b 3.15 ± 0.1 c,d

a, b, c, d Results not linked by the same superscript letter are statistically different from the HSD Tukey test.

As for the SSC, which is expressed in ◦Brix, there is not a great variability between
the samples, but it is possible to highlight that the 2021 samples have a lower SSC value
than the other vintages do. The only statistically significant difference was found between
the 2013 and 2021 samples. The possible correlation of the evidenced difference with the
climate conditions was explored. Table 3 shows the climate conditions in the years that
were under review. Nevertheless, no significant difference was found with the recovered
climate parameters (minimum, medium and maximum temperature, rainy days per year,
and relative humidity), therefore, in this context, it is not possible to attribute the SSC
difference to the climatic conditions.

Table 3. Climatic conditions in Sambuca di Sicilia, expressed as an average in the years 2013 and
2021, as provided by the producer.

Parameters 2013 2021

Minimum temperature 15.9 ◦C 15.8 ◦C
Medium temperature 19.3 ◦C 19.4 ◦C

Maximum temperature 22.2 ◦C 22.6 ◦C
Rainy days a year 133 121
Relative humidity 77.0% 77.3%

The trend of the pH values also showed a slight variation over the years, going from a
maximum of 3.36 in 2011 to a minimum of 3.15 in 2021. Additionally, in this case it is not
possible to highlight a significant variability between the samples.

3.2. Chromatographic Results

The polyphenol contents in the wines are related to various factors, such as the grape
varieties, the winemaking process, their storage, and their shelf-life. For this purpose, in
the present study, the polyphenolic fractions of 18 samples of Grillo wines, which were
produced from 2011 to 2021, were investigated. Two samples were analyzed for each
vintage. To avoid a bias occurring, all of the samples came from the same vine (Grillo),
were produced in the same area (Sambuca di Sicilia, Ag) by the same company (Cantine
Cellaro), and were stored in the same storage warehouse.

A fast and reliable chromatographic method was optimized. The separation of the
polyphenolic fraction was obtained within 19 min. No extraction step was required, and
the samples were only filtered before the analysis. A comparison of the chromatographic
profiles of three samples (2011, 2016, and 2021) is reported in Figure 1. Sixteen peaks, each
one being attributable to a specific polyphenol, were identified and are numbered (1–16) in
Figure 1.
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A semi-quantitative analysis was performed using gallic acid, p-hydroxybenzoic acid,
and ferulic acid as external reference standards. Gallic acid (r.t. 3.5 min) was used to quantify
the compounds that were identified from peak one to peak seven (range 2–5 min). As we used
a reverse phase method, these first eluted compounds are attributable to simple polyphenols.
p-Hydroxybenzoic acid (r.t. 8.5 min) was used to quantify the peaks from point eight to point
fourteen (range 5–11 min). The compounds that were eluted in this range could be phenolic
acids or more complex polyphenols such as catechins, as can be seen from the reference
literature. Ferulic acid was used to quantify peak 15 and peak 16 (range 11–19 min), which are
the typical area of the anthocyanins, anthocyanidins, and stilbenes.

Table 4 shows the results of the semi-quantitative analysis, which is expressed as equiva-
lent mg of gallic acid (GAE/L), p-hydroxybenzoic acid (PAE/L), and ferulic acid (FAE/L).

Table 4. Semi-quantitative results of the chromatographic analysis of Grillo wines, expressed as
mgGAE/L (peaks 1–7), mgPAE/Kg (peaks 8–14), and mgFAE/Kg (peaks 15–16).

