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The development and application of valuable analytical tools suitable for the varietal authentication
of premium red wines are matters of interest in order to avoid fraud. In this study, an HPLC-MS
procedure has been developed using trifluoroacetic acid as an acid modifier in the mobile phase.
This method may be used as a routine method using UV—vis detection and allows the simultaneous
analysis of the structural features of anthocyanins by MS under the same chromatographic conditions.
Twenty different anthocyanins have been detected in 19 different samples of both grape extracts
and wines. Cis and trans isomers of p-coumaryl derivatives have been identified for the first time.
Important qualitative and quantitative differences among cultivars have been detected.
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INTRODUCTION anthocyanic profiles. However, sometimes PDA detection is not
sufficient to discriminate between compounds with similar
spectroscopic characteristics. Mass spectrometry (MS) has
therefore been used as a supporting technique in anthocyanin
characterization (26—31).

Premium varietal red wines play an important role in the
world wine market. This has stimulated research on analytical
tools to certify their authenticity and to protect consumers
against fraud, especially if the grape cultivar is mentioned on . .
bottle labels. For this purpose, different techniques have been In the literature, a number of (_:i|fferent procedures have been
proposed to determine the varietal, geographical, and techno-descr'.bEd to extract ar_lthocyanlns from grapes and to analyze
logical origin of a wine {). The differentiation of wines in terms them in grapes.and wines by HPL@7, 19, 25, 32_.35)' In .
of their variety can be performed by analyzing various physi- some cases, acid solvents that may cause the partial hydrolysis

cochemical parameters, such as prote®)sdolor and polyphe- of a;:;:!at?d antltsoct:ryl/aplns all;e ustek;j durll_r(ljgfextrﬁctlont, Ieadlng_ to
nols 3—9), amino acids and aroma compound,(11), or analytical results that would not be valid for chemotaxonomic

DNA analyses12, 13). The latter seemed to be the most suitable puUrposes. %n the q:jher h d"’.‘Pd’ HPLC proce?hurefs thatt.use ?n

method, but it has been found that the low concentration of organic acid as acid modilier may cause the formation ol

residual DNA in musts and wines is a limiting factd@( 15). analytlcal artifacts, such as tho_se described when f°”T.“C ‘"?‘C'd
Analytical tools based on color and phenolic analyses seem is employed (17). In thg recent literature, s'gructural elucidation

to fit the authentication purposes. Among them, the analysis of ?y MS qf anthoc.:yarg.r;fS is_performed d‘?‘.‘her dafter jample

nine anthocyanins and their ratios has been proposed for ractionation or using different HPLC conditions depending on
o . . - . . whether PDA or MS analyses are carried d26,(30).

validating the identity of the grapes used during wine-making.

Several research groups have evinced important differences on deltrelzri]iﬁalt?gfz?%?\ttlr?&’: 21nri?12t2f0dr;h2ts 21|r|10dwv§intgse bStr,\leCSu:ArlﬁL
the anthocyanin fingerprint of red grapes (16—23). These Y grap y

. . . h ; . positive electrospray ionization (ESI) coupled to HPLC has been
pigments are partially transferred into wines during red wine- - oo ) . ;

. . - - developed. An important objective reached with this method is
making, so that every varietal wine has a typical and charac- that HPLC-MS analvses can be performed under the same
teristic anthocyanin profile that differs from otheg; &, 79, chromatographic conyditions as WitthPLC-PDA routine analy-
22,24). This pattern can remain quite constant with time after _. grap Y

malolactic fermentation, regardless of whether the wine is stored SIS.

in stainless steel tanks or aged in oak barrél).( Usually,

routine analyses of anthocyanins involve spectrophotometric andVATERIALS AND METHODS

chromatographic techniques. These procedures have proven to Reagents and StandardsDeionized water was purified with a
be very useful, and HPLC coupled to photodiode array (PDA) Milli-Q water system (Millipore, Bedford, MA) before use. Acetonitrile

detection has become the method of choice for monitoring of HPLC gradient grade was purchased from Merck (Darmstadt,
Germany). Trifluoroacetic acid of analytical reagent grade was obtained

from Fluka (Buch, Switzerland). All other chemicals (analytical reagent

* Author to whom correspondence should be addressed (telephdfe

91 3974832; fax+34 91 3973826, e-mail eugenio.revilla@uam.es). grade) were obtained from Panreac (Mollet del Valles, Spain). Stan.dards
t Universidad Auténoma de Madrid. of several anthocyanins were prepared from fresh red grape skins as
+IMIA. previously described in the literature (17).
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Table 1. Grape Cultivars and Varietal Wines Studied in 2001 and x 3.9 mm i.d. Sentry Nova-Pak C18 guard cartridge (Waters, Milford,
Abbreviations Used in the Tables and Text MA), both thermostated at 50C. All samples were analyzed in
duplicate.
sample type abbreviation Analytical Conditions. HPLC. The mobile phase was a linear

