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Abstract: Seed extracts from eight grape cultivars (Vitis vinifera) growing in
Serbia were screened for their polyphenolic composition by means of HPLC/
/PDA/ESI/MS analysis. The study revealed 34 phenolic compounds belonging
to the following groups: flavan-3-ol monomers, proanthocyanidins, flavonols,
hydroxycinnamic acid and hydroxybenzoic acid derivatives. The quantities of
the main constituents were determined using PDA/HPLC. Quadlitative and quan-
titative differences among the cultivars were observed.
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INTRODUCTION

Many agricultural by-products are composed of plant tissues rich in phyto-
chemicals, with valuable chemical and biological properties. Examples are by-
-products from wine processing,1-3 such as marcs, stems, dregs (a sludgy residue
deposited on the bottom of fermentation vats) and grape-seeds, which represent
rich sources of polyphenolics.

Phenols represent the third most abundant constituent in grapes after carbo-
hydrates and fruit acids.# The composition of phenolics depends on whether the
extraction is performed on whole grape, pulp, skin or seeds. The total extractable
phenolicsin grapes are present at only about 10 % or less in pulp, 60-70 % in the
seeds and 28-35 % in the skin. The phenol content of seeds may range from 5 to
8 % by weight.>
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The phenolic compounds in grapes can be divided into two main groups:
phenolic acids (localized mainly in the skin and pulp) and flavonoids. The most
common phenolic acids in grape include cinnamic and benzoic acid derivatives.
Flavonoids include colorless flavan-3-ols, flavonols and red and blue anthocya-
nins.® The most abundant phenolics isolated from grape seeds and skins are fla-
van-3-als (catechin and epicatechin) and their oligomers and polymers (proantho-
cyanidins). The outer seed coat contains the majority of both the monomeric and
polymeric flavan-3-ols (2 to 5 times more than the endosperm).6 Grape skins also
contain anthocyanins which contribute to their red or blue color.”:8

Various conditions (time, solvent, and the manner) for the extraction of poly-
phenols from grape seeds are described in the literature. Due to the acidic lability
of interflavan linkages within proanthocyanidins and the susceptibility of poly-
phenols to oxidation, a valid extraction method should provide for the complete
as possible extraction of the polyphenolics while limiting their degradation.® Me-
thanol/waterl0.11 or acetone/water systemsl? are the common solvents used for
extracting polyphenols from grape seeds. In particular, lower molecular weight
polyphenols, such as phenolic acids, anthocyanins, and flavanol monomers and
oligomers, are well extracted with methanol, while the higher molecular weight
flavanols are better extracted with agueous acetone than with methanol .13-16

Several methods for the analysis of polyphenols have been proposed in the
literature. Most of them are based on high performance liquid chromatography
(HPLC) coupled with either a photodiode array (PDA) detector or a mass spec-
trometer (MS). Reverse phase columns are favorable, using acetonitrile and aci-
dic water solutions as eluents.l” Since UV detection depends upon the chemical
structure of a molecule, several wavelengths could be selected for monitoring.
Red-colored anthocyanins show an absorbance maximum at around 520 nm; yel-
low-colored flavonols display an absorbance maximum at around 360 nm; hyd-
roxycinnamic acids can be specifically detected by their high absorbance around
320 nm. Flavan-3-ols show no specific absorbance and have a maximum around
280 nm, as do all the above-mentioned phenolics.18

Many studies proved that procyanidins and other polyphenolics from grape
seed could be the key compounds responsible for various beneficial effects for
human health.19.20 These effects are mainly associated with the antioxidant acti-
vity of the phenolic compounds, which act as reducing agents by trapping free
radicals, by acting as chelators, by donating hydrogen, and by quenching singlet
oxygen. These highly reactive species are present in biological systems and may
oxidize lipids, proteins, nucleic acids, which may initiate degenerative heart
disease. In addition, grape seed polyphenolics possess various potent biological
effects, such as antitumor, antibacterial, antiviral, anti-inflammatory, enzyme-
inhibiting effects.21-24 Waste products of the winery and grape juice industry
derived from grape seeds represent a rich source of polyphenols.>25 It is well
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known that the concentration of polyphenolic compounds in grapes depends on
the grape cultivar,26.27 and other factors, such as ripening time, climate, soil and
location of growth.28

