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Abstract: Grapevine varieties can be identified genetically by microsatellite markers. However,
these molecular markers are not available to discriminate between somatic mutations that give rise
to clones. Therefore, the study of compounds with oenological interest could be used to identify
variability in grapevine somatic variants. In this research, sugars (glucose, fructose), acids (tartaric
and malic acid) and polyphenols (22 phenolic compounds, including 13 anthocyanins) were analyzed
in grape berries of two somatic variants known with different names—‘Graciano’ and ‘Tintilla de
Rota’—cultivated in the same vineyard under warm climate conditions. The organic acid results
show significant differences between the performance of the two accessions. Regarding phenolic
compound (excluding anthocyanins) content, significant differences were observed between the
two accessions. Kaempferol, caftaric acid and epicatechin were the compounds responsible for
the reported differences. Differences in anthocyanin content showed opposite behavior between
‘Tintilla de Rota’ and ‘Graciano’. In this sense, ‘Graciano’ accession showed an increase in all forms of
anthocyanins, with a remarkable increment of peonidin 3-O-glucoside. Principal component analysis
of polyphenolic compounds revealed clearly distinguished behaviors concerning these compounds,
besides showing similar tendencies between the two accessions during the ripening stage. These
results could allow for the discrimination of the two accessions into somatic variants highlighting
their individual identity.

Keywords: Vitis vinifera; grapevine; somatic variants; Graciano; Tintilla de Rota; anthocyanin

1. Introduction

Grapevine (Vitis vinifera L.) is one of the world’s most widely produced and economi-
cally valuable fruit crops [1,2] and shows a wide genetic and phenotypic diversity that is
currently maintained in germplasm banks distributed worldwide [3]. Although, only a
small part of this diversity is used by vine growers of the world’s 10,000 known grapevine
varieties. For example, only 13 varieties cover more than one-third of the world’s vineyard
area and 33 varieties cover the 50% [4]. However, many of these grapevine varieties have
been cultivated for centuries and their continuous vegetative multiplication has led to
the accumulation of a large number of somatic mutations generating a rich intravarietal
diversity [5]. This intravarietal diversity has led to grapevine adaptation and its evolu-
tion under changing environmental and cultivation conditions [6] and represents a huge
reservoir of diversity for several traits, in particular, those related with quality and abiotic
stress [7]. Clonal selection tries to exploit such variation by selecting the vines with useful
features for grape growers. In addition, when clones or somatic variants of the same variety
have phenotypes different enough to be grown for the production of different wines, they
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are grouped in different cultivars [8]. Grapevine variety names are used by growers to
distinguish plants in their vineyards, associating them with agronomic behaviors and
oenological aptitudes. Moreover, they provide pedigree and a sense of origin to wines
from territories where they are predominantly grown, often working as a communication
key from producers to consumers [9]. In this sense, ‘Graciano’ is considered a Spanish
variety autochthonous from Rioja and Navarra (northern Spain) that is used for its intense
red color, powerful aroma and high acidity [10]. Currently, this variety is grown in other
winemaking regions, such as Australia, the United States and Argentina, and is also grown
in the French-Midi and South Africa with the name ‘Morrastel’, and ‘Tinta Miuda’ in
Portugal [11]. On the other hand, there is written evidence from 1807 of the cultivation of
a variety known as ‘Tintilla de Rota’ in Andalusia (southern Spain) [12]. This variety is
used to make famous wines produced in the town of Rota (Cadiz, Spain). Currently, the
cultivation of this variety is limited to the region known as Marco de Jerez, considered the
southernmost wine-growing region in Europe. According to the information of the geno-
type available in the Vitis International Variety Catalogue (VIVC) European database [13],
this variety is considered to be another synonym of the ‘Graciano’. However, different
published research studies based on the morphological characterization of both accessions
show minor differences between ‘Tintilla de Rota’ and ‘Graciano’ cultivars [14,15]. In many
cases, the descriptors that are established to identify grapevine varieties [16] are not resolu-
tive enough to detect clear oenological differences between somatic variants. Grapevine
DNA discrimination through microsatellite profiles in viticulture has become the technique
of choice for grape varietal identification and distinction [17]. Old grapevine varieties
develop mutants that have the same microsatellite profile than the original variety. In this
sense, these mutants or somatic variants only could be identified using morphological or
biochemical descriptors. The trend to cultivate only certain varieties has contributed to the
disappearance of many local cultivars, but recently this trend is starting to change, and
some wineries, grape growers and consumers are looking for ‘new’ local products [18].

For this reason, it is necessary to establish studies on oenological compounds of inter-
est that can help to enhance the value of somatic variants conserved in the vineyards of
different wine regions. Grape chemical composition contains a great variety of nitrogenous
compounds, aromatic precursors, glucides, peptides, fatty acids, polyphenolic compounds,
organic acids and sugars. These compounds, having the greatest organoleptic and techno-
logical influence on wines, are distributed heterogeneously throughout the berry: sugars,
organic acids and polyphenolic compounds [19]. Additionally, there are studies that show
the discrimination of mutants in a variety by analyzing the polyphenolic profile [20]. The
complete study of these oenological compounds (sugars, organic acids and polyphenolic
compounds) could be used to identify variability in somatic variants of grapevine. There-
fore, the main objective of this research focuses on the analysis of these compounds in
grapevine accessions ‘Tintilla de Rota’ and ‘Graciano’ grown under the same environmental
conditions in a warm climate region.

2. Materials and Methods
2.1. Plant Material

Grape berries of ‘Graciano’ and ‘Tintilla de Rota’ accessions were used for this study.
Both accessions are planted in a private winery located in the municipality of Jerez de la
Frontera, in the same plot (36◦49′4.523′′ N, 5◦54′36.198′′ W) at an altitude of 143 m above
sea level, on albariza soil (limestone mainly) and with a planting frame of 2.30 × 1.15 m.
The vines are trained in double cordon with a 3-wire trellis training system and a height of
1.5 m.

