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A B S T R A C T

The quantitative composition of phenolic compounds and antioxidant activity of Vranec, Merlot and

Cabernet Sauvignon wines produced in 2006, 2007 and 2008 were determined and compared. The

phenolic profile was established using high-performance liquid chromatography coupled with diode

array detector and on line mass spectrometry (HPLC-DAD–ESI-MS and MS/MS) technique. A total of 65

phenolic compounds were determined in the wines including 14 anthocyanins, 18 pyranoanthocyanins,

16 flavonols, 8 hydroxycinnamic acids and their derivatives, 4 stilbenes, gallic acid and 4 flavan-3-ols.

Hydroxyphenyl-pyranoanthocyanin content is reported for the first time in Macedonian red wines,

ranging between 1.09 and 10.4 mg/L. 10-Carboxy-pyranomalvidin-3-glucoside and 10-p-hydroxyphe-

nyl-pyranomalvidin-3-glucoside were the main compounds from vitisin-like and hydroxyphenyl-like

pyranoanthocyanins, respectively. Vranec wines produced in 2008 presented highest concentration of

anthocyanins (508 mg/L), vitisins (53.1 mg/L), hydroxyphenyl-pyranoanthocyanins (7.35 mg/L), flavo-

nols (120 mg/L), hydroxycinnamic acid derivatives (352 mg/L), flavan-3-ols (98.9 mg/L), stilbenes

(43.9 mg/L) and antioxidant activity (12.5 mM/L TE). Cabernet Sauvignon and Merlot had highest

flavonols (152 and 119 mg/L) and flavan-3-ols concentration (150 and 111 mg/L) in 2006 and 2007,

respectively, indicating the important role of variety, climate, storage conditions and winemaking

techniques in wine phenolic composition. Factor analysis showed classification of wines according to the

variety and content of the phenolic families and color characteristics.

� 2015 Elsevier Inc. All rights reserved.
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1. Introduction

Wine contains a number of polyphenolic constituents which
determine important sensorial characteristics, such as color, mouth-
feel, astringency and bitterness. They are the main components
responsible for the differences between red and white wines,
especially for the color, taste, and mouth-feel sensations of red
wines. Phenolic compounds are classified as flavonoids, including:
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anthocyanins; flavan-3-ols, flavonols and dihydroflavonols, and
non-flavonoids: hydroxybenzoic acids and derivatives, hydroxy-

cinnamic acids and derivatives, and stilbenes. Anthocyanins are the

main pigments in red wines, responsible for the color. The main

anthocyanins in wines from Vitis vinifera grape varieties are 3-O-

glucosides, 3-O-acetylglucosides, 3-O-p-coumar@ylglucosides, and,

in a lesser extent, 3-O-caffeoylglucosides of delphinidin, cyanidin,

petunidin, peonidin and malvidin (Wulf and Nagel, 1978; Ivanova

et al., 2011a).
Flavan-3-ols are the other important group of wine phenolics

that could be present as monomers giving the bitter character,

and oligomers and polymers contributing to wine astringency

(Sarni-Manchado et al., 1999). Furthermore, grapes and red

wine are the major dietary sources of stilbenes, considered as
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phytoalexins whose formation in grapes is correlated to disease
resistance (Langcake and Pryce, 1976; Langcake, 1981). More-
over, phenolic compounds, such as anthocyanins in red wines,
contribute to the antioxidant properties of wines and determine
their potential health effect (Rivero-Perez et al., 2008), exhibit a
free radical scavenging activity as well as a protective activity
against arteriosclerosis, coronary heart disease (Pace-Asciak
et al., 1995; Burns et al., 2000) or inhibit the cancer cell growth, as
shown in ‘‘in vitro’’ studies (Zhang et al., 2005). The concentration
of phenolic compounds in wine depends on the variety, climate,
soil, as well as on the oenological practices applied for wine-
making and aging and storage conditions (Kelebek et al., 2007;
Koyama et al., 2007; Ivanova et al., 2009, 2011a, 2011e; Gil-
Muñoz et al., 2009; Kostadinović et al., 2012). Thus, during the
winemaking process, the anthocyanins reach a maximum level
after few days of maceration, followed by decrease of the content
during the fermentation, stabilization and storage as a result of
co-precipitation with tartaric acid salts in a form of colloidal
material, adsorption on yeast cell walls, elimination during
filtration and fining or their participation in numerous chemical
reactions forming numerous novel monomeric, oligomeric and
polymeric compounds (Rentzsch et al., 2007). In particular,
during winemaking and wine aging, anthocyanins may react with
both fermentation metabolites and other grape and wine
phenolic compounds, by means of cycloaddition to the O-5 and
C-4 positions of the anthocyanins (He et al., 2006; Rentzsch et al.,
2010; Oliveira et al., 2010; Blanco-Vega et al., 2011), thus
generating new anthocyanin-derived stable pigments, namely
pyranoanthocyanins which play an important role in color
stabilization. In fact, these new pigments are responsible for the
changes of red-purple color to orange hues since they possess
more reddish-orange color compared to the native anthocyanins.
Furthermore, non-anthocyanin phenolic compounds, especially
hydroxycinnamic acids, flavan-3-ols and flavonols participate in
copigmentation reactions acting as copigments of anthocyanins
followed by formation of new pigments that stabilize the color of
red wines.

In recent years many studies have been performed on the
structure and formation mechanisms of these anthocyanin
derivatives, as well as on the conditions that enable their formation
(Somers, 1966, 1971; Jurd, 1967; Timberlake and Bridle, 1976;
Fulcrand et al., 1996; Bakker and Timberlake, 1997; Remy et al.,
2000; Wang et al., 2003). Different techniques have been used for
phenolics analysis and determination of their molecular masses,
such as: high-performance liquid chromatography (HPLC), most
commonly used for separation of complex mixtures of phenolics,
coupled to electrospray ionization mass spectrometry (ESI-MS) for
structure characterization of wine components; matrix-assisted
laser desorption/ionization-time of flight-mass spectrometry
(MALDI-TOF-MS); nuclear magnetic resonance (NMR); or atmo-
spheric pressure chemical ionization (APCI) (Jemal et al., 1998;
Wang and Sporns, 1999; Mateus et al., 2004; Reed et al., 2005;
Gomez-Alonso et al., 2007; Carpentieri et al., 2007; Spáčil et al.,
2009; Blanco-Vega et al., 2011; Ivanova et al., 2011a,b; Ferrari
et al., 2011).

The aim of this study was to determine the detailed phenolic
profile of Vranec wine, as the most widespread and typical red
variety for Macedonia and the Balkans, and Cabernet Sauvignon
and Merlot wines, as world known and popular varieties, all
produced in Tikveš wine region in Republic of Macedonia, in three
vintages (2006, 2007 and 2008). HPLC-DAD coupled to ESI-MS (Ion
Trap) was used to confirm the presence of phenolic compounds in
wines and then, to quantify them. For the first time, we report a
detailed quantitative composition of potential bioactive com-
pounds and antioxidant activity in red Macedonian wines, we
compare the different varieties and we gain data useful to
oenological management. Also, this study reports for the first
time data on the content of hydroxyphenyl-pyranoanthocyanins in
Macedonian red wines.

2. Materials and methods

2.1. Chemicals and reagents

Sodium hydroxide (reagent grade), Trolox and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and hydrochloric acid were from Sigma
Aldrich (St. Louis, MO, USA). Acetic acid (eluent additive for LC–
MS) and water (LC-MS Chromasolv1) were obtained from Fluka
(Buchs, Switzerland). Methanol (LC-MS Chromasolv1) was
purchased from Riedel-de Haën GmbH & Co. (Seelze, Germany).
Commercial standards from Phytolab (Vestenbergsgreuth,
Germany) were used: malvidin 3-glucoside, quercetin 3-O-
glucuronide, caftaric acid, caffeic acid, p-coumaric acid, trans-
resveratrol, and trans-resveratrol-3-glucoside (trans-piceid).
Commercial standards from Extrasynthese (Genay, France) were
used: the 3-O-glucosides of quercetin, kaempferol, isorhamnetin
and syringetin, the 3-O-galactosides of quercetin and syringetin
and procyanidins B1 and B2. Standards of gallic acid, (+)-catechin,
and (�)-epicatechin were supplied by Sigma (Tres Cantos, Madrid,
Spain). Standards of pyranoathocyanins (vitisin A or 10-carboxy-
pyranomalvidin-3-glucoside; pinotin A or 10-(40 00-monohydrox-
yphenyl)-pyanomalvidin-3-glucoside; and 10-(30 00,40 00-dihydrox-
yphenyl)-pyranomalvidin-3-glucoside) were those obtained in a
previous work (Rentzsch et al., 2010). The trans isomers of
resveratrol and piceid (resveratrol 3-glucoside) were transformed
into their respective cis isomers by UV-irradiation (366 nm light
for 5 min in quartz vials) of solutions of the trans isomers in 25%
MeOH. All the standards were used for identification and
quantification by means of calibration curves, covering the
expected concentration ranges (usually 0–100 mg/L, with the
exception of malvidin 3-glucoside covering a range of 0–1000 mg/
L). When a standard was not available, the quantification was
made using the calibration curve of the most similar compound:
malvidin 3-glucoside was used for all anthocyanins; acylated
pyranoanthocyanins as their respective non-acylated com-
pounds; vitisin B derivatives as vitisin A; p-coumaric acid was
used for trans- and cis-coutaric acids; ferulic acid was used for
trans-fertaric acid; myricetin- and laricitrin-based flavonols as
syringetin-glucoside; flavonol 3-glycosides with non-available
standard as their corresponding 3-glucoside derivatives. All other
solvents were of HPLC quality and all chemicals of analytical grade
(>99%). Water was of Milli-Q quality.