Alicante Bouschet skin extract ABS-g gradient of water/acetonitr_ile (50:50) (solveqt B)_in Water/a_cetorjitrile
Bobal skin extract BOB-g (95:5) (solvent A), both adjusted to pH 1.3 with trifluoroacetic acid, at
Carifiena skin extract CAR-g a flow rate of 0.6 mL/min. The following gradient was used: O min,
Crujidera skin extract CRU-g 15% B; 0—-20 min, 15-30% B; 20-25 min, 30-35% B; 25-35 min,
Garnacha Peluda skin extract GAP-g 35—40% B; 35—42 min, 40% B; 42—43 min, 40—100% B; 43—48
Monastrel skin extract MON-g min, 100% B; and 48—49 min, 100—15% B.
Moristel skin extract MOR-g PDA. Spectra were recorded every second between 250 and 600
Morrastel Bouschet skin extract MBS-g nm, with a bandwidth of 1.2 nm, and chromatograms were acquired at
Pe_tlt Boyschet sk!n extract PBS-g 520 nm
Prieto Picudo skin extract PRP-g : .
Tempranillo skin extract TEM-g MS AnalysesMS parameters were as foIIows:. capillary voltage,
Vitadillo skin extract VIT-g 4000 V; fragmenter ramped from 90 to 120 V; drying gas temperature,
Alicante Bouschet wine ABS-w 325 °C; gas flow (N), 12 mL/min. The instrument was operated in
Bobal wine BOB-w positive ion mode scanning from/z50 to 2000 at a scan rate of 1.47
Cabernet Sauvignon wine CBS-w sicycle.
Garnacha wine GAR-w
o wne Vo, RESULTS AND DISCUSSION
Tempranillo wine TEM-w Reliability of the Method. An HPLC prodedure has been

successfully applied to the analysis of anthocyanins in 19
samples of different nature (12 skin extracts and 7 wines of
in Spain for making premium red wine4ble 1) were collected at different cultivars). This method uses trifluoroacetic acid at very

harvest at the Germplasm Bank (BGV) of the IMIA (Madrid, Spain) Iow_pr_oportlon (VO'.G%) as ac_ld m(_)dlfler in the mobile phase
in September 2001. Each sample consisted of 10 bunches pickedt® limit the formation of ionic pairs that may decrease the
randomly from eight different plants. Once in the laboratory, berries detection sensibility bY MS. To analyze anthocyanins by HPLC,
were separated from clusters, and a set of 100 grapes was randomlyPH values of the mobile phase must range from 1 to 2. When
sampled and weighed. Then, the skins of each set of berries wereformic acid is used as acid modifier, high proportions of this
separated from pulp and seeds. Anthocyanin extraction was performedacid (5—10%) are used to reach this pH, and it may decrease
on skins following the procedure of Bourzeix et 86§, which uses the sensibility of detection. Twenty different anthocyanins
several solvents (methanol, acetone, and water) with no acid addition. (Figure 1) have been successfully determined in 1 h. To evaluate
Pulps and seeds were discarded. No preparation was needed prior tqhe reliability of the method, the repeatabilities of the absolute
HPLC analysis. retention time and relative retention index related to malvidin
Wines.Seven varietal winesT@ble 1) were made on a microvini-  3-O-glucoside (5) were calculated for several anthocyanins,
fication scale in the experimental cellar of the IMIA. Grapes were considering all of the samples studiéthble 1); data are shown
collected at maturity from vines grown at the BGV of the IMIA, vintage  in Table 2. In some cases, certain anthocyanins were absent,
2001. A typical red wine-making procedure was performed on them. o5 samples differ quantitatively and qualitatively. This was the
A sulfited solution (KS,0s, 80 mg/L) was added to crushed grapes case for peaks 17 and 18, present only in 10 and 13 samples
before fermentation, which was carried out spontaneously in stainless . S . L
steel tanks ranging from 50 to 100 L. After fermentation, wines were respectively. Anthocyanins present in 9 or fewer samples (which
supposes 50% of the whole pool of samples) were not

kept at 18°C in the same tanks until their transfer into bottles after the . - : .
end of malolactic fermentation. Once bottled, wines were stored at 4 considered to evaluate the reliability of this method. This was

