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A red wine, made from Cabernet Sauvignon (60%) and Tannat (40%) cultivars, was fractionated by
high speed countercurrent chromatography (HSCCC). The biphasic solvent system consisting of tert-
butyl methyl ether/n-butanol/acetonitrile/water (2/2/1/5, acidified with 0.1% trifluoroacetic acid) was
chosen for its demonstrated efficiency in separating anthocyanins. The different native and derived
anthocyanins were identified on the basis of their UV—visible spectra, their elution time on reversed-
phase high-performance liquid chromatography (HPLC), and their mass spectra, before and after
thiolysis. The HSCCC method allowed the separation of different families of anthocyanin-derived
pigments that were eluted in different fractions according to their structures. The hydrosoluble fraction
was almost devoid of native anthocyanins. Further characterization (glucose quantification, UV—
visible absorbance measurements) indicated that it contained flavanol and anthocyanin copolymers
in which parts of the anthocyanin units were in colorless forms. Pigments in the hydrosoluble fraction
showed increased resistance to sulfite bleaching and to the nucleophilic attack of water.
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INTRODUCTION CCC has been successfully used to separate native antho-
cyanins from some derived anthocyanins in model solutighs (
and in wine §). This is an analytical improvement since in
young wines, the high concentrations of native anthocyanins
gsually hamper the analysis of derived wine pigments, which
are only present in trace amounts. As a preparative method,
CCC easily removes the excess of native anthocyanins, thus
allowing a closer look at the newly formed wine pigments. The
aim of this study was to characterize the anthocyanin profile of
a wine by means of high-performance liquid chromatography
(HPLC)/diode array detection (DAD)/mass spectrometry (MS)
and thiolysis after fractionation using high speed (HS) CCC.

Red wine is a very complex medium, which evolves during
its storage and aging. With time, the color of young red wine
changes from red-bluish toward the reddish-brown color of
matured wines and the astringency decreases. Color change
are due to gradual conversion of the anthocyanin pigments
extracted from red grapes into various derivatives through
different reaction mechanisms.

The development of techniques to fractionate and isolate
anthocyanins (native and derived) is a prerequisite to identify
them and allows a better understanding of their properties. As
an alternative to the classical gel chromatographic techniques,
countercurrent chromatography (CCC) has been recently ex-
amined and has proven to be efficient in the preparative MATERIALS AND METHODS

fraé::tcl:ogatlonbof anthr?lcyc?nlns.b(lzg. h ¢ hi The analyzed wine was a blended red wine (4 months of age), made
can be roughly describea as a chromatographiC séparay,,, capernet Sauvignon (60%) and Tannat (40%) cultivars. Twenty-

tion process in which a liquid phase is retained in a coil by gne jiters of wine was loaded onto a 60 cm18 cm (i.d.) column
centrifugal force, while a second immiscible liquid phase fjjled with vinyldivinylbenzene. The resin was washed with 12.5 L of
continuously passes through it. Because it is a support-freewater to eliminate proteins, residual sugars, organic acids, and ions.
liquid—liquid chromatographic technique, the retention of the Polyphenolic compounds were eluted with 21 L of methanol and then
solutes is determined exclusively by their partition coefficients, concentrated with a rotary evaporator under vacuum to 2 L. This extract
and, equally important, the problem of the irreversible adsorption Was then further concentrated with a dryer (model B 190, Buchi, Flawil,
of the solutes onto the stationary phase is exclu@ed)( Swltzerland), yielding _112.53 g _of a crude polyph(_enollc powder (7).

This extract was fractionated with a CCC-1000 high-speed counter-

current chromatograph (Pharma-Tech Research Corp., Baltimore, MD)

* To whom correspondence should be addressed. Tel: 33 4 99 61 25 84.

Fax: 33 4 99 61 26 83. E-mail: fulcrand@ensam.inra.ir equipped with three coils connected in series (sample loop, 20 mL;
T INRA. ' ' T total volume, 850 mL; speed, 800 rpm). The solvent system consisted

* Technical University of Braunschweig. of tert-butyl methyl etheri-butanol/acetonitrile/water (2/2/1/5, acidified
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with 0.1% trifluoroacetice acid) with the lighter (organic) phase acting Tapje 1. Mass Spectra and UV-Vis Data of the Anthocyanins
as the stationary phase and the aqueous phase as the mobile phasgentified in Wine

The elution mode was head to tail)( with a 3.5 mL/min flow rate.
One gram of the wine powder was dissolved in 20 mL of a mixture of wine mliz Amax
the upper (organic) and lower (aqueous) phases (50:50; v/v) before

oo ATge X ; _ 1 epi-Mv3glc 781 529
injection. Five different fractions and the organic stationary phase were 5 epi-epi-Mv3gle 1069 530
collected and freeze-dried. 3 Dp 3glc 465 525
Analysis of Fractions by HPLC/DAD/MS. Chromatographic 4 Cy3glc 449 516
separation was achieved using a Waters 2690 system equipped with 5 Pt3glc 479 526
an autosampler system, a Waters 996 photodiode array detector, and 6 carboxyl-pyrano-Pt3glc 547 520
Millennium 32 chromatography manager software. The columnwasa Mv3,5glc 655 525
Lichrospher 100-RP18 (m packing, 250 mmx 2 mm i.d.) protected 8 Pn3glc 463 516
with a guard column of the same material (Merck, Darmstadt, 9 Mv3gic 493 530
- o ) . 10 carboxyl-pyrano-Mv3glc 561 511