2.2. Chemical Compounds

The standards of caftaric acid, (+)-catechin, (−)-epicatechin gallate, quercetin 3-galactoside,
rutin and quercetin 3-rhamnoside used for the purposes of this study were purchased from
Extrasynthese (Lyon, France). The (−)-epicatechin, kaempferol, quercetin and malvidin
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chloride used were purchased from Merck KGaA (Darmstadt, Germany). The methanol
and acetonitrile, both grade HPLC, were obtained from Panreac (Barcelona, Spain). The
acetic acid and formic acid, grade HPLC, were purchased from Merck KGaA (Darmstadt,
Germany). The ultra-pure water was obtained from a Milli-Q water purification system
from Millipore (Bedford, MA, USA).

2.3. Genetic Analysis

In order to confirm the genotype of the two accessions studied in this work, a genetic
analysis was carried out with a total of 22 microsatellite loci following the methodology
established by Jiménez-Cantizano et al. [21]. The genotypes obtained were compared
with the genetic profiles provided by the databases Vitis International Variety Catalogue
(VIVC) [13] and the Rancho de la Merced Germplasm Bank database [14].

2.4. Sample Processing

In order to analyze the evolution of the different compounds during grape ripening,
five sampling dates were established, distributed between the periods of veraison and
grape ripening (0, 5, 10, 15 and 20 days, between August and September). The last sample
was taken the day before the optimum harvest date, determined by the winery itself.

Prior to sample collection, a total of 30 vines per accession were selected and marked.
For this purpose, the criteria established by Santesteban et al. [22] were used, based on
the selection of vines with a similar trunk cross-sectional area (TCSA). In order to achieve
these objectives, the trunk diameter of a total of 100 vines per accession was measured
at 30 cm height from the ground, using a Maurer 93,110 digital Vernier caliper (Padua,
Italy). Thirty plants with the closest value to the mean TCSA value ±10% were selected
in order to minimize the internal variability of the samples taken and thus reduce most of
the sources of variation in the assay. In each sampling date, 500 berries for accession from
the thirty different vines selected were collected randomly from clusters of the selected
vines. The 100-berry weight was 180 ± 8.7 g and 440 ± 21.8 g for ‘Tintilla de Rota’ and
‘Graciano’, respectively.

After sampling, grape berries were kept frozen at a temperature of−20 ◦C, maintaining
the cold preservation chain at all times. Prior to analysis, grapes were flash-frozen at−80 ◦C
for 12 h and freeze-dried in a Telstar® LyoQuest freeze-dryer (Terrassa, Spain) for 5 days.
Once all the samples were freeze-dried, seeds were manually removed from the berries
to avoid any interference by compounds contained in seeds, using only the grape skins
and pulp. Finally, the freeze-dried grapes were crushed in a Thermomix TM31 (Wuppertal,
Germany) at speed 7 for 40 s in 5 s fractions and stored again at −20 ◦C in the absence of
light until analysis.

2.5. Ultrasound-Assisted Extraction

Analytical measurements were carried out on freeze-dried and homogenized grape
samples in triplicate. In order to determine the content of sugars, organic acids and phenolic
compounds, including anthocyanins in grape samples, the ultrasound-assisted extraction
technique was used to maximize the solid-liquid extraction yield. For this purpose, an
ultrasound probe coupled to a Hielscher Ultrasound Technology UP200S model (Berlin,
Germany) and a P-Selecta Frigiterm-10 thermostatic unit (P-Selecta, Barcelona, Spain) was
used to control the extraction process and its temperature.

For the different compound extraction (sugars, organic acids and phenolic com-
pounds, including anthocyanins), the conditions followed were the ones proposed by
Sancho-Galán et al. [23]. Solvents and conditions used are shown in Table S1. Once the
extracts were obtained, they were taken to a final volume of 25 mL using their respective
solvent and preserved at –20 ◦C until analysis.
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2.6. Analytical Measurements
2.6.1. Sugars

For the separation and determination of glucose and fructose content in samples, ion
exchange chromatography was employed using a Metrohm® 930 Compact IC Flex (Herisau,
Switzerland) with a Metrosep Carb-2 150/4.0 column combined with an amperometric
detector equipped with a gold electrode. Operating conditions were as described by
Amores-Arrocha [24]: elution was carried out with an isocratic flow rate of 0.5 mL/min
at a temperature of 30.0 ◦C and a pressure of 8.1 mPa. The eluents used were 300 mM
sodium hydroxide and 1 mM sodium acetate. Prior to the measurement of the compounds,
the extracts were filtered with 0.45 µm pore diameter nylon filters and a 1:10 dilution was
prepared with milli-Q water for each sample.

2.6.2. Organic Acids

To determine the malic acid and tartaric acid content in samples, a Metrohm® 930 Com-
pact IC Flex (Herisau, Switzerland), equipped with a conductimetric detector and a Met-
rosep Organic Acids 250 × 7.8 mm column was used. The separation of the different acids
was carried out following the specifications of Sancho-Galán et al. [25] using as eluent the
mixture 0.4 mmol/L sulfuric acid +12% acetone at an isocratic flow rate of 0.4 mL/min.

2.6.3. Phenolic Compounds (Excluding Anthocyanins)

The analysis of phenolic compounds was carried out on an ACQUITY UPLC® H-Class
System (Waters Corporation, Milford, MA, USA) coupled to a photodiode array detector
(PAD eλ Detector), a fluorescence detector (FLR Detector) and a quaternary eluent man-
agement system (Quaternary Solvent Manager), controlled by Empower TM 3 Software
(Waters Corporation, Milford, MA, USA). A reverse phase column, Acquity UPLC® BEH
C18 (1.7 µm, 2.1 × 100 mm, Waters, Milford, MA, USA) was used. The methodology
followed and all the analytical parameters used (including r2, equations of the calibra-
tion curves, LOD, LOQ, linear range of standard compounds) are those proposed by
de Peredo et al. [26].