No.
Peak 2011 2013 2014 2015 2016 2017 2019 2020 2021

1 25.30 ± 1.27 23.60 ± 8.63 31.25 ± 0.49 30.00 ± 1.41 25.90 ± 0.71 29.90 ± 0.71 19.45 ± 0.07 29.55 ± 1.91 26.50 ± 0.28
2 72.25 ± 1.91 68.7 0± 21.40 72.50 ± 0.14 79.35 ± 3.75 62.10 ± 0.99 57.85 ± 4.31 48.60 ± 0.01 18.49 ± 22.2 25.20 ± 0.14
3 11.50 ± 0.71 10.87 ± 2.86 16.35 ± 0.64 13.25 ± 0.49 12.20 ± 0.01 15.90 ± 0.42 11.30 ± 1.70 13.05 ± 0.78 9.36 ± 0.01
4 10.39 ± 0.57 10.60 ± 3.53 13.15 ± 0.35 31.70 ± 1.41 20.55 ± 0.35 26.75 ± 0.07 26.15 ± 0.21 27.45 ± 2.05 14.30 ± 0.14
5 3.32 ± 0.40 4.98 ± 1.75 5.61 ± 0.05 7.03 ± 0.35 6.89 ± 0.20 8.38 ± 0.53 8.00 ± 1.67 8.71 ± 0.53 6.02 ± 0.04
6 7.92 ± 0.03 6.77 ± 2.65 11.70 ± 0.42 14.90 ± 0.42 18.55 ± 0.071 21.30 ± 0.99 13.25 ± 1.06 9.62 ± 0.11 18.80 ± 1.27
7 41.55 ± 1.63 35.50 ± 10.90 40.80 ± 0.71 29.40 ± 2.69 27.35 ± 0.78 26.40 ± 0.99 13.00 ± 1.70 1.58 ± 0.49 0.23 ± 0.01
8 9.46 ± 0.49 7.71 ± 2.25 12.80 ± 0.42 12.05 ± 0.64 15.85 ± 0.07 16.90 ± 0.28 14.25 ± 1.63 10.52 ± 0.95 20.65 ± 0.07
9 28.20 ± 1.13 16.75 ± 5.16 27.15 ± 0.49 27.25 ± 1.06 20.80 ± 0.14 23.10 ± 1.13 12.95 ± 3.18 7.10 ± 0.25 32.55 ± 0.35

10 10.11 ± 0.26 14.20 ± 5.37 16.50 ± 0.57 19.60 ± 0.99 26.70 ± 4.10 26.25 ± 1.06 20.00 ± 5.94 39.80 ± 3.39 7.84 ± 0.27
11 18.80 ± 0.71 15.50 ± 4.53 15.55 ± 0.49 13.85 ± 1.06 14.40 ± 0.71 13.85 ± 0.78 11.10 ± 0.99 10.60 ± 0.01 12.85 ± 0.07
12 20.25 ± 0.92 11.52 ± 3.37 17.85 ± 0.64 18.30 ± 0.28 19.65 ± 0.21 20.35 ± 1.77 11.92 ± 3.37 12.78 ± 14.90 18.70 ± 3.96
13 10.85 ± 0.21 14.60 ± 4.38 15.80 ± 0.85 16.30 ± 0.71 18.85 ± 0.21 17.00 ± 0.57 8.56 ± 0.90 15.40 ± 2.12 15.00 ± 0.01
14 26.3 0 ± 0.99 21.10 ± 6.36 24.10 ± 1.27 24.75 ± 1.06 25.45 ± 0.21 29.30 ± 1.70 21.40 ± 6.51 7.50 ± 0.17 20.10 ± 0.28
15 1.34 ± 0.06 1.10 ± 0.38 1.22 ± 0.17 2.38 ± 0.08 2.36 ± 0.32 2.18 ± 0.36 2.05 ± 0.09 2.04 ± 0.10 0.57 ± 0.01
16 1.07 ± 0.06 2.53 ± 0.84 1.41 ± 0.13 1.80 ± 0.08 1.81 ± 0.05 1.66 ± 0.16 0.99 ± 0.02 1.76 ± 0.01 0.14 ± 0.02