°C. No preparation was needed prior to HPLC analysis. the case for the six peaks-80 and 13.
Equipment. The HPLC-MS analyses were carried out using an HP It should be noted that the matrix effects of different kinds

1100 MSD system with a PDA UVvis detector coupled to a mass ~ Of samples have been considered, as both grape extracts and
spectrometer (quadrupole analyzer) equipped with an ESI interface Wines were analyzed. This HPLC-PDA method has been thought
(Agilent Technologies). Chromatographic separation was carried out to be a routine analytical tool to check anthocyanin profiles of
using a 250x 4.6 mm i.d., Sum Nova-Pak Gg steel column with a 20 grapes and wines and to confirm the nature of these compounds

Samples.Grapes.Grape samples of 12 cultivars commonly grown

Table 2. Repeatabilities of Retention Time (tg) and Retention Index (ir), Relative to Malvidin 3-O-Glucoside, for 14 Anthocyanins Detected in Skin
Extracts and Wines of Several Cultivars Studied?

peak anthocyanin n tr+ SD (min) Ccv ir = SD (min) cv
1 delphinidin 3-O-glucoside 19 8.90£0.19 2.13 0.49+£0.00 0.35
2 cyanidin 3-O-glucoside 18 11.60 +0.28 2.42 0.64 £0.01 1.14
3 petunidin 3-O-glucoside 19 13.01+0.28 212 0.72£0.00 0.31
4 peonidin 3-O-glucoside 19 16.61 +0.31 1.89 0.92£0.00 0.15
5 malvidin 3-O-glucoside 19 18.11+0.33 1.83 1.00
11 peonidin 3-O-acetylglucoside 17 30.15£0.32 1.07 1.67 £0.01 0.58
12 malvidin 3-O-acetylglucoside 19 31.45+0.34 1.07 1.74 +£0.01 0.76
14 +15 malvidin 3-O-caffeoylglucoside + cyanidin 3-O-p-coumarylglucoside 15 33.54+£0.42 1.26 1.85+0.01 0.80
16 petunidin 3-O-trans-p-coumarylglucoside 14 34.77+£0.44 125 1.92 +£0.01 0.75
17 peonidin 3-O-cis-p-coumarylglucoside 10 36.30 £ 0.50 1.37 2.01£0.02 0.95
18 malvidin 3-O-cis-p-coumarylglucoside 13 37.06 £ 1.27 3.44 2.04 £0.05 2.40
19 peonidin 3-O-trans-p-coumarylglucoside 19 39.92 +0.47 1.18 2.21+£0.02 0.73
20 malvidin 3-O-trans-p-coumarylglucoside 19 40.90 £ 0.53 1.29 2.26 +0.02 0.94

an, number of samples; SD, standard deviation; CV, coefficient of variation.
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Figure 1. Structures of the 20 anthocyanins detected in skin extracts and wines.

with a coupled mass spectrometry system. It was therefore L. has been confirmed. All of them show a similar fragmentation
important to test the chromatographic conditions with different pattern. The mass spectra present two signals, the molecular
cultivars and different kinds of samples. Also, the different ion M* and the fragment resulting from the loss of a glucose
separation properties of columns, the reproducibility of the molecule, M — 162 Da, corresponding to the aglycon. These
gradient program, and the effect of room temperature (only the five compounds are always present in grape extracts, generally
column was thermostated) were taken into accoliable 2 in high concentrations, and in wines, with the exceptior2 of
shows that standard deviations were very low and qUite similar which can be absent or in low Concentratid'rable 4) Despite
to others mentioned in the literature (225). The procedure  thjs the five monoglucosides have been always considered for
allows a good separation of all of the anthocyanins considered chemotaxonomic purposes (788, 19, 21, 22).
and may be adequate for the estimation of their relative contents
in different grape extracts and wines.

