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Abstract. This study aimed to characterization of anthocyanins
(3-monoglucosides, 3-acetylglucosides, and 3-coumaroylglucosides), pyranoan-
thocyanins and hydroxyphenyl-pyranoanthocyanins in Vranec wines during aging
of three years. The HPLC-DAD-ESI-MS" technique was applied for identi-
fication of anthocyanins and derived stable pigments pyranoanthocyanins. All
anthocyanins presented mass spectra characterized with two signals, molecular
ion M* and fragment ions [M-162]*, [M-204]" and [M-308]* resulting from
elimination of glucose, acetylglucose and p-coumaroylglucose moieties, respec-
tively. From the group of pyranoanthocyanins, A-type and B-type vitisins, as well
as hydroxyphenyl-pyranoanthocyanins have been determined according to their
molecular ions (M") and characteristic fragments.
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1 Introduction

Colour of wine is one of the most important sensorial attribute, firstly perceived by the
consumers. Anthocyanins are the responsible colored compounds, synthesized in the
skins of red grape berries and transformed to the wine. The main anthocyanins in Vitis
vinifera L. grape varieties are delphinidin, cyanidin, petunidin, peonidin and malvidin
in a form of 3-O-glucosides, 3-O-acetylglucosides, 3-O-p-coumroylglucosides [1, 2].
Among all them, derivatives of malvidin are the most abundant colored compounds in
red grapes and wines.

I. Hermosin-Gutiérrez—In memoriam.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
M. Brka et al. (Eds.): Agriconference 2022, LNBE, pp. 232-241, 2023.
https://doi.org/10.1007/978-3-031-47467-5_23



Identification of Anthocyanins and Anthocyanin-Derivatives 233

When maceration will start, anthocyanins are the first compounds which are extracted
from red grape skins, reaching maximum levels after few days of maceration (usually 3 to
4 days). Afterwards, their content is followed with decreasing during the end of fermenta-
tion, stabilization and storage of wine. It has been determined that there are many reasons
for decrease of anthocyanin’s content, including their adsorption on yeast cell walls, co-
precipitation with proteins and tartarates, participation in various chemical reactions in
which new and stable compounds are formed. Moreover, their content decreases during
filtration and finning process [3, 4]. In particular, anthocyanins participate in formation
of anthocyanin-derived pigments during wine storage and ageing, and thus, contribute to
a progressive change of the red—purple colour towards a more red—orange colour, espe-
cially evident during aging. In fact, anthocyanins participate in cycloaddition reaction at
the O-5 and C-4 positions with fermentation metabolites and other grape and wine phe-
nolic compounds [5-7], forming new stable anthocyanin-derived pigments, and named
pyranoanthocyanins. This group includes vitisins, hydroxyphenyl-pyranoanthocyanins
and flavanyl-pyranoanthocyanins, playing an important role in colour stabilization and
sensory properties [7-10].

In the past decades, different techniques have been used for analysis of pig-
ments and studying their structure, such as high-performance liquid chromatography
(HPLC) and ultrahigh-performance liquid chromatography (UPLC) coupled to diode
array detection (DAD) and/or mass spectrometry (MS) [1-8, 11], matrix-assisted laser
desorption/ionization-time of flight-mass spectrometry (MALDI-TOF-MS) [12, 13],
nuclear magnetic resonance (NMR). Recently, high performance liquid chromatogra-
phy combined with low-field drift tube ion mobility time-of-flight mass spectrometry
(HPLCXIMS-TOEFMS) was used for characterization and fingerprinting of Macedonian
red wines [14].

In this study, the focus of the work was set on the identification and quantification of
individual anthocyanins and pyranoanthocyanins, the most important compounds which
determine the wine colour and stability. For that purpose, wines produced from Vranec
variety, the most widespread and important grape variety for Macedonia and for the
Balkans, characterized with deep red colour, have been analyzed with HPLC coupled to
DAD and ESI-MS (Ion Trap) in order to identify and investigate the changes of pigments
during wine aging.