The aim of this study was to determine the polyphenolic composition of
grape seed extracts from Vitis vinifera L. cv., Smederevka, Prokupac, Serbian
origina varieties, and Italian Riesling, Traminer, Black Burgundy, Gamay Noir,
Muscat Hamburg and Gamay Bojadiser, all grown in the same geographical area
and vintage. Two grape cultivars, Italian Rieding and Traminer, have a yellow-
-green colored grape berry used for production of high-quality white wines. The
cultivar Smederevka is an autochthonous grape cultivar of Serbia, with lightly
yellow and green colored berries. This cultivar is used for production of quality
white wines as well as for all kinds of blending, because the grapes accumulate a
high level of acids. Since the grape is well transportable and the pulp is crispy, it
is also used fresh. Black Burgundy and Gamay Noir are purple-colored grape
cultivars, used in production of high-quality red wines. Muscat Hamburg is the
most widespread table grape in Serbia. This grape can be used fresh aswell asfor
wine and grape brandy production. Prokupac is also an autochthonous grape cul -
tivar of Serbia. Its berries are navy-blue colored with plenty of dots, and it is used
for the production of quality rosé wines. Gamay Bojadiser grapes are full of co-
lored materials, and it is mostly used for blending. An HPLC/PDA/MS method
was used for the polyphenols analysis. The similarities and differences between
the polyphenolic compositions of grape seed extracts from different cultivars are
discussed.

EXPERIMENTAL
Plant material

Seeds from eight grape cultivars, including Italian Riesling, Traminer, Smederevka,
Black Burgundy, Gamay Noir, Muscat Hamburg, Prokupac and Gamay Bojadiser were exa-
mined. All studied cultivars were grown in the vicinity of Belgrade (experimental orchard of
Radmilovac, property of Faculty of Agriculture, University of Belgrade). The experimental
vineyard was raised in 1995 (cultivars Smederevka and Gamay Noir), and 1996 (cultivars Ita-
lian Riedling, Traminer, Black Burgundy, Muscat Hamburg, Prokupac and Gamay Bojadiser).
The distance of sowing was 3x1 m, with two rows support, and the training system was a
“double-branched asymmetrical cordone”,2° the tree being 90 cm high. Approximately 20 clu-
sters (about 5 kg of grape) were collected in late summer 2008, from 10 different plants. All
the samples were collected when the Brix values were in range 22.5-24.5°.

Chemicals

Gallic acid, catechin, epicatechin, caffeic acid, ellagic acid, and rutin were purchased
from Sigma Aldrich (St. Louis, MO, USA). All chemicals and solvents were of anaytica
grade. The HPLC water was purified by a Milli-Q System.

Sample preparation

The seeds from the berries were manually separated from pulp and dried on filter paper.
The samples of whole, dried seeds (20 g) were macerated in 120 mL of 50 % MeOH, and 1
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mL of rutin solution (2.78 mg mL-1 in MeOH, internal standard) was added. The mixtures
were sonicated in an ultrasonic bath for 8 h. The extracts were filtered through filter paper,
evaporated (to 1 mL) at 45 °C under reduced pressure and filtered through a 0.45 mm cellu-
lose filter (Millipore). The filtrate was then transferred into a vial and filled up with 50 %
MeOH to avolume of 1.5 mL.

HPLC/PDA Analysis

HPLC analysis of extracts was performed using an Agilent 1200 chromatograph equip-
ped with a PDA model G1315B, a Bin pump model G1312A, an autosampler model G1313A
and a RR Zorbax Eclipse Plus C18 column (1.8 pm, 150 mmx4.6 mm). The mobile phase A
was 0.2 % formic acid in water and the mobile phase B was acetonitrile. Elution was per-
formed at 0.95 mL min'! with the following gradient program of solvent B: 0-20 min, 5-16 %;
20-28 min, 16-40 %; 28-32 min, 4070 %; 32—36 min, 70-99 %; 3645 min, 99 % and 4546,
min. 99-5 %.30 The injection volume was 10 pL. Wavelengths of 280 nm (for flavan-3-ols
and benzoic acid derivatives) and 360 nm (for flavonols and cinnamic acid derivatives) were
selected for detection.