2.2. Wine samples

Grape berries used for this study were grown at the vineyards
(altitude of 110–640 m) of the TIKVEŠ winery (longitude:
22.0025341129, latitude: 41.435684159), the biggest winery in
the Balkan, located in the Tikveš area, the most famous wine region
in Republic of Macedonia. Grapes were cultivated at 30 ha, 10 ha
and 6 ha vineyards of Vranec, Cabernet Sauvignon and Merlot,
respectively and harvested at optimal technological maturity (20–
228 Brix). The distance between the rows was 2.3 m and distance
between the vines was 1.1 m. The average temperature in 2006,
2007 and 2008 calculated for 6 months (from June to December)
was 15.6, 14.1 and 14.8 8C, respectively, and the relative humidity
was 66, 67 and 68%, respectively.

A total of 9 red wine samples from three V. vinifera varieties
(Vranec, Merlot and Cabernet Sauvignon) from three different
vintages (2006–2008) were investigated. In order to obtain
representative samples for each wine variety and each vintage,
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all samples were prepared by mixing wines from three tanks
produced with the same technological treatment. All wine samples
were kindly provided by tikveš Winery, Kavadarci, Republic of
Macedonia.

2.3. Solid-phase extraction of non-anthocyanin phenolics in wine

Before the HPLC analysis of non-anthocyanin phenolics,
solid-phase extraction method was applied following the
procedure published by Castillo-Muñoz et al. (2007). Thus,
wines were diluted with 0.1 M HCl solution (1:1, V/V) before
passing them through the SPE cartridges (Oasis MCX cartridges
of 6 mL capacity filled with 500 mg of adsorbent; Waters Corp.,
Milford, MA). The cartridges were conditioned with 5 mL of
methanol and 5 mL of water and the diluted wine sample (3 mL
of wine diluted with 3 mL of 0.1 M hydrochloric acid solution)
was introduced into the cartridge. 5 mL of 0.1 M hydrochloric
acid solution and 5 mL of water were used to wash the cartridge,
followed by elution of the anthocyanin-free fraction with
3 � 5 mL of methanol. The eluate containing non-anthocyanin
phenolic compounds was dried in a rotary evaporator (35 8C)
and re-dissolved in 3 mL of solvent A used in the HPLC
separation.

2.4. HPLC-DAD-ESI-MSn analysis

An Agilent 1100 Series system (Agilent, Münster, Germany)
coupled to DAD (G1315B) and a LC/MSD Trap VL (G2445 C VL)
electrospray ionization mass spectrometry (ESI-MSn) system was
used for the HPLC-DAD-ESI-MSn analysis. An Agilent ChemStation
(version B.01.03) was used for data processing. The mass spectra
were processed with the Agilent LC/MS Trap software (version 5.3).
HPLC-DAD-ESI-MSn analyses of wines were performed according
to the procedure previously described by Castillo-Muñoz et al.
(2007 and 2009).

Thus, for analysis of anthocyanins and related pigments,
samples were only diluted with 0.1 M HCl solution (1:4, V/V)
and diluted samples (50 mL) after filtration (0.20 mm, polyester
membrane, Chromafil PET 20/25, Macherey-Nägel, Düren,
Germany) were directly injected into the HPLC system. Separation
of the compounds was performed on a reversed-phase column
Zorbax Eclipse XDB-C18 (250 � 4.6 mm; 5 mm particle size;
Agilent, Germany), at a constant temperature of 40 8C. The mobile
phase consisted of water/acetonitrile/formic acid (87:3:10, V/V/V,
solvent A) and water/acetonitrile/formic acid (40:50:10, V/V/V,
solvent B) at flow rate of 0.63 mL min�1. Proportions of solvent B
were as follows: 0 min, 6%; 15 min, 30%; 30 min, 50%; 35 min, 60%;
38 min, 60% and 46 min, 6%.

For the ESI-MSn analyses, ESI was operated in positive
ionization mode. Nitrogen was used as drying gas with flow
rate of 11 L/min and drying temperature of 350 8C. The pressure
of the nebulizer was set at 65 psi, the capillary at 2500 V,
capillary exit offset at 70 V, skimmer 1 at 20 V; skimmer 2 at 6 V
and the compound stability at 100%. During the chromatographic
run, the mass spectra of the eluate were recorded in the m/z range
of 50–1200. For quantification purposes, DAD chromatograms
were recorded at 520 nm and the concentration of pigments was
expressed as equivalents of malvidin-3-glucoside.

For the analysis of non-anthocyanin phenolic compounds
(flavonols, gallic acid, flavan-3-ol monomers and dimers, hydro-
xycinnamic acid derivatives and stilbenes) the free-anthocyanin
extract obtained after SPE was injected (50 mL) into the
aforementioned HPLC system. Chromatographic separation was
performed on the same column as described for the anthocyanins,
using positive ionization mode for the ESI (capillary +2500 V,
compound stability 40%) for the analysis of flavonols and flavan-3-
ols and negative ionization mode for the ESI (capillary �2500 V,
compound stability 40%) for gallic acid, hydroxycinnamic acid
derivatives and stilbenes. The solvents for elution were: solvent A
(acetonitrile/water/formic acid, 3:88.5:8.5, V/V/V), solvent B
(acetonitrile/water/formic acid, 50:41.5:8.5, V/V/V), and solvent
C (methanol/water/formic acid, 90:1.5:8.5, V/V/V). The flow rate
was 0.63 mL min�1. The linear solvents gradient was: zero min,
96% A and 4% B; 7 min, 96% A and 4% B; 38 min, 70% A, 17% B and
13% C; 52 min, 50% A, 30% B and 20% C; 52.5 min, 30% A, 40% B and
30% C; 57 min, 50% B and 50% C; 58 min, 50% B and 50% C; 65 min,
96% A and 4% B. Flavonols were recorded at 360 nm, flavan-3-ols at
280 nm, and stilbenes and hydroxycinnamic acid derivatives at
320 nm.

2.5. Measurement of antioxidant activity

The antioxidant activity of wines was determined using the
DPPH method. This method uses 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical with an absorbance maximum at 515 nm which
disappears when the radical is reduced by reaction with an
antioxidant or another radical (Brand-Williams et al., 1995),
according to the following reactions:

DPPH� þ AH ! DPPH-H þ A�

DPPH� þ R� ! DPPH-R

Therefore, the disappearance of absorbance at 515 nm by action
of an antioxidant substance in a methanolic solution, measured
with a spectrophotometer, serves to determine the antioxidant
activity of the tested sample (for example, wine).

Determination of the antioxidant activity in this study was
performed following the procedure described by Brand-Williams
et al. (1995). Thus, the wine samples were diluted with methanol
(1:20, V/V) and 100 mL of the diluted wine was added to 2.9 mL of a
methanol solution of the radical DPPH (with concentration of
6 � 10�5 M) and absorbance at 515 nm was measured after 25 min
storage at room temperature. For determination of the antioxidant
activity, a calibration curve was constructed using methanol
solutions of Trolox with concentrations ranging from 0.19 to
0.93 mM.

2.6. Analysis of color

Analysis of color was performed by the CIELAB simplified
method proposed by Negueruela’s research group (Ayala et al.,
1997). Before measurements, the pH of wine samples was adjusted
to pH 3.6 with solution of 2 M NaOH. Direct measurement of the
absorbance of the wines with adjusted pH, at 420, 520, 570 and
630 nm, was carried out using a Spectronic Genesys 5 spectropho-
tometer (Milton Roy, Co., Warminster, PA, USA) at the wavelength
range between 280 to 700 nm and using a cuvette with 2 mm
optical path against the blank-water. Calculations were made
using the MSCV software developed by Negueruela’s team to
process the latter absorbance values (free downloadable at http://
www.unizar.es/negueruela/MSCV.es) and to obtain all the CIELAB
parameters (X, Y, Z, L*, C*, h*, a*, b*).

2.7. Statistical analysis

Statistical treatments, including ANOVA (Tukey’s test) and
Factor analysis were performed using the XLSTAT Software,
Version 2012.6.09, Addinsoft (Paris, France). Factor analysis was

http://www.unizar.es/negueruela/MSCV.es
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carried out to evaluate relationships among the groups of
variables, e.g. concentration of anthocyanins, vitisins, hydroxy-
phenyl-pyranoanthocyanins, flavonols, hydroxycinnamic acid
derivatives, stilbenes, antioxidant activity and CIELAB values (L*,
C* and h*).

