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Abstract: The goal of biodiversity preservation is the conservation and enhancement of diversity,
which is often stored in different clones of the same grape variety. Fourteen different autochthonous
accessions of Aglianico grown in the same area (Vulture, Italy) have been investigated to evaluate the
possible significant differences in terms of secondary metabolites belonging to the polyphenolic class,
compounds which show a number of beneficial health related properties. During winemaking, grape
polyphenols are extracted into wine, therefore the knowledge of the polyphenolic composition of
grape is important for the appropriate design of the winemaking process, especially in winemaking
management of high-quality red wines. The results of this study are useful tools for the individuation
of the most promising candidates in the perspective of Aglianico del Vulture clonal selections from a
winemaking point of view.
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1. Introduction

Aglianico n. is an important autochthonous red wine grape variety grown in Southern Italy, which
shows a great intra-varietal diversity and produces robust and deeply coloured red wines [1]. Aglianico
del Vulture DOC wine is produced by single-variety winemaking in Basilicata region, centring around
the area of the extinct volcano Monte Vulture. Especially in the nineties, the use of clonal propagation
material derived from the selections of Campania biotypes has led to a significant reduction of genetic
diversity of this variety. Conversely, Aglianico del Vulture autochthonous vines planted in vineyards
within the Vulture area still preserve an interesting intra-varietal biodiversity. Vegetative propagation
is commonly used for grapevine (Vitis vinifera L.) and this asexual propagation method ensures that the
plants are genetically identical copies. Anyway, during this process, spontaneous somatic mutations
could create new allelic variants in plants, which could yield to phenotypes different in some traits
with respect to the original mother plant [2]. Ampelography and secondary metabolites profiles
have proven to be the best tools for the characterisation of the intra-varietal variability of grapevine
germplasm [3].
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The term polyphenols comprises of several classes of chemicals that are found in plants which
show a number of beneficial properties for the plant itself and, moreover, for human consumption.
Colour, sensory attributes, and aging ability of red wine are related to its polyphenolic composition
which, in turn, is affected by a number of factors including the genome expression of grapevines in the
growing area (influenced by natural factors such as pedoclimatic conditions) together with viticultural
and oenological techniques, which explains the diversity of the wines that can be obtained from a grape
cultivar in a small production area [4]. Indeed, the phenolic composition of grape is very important
for the appropriate design of the winemaking process especially in winemaking management of
high-quality red wines [5,6].

In order to evaluate the intra-varietal diversity in Aglianico n. wine grapes, fourteen accessions
of Aglianico del Vulture were analysed. Phenolic compounds in grape berries are mainly present in
skins and seeds, with anthocyanins and flavonols as the most abundant phenolic compounds in skins,
whereas flavan-3-ols, namely catechins and proanthocyanidins, both in skins and seeds [7]. Since seeds
are able to influence wine composition [8], therefore, it is useful to investigate phenolic components of
skin and seeds separately.

2. Materials and Methods

2.1. Experimental Design and Grape Characteristics

The fourteen autochthonous accessions of Aglianico del Vulture analysed are grown in an
experimental vineyard of ALSIA (Agenzia Lucana di Sviluppo e di Innovazione in Agricoltura)
located in Melfi (Basilicata region, South-Italy) since 1996. This experimental vineyard collection has
been already investigated for the agronomical assessment and detected for viral infections [9]. Vines
are trained in the espalier system with unilateral Guyot pruning system. The experimental vineyard is
located at 600 m a.s.l., as characterized by the medium grain size of the soil, homogeneous under a
geo-pedological point of view and kept naturally grassed over (cover crops). The vines were grafted
onto 1103 Paulsen rootstock, with distances of 2.5 m between rows and 0.8–1.2 m between vines.
At harvest (second half-end of October), 300 berries with intact pedicels were collected from selected
vines for each of the fourteen accessions. Total acidity, reducing sugar, and pH, were determined on
grape juice according to the EEC 2676 standard procedure [10].

2.2. Chemicals and Reference Compounds

Tartaric acid, malic acid, lactic acid, and shikimic acid were all purchased from Sigma-Aldrich,
Inc. (St. Louis, MO, USA). All chemicals, including malvidin-3-O-glucoside chloride, (+)-catechin and
quercetin-3-O-glucoside standards were purchased from Extrasyntehses (Genay, France) and used as
HPLC reference standards. All of the solvents, purchased by Carlo Erba (Milan, Italy) were analytical
or HPLC grade.