2.6.4. Identification of Anthocyanins

The anthocyanin content in the grape skin and pulp extracts was identified by using an
ultra-high performance liquid chromatograph (UHPLC) coupled to a quadrupole-time of
flight mass spectrometer (QToF-MS) detector (Xevo G2 QToF, Waters Corporation, Milford,
MA, USA). Extracts were filtered with 0.22 µm syringe filters (Membrane Solutions, Dallas,
TX, USA). The injection volume was 3 µL. Chromatographic separation and MS conditions
were carried out with the methodology proposed by Pereira et al. [27] in reverse phase
conditions on a 2.1 mm × 100 mm and 1.7 µm particle size C18 column (Acquity UPLC
CSH C18, Waters Corporation, Milford, MA, USA).

2.6.5. Analysis of Anthocyanins

Once the anthocyanins were identified, they were separated in the extracts obtained by
ultra-high-performance liquid chromatography (UHPLC) with an Elite HPLC LaChrome
Ultra equipment (Hitachi, Tokyo, Japan), composed of a column oven adjusted to 50 ◦C
(L-2420U), an autosampler (L-2200U), two pumps (L-2160U), a Kinetex C-18 column
(2.6 µm, 2.1 × 100 nm, Phenomenex, Torrance, CA, USA) and a UV-Vis detector (L-2420U)
at an absorption wavelength of 520 nm.

The method employed was the one published by Pereira et al. [27]. A malvidin
chloride (commercial anthocyanidin standard) calibration curve in a range from 0.36 to
34 mg/L of malvidin chloride (y = 232219.58x − 3574.06) with a correlation coefficient
(r2 = 0.9997) was employed. The 13 anthocyanin concentrations were calculated using the
above-mentioned curve, considering equivalent molar absorptivities for all anthocyanins
and taking into account their molecular weights. The analyses were carried out in duplicate.
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2.7. Data Analysis

For all results, mean values, standard deviations and all significant differences were
determined by ANOVA analysis using Bonferroni Multiple Range (BSD) test with 95%
confidence (p < 0.05) with GraphPad Prism 6.01 software for Windows (GraphPad Soft-
ware). Principal Components Analysis (PCA) was performed using the SPSS 24.0 statistical
computer package (SPSS Inc., Chicago, IL, USA). Rotated component matrix loadings, with
“varimax” Kaiser normalization as the factor extraction method was used.

3. Results and Discussion
3.1. Genetic Analysis

Six microsatellite loci are considered as the minimal standard marker set for grapevine
accession identification [16]; additionally, another group of sixteen microsatellite loci were
analyzed in order to proceed to a more accurate grape accession authentication. The
genotypes obtained for ’Tintilla de Rota’ and ‘Graciano’ accessions at 22 microsatellite
loci are shown in Table S2. The two accessions presented the same genetic profile at
all microsatellite loci analyzed. The genotype obtained was compared and confirmed
with the Rancho de la Merced Germplasm Bank genotype database [14] and European
databases [13].

3.2. Sugar Evolution during Ripening Period

Table 1 shows the evolution of sugar content (glucose, fructose and its addition) ex-
pressed in mg per gram of dry extract obtained on each of the sampling days for the two
grape accessions studied (‘Graciano’ and ‘Tintilla de Rota’). In both cases, glucose and
fructose content, as well as its addition, showed a similar behavior during the different
days of study and between both accessions. It is necessary to point out that, in all cases,
no significant differences were found neither when comparing the different sugar concen-
trations during the days of evolution of the study in each accession, nor between each
accession for each day of sampling (ANOVA, p < 0.05).

Table 1. Analytical results for sugars (glucose and fructose, in mg/g dry weight) during ripening
period (days after veráison).

Accession Parameter Day 0 Day 5 Day 10 Day 15 Day 20

Tintilla de Rota

Glucose 38.50 ± 0.36 a 38.97 ± 1.17 a 38.55 ± 0.48 a 39.14 ± 0.42 a 38.05 ± 1.84 a

Fructose 36.10 ± 1.40 a 37.95 ± 1.42 a 37.40 ± 0.76 a 38.30 ± 1.04 a 37.68 ± 4.29 a

Total 74.59 ± 1.75 a 76.92 ± 2.54 a 75.95 ± 1.05 a 77.44 ± 1.24 a 75.72 ± 6.12 a

Graciano

Glucose 38.46 ± 0.43 a 37.96 ± 1.05 a 38.37 ± 0.81 a 38.04 ± 0.77 a 37.96 ± 1.72 a

Fructose 36.33 ± 0.56 a 37.44 ± 1.25 a 40.13 ± 0.44 a 39.72 ± 1.69 a 40.18 ± 2.25 a

Total 74.79 ± 0.85 a 75.40 ± 2.31 a 78.49 ± 0.96 a 77.77 ± 2.42 a 78.14 ± 3.95 a

(n = 3). If different letters are in superscript, it means there are significant differences between samples in each
row (p < 0.05, two-way ANOVA, BSD test).

During the ripening period, the vine begins to accumulate sugars in the berries and,
therefore, the content of these compounds increases progressively in grape musts until
reaching the point of technological ripeness [28]. However, the results obtained do not
reflect this same behavior given that prior to the analysis of sugars, the samples underwent a
freeze-drying process, in which the total water content of the grapes analyzed was extracted.
Nevertheless, at all times it was possible to verify how a ratio of 0.5 was maintained between
the fructose and glucose content, with respect to the total sum of both sugars, as indicated
by several authors [29–31].

