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Abstract

Grape skins and seeds are sources of various quality characters of grapevine varieties, such as phenolic compounds,
anthocyanins, resveratrol etc. The Greek vineyard is characterized by a large number of indigenous grapevine varieties which
remain almost unexploited in terms of their different phenolic content. The aim of this study was to assay the polyphenolic
content of seven red native Greek grapevine varieties (‘'Kolliniatiko’, ‘Bekari’, ‘Bakouri’, ‘Kountoura mavri’, ‘Doubrena mavri’,
“Thrapsa’, and ‘Mavro Spetson’) using high performance liquid chromatography (HPLC) coupled with a diode array detector
and spectrophotometer. All studied varieties were cultivated in the same area and under the same conditions. The results
revealed that despite the fact that anthocyanins and phenolic compounds content were in high levels for all varieties,
statistically significant differences were recorded among them. The highest anthocyanins concentration was recorded in
‘Kolliniatiko’, while the lowest anthocyanins concentration was recorded in ‘Mavro Spetson’. Grapevine variety ‘Mavro
Spetson’ presented the highest concentration of total phenolic compounds, with statistically significant difference compared to
‘Kountoura mavri’ and ‘Bekari’. Grapevine varieties ‘Kolliniatiko” and ‘Bekari’ presented the highest concentrations in trans-
resveratrol and piceid content, while grapevine variety ‘Doubrena mavri’ presented the highest concentration in vanillin
content. These unexploited rare native cultivated varieties contained appreciable amounts of non-colored phenols as well as

anthocyanins, meaning that they would be worthy of further study and use for the production of quality wines.

Keywords: anthocyanins, grape seeds, grape skins, polyphenols, tannins, Vitis vinifera

Introduction

The phenolic composition of grapes has been studied by
many researchers (Ferndndez ez al., 1993; Vrhoviek, 1998;
Pastrana-Bonilla ¢ al, 2003; Kammerer ez al., 2004;
Mozetié et al., 2006; Nicoletti et 4l., 2008; Hollecker ez al.,
2009).

In the past few years there has been an increasing interest
in determining relevant dietary sources of antioxidant
phenolics and their potentially beneficial effects for human
health (Shirkande, 2000).

Resveratrol and other phytochemicals in grapes may
reduce the risk of cardiovascular disease. For example, in
studies conducted with grapes and grape juice, clinical trials

have demonstrated decreased platelet aggregation (Pace-
Asciak et al, 1996; Folts, 1998; Keevil et al, 2000;
Freedman ef al., 2001), improved endothelial function
(Stein ez al., 1999; Coimbra e al., 2005; Lekakis ez al.,
2005), reduced blood pressure (Park ez al, 2004), and
positive influences on biomarkers such as HDL, LDL, apo-
B, and MCP-1 (Hansen et al., 2005; Zern et al., 2005;
Castilla ez al., 2006). Accordingly, it is apparent that grape
consumption can modulate several factors that are
associated with health benefits.

Grapes (Vitis vinifera L.) are among the fruits with the
highest content of these compounds. A large amount of
different phenolic compounds is present in skin and seeds,
and they also undergo partial extraction during winemaking
processes (Revilla and Ryan, 2000). Phenolics are divided
into two groups: flavonoid (anthocyanins, flavan-3-ols,
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flavonols) and non-flavonoid compounds (hydroxybenzoic
and hydroxycinnamic acids, stilbenes). Every family of
polyphenols is directly responsible for the special
characteristics of specific grapevine varieties and the
resulting wine. Anthocyanins are flavonoids commonly
found in plant tissues, responsible for the red, blue, and
purple colours of most flowers and fruits. They are
glycosylated derivatives of 3,5,7, 30-tetrahydroxyflavylium
cation, i.e. anthocyanidin; this aglycon part of the flavonoid
structure, is renamed to anthocyanin when glycosylated.
Among the different anthocyanidins found in nature, six
occur frequently and are of most dietary importance:
cyanidin, delphinidin, peonidin, pelargonidin, petunidin,
and malvidin. Anthocyanins are important polyphenols in
the red grape skin, while flavan-3-ols are the major
polyphenols in the seeds (Bourzeix et al., 1986; Cheynier
and Rigaud, 1986; Makris ef 4l., 2006). For this reason,
grape seed extract has become popular in recent years as a
nutritional supplement (Waterhouse ¢ 4/, 2000). Similar
research studies have been conducted mainly in Greek wine
grape varieties (Kallithraka ez 4/., 2006; Petropoulos et 4.,
2017).

The current study investigated the total and individual
phenolic composition both in the berry skin and seeds of
seven Greek red grapevine cultivated varieties. It should be
noted that the studied varieties are cultivated in small
surface areas and in multi-variety vineyards, together with
other red grapevine varieties. More specifically, the
viticultural areas of the studied varieties are the Peloponnese
(‘Kolliniatiko’, ‘Bakouri’, ‘Thrapsa’, ‘Mavro Spetson’),
Epirus (‘Bekari’), Attica, Evvoia (‘Kountoura mavri,
‘Doubrena mavri’). These varieties, because of the black
color of the berry skin, are usually included in the large
group of varieties under the generic name ‘Mavroudia’.