2.3. Organic Acids Analysis in Berry Juice

From the 300 berries picked for each accession, 20 were randomly chosen and the juice was
extracted after seed removal. The berry juice was diluted 10 times with distilled water before analysis.
Detection and quantification of organic acids were carried out by HPLC using an HP 1100 apparatus
(Agilent, Palo Alto, CA, USA) with a diode array detector (DAD) set at 210 nm. The stationary phase
was a Synergi Hydro-RP 80A column, 250 × 4.6 mm, 4 µm (Phenomenex Inc., Torrance, CA, USA).
The flow rate was 0.7 mL/min and the solvent used for the isocratic elution at 25 ◦C was H3PO4 10−3

M, according to the method proposed by Cane [11]. The response factors obtained by injecting four
solutions of the different acids with different concentration were employed for quantification.
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2.4. Total Anthocyanins and Total Flavonoids

The skins of 20 randomly selected berries were manually removed, dried with paper,
and macerated for 24 h (in the dark, at room temperature) in 25 mL of hydrochloric ethanol
(HCl/water/ethanol, 1/30/70, v/v). Subsequently, other 25 mL of the hydrochloric ethanol solution
have been used to rinse the skins. The two extracts have been collected and it was added enough
hydrochloric ethanol to bring the volume up to 50 mL. Analyses have been performed in triplicate.
A double beam UV-visible Spectrophotometer Hitachi U-2000 was employed. The skin extracts were
diluted 25 times with hydrochloric ethanol and the absorption spectrum between 230–700 nm was
registered. An absorbance at 540 nm was used to calculate the total anthocyanins content expressed as
malvidin-3-O-glucoside [12]. The absorbance at 280 nm was used to calculate the total flavonoids and
flavonoids other than anthocyanins with a graphical correction method, as previously described [12],
which allowed for the estimation of these compounds expressed as (+)-catechin.

Seeds have been manually removed from berries, dried on paper, and macerated in 25 mL of
hydrochloric ethanol for 48 h in the dark at room temperature. The seeds extracts were diluted 25
times with water and used to record an absorption spectrum in the UV. The absorbance at 280 nm was
used to calculate the flavonoids as previously described [12].

2.5. Anthocyanins Profile

The skin extracts already used for the previous analyses were diluted 5 times with H3PO4 10−3 M,
filtered (0.45 µm) and analyzed with the same HPLC apparatus used for the organic acids, equipped
with a DAD detector set at 520 nm. The column used was a Hypersil ODS-RP 100 × 2.1 mm, 5 µm
particle size (Phenomenex Inc., Torrance, CA, USA) with a pre-column, using a 0.35 mL/min flow rate.
The chromatographic separation was carried out by gradient elution with two different eluents: formic
acid 10% (A) and formic acid/methanol/water (10:50:40); (B) as previously described [13]. Individual
anthocyanins were tentatively identified according to the HPLC retention time and elution order, or
specifically identified by comparison with authentic standards when available. The order of anthocyanin
elution was: delphinidin, cyanidin, petunidin, peonidin and malvidin, for both the monoglucosylated forms
(-3-O-glucosides), which were eluted first, and the coumaroylated forms (-3-O-(6-p-coumaroyl)glucosides)
eluted at the end of the chromatogram [14].

2.6. Resveratrol and Flavonols

The samples were prepared adding 1 mL of H3PO4 1 M to 9 mL of the hydrochloric ethanol skin
extract, and then filtered (0.45 µm) and analysed with the same HPLC equipment reported above. The
column used was a Hypersil ODS-RP, 2.1 × 200 mm, 5 µm particle size (Agilent Technologies, CA, USA),
0.25 mL/min flow rate. Two eluents were employed: H3PO4 10−3 M (eluent A) and methanol (eluent B).
The gradient program of elution was: 0–5 min 85% A; 5–20 min from 85 to 45% A; 20–30 min from 45 to
10% A; 30–35 min from 10 to 0% A; for 5 min 0% A; 40–45 min 85% A. The detection was set at 320 nm for
resveratrol and at 360 nm for flavonols. A standard of t-resveratrol was employed for its identification.
Individual flavonols were tentatively identified according to the HPLC elution order and UV-vis spectra
or specifically identified by comparison with authentic standards when available. Three main flavonols
have been identified with the following elution order: myricetin glucuronide and glucoside, quercetin
glucuronide and glucoside and kaempferol glucuronide and glucoside.

2.7. Flavanols and Oligomeric Proanthocyanidin in Grape Skins and Seeds

For both the skins and seeds hydrochloric ethanol extracts the following procedure was followed.
One millilitre of the hydrochloric ethanol extract was added with 4 mL of distilled H2O. Prior to the HPLC
analysis, both of the extracts were filtered (0.45 µm). The stationary phase used was a Kinetex PFP 75 × 4.6
mm, 2.6 µm particle size (Phenomenex Inc., Torrance, CA, USA) with a 1.5 mL/min flow rate. The eluents
used were H3PO4 10−3 M (eluent A) and acetonitrile (eluent B), with an elution program of 7 min: 0–1.4
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min 91% A; 1.4–2.8 min from 91 to 82% A; 2.8–4.3 min from 82 to 60% A; 4.3–5.7 min from 60 to 40% A;
5.7–7.0 min from 40 to 91% A. Individual compounds were tentatively identified according to the HPLC
retention time, and elution order as from published data [15] or specifically identified by comparison with
authentic standards when available.

2.8. Statistical Analysis

Multivariate statistical analysis was performed using R Statistical Software (R Core Team (2013),
R Foundation for Statistical Computing, Vienna, Austria). One way analysis of variance (ANOVA)
and Tukey’s multiple comparison test at a probability level of p < 0.05 were performed. Moreover, a
principal component analysis (PCA) was carried out on the 14 grape accessions: the variables were
total skin anthocyanins, skin flavonoids other than anthocyanins, skin flavonols, skin resveratrol, and
seeds total flavonoids (mainly tannins in grape seeds).

