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A reverse phase HPLC and electrospray interface with ion trap mass spectrometer method was
developed for the characterization of anthocyanins in Concord, Rubired, and Salvador grape juices.
Rubired and Salvador grapes are hybrids from Vitis vinifera and Vitis rupestris. Concord grape is a
grape from the native American cultivar Vitis labrusca. Individual anthocyanins in these three varieties
were identified on the basis of UV-vis and MS spectra and further elucidated by MS/MS spectra.
Anthocyanins in Salvador and Concord grapes were 3-O-glucosides, 3-O-(6′′-O-p-coumaroyl)-
glucosides, 3-O-(6′′-O-p-acetyl)glucosides, 3,5-O-diglucosides, and 3-O-(6′′-O-p-coumaroyl)-5-O-
diglucosides of delphinidin, cyanidin, petunidin, peonidin, and malvidin. Vitisin B was detected in
Salvador grape juice. Anthocyanins in Rubired grape juice were primarily anthocyanin diglucosides:
peonidin 3,5-O-diglucoside, malvidin 3,5-O-diglucoside, peonidin 3-O-(6′′-O-p-coumaroyl)-5-O-
diglucoside, and malvidin 3-O-(6′′-O-p-coumaroyl)-5-O-diglucoside are the four major anthocyanins.
The presence of pelargonidin 3-O-glucoside, not previously reported, has been established for the
first time in all three juices.
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INTRODUCTION

Anthocyanins constitute a large family of polyphenols in
plants and are responsible for many of the fruit and floral colors
observed in nature. Anthocyanins were previously characterized
by one- and two-dimensional paper chromatography (1).
Subsequently, reverse phase HPLC coupled with UV-vis
detection had been the standard method for the analysis of
anthocyanins (2-6). Recently, the methodology evolved to
coupling of HPLC with mass spectrometry for anthocyanin
characterization (7-9). HPLC coupled with MS had become a
very efficient tool for the characterization and elucidation of
unknown and partially unknown anthocyanin pigments in fruits
and vegetables (10-12).

There are several major grape species:Vitis Vinifera, V.
labrusca,V. rotundifolia, andV. rupestris.V. Vinifera contains
only anthocyanin monoglucosides.V. labrusca, V. rotundifolia,
andV. rupestriscontain mainly anthocyanin diglucosides (13).
Rubired is a very dark grape variety for use in concentrate and
port wine (14). It is derived from the cross between Tinto Ca˜o
and Alicante Ganzin. Tinto Cão is one of the most ancient
varieties ofV. Vinifera in the Douro port wine region of Portugal.
Alicante Ganzin, on the other hand, is an early French hybrid
derived from the cross Aromon× V. rupestris (14). It is
distinguished by abundant color having good stability and red
hue. As a result, this gives Rubired a one-eighthV. rupestris

parentage. The origin of Salvador also fits into theVinifera-
rupestrishybrid category (personal communication with Jon
Holmquist). Concord is a grape derived from a native American
cultivar, V. labrusca(13).

Anthocyanin pigments from grape, especiallyV. Vinifera, have
been extensively studied. Anthocyanins were reported to be
3-glucosides, 3-acetylglucosides, 3-coumaroylglucosides, 3-caf-
feoylglucosides, 3,5-diglucosides, 3-acetyl-5-diglucosides, 3-
coumaroyl-5-diglucosides, and 3-caffeoyl-5-diglucosides of cya-
nidin, delphinidin, peonidin, petunidin, and malvidin (15-19).
Pelargonidin is the only major aglycon that has not previously
been found in the grape. The structures and molecular weights
of these six major aglycones are listed inFigure 1. Anthocya-
nins in Concord grape have been characterized as 3-glucosides,
3-coumaroylglucosides, and 3,5-diglucosides of delphinidin and
cyanidin (20-24). In more recent work, anthocyanins in
Concord grape were characterized by HPLC in combination with
ES-MS and MS/MS by direct infusion (25). However, an
individual peak from the HPLC chromatogram could not be
assigned unambiguously due to lack of information of the
molecular ion and product ion for that particular peak. Also,
the ionization of some components of an anthocyanin mixture
can be suppressed by ionization of others (8). Anthocyanins in
Rubired grapes were analyzed by Smith and Luh (26). Eleven
anthocyanins were elucidated by two-dimensional paper chro-
matography; the major anthocyanins were reported to be
malvidin 3,5-diglucoside and peonidin 3,5-diglucoside. Antho-
cyanins in Salvador grape have not been previously reported.
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In the present work, the anthocyanin compositions of Rubired,
Salvador, and Concord grape juice have been identified by
HPLC coupled with a diode array spectrophotometer and ion
trap mass spectrometer (LC/DAD/MS).