A recent study that employed the ampelographic
description and the molecular method SSR has shown that
twenty-one (21) grapevine varieties belonging to this large
group of the Greek ‘Mavroudia’ exhibits significant genetic
heterogeneity, while high degree of genetic similarity was
detected between the varieties ‘Mavro Spetson’ and
‘Kountoura mavri’ (Stavrakaki and Biniari, 2017).

The objective of this study was to determine the total
and individual phenolic composition of seven red grapevine
varieties belonging to the ‘Mavroudia’ group, both in the
berry skin and seeds of these varieties.

Materials and Methods
Plant material

Seven red grape native varieties (Vitis vinifera L.) were
chosen in order to assay their polyphenolic content. The
studied varieties and the viticultural areas in which their
cultivation is recommended or allowed according to the
Greek legislation are presented in detail in Table 1. It should
be noted that these varieties are preserved in the
Ampelographic Collection of the Laboratory of Viticulture
(Agricultural University of Athens, AUA), from where the
samples were collected. The experimental vineyard is
located in Athens (coordinates 37° 58’). The vines are
bilateral cordon-trained (bilateral Royat), with 2.2 m x 1.2
m distances. The vines are spur-pruned to 1-2 node spurs
and the wsual viticultural techniques are applied

(fertilization: 11-15-15 NPK, dose 250-300 g/vine; canopy
management  techniques: shoot thinning, topping;
irrigation). The experiment took place during the
cultivation period of 2015-2016.

Reagents and chemicals

The different phenolic compounds analysed were
identified according to their order of elution and the
retention times of pure compounds.

Anthocyanins (cyanidin-3-O- glucoside, delphinidin-3-
O- glucoside, petunidin-3-O- glucoside, peonidin-3-O-
glucoside, malvidin-3-O- glucoside) were purchased from
Extrasynthese (Gemay, France).

Non-coloured phenolics were purchased from different
sources. More specifically, gallic acid, protocatechuic acid,
catechin, vanillic acid, caffeic acid, syringic acid, vanillin,
epicatechin, ferulic acid, sinapic acid, m-coumaric acid, p-
coumaric, and rutin were purchased from Sigma (St. Louis,
USA); luteolin, procyanidin B1, procyanidin B2, e-viniferin,
quercetin, trans-resveratrol, and piceid were purchased from
Extrasynthese (Gemay, France); and coutaric acid, caftaric

acid, and fertaric acid were purchased from PhytoLab
GmbH & Co. KG (Germany).

Bunch mechanical properties (weight, length and width)

Random bunches from different vines were collected of
each grapevine variety. For each one of these bunches, their
weight was measured using a precision scale and their length
and width were determined using callipers with 0.01 mm
accuracy.

Sample preparation

For the berry skin extraction, approximately 100 frozen
berries were manually peeled. Skins were dried in a freeze
drier. To prepare the extracts, 0.4 g dried skins were mixed
with 4 mL extraction medium water/methanol/
acetone/HCL (19/40/40/1), homogenized for 1 min at
8000 rpm in an Ultra Turrax homogenizer and the extracts
were shaken in controlled temperature vacuum at 150 rpm
for 30 min at room temperature (25 °C). Samples were
centrifuged at 4500 rpm for 10 min. The supernatants were
collected and the extraction procedure was repeated two
more times. All fractions were combined and the
supernatants were stored at -80 °C until the analysis.

For the berry seed extraction, 0.4 g of milled seeds were
mixed with 4 mL extraction medium water/ methanol/
HCL (19/80/1), homogenized for 1 min in an Ultra
Turrax homogenizer and the extracts were shaken in
controlled temperature vacuum at 150 rpm for 60 min at

Table 1. Grapevine varieties studied and sampling areas

a/a Grapevine variety * Berry skin color b Growing region
1 Kolliniatiko N Peloponnese
2 Bekari N Epirus
3 Bakouri N Peloponnese
4 Kountoura mavri N Attica, Evvoia
5 Doubrena mavri N Attica, Evvoia
6 Thrapsa N Peloponnese
7 Mavro Spetson N Peloponnese

a: Transliteration of the original Greek name of variety into Latin characters

b. N: noir (black)
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room temperature (25 °C). Samples were centrifuged at
5000 rpm for 10 min. The supernatants (4 mL) were
collected and the extraction procedure was repeated two
more times, resulting at a total extraction volume of 12 mL.

Determination of soluble solids, pH and total titratable
acidity

Soluble solids were determined in fruit juice using an
ATAGO Nl-a refractometer with a 0-32 °Brix
measurement range with 0.28 °Brix increments, and no
temperature compensation. Total titratable acidity was
measured by titration with 0.1 N NaOH solution. Total
titratable acidity was expressed as tartaric acid, the most
abundant organic acid in Vitis vinifera grapes.