3.3. Organic Acid Content during Grape Ripening

Figure 1 shows the evolution of the total organic acid content expressed in mg/g of
dry extract for the two accessions studied.
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Figure 1. Concentration development of main organic acids (tartaric acid + malic acid) in ‘Tintilla de
Rota’ and ‘Graciano’ (n = 3) in dry weight.

In general, both accessions showed a slightly different behavior. The total organic
acid content on the first day of sampling was very different between the two accessions.
While ‘Graciano’ showed a total content of 8.009 ± 0.070 mg/g, ‘Tintilla de Rota’ showed
a content of 5.392 ± 0.338 mg/g, which was the significantly smaller difference observed
(ANOVA p < 0.05). Occasionally, the values obtained for ‘Tintilla de Rota’ seem to indicate
that the same level of ripening had not yet been reached between the two accessions.
However, already in the second sampling point, it was observed that the behavior between
both accessions was very similar. Thereafter, in both cases a slight oscillation in total acid
content was observed, ‘Graciano’ being the accession with the lowest values compared to
‘Tintilla de Rota’.

Figure 2a,b shows the detailed study of the evolution of tartaric acid (Figure 2a) and
malic acid (Figure 2b) content for each accession.

The greatest differences in the content of both acids between the two accessions can be
observed on the first and second day of sampling, presenting a behavior slightly similar
to that already observed in Figure 1. ‘Graciano’ showed significantly higher values for
both tartaric acid and malic acid on day 0 and 5 of sampling compared to ‘Tintilla de Rota’.
However, these differences disappeared and the values were equalized from the 10th day
until the end of sampling for tartaric acid. Malic acid presented a considerable difference
between the two accessions after day 5. For ‘Tintilla de Rota’, tartaric acid content showed
an oscillating behavior with slight increases and decreases during the different sampling
days. Regarding the concentration of malic acid, it should be noted that, in both cases
the behavior was very similar, with a decrease in the concentration of this acid during the
period sampled with respect to the initial values. As can be seen, this decrease in malic
acid is more pronounced in ‘Graciano’, where significant differences were observed in the
concentration of this compound between sampling days 0 and 10, 15 and 20 compared to
‘Tintilla de Rota’ (ANOVA, p < 0.05). In historical references, Roxas Clemente describes
‘Tintilla de Rota’ [12] as a grapevine variety with thick skin berries. In this sense, this
distinctive trait of grape berries could be related to a deceleration in the loss of malic acid
by respiratory combustion [1,32] during grape ripening compared to ‘Graciano’.
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Figure 2. Variation of tartaric acid (a) and malic acid (b) concentration in ‘Tintilla de Rota’ and
‘Graciano’ accessions after veráison (n = 3) in dry weight. Different letters mean there are significant
differences between samples (p < 0.05, two-way ANOVA, BSD test).

The results obtained in these analyses showed that ‘Graciano’ presents a normal
behavior during ripening with respect to other authors’ descriptions [33–35], observing a
decrease in the concentration of acids throughout the ripening process. This decrease in
total acidity during the ripening period is mainly due to the decrease in the concentration of
tartaric acid, since it is the acid with the greatest influence on the acidity behavior of grape
musts compared to malic acid. The decrease in tartaric acid content could be related to the
salification of the free forms of tartaric acid with potassium ions in grape berries [36,37].

Regarding the evolution of malic acid, the observed behavior was very similar to that
studied by several authors [28,38] who observed a drop in malic acid during the ripening
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process. This drop could be explained by the grapevine metabolism, since, during this
period of the grapevine cycle, it oxidizes malic acid as a source of carbon and energy [39],
where malic acid would be oxidized and degraded into pyruvic acid and CO2 for its
incorporation into the Krebs cycle [40,41].

3.4. Phenolic Compound Evolution during Grape Ripening (Excluding Anthocyanins)

The following individual phenolic compounds were identified: caftaric acid, cate-
chin, epicatechin, epicatechin gallate, quercetin 3-galactoside (Q-3-gal), rutin, quercetin
3-rhamnoside (Q-3-rahm), kaempferol and quercetin. Figure 3 shows the evolution of the
total amount of phenolic compounds identified versus time (ripening period). After its
analysis, nine different phenolic compounds were identified. Among them, kaempferol,
quercetin and epicatechin stand out for having a significantly higher concentration than
the rest of the phenols identified (Table 2).
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Figure 3. Evolution of total phenolic compounds (excluding anthocyanins) in ‘Tintilla de Rota’ and
‘Graciano’ accessions (n = 3) in dry weight. Different letters mean there are significant differences
between samples (p < 0.05, two-way ANOVA, BSD test).

In general, a similar trend was observed for both accessions, in which a continuous
decrease in the total amount of phenolic compounds was observed from day 0 to day 10.
From this day on, the trend was reversed, increasing to levels similar to those obtained on
day 0 in the case of ‘Tintilla de Rota’ and on the fifth day in the case of ‘Graciano’. Despite
the fact that both accessions showed the same trend during the whole period sampled, it
can be noted that for ‘Graciano’ accession, the concentration of phenolic compounds during
the whole period is significantly higher with respect to ‘Tintilla de Rota’ (ANOVA p < 0.05)
(Figure 3).

As for the individual phenolic compounds analyzed, nine different compounds (ex-
cluding anthocyanins) were detected (Table 2). Five flavonols were identified (quercetin,
kaempferol, rutin, quercetin-3-galactoside and quercetin-3-rhamnoside), as well as one
form of hydroxycinnamic acid (caftaric acid) and three forms of flavanols (catechin, epi-
catechin and epicatechin gallate). For all the identified compounds, kaempferol showed
concentrations between 1.45 and 1.50 mg/g, epicatechin showed values between 0.2 and
0.1 mg/g and quercetin showed concentrations between 0.12 and 0.18 mg/g of dry extract,
which stood out with higher concentrations.
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Table 2. Phenolic compound (mg/g dry weight) (including anthocyanins) development in Tintilla de
Rota and Graciano accessions during the ripening period.