Germany). The elution conditions were as follows: 0.250 mL/min flow 1 Dp3glc-ac 507 530
rate; oven temperature, 3@; solvent A, water/formic acid (95:5, v/v); 12 carboxyl-pyrano-Mv3glc-ac 603 511
solvent B, acetonitrile/water/formic acid (80:15:5, v/v/v); elution started 13 (epi)cat-ethyl-Mv3glc 809 550
isocratically with 2% B for 7 min, continued with linear gradient from 14 Pt3glc-ac 521 530
2 to 20% B in 15 min, from 20 to 30% B in 8 min, from 30 to 40% B 15 carboxyl-pyrano-Mv3glc-cou 707 530
in 10 min, from 40 to 50% B in 5 min, and from 50 to 80% B in 5 16 Pn3glc-ac and Dp3gle-cou 505,611 530
min, followed by washing and reequilibration of the column. ths 1 Mv3gle-Ac 535 535
spectra were recorded from 220 to 600 nm, and peak areas were 18 ggggf(':c_'ccg’uu ‘Zgg gg(l)
measured at 280 and 520 nm. MS analysis and fragmentation 20 Pn3glc-cou 609 51

experiments were performed on a ThermoFinnigan LCQ Advantage 5 Mv3glc-cou 639 535
(San Jose, California) MS equipped with an electrospray ionization
source and an ion trap mass analyzer, which were controlled by the
LCQ navigator software. The mass spectrometer was operated in the520 nm of the wine sample before fractionation is shown in
positive jon mode in the range of/z 150-2000 and under the  pigyre 1 (peak identification given ifable 1). The chromato-
{?_llgé"'ﬂgfoi‘dmons't So“rzcsetg‘_)“aﬁe'. 45 kv; Ca?'”"’}ry VOIta%et'. 235 gram shows the presence of both native anthocyanins (largely
, capiiary lemperature, ; cotision energy for fragmentation, predominant) originating from grape- and anthocyanin-derived

25% for MS, 30% for MS, and 35% for M&. .
Thiolysis Conditions. A few milligrams of each fraction were pigments. Peaks 3, 4, 5, 8, and 9 correspond to the 3-O-

dissolved in 1 mL of methanol, and 1@Q of this solution was added  9lucosides of delphinidin (Dp3gic), cyanidin (Cy3gic), petunidin
to an equal volume of thiolytic reagent (toluemethiol 5% in methanol  (Pt3glc), peonidin (Pn3glc), and malvidin (Mv3glc), respec-
containing 0.2 M HCI). After it was sealed, the mixture was shaken tively. The corresponding 3-O-acetylglucosides are eluted in
and heated at 99C for 2 min. The solutions were then analyzed by peaks 11 (Dp3glc-ac), 14 (Pt3glc-ac), 16 (Pn3glc-ac), and 17
LC/DAD/MS as described above. Quantification of each terminal and (Mv3glc-ac) and the 3-Qr-coumaroylglucosides in peaks 16
extension unit was based on peak areas at 280 nm, and calibration WwagDp3glc-cou coeluted with Pn3glc-ac), 18 (Cy3glc-cou), 19
undertaken with external standards purified in the laboratory (8). (Pt3glc-cou), 20 (Pn3glc-cou), and 21 (Mv3glc-cou). In addition
Quantification of Glucose by Gas Chromatography (GC).The to the native grape pigments, the chromatogram shows the
glucose content of fraction 1 was determined by GC analysis of the presence of direct reaction p’roducts between flavanols and

alditol acetates derivatives (9), obtained after hydrolysis with 2 M h . ks 1 and 2) that h lier b d di
trifluoroacetic acid. Separation was achieved with a HP-5890 engine am ocyanins (peaks 1 and 2) that have earlier been detected in

(Hewlett-Packard, Avondale, PA) on a fused-silica DB-225 (2@ wine (10,11) and obtained by hemisynthesi]. Peak 1 was
capillary column (30 mx 0.32 i.d., 0.25:m film) with H, as the carrier ~ tentatively identified to be a dimer (epicatechin-Mv3glegure
gas; injection volume, AL; temperature of the injector and the detector, 2A) since it had the same retention time, mass sign& {81),
250°C. The identification and quantification of each peak were based and Amax (535 nm) as epicatechin-Mv3glc (epicatechin being
on injection of alditol acetate standards prepared in our laboratory. the upper unit and Mv3glc the lower unit) obtained in a model
Spectrophotometric MeasurementsTwelve milligrams of fraction solution containing Mv3glc and procyanidin dimer B2G-
1.was ghssolved in 55QL of methgnol, 25QLL of this solution was gallate (12). Peak 2 might correspond to a trimer [(epi)cat-(epi)-
?T:Igttl’?:nlgliissglltti%fno\./\}a? ;liletg ?nlvgss?#lj_tlg? gia&d;;% 1°2f|_t|2h§ cat-Mv3glc] with a mass signal at/z1069, in the positive ion
X mode. Another family of anthocyanin-derived compounds,