Determination of total phenols and anthocyanins

Total phenols and anthocyanins were measured with
the method of Somers and Evans (1977) with some
modifications. An aliquot of the extract was dissolved in
methanol 1:50. To measure anthocyanins and total phenols,
0.5 mL of the dissolved extract was added to 10 mL HCL
IM. Tubes stayed in the dark for 3h and the concentration
of total anthocyanins and total phenols was determined
spectrophotometrically at 520 and 280 nm. The
concentration of total phenols was estimated from a
calibration curve, constructed by plotting known solutions
of catechin (12.5-200 pg/mL). The concentration of total
anthocyanins was estimated from a calibration curve,
constructed by plotting known solutions of malvidin 3-O
glucoside (12.5-200 pg/mL). The results are expressed as
mean (milligrams of catechin equivalent per gram of fresh
matter).

Determination of total flavonoid content

Total flavonoid content was determined using a
colorimetric method described by Dewanto ez al. (2002).
An aliquot of the extract was dissolved in methanol 1:50.
Briefly, 025 mL of the dissolved extract or catechin
standard solution was mixed with 1.25 mL of distilled water
in a test tube followed by addition of 75 uL of 5% NaNO;
solution. After 6 min, 150 pL of a 10% AICL. 6H.O
solution was added and allowed to stand for another 5 min,
and 0.5 mL of 1 ml NaOH was added. The mixture was
brought to 2.5 mL with distilled water and mixed well.
Absorbance was measured immediately against the blank at
510 nm. The concentration of total flavanols was estimated
from a calibration curve, constructed by plotting known
solutions of catechin (12.5-200 pg/mL). The results are
expressed as mean (milligrams of catechin equivalent per
gram of fresh matter).

Determination of total flavanols

The total flavanol content was estimated using the p-
dimethylaminocinnamaldehyde (DMACA) method (Vivas
et al., 1994; Li et al., 1996; McMorrough ez al., 1996).
Extract (0.2 mL), diluted 1:50 with methanol, was
introduced into a 15-mL tube and added ImL DMACA
solution (0.1% in 1 N HCI in MeOH). The mixture was
vortexed and allowed to react at room temperature for 10
min. Following this, the absorbance at 640 nm was read
against the blank. The concentration of total flavanols was

929
estimated from a calibration curve, constructed by plotting
known solutions of catechin (12.5-200 pg/mL). The results
are expressed as mean (milligrams of catechin equivalent per
gram of fresh matter).

Determination of flavone and flavonol content

An aliquot (2 mL) of the test solution, 20 mL methanol
and 1 mL 5% aluminium chloride in methanol (w/v) were
mixed in a volumetric flask and the volume was made up to
50 mL with methanol. The mixture was left for 30 min and
the absorbance was measured at 425 nm (Bonvehi ez 4l,

1994).

Analysis by HPLC

Anthocyanins and phenols were analysed using the high-
performance liquid chromatography (HPLC) method. The
identification was based on comparing retention times and
on-line spectral data in comparison with original standards.
The quantification was performed using the calibration
curves of each standard compounds. The concentration was
estimated from a calibration curves, constructed by plotting
known solutions (1.25-20 pg/mL). The results were
expressed as mean (milligrams of catechin equivalent per
gram of dry matter).

The analyses were performed using an HPLC Shimadzu
Nexera comprising a gradient pump, Shimadzu Nexera X2,
a ProStar model 410 AutoSampler, a ProStar model 330
Photodiode Array Detector was performed on a reversed-
phase Waters C18 x select (250 mm x 4.6 mm, 5 mm) at a
temperature of 25 °C.

HPLC analysis of anthocyanins

For the measurement of anthocyanins with HPLC, 1
mL of the supernatant was evaporated with a sample
concentrator at room temperature under a stream of
nitrogen gas and the pellet was dissolved in 20 mL of 50%
methanol in water.

Anthocyanins (cyanidin-3-O- glucoside, delphinidin-3-
O- glucoside, petunidin-3-O- glucoside, peonidin-3-O-
glucoside, malvidin-3-O- glucoside), monomeric and
dimeric phenols [(+)-catechin, (-)-epicatechin, proantho-
cyanidin B1 and B2, gallic acid, protocatechuic acid, caftaric
acid, vanillic acid, caf?eic acid, coutaric acid, vanillin, syringic
acid, fertaric acid, p-coumaric, m-coumaric, piceid, ferulic
acid, sinapic acid, rutin, trans-resveratrol, e-viniferin,
quercetin, luteolin)] were determined by HPLC-DAD
system (Shimadzu Nexera).

For the separation of monomeric anthocyanins, a
250x4.6 mm id., 5 pm, Waters x select C18 column
operating at 30 °C was employed. The eluent was composed
of (A) H:O/HCOOH (90:10) and (B) CH;OH (100),
and the flow rate was 1 mL/min. Thc following hnear
gradient program was used for the elution: 5% B for 0 min,
from 5% to 50% B in 25 min, from 50% to 95% B in 30
min, followed by a return to the initial conditions in 10 min
and re-equilibration of the column. The chromatogram was
monitored at 520 nm.