MATERIALS AND METHODS

Juice Samples.Rubired grape concentrate and Concord grape
concentrate were provided by Canandaigua Concentrate (Madera, CA).
Salvador concentrate was obtained from La Bordalesa, S.A. de C.V.
(Aguascalientes, Ags., Mexico). Juice concentrates were diluted to
single-strength juice at 16-20 °Brix. Single-strength juice was filtered
through a 0.45µm glass microfiber filter (GMF) syringe filter
(Whatman Inc., Clifton, NJ) before injection onto the HPLC.

Standards. Cyanidin 3-glucoside and malvidin 3-glucoside were
purchased from Indofine (Hillsborough, NJ). Malvidin 3,5-diglucoside
was purchased from Aldrich (St. Louis, MO).

HPLC Analysis of Anthocyanins in Grape Juices.Five milliliters
of Rubired, Concord, and Salvador grape juice was passed through a
preconditioned C-18 Sep-Pak cartridge separately (Waters Associates).
The adsorbed pigments were then washed with 5 mL of water and eluted
by 2 mL of methanol. The eluate was stored at-20 °C prior to HPLC
analysis.

HPLC/PDA Analysis (System A).The HPLC/PDA analyses were
performed on a Waters 2690 Alliance separations module equipped
with a 996 photodiode array detector, and data were collected on
Millennium32 3.2 software (Milford, MA). The column was a 250 cm
× 4.6 mm i.d., 5µm Prodigy ODS (3) (Phenomenex, Torrance, CA).
Solvent A was acetic acid/phosphoric acid/acetonitrile/water (10:1:5:
84, v/v/v/v), and solvent B was acetonitrile. Solvent gradient was 0-5
min, 0% B; 5-30 min, 0-10% B; 30-40 min, 10-30% B; and 40-
45 min, 30-40% B at a flow rate of 1 mL/min. Detection wavelength
was at 520 nm, and injection volume was 10µL.

HPLC/DAD/ESI-MS/MS Analyses (Systems B and C).LC/ESI-
MS/MS experiments were performed on an Agilent MSD SE ion trap
mass spectrometer (Palo Alto, CA) equipped with an electrospray
ionization (ESI) interface, 1100 HPLC, a DAD detector, and Chem-
station software. The column used for system B was a 150 cm× 2.0
mm i.d., 3µm Prodigy ODS (3) 100 Å (Phenomenex, Torrance, CA).
Solvents were (A) 10% acetic acid/5% acetonitrile/85%water (v/v/v/
v) and (B) acetonitrile. Solvent gradient was 0-5 min, 0% B; 5-30
min, 0-10% B; 30-40 min, 10-30% B; and 40-45 min, 30-40%
B. Flow rate was 0.2 mL/min, injection volume was 3µL, and column
temperature was 25°C. The column used for system C was a 150 cm
× 2.0 mm i.d., 4µm Synergi hydro-RP 80 Å (Phenomenex, Torrance,
CA). Solvents were (A) 10% acetic acid/0.2% TFA/5% acetonitrile/
84.8%water (v/v/v/v) and (B) acetonitrile. Solvent gradient was 0-30
min, 0-10% B; 30-40 min, 10-30% B; and 40-45 min, 30-40%
B. Flow rate was 0.2 mL/min, injection volume was 3µL, and column
temperature was 25°C. The ESI parameters were as follows: nebulizer,
30 psi; dry gas (N2), 12 L/min; dry temperature, 350°C; trap drive,
50; skim 1, 40 V; skim 2,-5.0 V; octopole RF amplitude, 150 Vpp;
capillary exit, 103.4 V. The ion trap mass spectrometer was operated
in positive ion mode scanning fromm/z 150 to m/z 2000 at a scan

resolution of 13000 amu/s. Trap ICC was 20000 units and maximal
accumulation time was 200 ms. MS-MS was operated at a fragmentation
amplitude of 1.2 V, and threshold ABS was 3,000,000 units.