Total 298.63 ± 10.80 266.05 ± 84.30 323.74 ± 5.66 341.91 ± 16.50 319.42 ± 1.26 337.08 ± 11.00 242.97 ± 22.30 215.97 ± 2.35 228.81 ± 6.21
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Some differences emerged from the evaluation of the chromatographic results. For
example, in regard to the area of the simple polyphenols, peak two and peak seven showed
a similar trend. Their values decreased over time (2011–2017), passing from a value of
75.25 mgGAE/L in peak two in the 2011 sample to 18.45 mgGAE/L in 2020; while for peak
seven, this was from 41.55 mgGAE/L in 2011 to 0.23 mg GAE/L in 2021. An opposite
trend occurred for peaks four and five, and in fact, their content tended to increase during
the shelf-life (peak four: 10.40 mgGAE/L in 2011 and 27.45 mgGAE/L in 2020; peak five:
3.32 mgGAE/L in 2011 and 8.71 mgGAE/L in 2020). Peak six showed an even different
trend, its content increased from 7.92 mgGAE/L in 2011 to 21.3 mgGAE/L in 2017, and
then, it decreased to 9.62 mgGAE/L in 2020. For the remaining peaks, only peak eight—in
the phenolic acids zone—showed a particular trend. Its content, in fact, decreased from
18.8 mgPAE/L in 2011 to 10.6 mgPAE/L in 2020.

Due to the variability of the values that were obtained in the wine of the same cultivar
but from subsequent vintages and the different trends that were manifested by each single
compound, it was not possible to give a univocal interpretation of the results. To this end, a
statistical processing was carried out after the preliminary evaluation.

3.3. Chemometric Analysis

As previously reported, the physiochemical and chromatographic results showed
some differentiations between the samples, however, they were not significant to reach an
effective conclusion. Therefore, several chemometric tools were applied to the data matrix
to improve the characterization and to highlight the possible categorizations. The first
chemometric application was the Hierarchical Cluster Analysis (HCA). Figure 2 shows
the resulting constellation diagram of the observed clusters. The samples appear to be
classified into three main clusters which are distributed by their years of production. In fact,
one cluster includes samples of the years 2011, 2013, and 2014, and the second one contains
samples of the years 2015, 2016, and 2017, while the third one contains samples of the years
2019, 2020, and 2021. The only deviation was found for a sample that was produced in
2013 which differs from the composition trend of the other samples that were produced
in the period of 2011–2014. This sample, in fact, showed a total content of polyphenols
that was lower than that of the samples that were produced in a similar vintages, and
it was included in the cluster of samples that were produced in the period of 2019–2021,
which were characterized instead by a lower level of these compounds. The deviation of
the 2013 sample which is highlighted by the HCA results could be related to inadequate
storage conditions that influenced the polyphenol content.

The clustering analysis revealed that the dataset consisting of the physiochemical and
polyphenol analysis results is suitable for a sample classification.

After the clustering analysis, a Principal Component Analysis (PCA) was performed
to highlight the natural grouping of the samples. The autoscaling pre-treatment was
performed on the dataset to exclude the variance that is related to the different units of
measurement. The unsupervised PCA scores and loadings are plotted in Figure 3. The
first two PCs explain 54.1% of the total variability. The PCA plots confirm the groupings
that were noted earlier in the HCA. In fact, the samples from 2011 to 2014 are located in
the lower right area, the samples from 2015 to 2017 are in the upper right area, while the
samples from 2019 to 2021 are all in the left area of the score plot. Additionally, in this case,
one sample belonging to the 2013 vintage was located in a different area from that of the
2011–2014 ones.
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Peak 3 12.90 ± 3.00 a 13.80 ± 1.73 a 11.20 ± 1.85 a 
Peak 4 11.40 ± 2.11 b 26.30 ± 5.04 a 22.60 ± 6.55 a 
Peak 5 4.64 ± 1.33 b 7.44 ± 0.80 a 7.58 ± 1.47 a 
Peak 6 8.80 ± 2.60 b 18.30 ± 2.91 a 13.90 ± 4.20 a 
Peak 7 39.30 ± 5.75 a 27.70 ± 1.91 b 4.94 ± 6.32 c 
Peak 8 9.99 ± 2.54 a 14.90 ± 2.30 ab 15.10 ± 4.66 b 
Peak 9 24.00 ± 6.14 a 23.70 ± 3.01 a 17.50 ± 12.00 a 
Peak 10 13.60 ± 3.77 a 24.20 ± 4.05 a 22.50 ± 14.70 a 
Peak 11 16.60 ± 2.67 a 14.00 ± 0.726 ab 11.50 ± 1.15 b 
Peak 12 16.50 ± 4.33 a 19.40 ± 1.23 a 14.50 ± 7.78 a 
Peak 13 13.80 ± 3.05 ab 17.40 ± 1.25 a 13.00 ± 3.59 b 
Peak 14 23.80 ± 3.75 ab 26.50 ± 2.37 a 16.30 ± 7.46 b 
Peak 15 1.22 ± 0.219 b 2.31 ± 0.24 a 1.55 ± 0.77 b 
Peak 16 1.67 ± 0.783 a 1.76 ± 0.11 a 0.96 ± 0.72 a 