(solution B). The ionic strength was fixed by 1 M NaCl in both solutions | boxvl h i oB i
A and B. The solutions A and B were mixed in variable proportions in namely, carboxyl-pyranoanthocyanirisiqure 2B), resulting

order to obtain a series of pH values ranging from 1 to 7 with a step from the reaction of anthocyanins with pyruvic actBf was
size of 0.5 pH unit. detected on the basis of theira. at 510 nm, which is the

Absorbance measurements were performed with a SAFAS W/ mc  distinctive Amax Of the pyranoanthocyanin family and of their
spectrophotometer, with a 10 mm cell width. Absorbance measurementsmass spectra. Thus, peaks 6, 10, 12, and 15, showing mass
were performed 12 h later to ensure that the hydration equilibrium was signals atn/z547,m/z561,m/z 603, andn/z 707, respectively,
reached. Absorbance measurements were done from 250 to 700 nmyyere identified to carboxyl-pyrano-Pt3glc, carboxyl-pyrano-

Sulfite Bleaching. Sulfite bleaching experiments were performed Mv3glc also called vitisin A {4), carboxyl-pyrano-Mv3glcAc,
by adding 15uL of two aqueous Ni&;0s solutions (0.2and 200 9/L) 54 carboxyl-pyrano-Mv3gle-cou. Another peak (13) had the
to 1 mL of fraction 1 dissolved in a HCI solution adjusted by the distinctive UV—vis spectrum of acetaldehyde-mediated con-

addition of a 0.01 N NaOH solution at two different pH values: 2.5 d . d b h . dfi .
and 3.5. Similar experiments were performed on the wine polyphenolic ensation product between anthocyanins and flavafasi(e

extract and on commercial Mv3glc. Before and after sulfite bleaching, 2C) and a mass signal at/z809 and was thus identified as
the absorbance measurements were done from 250 to 700 nm, and théepi)cat-ethyl-Mv3glc. This kind of compound has already been
absorbance value at 520 nm was taken from the spectra. shown to occur in winel(5—17). Their formation mechanism
has been studied 8), and their structures have been elucidated
RESULTS by NMR (19). A small hump can also be observed in the
The anthocyanin composition of the wine sample was chromatogram (between 20 and 45 min); this hump is due to
established by HPLC/DAD/MS analysis. The HPLC profile at the elution of unresolved polydisperse-derived pigments.
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Figure 1. HPLC profile at 520 nm of the wine polyphenolic extract.
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Figure 2. Structures of anthocyanin-derived adducts.