Parameter Accessions Day 0 Day 5 Day 10 Day 15 Day 20

Caftaric
Tintilla de Rota 0.010 ± 0.003 a 0.026 ± 0.001 a 0.021 ± 0.002 a 0.012 ± 0.000 a 0.077 ± 0.009 b

Graciano 0.140 ± 0.002 a 0.045 ± 0.003 b 0.058 ± 0.001 c 0.081 ± 0.004 a 0.135 ± 0.009 a

Catechin
Tintilla de Rota 0.022 ± 0.008 a 0.009 ± 0.016 a 0.000 ± 0.000 a 0.010 ± 0.010 a 0.008 ± 0.014 a

Graciano nd nd nd nd 0.040 ± 0.056

Epicatechin
Tintilla de Rota 0.173 ± 0.044 a 0.140 ± 0.058 a 0.079 ± 0.027 b 0.099 ± 0.057 c 0.121 ± 0.020 a

Graciano 0.181 ± 0.049 a 0.146 ± 0.061 a 0.096 ± 0.060 b 0.118 ± 0.046 b 0.152 ± 0.033 a

Epicatechin gallate
Tintilla de Rota 0.047 ± 0.003 a 0.027 ± 0.004 a 0.023 ± 0.008 a 0.019 ± 0.015 a 0.032 ± 0.003 a

Graciano 0.036 ± 0.000 a 0.025 ± 0.011 a 0.018 ± 0.003 a 0.045 ± 0.019 a 0.029 ± 0.041 a

Q-3-gal
Tintilla de Rota 0.033 ± 0.004 a 0.026 ± 0.002 a 0.013 ± 0.001 a 0.014 ± 0.002 a 0.006 ± 0.001 a

Graciano 0.092 ± 0.006 a 0.068 ± 0.012 a 0.072 ± 0.004 a 0.063 ± 0.004 a 0.043 ± 0.000 b

Rutin
Tintilla de Rota 0.017 ± 0.003 a 0.018 ± 0.002 a 0.008 ± 0.002 a 0.013 ± 0.001 a 0.004 ± 0.001 a

Graciano 0.049 ± 0.002 a 0.026 ± 0.002 a 0.033 ± 0.001 a 0.024 ± 0.001 a 0.029 ± 0.004 a

Q-3-rahm
Tintilla de Rota 0.013 ± 0.001 a 0.010 ± 0.000 a 0.016 ± 0.001 a 0.018 ± 0.000 a 0.021 ± 0.001 a

Graciano 0.011 ± 0.002 a 0.007 ± 0.002 a 0.019 ± 0.001 a 0.020 ± 0.001 a 0.019 ± 0.001 a

Kaempferol
Tintilla de Rota 1.469 ± 0.013 a 1.451 ± 0.001 a 1.449 ± 0.001 a 1.454 ± 0.003 a 1.452 ± 0.004 a

Graciano 1.471 ± 0.000 a 1.467 ± 0.001 a 1.480 ± 0.004 a 1.490 ± 0.011 a 1.480 ± 0.003 a

Quercetin
Tintilla de Rota 0.137 ± 0.010 a 0.129 ± 0.004 a 0.129 ± 0.003 a 0.132 ± 0.003 a 0.136 ± 0.006 a

Graciano 0.146 ± 0.001 a 0.144 ± 0.004 a 0.155 ± 0.002 a 0.159 ± 0.011 a 0.177 ± 0.004 a

Del3Glu
Tintilla de Rota 0.310 ± 0.027 a 0.204 ± 0.020 b 0.176 ± 0.016 b 0.161 ± 0.019 b 0.177 ± 0.011 b

Graciano 0.206 ± 0.009 a,b 0.179 ± 0.011 a 0.193 ± 0.007 a,b 0.249 ± 0.009 b,c 0.215 ± 0.032 a,b

Cy3Glu
Tintilla de Rota 0.034 ± 0.006 a 0.025 ± 0.003 a 0.023 ± 0.002 a 0.025 ± 0.001 a 0.039 ± 0.005 a

Graciano 0.016 ± 0.001 a 0.017 ± 0.002 a 0.017 ± 0.001 a 0.024 ± 0.001 a 0.060 ± 0.009 a

Pet3Glu
Tintilla de Rota 0.363 ± 0.025 a 0.249 ± 0.029 b 0.227 ± 0.012 b 0.208 ± 0.020 b 0.220 ± 0.010 b

Graciano 0.253 ± 0.009 a,b 0.224 ± 0.013 a 0.253 ± 0.001 a,b 0.300 ± 0.011 b,c 0.262 ± 0.038 a,b

Peo3Glu
Tintilla de Rota 0.468 ± 0.028 a 0.466 ± 0.054 a 0.511 ± 0.040 a,b 0.560 ± 0.049 b 0.715 ± 0.031 c

Graciano 0.293 ± 0.013a 0.363 ± 0.016 b,c 0.383 ± 0.031 c 0.503 ± 0.007 d 0.936 ± 0.015 e

Mal3Glu
Tintilla de Rota 4.494 ± 0.030 a 3.236 ± 0.026 b,e 3.132 ± 0.014 c 3.055 ± 0.030 d 3.255 ± 0.138 e

Graciano 3.532 ± 0.142 a 3.315 ± 0.169 b 3.884 ± 0.056 c,e 4.571 ± 0.092 d 3.836 ± 0.051 e

Del36AcG
Tintilla de Rota 0.032 ± 0.003 a 0.022 ± 0.002 a 0.018 ± 0.001 a 0.017 ± 0.002 a 0.018 ± 0.002 a