HPLC analysis of individual phenols
For the measurement of individual phenols with HPLC,
liquid extraction took place; 0.5 mL extract was mixed up
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with 4 mL ethyl acetate with vortex and the supernatant
was separated. The supernatant was washed 2 times with
distilled water. Finally, the supernatants were evaporated
with a sample concentrator and the pellets were dissolved in
1 mL of 50% methanol. Finally, 1.5 mL was filtered through
a0.22 um membrane before the HPLC analysis.

For the separation of monomeric and dimeric phenols, a
250x4.6 mm ID, 5 um, Waters x select C18 column
operating at 30 °C was employed. The eluent was composed
of (A) H;O/HCIO4(99:1) and (B) CH5OH (100), and the
flow rate was 0.5 mL/min. The following linear gradient
program was used for the elution: 0% B for 2 min, from 0%
to 5% B in 16 min, from 5% to 10% B in 25 min, from 10%
to 15% B in 50 min, from 15% to 25% B in 90 min, from
25% to 45% B in 120 min, from 45% to 75% B in 145 min,
from 75% to 90% B in 150 min, from 90% to 95% B in 155
min, followed by a return to the initial conditions in 10 min
and re-equilibration of the column. The chromatogram was
monitored at 280, 320, and 360 nm.

Data analysis

All results were expressed as mean *+ SE (Standard
Error) of the three (3) replications out of three (3)
samples/bunches (iec. the three bunches were considered as
one replication). All determinations were analysed in
triplicate. Data were processed by analysis of Variance
(ANOVA) and the statistical significance was processed
using the Student’s test at P > 0.05. All statistical analysis
and correlations were obtained using JMP v. 10 statistical
software (SAS Institute Inc., Cary, NC, USA).

Results

The results (mean value and standard error) obtained
for the skins and seeds of the studied grapevine varieties are
shown in Tables 2, 3, 4, 5, and 6. Statistically significant
differences were found between the studied varieties and for
each compound analysed. These differences were
highlighted with different super indexes.

Grape mechanical properties and characters of the must

The grapevine variety ‘Bekari’ presented the highest
length of the bunch (23 cm), with statistically significant
difference compared to the other varieties, whose bunch

length ranged from 17.3 cm to 15.8 cm. The grapevine

varieties “Thrapsa’ and ‘Doubrena mavri’ presented the
highest width and weight of the bunch, with no statistically
significant difference between them. The grapevine variety
‘Kolliniatiko’ showed the highest concentration of total
soluble solids and of pH (23.1 °Brix and 3.86 respectively).
The highest value in total acidity was recorded in the
grapevine variety ‘Kountoura mavri’ (7.5 g tartaric acid/L),
with statistically significant difference compared to the
other grapevine varieties (Table 2).

Polyphenols in berry skin and seeds

The results of ANOVA presented in Table 3 show that
the berry skins of grapevine variety ‘Mavro Spetson’
presented (a) the highest concentration of total phenolics
and total flavonoids, with no statistically significant
difference compared to ‘Kountoura mavri’; and (b) the
highest concentration of condensed tannins, with no
statistically significant difference compared to ‘Bekari’. It
should be noted that the condensed tannins (or
proanthocyanidins) derived from grapes that are of most
interest in enology and viticulture. Information regarding
viticultural impacts on tannin biosynthesis, concentration
and composition is of critical importance to improve the
understanding of astringency, mouth-feel and colour
attributes of red wine (Sarneckis ez 4/, 2006). Furthermore,
the grapevine varieties of the present study exhibited higher
concentration of condensed tannins, compared to other
grapevine varieties, such as ‘Cabernet Sauvignon’, ‘Merlot’
and others (Seddon and Downey 2008).

The grapevine variety ‘Kountoura mavri’ presented the
highest value regarding the seed total flavonoids
concentration, as well as the highest concentration of total
phenolics and condensed tannins, with no statistically
significant difference compared to ‘Mavro Spetson’.

The berry skin of all studied varieties contained the five
basic anthocyanins (cyanidin 3-O-glucoside, delphinidin 3-
O-glucoside, petunidin  3-O-glucoside, peonidin 3-O-
glucoside, malvidin 3-O-glucoside) (Table 4). It should be
noted that the one of the main class of phenolic compounds
in grapes, from a red wine quality perspective, are the
anthocyanins (Lorrain ez al., 2011).