HPLC-MS Identification of Anthocyanins in Grape Ex-

tracts and Wines. Figure 2shows a chromatogram of a Bobal lecul h ianal lati h lecular ioh M
grape extract recorded at 520 nm. It can be seen that there ard©'€CUIES Show two signals, relating to the molecular io

17 peaks corresponding to 18 different anthocyanins. This is 2d the fragment M — 204 Da. The 204 Da value corresponds
one of the most complex chromatograms obtained in this work. t© the acetylglucoside moiety (gluAc), so the fragment M
These compounds have been identified by their HPLC retention204 Da corresponds to the related aglycdd. and 12 are
times, elution order, spectroscopic characteristics, and fragmen-commonly found in grapes and wines and belong to the set of
tation pattern Table 3). Three main groups can be clearly nine anthocyanins considered when testing grape and wine
distinguished: the monoglucosides of five anthocyanidins (peaks identities. The other three acetylglucosides were present only
1-5): the acetylated anthocyanins (peaks3611, and 12); and  in certain samples3 was detectable in nine samples and was
the cinnamoy! derivatives (peaks 9, 10, and-28). present in trace amounts in the re¥able 4). 6 and 7 were
Monoglucosides. The presence of 3-O-glucoside derivatives present only in certain wines (Cabernet Sauvignon, Merlot, and
of delphinidin (), cyanidin @), petunidin 8), peonidin 4), and Monastrell) but not in the grape sample pool of this work. The
malvidin (5) in grape skin extracts and wines\dfis vinifera presence of these minor anthocyanins has been described in

Acetylglucosidesrive acetylglucoside derivative6<12) of
delphinidin, cyanidin, petunidin, peonidin, and malvidin, re-
spectively, have been detected. The mass spectra of these



HPLC-MS Anthocyanin Analysis J. Agric. Food Chem., Vol. 51, No. 19, 2003 5625

maU 5
250 H
200 4
i 150
£ 4
100 4
20
s 4 12
1 3
2 11 \ 14+15 19
L 8 10 13, 16 1718
o]
0 10 20 30 P s

Time (min)

Figure 2. Chromatogram of a skin extract of Bobal grapes recorded at 520 nm. Peaks are labeled according to Table 3.

Table 3. Characteristics of the Anthocyanins Found in Skin Extracts and Wines of Different Cultivars Studied, Related to Their Retention Time (tg),
Spectroscopic Characteristics (Amay), and Fragmentation Pattern (M*, M* — X)2

peak tr (min) anthocyanin Amax M* M* =X

1 8.91 delphinidin 3-O-glucoside 522 465 303 (M* —glu)

2 11.60 cyanidin 3-O-glucoside 514 449 287 (M* —glu)

3 13.03 petunidin 3-O-glucoside 522 479 317 (M* —glu)

4 16.62 peonidin 3-O-glucoside 515 463 301 (M* —glu)

5 18.12 malvidin 3-O-glucoside 524 493 331 (M* —glu)

6 19.39 delphinidin 3-O-acetylglucoside 522 507 303 (M* = gluAc)
7 23.73 cyanidin 3-O-acetylglucoside 514 491 287 (M* — gluAc)
8 25.52 petunidin 3-O-acetylglucoside 522 521 317 (M* - gluAc)
9 26.07 delphinidin 3-O-cis-p-coumarylglucoside 3120527 611 303 (M* — gluCou)
10 29.67 delphinidin 3-O-trans-p-coumarylglucoside 312,°527 611 303 (M* - gluCou)
11 30.13 peonidin 3-O-acetylglucoside 522 505 301 (M* - gluAc)
12 31.47 malvidin 3-O-acetylglucoside 527 535 331 (M* - gluAc)
13 32.33 petunidin 3-O-cis-p-coumarylglucoside 3132532 625 317 (M* = gluCou)
14 3355 malvidin 3-O-caffeoylglucoside 308,° 522 655 331 (M* = gluCf)
15 33.55 cyanidin 3-O-p-coumarylglucoside 308,°522 595 287 (M* — gluCou)
16 34.78 petunidin 3-O-trans-p-coumarylglucoside 313,532 625 317 (M* = gluCou)
17 36.26 peonidin 3-O-cis-p-coumarylglucoside 311,°522 609 301 (M* - gluCou)
18 37.06 malvidin 3-O-cis-p-coumarylglucoside 317,5532 609 331 (M* - gluCou)
19 39.94 peonidin 3-O-trans-p-coumarylglucoside 311,5522 639 301 (M* - gluCou)
20 40.93 malvidin 3-O-trans-p-coumarylglucoside 317,5532 639 331 (M* = gluCou)

aM*, molecular ion; glu, glucoside; gluAc, acetylglucoside derivative; gluCou, p-coumarylglucoside derivative; glucCf, caffeoylglucoside derivative. ® Characteristic shoulder
of cinnamoyl derivatives.