3. Results and discussion

3.1. Identification of phenolic compounds by HPLC–DAD–ESI-MSn

The HPLC-DAD–ESI-MSn technique was used to determine the
phenolic profile of the Vranec, Cabernet Sauvignon and Merlot
wines produced in three different vintage years, 2006, 2007 and
2008. Different families of phenolic compounds were considered:
anthocyanins, vitisins, hydroxyphenyl-pyranoanthocyanins, fla-
vonols, hydroxycinnamic acids derivatives and stilbenes (retention
time and MS data are given in Table 1). The assignment of the
individual phenolic compounds was carried out by comparison of
their UV/vis spectra and retention times with those of the available
standards (presented in Section 2.1), as well as by comparing the
ESI-MS and MS/MS data with the standards analyzed under the
same experimental conditions and those found in the literature
(Downey et al., 2003; Wu and Prior, 2005; Montealegre et al., 2006;
Castillo-Muñoz et al., 2007; Blanco-Vega et al., 2011; Ivanova et al.,
2011a,c). As observed in Table 1, 65 phenolic compounds were
identified including 14 anthocyanins, 18 pyranoanthocyanins, 16
flavonols, 4 flavan-3-ols, 8 hydroxycinnamic acids and their
derivatives and 4 stilbenes and one hydroxybenzoic acid. The
UV/vis chromatograms of Vranec, Cabernet Sauvignon and Merlot
wines (vintage 2008) recorded at 520, 360 and 320 nm are
presented in Figs. 1–3, respectively.

Anthocyanins. The presence of 3-glucoside, 3-acetylglucoside
and 3-p-coumaroylglucoside derivatives of delphinidin, cyanidin,
petunidin, peonidin and malvidin was confirmed in the analyzed
wines. The non-acylated anthocyanidin 3-monoglucosides have
similar mass spectra characterized with two signals, molecular ion
M+ and aglycone fragment [M�162]+ obtained after elimination of
a glucose moiety. The 3-acetylglucoside and 3-p-coumaroylgluco-
side derivatives of the anthocyanins were identified in a similar
way, characterized with molecular ion M+ and [M�204]+ fragment
corresponding to elimination of an acetylglucose group and
molecular ion M+ and fragment ion [M�308]+ as a result of loss
of the entire p-coumaroylglucose group, respectively (De Villers
et al., 2004; Rubilar et al., 2007; Chinnici et al., 2009; Ivanova et al.,
2011a,c).

Pyranoanthocyanins. The pyranoanthocyanins derived from
pyruvic acid are called 10-carboxy-pyranoanthocyanins or A-type
vitisins and were detected in Vranec, Cabernet Sauvignon and
Merlot wines. Thus, 10-carboxy-pyranomalvidin-3-glucoside (viti-
sin A), 10-carboxy-pyranomalvidin-3-acetylglucoside (acetyl-viti-
sin A) and 10-carboxy-pyranomalvidin-3-p-coumaroylglucoside
(p-coumaroyl-vitisin A) were identified according to their molec-
ular ions (M+) and main fragments in their mass spectra (Table 1).
These three compounds have the same characteristic fragment
which corresponds to 10-carboxy-pyranomalvidin aglycone
([M+H]+ = m/z 399) (Ivanova et al., 2011a). Another A-type vitisin
was identified as 10-carboxy-pyranopeonidin-3-glucoside pre-
senting a molecular ion at m/z 531 and a fragment ion at m/z 369,
corresponding to elimination of a glucoside moiety (162 u).
Another group of pyranoanthocyanins (called B-type vitisins)
resulting from cycloaddition reaction between anthocyanins and
acetaldehyde were also detected in the wines. Thus, compounds
with molecular signals M+ at m/z 517, 559 and 663 were identified
as pyranomalvidin-3-glucoside (vitisin B), pyranomalvidin-3-
acetylglucoside (acetyl-vitisin B) and pyranomalvidin-3-p-cou-
maroylglucoside (p-coumaroyl-vitisin B) all producing a fragment
ion at m/z 355 by loss of glucoside (162 u), acetylgucoside (204 u)
and p-coumaroylglucoside (308 u) groups, respectively.

Two compounds with same molecular ions at m/z 805 were
detected in the wines and tentatively identified as 10-flavanyl-
pyranoanthocyanins (reaction products between anthocyanins
and 8-vinylflavanols, released from the cleavage of previously
formed ethyl bridged flavan-3-ol oligomers), namely 10-catechin-
pyranomalvidin-3-glucoside and 10-epicatechin-pyranomalvidin-
3-glucoside (Mateus et al., 2003). The fragmentation of the
molecular ion (m/z 805) produced fragment ions at m/z 643 and
491, the first one corresponding to elimination of a glucose moiety
(162 u) and the second one to Retro Diels–Alder (RDA) fission of
the B ring of the flavan-3-ol moiety, characterized by loss of 152 u.
In addition, the components with m/z 1093 (fragment ions: m/z

931, 803) and m/z 1135 (fragment ions: m/z 931, 845) were
tentatively identified as 10-(procyanidin dimer)-pyranomalvidin-
3-glucoside and 10-(procyanidin dimer)-pyranomalvidin-3-acet-
ylglucoside, respectively (He et al., 2006; Stefova and Ivanova,
2011d). Fragmentation of the molecular ions yielded aglycone
cations at m/z 931 as a result of loss of glucose and acetyglucose
moieties, respectively. The fragments at m/z 803 and 845, for both
components respectively, were suggested to be formed by cleavage
of the interflavonoid bond of the procyanidin dimer moieties.

Hydroxyphenyl-pyranoanthocyanins produced in the reaction
of caffeic acid with different anthocyanins were found for the first
time in the Macedonian wines. Compounds with molecular ions at
m/z 625, 667 and 771 were identified as 10-(30 00,40 00-dihydrox-
yphenyl)-pyranomalvidin-3-glucoside (10-DHP-pyrm-3-glc, also
known as pinotin A) (Rentzsch et al., 2010), 10-(30 00,40 00-dihydrox-
yphenyl)-pyrano malvidin-3-acetylglucoside (10-DHP-pymv-3-
acglc), and 10-(30 00,40 00-dihydroxyphenyl)-pyrano malvidin-3-p-
coumaroylglucoside (10-DHP-pymv-3-cmglc), respectively.
Hydroxyphenyl-pyranoanthocyanins originating from the reaction
of p-coumaric acid (or its corresponding 4-vinylphenol) and
different anthocyanins were also detected in the wines. Thus,
compounds with molecular ions at m/z 609, 651 and 755 were
tentatively assigned as 10-(40 00-monohydroxyphenyl) derivatives
(10-MHP) of pyranomalvidin-3-glucoside, pyranomalvidin-3-
acetylglucoside and pyranomalvidin-3-p-coumaroylglucoside, re-
spectively. The presence of hydroxyphenyl-pyranoanthocyanins
has already been reported in wines (Mateus et al., 2002; Wang
et al., 2003; Alcalde-Eon et al., 2006; Rentzsch et al., 2007; Blanco-
Vega et al., 2011).

Acetaldehyde-mediated condensation adducts between antho-
cyanins and (epi)catechin leads to ethyl-bridged pigments
(Timberlake and Bridle, 1976) and only one compound from this
group was detected in wines and identified as (epi)catechin-ethyl-
malvidin-3-p-coumaroylglucoside. This compound presented a
molecular ion at m/z 955. Fragmentation of this molecular ion
produced fragment ions at m/z 665 and 357. The first fragment
(m/z 665) corresponds to elimination of an (epi)catechin
molecule (290 u) and the second fragment is a result of a loss
of p-coumaroylglucose group (308 u).

Flavonols. The aglycones kaempferol ([M+H]+ at m/z 287),
quercetin ([M+H]+ at m/z 303), isorhamnetin ([M+H]+ at m/z 317),
myricetin ([M+H]+ at m/z 319), laricitrin ([M+H]+ at m/z 333) and
syringetin ([M+H]+ at m/z 347) were detected in the analyzed
wines. The 3-glucoside derivatives of the six aforementioned
flavonol aglycones were identified in Vranec, Cabernet Sauvignon
and Merlot wines on the basis of their pseudomolecular ions
([M+H]+) and fragment ion ([M+H-162]+) signals corresponding to
elimination of a glucose moiety (Castillo-Muñoz et al., 2007).
Kaempferol-3-glucuronide, quercetin-3-glucuronide and myrice-
tin-3-glucuronide were also present in the wines, identified by the
expected loss of 176 u ([M+H-176]+), corresponding to elimination
of a glucuronide moiety. Myricetin-3-galactoside, which is



Table 1
Phenolic compounds identified in Vranec, Cabernet Sauvignon and Merlot wines by

HPLC-ESI-MSn analysis.