The grapevine variety ‘Kolliniatiko’ exhibited the
highest concentration of total anthocyanins as well as of all
individual anthocyanins (except for peonidin). In fact, it

Table 2. Grape mechanical properties and characters of the must (mean + SE)

M,
Trait Kolliniatiko Bekari Bakouri Kountouramavri ~ Doubrena mavri Thrapsa e
Spetson
Total soluble solids
(Brix) 23.1+0.06a 21.3£0.03 b 18.6+0.06 ¢ 15.6+0.06 ¢ 16.0+£0.01 d 14.9+0.06 £ 13.8+0.03 g
rix
pH 3.86+0.003 a 3.83+0.006 b 3.63+0.003 ¢ 3.11£0.006 g 3.47+0.001 ¢ 3.39£0.008f  3.59+0.003d
Total acidity (gr
52540217 ¢ 3.75+0.127 ¢ 6.0+£0.09 b 7540217 a 45+0.127d 5.25+0.172 ¢ 3540172 ¢
tartaric acid/ L must)
Length of grapes (cm) 162+0.4b 23.0+1.7a 16509 b 17.3:0.3b 16509 b 17.3+1.8 b 15.8+2.1b
Width of grapes (cm) 82+03d 8.8+0.7d 11.5+0.9 be 11.7+0.3 be 12.3+0.4 ab 143+0.6a 9.5¢1.3 cd
Weight of
120.0+10.0 ¢ 216.0+48.8 be 2747+21.7b 227.0£5.1 be 309.74£29.2 ab 4253+89.4a  221.3+37.1bc

grapes (g)
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Table 3. Berry skin and seeds total phenolics, total flavonoids and condensed tannins (mean + SE)
Kountoura
Element (content)/Cultivar Kolliniatiko Bekari Bakouri . Doubrena mavri Thrapsa Mavro Spetson
mavri
Skin (mg
gallic acid / 7.38+0.720 10.72+0.652 4.97+0.299 9.16+0.732 440+ 0475 7.83+ 1.029 16.19+ 0.724
gr fresh c b d be d c a
tissue)
Total phenolics
Seeds (mg
gallic acid / 23.86+1.835 23.53+2.240 26.36+1.568 40.30+ 1.348 27.76£1.197 31.99+1.873 39.23+5.054
gr fresh d d cd a cd be ab
tissue)
Skin (mg
10.66+0.414 14.56+0.184 8.64+0.288 17.45+£3.172 13.08+0.279 15.13+0.933 20.98+2.901
catechin/ gr
cd be d ab bed be a
Total fresh tissue)
flavonoids
Seeds (mg
44.48+0.890 46.46+3.407 50.11+1.746 88.70+ 1.387 63.03+ 3.040 66.19+0.278 74.07+1.288
catechin/ gr
d d d a c c b
fresh tissuc)
Skin (mg 19.23+
41.70+ 1.016 17.96+ 0.496 31.04+0.655 18.16+ 1.039 31.69+ 3.930 45.30+2.363
catechin/ gr 1.606
A a c b c b a
Condensed fresh tissuc) ¢
tannins Seeds (mg 7274+
112.73+3.692 98.89+3.417 151.96+3.573 97.68+ 4.136 109.39+10.226 145.85+3.858
catechin/ gr 1242
b b a b b a
fresh tissuc) c

was ‘Bekari” which showed the highest concentration of
peonidin, with statistically significant difference compared
to all other studied varieties. The grapevine varieties
‘Kountoura mavri’ and ‘Doubrena mavri® presented high
concentration of malvidin, without statistically significant
difference compared to ‘Kolliniatiko’. Based on the above
results, malvidin seems to be the dominant anthocyanin,
something which is in agreement with previous studies
(Boss and Davies 2009; Chiou ez al., 2014).

The ANOVA results (Table 5) have shown, that in
general, the monomers (+)-catechin and (-)-epicatechin
were the most abundant, assayed in concentrations in the
berry skins ranging from 43,42 pg/g to 159.40 g/ g and
17,04 to 46,68 pg/ g fresh tissue respectively. These results
correlate well with previous findings on different Greek
Vitis viniféra varieties (9.58 to 22.40 mg/100 g and 3.94 to
13.53 mg/ 100 g) (Sakkiadi ez 4/., 2007; Anastasiadi ez 4.,
2010).

The grapevine variety ‘Mavro Spetson’ presented the
highest concentration of berry skin catechin, procyanidin
B1 and total flavanols. The grapevine variety ‘Doubrena
mavri’ showed (a) the highest concentration of epicatechin
with no statistically significant difference compared to
‘Mavro Spetson’, and (b) the highest concentration of
procyanidin B2, with no statistically significant difference
compared to the other studied varieties.

Grapevine variety ‘Bakouri’ presented the highest
concentration of seed total flavanols, with no statistically
significant difference compared to ‘Kountoura mavri’.

From the overall results, it is confirmed that the seeds of
all studied varieties have higher concentration of flavanols
compared to the skin, something that is in agreement with
previous reports (Makris ¢ al., 2006; Ribereau-Gayon ez 4.,
2006; Stavrakakis, 2013).

Regarding the berry skin flavonol content, the highest
concentrations of luteolin, quercetin, and rutin were
recorded in grapevine varieties ‘Doubrena mavri’, ‘Mavro
Spetson’ and ‘Bekari’ respectively. No statistically significant
difference between grapevine varieties ‘Mavro Spetson’
emerged regarding the quercetin concentration. The
grapevine  variety ‘Bekari’ exhibited the highest
concentration of berry skin total flavonols and flavones with
no statistically significant difference compared to
‘Kolliniatiko’.