2 Materials and Methods

2.1 Chemicals and Reagents

Commercial standard of malvidin 3-glucoside was purchased from Phytolab (Vesten-
bergsgreuth, Germany). Standards of pyranoathocyanins, including vitisin A or
10-carboxy-pyranomalvidin-3-glucoside, pinotin A or 10-(4"”-monohydroxyphenyl)-
pyanomalvidin-3-glucoside and 10-(3"’, 4'”-dihydroxyphenyl)-pyranomalvidin-3-
glucoside, have been isolated in laboratory conditions [6]. All other solvents used were
of HPLC quality and purity (> 99%) and all chemicals of analytical grade (p.a). Water
used for analyses was of Milli-Q quality.
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2.2 Wine Samples

Red wine samples from Vranec V. vinifera L. variety (vintages: 2006, 2007 and 2008)
were kindly provided by TikveS Winery, Kavadarci. Wines from the three vintages
have been produced by same winemaking protocol in triplicates. Thus, harvested grapes
(maturity of 22 to 24 °Brix) were processed with electrical inox crusher/destemmer, then
supplemented with SO, (ca. 60 mg/L total concentration), and after few hours, Saccha-
romyces cerievisiae yeast was inoculated to start the alcoholic fermentation. Maceration
time of 8—10 days at 23 &+ 2 C was applied, with pumping over and delastage once to
two times per day. Wines produced with the same technological treatment, from three
tanks were mixed in order to obtain representative samples for analysis.

2.3 HPLC-DAD-ESI-MS" Analysis

Analyses of pigments have been performed with instrumentation supplied by Agilent:
An Agilent 1100 Series system (Agilent, Germany) coupled to DAD (G1315B) and
a LC/MSD Trap VL (G2445C VL) electrospray ionization mass spectrometry (ESI-
MS”") system. An Agilent ChemStation (version B.01.03) software was used for data
processing and Agilent LC/MS Trap software (version 5.3) was used for mass spec-
tra processing. Before analyses, wines were diluted with 0.1 M HCI solution (1:4,
V/V), filtrated (0.20 pm, polyester membrane, Chromafil PET 20/25, Macherey-Nigel,
Diiren, Germany) and then were injected into the HPLC system. Separation of the
analytes was performed on a Zorbax Eclipse XDB-CI8 column (250 x 4.6 mm;
5 pm particle size; Agilent, Germany) at 40 °C. The mobile phase consisted of sol-
vent A: water/acetonitrile/formic acid (87:3:10, V/V/V, solvent A) and solvent B:
water/acetonitrile/formic acid (40:50:10, V/V/V), at flow rate of 0.63 mL/min. Propor-
tions of solvent B were as follows: 0 min, 6%; 15 min, 30%; 30 min, 50%; 35 min, 60%;
38 min, 60%; 46 min, 6% [3].

Identification of pigments was performed in a positive ionization mode. Nitrogen
was the drying gas (flow rate of 11 L/min), the drying temperature was set at 350 °C, the
pressure of the nebulizer was 65 psi, the capillary at 2500 V, capillary exit offset at 70 V,
skimmer 1 at 20 V; skimmer 2 of 6 V and the compound stability at 100%. The mass
spectra were recorded in m/z range of 50-1200. DAD chromatograms were recorded at
520 nm [3].

2.4 Statistical Analyses

XLSTAT software, version 7.5.2, Addinsoft (Paris, France) was used for calculation of
means, standard deviation and relative standard deviation. Each wine was analyzed in
three replicates.
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3 Results and Discussion

3.1 Identification of Anthocyanins and Anthocyanin-Derivatives

Identification of individual anthocyanins and anthocyanin-derivatives in Vranec wines
(vintage 2006, 2007 and 2008) was performed with HPLC-DAD-ESI-MS" technique.
In total, 25 pigments were determined, including 14 anthocyanins, 5 pyranoantho-
cyanins and 6 hydroxyphenyl-pyranoanthocyanins. Identification of analyte peaks was
performed comparing the UV/Vis spectra and the retention times of compounds for
which standards were available. Moreover, obtained ESI-MS and MS/MS data were
compared with those found in the relevant literature [5—10]. Table 1 contains the data
for the molecular and fragment ions of the identified compounds.