Phenolics tr (min) MS (m/z) MS/MS (m/z)

Anthocyanins M+ Fragment ion

Non-acylated glucosides

Dp-3-glc 9.89 465 303

Cy-3-glc 11.53 449 287

Pt-3-glc 12.85 479 317

Pn-3-glc 14.62 463 301

Mv-3-glc 15.88 493 331

Acetylglucosides

Dp-3-acetylglc 16.70 507 303

Pt-3-acetylglc 20.56 521 317

Pn-3-acetylglc 23.13 505 301

Mv-3-acetylglc 24.35 535 331

p-Coumaroylglucosides

Dp-3-p-coumglc 22.50 611 303

Cy-3-p-coumglc 24.98 595 287

Pt-3-p-coumglc 26.30 625 317

Pn-3-p-coumglc 28.98 609 301

Mv-3-p-coumglc 28.90 639 331

Pyranoanthocyanins

Vitisin-A 18.04 561 399

Ac-vitisin-A 19.66 603 399

p-Cm-vitisin-A 23.43 707 399

Vitisin-B 19.16 517 355

Ac-vitisin-B 21.28 559 355

p-Cm-vitisin-B 24.78 663 355

10-carboxy-pyranoPn-3-glc 531 369

10-catechin-pyranoMv-3-glc 805 643, 491

10-epicatechin-pyranoMv-3-glc 805 643, 491

10-(procyanidin dimer)-

pyranoMv-3-glc

1093 931, 803

10-(procyanidin dimer)-

pyranoMv-3-acetylglc

1135 931, 845

10-DHP-pymv-3-glc

(pinotin A)

30.85 625 463

10-DHP-pymv-3-acglc 32.61 667 463

10-DHP-pymv-3-cmglc 35.26 771 447

10-MHP-pymv-3-glc 33.54 609 447

10-MHP-pymv-3-acglc 35.91 651 447

10-MHP-pymv-3-cmglc 37.98 755 447

(epi)catechin-ethyl-Mv-3-

p-coumaroylglc

955 665, 357

Phenolics tr (min) MS (m/z) MS/MS (m/z)

Flavonols [M+H]+ Fragment ion

M-glcU 22.56 495 319

M-gal 23.04 481 319

M-glc 23.79 481 319

Q-glcU 29.25 479 303

Q-glc 30.36 465 303

L-glc 32.94 495 333

M 34.08 319

K-glcU 35.51 463 287

K-glc 36.61 449 287

I-glc 39.58 479 317

S-glc 41.30 509 347

Q 44.77 303

L 48.44 333

K 52.73 287

I 56.03 317

S 57.41 347

Flavan-3-ols

Procyanidin B2 7.76 579 291

Catechin 8.61 291 273, 165, 139,

123

Procyanidin B1 11.20 579 291

Epicatechin 14.94 291 273, 165, 139,

123

Phenolics tr (min) MS (m/z) MS/MS (m/z)

Hydroxycinnamic

acids derivatives

[M–H]– Fragment ions

trans-Caftaric acid 7.33 311 179, 149

V. Ivanova-Petropulos et al. / Journal of Food Composition and Analysis 41 (2015) 1–14 5
detected for the first time in the Macedonian wines, was also
identified, showing a molecular ion at m/z 481 and a fragment ion
at m/z 319 resulting from elimination of a galactose moiety (162 u).
The assignment of the 3-glucoside and 3-galactoside of myricetin
(both compounds having identical MS and MS/MS spectra) was
based on their different retention times (Castillo-Muñoz et al.,
2009).

Flavan-3-ols. Flavan-3-ol monomers, ((+)-catechin and (�)-
epicatechin ([M+H]+ = m/z 291), and dimers, namely procyanidins
B1 and B2 ([M�H]+ = m/z 579) were detected in all wines. The two
peaks appearing at 8.61 min and 14.94 min, showing the same
pseudomolecular ion at m/z 291, were identified as catechin and
epicatechin, respectively, both producing the fragment ions at m/z

273, 165, 139, 123 (Cren-Olive, 2000). The fragment ion at m/z 273
corresponds to elimination of water molecule, while the one at m/z

165 corresponds to loss of a phloroglucinol molecule ([M+H-
126]�). The fragment ion at m/z 139 results from Retro-Diels–Alder
(RDA) rearrangement on the C-ring of catechin and epicatechin
derivatives and as a result of that cleavage, two possible fragment
ions are formed: m/z 139 by a loss of 152 Da and m/z 123 is a B-ring
product ion. The two compounds eluting at 7.76 and 11.20 min,
showing pseudomolecular ions at m/z 577 (fragments ions at m/z:
291), were tentatively identified as flavan-3-ol dimmers. The
fragment ions at m/z 291 correspond to the terminal flavan-3-ol
unit of the dimers.

Hydroxycinnamic acids derivatives. From the group of hydro-
xycinnamic acid derivatives, the following compounds were
detected in the wines: trans-caftaric (caffeoyltartaric) acid with
a pseudomolecular ion ([M�H]�) at m/z 311 and fragment ions at
m/z 179 and 149); trans- and cis -coutaric (coumaroyltartaric) acid
at m/z 295 ([M�H]�, fragment ion at m/z 163), trans-fertaric
(feruloyltartaric) acid at m/z 325 ([M�H]�, fragment ion at m/z

193). These four compounds give rise to the same characteristic
fragment ion [M�H-132]� corresponding to loss of a tartaric acid
residue (Ivanova et al., 2011a). Caffeic acid was the only
hydroxycinnamic acid detected in wines showing molecular ion
at m/z 179 and fragment ion at m/z 135, corresponding to loss of
CO2 group from the acid. Furthermore, ethyl caffeate at m/z 207
and ethyl coumarate at m/z 191 were also detected in Vranec,
Table 1 (Continued )

Phenolics tr (min) MS (m/z) MS/MS (m/z)

Hydroxycinnamic

acids derivatives

[M–H]– Fragment ions

trans-Coutaric acid 9.77 295 163

cis-Coutaric acid 10.01 295 163

Caffeic acid 12.24 179 135

trans-Fertaric acid 13.21 325 193

p-Coumaric acid 19.41 147 103

Ethyl caffeate 44.60 207 179

Ethyl coumarate 53.58 191 147

Stilbenes

trans-piceid 24.47 389 227

trans-resveratrol 33.92 227

cis-piceid 34.28 389 227

cis-resveratrol 40.67 227

Hydroxybenzoic acids

Gallic acid 5.69 169 125

Dp, delphinidin; Cy, cyanidin; Pt, petunidin; Pn, peonidin; Mv, malvidin; Cat,

catechin; Epicat, epicatechin; K, kaempferol; Q, quercetin; I, isorhamnetin; M,

myricetin; L, laricitrin; S, syringetin; glc, 3-glucoside; acglc, 3-(600-acetyl)-

glucoside; cmglc, 3-(600-coumaroyl)-glucoside; glcU, 3-glucuronide; gal, 3-glalacto-

side 10-MHP, 10-(40 00-monohydroxyphenyl); 10-DHP, 10-(30 00 ,40 00-dihydroxyphe-

nyl); pymv, pyranomalvidin; vitisin A, 10-carboxy-pyrmv-3-glc; vitisin B, 10-H-

pymv-3-glc; A-type vitisin, 10-carboxy-pyranoanthocyanins.

nd, not detected.

The details on the HPLC-ESI-MS–MSn method are described in Section 2.4.



Fig. 1. UV–vis chromatograms of Merlot, Cabernet Sauvignon and Vranec wines (vintage 2008) recorded at 520 nm for detection of anthocyanins, vitisins and hydroxyphenyl-

pyranoanthocyanins. Experimental conditions: separation column Zorbax Eclipse XDB-C18, temperature 40 8C, gradient elution (described in the Material and methods) with

water/acetonitrile/formic acid (87:3:10, V/V/V, solvent A) and water/acetonitrile/formic acid (40:50:10, V/V/V, solvent B), flow rate 0.63 mL min�1, injection volume 50 mL.
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Cabernet Sauvignon and Merlot wines. Both compounds showed a
characteristic fragment loss of 28 u (ethyl moiety).

Hydroxybenzoic acids. With regard to hydrozybenzoic acids,
only gallic acid was detected by ESI-MS, presenting ion at m/z 169
and fragment ion [M�H]� at m/z 112 corresponding to loss of CO2

group (44 u) from the acid.
Stilbenes. Cis and trans-resveratrol-3-glucosides (cisand trans-

piceid) and cisand trans-resveratrol were detected in the wines by
ESI-MS, giving pseudomolecular ions at m/z 389 and m/z 227,
respectively. The pseudo-molecular ion of trans/cis-resveratrol
glucoside (trans/cis-piceid) [M�H]� at m/z 389 produced a
fragment ion [M�H]� at m/z 227 corresponding to free resveratrol
by loss of the glucose moiety (Ivanova et al., 2011a).
3.2. Quantitative analysis

The quantitative analysis of phenolic compounds in Vranec,
Cabernet Sauvignon and Merlot wines was performed using the
peak areas in the HPLC-DAD chromatograms recorded at 520 nm
(for anthocyanins, vitisins and hydroxyphenyl-pyranoanthocya-
nins), 360 nm (for flavonols), 320 nm (for hydroxycinnamic acids
derivatives and stilbenes) and 280 (for gallic acid and flavan-3-ols).
Since wines were produced in three different vintages, it is
expected that the storage conditions could influence the phenolic
composition of the wines. Moreover, the meteorological condi-
tions, as well as the technological practices applied during
winemaking, also could affect the phenolic content of the wines,