3. Results

The degree of ripeness of the grapes was around 13◦ of potential alcohol, as usually found in
Aglianico del Vulture grape, anyway, four accessions showed an even higher value (M6, M2, M8 and
M9) while in other four accessions the sugar accumulation was lower than the average (M1, M5, M10
and M13) (Table 1).

Table 1. Weight, sugars and organic acids composition of berries.

Sample Berry Weight g ◦Brix Tartaric Acid g/L Malic Acid g/L Shikimic Acid mg/L Citric Acid g/L

M1 1.87 ± 0.19 abcd 17.0 ± 0.5 a 3.77 ± 0.18 a 2.21 ± 0.30 d 34.3 ± 3.5 d 0.13 ± 0.02 a
M2 1.62 ± 0.16 abc 23.5 ± 0.8 d 3.84 ± 0.19 a 1.58 ± 0.21 bcd 15.4 ± 1.3 a 0.22 ± 0.03 b
M5 2.2 ± 0.20 d 17.8 ± 0.2 a 3.75 ± 0.18 a 2.01 ± 0.27 d 25.2 ± 2.5 bc 0.15 ± 0.02 ab
M6 1.31 ± 0.12 a 25.1 ± 0.3 e 4.93 ± 0.24 b 0.89 ± 0.12 a 33.7 ± 2.9 d 0.32 ± 0.04 c
M8 1.54 ± 0.15 ab 23.1 ± 0.6 d 3.66 ± 0.18 a 1.38 ± 0.13 abc 15.8 ± 1.6 a 0.21 ± 0.03 b
M9 1.56 ± 0.17 ab 23.1 ± 0.3 d 3.88 ± 0.19 a 0.89 ± 0.12 a 21.6 ± 2.2 ab 0.20 ± 0.03 b

M10 1.77 ± 0.16 abcd 20.4 ± 0.2 bc 3.79 ± 0.19 a 1.06 ± 0.14 ab 31.3 ± 3.2 cd 0.15 ± 0.02 ab
M11 1.93 ± 0.18 bcd 21.1 ± 0.2 c 4.65 ± 0.23 b 2.09 ± 0.28 d 32.2 ± 3.3 cd 0.22 ± 0.03 b
M12 1.96 ± 0.20 bcd 21.4 ± 0.5 cd 3.80 ± 0.19 a 1.87 ± 0.25 cd 18.2 ± 1.9 ab 0.16 ± 0.02 ab
M13 1.58 ± 0.15 abc 19.3 ± 0.8 b 3.91 ± 0.19 a 1.60 ± 0.21 bcd 30.6 ± 2.3 cd 0.13 ± 0.02 a
M14 1.78 ± 0.18 abcd 21.4 ± 0.4 cd 3.82 ± 0.19 a 2.89 ± 0.39 e 35.6 ± 3.3 d 0.15 ± 0.02 ab
M15 2.07 ± 0.19 cd 21.5 ± 0.7 cd 4.60 ± 0.23 b 1.19 ± 0.16 ab 22.77 ± 2.34 ab 0.09 ± 0.01 a
M16 1.52 ± 0.14 ab 21.6 ± 0.5 cd 5.12 ± 0.25 b 0.67 ± 0.09 a 23.2 ± 2.3 ab 0.20 ± 0.03 b
M17 1.77 ± 0.18 abcd 21.6 ± 0.3 cd 3.95 ± 0.19 a 1.29 ± 0.17 abc 23.2 ± 2.4 ab 0.13 ± 0.02 a

Values represent mean of three replicates ± SD. a, b, c: the means that do not bear a common letter differ significantly
at the 0.05 level of significance.

Table 1 also shows the organic acids composition of berry juice. Shikimic acid
(3,4,5-trihydroxy-1-cyclohexene-1-carboxylic acid) is an important biochemical intermediate in plants
since it is involved in the biosynthesis of a number of compounds comprising of aromatic amino acids,
lignin, and most alkaloids. It is also employed as a starting material for the industrial synthesis of drugs
and its derivatives are used as herbicides and antibacterial agents in agriculture [16]. Shikimic acid is
investigated for its beneficial effects and, moreover, it is considered a varietal marker that is usually
employed for authenticity and traceability of wines [17,18]. Red wines have a higher content of shikimic
acid than white ones [19] and, among red grapes, Aglianico berries have a higher concentration of shikimic
acid in comparison to other varieties [20]. The M1, M6, M10, M11, M13, and M14 accessions showed the
highest shikimic acid values, ranging from 30.6 to 35.6 mg/L.

In Table 2, it is reported the total content of various bioactive compounds found in the samples.
This table shows that anthocyanins were the main contributors to the total flavonoids only for half of
the samples, namely: M1, M6, M8, M9, M12, M16, and M17. The M6 and M16 accessions, characterized
by the smallest berries, showed the highest content of both total flavonoids in the skin and total
anthocyanins. Total flavonoids in the skin are always higher than those in seeds, with the only
exception of M2 showing comparable amounts between skins and seeds. Anyway, anthocyanins are
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absent in seeds; therefore, it is better to compare other flavonoids in the skins and the total flavonoids
in the seeds. This comparison shows that in M10, M11, M13, and M17 samples, the seed flavonoids
content is lower. The maximum content of polyphenolic compounds in seeds was found in M1
followed by M2 while the poorest accession was M11.