Table 1. MS identification of colored compounds in Vranec wines.

Pigments MS (m/z) MS/MS (m/z)

Anthocyanins Mt Fragment ion

3-0-glucosides

Delphinidin-3-glucoside 465 303
Cyanidin-3- glucoside 449 287
Petunidin-3- glucoside 479 317
Peonidin-3- glucoside 463 301
Malvidin-3- glucoside 493 331
3-0-Acetylglucosides

Delphinidin -3-acetylglucoside 507 303
Petunidin -3- acetylglucoside 521 317
Peonidin -3- acetylglucoside 505 301
Malvidin -3- acetylglucoside 535 331
3-0-p-Coumaroylglucosides

Delphinidin -3-p- coumaroylglucoside 611 303
Cyanidin -3- p-coumaroylglucoside 595 287
Petunidin -3- p-coumaroylglucoside 625 317
Peonidin -3- p-coumaroylglucoside 609 301
Malvidin - p-coumaroylglucoside 639 331
Pyranoanthocyanins

Vitisins

Vitisin A 561 399
Acetyl-vitisin A 603 399
p-Coumaroyl-vitisin A 707 399

(continued)
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Table 1. (continued)

Pigments MS (m/z) MS/MS (m/z)
Vitisin-B 517 355
Acetyl-vitisin-B 559 355
Hydroxyphenyl-pyranoanthocyanins

10-DHP- pyranomalvidin -3- glucoside (pinotin A) 625 463

10-DHP- pyranomalvidin -3- acetylglucoside 667 463

10-DHP- pyranomalvidin -3- p-coumaroylglucoside 771 463

10-MHP- pyranomalvidin -3- glucoside 609 447

10-MHP- pyranomalvidin -3- acetylglucoside 651 447

10-MHP- pyranomalvidin -3- p-coumaroylglucoside 755 447

Abbreviations: ~ 10-DHP:  10-(3"”/,  4/"-dihydroxyphenyl); ~ 10-MHP:  10-(4""'-
monohydroxyphenyl)

Anthocyanins. In total, 14 anthocyanins were identified in analyzed Vranec
wines, present in a form of 3-O-glucosides, 3-O-acetylglucosides and 3-O-p-
coumaroylglucosides of delphinidin, cyanidin, petunidin, peonidin and malvidin. Iden-
tification was based on two characteristic signals, molecular ion M* and aglycone frag-
ments [M—-162]*, [M-204]* and [M-308]* as a result of elimination of a glucose moiety,
acetylglucoside group and p-coumaroylglucoside group, respectively [1-3].

Pyranoanthocyanins. Pyranoanthocyanins are formed in a reaction of cycload-
dition between anthocyanins and pyruvic acid, caffeic acid, and p-coumaric acid.
These compounds are called 10-carboxy-pyrano-anthocyanins or A-type vitisins
[10]. In this study, three A-type vitisins have been identified in wines, as
follows: vitisn A (10-carboxy-pyranomalvidin-3-glucoside), acetyl-vitisin A (10-
carboxy-pyranomalvidin-3-acetylglucoside) and p-coumaroyl-vitisin A (10-carboxy-
pyranomalvidin-3-p-coumaroylglucoside). These three compounds show same char-
acteristic fragment ((M + H]* = m/z 399) which corresponds to 10-carboxy-
pyranomalvidin aglycone [3]. Thus, the mass spectrum of vitisin A contains the molec-
ular ion M* at m/z 561 and fragment ion at m/z 399, resulting from the loss of glucose.
The mass spectra of acetylvitisin A and coumaroylvitisin A show M* at m/z 603 and
707, respectively, and fragment ions at m/z 399, as a result of the elimination of acetyl-
and p-coumaroyl groups, respectively.