Fig. 2. UV–vis chromatograms of Merlot, Cabernet Sauvignon and Vranec wines (vintage 2008) recorded at 360 nm for detection of flavonols. Experimental conditions:

separation column Zorbax Eclipse XDB-C18, temperature 40 8C, gradient elution (described in the Material and methods) with water/acetonitrile/formic acid (87:3:10, V/V/V,

solvent A) and water/acetonitrile/formic acid (40:50:10, V/V/V, solvent B), flow rate 0.63 mL min�1, injection volume 50 mL.
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depending on the grape characteristics at the moment of harvest
and their changes from year to year (Bautista-Ortı́n et al., 2007).
Vranec wine contained mainly malvidin-3-glucoside (47–50%, on a
molar basis) the dominant anthocyanin as expected for the most V.

vinifera cultivars, followed by petunidin-3-glucoside (11–14%, on a
molar basis) and peonidin-3-glucoside (8–10%, on a molar basis).
Similarly, Merlot and Cabernet Sauvignon contained the highest
amount of malvidin-3-glucoside (48–55% and 45–52%, respective-
ly, on a molar basis) (Table 2). With regards to vitisins, vitisin A was
the dominant component in all wines from all three years of
production, present in relatively high amount (40–70% on a molar
basis), followed by acetyl-vitisin A and p-coumaroyl-vitisin A. The
highest percentage of this component was noticed in Vranec and
Cabernet Sauvignon wines from 2006 and Merlot from 2007
(Table 2). Since this compound is formed during the alcoholic
fermentation by reaction of pyruvic acid and malvidin-3-glucoside,
the maximum content of vitisin A was reached after three years of
storage, probably due to the availability of pyruvic acid (Rentzsch
et al., 2010).

From the group of hydroxyphenyl-pyranoanthocyanins, 10-
DHP-pyranomalvidin-3-glucoside (pinotin A) and 10-MHP-pyra-
nomalvidin-3-glucoside were the dominant compounds present in
range from 2 to 45% and 38 to 55%, respectively (on a molar basis)
(Table 2). Highest amount for both components was observed in



Fig. 3. UV–vis chromatograms of Merlot, Cabernet Sauvignon and Vranec wines (vintage 2008) recorded at 320 nm for detection of hydroxycinnamic acid derivatives and

stilbenes. Experimental conditions: separation column Zorbax Eclipse XDB-C18, temperature 40 8C, gradient elution (described in the Material and methods) with water/

acetonitrile/formic acid (87:3:10, V/V/V, solvent A) and water/acetonitrile/formic acid (40:50:10, V/V/V, solvent B), flow rate 0.63 mL min�1, injection volume 50 mL.
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Vranec wines from 2006 and 2007 and Cabernet Sauvignon from
2006, but for Merlot practically no differences were observed
between the years of production. Since these compounds are
formed exclusively by direct reaction of anthocyanins and
hydroxycinnamic acids after the completion alcoholic fermenta-
tion, their content was expected to increase during wine aging, as
previously reported for Pinotage and Tempranilo wines (Schwarz
et al., 2004; Rentzsch et al., 2010). To the best of our knowledge,
this is the first raport for the content of hydroxyphenyl-
pyranoanthocyanins in Macedonian wines.

Flavonols were found as the original ones from grape as
3-glycosides and also as free aglycones released after hydrolysis
(Castillo-Muñoz et al., 2007). Quercetin-type flavonols were
dominant in all wines. In Vranec wines, myricetin-type and
quercetin-type accounted as the main flavonols and the impor-
tance of the latter increased in more aged wines (Table 3). It is
important to consider that flavonol glycosides are not homo-
geneously hydrolyzed in the wine and some specific compounds
(e.g., quercetin-3-glucuronide) are quite resistant to hydrolysis
(Castillo-Muñoz et al., 2007). In addition, flavonol aglycones are
quite insoluble in wine and can precipitate, and myricetin
derivatives are easily oxidizable compounds. As a consequence,
quercetin-3-glucuronide was the dominant flavonol found in all
wines, followed by quercetin and syringetin-3-glucoside (Table 3).



Table 2
Anthocyanins, vitisins and hydroxyphenyl-pyranoanthocyanins profiles of Vranec, Cabernet Sauvignon and Merlot wines (molar% of each compound in its group and total

content of each group of compounds in mg/L).

Compounds/Wines Vranec Cabernet Sauvignon Merlot

2006 2007 2008 2006 2007 2008 2006 2007 2008

Anthocyanins

Dp-3-glc 10.9 � 0.09 7.37 � 0.05 6.73 � 0.05 6.17 � 0.05 4.84 � 0.04 3.86 � 0.03 6.39 � 0.05 5.54 � 0.03 4.83 � 0.03

Cy-3-glc 2.34 � 0.02 2.09 � 0.02 1.03 � 0.01 2.22 � 0.02 0.51 � 0.01 0.48 � 0.01 0.77 � 0.01 0.88 � 0.01 0.52 � 0.01

Pt-3-glc 14.0 � 0.11 10.6 � 0.10 10.9 � 0.09 10.4 � 0.08 6.03 � 0.05 5.87 � 0.04 6.78 � 0.06 7.68 � 0.06 5.74 � 0.03

Pn-3-glc 10.1 � 0.09 9.34 � 0.08 8.10 � 0.08 10.6 � 0.08 4.49 � 0.04 4.79 � 0.04 5.61 � 0.04 6.49 � 0.05 4.51 � 0.02

Mv-3-glc 47.6 � 0.39 50.2 � 0.42 48.7 � 0.45 44.9 � 0.39 50.8 � 0.47 51.7 � 0.46 54.5 � 0.62 48.2 � 0.52 48.9 � 0.55

Dp-3-acglc 2.51 � 0.02 1.74 � 0.02 1.12 � 0.01 0.99 � 0.01 1.22 � 0.01 0.94 � 0.01 1.35 � 0.02 2.11 � 0.03 1.83 � 0.01

Pt-3-acglc 0.47 � 0.01 0.93 � 0.01 1.54 � 0.01 1.54 � 0.01 1.98 � 0.01 1.48 � 0.01 1.14 � 0.01 1.57 � 0.02 1.63 � 0.01

Pn-3-acglc 0.71 � 0.01 1.14 � 0.01 1.47 � 0.01 1.43 � 0.01 2.03 � 0.02 1.25 � 0.01 1.27 � 0.01 2.50 � 0.02 1.98 � 0.02

Mv-3-acglc 3.13 � 0.02 5.54 � 0.04 7.24 � 0.06 7.08 � 0.06 20.7 � 0.19 20.3 � 0.17 14.1 � 0.11 14.5 � 0.09 20.7 � 0.38

Dp-3-cmglc 0.65 � 0.01 0.66 � 0.01 0.92 � 0.01 1.25 � 0.01 0.38 � 0.01 0.45 � 0.01 0.48 � 0.01 0.68 � 0.01 0.56 � 0.01

Cy-3-cmglc 0.65 � 0.01 0.73 � 0.01 0.78 � 0.01 0.93 � 0.01 0.25 � 0.00 0.34 � 0.01 0.32 � 0.01 0.47 � 0.01 nd

Pt-3-cmglc 0.82 � 0.01 0.75 � 0.01 1.41 � 0.01 1.58 � 0.01 0.52 � 0.01 0.64 � 0.01 0.54 � 0.01 0.80 � 0.01 0.68 � 0.01

Pn-3-cmglc 1.62 � 0.01 2.20 � 0.02 2.40 � 0.02 2.50 � 0.02 1.01 � 0.01 1.14 � 0.01 1.04 � 0.01 1.84 � 0.01 1.30 � 0.01

Mv-3-cmglc 4.57 � 0.03 6.80 � 0.05 7.64 � 0.06 8.41 � 0.07 5.26 � 0.04 6.72 � 0.05 5.72 � 0.03 6.78 � 0.05 6.81 � 0.04

Total anthocyanins* 16.1 � 0.2 53.6 � 0.6a 508 � 6.2 351 � 4.4 96.1 � 1.1 194 � 1.8b 47.6 � 0.5a 160 � 1.9 194 � 2.3b

Vitisins

Vitisin-A 69.0 � 0.58 59.7 � 0.52 39.5 � 0.36 48.5 � 0.39 45.3 � 0.42 35.8 � 0.31 56.5 � 0.47 61.4 � 0.56 46.5 � 0.43

Ac-vitisin-A 12.6 � 0.11 16.4 � 0.14 19.7 � 0.17 25.2 � 0.20 28.5 � 0.21 31.5 � 0.29 22.9 � 0.22 20.4 � 0.19 24.0 � 0.21

p-Cm-vitisin-A 11.7 � 0.10 15.2 � 0.13 12.4 � 0.11 18.4 � 0.14 11.6 � 0.10 7.64 � 0.06 11.3 � 0.10 18.2 � 0.17 11.0 � 0.10

Vitisin-B 6.67 � 0.05 8.82 � 0.07 28.4 � 0.24 7.87 � 0.07 7.08 � 0.06 17.7 � 0.14 9.39 � 0.08 nd 10.4 � 0.09