Table 2. Polyphenolic composition of berries (mg/kg).

Sample Total Flavonoids (Skins) ** Total Anthocyanins * Other Flavonoids (Skins) ** Total Flavonoids (Seeds) **

M1 2593 ± 21 fg 1283 ± 30 g 1083 ± 37 cd 2376.5 ± 16.1 l
M2 1867 ± 27 c 714 ± 54 bc 1026 ± 31 d 1894.1 ± 14.3 k
M5 1562 ± 35 a 643 ± 25 abc 804 ± 60 a 1004.4 ± 20.5 f
M6 3484 ± 13 j 1692 ± 70 h 1491 ± 23 f 1379.2 ± 21.0 i
M8 2247 ± 23 e 1144 ± 35 f 900 ± 35 ab 1097.9 ± 21.3 gh
M9 2554 ± 23 f 1316 ± 25 g 1009 ± 41 bc 1517.2 ± 14.5 j

M10 2688 ± 26 gh 1116 ± 36 f 1375 ± 42 f 741.1 ± 17.5 d
M11 2107 ± 41 d 824 ± 41 c 1137 ± 50 de 381.1 ± 19.9 a
M12 2039 ± 42 d 978 ± 60 e 888 ± 24 ab 900.6 ± 14.3 e
M13 1886 ± 38 c 702 ± 21 bc 1059 ± 25 cd 637.2 ± 13.2 c
M14 1751 ± 24 b 747 ± 42 bc 873 ± 35 a 1054.0 ± 17.9 g
M15 1508 ± 25 a 564 ± 20 a 845 ± 41 a 1113.1 ± 10.1 h
M16 2996 ± 37 i 1631 ± 77 h 1075 ± 72 d 1554.9 ± 7.9 j
M17 2761 ± 31 h 1287 ± 50 g 1246 ± 38 e 535.5 ± 18.9 b

* expressed as malvidin-3-O-glucoside; ** expressed as (+)-catechin. Values represent mean of three replicates ± SD.
a, b, c: the means that do not bear a common letter differ significantly at the 0.05 level of significance.

The anthocyanin profile is quite specific for the same variety. Indeed, the HPLC analysis showed
how the anthocyanin profile of all the fourteen accessions was in accordance with the varietal profile
of Aglianico del Vulture grape (Table 3) [21]. Malvidin-3-O-glucoside is the main anthocyanin (as
in most red grapes), and is present in quantity above the 50% of all the other anthocyanins. While
delphinidin-3-O-glucoside and petunidin-3-O-glucoside have been detected in moderate amounts,
cyanidin-3-O-glucoside (the most oxidable one) is present only in traces. Concerning acylated
anthocyanins, the sum of p-coumaroylated ones is higher than the acetylated ones.

Table 3. The anthocyanins profile of berry skins.

Compound (%) M1 M2 M5 M6 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17

Dp-3-gl 5.2 3.6 4.5 6.0 4.2 5.5 3.3 6.5 4.5 5.5 8.1 5.2 4.4 4.3
Cy-3-gl 0.4 0.1 0.4 0.5 0.3 0.3 0.1 1.0 0.4 0.5 1.6 0.5 0.3 0.4
Pt-3-gl 6.0 5.3 5.6 7.4 6.4 6.0 5.1 7.0 5.2 5.7 7.7 6.0 6.9 5.9
Pn-3-gl 3.0 3.5 4.0 3.6 3.0 2.1 3.2 6.5 3.3 4.1 8.6 4.2 2.2 3.5
Mv-3-gl 58.1 58.5 60.1 57.7 58.0 62.6 60.0 55.9 60.0 54.1 52.4 53.7 61.0 59.1

Total acetylated 3.0 1.2 0.2 1.1 3.5 1.5 0.1 0.8 0.7 3.3 1.4 3.7 2.6 1.0
Total coumaroylated 24.3 27.8 25.2 23.7 24.6 22.0 28.2 22.3 25.9 26.8 20.2 26.7 22.6 25.8

There is a significant difference between the anthocyanin profile of grape and the actual
composition of wine. Indeed, anthocyanins can be implicated in chemical reactions (oxidation or
covalent linking with other compounds) might form intermolecular bonds (hydrogen bonds and
hydrophobic interactions) with other colourless molecules resulting in copigmentation complexes or
can polymerize with wine aging [22].