B-type vitisins are formed in a cycloaddition reaction between anthocyanins
and acetaldehyde. In this study, following B-type vitisins were identified: vitisin B
(pyranomalvidin-3-glucoside) with molecular signal M* at m/z 517 and fragment ion
at m/z 355 by loss of glucoside (162 Da) and acetyl-vitisin B (pyranomalvidin-3-
acetylglucoside) with molecular signal M* at m/z 559 and fragment ion at m/z 355
by loss of acetylgucoside (204 Da) [3, 15]. Fragmentation of vitisin A and vitisin B is
presented in Fig. 1.

Hydroxyphenyl-Pyranoanthocyanins. Hydroxyphenyl-pyranoanthocyanins are com-
pounds form in a reaction of caffeic acid and anthocyanins. In this study,



Identification of Anthocyanins and Anthocyanin-Derivatives 237

399 333

e o M*= 517

:: M™= 3561 : 3 Vitisin B

- Vitisin A o

—— e ocn

- OCH; i+ - | ’ i
e S N OH § — e
2 - | " i HO ot ﬂ |
& josasn 3 HO. " ot > po— N Nt W
T NN RN o — l I [ OCH;
b T I l Le— ™= = ~oGk

et S OGke i |' [

s O\_I.f? —

o] @ COOH -] b)

B~ S~ R R~ W~ Rt~ RS ~ Mk~ ik " Y " M 106" M0~ aana - Maad~ \ana- Maas " aaas- aanre 1

= miz

Fig. 1. MS/MS fragmentation of vitisin A (a) and vitisin B (b).

three hydroxyphenyl-pyranoanthocyanins have been determined, observing molecu-
lar ions at m/z 625, 667 and 771 and identified as 10-(3"’, 4'"-dihydroxyphenyl)-
pyranomalvidin-3-glucoside (known as pinotin A) [6], 10-(3"”, 4"-dihydroxyphenyl)-
pyranomalvidin-3-acetylglucoside and 10-(3’"/, 4”’-dihydroxyphenyl)-pyranomalvidin-
3-p-coumaroylglucoside, respectively. MS/MS fragmentation of molecular ions gave
fragment ion at m/z 463 corresponding on elimination of glucose, acetylglucoside and
p-coumaroylglucoside groups, respectively [15].

Moreover, compounds originated in a reaction of p-coumaric acid and anthocyanins
are called hydroxyphenyl-pyranoanthocyanins. MS/MS analysis of Vranec wines
showed presence of molecular ions at m/z 609, 651 and 755, which were identified as 10-
(4"”-monohydroxyphenyl) derivatives of pyranomalvidin-3-glucoside, pyranomalvidin-
3-acetylglucoside and pyranomalvidin-3-p-coumaroylglucoside, respectively, all pro-
ducing fragment ion at m/z 447 [15].

3.2 Influence of Aging on Pigments Content

Table 2 summarize the data for the individual anthocyanins, pyranoanthocyanins and
hydroxyphenyl-pyranoanthocyanins quantified in Vranec wine. Quantitative analysis
of pigments was performed on a basis of peak area calculations in the HPLC-DAD
chromatograms which were recorded at 520 nm. UV/Vis chromatogram of one Vranec
wine is presented in Fig. 2.

Malvidin derivatives were present in highest content in wines, as it was expected.
Thus, malvidin-3-glucoside was the main anthocyanin in wines from all three years of
production (47.6 to 50.2%, on a molar basis), regardless the year of production, as it is
already known for most of the V. vinifera cultivars, followed by petunidin-3-glucoside
(10.6 to 14%, on a molar basis), whereas the cyanidin-3-glucoside (1.03 to 2.34%, on a
molar basis) was present in lowest content in all wines (Table 2). Obtained results were
in accordance to previous work focused on phenolic analysis of Macedonian red wines
[4].