Graciano 0.011 ± 0.000 a 0.012 ± 0.000 a 0.013 ± 0.001 a 0.015 ± 0.001 a 0.017 ± 0.002 a

Cy36AcG
Tintilla de Rota 0.020 ± 0.005 a 0.009 ± 0.001 a 0.009 ± 0.000 a 0.011 ± 0.002 a 0.010 ± 0.000 a

Graciano 0.006 ± 0.000 a 0.007 ± 0.001 a 0.006 ± 0.001 a 0.011 ± 0.002 a 0.011 ± 0.002 a

Pet36AcG
Tintilla de Rota 0.036 ± 0.003 a 0.023 ± 0.002 a 0.020 ± 0.002 a 0.017 ± 0.002 a 0.016 ± 0.000 a

Graciano 0.015 ± 0.000 a 0.015 ± 0.001 a 0.014 ± 0.001 a 0.015 ± 0.001 a 0.017 ± 0.002 a

Peo36AcG
Tintilla de Rota 0.720 ± 0.046 a 0.532 ± 0.034 b,c,d 0.489 ± 0.030 c,e 0.494 ± 0.006 d,e 0.470 ± 0.019 e,f

Graciano 0.416 ± 0.033 a 0.430 ± 0.019 a,c,e 0.483 ± 0.007 c,d 0.519 ± 0.012 d 0.480 ± 0.007 d,e

Mal36AcG
Tintilla de Rota 0.008 ± 0.013 a 0.001 ± 0.000 a 0.001 ± 0.000 a 0.001 ± 0.000 a 0.001 ± 0.000 a

Graciano 0.009 ± 0.007 a 0.010 ± 0.006 a 0.010 ± 0.011 a 0.010 ± 0.001 a 0.007 ± 0.005 a

Cy36CuG
Tintilla de Rota 0.019 ± 0.017 a 0.021 ± 0.004 a 0.022 ± 0.019 a 0.016 ± 0.023 a 0.001 ± 0.000 a

Graciano 0.001 ± 0.000 a 0.011 ± 0.002 a 0.023 ± 0.004 a 0.004 ± 0.003 a 0.015 ± 0.002 a

Pet36CuG
Tintilla de Rota 0.015 ± 0.020 a 0.014 ± 0.002 a 0.009 ± 0.007 a 0.009 ± 0.012 a 0.001 ± 0.000 a

Graciano 0.028 ± 0.006 a 0.020 ± 0.007 a 0.018 ± 0.008 a 0.024 ± 0.003 a 0.018 ± 0.005 a

Peo36CuG
Tintilla de Rota 0.027 ± 0.044 a 0.035 ± 0.007 a 0.025 ± 0.021 a 0.030 ± 0.005 a 0.001 ± 0.000 a

Graciano 0.039 ± 0.007 a 0.036 ± 0.012 a 0.032 ± 0.014 a 0.049 ± 0.002 a 0.072 ± 0.030 a

T.non-anthocyanin phenols
Tintilla de Rota 1.921 ± 0.043 a 1.835 ± 0.071 a 1.739 ± 0.028 a 1.772 ± 0.078 a 1.858 ± 0.015 a

Graciano 2.127 ± 0.060 a 1.929 ± 0.087 a 1.931 ± 0.058 a 2.001 ± 0.067 a 2.105 ± 0.006 a

T. Anthocyanin
Tintilla de Rota 6.546 ± 0.264 a 4.836 ± 0.185 b 4.663 ± 0.165 b 4.604 ± 0.171 b 4.926 ± 0.218 b

Graciano 4.826 ± 0.230 a 4.638 ± 0.260 a 5.330 ± 0.144 b 6.296 ± 0.144 c 5.944 ± 0.200 c

Q-3-gal: Quercetin 3-galactoside, Q-3-rahm: Quercetin 3-rhamnoside, Del3Glu: Delphinidin 3-O-glycoside,
Cy3Glu: Cyanidin 3-O-glycoside, Pet3Glu: Petunidin 3-O-glycoside, Peo3Glu: Peonidin 3-O-glycoside,
Mal3Glu: Malvidin 3-O-glycoside, Del36AcG: Delphinidin 3-O-(6′′-acetyl)-glucoside, Cy36AcG: Cyanidin 3-O-(6′′-
acetyl)-glucoside, Pet36AcG: Petunidin 3-O-(6′′-acetyl)-glucoside, Peo36AcG: Peonidin 3-O-(6′′-acetyl)-glucoside,
Mal36AcG: Malvidin 3-O-(6′′-acetyl)-glucoside, Cy36CuG: Cyanidin 3-O-(6′′-p-coumaryl)-glucoside, Pet36CuG:
Petunidin 3-O-(6′′-p-coumaroyl)-glucoside, Peo36CuG: Peonidin 3-O-(6′′-p-coumaroyl)-glucoside. Different letters
in superscript mean significant differences between samples in each row (p < 0.05, two-way ANOVA, BSD test).
nd: not detected.
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Important differences were observed in both accessions in the different compound
concentrations along the sampling period, with the exception of quercetin, which did not
show relevant differences in ‘Tintilla de Rota’. The rest of the phenolic species differed
significantly between both accessions both in concentration and evolution throughout the
period studied, while ‘Graciano’ was the accession with the highest content of caftaric
acid, quercetin 3-O-galactoside, rutin and quercetin. On the other hand, it was observed
that ‘Graciano’ undergoes a positive evolution for the described compounds except for
quercetin 3-O-galactoside, which decreases significantly (ANOVA p < 0.05) to values close
to 0.04 mg/g of extract.