Both grape seeds and skins are good sources of polyphenolic compounds with antioxidant,
anti-inflammatory, cardiovascular, and cancer protective effects [23,24]. Phenolic compounds in grape seeds
are flavan-3-ols, mainly tannins [25], therefore the total flavonoids of seeds can be regarded as the tannins
content. Tannins increase the colour and shelf life of wines since they are able to link with anthocyanins
creating stable coloured polymeric pigments [26]. Tannins are important for chromatic (preserving wine
colour) and sensory (astringency, mouth feel) characteristic of wine, anyway seed tannins are slightly
different from skin ones (more esterification with gallic acid, lower degree of polymerization, different
percentage of B-ring hydroxylation). In order to produce wines with a low bitterness and astringency, it is
preferred a higher presence of skin proanthocyanidins over an excess of seed tannins in wines [27].
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The flavanols and proanthocyanidins analyses were carried out on both berries skins (Table 4)
and seeds (Table 5). The content of monomeric flavanols and tannins found in seeds was generally
greater than in the berry skins, indeed the values detected were up to 30 times higher in seeds. Gallic
acid content was higher in seeds, probably due to the hydrolysis phenomena. The procyanidins were
the predominant flavanols in both skins and seeds. The M1 accession was the richest in monomeric
flavanols in skins, whereas M1 and M2 were the richest in seeds flavanols, and M11 was the accession
with the lowest amount of seeds tannins.

Table 4. Gallic acid, flavanols and oligomeric proanthocyanidins content of berry skins (mg/kg of
grape, expressed as (+)-catechin). Values represent mean of three replicates ± SD. a, b, c: the means
that do not bear a common letter differ significantly at the 0.05 level of significance.

Compound M1 M2 M5 M6 M8 M9 M10

Gallic acid n.r. 0.7 ± 0.4 a 9.0 ± 0.1 f 10.5 ± 0.1 h 6.4 ± 0.2 c 9.8 ± 0.1 g 5.4 ± 0.2 b
(−)-Epigallocatechin n.r. n.r. n.r. n.r. 8.1 ± 0.5 c 1.5 ± 0.2 ab 1.4 ± 0.1 ab

(+)-Catechin 4.4 ± 0.3 f n.r. n.r. n.r. 1.0 ± 0.1 a 2.0 ± 0.1 cde 1.4 ± 0.2 ab
(−)-Epicatechin 6.3 ± 0.4 g 1.0 ± 0.3 a 2.5 ± 0.1 d 3.2 ± 0.2 e 2.2 ± 0.1 cd 3.9 ± 0.1 f 3.2 ± 0.2 e

(−)-Epigallocat. gallate 5.4 ± 0.3 g 4.1 ± 0.1 ef 2.7 ± 0.2 bc 4.6 ± 0.1 f 2.8 ± 0.2 bc 3.6 ± 0.1 de 3.1 ± 0.2 cd
Procyanidin B1 10.8 ± 0.3 f 6.9 ± 0.2 cd 7.3 ± 0.3 cd 6.9 ± 0.2 cd 7.1 ± 0.1 d 10.5 ± 0.3 e 6.1 ± 0.2 bc
Procyanidin B2 3.7 ± 0.2 a 5.2 ± 0.3 b n.r. n.r. n.r. n.r. n.r.
Procyanidin B3 1.1 ± 0.2 a 1.7 ± 0.1 b 1.1 ± 0.2 a n.r. n.r. 2.5 ± 0.1 de 2.4 ± 0.2 de
Procyanidin B4 2.0 ± 0.2 ab n.r. 3.4 ± 0.2 de 8.7 ± 0.5 h 6.3 ± 0.1 g 5.1 ± 0.1f 1.8 ± 0.2 ab

Compound M11 M12 M13 M14 M15 M16 M17

Gallic acid 9.7 ± 0.1 g 9.9 ± 0.1 gh 5.7 ± 0.3 b 8.2 ± 0.1 e 7.2 ± 0.2 d 12.2 ± 0.2 i 6.0 ± 0.3 bc
(−)-Epigallocatechin n.r. n.r. n.r. 1.6 ± 0.3 b 0.8 ± 0.1 a n.r. n.r.

(+)-Catechin 1.7 ± 0.1 bcd 1.6 ± 0.1 bc 1.5 ± 0.2 b 1.7 ± 0.1 bcd 1.6 ± 0.1 bc 2.4 ± 0.2 e 2.0 ± 0.1 cde
(−)-Epicatechin 2.3 ± 0.1 cd 2.4 ± 0.1 cd 1.7 ± 0.2 b 1.9 ± 0.2 bc 1.9 ± 0.2 bc 4.4 ± 0.1 f 2.5 ± 0.1 d

(−)-Epigallocat. gallate 3.4 ± 0.2 d 2.3 ± 0.1 ab 3.5 ± 0.3 d 2.1 ± 0.1 a 3.1 ± 0.3 cd 2.6 ± 0.1 abc 3.4 ± 0.2 d
Procyanidin B1 9.3 ± 0.4 e 7.3 ± 0.2 d 5.8 ± 0.1 ab 5.2 ± 0.1 a 7.7 ± 0.2 d 17.5 ± 0.5 g 6.3 ± 0.2 bc
Procyanidin B2 n.r. n.r. n.r. n.r. n.r. n.r. n.r.
Procyanidin B3 2.2 ± 0.1 cd 2.7 ± 0.2 e 2.6 ± 0.2 de 1.8 ± 0.1 bc 2.8 ± 0.1 ef 3.2 ± 0.2 f 1.6 ± 0.1 b
Procyanidin B4 2.9 ± 0.1 cd 4.9 ± 0.4 f 1.4 ± 0.1 a 3.7 ± 0.2 e 2.3 ± 0.1 bc 9.8 ± 0.3 i 4.5 ± 0.1 f

Table 5. Gallic acid, flavanols and oligomeric proanthocyanidins content of berry seeds (mg/kg of
grape, expressed as (+)-catechin). Values represent mean of three replicates ± SD. a, b, c: the means
that do not bear a common letter differ significantly at the 0.05 level of significance.