HSCCC separation profile of the wine sample recorded at separation was not achieved according to this profile, consider-
520 nm is shown irFigure 3. Five different fractions noted able overlap in the contents of adjacent fractions might be
1-5 and the organic stationary phase were collected and freeze-anticipated.
dried. The HSCCC separation lasted over 9 h. The delineation The general separation profile of the native anthocyanins was
of the five fractions collected was based on the apparent roughsimilar to that obtained by multilayer coil (ML) CCC fraction-
separation exhibited by the HSCCC profile, and because baselineation of a grape skin extrac2@). A list of compounds identified
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FIR IR 4 5 Table 2. Molecular lons and Anmax in the Visible Region of the
! b Anthocyanins and Derived Products Detected in the Different HSCCC
Vi Fractions
|
/\, miz Amax
N fraction 1
g 5 22 carboxyl-pyrano-Dp3glc 533 512
8 / Y 6 carboxyl-pyrano-Pt3glc 547 520
2 | \ 7 Mv 3,5glc; Dp3glc-Mv3glc 655, 957 525
< | fl \\ 8 Pn3glc, carhoxyl-pyrano-Pt3glc-ac 463, 589, 1523 521
‘\K | 9 Mv3glc, carboxyl-pyrano-Pn3gic, 493, 531, 971 521
./ K Pt3glc-Mv3gle
/N 10 carboxyl-pyrano-Mv3glc 561 511
12 carboxyl-pyrano-Mv3glc-ac, 603, 985 511
I } : ) ; | | Mv3glc-Mv3glc
180 240 300 360 420 480 560 23 Mv3glc-ethyl-Mv3glc 1029 525
Time (minutes) fraction 2
: 3 ; 1 epi-Mv3glc 781 529
Figure 3. HSCCC profile at 520 nm of the wine. 3 Dp3glc 465 Eor
2 (epi)cat-(epi)cat-Mv3glc 1069 536
. . . . L. 4 Cy3glc 449 516
in each fraction, along with thelraxand mass signals, is given 5 Pt3glc 479 526
in Table 2. Anthocyanins are separated according to the degree 8 Pn3glc 463 516
of substitution of their B ring and to the nature of the 9 Mv3glc 493 530
anthocyanidin substituent (glucoside, acetylglucoside, or cou- fraction 3
maroylglucoside). Thus, there was a rough separation between 3 Dp3glc 465 525
Dp3glc, Pt3glc, and Mv3glc, recovered mostly in fraction 2, g g%’%i'cc and cat-Mv3glc 3‘713 78l g%g
and Cy3glc and Pn3glc, eluted in fraction 3. Similarly, their 4 Pnaglc 463 516
3-acetylglucosides were recovered in fractions 4 and 5, respec- 9 Mv3glc 493 530
tively, whereas all 33-coumaroylglucosides were recovered in 13 Mv3glc-ethyl-(epi)cat 809 540
the stationary phase, due to their higher hydrophobicity. 17 Mv3glc-ac 535 535
Fraction 1 consisted mostly of a colored hump as shown in 3 Dp 3gic and unknown fraction 4 465. 1359 535
Figure 4 A S|m!lar fraction was earlleE obtalne_d af_ter HSC"CC 5 Pt 3gic 479,783, 799, 631 535
separatlor_l qf wine and r.e.ferred.to as polymgrlc pigmer@ig” ( 24 Dp3glc-ethyl-(epi)cat 781, 657,769 550
Another similar hydrophilic fraction was obtained from a grape 8 Pn3glc 463, 823, 553 529
skin extract by MLCCC using the reverse mode (tail to head) 9 Pt39||0-6thyl-cat and Mv3glc 493, 795 530
with the organic phase as the mobile pha&@) @nd shown to ;é ngglgzgfhyl_(epi)cat g% 621, 783,799 gig
contain qligomeric anthocyaningx).. Water soluple p.igment_s 26 unknown 535, 693, 581 526
are very interesting from the enological point of view in relation 13 Mv3glc-ethyl-epi(cat) 809 550
with wine age. Indeed, it has been observed that pigments 14  Pt3glc-ac 521,317 530
remaining in the aqueous phase after extraction with isoamyl 1° Cafbozy"pli”ano'MV39'C'°°”' 707, 1117 515
alcohol were responsible for 50% of the color intensity of a and unknown
. . 17 Mv3glc-ac 535, 331 535
one year old wine and for most of the color of older win2g) ( fract
Water soluble pigments obtained by CCC were also responsible ,, faction 5
. y3glc-ac 491, 287 521
for almost all of the color of a 10 year old merlot wing)( 28 carboxyl-pyrano- Pn3gle-cou 677, 1087 506
Trace amounts of grape anthocyanins, i.e., Mv3glc (peak 9), 16 Pn3glc-ac 505, 817 521
Pn3glc (peak 8), and Mv3,5gic (peak 7), were detected in 17~ Mv3glc-ac 535,791, 837 535
fraction 1. The last compound is expected to be rather polar, stationary phase
due to the presence of two glucose units, and was earlier i 25§§:§ 323 gig
observed to elute with the water soluble compounds using the Pt3glc 479 530
same solvent system (1). 8 Pn3glc 463 516
Small peaks of derived pigments are also present in fraction 9 Mv3gle 493 530
1. The major series consists of carboxyl-pyranoanthocyanins. 16 Pn3gic-ac and Dp3glc-cou 505, 611 530
. o 17 Mv3glc-ac 535 535
These include carboxyl-pyrano-Mv3glc (V|_t|sm A_) (_peak 10_) 18 Cy3gle-cou 595 501
that has already been observed to elute with a similar fraction 19 Pt3glc-cou 625 530
obtained using the same solvent system (6) and the other 29  Cat-ethyl-Mv3glc-cou 955 550
carboxyl-pyranoanthocyanins detected by analysis of the wine 22 nggll‘é‘_ccgﬂ 233 géé
extract plus minor related compounds: carboxyl-pyrano-Dp3glc 5, Mv3glc-vinylphenol 609 501

(peak 22), carboxyl-pyrano-Pt3glc-ac (coeluted with Pn3glc in
peak 8), and carboxyl-pyrano-Pn3glc (coeluted with Mv3glc in

peak 9). Colorless anthocyanin-flavanol adducts linked by an A type
Peak 23 Figure 4) with a mass signal an/z1029 and a bond (C4—C8) and (C2—0O—C7) (Figure 5A) were detected
Amax @t 525 nm was identified as Mv3glc-ethyl-Mv3glc, with in the extracted ion chromatograms (XIC)ratz 783 (dimer)
one of the anthocyanins in its hydrated form. This compound and atm/z 1071 (trimer). These colorless adducts, notably
has been characterized by NMR3]) and corresponds to the anthocyanin-O-(epi)cat, have been detected in wit¥g,(and
product of the acetaldehyde-mediated dimerization of antho- the structure of a Mv3glc-O-epicatechin dimer has been

cyanins. characterized by NMR (25).



4540 J. Agric. Food Chem., Vol. 53, No. 11, 2005 Salas et al.

vuzy
0.01 5—_ 10

0.010

AU

000; 22\ \u / 123

-0.0057

L I B B e ey B e s B B o B B s B B e e L P L B T
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00

Minutes

Figure 4. HPLC profile at 520 nm of fraction 1.

C) m/z 985

AYR=H m/z 783

R= (epi)catechin m/z 1071

R= (epi)catechin-(epi)catechin m/z 1359
Figure 5. Possible structures of anthocyanin-derived adducts.