Total 296.00 ± 46.10 a 333.00 ± 13.80 a 229.00 ± 15.90 b 
SSC (°Brix) 6.87 ± 0.10 a 6.77 ± 0.31 a 6.63 ± 0.33 a 

Figure 3. Score and loading plots by PCA on physiochemical and chromatographic results.
Green: 2011–2014, Blue: 2015–2017, Red: 2019–2021. A: 2011, B: 2013, C: 2014, D: 2015, E: 2016,
F: 2017, G: 2019, H: 2020, I: 2021.
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It can be noted that on PC1, it is possible to distinguish the 2019–2021 samples from the
others, and the variable that most influenced this grouping were the compounds related to
peaks 14, 2, and 7, while with PC2, it is possible to the separate the samples from 2011–2014
and from 2015–2017, and the compounds no. 15 and no. 6 affected this partition.

From the HCA and PCA, it was found that the samples could be grouped into three
clusters without any supervision. The three highlighted clusters are characterized by the
samples from the same production years, i.e., cluster 1: 2011–2014, cluster 2: 2015–2017,
and cluster 3: 2019–2021. Based on these results, the mean and standard deviation of the
physiochemical and polyphenol content were calculated according to the three clusters
(Table 5).

Table 5. Mean and standard deviation of the physiochemical and polyphenol content according
to the three clusters, expressed as mgGAE/L (peak 1–7), mgPAE/L (peak 8–14), and mgFAE/L
(peak 15–16).

Variables 2011–2014 2015–2017 2019–2021

Peak 1 26.70 ± 5.31 a 28.60 ± 2.23 a 25.20 ± 4.71 a

Peak 2 71.20 ± 9.78 a 66.40 ± 10.5 a 30.80 ± 17.30 b

Peak 3 12.90 ± 3.00 a 13.80 ± 1.73 a 11.20 ± 1.85 a

Peak 4 11.40 ± 2.11 b 26.30 ± 5.04 a 22.60 ± 6.55 a

Peak 5 4.64 ± 1.33 b 7.44 ± 0.80 a 7.58 ± 1.47 a

Peak 6 8.80 ± 2.60 b 18.30 ± 2.91 a 13.90 ± 4.20 a

Peak 7 39.30 ± 5.75 a 27.70 ± 1.91 b 4.94 ± 6.32 c

Peak 8 9.99 ± 2.54 a 14.90 ± 2.30 a,b 15.10 ± 4.66 b

Peak 9 24.00 ± 6.14 a 23.70 ± 3.01 a 17.50 ± 12.00 a

Peak 10 13.60 ± 3.77 a 24.20 ± 4.05 a 22.50 ± 14.70 a

Peak 11 16.60 ± 2.67 a 14.00 ± 0.726 a,b 11.50 ± 1.15 b

Peak 12 16.50 ± 4.33 a 19.40 ± 1.23 a 14.50 ± 7.78 a

Peak 13 13.80 ± 3.05 a,b 17.40 ± 1.25 a 13.00 ± 3.59 b

Peak 14 23.80 ± 3.75 a,b 26.50 ± 2.37 a 16.30 ± 7.46 b

Peak 15 1.22 ± 0.219 b 2.31 ± 0.24 a 1.55 ± 0.77 b

Peak 16 1.67 ± 0.783 a 1.76 ± 0.11 a 0.96 ± 0.72 a

Total 296.00 ± 46.10 a 333.00 ± 13.80 a 229.00 ± 15.90 b

SSC (◦Brix) 6.87 ± 0.10 a 6.77 ± 0.31 a 6.63 ± 0.33 a

pH 3.26 ± 0.09 a 2.70 ± 1.24 a 3.17 ± 0.01 a

a, b, c Values in the same row not linked by the same superscript letters are significantly different from the HSD
Tukey test.