RESULTS AND DISCUSSION

Anthocyanin pigments in Rubired, Salvador, and Concord
grape juices were analyzed by HPLC using systems A-C. For
all three of these juices, better separation was achieved under
system A. Phosphoric acid in solvent system A was found to
interfere with the ionization process due to formation of ion
pairs in solution. To maximize ESI sensitivity, phosphoric acid
was removed or replaced by trifluoroacetic acid (TFA) in
systems B and C, respectively, for HPLC/MS analyses. A
Synergi hydro-RP column was selected for mobile phase with
lower pH application. Anthocyanins were eluted in the reverse
phase condition in the order delphinidin, cyanidin, petunidin,
pelargonidin, peonidin, and malvidin. The polarity of the
anthocyanins did not change independently from glycosylation
or acylation of the aglycon, which was in agreement with
previous reports (9, 27). This permitted elucidation of individual
anthocyanins in all three HPLC systems based on MS and MS/
MS data from systems B and C.

By combination of DAD, MS, and MS/MS spectra, 23, 25,
and 22 anthocyanins were elucidated from Concord, Salvador,
and Rubired grape juices, respectively (Figure 2). Identification
was achieved mainly by comparing the molecular ions and
products ions of these anthocyanins with those available in the
literature (8, 9, 25). Identification of malvidin 3,5-O-diglucoside,
malvidin 3-O-glucoside, and cyanidin 3-O-glucoside was con-
firmed by comparison of commercially available anthocyanin
standards. The molecular ions and product ions of anthocyanins
in these three grape juices are summarized inTable 1. In
Concord grape, the major anthocyanins were delphinidin 3-O-
glucoside, cyanidin 3-O-glucoside, and delphinidin 3-O-
coumaroylglucoside. The MS spectrum of peak16 indicated
that the peak hadm/z773.4, and the MS/MS spectrum showed
that the ion atm/z 773.4 fragmented to three product ions at
m/z611.2 ([M - C6H10O5]+), 465.3 ([M - C15H16O7]+), and
303.3 ([M - C15H16O7 - C6H10O5]+), corresponding to
delphinidin 3-coumaroylglucose, delphinidin 5-glucose, and
delphinidin, respectively. Peak 16 was thus established as
delphinidin 3-O-(6′′-O-p-coumaroyl)-5-O-diglucoside (Figure
3A). Peak 12, having a molecular ion atm/z 507.3 from the
MS spectrum and one product ion atm/z 303.2 ([M -
C8H12O6]+) from the MS/MS spectrum, indicated that the
compound was delphinidin 3-O-(6′′-O-p-acetyl)glucoside (Fig-
ure 3B). Peaks 22 and 23 were coeluted, and the extracted ion
chromatogram (EIC) mass spectrum of the peak suggested two
molecular ions atm/z771.4 and 801.4. The MS/MS spectrum
indicated the ion atm/z 771.4 (peak 22) fragmented to three
product ions atm/z 609.3 ([M - C6H10O5]+), 463.3 ([M -
C15H16O7]+), and 301.2 ([M- C15H16O7 - C6H10O5]+), which
corresponded to peonidin 3-coumaroylglucose, peonidin 5-
glucose, and peonidin, respectively. Peak 22 was elucidated as
peonidin 3-O-p-(6′′-O-coumaroyl)-5-O-diglucoside. Similarly,
the molecular ion atm/z801.4 (peak 23) had three product ions
atm/z639.3 ([M- C6H10O5]+), 493.3 ([M- C15H16O7]+), and
331.3 ([M - C15H16O7 - C6H10O5]+), which corresponded to
malvidin 3-coumaroylglucose, malvidin 5-glucose, and malvidin,
respectively. Peak 23 was assigned as malvidin 3-O-p-(6′′-O-
coumaroyl)-5-O-diglucoside. EIC also indicated that peak 8 and
a peak at retention time 23.5 min had the same molecular ion
at m/z 479.3 (Figure 4A,B). The MS/MS spectrum indicated
peak 8 had a product ion atm/z317.2 ([M - C6H10O5]+). The

Figure 1. Structure of aglycons of anthocyanins in grapes.
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UV-vis spectrum of this peak showed that the maximal
absorbance was at 522 nm. From these two factors, peak 8 was
elucidated as petunidin 3-O-glucoside. The MS/MS spectrum
of a peak at retention time 23.5 min indicated thatm/z479.3
had a product ion atm/z 303.2 (Figure 4C). The ion atm/z
303.2 could be assigned to either delphinidin or quercetin
moieties. Because no absorbance at∼520 nm was observed in
the UV-vis spectrum, the compound was presumed to be a
flavonol rather than an anthocyanin. Because MS/MS cleaves

only the glucosidic bonds between the flavylium ring and the
sugars directly attached to it (25), this peak was elucidated as
quercetin 3-O-glucuronide (Figure 3C), a compound reported
before as a common flavonol in grape (28). Similarly, quercetin
3-O-glucuronide was also detected in Salvador grape juice.