Finally, a signal detected a¥/z 985 (coeluted with carboxyl-  structural information on tannin-anthocyanin derivativég, (
pyranoMv3-glc-ac in peak 12) was interpreted as a Mv3glc 17, 24). Its relies upon acid-catalyzed depolymerization in the
dimer. Such dimers have been recently detected in the agueoupresence of toluene-thiol, used as a nucleophilic agent to trap
stationary phase obtained after MLCCC separation of a grapethe carbocations released by cleavage of the interflavanic bonds.
skin extract (21). Two structures have been proposed. In the Analysis of the resulting solution permits one to distinguish
first one, the anthocyanin in the upper position is in the flavan- between the terminal units (substituted at C-6 or C-8 in the
3-glucoside form and connected through a A type bond to the original structure) that are released as such and the upper and
lower anthocyanin unit in the flavylium forni{gure 5B). The intermediate units (substituted at the C-4 position in the original
second structure consists of an anthocyanin upper unit in thestructure) that yield the corresponding benzylthioether deriva-
flavene form linked to the terminal unit in the flavylium form tives.
through a B type bondrigure 5C). Three other dimers of the Analysis of the fraction 1 after thiolysis (Figure 6) showed
same family, which correspond, respectively, to Pt3glc-Mv3glc, the presence of the pyranoanthocyanin family (described above)
Dp3glc-Mv3glc, and Pn3glc-Mv3glc, were detected in the XIC confirming its resistance to thiolysis. The group of pigments
atm/z971,m/z957, andm/z 955. consisting of two anthocyanin units linked by an A type bond

Fraction 1 was also analyzed by HPLC/DAD/MS after with the Mv3glc upper unitin the flavan form or linked by a B
thiolysis (Figure 6). This method was initially developed for type bond with the Mv3glc upper unit in the flavene form, was
the analysis of proanthocyanidir& 26, 27) but can also provide  also detected after thiolysis. The resistance toward thiolysis of
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Figure 6. HPLC profile at 520 nm of fraction 1 after thiolysis.

this group may be due to the presence of an A type b@sjl (
as demonstrated for A type proanthocyanidi2®)( It may also
be explained by the fact that the presence of one flavylium
anthocyanin in the structure of a dimer confers resistance to
thiolysis regardless of the type of linkage and of its position.
Peak 1, detected in the first fraction after thiolysis, had the
same retention time, mass signail/z781), andlmax (535 nm)
as epicatechin-Mv3glc. This ion was present in the first fraction
before thiolysis but in lower quantity as it was only detected in
the XIC and no UV-vis peak was observed in the HPLC profile
at 520 nm Figure 4). Similar compounds with mass signals at
m/z 767 andm/z 751 corresponding, respectively, to (epi)cat-
Pt3glc and (epi)cat-Pn3glc, were detected after thiolysis. The
increase of this group of compounds after thiolysis reflects the
presence of larger (epi)gaanthocyanin adductsn(>2) in
fraction 1 before thiolysis since they release the flavanol-
anthocyanin dimer as terminal unit. These dimers have proved
to be resistant to thiolysidQ). Such larger tannin-anthocyanin

adducts were earlier reported to be recovered in the aqueous,

phase after liquid—liquid extractior24). However, we cannot
exclude the possibility of UV—vis peaks of this family of
compounds (flavanol-anthocyanin) being visible before thiolysis
because they might have been hidden under the colored hump

XIC detection of a signal ati/z 905 corresponding to the
benzylthioether of anthocyanin-O-(epi)cat reflects the presence
of larger colorless anthocyanin-O-(epi)¢catiducts (n> 2) in
the first fraction before thiolysis as they form the colorless
anthocyanin-O-flavanol benzylthioether derivatives from their
upper dimeric unit.

The compound with a mass signalratz 1029, which was
identified as Mv3glc-ethyl-Mv3glc, with one of the anthocyanins
in its hydrated form, was still present after thiolysis.

The mean degree of polymerization (mDP) calculated for
fraction 1 on the basis of flavanol units released by thiolysis
was 10.7. It should, however, be emphasized that this result

of Pn3glc and Cy3glc were also observed. Peak 1 tentatively
identified as epicatechin-Mv3glc was detected. Another com-
pound present in this wine fraction (peak 2), with a mass signal
at m/z 1069 and almax at 536 nm, can be interpreted as the
flavylium form of (epi)catechin-(epi)catechin-Mv3glc.

Fraction 2 was also analyzed by HPLC/DAD/MS after
thiolysis. The entire family of the (epi)catechin-anthocyanin
adducts was detected and, most importantly, respecting the same
elution order as found for their anthocyanin precursors. Thus,
the first compound to be eluted corresponds to (epi)cat-Dp3glc,
with a mass signal an/z753. The second is (epi)cat-Cy3glc,
with a mass signal ah/z737. The third is (epi)cat-Pt3glc, with
a mass signal an/z767. The following one is (epi)cat-Pn3glc,
with a mass signal atvz 751. The last one of the series is epicat-
Mv3glc already present in this fraction before thiolysis. As
explained above, these compounds arise from acid-catalyzed
cleavage of (epi)cgtanthocyanin adducts (r 2).

Fraction 3 consisted primarily of Pn3glc, Cy3glc (disubsti-
ted in the B ring), along with some Mv3glc (s€able 2 and
Figure 7B). One compound with a mass signahaiz 781 was
coeluted with Cy3glc, so that ithnax could not be determined.
This compound had the same retention time, mass signal, and
fragmentation pattern as those of cat-Mv3glc dimer obtained
by hemisynthesislQ) and was thus tentatively identified to cat-
Mv3glc. Another peak (13) had a mass signahdiz 809 and

the distinctive UV-vis spectrum of acetaldehyde-mediated
condensation product between anthocyanins and flavahgls (
550 nm) and was thus tentatively identified as (epi)cat-ethyl-
Mv3glc.