Regarding the seed total flavonols and flavones, the
highest concentration was recorded in grapevine variety
‘Kountoura mavri, with no statistically significant
difference compared to ‘Bakouri’ and ‘Mavro Spetson’.

Were we to compare the grapevine varieties of the
present study with other related studies, it appears that they
are all characterized by high concentrations of flavonols and
flavones, especially luteolin and rutin. (Iacopini e /., 2008;
Anastasiadi ez 4/., 2010).

In addition, it was also found that the concentration of
total flavonols and flavones is higher in the skins than in the
seeds (Makris et al., 2006; Ribereau-Gayon et al., 2006;
Stavrakakis, 2013).

Hydyoxybenzoic acids

The grapevine variety ‘Doubrena mavri’ presented the
highest concentration of gallic acid, with no statistically
significant difference to ‘Kolliniatiko’ (Table 6). At the
same time, “Thrapsa’ showed the highest concentration of
protocatechuic acid, with no statistically ~significant
difference compared to ‘Doubrena mavri, ‘Bekari’ and
‘Kontoura mavri’. The grapevine variety ‘Bakouri’ showed
the highest concentration of vanillic acid compared to
‘Doubrena mavri’ and ‘Bekari’, while it also presented the
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Table 4. Berry skin individual and total anthocyanins (mean + SE)

Kountoura Doubrena Mavro
Element (content)/Cultivar Kolliniatiko Bekari Bakouri Thrapsa

mavri mavri Spetson

Cyanidin 3-O-
0.051+0.002 0.042+0.002 0.007+0.002 0.007+0.001 0.007+0.001 0.013+0.001 0.007+0.005

lucosid /
gucoside (mg a b cd cd cd G d
gr fresh tissue)
Delphinidin 3-
0.386+0.017 0.064+0.004 0.029+0.006 0.063+0.004 0.059+0.004 0.019+0.002 0.023+0.008
O-glucoside (mg
a b c b b c c
/ gr fresh tissuc)
Petunidin 3-O-
Individual 0.377+0.017 0.095+0.005 0.045+0.007 0.096+0.006 0.094+0.006 0.032+0.003 0.038+0.010
i glucoside (mg /
anthocyanins a b c b b c c
gr fresh tissue)
Peonidin 3-O-
0.045+0.002 0.095+0.004 0.029+0.009 0.035+0.002 0.029+0.002 0.023+0.001 0.020+0.011
glucoside (mg /
b a bc bc bc c c
gr fresh tissue)
Malvidin 3-O-
0.890+0.042 0.604+0.025 0.591+0.112 0.893+0.042 0.841+0.041 0.379+0.033 0.479+0.168
glucoside (mg /
a bc c a ab c c
gr fresh tissue)
Skin (mg Lol
A1+
Total malvidin 3-O- 15.54+0.981 11.85+0.159 0417 10.02+ 0.520 9.90+0.275 7.95+0.523 4.23+0.104
anthocyanins glucosidc/ gr a b Y C C d [§

fresh tissue)

Table 5. Individual flavanols and flavonols in berry skin and total flavanols, flavonols and flavones in berry skin and seeds (mean + SE)

Kountoura Doubrena Mavro
Element (content)/Cultivar Kolliniatiko Bekari Bakouri ) ] Thrapsa X
mavri mavri Spetson
Catechin (ug
J ot fresh 4342+ 3.752 68.04+2.452 52.92+3.208 51.52+3.388 69.28+ 4.258 62.44+4.988 159.40+11.352
t fres
g d be bed o b be a
tissue)
Epicatechin ~
23.60+2.712 24.68+1.396 21.68+0.212 17.04+ 0.762 46.68+5.422 17.36+ 1.508 40.98+ 4.044
(ug/ gr fresh
b b b b a b a
Individual tissue)
flavanols Procyanidin
420+ 1.784 4.10+£0.244 6.10+ 0.200 1.72+ 0.578 9.40+ 1.594 3.88+ 1.466 21.60+ 3.812
BI (ug/ gr
be be bc c b c a
fresh tissue)
Procyanidin
2.60+0.76 5.24+2.42 8.92+0.72 1.36+0.16 1524+ 1.22 1.44+0.16 1.50+ 0.40
B2 (ug/ gr
cd c b d a d d
fresh tissue)
Skin (mg
3.76x 0.061 5.59+ 0.064 3.15+0.057 6.01+ 0.405 5.86+0.262 6.43+0.293 9.84+0.275
catechin/ gr
d c d be bc b a
Tortal fresh tissue)
flavanols Seeds (mg
19.60+ 0.590 20.89+1.329 43.48+ 4.198 37.66+ 0.845 29.09+ 1.226 30.82+ 1.697 25.48+1.011
catechin/ gr
d od a a b b be

fresh tissuc)