The anthocyanin profile of Salvador grape juice was very
similar to that of Concord. However, the major anthocyanin in
Salvador grape juice was malvidin 3-O-glucoside, followed by
delphinidin 3-O-glucoside, petunidin 3-O-glucoside, cyanidin

Figure 2. HPLC-DAD chromatogram of Concord (A), Salvador (B), and Rubired (C) juices at 520 nm under system A. Peaks: (1) delphinidin 3,5-
diglucoside; (2) cyanidin 3,5-diglucoside; (3) petunidin 3,5-diglucoside; (4) delphinidin 3-glucoside; (5) cyanidin 3-glucoside; (6) peonidin 3,5-diglucoside;
(7) malvidin 3,5-diglucoside; (8) petunidin 3-glucoside; (9) pelargonidin 3-glucoside (10) peonidin 3-glucoside; (11) malvidin 3-glucoside; (12) delphinidin
3-acetylglucoside; (13) vitisin B; (14) malvidin 3-acetyl-5-diglucoside; (15) cyanidin 3-acetylglucoside; (16) delphinidin 3-coumaroyl-5-diglucoside; (17)
petunidin 3-acetylglucoside; (18) cyanidin 3-coumaroyl-5-diglucoside; (19) petunidin 3-coumaroyl-5-diglucoside; (20) delphinidin 3-coumaroylglucoside;
(21) malvidin 3-acetylglucoside; (22) peonidin 3-coumaroyl-5-diglucoside; (23) malvidin 3-coumaroyl-5-diglucoside; (24) cyanidin 3-coumaroylglucoside;
(25) petunidin 3-coumaroylglucoside; (26) peonidin 3-coumaroylglucoside; (27) malvidin 3-coumaroylglucoside.
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3-O-glucoside, and peonidin 3-O-glucoside (Figure 2B). In
Salvador juice, one unique compound, normally found in
fermentation products, was detected. This peak (peak 13) had
a molecular ion and product ions atm/z 517.3 and 355.3,
respectively. From the literature, this peak was the acetaldehyde
derivative of malvidin 3-O-glucoside, which was assigned to
vitisin B (Figure 3D) (29-31).

In Rubired grape juice, the major anthocyanins were malvidin

3,5-O-diglucoside (peak 7), peonidin 3,5-O-diglucoside (peak
6), peonidin 3-O-(6′′-O-p-coumaroyl)-5-O-diglucoside (peak 22),
and malvidin 3-O-(6′′-O-p-coumaroyl)-5-O-diglucoside (peak 23).
EIC revealed two peaks each at retention times of 6.75 min
(peaks 3 and 4) and 10.58 min (peaks 7 and 8) that coeluted
simultaneously; these were identified as petunidin 3,5-O-
diglucoside, delphinidin 3-O-glucoside, malvidin 3,5-O-diglu-
coside, and petunidin 3-O-glucoside, respectively. Peak 9 had
a weak signal in the UV-vis detector (Figure 5B) but showed
a strong signal in the MS detector. The MS spectrum revealed
that peak 9 had a molecular ion atm/z433.3 (Figure 5D). The
MS/MS spectrum indicated thatm/z433.3 had a product ion at