Fraction 3 was analyzed by HPLC/DAD/MS after thiolysis.
The ion atm/z809 was still present after thiolysis because the
occurrence of a flavylium moiety within these structures
increases their resistance to acid-catalyzed cleava8e A
compound with a mass signal at/z 931 and a UV-—vis

does not reflect the chain length as anthocyanins incorporatedspectrum characteristic of ethyl-bridged anthocyanin derivatives
in the oligomeric and polymeric structures are not taken into Was interpreted as the benzylthioether derivative of (epi)cat-
account but indicates that most of the flavanol units in the ethyl-Mv3glc. Its presence after thiolysis reflects the presence

molecular species present were in the upper position.
Fraction 2 consisted mainly of three of the five native

anthocyanins that are trisubstituted in the B ring (Sable 2

andFigure 7A): Dp3glc, Pt3glc, and Mv3glc. Small amounts

of larger (epi)catethyl-anthocyanin adducts (n 2).

Fraction 4, (se@able 2 andFigure 7C) is mainly constituted
of the three acetylated anthocyanins that are trisubstituted in
the B ring (Mv3glc-ac, Dp3glc-ac, and Pt3glc-ac). Three
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Figure 7. HPLC profile at 520 nm of fractions 2-5 and the stationary phase.

compounds of the same family, presenting t\'s spectra Fraction 4 was rich in derivatives of the ethyl-bridged group,
characteristic of the ethyl-bridged family, were detecteché&t as we detected four dimers made up with four of the five native
781, m/z 779, andm/z 809 and interpreted as (epi)cat-ethyl- anthocyanins. lons a/z 905 detected after thiolysis of fraction
Dp3glc (24), (epi)cat-ethyl-Pn3glc (25), and (epi)cat-ethyl- 4 were attributed to the colorless anthocyanin-O-flavanol
Mv3glc (13), respectively. One compound with a mass signal benzylthioether derivative, reflecting the presence of larger
at m/z 795 was attributed to (epi)cat-ethyl-Pt3glc. This com- colorless anthocyanin-O-(epi)gaidducts 1§ > 2). Formation
pound had the same retention time as Mv3glc (9), so that its of this product confirms the resistance of the A type linkage to
UV —visible spectrum was not available. Another peak (15) with thiolysis. It may arise from the ions ai/z1071 andm/z1359,

a mass signal am/z 707, presenting &max of 506 nm which correspond to an A type anthocyanin-flavanol dimer
characteristic of pyranoanthocyanins, was interpreted as car-linked by a B bond to a terminal flavanain(z1071) and to a

boxyl-pyrano-Mv3glc-cou. The lower polarity of carboxyl-  flavanol dimer (wz 1359), respectively, which disappeared after
pyrano-Mv3glc-cou as compared to other carboxyl-pyranoan- thjolysis.

thocyanins eluted in fraction 1 is explained by the presence of
the coumaric acid substituent also encountered in the native . . . .
. . : : consisted of the two acetylated anthocyanins that are disubsti-
anthocyanins. Colorless anthocyanin-flavanol dimers linked byt ted in the B rina (Pn3alc-ac. Cv3alc-ac). Fraction 5 also
an A type bond (m/Z83) and the corresponding trimers (m/z u i ! q thl g_( g{f' ,thy glc-ac). th 'on ¢ S.I
1071) and tetramemt/z 1359) (Figure 5A) were detected in contained another pigment irom Ihe pyranoanthocyanin famiy,

the XIC. One unknown compound (peak 26) was detected with with a mass signal atvz 677, which was attributed to carboxyl-
a mass signal at 535 and with a fragmentreiz 331. This is pyrano-Pn3glc-cou. The main constituents of fraction 5 did not

the same fragmentation pattern as that of Mv3glc-ac, but the absorb ip t.he visible range (data not shown) gnd were oligomeric
elution time under our chromatographic conditions was different procyanidins, namely, dimers(z579) and trimers (m/&67).
from that of Mv3glc-ac. This unknown compound was earlier ~ Fraction 5 was analyzed by HPLC/DAD/MS after thiolysis.
detected by Vidal and collaborators (20) who postulated that it All pigments (native and derived) were still present after
might be an isoform with either a different OH group of the thiolysis. Thiolysis allowed us to calculate mDP of fraction 5,
glucose esterified by acetic acid or a different sugar sterecisomerwhich was estimated to be 3.44; this result is coherent with the
(20). presence of oligomeric procyanidins before thiolysis.

Major pigments in fraction 5 (se€able 2 and Figure 7D)
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The stationary phase (s&able 2 andFigure 7E) contained Asgofiavan— Pogo ~ Posofiavylium
the five coumaroylated anthocyanins along with trace amounts
of the five anthocyanins glucosides. A compound (29) detected Asgoiavylium = (€280fiavyliun €520favyiium X As20flavylium

with a mass signal ah/z955 and almax at 550 was attributed ) ) ) ]
to (epi)cat-ethyl-Mv3glc-cou; this compound was already The concentration of flavan units estimated using &g

detected in wine (29). All of these ions were still present after Measured for catechin was 2.1 mmol of flavan units per gram
thiolysis. of fraction 1. This calculation is based on the assumption that

all flavan units have approximately the same molar extinction
coefficient at 280 nm.