With regards to pyranoanthocyanins, vitisin A was the dominant compound in all
wines, present in a relatively high amount (39.5 to 69%), followed by acetyl-vitisin A
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Table 2. Content of anthocyanins, pyranoanthocyanins and hydroxyphenyl-pyranoanthocyanins
in Vranec wines from three vintages (2006, 2007 and 2008) (molar % of each compound in its
group and total content of each group of compounds in mg/L).

Compounds/Vintage Vranec wines

2006 2007 2008
Anthocyanins
Delphinidin-3-glucoside 10.9 + 0.08 7.38 £ 0.04 6.69 + 0.04
Cyanidin-3- glucoside 2.34+0.02 2.09 £+ 0.02 1.03 £0.01
Petunidin-3- glucoside 14.0 £0.11 10.6 £ 0.10 10.9 + 0.09
Peonidin-3- glucoside 10.1 + 0.09 9.34 £ 0.08 8.10 = 0.08
Malvidin-3- glucoside 47.6 £0.39 50.2 £ 042 48.7 £0.45
Delphinidin 2.51+£0.02 1.74 £ 0.02 1.12 £ 0.01
-3-acetylglucoside
Petunidin -3- acetylglucoside | 0.47 £ 0.01 0.93 +£0.01 1.54 £0.01
Peonidin -3- acetylglucoside | 0.71 £ 0.01 1.14 £ 0.01 1.47 £0.01
Malvidin -3- acetylglucoside | 3.13 &+ 0.02 5.54 £0.04 7.24 £ 0.06
Delphinidin -3-p- 0.65 £0.01 0.66 £ 0.01 0.92 £ 0.01
coumaroylglucoside
Cyanidin -3- 0.65 £ 0.01 0.73 £ 0.01 0.78 £ 0.01
p-coumaroylglucoside
Petunidin -3- 0.82 £ 0.01 0.75 £ 0.01 1.41 £0.01
p-coumaroylglucoside
Peonidin -3- 1.62 +£0.01 2.20 £ 0.02 2.40 £ 0.02
p-coumaroylglucoside
Malvidin - 4.57 £0.03 6.80 £ 0.05 7.64 + 0.06
p-coumaroylglucoside
Total anthocyanins* 16.1 £ 0.2 53.6 + 0.6 508 + 6.2
Vitisins
Vitisin A 69.0 + 0.58 59.7 £ 0.52 39.5+0.36
Acetyl-vitisin A 12.6 £ 0.11 16.4 £ 0.14 19.7 £ 0.17
p-Coumaroyl-vitisin A 11.5 £0.12 149+ 0.16 12.6 £0.14
Vitisin B 6.67 £ 0.05 8.82 £ 0.07 28.4 +£0.24
Acetyl-vitisin-B < LOD <LOD < LOD
Total vitisins** 6.94 + 0.06 155+ 0.13 53.1 £ 0.57
Hydroxyphenyl-pyranoanthocyanins
10-DHP- pyranomalvidin -3- glucoside (pinotin A) | 45.5 £ 0.45 38.1 £0.30 254+ 0.26
10-DHP- pyranomalvidin -3- acetylglucoside <LOD 10.8 £ 0.18 <LOD
10-DHP- pyranomalvidin -3- < LOD < LOD < LOD
p-coumaroylglucoside
10-MHP- pyranomalvidin -3- glucoside 55.1 £0.52 38.2+0.39 49.8 £ 0.46
10-MHP- pyranomalvidin -3- acetylglucoside < LOD 4.26 + 0.05 11.5£0.15
10-MHP- pyranomalvidin -3- < LOD 9.07 £ 0.09 13.6 £ 0.14
p-coumaroylglucoside

(continued)
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Table 2. (continued)

Compounds/Vintage Vranec wines
2006 2007 2008
Total HP-pyranoanthocyanins®** ‘ 1.08 + 0.03 3.59 + 0.04 7.37 £ 0.07
Abbreviations: 10-DHP: 10-(3"", 4" _dihydroxyphenyl); 10-MHP: 10-(4"""-
monohydroxyphenyl).