Table 1. Molecular Ions and Product Ions of Anthocyanins in Concord, Salvador, and Rubired Grape Juices

compound molecular ions and product ions

delphinidin 3, 5-diglucoside 627.3 (M+), 465.3 [M − C6H10O5]+, 303.2 (delphinidin)
cyanidin 3, 5-diglucoside 611.3 (M+), 449.3 [M − C6H10O5]+, 287.2 (cyanidin)
petunidin 3, 5-diglucoside 641.4 (M+), 479.3 [M − C6H10O5]+, 317.2 (petunidin)
delphinidin 3-glucoside 465.3 (M+), 303.2 (delphinidin)
cyanidin 3-glucoside 449.2 (M+), 287.2 (cyanidin)
peonidin 3, 5-diglucoside 625.4 (M+), 463.2 [M − C6H10O5]+, 301.2 (peonidin)
malvidin 3, 5-diglucoside 655.4 (M+), 493.3 [M − C6H10O5]+, 331.3 (malvidin)
petunidin 3-glucoside 479.3 (M+), 317.2 (petunidin)
pelargonidin 3-glucoside 433.3 (M+), 271.2 (pelargonidin)
quercetin-3-glucuronide 479.3 (M+), 303.2 (quercetin)
peonidin 3-glucoside 463.3 (M+), 301.3 (peonidin)
malvidin 3-glucoside 493.3 (M+), 331.3 (malvidin)
delphinidin 3-acetylglucoside 507.3 (M+), 303.2 (delphinidin)
malvidin 3-acetyl-5-diglucoside 697.3 (M+), 535.3 [M − C6H10O5]+, 493.3 [M − C8H12O4]+, 331.3 (malvidin)
vitisin B 517.3 (M+), 355.3 (malvidin-acetaldehyde)
cyanidin 3-acetylglucoside 491.3 (M+), 287.2 (cyanidin)
delphindin 3-coumaroyl-5-diglucoside 773.4 (M+), 611.2 [M − C6H10O5]+, 465.3 [M − C15H16O7]+, 303.3 (delphinidin)
petunidin 3-acetylglucoside 521.3 (M+), 317.3 (petunidin)
cyanidin 3-coumaroyl-5-diglucoside 757.4 (M+), 595.3 [M − C6H10O5]+, 449.2 [M − C15H16O7]+, 287.2 (cyanidin)
petunidin 3-coumaroyl-5-diglucoside 787.4 (M+), 625.3 [M − C6H10O5]+, 479.3 [M − C15H16O7]+, 317.3 (petunidin)
delphinidin 3-coumaroylglucoside 611.4 (M+), 303.3 (delphinidin)
malvidin 3-acetylglucoside 535.3 (M+), 331.3 (malvidin)
peonidin 3-coumaroyl-5-diglucoside 771.4 (M+), 609.3 [M − C6H10O5]+, 463.3 [M − C15H16O7]+, 301.2 (peonidin)
malvidin 3-coumaroyl-5-diglucoside 801.4 (M+), 639.3 [M − C6H10O5]+, 493.3 [M − C15H16O7]+, 331.3 (malvidin)
cyanidin 3-coumaroylglucoside 595.3 (M+), 287.2 (cyanidin)
petunidin 3-coumaroylglucoside 625.4 (M+), 317.3 (petunidin)
peonidin 3-coumaroylglucoside 609.4 (M+), 301.3 (peonidin)
malvidin 3-coumaroylglucoside 639.4 (M+), 331.3 (malvidin)

Figure 3. Structures and major cleavage of selected anthocyanins
identified in grape juices.

Figure 4. (A) Base peak chromatogram of Concord grape juice; (B)
extracted ion chromatograms extracted at m/z 479.3; (C) MS spectrum
of quercetin 3-O-glucuronide.
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m/z 271.2 ([M - C6H10O5]+), which corresponded to a
pelargonidin or apigenin moiety. The UV-vis spectrum showed
that peak 9 had a maximal absorbance at 507.3 nm. Cyanidin
3-glucoside and delphinidin 3-glucoside have maximal absor-
bance at 514.3 and 521.89 nm, respectively. It is known that
removal of a hydroxyl group from delphinidin and cyanidin
brings about a hypsochromic shift (32). The maximum visible
absorbance of peak 9 at 507.3 nm provided further evidence
that this compound had one fewer hydroxy group than cyanidin.
Peak 9 was therefore elucidated as pelargonidin 3-O-glucoside
(Figure 3E). Trace amounts of pelargonidin 3-O-glucoside were
also identified in Concord and Salvador grape juices from UV-
vis, MS, and MS/MS spectra, demonstrating that pelargonidin
is a component common to these three grape varieties.