Ac-vitisin-B nd nd nd nd 7.52 � 0.06 7.33 � 0.06 nd nd 8.17 � 0.07

Total vitisins** 6.94 � 0.06 15.5 � 0.13a 53.1 � 0.57 28.2 � 0.27 14.1 � 0.12a 34.9 � 0.30c 8.37 � 0.09 46.1 � 0.38b 41.6 � 0.35b

Hydroxyphenyl-pyranoanthocyanins

10-DHP-pymv-3-glc(pinotin A) 45.3 � 0.40 38.3 � 0.34 25.2 � 0.23 35.3 � 0.31 21.5 � 0.18 21.5 � 0.22 24.4 � 0.21 28.3 � 0.26 29.3 � 0.30

10-DHP-pymv-3-acglc nd 10.4 � 0.11 nd nd 7.44 � 0.05 nd nd nd nd

10-DHP-pymv-3-cmglc nd nd nd nd 4.22 � 0.03 nd nd nd nd

10-MHP-pymv-3-glc 54.7 � 0.49 38.0 � 0.36 49.3 � 0.45 43.3 � 0.39 41.1 � 0.36 42.6 � 0.45 51.2 � 0.44 42.7 � 0.43 40.1 � 0.37

10-MHP-pymv-3-acglc nd 4.28 � 0.04 11.8 � 0.11 8.76 � 0.7 18.6 � 0.18 25.1 � 0.27 15.4 � 0.13 17.1 � 0.15 19.1 � 0.15

10-MHP-pymv-3-cmglc nd 9.01 � 0.08 13.8 � 0.11 12.7 � 0.11 7.09 � 0.08 10.8 � 0.09 9.02 � 0.08 11.9 � 0.09 11.5 � 0.09

Total HP-pyranoanthocyanins*** 1.09 � 0.02 3.58 � 0.02 7.35 � 0.06 10.4 � 0.10 5.44 � 0.04a 5.73 � 0.07a,b 2.35 � 0.02 8.96 � 0.10 6.28 � 0.06b

* mg/L, as malvidin 3-glucoside; nd, Dp, delphinidin; Cy, cyanidin; Pt, petunidin; Pn, peonidin; Mv, malvidin glc, 3-glucoside; acglc, 3-(600-acetyl)-glucoside; cmglc, 3-(600-

coumaroyl)-glucoside.
** mg/L, as vitisin-A; Ac, 600-acetyl derivative; Cm, 600-coumaroyl derivative.
*** mg/L; HP-pyranoanthocyanins, hydroxyphenyl-pyranoanthocyanins. 10-MHP, 10-(40 00-monohydroxyphenyl); 10-DHP, 10-(30 00 ,40 00-dihydroxyphenyl).

nd, not detected; All results are average values of three replicates � SD (standard deviation) of each representative wine sample prepared by mixing wines from three tanks

produced by same technological treatment

Same letters in the ‘‘Total Anthosyanins’’ ‘‘Total vitisins’’ and ‘‘Total HP-pyranoanthocyanins’’ row indicate that the values are not significantly different (p > 0.05), analyzed by the

Tukey-Kramer Multiple Comparisons Test.

Abbreviations as in Table 1.

Limit of detection (LOD): Mv-glc 0.640 mg/L.
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The content of total flavonols found in Macedonian wines was in
accordance to previously reported data for red wines (Hermosı́n-
Gutiérrez et al., 2011).

From the group of flavan-3-ols, (+)-catechin and (�)-epicate-
chin were the dominant compounds, present in range from 35.9 to
96.1 mg/L and 6.5 to 26.2 mg/L, respectively. Catechin and
epicatechin were present in highest concentration in Cabernet
Sauvignon wines from 2006 and 2008, while Vranec wine from
2006 had lowest amount of both components. All wines contained
higher content of procyanidin B2 compared to procyanidin B1.

Gallic acid was the only p-hydroxybenzoic acid quantified in the
wines. The content of gallic acid was similar in all analyzed wines,
regardless the variety and year of production.

With regard to the hydroxycinnamic acids derivatives, caftaric
and coutaric acids were the dominant compounds in all analyzed
wines. Caffeic acid was also present in all wines in lower levels
than caftaric acid suggesting that hydrolysis of the ester occurred
during storage (Table 4). And, from the stilbenes family, trans-
resveratrol-3-glucoside was the dominant stilbene in all wines,
followed by cis-resveratrol-3-glucoside, present from 27 to 57%
and 19–38.9%, respectively (on a molar basis) as presented in
Table 5. Compared to few selected Brazilian wines (Lucena et al.,
2010), Macedonian wines contained higher stilbene content.
The color properties of the wines from the three different years
of production were analyzed by determination of the chromatic
CIELAB characteristics (Table 5). Vranec wine from 2008 and
Cabernet Sauvignon wine from 2006 exhibited the most intense
color (lowest values for L*), while no remarkable difference was
observed for Cabernet Sauvignon and Merlot wines from the same
year of production (2008). Because of aging, Vranec and Merlot
produced in 2006 exhibited the lightest (highest values of L*) and
less pure red color (lowest values of C*), with little purple hue
(highest values of h*). These results suggest that Vranec wine
(produced in 2008) and Cabernet Sauvignon wine (from 2006)
contained highest content not only of anthocyanins and pigments,
but also of other phenolic compounds, such as flavonols, stilbenes
and phenolic acids derivatives, which could contribute to wine
color stabilization through participation in reactions of copigmen-
tation forming stable color compounds, as it was observed in the
wines (Tables 2–4). In fact, wine aging is accompanied by decrease
of the content of anthocyanins and other phenolic compounds
followed by color changes. Thus, the lowest amount of all analyzed
classes of phenolics was observed in the Vranec wine produced in
2006. These results were expected, since the content of antho-
cyanins rapidly decreases during maturation and storage, mainly
as a result of conversion of anthocyanins into other compounds,



Table 3
Flavonol profiles of Vranec, Cabernet Sauvignon and Merlot wines (molar% of each flavonol and total content of flavonols in mmol/L).

Compounds/Wines Vranec Cabernet Sauvignon Merlot

2006 2007 2008 2006 2007 2008 2006 2007 2008

K-glcU 2.25 � 0.02 1.42 � 0.01 1.21 � 0.01 1.46 � 0.01 0.93 � 0.01 0.44 � 0.01 nd 0.96 � 0.01 1.33 � 0.01

K-glc 3.97 � 0.02 3.12 � 0.03 2.36 � 0.02 2.34 � 0.02 2.65 � 0.02 2.48 � 0.02 2.44 � 0.01 2.25 � 0.01 2.93 � 0.02

K 1.25 � 0.01 1.28 � 0.01 0.79 � 0.01 1.29 � 0.01 0.68 � 0.01 0.28 � 0.00 0.77 � 0.01 1.16 � 0.01 0.26 � 0.00

Q-glcU 31.6 � 0.32 27.7 � 0.24 24.8 � 0.24 26.1 � 0.25 23.9 � 0.21 26.9 � 0.29 24.0 � 0.21 27.6 � 0.30 32.6 � 0.31

Q-glc nd 1.58 � 0.01 5.50 � 0.05 5.06 � 0.04 nd nd nd nd nd

Q 21.7 � 0.19 18.7 � 0.16 8.30 � 0.07 19.6 � 0.21 25.3 � 0.24 9.40 � 0.09 13.7 � 0.12 28.2 � 0.30 3.36 � 0.03

I-glc nd 0.58 � 0.01 1.18 � 0.01 0.86 � 0.01 0.31 � 0.01 0.61 � 0.01 nd 0.71 � 0.01 0.68 � 0.01

I 3.94 � 0.3 2.53 � 0.02 1.10 � 0.01 1.34 � 0.01 6.28 � 0.06 2.60 � 0.02 1.93 � 0.01 4.58 � 0.04 0.84 � 0.01

M-glcU 3.01 � 0.2 2.48 � 0.02 2.25 � 0.02 2.49 � 0.02 2.86 � 0.02 3.75 � 0.03 nd 2.90 � 0.02 3.56 � 0.03

M-gal nd 0.17 � 0.00 2.29 � 0.01 0.48 � 0.01 0.64 � 0.01 0.74 � 0.01 nd 0.66 � 0.01 0.62 � 0.01

M-glc 6.90 � 0.5 22.4 � 0.25 34.3 � 0.31 23.4 � 0.23 6.57 � 0.06 11.2 � 0.13 4.28 � 0.02 11.4 � 0.11 13.3 � 0.12

M nd 1.09 � 0.01 0.86 � 0.01 3.94 � 0.03 3.23 � 0.03 3.29 � 0.03 7.86 � 0.06 3.52 � 0.03 3.04 � 0.02

L-glc 7.88 � 0.6 7.23 � 0.07 7.60 � 0.06 6.01 � 0.06 6.72 � 0.06 9.16 � 0.09 5.54 � 0.03 5.60 � 0.05 10.5 � 0.11