Luteoli
uieoline (U8 s 4157670 12909669450 10596652162 108192413356 197994434166 100328496498 §79.6438.760
/ gr fresh
d b od be a cd od
tissue)
Individual ~ Quercetin (ug
29.90+3.846 40.70+5.096 25.22+0.064 23.48+0.332 42.02+0.718 21.92+0.316 5692+ 12.184
flavonols / gr fresh
bed be od d ab d a
tissue)
Rutin (p.g/ gr 705.02+84.548 1328.24+8.598 612.54+6.606 361.5445.544 901.3+ 25.466 512.44+37.926 632.42+46.806
fresh tissue) c a od e b d od
Skin (mg
2.97+0.106 3.20+0.070 2.17+0.036 2.17+0.170 2.26+0.062 1.82+0.106 1.68+0.129
Total rutin / gr
a a b b b c c
ﬂﬂVOnOIS ﬁ'csh tissu€>
& Seeds (mg
0.44+ 0.004 0.58+0.011 0.62+ 0.044 0.67+0.028 0.56+0.017 0.49+ 0.025 0.61+0.035
flavones rutin / gr
d b ab a bc cd ab

fresh tissue)
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highest concentration of syringic acid, with statistically
significant difference compared to all studied varieties. It
should be noted, that the concentration of gallic acid in the
skins of the studied varieties ranged at the same level
compared to other Greek grapevine varieties (‘Agiorgitiko’,
‘Mandilaria’) of related studies (Anastasiadi ¢z 4/, 2010;
Tsaparas, 2013).

Hydyoxycinnamic acids

The highest concentrations in berry skin of sinapic acid
and caffeic acid were recorded in grapevine varieties ‘Bekari’
and Kolliniatiko’, respectively (Table 6). The highest
concentration of p-coumaric acid was recorded in the case
of grapevine variety ‘Mavro Spetson’, with no statistically
significant difference compared to “Kolliniatiko’, ‘Bekart’,
‘Kountoura mavri’ and ‘Bakouri. Regarding the m-
coumaric acid, the highest concentration was recorded in
the case of grapevine variety ‘Bekari’, with no statistically
significant  difference compared to ‘Kolliniatiko’ and
‘Doubrena mavri’. The grapevine variety “Thrapsa’ showed
the lowest concentration of ferulic acid, with statistically
significant difference compared to the other studied
varieties, which in their turn had no statistically significant
difference between them.
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The grapevine varieties ‘Kolliniatiko’ and ‘Doubrena

mavri’ presented the highest concentration of caftaric acid,
with statistically significant difference compared to the
other studied varieties. At the same time, ‘Doubrena mavri’
showed the highest concentration of coutaric acid, with no
statistically significant difference compared to ‘Mavro
Spetson’ and ‘Kolliniatiko. On the other hand, it was
‘Mavro Spetson’ that presented the highest concentration of
fertaric acid, with statistically significant difference between
the studied varieties.

The above results show that caftaric acid outweighs
coutaric and fertaric acids, something that is in agreement
with the findings of a previous study (Di Stefano and
Flamini, 2008).

Stilbenes and phenolic aldehyde

Regarding the stilbene skin content, the grapevine
varieties ‘Kolliniatiko’ and ‘Bekari’ presented the highest
concentration of trans-resveratrol and piceid, with
statistically significant difference compared to all other
studied varieties (Table 6). What is more, the grapevine
variety ~ ‘Kolliniatiko’ also  exhibited the highest
concentration of e-viniferin, with statistically significant
difference compared to the other studied varieties.

Table 6. Hydroxybenzoic and hydroxycinnamic acids, stilbenes and phenolic aldehyde (mean + SE)