vinifera cv. Colorino (26), hybrid grapes30Q), and Cabernet  coside moiety (gluCf), so the fragment™™- 324 Da corre-
Sauvignon wines (37), although in very low concentrations. sponds to the related aglycon.

Cinnamoyl Derivatives. Ten different anthocyanins having It can be seen that two compounds, each corresponding to
UV—vis spectra corresponding to cinnamoy! derivatives (  delphinidin, petunidin, peonidin, and malvidip-coumaryl
coumarylglucosides and caffeoylglucosides) were detected. Theirderivatives, have been identified. In every pair, both compounds
spectra are characteristic and significantly different from others, (9 and 10, 13 and 16, 17 and 19, and18 and 20) match the
as they present a shoulder between 310 and 320 nm. Thesesame identity, as they showed equivalent-tis spectra and
compounds have been identified pgoumarylglucosides of  fragmentation patterngigure 3A,B). Thus, it must be inferred

delphinidin (9and 10), cyanidin {5), petunidin {3 and 16), that those molecules are cis and trans isomers. To our
peonidin (17and19), and malvidin 18 and 20) and caffeoyl- knowledge, these isomers have not been described in the
glucoside of malvidin14). The mass spectra of tipecoumaryl literature related to anthocyanins in grapes and wines, but, in a

derivatives showed two signals, corresponding to the molecular recent paper, cis and trans isomerg-@oumaric ang-coutaric

ion M* and the fragment M — 308 Da. The 308 Da value acids have been detected in wines by RP-HPLC analyB®s (
belongs to thep-coumarylglucoside moiety (gluCou), so the In that study, cis isomers always eluted first and were present
fragment M" — 308 Da corresponds to the related aglycon. On in lower proportions than the trans isomev¢e have assumed
the other hand, the caffeoylglucoside of malvidin also showed this pattern of elution and assigned the cis and trans labels to
two signals, relating to the molecular ion"Mind the fragment  the first and second compounds of each couple, respectively.
M+ — 324 Da. The 324 Da value belongs to the caffeoylglu- Following this criterion, cis isomers were always in lower
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Figure 4. Comparison between chromatograms of skin extract (A) and wine (B) of Alicante Bouschet.

difference between both molecules corresponds to 308 Da,a small number of plants of each cultivar (eight) were available
corresponding to p-coumarylglucoside moiety. This compound for this study, and only one varietal wine could be done. Thus,
is therefore identified as cyanidinGp-coumaryglucosidelb). no statistical analysis can be performed on our results.
Similarly, an M" of 655 Da matches with M— X of 331 Da, Anthocyanin Fingerprint of Grape Extract&ighteen different
and the difference between both ions corresponds to 324 Da, aanthocyanins were found in the skin extracts of the 12 cultivars
caffeoylglucoside moiety. The compound is therefore identified studied. Only two acetylglucosides and7) were lacking in
as malvidin 30-caffeolylglucoside 14). This confirms the great  them. Grapes of each cultivar presented a distinctive fingerprint,
importance of HPLC-MS analysis of anthocyanins when as reported previously (189, 21—23).
taxonomic purposes are considered. In most casess was the major anthocyanin, and its relative
HPLC Anthocyanin Profile of Grape Skins and Wines. content ranged from 24.4% (Petit Bouschet) to 46.5% (Bobal).
Table 4 shows the percentages of the 20 anthocyanins identified Nevertheless4 was the major anthocyanin in three cultivars,
by HPLC-MS analyses in the whole samples. Remarkable Alicante Bouschet, Morrastel Bouschet, and Petit Bouschet,
qualitative and quantitative differences can be noticed among revealing the teinturier nature of these three cultiva®.(As
grapes of different cultivars, among wines of different cultivars, is well-known, the teinturier cultivars contain this pigment not
and between grapes and wines of the same cultivar. Grapeonly in skin cells but also in pulp, having significant amounts
samples were collected on an Ampelographic collection. Only of this compund. Other cultivars (Crujidera, Garnacha Peluda,
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and Moristel) contained a remarkable amoundafip to 35.9%,