L 3.35 � 0.3 1.34 � 0.01 0.47 � 0.01 0.80 � 0.01 3.52 � 0.03 3.67 � 0.03 9.10 � 0.09 2.24 � 0.02 2.81 � 0.02

S-glc 12.6 � 0.13 7.38 � 0.06 6.40 � 0.06 4.48 � 0.05 15.2 � 0.13 23.9 � 0.24 28.2 � 0.27 7.61 � 0.07 23.2 � 0.22

S 1.64 � 0.01 0.99 � 0.01 0.59 � 0.01 0.36 � 0.01 1.21 � 0.01 1.52 � 0.01 2.14 � 0.01 0.52 � 0.01 0.88 � 0.01

Total aglycon type flavonols

K-type 7.47 � 0.07 5.82 � 0.05 4.37 � 0.04 5.09 � 0.05 4.26 � 0.04 3.20 � 0.03 3.21 � 0.02 4.37 � 0.04 4.51 � 0.04

Q-type 53.2 � 0.47 48.0 � 0.51 38. 6 � 0.39 50.8 � 0.61 49.2 � 0.46 36.4 � 0.35 37.7 � 0.35 55.8 � 0.51 35.9 � 0.33

I-type 3.94 � 0.03 3.11 � 0.03 2.28 � 0.02 2.21 � 0.02 6.59 � 0.06 3.21 � 0.03 1.93 � 0.02 5.29 � 0.05 1.52 � 0.01

M-type 9.91 � 0.09 26.1 � 0.31 39.7 � 0.41 30.3 � 0.33 13.3 � 0.15 18.9 � 0.19 12.1 � 0.12 18.5 � 0.16 20.6 � 0.22

L-type 11.2 � 0.12 8.57 � 0.09 8.07 � 0.09 6.81 � 0.07 10.2 � 0.09 12.8 � 0.11 14.6 � 0.15 7.84 � 0.08 13.4 � 0.15

S-type 14.2 � 0.13 8.37 � 0.09 6.99 � 0.08 4.84 � 0.06 16.4 � 0.15 25.4 � 0.28 30.3 � 0.27 8.14 � 0.08 24.1 � 0.28

Total Flavonols (mmol/L) 35.9 � 0.40 88.5 � 0.91 120 � 1.45a 152 � 1.46 62.1 � 0.58 45.5 � 0.39b 24.1 � 0.31 119 � 1.23a 48.7 � 0.53b

nd, not detected, K, kaempferol; Q, quercetin; I, isorhamnetin; M, myricetin; L, laricitrin; S, syringetin; glcU, 3-glucuronide; glc, 3-glucoside; gal, 3-glalactoside. Results are

average values of three replicates � SD (standard deviation) of each representative wine sample prepared by mixing wines from three tanks produced by same technological

treatment.

Same letters in the ‘‘Total Flavonoids’’ row indicate that the values are not significantly different (p > 0.05) according to the Tukey-Kramer Multiple Comparisons Test, Limit of

detection (LOD): Q-glc 0.125 mg/L, I-glc – 0.284 mg/L, M – 0.181 mg/L, K – 0.151 mg/L.
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such as new anthocyanin-derived pigments family, namely
pyranoanthocyanins. But, during aging, not only the anthocyanins
decreased, but also the pyranoanthocyanins and hydroxyphenyl-
pyranoanthocyanins decreased, observing lowest amount in the
Table 4
Content of hydroxycinnamic acids derivatives,stilbenes (molar%) and flavan-3-ols (mola

mg/L) and gallic acid (mg/L) in Vranec, Cabernet Sauvignon and Merlot wines.

Compounds/Wines Vranec Cabernet S

2006 2007 2008 2006 

Hydroxycinnamic acid derivatives

trans-Caftaric acid 53.0 � 0.48 52.7 � 0.59 59.3 � 0.49 64.8 � 0.66

trans-Coutaric acid 17.7 � 0.16 19.0 � 0.21 19.3 � 0.19 16.4 � 0.16

cis-Coutaric acid 2.7 � 0.02 2.9 � 0.03 3.2 � 0.03 2.9 � 0.03

Caffeic acid 7.5 � 0.08 7.4 � 0.07 5.4 � 0.05 5.9 � 0.06

trans-Fertaric acid 9.2 � 0.09 9.8 � 0.11 7.6 � 0.08 5.2 � 0.05

p-Coumaric acid 7.9 � 0.08 5.9 � 0.06 3.4 � 0.04 0.5 � 0.01

Ethyl caffeoate 0.8 � 0.01 1.0 � 0.01 1.2 � 0.01 1.8 � 0.02

Ethyl coumarate 1.1 � 0.01 1.2 � 0.01 0.7 � 0.01 2.5 � 0.02

Total HCAD (mmol/L) 275 � 3.23 328 � 4.71 352 � 4.00 445 � 5.22

Stilbenes

trans-piceid 48.5 � 0.49 57.4 � 0.55 27.1 � 0.29 34.5 � 0.32

trans-resveratrol 11.2 � 0.11 12.5 � 0.14 9.1 � 0.09 21.2 � 0.22

cis-piceid 29.4 � 0.33 19.0 � 0.20 26.4 � 0.29 39.2 � 0.41

cis-resveratrol 11.0 � 0.10 11.1 � 0.11 37.4 � 0.41 5.1 � 0.05

Total stilbenes (mmol/L) 32.1 � 0.29 26.9 � 0.28 43.9 � 0.39a 39.0 � 0.36

Flavan-3-ols

Procyanidin B2 4.52 � 0.08a 5.04 � 0.05a 3.33 � 0.04b 4.83 � 0.07

Catechin 96.1 � 3.78 42.6 � 1.79 68.2 � 2.44 45.8 � 2.01

Procyanidin B1 12.3 � 0.66 30.9 � 1.12 23.0 � 0.99a 33.8 � 1.15

Total flavan-3-ols (mg/L) 77.6 � 3.02 87.5 � 2.98 98.9 � 4.85 150 � 6.01

Gallic acid (mg/L) 11.1 � 0.48 7.34 � 0.03a 7.64 � 0.02a 8.11 � 0.03

HCAD, hydroxycinammic acid derivatives.

Results are average values of three replicates � SD (standard deviation) of each represe

technological treatment. Same letters in the ‘‘Total HCAD’’ and ‘‘Total stilbenes’’ row indica

Multiple Comparisons Test.
wine from 2006, probably as a result of degradation or evolution of
these pigments (Rentzsch et al., 2010).

The antioxidant activity of the commercial Macedonian wines
from different varieties, determined by DPPH test ranged from
r% of each compound in its group and total content of each group of compounds in

auvignon Merlot

2007 2008 2006 2007 2008

 10.2 � 0.09 54.3 � 0.55 55.4 � 0.48 61.0 � 0.75 59.3 � 0.55

 2.7 � 0.02 14.8 � 0.16 16.1 � 0.16 16.7 � 0.18 14.9 � 0.12

 1.2 � 0.01 5.4 � 0.05 4.3 � 0.04 3.8 � 0.05 5.3 � 0.05

 58.9 � 0.53 12.0 � 0.11 12.9 � 0.11 8.1 � 0.09 9.7 � 0.09

 5.5 � 0.05 8.2 � 0.09 7.1 � 0.09 7.9 � 0.08 6.7 � 0.06

 18.1 � 0.19 1.8 � 0.01 1.0 � 0.01 0.5 � 0.01 1.0 � 0.01

 1.2 � 0.01 1.0 � 0.01 1.7 � 0.01 0.7 � 0.01 1.5 � 0.01

 2.1 � 0.02 2.5 � 0.02 1.6 � 0.01 1.3 � 0.01 1.5 � 0.01

 228 � 2.99a,b 217 � 2.62b 240 � 3.01a 382 � 4.22 248 � 3.29a

 38.6 � 0.36 44.8 � 0.47 38.5 � 0.35 29.4 � 0.29 40.2 � 0.41

 17.7 � 0.17 18.0 � 0.19 21.3 � 0.18 14.5 � 0.13 14.6 � 0.15

 35.1 � 0.36 30.8 � 0.33 31.9 � 0.28 41.1 � 0.44 38.9 � 0.39

 8.6 � 0.09 6.3 � 0.07 8.3 � 0.09 15.0 � 0.17 6.2 � 0.06

b 17.3 � 0.13 14.0 � 0.11 38.7 � 0.33b 46.2 � 0.39a 19.2 � 0.14

a 6.33 � 0.14 3.48 � 0.07b 4.01 � 0.11 5.11 � 0.13a 3.52 � 0.09b

a 51.3 � 1.73b 47.6 � 2.13a 35.9 � 1.32c 39.3 � 1.37c 51.4 � 1.78b

b 33.8 � 1.10b 24.5 � 0.99a 23.4 � 1.04a 24.5 � 0.84a 20.8 � 2.11

 95.2 � 3.41 122 � 4.3 104 � 3.95 111 � 3.9 97.0 � 3.91

a 8.98 � 0.35 6.86 � 0.03 7.83 � 0.29a 8.23 � 0.25a 7.63 � 0.26a

ntative wine sample prepared by mixing wines from three tanks produced by same

te that the values are not significantly different (p >0.05), analyzed by Tukey–Kramer



Table 5
Average value for CIELAB chromatic parameters, measured at pH 3.6 and antioxidant activity for Vranec, Cabernet Sauvignon and Merlot wines.