By coupling HPLC with ion trap mass spectrometry, antho-
cyanins may be monitored in high sensitivity from their
molecular ion [M+]. This has led to the identification of
pelargonidin 3-O-glucoside in trace quantity in grape juices.
The ion trap mass spectrometer provides MS and MS/MS
spectra of the target compounds, allowing the complete and rapid
identification of all the anthocyanins present in the grape juices.
Because sample preparation includes membrane filtration and
solid phase separation only, this method can be used for the
characterization of anthocyanin pigments in other grape and
wine-related products.
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(1) Ribéreau-Gayon, P. The anthocyanins of grapes and wines. In
Anthocyanins as Food Colors; Markakis, P., Ed.; Academic
Press: New York, 1982; pp 209-244.

(2) Wulf, L. W.; Nagel, C. W. High-pressure liquid chromatography
of anthocyanins inVitis Vinifera. Am. J. Enol. Vitic.1978,29,
42-49.

(3) Bakker, J.; Timberlake, C. F. The distribution and content of
anthocyanins in young port wines as determined by high
performance liquid chromatography.J. Sci. Food Agric.1985,
36, 1325-1333.

(4) Goiffon, J. P.; Mouly, P. P.; Gaydou, E. M. Anthocyanin pigment
determination in red fruit juices, concentrated juices and syrups
using liquid chromatography.Anal. Chem. Acta1999,382, 39-
50.

(5) Revilla, E.; Garcı́a-Beneytez, E.; Cabello, F.; Martı́n-Ortega, G.;
Ryan, J. Value of high-performance liquid chromatographic
analysis of anthocyanins in the differentiation of red grape
cultivars and red wines made from them.J. Chromatogr. A2001,
915, 53-60.

(6) Revilla, E.; Ryan, J. M.; Martı́n-Ortega, G. Comparison of several
procedures used for the extraction of anthocyanins from red
grape.J. Agric. Food Chem.1998,46, 4592-4597.

(7) Revilla, I.; Perez-Magarino, S.; Gonzalez-SanJose, M. L.; Beltran,
S. Identification of anthocyanin derivatives in grape skin extracts
and red wines by liquid chromatography with diode array and
mass spectrometric detection. J. Chromatogr. A1990,847, 83-
90.

(8) Favretto, D.; Flamini, R. Application of electrospray ionization
mass spectrometry to the study of grape anthocyanins.Am. J.
Enol. Vitic. 2000,51, 55-64.

(9) Heier, A.; Blaas, W.; Dross, A.; Wittkowski, R. Anthocyanin
analysis by HPLC/ESI-MS.Am. J. Enol. Vitic.2002, 53, 78-86.

(10) Chandra, A.; Rana, J.; Li, Y. Separation, identification, quanti-
fication, and method validation of anthocyanins in botanical
supplement raw materials by HPLC and HPLC-MS.J. Agric.
Food Chem.2001,49, 3515-3521.

(11) Dugo, P.; Mondello, L.; Errante, G.; Zappia, G.; Dugo, G.
Identification of anthocyanins in berries by narrow-bore high-
performance liquid chromatography with electrospray ionization
detection. J. Agric. Food Chem.2001,49, 3987-3992.

(12) Terahara, N.; Callebaut, A.; Ohba, R.; Nagata, T.; Ohnishi
Kameyama, M.; Suzuki, M. Acylated anthocyanidin 3-sophoro-
side-5-glucosides from Ajuga reptans flowers and the corre-
sponding cell cultures.Phytochemistry2001,58, 493-500.

(13) Mazza, G.; Miniati, E. InAnthocyanins in Fruits, Vegetables
and Grains; Mazza, G., Miniati, E., Eds.; CRC Press: Boca
Raton, FL, 1993; pp 149-199.

(14) Olmo, H. P.; Koyama, A. Rubired and Royalty, new grape
varieties for color, concentrate, and port wine.Calif. Agric. Exp.
Stn. Bull.1962,No. 789, 3-13.

(15) Anderson, D. W.; Julian, E. A.; Kepner, R. E.; Webb, A. D.
Chromatographic investigation of anthocyanin pigments inVitis
cinerea.Phytochemistry1970,9, 1569-1578.

(16) Fong, R. A.; Webb, A. D.; Kepner, R. E. Acylated anthocyanins
in a hybridVitis variety.Phytochemistry1974,13, 1001-1004.

(17) McCloskey, L. P.; Yengoyan, L. S. Analysis of anthocyanins in
Vitis Vinifera wines and red color versus aging by HPLC and
spectrophotometry.Am. J. Enol. Vitic.1981,32, 257-261.