Kountoura Doubrena Mavro
Element (content)/Cultivar Kolliniatiko Bekari Bakouri ) . Thrapsa
mavri mavri Spetson
Gallic acid (ug / gr 2.02+0.720 0.34+ 0.062 0.20+ 0.050 0.20+ 0.074 248+ 0.604 0.20+0.040 0.16+ 0.048
fresh tissue) a b b b a b b
Protocatechuic acid 0.12+ 0.006 0.18+0.004 0.12+ 0.006 0.14+0.054 0.20+0.018 0.22+0.064 0.12+0.022
Hydroxybenzoic (g / gr fresh tissue) b ab b ab ab a b
acids Vanillic acid (pg / 0.44+0.214 1.28+0.588 2.16+0.144 1.10+0.414 1.52+0.070 0.38+0.082 0.18+0.022
gr fresh dissue) cde abc a bed ab de ©
Syringic acid ([J.g/ 4.22+0.40 4.16+ 0.60 8.68+0.16 4.92+0.44 6.28+0.50 4.30+0.22 5.70+0.84
gr fresh tissue) od d a bed b od be
Sinapicacid (ug/gr  39.48+12.590 56.16+5.54 25.68+7.548 31.40+4.502  37.24c+0.964  18.32+0.714  44.68+12.702
fresh tissue) abc a be be ab € ab
Caffeic acid (y.g /gr 14.12+ 2538 4.94+0.050 8.96+ 0.008 1.40+ 0.036 7.84+0.188 1.56+0.122 3.08+0.510
fresh tissuc) a cd b e bc e de
p-Coumaric acid 50.38+ 1.380 49.54+3.358 43.34+5.464  48.40+7.638 698+ 1.116 2.42+0.142 53.76+5.542
(g / gr fresh dissuc) a a a a b b a
m-Coumaric acid 9.90+2.514 13.02+1.034 4.08+0.064 1.80+0.118 9.48+0.492 1.92+£0.266 6.38+2.598
Hydroxycinnamic ~ (ug/ gr fresh tissuc) ab a od d ab d be
acids Ferulic acid (ug / gr 15.00+ 3.272 14.44+2.126 10.40+2.640 11.12+2.288 12.22+0.032 3.46+0.156 13.00+£2.532
fresh tissue) a a a a a b a
Caftaric acid (ug / 56.58+ 10.320 25.70+0.930 16.90+0.140 15.08+0.494 52.74+4.092 11.38+1.778 13.14+2.066
gr fresh tissuc) a b bc be a c bc
Coutaric acid (pg / 1.92+0.992 0.66+ 0.084 0.82+0.202 0.80+0.174 3.48+1.076 0.52+0.260 2.50+0.856
gr fresh tissue) ab b b b a b ab
Fertaric acid (ug / 14.9+2.242 18.40+1.072 18.40+0.692 18.72+1.404 33.90+0.558 19.42+1.558 41.32+3.720
gr fresh tissue) c c c c b c a
trans-resveratrol 187.82+22.318  157.24+3.528  138.52+1.678  45.00+2.170  107.92+3.168  57.26+2.568  67.14+14.350
(g / gr fresh dissuc) a ab bc d € d d
Scilbencs e-Viniferin (ug / gr 142.48+26.680 88.58+5.440 56.68+1.064 58.66+1.184  107.28+2.824  64.44+3.372  58.52+11.460
fresh tissue) a be c c b c c
Piceid (pg / gr fresh 68.84+11.568 86.14+8.638 25.64+13.148 474040346  20.72+2.326 3.70+1.496 55.28+6.782
tissue) ab a od bc d d b
) Vanillin (ug / gr 0.96+ 0.548 0.96+0.400 0.58+0.024 0.38+0.180 2.64+0.356 0.34+0.052 1.36+ 0.354
Phenolic aldehyde )
fresh tissue) be be be be a c b
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More specifically, the grapevine variety ‘Kolliniatiko’
showed the highest concentration of trans-resveratrol with
no statistically significant difference compared to ‘Bekarf’, as
well as the highest concentration of e-viniferin, but with
statistically significant difference compared to the other
studied varieties. The grapevine variety ‘Bekari’ presented
the highest value of piceid, with no statistically significant
difference compared to ‘Kolliniatiko’. The concentration of
the three stilbenes (trans-resveratrol, e-viniferin, piceid) of
the varieties of the current study proved to be higher in
comparison with other varieties in a previous study
(Anastasiadi e al., 2010).

The grapevine variety ‘Doubrena mavri’ recorded the
highest concentration of vanillin, which is the only one of
phenolic aldehydes that influences wine aroma (Morreno-
Arribas and Polo, 2009), with statistically significant
difference compared to the other studied varieties.

It should be noted that the differentiations which were
observed in the phenolic profile of the studied varieties,
were also observed in the case of grapevine varieties ‘Mavro
Spetson’, ‘Kountoura mavri’ and ‘Doubrena mavri’, which
are all considered genetically related (Stavrakaki and Biniari,
2017). The results of the present study showed that ‘Mavro
Spetson’ was characterized by higher concentrations of
berry skin total phenols, total flavonoids, condensed
tannins, total flavanols, catechin and epicatechin. On the
other hand, ‘Kountoura mavri’ showed the highest
concentrations of seed total phenolics, total flavonoids and
condensed tannins, while ‘Doubrena mavri’ presented the
highest concentrations of berry skin luteolin, gallic acid and
vanillin.

Conclusions

In the present study, total and individual anthocyanin
and phenolic content of seven indigenous cultivated
varieties were evaluated for the first time in grapes. Up to
five anthocyanidin-3-O- glucosides and twenty-three
individual phenols were identified and quantified. From the
studied varieties, the grapevine varieties ‘Kountoura mavri’
and ‘Mavro Spetson’ have the phenolic and anthocyanin
potential that can produce high quality wines with ageing
potential. The grapevine variety ‘Doubrena mavri’ has lower
phenolic potential compared to the other varieties, while it
shows the highest concentration of vanillin. The grapevine
varicty ‘Mavro Spetson’ exhibits (a) the highest
concentration of quercetin and tannins, (b) the lowest
concentration of gallic acid, attributes that makes it suitable
to produce ageing wines. This is also very important for the
exploitation of certain varieties for the production of
different types of wines in combination with different
terroirs. From all the studied varieties, the grapevine variety
‘Kolliniatiko’ is characterized by the highest anthocyanin
potential, the highest sugar content and by an adequate total
acidity, which requires further evaluation for its exploitation
in the Greek vineyard. In all, the studied grapevine varieties
recorded the highest concentration of skin and seed total
phenolics and adequate anthocyanin content.
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