Quantification of the compounds was realized using calibration curves obtained by HPLC
of pure standards:. gallic acid, caffeic acid, (+)-catechin, (-)-epicatechin, and ellagic acid. Rutin
was used as an internal standard. Some compounds were quantified as equivalents of the most
similar chemical structures: gallic acid for gallic acid glucoside, gentisic acid glucoside, proto-
catechuic acid, p-hydroxybenzoic acid and methyl gallate; caftaric acid as caffeic acid; (+)-
-catechin for proanthocyanidin dimers and trimers and their monogallates; (—)-epicatechin for
epicatechin gallate; ellagic acid for ellagic acid pentoside.

LC/MSanalysis

LC/MS analysis was performed on an Agilent MSD TOF coupled to an Agilent 1200 se-
ries HPLC, using the same column and gradient program as were employed for the HPLC/
/PDA analysis. Mass spectra were acquired using an Agilent ESI-MSD TOF. The drying gas
(N2) flow was 12 L min'L; the nebulizer pressure was 310.264 kPa and the drying gas tempe-
rature was 350 °C. For ES| analysis, the parameters were: capillary voltage, 4000 V; fragmen-
tor, 140 V; skimmer, 60 V; Oct RF V 250 V, for negative modes. The mass range was from
100 to 2000 m/z. Data processing was realized with the software Molecular Feature Extractor
and Mass Profiler.

Satistical analysis

All the experiments were performed in triplicate. Significant differences between the
means were separated by anaysis of variance (ANOVA) followed by Tukey’s test. Compu-
tations were realized using Origin software package version 7.0.

RESULTS AND DISCUSSION

The rapid resolution HPLC column and the appropriate gradient program
afforded the separation of some 34 phenolic compounds in less than 30 min.
Identification of the compounds was based on the UV spectra and molecular for-
mula obtained from accurate mass measurements, both measured on the HPLC/
/PDA/ESI/MS equipment, which also involved comparison of these data with
those of the metabolites previously reported for grape seed extracts.2331 The
identified phenolic compounds could be classified into the following groups:
flavanol monomers (catechin and epicatechin), proanthocyanidins, flavonals,
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hydroxycinnamic acids, and hydroxybenzoic acid derivatives (Table I, Fig. 1.).
However, owing to the unavailability of authentic compounds, with exception of
gdlic acid, ellagic acid, catechin and epicatechin, the peaks could be tentatively
assigned but without determination of stereochemistry.

TABLE |. LC/MS Data of grape seed extracts (GSESs)

Peak R Compound Class of a Amax Species Mass Molecular

min compound nm formula

1 3.2 Gallic acid HB 220, 272 M-H, 170.0215 C;HgOs
2M-H

2 4,0 Proanthocyanidin PC 200, 218, 228sh, M—2H, 866.2058 CysHz501
trimer 236sh, 280 M-H

3 4.3 Gadlic acid glucoside HB 218, 256 M-H, 332.0744 Cy3H:604
2M-H

4 5.0 Gentisic acid HB 216, 252 M-H, 316.0794 C;3H:60q
glucoside 2M-H

5 5.8 Protocatechuic acid HB 218, 260, 292sh M-H, 154.0266 C;HiO,
2M-H

6 7.3 Caftaric acid HC 300sh, 324 M-H, 312.0481 C;3H:,0q
2M-H

7 8.2 p-Hydroxybenzoic HB 278, 312 M-H, 138.0317 C;Hg¢Os
acid 2M-H

8 8.3  Proanthocyanidin PC 200, 216, M-H, 578.1424 C3H, 01,
dimer 228sh,280 2M-H

9 9.5  Proanthocyanidin PC 200, 216, M—-H, 578.1424 Cg3Hy5012
dimer 228sh,280 2M-H

10 98 Methyl gallate HB 220, 272 M-H, 184.0372 CgHgOs
2M-H

11 101 (+)-Catechin FM 200, 218, M-H, 290.0790 C;sH1404
226sh,278  2M-H

12 109 Proanthocyanidin PC 200, 218, 228sh, M—2H, 866.2058 CysHz501s
trimer 236sh, 280 M—H

13 11.3 Proanthocyanidin PC 200, 218, 228sh, M—2H, 866.2058 CysHz501s
trimer 236sh, 280 M—H

14 11.7 Proanthocyanidin PC 200, 216, M-H, 578.1424 C3H,01,
dimer 228sh,280 2M-H

15 118 Caffeic acid HC 246, 298sh, 326 M—H 180.0423 CyHgO,

16 12.7 Proanthocyanidin PC 200, 216, M-H, 578.1424 CyH0s
dimer 228sh,280 2M-H

17 139 Proanthocyanidin PC/HB 200, 218,278 M-2H, 1018.2168 Cs5;H4,0,
trimer monogallate M—H