The molar amounts of the various types of units thus
calculated (Table 3) indicate a molar ratio of three flavan-3-ol
units to one anthocyanin. On the basis of the available data,
flavanol units released by thiolysis were present mostly in upper
position as encountered in (epi)¢anthocyanin adduct. Nev-
ertheless, they represented only about 25% of total flavanol
units, the remaining units being involved in structures resistant
to acid-catalyzed cleavage such as (epi)cat-anthocyanin adducts
and A type anthocyanin-flavanol adducts. Oxidation products
of flavanols were also shown to be resistant to thioly8i)(

Spectrophotometric Measurements.UV—vis spectra of
equilibrated solutions (12 h) of fraction 1 were recorded in
buffers with pH values ranging from pH 1 to pH 7. The water
soluble fraction reached maximum color expression at pH 1
and lost approximately 50% of the absorbance at 520 nm upon
an increase in pH to pH 3.0 as shown kigure 8. Two

Further experiments were performed on fraction 1 in order
to investigate its composition and determine its color properties.
Quantification of glucose after hydrolysis showed that fraction
1 contained 0.61 mmol/g of glucose, which thus represented
10% of its weight. The analysis performed without hydrolysis
indicated that residual glucose accounted for 0.07 mmol/g (1%
weight) of fraction 1. Assuming that the glucose can only be
provided by anthocyanins, we can deduce that the first fraction
contains 0.54 mmol/g of anthocyanin units, which corresponds
to approximately 27% weight (270 mg/g), based on the
molecular weight of Mv3glc.

The concentration of anthocyanins in the flavylium ion form
was calculated from the absorbance at 520 nm. Prior calibration
was done with a catechin solution and a Mv3glc solution to
determine their absorption coefficients at 280 n:(e 2994
and emvagc = 14886) and at 520 nm for Mv3glc gagic =
21018), under the same conditions as used for fraction 1 (0.1

.M HC' solu_tion at pH 1, 1 M NaCl). The cor_lcentration of distinctive processes can be observed on this set of spectra, the
individual pigments detected by HPLC analysis of fraction 1 first one prevailing in the pH range-B, and the second one

was also evalu'at.ed from their peak areas at 520 nm, using theappearing from pH 4 to pH 7. A continuous decrease of the
response coefficient of Mv3glc.

- ) ) _visible band between pH 1 and pH 3.5 actually reflects the
The concentration of pigments under the flavylium form in - hyqration of flavylium nuclei yielding the colorless hemiketal
fraction 1 was estimated to be 100 mg/g, which means that only f5rms. Above pH 4, a new visible band appears in the-550
40% of the anthocyanins contribute, at pH 1, to the color and 700 nm region, corresponding to the formation of quinoidal
the remaining 60% are under colorless forms. In fact, antho- pases (neutral and anionic) by proton transfers. In contrast with
cyanin structures detected in fraction 1 include genuine antho- pative anthocyanins, the persistence of these species in equili-
cyanins, pyranoanthocyanins, (epi)eanthocyanin adducts, prated solutions indicates the high resistance of the correspond-
ethyl-linked anthocy_anln oligomers, anthocyanin oligomers, and ing flavylium nuclei toward hydration. In other words, this
A type anthocyanin-flavanol adducts (detected only after yeflects the presence of derived pigments, which are particularly
thiolysis). Among these compounds, the first three groups are yesistant to hydration. Among derived anthocyanins identified
known to be in the flavylium form at pH 130—32) whereas  p to now, pyranoanthocyanins and ethyl-linked pigments were
the other thre_e actually contain colorless_ anthocyanin units, in previously shown to be resistant to hydration although the origin
agreement with these data. The hydratidd galculated for  of that resistance is probably different. Roughly, two kinds of
Mv3glc-ethyl-Mv3glc is 1.81 83) so that a small proportion  pigments can be discriminated based on the set of spectra
of anthocyanin moieties are in the hemiketal form, even at pH recorded in the pH range-T. The first type undergoes
1. In the other two structures, the anthocyanin upper units are hyqration similarly to native anthocyanins and includes, in
present either as flavene- or as flavan- 3-O-glucoside, which particular, the (epi)catanthocyanin pigments, for which color
are both colorless. properties have already been investiga2)(The other class
The concentration of flavylium ions determined from the of pigments is characterized by its high resistance toward
peaks in the HPLC profile represented only 11 mg equivalent hydration, which is actually a feature of pyranoanthocyanins
Mv3glc per g of fraction 1, indicating that most of the pigment and ethyl-bridged anthocyanin dimers detected in fraction 1.
units were actually incorporated in unresolved larger molecular  An increase of the absorbance between 370 and 450 nm was
weight compounds. Detection of larger amounts of (epi)cat- observed at the higher pH values—(B); this increase might be
anthocyanins and of anthocyanin-O-(epi)cat benzylthioether, due to the oxidation of the flavanol units present in fraction 1
after thiolysis of fraction 1, signals the presence of (epijcat during the equilibration time (12 h).
anthocyanin and anthocyanin-O-(epi)cadducts, respectively,

and is in agreement with this hypothesis. Table 3. Molar Amounts of Units Present in Fraction 1

The amount of flavanol units estimated by HPLC after mmolig in
thiolysis was 0.4 mmol/g (11.5% weight). However, parts of fraction 1
the flavanol units included in the polymeric structures are not total flavan (flavan-3-ol and 21
released by th|_0|y_3|s. This has been (_jemonstrated in partlcglar flavan-3-O-glucoside) (Abszso)
for flavanol units linked to anthocyanins encountered in (epi)- 2 colored flavylium anthocyanin (Absszo) 0.2
cat-anthocyanin adducts (7 2) and anthocyanin-O-(epi)¢at 3 total anthocyanin (based on 0.54
adducts (n> 2), which are both present in fraction 1. ) t g_'UCOS‘f'-‘t qutintllflcgtlon) 04

. . . . nnin: r .