In general, phenolic compounds found in both the skin and pulp are either synthesized
or regulated by various enzymes, which are sensitive to environmental conditions and
environmental factors [42]. One of the environmental factors that can affect these enzymes
is radiation. High radiation and temperatures on grape bunches are closely related to the
production of polyphenols, since these compounds have photoprotective functions [43]. An
increase in temperature and an increase in dryness may be climatic conditions influencing
the production of anthocyanin or polyphenols in grapes [44], these conditions being similar
to those found in a warm climate zone such as the one where the study was conducted. On
the other hand, factors such as the abundance of nitrogen in the chemical composition of the
soil or low water stress in the vineyard could decrease the production of polyphenols, due to
the change in the role of the enzyme phenylalanine ammoniolase (PAL), from being present
in the synthesis of polyphenols to being present in the synthesis of compounds related
to the vegetative development of the vine [37]. Thus, it should also be highlighted that
during the analyses, relatively high concentrations of flavanols were detected, compounds
that tend to polymerize and give rise to different tannins, which are difficult to detect with
the chosen analysis technique and therefore give large variations in the amount of total
phenolic compounds.

3.5. Anthocyanin Concentration Evolution during Grape Ripening

The following anthocyanins were identified in the samples: delphinidin 3-O-glycoside
(Del3Glu, m/z = 465), cyanidin 3-O-glycoside (Cy3Glu, m/z = 449), petunidin 3-O-glycoside
(Pet3Glu, m/z = 479), peonidin 3-O-glycoside (Peo3Glu, m/z = 463), malvidin 3-O-glycoside
(Mal3Glu, m/z = 493), delphinidin 3-O-(6′′-acetyl)-glucoside (Del36AcG, m/z = 507), cyani-
din 3-O-(6′′-acetyl)-glucoside (Cy36AcG, m/z = 491), petunidin 3-O-(6′′-acetyl)-glucoside
(Pet36AcG, m/z = 521), peonidin 3-O-(6′′-acetyl)-glucoside (Peo36AcG, m/z = 505), malvidin
3-O-(6′′-acetyl)-glucoside (Mal36AcG, m/z = 535), cyanidin 3-O-(6′′-p-coumaryl)-glucoside
(Cy36CuG, m/z = 595), petunidin 3-O-(6′′-p-coumaroyl)-glucoside (Pet36CuG, m/z = 625)
and peonidin 3-O-(6′′-p-coumaroyl)-glucoside (Peo36CuG, m/z = 609).

The evolution of the total amount of anthocyanins analyzed is shown in Figure 4. The
results of the analytical determinations showed the identification and quantification of
13 different anthocyanins.

Figure 4 displays how both accessions showed different behaviors. It can be seen how
they exhibited differences in the amount of anthocyanins at the beginning of the sampling
period, where ‘Tintilla de Rota’ accession presented higher levels of anthocyanins than
‘Graciano’. As ripening progressed, this concentration decreased in the case of ‘Tintilla de
Rota’ until day 15 of sampling. For ‘Graciano’ accession, it was found that the behavior
of the total anthocyanin concentration was similar until the fifth day of study, increasing
significantly until day 15 of sampling, where the values stabilized until the end of the
period studied. The observed behavior was unusual, since during grape ripening the
concentration of anthocyanin increases from veraison and throughout the ripening period
due to the accumulation of these compounds in the skin cell vacuoles [45]. Furthermore,
some authors reported decreases in the concentrations of these compounds due to their
degradation either by biotic and/or abiotic factors [46]. The origin of these drops could
be due to a multitude of phenomena, such as high temperatures causing inhibition of
the enzymes that synthesize these compounds [47] and changes in pH or oxidations [48]
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that could indicate a lag in phenolic ripeness. The anthocyanin profile studied can be
separated into three groups depending on the concentration range in which they can be
found. A first group would be the one comprising a concentration range from 3 to 5 mg/g
of dry extract, malvidin-3-O-glucoside being the only anthocyanin in this group, a second
group of anthocyanins would be the one formed by peonidin 3-O-(6′′-acetyl)-glucoside,
peonidin 3-O-glucoside, peonidin 3-O-glucoside, petunidin 3-O-glucoside and delphinidin
3-O-glucoside in concentrations between 0.15 and 0.71 mg/g of grape dry extract, and a
last group of anthocyanin would be the one with a concentration lower than 0.15 mg/g, in
which the rest of the identified compounds found can be grouped.
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The results of this particular phenolic fraction were studied individually due to the
relevance of these compounds in oenology and their capacity as molecular markers [49].
Considering each of the anthocyanins individually in this range, in both accessions the be-
havior of malvidin showed a similar trend to the total anthocyanin of each of the accessions.
On the other hand, in ‘Tintilla de Rota’, each and every one of the different compounds iden-
tified decreased in concentration, with the exception of peonidin-3-glucoside. In contrast,
‘Graciano’ showed a different behavior in these compounds, in which all forms of antho-
cyanin increased in concentration, with a remarkable increase in peonidin 3-O-glucoside.