but always lower than the amount®fOnly one cultivar (Prieto
Picudo) had a high proportion d22, ~9%, and the rest of the
samples contained amounts of this compound ranging from 1
to 5%. The content d20 also presented a remarkable variability
among the cultivars studied, with proportions ranging from 3.5
to 20.1%, being highest in Vitadillo and lowest in Petit
Bouschet. The relative contentsif were very low in all cases
(always<1%), but this was not the case b9, for which values
varied between 1.9% (Tempranillo and Monastrell) and 8.4%
(Alicante Bouschet). Teinturier cultivars have greater proportions
of this pigment than nonteinturier grapes. The other anthocyanins
identified (8—10and 13—18) represented, as a whote10%

of the total anthocyanin content. Therefore, their importance is
not quantitative but qualitative, as there are cultivars with more
complex anthocyanin fingerprints than others.

Anthocyanin Fingerprint of Wineskigure 4 shows the
comparison between skin extract and wine chromatograms of
the same cultivar (Alicante Bouschet). It can be seen that the
anthocyanin patterns are clearly different. In wines, the most
remarkable features related to the five monoglucosides are the
predominance 05 and the low quantities d?. The former is
always the major anthocyanin, and the latter is always in trace
amounts, or even lacking. The most important acylated pigments
are two acetylglucosided¢ { and12) and twotrans-p-coumaryl-
glucosides 19 and20), as described in the literaturg, @). The
other minor anthocyanins are normally absent, with the excep-
tions of 6 and 7, found only in Cabernet Sauvignon, Merlot,
and Monastrell wines, but absent in all skin extracts analyzed.
As a rule, wines contain higher contents ®fthan grapes,
whereas all of the other anthocyanins are in lower proportion
or absent (22).

Some authors consider that anthocyanin fingerprints of
varietal wines can be used as an analytical tool to certify their
authenticity 8, 9). Certification purposes need extensive
databases of varietal wines from different geographical and
enological origins. The HPLC-MS method described here allows
the successful identification of anthocyanins and may be of
choice for these goals. Nevertheless, further research must be
done, analyzing grapes and wines from different cultivars,
geographical origins, and years.

ACKNOWLEDGMENT

We acknowledge the technical assistance of E. Fernandez and(

M. J. Vicente.

LITERATURE CITED

(1) Wittkowski, R. Analytical and statistical possibilities to check
for wine authenticity Proceedings of XXIV World Congress of
OlV, Mainz, Germany; 1999; Vol. 2-1, pp 11824.

(2) Pueyo, E.; Dizy, M.; Polo, M. C. Varietal differentiation of must
and wines by means of protein fractigkm. J. Enol. Vitic1993,

27, 25-261.

(3) Etievant, P.; Schlich, P.; Bertrand, A.; Symonds, P.; Bouvier, J.
C. Varietal and geographical classification of French red wines
in terms of pigments and flavonoid compounds.Sci. Food.
Agric. 1988,42, 39-54.

(4) Santos-Buelga, C.; Mufioz, S. S.; Gutierrez, Y.; Hebrero, E.;
Vicente, J. L.; Galindo, P.; Rivas-Gonzalo, J. C. Characterization
of young red wines by application of HJ biplot analysis to
anthocyanin profiles]. Sci. Food Agric1991,39, 1086—1090.

(5) Almela, L.; Javaloy, S.; Fernandez-Lépez, J. A.; Lopez-Roca,
J. M. Varietal classification of young red wines in terms of
chemical colour parameterd. Sci. Food Agric1996,70, 173—
180.

Garcia-Beneytez et al.

(6) Soleas, G. J.; Dam, J.; Carey, M.; Goldberg, D. M. Toward the
fingerprinting of wines: Cultivar-related patterns of polyphenolic
constituent in Ontario winesl. Agric. Food Chem1997, 45,
3871-3880.