Compound M1 M2 M5 M6 M8 M9 M10

Gallic acid 31.1 ± 0.5 j 26.8 ± 0.3 i 8.3 ± 0.1 de 10.4 ± 0.2 g 13.2 ± 0.3 h 10.4 ± 0.1 g 6.0 ± 0.2 a
(−)-Epigallocatechin 65.6 ± 0.4 l 52.2 ± 0.3 k 26.9 ± 0.1 d 41.0 ± 0.5 h 38.1 ± 0.2 g 47.0 ± 0.2 j 21.7 ± 0.3 b

(+)-Catechin 136.1 ± 0.2 m 132.6 ± 0.2 l 59.6 ± 0.4 e 92.1 ± 0.3 i 85.8 ± 0.4 g 101.4 ± 0.1 k 47.7 ± 0.3 b
(−)-Epigallocat. gallate 93.9 ± 0.3 m 73.3 ± 0.2 l 40.6 ± 0.1 f 51.7 ± 0.1 h 59.9 ± 0.2 j 64.3 ± 0.1 k 31.1 ± 0.1 b
(−)-Epicatechin gallate 138.3 ± 0.3 n 106.7 ± 0.2 m 18.7 ± 0.2 d 24.3 ± 0.3 g 73.4 ± 0.2 l 29.3 ± 0.3 i 13.2 ± 0.1 b

(−)-Epicatechin 107.0 ± 0.3 m 90.3 ± 0.2 l 48.1 ± 0.2 e 55.0 ± 0.3 f 74.4 ± 0.3 k 68.1 ± 0.2 i 34.4 ± 0.2 b
Procyanidin B1 5.1 ± 0.2 l 4.6 ± 0.2 kl 2.4 ± 0.1 bcd 3.7 ± 0.2 hi 3.4 ± 0.2 fgh 4.0 ± 0.1 hijk 2.0 ± 0.2 b
Procyanidin B3 44.2 ± 0.3 j 39.6 ± 0.2 i 18.6 ± 0.4 d 33.5 ± 0.1 h 27.4 ± 0.3 f 34.1 ± 0.1 h 15.1 ± 0.2 b
Procyanidin B4 79.8 ± 0.3 l 47.1 ± 0.2 k 27.2 ± 0.4 e 32.4 ± 0.3 f 42.0 ± 0.3 j 41.2 ± 0.3 ij 19.7 ± 0.2 b
Procyanidin B2 14.3 ± 0.1 k 10.1 ± 0.1 j 6.0 ± 0.1 e 6.9 ± 0.1 f 8.3 ± 0.2 i 8.8 ± 0.4 i 4.0 ± 0.1 b

Other Procyanidins 137.1 108.9 35.3 75.2 73.4 100.5 89.2

Compound M11 M12 M13 M14 M15 M16 M17

Gallic acid 10.9 ± 0.1 g 9.0 ± 0.1 ef 7.0 ± 0.3 b 12.7 ± 0.3 h 7.3 ± 0.2 bc 7.9 ± 0.1 cd 9.3 ± 0.2 f
(−)-Epigallocatechin 17.0 ± 0.2 a 31.6 ± 0.1 f 23.8 ± 0.2 c 42.5 ± 0.4 i 29.2 ± 0.1 e 23.0 ± 0.3 c 42.6 ± 0.3 i

(+)-Catechin 40.7 ± 0.1 a 70.0 ± 0.3 f 55.0 ± 0.1 d 97.6 ± 0.2 j 58.7 ± 0.4 e 49.1 ± 0.1 c 87.4 ± 0.3 h
(−)-Epigallocat. gallate 20.2 ± 0.2 a 50.3 ± 0.3 g 32.6 ± 0.1 c 52.0 ± 0.3 h 37.8 ± 0.2 e 36.2 ± 0.2 d 54.5 ± 0.2 i
(−)-Epicatechin gallate 9.7 ± 0.2 a 21.3 ± 0.2 f 17.7 ± 0.3 c 70.1 ± 0.4 k 19.5 ± 0.2 e 43.8 ± 0.4 j 28.5 ± 0.3 h