18 143  (-)-Epicatechin FM 200, 218, M-H, 290.0790 C;sH1404

226sh, 278  2M-H
19 154 Proanthocyanidin PC/HB 200, 218, M-H, 730.1534 Cg;H30s6

dimer monogallate 278 2M-H
20 158 Proanthocyanidin PC 200, 218, 228sh, M—2H, 866.2058 CysHz504s
trimer 236sh, 280 M-H
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TABLE I. Continued

Peak R Compound Class of a #max Species Mass Molecular
min compound nm formula

21 165 Proanthocyanidin PC 200, 218, 228sh, M—2H, 866.2058 C,sH35018
trimer 236sh, 280 M—H

22 17.4 Proanthocyanidin PC/HB 200, 218, M—-H, 730.1534 Cg3H3046
dimer monogallate 278 2M-H

23 175 Syringic acid HB 276 M—H, 198.0528 CgH;1oOs
2M—H

24 206 Ellagic acid HB 254,300sh, M-H, 434.0485 CygH1401»
pentoside 360 2M-H

25 219 Ellagic acid HB 254, 298sh, 368 M—H 302.0063 C;;,H60g

26 219 (-)-Epicatechin FM/HB 200, 218, M-H, 442.0900 C,H1504¢
gallate 278 2M-H

27 220 Taxifolin FL 232, 254, M-H, 304.0583 C;sH;,0;
290, 330sh  2M-H

28 227  Quercetin-3-O- FL 256, 264sh,  M-H, 478.0747 C,H15013
glucuronide 356 2M-H

29 231 Astilbin FL 292, 326sh M-H, 450.1162 CyH0i
2M—H

30 229  Quercetin-3-O- FL 256, 268sh, M-H, 464.0955 CyH501»
glucoside 300sh, 360 2M-H

31 238 Kaempferol FL 266, 320sh, M-H 594.1585 CyH30i5

rutinoside 350

32 247 Isorhamnetin-3-O- FL 256, 266sh, M-H, 478.1111 C,Hx»0y
glucoside 302sh,350 2M-H

33 243  Quercetin 3-O- FL 256, 266sh,  M-H, 448.1006 CyH5,011
rhamnoside 302sh, 350 2M-H

34 274 Quercetin FL 256, 268sh,  M-H, 302.0427 CisH100;

300sh, 370 2M-H

®HB - hydroxybenzoic acid derivative, FM — flavanol monomers, PC — proanthocyanidins, FL — flavonols, HC
— hydroxycinnamic acids

All the identified compounds exhibited quasi-molecular ion [M—H]~, as the
dominant ion species in the mass spectrum. The exception were procyanidin
trimers, where doubly charged [M—2H]2~ species were dominant. Cluster ions,
such as [2M—H]—, were al so observed for most of the compounds.

The amounts of phenolic compounds are presented in Tables Il and I11. The
range of free gallic acid varied from 4 to 23 mg per 100 g of grape seeds. While
white grape cultivars (Italian Riesling, Traminer and Smederevka) showed high
gallic acid contents (over 17 mg per 100 g), the colored cultivars possessed sig-
nificantly lower contents (below 10 mg per 100 g). This is in accordance with
data published for some white and red grape varieties from Spain.32 Except in
Italian Riedling, glucosides of gallic acid were found in all the studied cultivars.
In addition, protocatechuic acid was detected in the white grape cultivars and
Gamay Noir. The presence of ellagic acid or ellagic acid glycoside was con-
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firmed in Muscat Hamburg and Prokupac seeds. This finding is surprising be-
cause it was hitherto believed that the presence of ellagic acid is unique for mus-
cadine grapes (Vitis rotundifolia) among the Vitis varieties. 33,34

1 IS o
Gamay bojadiser
3 8 g 4o M 18 22

1 IS

11 Prokupac
18 21
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1 )\18 Muscat Hamburg
11 i
IS Gamay Noir
1 9 w18 2
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T T ~T1T T 1717 7 7 ~T7T 17 17 1T 717 771 ™71
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time, min

Fig. 1. LC/UV Chromatograms of grape seed extracts (4 = 280 nm).