(7) Arozarena, |.; Casp, H.; Marin, R.; Navarro, M. Differentiation
of some Spanish wines according to variety and region based
on their anthocyanin compositioBur. Food Res. Technd@00Q
212, 108—112.

(8) Holbach, B.; Marx, R.; Ackermann, M. Bestimmung der An-
thocyanzusammensetzung von Rotwein mittels Hochdruskflu
sigkeitschromatographié.ebensm. Cheni997,51, 78-80.

(9) Berente, B.; De la Calle Garcia, D.; Reichenbécher, M.; Danzer,
K. Method development for the determination of anthocyanins
in red wines by high-performance liquid chromatography and
classification of German wines by means of multivariate
methods.J. Chromatogr. A2000,871, 95-103.

(10) Aleixandre, J. L.; Lizama, V. Warez, |.; Garcia, M. J. Varietal
differentiation of red wines in the Valencian region (Spaih).
Agric. Food Chem2002,50, 751—755.

(11) Hernandez-Orte, P.; Cacho, J.; Ferreira, V. Relationship between
varietal amino acid profile of grapes and wine aromatic composi-
tion. Experiments with model solutions and chemometric study.
J. Agric. Food Chem2002,50, 2891—2899.

(12) Siret, R.; Boursiquot, J. M.; Merle, M. H.; Cabanis, J. C.; This,

P. Toward the authentication of varietal wines by the analysis

of grape Vitis vinifera L.) residual DNA in must and wine using

microsatellite markersl. Agric. Food Chem2000,48, 5035~

5049.

Faria, M. A.; Magalhaes, R.; Ferreira, M. A.; Meredith, C. P.;

Ferrera Monteiro, MVitis vinifera must varietal identification

using microsatellite DNA analysis (SSR).Agric. Food Chem

2000,48, 1096—1100.

Garcia-Beneytez, E.; Moreno-Arribas, M. V.; Borrego, J.; Polo,

M. C.; Ibafiez, J. Application of DNA analysis to the cultivar

identification of grape musts and wines\dtis vinifera L. using

microsatellite markersl. Agric. Food Chem2002,50, 6096~

6096.

Siret, R.; Gigaud, O.; Rosec, J.; This, P. Analysis of giditie

vinifera L DNA in must mixtures and experimental mixed wines

using microsatellite markers. Agric. Food Chem2002, 50,

3822—-3827.

(16) Boubals, D.; Truel, P.; Bourzeix, M.; Kovac, V.; Giosanu, T.
Etude des différentes couleurs de baies chez la vigfitis(
vinifera). Ann. Technol. Agric1968,17, 257—260.

(17) Bakker, J.; Timberlake, C. F. The distribution of anthocyanins
in grape skin extracts of port wine cultivars as determined by
high performance liquid chromatography.. Sci. Food Agric
1985,36, 1315—1324.

18) Roggero, J. P.; Larice, J. L.; Archier, P.; Coen, S. Composition

anthocyanique des cépages. Essai de classification par analyse

en composantes principales et par analyse factorielle discrimi-

nante.Rew. Fr. Oenol.(Cah. Sci}988,28, 42-48.

Castia, T.; Franco, M. A.; Mattivi, F.; Muggliolu, G.; Sferlazzo,

G.; Versini, G. Characterization of grapes cultivated in Sar-

dinia: Chemometric methods applied to the anthocyanic fraction.

Sci. Aliment.1992,12, 239—255.

Ortega Meder, M. D.; Gonzalo, J. C. R.; Vicente, J. L.; Santos-

Buelga, C. Diferenciacion de variedades de uvas tintas por su

composicion antocianic®ev. Esp. Cien. Tecnol. Alimert994

34, 409—426.

(21) Eder, R.; Wendelin, S.; Barna, J. Klassifizierung von rotwein-
sorten durch anthocyananalyderoceedings of XXIV World
Congress of OlYMainz, Germany; 1999; Vol. 2-1, pp 149
156.

(22) Garcia-Beneytez, E.; Revilla, E.; Cabello, F. Anthocyanin pattern
of several red grape cultivars and wines made from tHean.
Food Res. TechnoR002,215, 32-37.

(23) Ryan, J. M.; Revilla, E. The anthocyanin composition of Cabernet
Sauvignon and Tempranillo grapes at different stages of ripening.
J. Agric. Food Chem2003,51, 3372—3378.