(−)-Epicatechin 26.3 ± 0.1 a 59.2 ± 0.1 g 41.6 ± 0.1 cd 70.8 ± 0.2 j 41.1 ± 0.4 c 42.2 ± 0.1 d 60.6 ± 0.3 h
Procyanidin B1 1.2 ± 0.4 a 2.6 ± 0.1 bcde 2.0 ± 0.3 b 3.0 ± 0.2 defg 2.8 ± 0.1 cdef 2.2 ± 0.2 bc 3.7 ± 0.2 hij
Procyanidin B3 10.8 ± 0.2 a 21.5 ± 0.4 e 17.8 ± 0.3 c 28.4 ± 0.2 g 22.1 ± 0.2 e 18.1 ± 0.1 cd 29.0 ± 0.3 g
Procyanidin B4 17.4 ± 0.1 a 34.9 ± 0.2 g 23.6 ± 0.2 c 40.5 ± 0.2 i 25.1 ± 0.2 d 24.8 ± 0.1 d 36.9 ± 0.3 h
Procyanidin B2 2.9 ± 0.2 a 7.3 ± 0.1 g 4.7 ± 0.2 c 7.6 ± 0.1 h 5.4 ± 0.2 d 4.6 ± 0.3 c 7.7 ± 0.1 h

Other Procyanidins 48.1 121.8 90.8 134.8 49.6 91.7 141.3

Resveratrol is a phytoalexin since it is synthesised as a response to stress, injury, infection, or
UV-light in the plants [28]. In vitro and animal experiments have shown that it possesses many health
benefits mainly concerning cardiovascular disease prevention [29] and some authors attributed health
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benefits of red wine consumption mainly to resveratrol [30]. As shown in Table 6, M1 and M14 showed
the highest amounts of resveratrol. In general, the values found in the accessions analyzed were
higher than values found in previous works [17], with the only exception of M2 and M10. Although,
the resveratrol content depends on both biotic (variety) and abiotic (climatic conditions, agronomic
practices, harvest time, etc.) factors, the differences found can be addressed to genetic factors since the
plants were grown in the same vineyard, following the same irrigation and frost protection methods,
vine training system, as well as fertilization and pest control management.

Table 6. Resveratrol and flavonols in berry skins (mg/kg of grape). Values represent mean of three
replicates ± SD. a, b, c: the means that do not bear a common letter differ significantly at the 0.05 level
of significance. ‡ Sum of two glycosides: glucuronide and glucoside.

Sample Resveratrol Myricetin Derivatives ‡ Quercetin Derivatives ‡ Kaempferol Derivatives ‡

M1 16.8 ± 0.6 i 66.5 ± 0.4 i 71.9 ± 3 e 30.5 ± 1.9 g
M2 5.1 ± 1.4 a 29.1 ± 0.2 fg 33.6 ± 1.3 ab 9.4 ± 0.6 b
M5 9.1 ± 0.2 cde 19.0 ± 0.1 d 33.5 ± 1.2 ab 0.5 ± 0.5 a
M6 11.8 ± 0.3 gh 66.0 ± 1.0 i 94.0 ± 3.2 f 19.3 ± 0.4 cd
M8 11.0 ± 0.2 fg 28.7 ± 0.9 f 92.5 ± 1.9 f 45.7 ± 1.0 h
M9 7.6 ± 0.1 b 31.1 ± 1.5 gh 62.2 ± 4.7 d 25.2 ± 0.6 f
M10 6.0 ± 0.2 a 14.3 ± 0.2 b 40.2 ± 0.3 bc 18.0 ± 0.4 cd
M11 11.7 ± 1.1 fgh 14.7 ± 0.4 bc 41.3 ± 0.2 bc 16.4 ± 0.5 c
M12 8.8 ± 0.4 cd 19.2 ± 0.2 de 37.8 ± 1.7 b 15.8 ± 1.7 c
M13 8.9 ± 0.3 cde 16.2 ± 0.7 bc 46.8 ± 4.2 c 23.4 ± 0.6 ef
M14 15.8 ± 0.5 i 12.1 ± 0.2 a 29.2 ± 0.5 a 8.5 ± 3.2 b
M15 7.5 ± 0.1 b 14.3 ± 0.6 b 56.6 ± 3.6 d 30.6 ± 0.6 g
M16 10.6 ± 0.3 f 32.3 ± 1.4 h 101.0 ± 4.2 f 44.8 ± 0.4 h
M17 8.6 ± 0.2 c 20.9 ± 0.3 de 46.3 ± 1.9 c 21.3 ± 1.1 de

The flavonols analysis showed a high quantity of glycosylated (3-O-glucuronide and
3-O-glucosyde) myricetin, quercetin, and kaempferol in grape skins (Table 6), with quercetin
derivatives being the most representative in all the accessions. The grapes with highest flavonols
content were the M1, M6, M8, and M16.