Color/Wines Vranec Cabernet Sauvignon Merlot

2006 2007 2008 2006 2007 2008 2006 2007 2008

L* 52.2 � 0.25b 46.1 � 0.66 29.6 � 0.21a 27.1 � 0.01s 50.8 � 0.15b 40.8 � 0.15 69.3 � 0.15 42.4 � 0.83c 41.8 � 0.24c

C* 46.3 � 0.24a 51.5 � 0.38b 54.5 � 0.36b 57.8 � 0.24 46.7 � 0.38a 53.4 � 0.03b 33.2 � 0.19 52.4 � 0.35b 55.3 � 0.10b

h* 19.6 � 0.25a 23.1 � 0.15 13.5 � 0.26b 20.2c � 0.25a 17.5 � 0.21 13.5 � 0.18 29.3 � 0.17 20.7 � 0.06a 14.7 � 0.26b

AA 11.6 � 0.55a 12.8 � 0.89a 12.5 � 0.71a 11.1 � 0.26a 10.3 � 0.46a 11.2 � 0.46a 12.3 � 0.48a 13.0 � 0.38a 13.3 � 0.25a

Same letters in the row indicate that the values are not significantly different (p > 0.05), analyzed by the Tukey-Kramer Multiple Comparisons Test.

AA, Antioxidant activity, expressed mmol/L as Trolox equivalents.

Results are average values of three replicates � SD (standard deviation) of each representative wine sample prepared by mixing wines from three tanks produced by same

technological treatment.

Table 6
Matrix of correlation coefficients (r) of variables based on phenolic concentration in wines, expressed in mM/L (for antioxidant activity, AA), mg/L (for anthocyanins, A;

vitisins, V; and hydroxyphenyl-pyranoanthocyanins, HPyA), mmol/L (for flavonols, F; hydroxycinnamic acid derivatives, HCA; and stilbenes, S) and color parameters L*, C* and

h*.

Variables AA A V HPyA F HCA S L* C* h*

AA 1
A 0.046 1
V 0.414 0.771 1
HPyA �0.002 0.719 0.727 1
F 0.058 0.682 0.525 0.828 1
HCA 0.184 0.521 0.357 0.668 0.929 1
S 0.372 0.348 0.236 0.285 0.552 0.720 1
L* 0.011 �0.818 �0.714 �0.787 �0.792 �0.640 �0.134 1
C* 0.075 0.611 0.678 0.708 0.657 0.508 �0.082 �0.939 1
h* 0.137 �0.554 �0.639 �0.371 �0.155 0.092 0.390 0.674 �0.720 1

AA, antioxidant activity; A,anthocyanins; V, vitisins; HPyA, hydroxyphenyl-pyranoanthocyanins; F, flavonols; HCA, hydroxycinnamic acids derivatives; S, stilbenes; L*, C* and

h*, color parameters.

Values in bold are different from 0 with a significance level a = 0.05.

Table 7
Matrix of dominant rotated factor loadings based on phenolic concentration in

wines, expressed in mM/L (for antioxidant activity, AA), mg/L (for anthocyanins, A;

vitisins, V; and hydroxyphenyl-pyranoanthocyanins, HPyA), mmol/L (for flavonols,

F; hydroxycinnamic acid derivatives, HCA; and stilbenes, S) and color parameters L*,

C* and h*.

Variables F1 F2 F3

AA �0.133 0.262 0.551
A �0.827 �0.065 0.084

V �0.811 �0.192 0.552

HPyA �0.857 0.035 �0.096

F �0.887 0.368 �0.261

HCA �0.749 0.606 �0.208

S �0.354 0.806 0.219

L* 0.959 0.219 0.174

C* �0.835 �0.340 �0.105

h* 0.537 0.784 �0.069

Variability (%) 54.9 20.4 8.44

Cumulative % 54.9 75.4 83.8

AA, antioxidant activity; A,anthocyanins; V, vitisins; HPyA, hydroxyphenyl-

pyranoanthocyanins; F, flavonols; HCA, hydroxycinnamic acids derivatives; S,

stilbenes; L*, C* and h*, color parameters.

Ivanova-Petropulos, Hermosı́n-Gutiérrez, Boros, Stefova, Stafilov, Vojnoski, Dör-

nyei, Kilár.

Values in bold correspond for each variable to the factor for which the squared

cosine is the largest.
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10 to 18 mmol/L Trolox equivalents (Table 5). Cabernet Sauvignon
wines presented lowest antioxidant activity (10.9 mmol/L TE, on
average) even, there was no significant difference (p > 0.05)
observed between the values of all studied wines. The antioxidant
activity of Vranec, Merlot and Cabernet Sauvignon were higher
compared to those obtained by other authors for organic and
conventional wines (Mulero et al., 2010) and similar to those
obtained for red South African wines (De Beer et al., 2003).

These results give significant data for researchers, but also for the
winemaking industry and consumers to understand the nature and
content of phenolic compounds in different red wine varieties from
Macedonian climate, as the most important components that
influence the color, stability as well as sensorial properties of wines.

Factor analysis. Factor analysis was performed on the basis of the
matrix of correlation coefficients using principal component factor
analysis to identify and characterize the associations due to the
phenolics content (Table 6). The concentration of every phenolic family,
as well as antioxidant activity and color parameters were correlated to
the concentration of the other phenolics separately and the values of
the correlation coefficients are presented in the matrix. The matrix of
dominant rotated factor loadings is shown in Table 7. Three factors
were identified: Factor 1 formed the biggest association composed of
the L* and C* color parameters and all analyzed phenolic groups, except
the group of stilbenes which belong to the Factor 2 together with the
hue value. Antioxidant activity belongs to Factor 3. With respect to the
principal component factoranalysis, thefirst twocomponents obtained
explained 75.41% of the total variability of the original data: 54.9% was
assigned to the first factor and 20.4% to the second factor. Fig. 4 shows
the dispersion between the factors 1 and 2 and the loading for each
variable. Three clusters of correlation can be observed. The first cluster
contains anthocyanins (A), vitisins (V), hydroxyphenyl pyranoanto-
cyanins (HPyA) and C* (red color), which means that C* values are
correlated with the content of HPyA, A and V. The second cluster is
formed by non-anthocyanin phenolics, including stilbenes (S),
flavonols (F) and hydroxycinnamic acid derivatives (HCA). And, the
third cluster contains the color parameters, L* and h*. The first two
clusters were located in the negative part of the factor 1, together with
the antioxidant activity and the second cluster was placed in the
positive part of the factor 1.

Dispersion of the scores of the principal component factor
analysis associated with each wine and grouping of the wines is
presented in Fig. 5. Projection of the wines on the first two principal
component factors showed a clear separation of the samples
according to the content of all phenolic families determined in
wines. Thus, Vranec wine produced in 2008, Merlot produced in



Fig. 4. Factor loadings with F1 and F2 of the variables based on phenolic concentration in wines, expressed in mg/L (for anthocyanins, A; vitisins, V; and hydroxyphenyl-

pyranoanthocyanins, HPyA), mM/L (for flavonols, F; hydroxycinnamic acid derivatives, HCA; and stilbenes, S) and mM/L (for antioxidant activity, AA).
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2007 and Cabernet Sauvignon produced in 2006, were richest in all
phenolics compounds, and therefore, they were grouped and
located in the negative part of the factor 1. The other two groups
were also associated according to the content of phenolic
Fig. 5. Observations with F1 and F2 of the variables based on phenolic composition, antiox

the content of the measured classes of phenolic compounds.
compounds, antioxidant activity and color characters. In addition,
Vranec wines were clearly separated from the other wines, Merlot
and Cabernet Sauvignon, located around the value 0 at the score
plot.
idant activity and color parameters in wines and grouping of the wines according to
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4. Conclusion

Identification of phenolic compounds in Vranec, Merlot and
Cabernet Sauvignon wines produced under Macedonian climate
conditions was performed by HPLC-ESI-MSn technique. In total, 65
phenolic compounds have been identified and quantified in the
samples. In all analyzed wines, malvidin-3-glucoside and its
3-acetylglucoside and 3-p-coumaroylglucoside derivatives were
the major compounds. Hydroxyphenyl-pyranoanthocyanins were
for the first time identified and quantified in Macedonian wines.
Regarding the wine age, Vranec wine produced in 2008 presented
highest content of all phenolic families analyzed as well as most
intensive color, followed by lower amounts in wines up to three
years old. Cabernet Sauvignon and Merlot wines showed highest
phenolics amount in 2006 and 2007, respectively, suggesting that
the content of phenolics does not depend only on wine age, but also
on the initial phenolic compounds levels, the conditions during
storage, as well as the applied techniques for winemaking.
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Ivanova, V., Dörnyei, Á., Márk, L., Vojnoski, B., Stafilov, T., Stefova, M., Kilár, F., 2011a.
Polyphenolic content of Vranec wines produced by different vinification con-
ditions. Food Chemistry 124 (1), 316–325.
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