(13)

(14)

(15)

(19)

(20)



HPLC-MS Anthocyanin Analysis J. Agric. Food Chem., Vol. 51, No. 19, 2003 5629

(24) Eder, R.; Wendelin, S.; Barna, J. Auftrennung der monomeren (33) Roggero, J. P.; Coen, S.; Ragonnet, B. High performance liquid

Rotweinanthocyane mittels HochdruckfliissiGkeitschromatographie chromatography survey on changes in pigment content in
(HPLC). Methoden und Vorstellung einer neuen Methdditt. ripening grapes of Syrah. Approach to anthocyanin metabolism.
Klosterneuburgl990, 40, 68-75. Am. J. Enol. Vitic.1986,37, 77-83.

(25) Reuvilla, E.; Garcia-Beneytez, E.; Cabello, F.; Martin-Ortega, G.; (34) Hebrero, E.; Santos-Buelga, C.; Rivas-Gonzalo, J. C. High
Ryan, J. M. Value of high-performance liquid chromatography performance liquid chromatography-diode array spectroscopy
analysis of anthocyanins in the differentiation of red grape identification of anthocyaninis oYitis vinifera variety Temp-
cultivars and red wines made from thelnChromatogr. 42001, ranillo. Am. J. Enol. Vitic.1988,39, 227—233.

915, 53-60.

(35) Revilla, E.; Ryan, J. M.; Martin-Ortega, G. Comparison of several
procedures used for the extraction of anthocyanins from red
grapes.J. Agric. Food Chem1998,46, 4592—4597.

(36) Bourzeix, M.; Weyland, D.; Heredia, Nttitle des catéchines
et des procyanidols de la grapee de raisin, du vin et d’autres

(26) Baldi, A.; Romani, A.; Mulinacci, N.; Vincieri, F. F.; Casetta,
B. HPLC/MS application to anthocyanins ¥itis vinifera L. J.
Agric. Food Chem1995,43, 2104—2109.

(27) Giusti, M.; Rodriguez-Saona, L. E.; Griffin, D.; Wrolstad, R. E.
Electrospray and tandem mass spectroscopy as tools for antho-

cyanin characterizatiod. Agric. Food Chem1999,47, 4657— dérives de la vigneBull. O.1.V. 1986, 66_9_670'

4664. (37) Burns, J.; Mullen, W.; Landrault, N.; Teissedre, P. L.; Lean, M.
(28) Sugi, J. A.; Wood, K. V.: Yang, Z.: Bonhar, C. C.: Nicholson E. J.; Crozier, A. Variations in the profile and content of

R. L. Matrix-assisted laser desorption ionization mass spectrom- anthocyanins in wines made from Cabernet Sauvignon and hybrid

etry analysis of grape anthocyanirsm. J. Enol. Vitic 1999, grapes.J. Agric. Food Chem2002,50, 4096—4102.

50, 199—203. (38) Garcia Moreno, M. V.; Garcia Barroso, C. Comparison of the
(29) Wang, J.; Sporns, P. Analysis of anthocyanins in red wine and evolution of low molecular weight penolic compounds in typical

fruit juice using MALDI-MS. J. Agric. Food Chem1999,47, sherry wines: Fino, amontillado and olorosb. Agric. Food

2009—2015. Chem.2002,50, 7556—7563.

(30) Favretto, D.; Flamini, R. Application of electrospray ionization
mass spectrometry to the study of grape anthocya’ins. J.

Enol. Vitic. 2000,51, 55-64. ) Received for review March 25, 2003. Revised manuscript received July
(31) Dugo, P.; Mondello, L.; Errante, G.; Zappia, G.; Dugo, G. 7 2003. Accepted July 7, 2003. This work has been carried out with
Identification of anthocyanins in berries by narrow-bore high-  gnancial support from the Instituto Nacional de Investigaciones

gerformarj]ce';iqgid ;hr%mg;ogrggg{vziéh ggeg;rfzg;? ionization Agrarias y Alimentarias (Project SC00-033) and the Ministerio de
etection.J. Agric. Food Chem2001,49, ' Ciencia y Tecnologa (Project VINO0-036-C6-01).

(32) Wulf, L. W.; Nagel, C. W. High-pressure liquid chromatographic
separation of anthocyanins Wiftis vinifera. Am. J. Enol. Vitic
1978,29, 42-49. JF0302207