*mg/L, as malvidin 3-glucoside; **mg/L, as vitisin-A; ***mg/L, pinotin A; Limit of detection
(LOD): Mv-glc 0.640 mg/L.
All results are average values of three replicates == SD (standard deviation).
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Fig. 2. UV-Vis chromatogram of Vranec wine sample (vintage 2007) recorded at 520 nm.
Abbreviations: Dp: delphinidin; Cy: cyanidin; Pt: petunidin; Pn: peonidin; Mv: malvidin; glc:
3-glucoside; acglc: 3-(6”-acetyl)-glucoside; cmglc: 3-(6”-coumaroyl)-glucoside; 10-DHP: 10-
(3", 4'”-dihydroxyphenyl); 10-MHP: 10-(4'"/-monohydroxyphenyl); pymv: pyranomalvidin;
vitisin A: 10-carboxy-pyrmv-3-glc; vitisin B: 10-H-pymv-3-glc; A-type vitisin: 10-carboxy-
pyranoanthocyanins.

(12.6 to 19.7%) and p-coumaroyl-vitisin A (6.67 to 28.4%). Vitisin B ranged from
6.67 to 28.4%, on a molar basis, while acetyl-vitisn B was not quantified since it
was detected below the limit of detection. Concerning the group of hydroxyphenyl-
pyranoanthocyanins, 10-DHP-pyranomalvidin-3-glucoside (pinotin A) and 10-MHP-
pyranomalvidin-3-glucoside ranged from 25.2 to 45.3% and 38 to 54.7%, respectively
(Table 2), while 10-DHP-pyranomalvidin-3-p-coumaroylglucoside was present in a very
low amount (lower than the determined limit of detection).

Regarding the influence of aging, it is well known that anthocyanin content in red
wines declines constantly, as a results of various mechanisms, such as adsorption on
yeast cell, oxidation, degradation, adsorption and precipitation with tartarates, proteins,
polysaccharides or condensed tannins, as well as their participation in stable and complex
anthocyanin derived pigments. In this view, it was observed that total anthocyanins were
highest in wine produced in 2008 (508 mg/L), followed by intense reduction in wines
from 2007 (53.6 mg/L) and 2006 (16.1 mg/L). Similar trend was observed for vitisins and
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hydroxyphenyl-pyranoanthocyanins content. Highest amount was noticed in the wine
sample produced in 2008 (53.1 mg/L total vitisins and 7.37 mg/L total hydroxyphenyl-
pyranoanthocyanins), followed by reduction of their content in wines from 2007 and 2006
(Table 2). Generally, pyranoanthocyanins and hydroxyphenyl-pyranoanthocyanins are
considered as important pigments in wine, which also decrease during aging, similarly
as anthocyanins.

4 Conclusion

In this study, 25 pigments (anthocyanins and anthocyanin derivatives) have
been identified and quantified in Vranec wines applying HPLC-DAD-ESI-MS"
technique. Malvidin-3-glucoside and its derivatives (3-acetylglucoside and 3-p-
coumaroylglucoside) were the major compounds in all analyzed wines. Vitisin A and
10-MHP-pyranomalvidin-3-glucoside were the dominant compounds in the group of
derived pigments. Regarding the year of production, wine from vintage 2008 pre-
sented highest levels of all pigments analyzed. In general, anthocyanins dominated
in all wines, regardless the year of production, followed by pyranoanthocyanins and
hydroxyphenyl-pyranoanthocyanins.
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