In comparison with other classes of polyphenolic compounds, hydroxycin-
namic acid derivatives were present in lower amounts in the seeds. Thisisin ac-
cordance with data from the literature claiming that hydroxycinnamic acids are
localized mainly in the skin and pulp.®> No hydroxycinnamic acids derivatives
were detected in the cultivar Smederevka, while caftaric acid (ester of caffeic
acid with tartaric acid) was found in the remaining cultivars. Underivatized caf-
feic acid was only found in the seeds of Traminer.

The presence of taxifolin (dihydroquercetin) and its glycoside astilbin was
confirmed in Italian Riesling and Traminer cultivars, while in Black Burgundy
only astilbin was detected. It should be noted that the presence of such types of
flavonols is very rare in grape extracts.3> Kaempferol rutinoside, quercetin or
their glycosides were found in al the studied cultivars. | sorhamnetin-3-O-gluco-
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side was detected only in Gamay Bojadiser (Table I1). Such flavonols have been
already reported in grapes extracts.32:36

The most abundant phenolic compounds in the grape seed extracts were mo-
nomeric flavan-3-ols and proanthocyanidins, as found by other authors.26:32,37
Generally, the content of flavan-3-ol monomers (catechin and epicatechin) was
higher in the colored than in the white grape cultivars (Table 111). Only Smede-
revka and Gamay Bojadiser possessed greater amounts of epicatechin than cate-
chin, while the catechin/epicatechin ratio for most cultivars was between 1 and 2.
The exception was Black Burgundy which contained more than two times more
catechin than epicatechin. Muscat Hamburg, Gamay Bojadiser, Italian Riesling
and Gamay Noir were the richest in proanthocyanidin dimers, while Italian Ries-
ling possessed a high amount of galloylated proantocyanidins. On the other hand,
Smederevka possessed a very low amount of proanthocyanidin dimers and gallo-
ylated proanthocyanidins.

CONCLUSIONS

Statistically significant difference in the contents of some polyphenolic com-
pounds between the studied cultivars was noticed. From these findings, it may be
concluded that the amounts and distribution of various phenolic compounds in
grape seeds depend directly on the cultivar, as the other factors, such as ripening
time, climate, soil and location of growth, were the same for al the studied
cultivars. This is the first time the presence of ellagic acid or ellagic acid glyco-
side in some Vitis vinifera cultivars was evidenced. The variation of the com-
position of the phenolic compounds from certain cultivar could be used in indus-
try to make specific food additives or dietary supplements.

U3BOJ

MOJINPEHOJIHA JEAUBEBA 113 CEMEHKU OCAM COPTU
I'POXXDBA 'AJEHUX Y CPBMIU

JIEJAH FOT)EBAL[I, BEJIE TEIHEBI/Ile, MMWJIOBAH BEHI/I‘JKOBI/ITP, JbYBOJPAT BYJI/ICI/Ile,
BJIATKA BAIC! u CJIOBOJJAH MUJIOCABJLEBUR?
' Wncmuimyin 3a xemujy, exnoaozujy u meiianypzujy, Hjezoweea 12, 11000, Beozpad, *Xemujcku paxyaitieid,
Ciuyoentuicku wwipz 16, 11000, Beozpao u Jﬂomoﬁpuspebnu chaxyaiuein, Hemarsuna 6, 11080, 3emyn

IMomohy HPLC/PDA/ESI/MS ananuse je ucnutal nojn(eHOIHN CacTaB eKCTpaKaTa CEMEHKU
ocam coptu rpoxha (Vitis vinifera) rajeanx y Cpouju. YBpheno je npucycrso 34 denosHa jeau-
Beba Koja pHunajajy ciaeaehnm rpymnaMa: GpraBaHOJICKH MOHOMEPH, IIPOAHTOIMjaHUANHH, (IIaBo-
HOJH, IEPUBATH XUAPOKCUIIMMETHE U ICPHBATH XUAPOKCHOEH30eBe KucenuHe. KBaHTuTaTnBHE Cca-
Jprkaj rmaBHUX cacTojaka je oapehen y3 momoh PDA/HPLC. Tlpumehene cy KBaTuTaTHBHE U KBaH-
THTAaTHBHE pa3iuKe u3Mely NojeanHux CopTH.

(Mpumsbeno 19. maja, peBuaupano 26. jyna 2010)
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