An HSD Tukey test was performed to highlight the significant differences between
the variables in the three clusters. It can be seen that the quantity of compound no. 2,
which is attributable to a simple polyphenol, is significantly lower in the 2019–2021 samples
than they it is in the 2011–2014 and 2015–2017 ones. The compounds that are related to
the phenolic acids, i.e., compounds no. 4, no. 5, and no. 6, showed a significantly lower
concentration in the samples from the period of 2011–2013. Compound no. 7 could be
considered as a possible shelf-life marker; in fact, its concentration significantly decreases
from cluster 1 (2011–2014) to cluster 3 (2019–2021).

As for the complex polyphenols, such as the flavonoids and stilbenes, only compound
no. 15 showed a significantly higher content in the 2015–2017 samples. These compounds
give the wine the typical red-brown colour, so their content in white wine is not relevant.

In general, there is also a significant decrease in the polyphenols content. Therefore,
the total amount of polyphenols is significantly lower in the 2019–2021 samples.

Following an interview with the winery that supplied the samples, it emerged that in
2015, there was a change in the production process, i.e., during the bleaching phases, and
together with bentonite, the use of active carbon was started. In 2019, however, bentonite
was totally replaced by active carbon.
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These changes in the production process took place precisely in the years that divided
the clusters, 2015 and 2019, so the different polyphenol content could also be correlated to
these variations.

4. Conclusions

This study aimed to perform a physiochemical (SSC and pH) and polyphenolic char-
acterization of the Grillo wines that were produced by a selected winery in the years
2011–2021 using an optimized RP-HPLC-DAD method.

For the physiochemical parameters, the only statistically significant difference was
found for the SSC between the 2013 and 2021 samples. The SSC content should be related
to different climatic conditions, but it is not attributable to them in this case.

The polyphenolic fraction was evaluated by a semi-quantitative analysis using gallic
acid (r.t. 2–5 min), p-hydroxybenzoic acid (r.t. 5–11 min), and ferulic acid (range 11–19 min)
as the external reference standards. These standards were used to quantify the simple
polyphenols, phenolic acids, or more complex polyphenols, and anthocyanins, anthocyani-
dins, and stilbenes, respectively. Due to the variability of the values that were obtained in
the wine of the same cultivar but from subsequent vintages, different trends manifested
in each single compound, and it was not possible to give a univocal interpretation of the
results. To this end, a statistical processing was carried out after the preliminary evaluation.

The HCA and PCA highlighted the presence of three clusters of samples. One cluster
includes the samples from the years 2011, 2013, and 2014, the second contains the samples
from the years 2015, 2016, and 2017, while the third one the samples from 2019, 2020, and
2021. The means and standard deviation were recalculated based on this clustering, and the
HSD Tukey test was applied to show the significant differences. It was possible to highlight
how some compounds (no. 2, no. 4, no. 5, no. 6, no. 7, and no. 15) were makers of specific
clusters and therefore, of specific vintages. Overall, the 2011–2014 and 2015–2017 vintages
were richer in polyphenols (296.00 ± 46.10 mg/L and 333.00 ± 13.80 mg/L, respectively)
when they were compared to the 2019–2021 ones (229.00 ± 15.90 mg/L).

This preliminary study showed that polyphenols are suitable markers that can be used
to identify Grillo vintages. However, it is not possible to attribute the difference in the
polyphenol content to a single event. This evidence, in fact, should be related to the real
differences in the polyphenol content in the grapes or to the different opening times of the
bottles.

Another variable to take into consideration, as indicated by the company, are the
changes in the production process that took place in the years which divided the clusters,
in 2015 and in 2019, so the different polyphenol content could also be correlated to these
variations.
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