(18) Yokotsuka, K.; Nishino, N.; Singleton, V. L. Unusual koshu
grape skin anthocyanins.Am. J. Enol. Vitic.1988, 39, 288-292.

(19) Yokotsuka, K.; Nagao, A.; Nakazawa, K.; Sato, M. Changes in
anthocyanins in berry skins of Merlot and Cabernet Sauvignon
grapes grown in two soils modified with limestone or oyster
shell versus a native soil over two years.Am. J. Enol. Vitic.1999,
50, 1-12.

(20) Clydesdale, F. M.; Main, J. H.; Francis, F. J.; Damon, R. A.
Concord grape pigments as colorant for beverages and gelatin
desserts.J. Food Sci.1978,43, 1687-1692, 1697.

(21) Hrazdina, G.; Franzese, A. J. Structure and properties of the
acylated anthocyanins fromVitis species.Phytochemistry1974,
13, 225-229.

(22) Hrazdina, G. Anthocyanin composition of concord grapes.
Lebensm. Wiss. Technol.1975,8, 111-113.

(23) Williams, W.; Hrazdina, G.; Wilkinson, N. M.; Sweeny, J. G.;
Iacobucci, G. A. High-pressure liquid chromatographic separation
of 3-glucosides, 3,5-diglucosides, 3-(6′′-O-p-coumaroyl)-gluco-
sides and 3-(6′′-O-p-coumaroylglucoside)-5-glucosides of antho-
cyanidins [from fruits and their products].J. Chromatogr.1978,
155, 389-398.

(24) Goldy, R. G.; Maness, E. P.; Tiles, H. D.; Clark, J. R.; Wilson,
M. A. Pigment quantity and quality characteristics of some native
Vitis rotundifoliaMichx. Am. J. Enol. Vitic.1989, 40, 253-258.

Figure 5. (A) Base peak chromatogram of Rubired grape juice; (B) HPLC-
DAD chromatogram; (C) extracted ion chromatogram extracted at m/z
433.3; (D) MS spectrum of pelargonidin 3-O-glucoside.

Anthocyanins in Grape Juices J. Agric. Food Chem., Vol. 51, No. 7, 2003 1843



(25) Giusti, M.; Rodriguez-Saona, L. E.; Griffin, D.; Wrolstad, R.
Electrospray and tandem mass spectroscopy as tools for antho-
cyanin characterization.J. Agric. Food Chem.1999,47, 4657-
4664.

(26) Smith, R. M.; Luh, B. S. Anthocyanin pigments in the hybrid
grape variety Rubired.J. Food Sci.1965,30, 995-1005.

(27) Baldi, A.; Romani, A.; Mulinacci, N.; Vincieri, F. F.; Casetta,
B. HPLC/MS application to anthocyanins ofVitis Vinifera L. J.
Agric. Food Chem.1995,43, 2104-2109.

(28) Cantos, E.; Garcia-Viguera, C.; Pascual-Terea, S.; Toma´s-
Barberán, F. A. Effect of post-harvest ultraviolet irradiation on
resveratrol and other phenolics of cv. Napoleon table grapes.J.
Agric. Food Chem.2000,48, 4606-4612.

(29) Bakker, J.; Timberlake, C. F. Isolation, identification, and
characterization of new color-stable anthocyanins occurring in
some red wines.J. Agric. Food Chem.1997,45, 35-43.

(30) Bakker, J.; Bridle, P.; Honda, T.; Kuwano, H.; Saito, H.;
Terahara, N.; Timberlake, C. F. Identification of anthocyanin
occurring in some red wines.Phytochemistry1997,44, 1375-
1382.

(31) Fulcran, H.; Benabdeljalil, C.; Rigaud, J.; Cheynier, V.; Mout-
ounet, M. A new class of wine pigments generated by reaction
between pyruvic acid and grape anthocyanins.Phytochemistry
1998,47, 1401-1407.

(32) Harborne, J. B. InComparatiVe Biochemistry of the FlaVonoids;
Harbone, J. B., Ed.; Academic Press: New York, 1967; pp 1-36.

Received for review October 28, 2002. Revised manuscript received
January 15, 2003. Accepted January 21, 2003.

JF0260747

1844 J. Agric. Food Chem., Vol. 51, No. 7, 2003 Wang et al.