3.6. Principal Component Analysis (PCA)

Table 3 shows the factor loading results of the principal component analysis (PCA)
performed over the data set, evaluating as variables the concentration of nine phenolic
compounds (caftaric acid, catechin, epicatechin, epicatechin gallate, quercetin 3-galactoside,
rutin, quercetin 3-rhamnoside, kaempferol and quercetin) including 13 anthocyanins (del-
phinidin 3-O-glycoside, cyanidin 3-O-glycoside, petunidin 3-O-glycoside, peonidin 3-O-
glycoside, malvidin 3-O-glycoside, delphinidin 3-O-(6′′-acetyl)-glucoside, cyanidin 3-O-(6′′-
acetyl)-glucoside, petunidin 3-O-(6′′-acetyl)-glucoside, peonidin 3-O-(6′′-acetyl)-glucoside,
malvidin 3-O-(6′′-acetyl)-glucoside, cyanidin 3-O-(6′′-p-coumaryl)-glucoside, petunidin
3-O-(6′′-p-coumaroyl)-glucoside and peonidin 3-O-(6′′-p-coumaroyl)-glucoside). PCA ex-
tracted three factors, which explained 77.61% of the total variance of the data. Factor 1 (F1)
was positively correlated with caftaric acid, rutin, quercetin 3-galactoside, quercetin, mal-
vidin 3-O-(6′′-acetyl)-glucoside, petunidin 3-O-(6′′-p-coumaroyl)-glucoside and peonidin
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3-O-(6′′-p-coumaroyl)-glucoside, and negatively with delphinidin 3-O-(6′′-acetyl)-glucoside,
cyanidin 3-O-(6′′-acetyl)-glucoside, petunidin 3-O-(6′′-acetyl)-glucoside, peonidin 3-O-(6′′-
acetyl)-glucoside and to a lesser extent cyanidin 3-O-(6′′-p-coumaryl)-glucoside. Factor 2
(F2) correlated positively with quercetin 3-galactoside, rutin and malvidin 3-O-glycoside,
and negatively with catechin, cyanidin 3-O-glycoside and peonidin 3-O-glycoside. Factor
3 (F3) correlated positively with epicatechin gallate, delphinidin 3-O-glycoside, petuni-
din 3-O-glycoside and to a lesser extent with epi-catechin, and negatively with quercetin
3-rhamnoside and kaempferol.

Table 3. Principal component loadings of phenolic compounds, including anthocyanins, in ‘Tintilla
de Rota’ and ‘Graciano’ accessions.

Compounds F1 F2 F3

Caftaric 0.896 −0.119 0.153
Catechin 0.045 −0.802 0.276

Epicatechin 0.366 0.184 0.582
Epicatechin gallate 0.110 −0.007 0.795

Quercetin 3-galactoside 0.698 0.676 0.183
Rutin 0.713 0.0537 0.207

Quercetin 3-rhamnoside −0.024 −0.458 −0.655
Kaempferol −0.055 0.294 −0.557
Quercetin 0.636 0.120 −0.561

Delphinidin 3-O-glycoside −0.265 0.308 0.905
Cyanidin 3-O-glycoside 0.079 −0.971 −0.006
Petunidin 3-O-glycoside −0.338 0.527 0.746
Peonidin 3-O-glycoside 0.014 −0.910 −0.364
Malvidin 3-O-glycoside 0.372 0.841 0.130

Delphinidin 3-O-(6′′-acetyl)-glucoside −0.890 −0.262 0.291
Cyanidin 3-O-(6′′-acetyl)-glucoside −0.700 −0.454 0.369
Petunidin 3-O-(6′′-acetyl)-glucoside −0.843 -0.028 0.423
Peonidin 3-O-(6′′-acetyl)-glucoside −0.942 0.059 0.040
Malvidin 3-O-(6′′-acetyl)-glucoside 0.615 0.564 0.275

Cyanidin 3-O-(6′′-p-coumaryl)-glucoside −0.574 0.155 −0.370
Petunidin 3-O-(6′′-p-coumaroyl)-glucoside 0.623 0.646 0.301
Peonidin 3-O-(6′′-p-coumaroyl)-glucoside 0.585 0.023 0.076

Rotated component matrix loadings using varimax with Kaiser normalization.

As shown in Figure 5, F1 tended to increase with increasing concentrations of the
phenolic compounds caffeic acid and rutin, while it shifted towards negative values with
increasing concentrations of the anthocyanins Del36AcG, Peo36AcG and Cy36AcG. As
can be seen in Figure 5, the major differences in anthocyanin content correspond to ‘Gra-
ciano’, while in ‘Tintilla de Rota’ these differences were less pronounced. Regarding F2,
the displacement towards positive values corresponds to the increase in Mal3Glu, mainly,
while the catechin, Cy3Glu and Peo3Glu cause the negative displacement in F2 as their
concentration increases. According to Arozarena et al. [50], Mal3Glu and Peo3Glu com-
pounds were able to discriminate between red grape varieties. As for Factor 3, the positive
shift is mainly due to the increase in epicatechin gallate and the anthocyanin Del3Glu
and Pet3Glu. Figure 5 shows how the behavior generated by these compounds (Catechin,
Cy3Glu, Peo3Glu, Mal3Glu, epicatechin gallate, Del3Glu and Pet3Glu) could be attributed
to the mutant character, due to the marked differences among the two accessions cultivated
on the same vineyard. Because of the genetic differences and several environmental factors,
such as light, temperature, and humidity, the extraction method remarkably affects the
phenolic composition [51]. Furthermore, a relationship seems to exist between the evolution
of the concentration of these compounds and the ripening stage of the grape in the case of
‘Tintilla de Rota’. As the ripening period increases, there occurs a tendency towards more
positive values, both at F2 and F3, for this accession.
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4. Conclusions

Genetic analysis confirmed the identity of the ‘Tintilla de Rota’ and ‘Graciano’ acces-
sions. Both accessions showed a single microsatellite profile, which led to the interpretation
that they are synonymous varieties. However, the analysis of compounds of enological
interest during the ripening period allowed for the discrimination of both accessions in
terms of organic acid content and phenolic compounds, including anthocyanins. There
were no significant differences in sugar content (glucose and fructose). The PCA analysis
allowed us to verify the differences in polyphenol and anthocyanin composition, finding
marked differences in catechin, Cy3Glu, Peo3Glu, Mal3Glu, epicatechin gallate, Del3Glu
and Pet3Glu analyzed during the ripening period.

These results show the need to continue studying grapevine varieties considered as
synonymies by genetic analysis before ruling out their identity or duplicity. This plant
material may contain some variability with respect to the original genotype and is a source
of diversity to exploit in the vineyards by the clonal selection of these somatic variants. In
addition, the preservation of this somatic variability may be a possible strategy to maintain
the typicality of the wines made from them.
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