A PCA was carried out on all of the grape accessions, the variables were skin total anthocyanins,
total flavonoids, flavonoids other than anthocyanins, flavonols, resveratrol, and seeds flavonoids
(mainly tannins). PCA is a useful tool for reducing and interpreting large multivariate data sets
and for discovering previously undetectable relationships. This dimensionality-reduction technique
transforms the data of a high-dimensional data set into a new, lower-dimensional subspace (i.e., a
new coordinate system). To determine the appropriate number of principal components (PCs) to be
retained, we employed the scree plot and the Kaiser’s criterion. The number of PC retained was two,
indeed PC1 and PC2 together were able to explain a large part of the variance in the original dataset.
In the new coordinate system, the X-axis corresponds to the first principal component (PC1), which is
the component that explains the greatest highest amount of the variance in the data (53.3%) while the
orthogonal Y-axis is the second principal component (PC2), which explains the 18.1% of the variance
of the dataset, for a total of 71.4%. The PCA biplot (Figure 1) shows both the loadings of each variable
(the relationship between the original variables and the subspace dimension) and the score points/the
component score of each observation (a projection of data onto the subspace for the two selected PCs).
The relationship between the original variables and the subspace dimension can be seen from the
different loadings of the variables on PC1 and PC2. Indeed, in the PCA biplot we can see that skin
anthocyanins, flavonoids, resveratrol, and flavonols vectors are close to the negative X-axis, which
means that these variables have heavy loadings for PC1, even if they are negatively correlated with
it (negative correlation coefficients). The variables with the heaviest loading for PC2, i.e., the main
original variables which mainly contributes to the negative Y-axis, is total flavonoids in seeds (negative
correlation coefficient −0.50) and flavonoids other than anthocyanins (positive correlation coefficient
+0.66). The position of the samples in the PCA biplot was used to interpret relationships between
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observations. The accessions richest in skin antioxidants (negative PC1 values) are M1, M6, and M16.
Among these accessions, M1 also has the highest amount of seed polyphenols (negative PC2 value).
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4. Discussion

Among the factors that able to influence the final composition of wine (i.e., pedoclimatic
conditions, viticultural, and winemaking practices) the grape composition is of paramount importance.
Indeed, the evaluation of the polyphenolic content of red grapes is of fundamental importance for the
production of red wines of quality, since they determine the colour, contribute to the taste/structure
and improve the wine resistance against oxidation.

In this article fourteen Aglianico accessions were analysed at harvest in terms of both qualitative
and quantitative characterization of berry skins and seeds as to assess the secondary metabolites
production capacity of each plant in terms of the content of compounds that are able to affect
peculiar characteristics of the wine. The Aglianico del Vulture DOC wine is obtained by single-variety
winemaking of Aglianico grapes. This red wine cannot be marketed before one year from harvest and
is ideally suited for aging (3–5 years). The grape composition is important to assess the winemaking
procedure to perform and the final product to obtain: e.g., accession with high seeds tannin content
might produce highly astringent wines, which are not appreciated by consumers. Therefore, during
red winemaking, grape seeds could be partially or totally removed during fermentation, or the time of
contact between must and solid parts of grape must be carefully controlled, in order to extract enough
anthocyanins but to avoid the release of an excessive amount of compounds present in seeds into
the wine.

Among the accessions richest in skin antioxidants M6 and M16, look like the most interesting
ones since they are characterized by the richness of skin antioxidants and are poor of seed tannins
which means that could be used in a conventional red winemaking to obtain intense red wines (high



Beverages 2017, 3, 45 9 of 11

level of skin anthocyanins), rich in antioxidants (flavonoids), and not very astringent (seed tannins
are low). Between the two accessions, M16 showed lower amounts of seeds tannins, therefore, looks
more suitable for the production of less astringent red wines. It is known that tannins increase the
colour and shelf life of wines since they are able to link with anthocyanins, creating stable coloured
polymeric pigments. Anyway, there is an important difference between grape seed and skins flavanols:
seed tannins can increase not appreciated features of wines such as astringency and bitterness [26].
M1 is another accession rich in antioxidants and pigments, moreover with the highest t-resveratrol
content, anyway is the richest in seed tannin, therefore during winemaking precaution will be taken in
order not to produce a very tannic and coarse wine.

Concerning the other samples, they do not look as promising candidates for high-quality red
wines. Anyway, with Aglianico grape, it is also possible to produce rosé and sparkling wines. Therefore,
for accessions poor of skin antioxidants and pigments, with more or fewer seed tannins, a rosé or a
sparkling version of this wine could be produced. Indeed, even a high content of tannins would not be
an issue since the winemaking for both rosé and sparkling wines is performed without maceration
with solid parts of grape. In the PCA biplot, it is possible to individuate smaller groups such as:
M9 and M8 accessions with a low content of skin antioxidants and coloured compounds and seed
tannins not in a very large amount; M2 and M14 rich in seed tannins and low in skin antioxidants and
pigments; M10, M11, and M17 poor of skin antioxidants (with the exception of flavonoids other than
anthocyanins) and negatively correlated with seeds tannins; finally M5, M12, M13, and M15 which are
negatively correlated with antioxidants compounds present in grape skin, and show a poor content of
seed tannins. Even if these accessions do not look like optimal candidates for a long aging red wine,
alternative winemaking might be performed to produce rosé or sparkling wines, planning an early
grape harvest in order to have lower sugar content and a higher fixed acidity.

These results are of significant interest since providing useful information for winemakers, indeed,
knowing both the skin and seed content of grape berries, it is possible to choose the best winemaking
technique (maceration time, partial seed removal, délestage, racking, etc.) in order to produce a wine
with improved features such as antioxidant content, sensory characteristics, and colour stabilization
over time. The present work could represent a good basis for future programs of clonal selection for
the improvement of Aglianico del Vulture red wine production.
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