The concentration of flavan units (including colorless antho- 5 ;,,O;ljs?arihoc@gjiﬁg (32) 034

cyanins and flavanols) was estimated from the absorbance at 6 total flavan-3-ol (1-5) 1.76

280 nm (Agg) using the following equations:
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Figure 8. UV-vis spectra of fraction 1 at various pH values.
Sulfite Bleaching.The effect of S@on fraction 1 was studied pH 2.5

at pH 2.5 and 3.5, the latter being within the wine pH range.
Sulfite bleaching is caused by the addition of hydrogen sulfite
to the C ring of the flavylium cation, generating a colorless .
hydrogen sulfite adducB3g, 36). This process is reversible in §
acidic medium. ©
The more diluted S@solution was used to mimic enological g
concentration, and the more concentrated one was used to b¢g *°

100
90
80
70
60

@ Before bleaching

O Sulfite solution
(diluted)

—
e

sure of SQ@ saturation and bleaching completion of the C4 g 4
unsubstituted pigments. As can be seerfigure 9, Mv3glc g = e
solution lost around 20% of its color at enological concentration = 20
of SO, and almost 100% with the high $S@oncentration. In 10
fraction 1 at pH 2.5, 50% of the color remained after,SO 0 —
bleaching (concentrated solution) although the flavylium con- Mgle Fraction 1 Wine
centration was estimated to be half of the concentration of the = i
Mv3glc solution. Therefore, it can be concluded that this fraction pH 3.5
is constituted by 50% of sulfite bleaching resistant pigments, -
some of them being pyranoanthocyanins as demonstrated by -
Sarni et al. 81) and ethyl-linked flavanol-anthocyanins dimers &
as described by Escribano-Bailon et &87)( At pH 3.5, Mv3glc 8§ n
bleaching experiment was not carried out since the anthocyanins MEaire dioaching
solution would already have been largely discolored by the g so O Sulfite solution
prevalence of colorless hemiketal forms (approximate 89%) at g 40 B
this pH. For fraction 1, the absorbance at 520 nm is lower (35%) < 30 (concentrated)
than the absorbance value at pH 2.5, indicating that a part of 8 20
the pigments underwent hydration. Sixty percent of the color 10
resisted sulfite bleaching, but the absolute value of absorbance  ° _ - _
Fraction 1 Wine polyphenolic

is, however, lower than that at pH 2.5, showing that the SO
pigment adduct is for_med more eaS|I_y_ a‘.”d IS a!so more stable Figure 9. Absorbance values at 520 nm for fraction 1, Mv3glc, and the
(pH effept on the ;ulflte addition eqUI|IbI’I.Um) with .the h'gher wine polyphenolic extract before and after sulfite bleaching.

pH. Besides, the higher percentage of sulfite bleaching resistance
reflects that at pH 3.5 there is actually less colored flavylium chromatographic techniques or preparative HPLC, which are
forms, presumably because a larger proportion of anthocyanintime consuming.

extract

units is in the hydrated form (Figure 8). Additionally, fraction The different anthocyanin-derived pigments were separated
1 showed an increased resistance to sulfite bleaching inin different families according to their structures. The pyra-
comparison to the crude wine polyphenolic extract. noanthocyanins and anthocyanin dimers were concentrated in

In conclusion, HSCCC has already proved to be a powerful fraction number 1; the ethyl-bridged flavanol anthocyanin dimers
tool for large-scale isolation of anthocyanins (2). It is also an were concentrated in fraction 4. The direct flavanol-anthocyanin
excellent way of prefractionation, instead of classical gel dimers were detected in fractions 2 and 3. Moreover, acylation
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of the glucose by-coumaric acid decreased the polarity of the

compounds and delayed the elution order of all corresponding

anthocyanins (native and derivative).

HSCCC enables the recovery of the water soluble pigments

in a single fraction (fraction 1), which is still too complex to
be fully characterized. Nevertheless, thiolysis provided informa-
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(14) Bakker, J.; Bridle, P.; Honda, T.; Kuwano, H.; Saito, N.;
Terahara, N.; Timberlake, C. F. Identification of an anthocyanin
occurring in some red wine®hytochemistryl997,44, 1375—
1382.

(15) Timberlake, C. F.; Bridle, P. Interactions between anthocyanins,
phenolic compounds, and acetaldehyde and their significance
in red wines.Am. J. Enol. Vitic.1976,27, 97-105.

tion on its composition, demonstrating the presence of antho- (16) Cheynier, V.; Fulcrand, H.; Sarni, P.; Moutounet, M. Application

cyanin-O-(epi)caf (epi)cat-ethyl-anthocyanin, and (epi)gat
anthocyanin adducts (r 2). All of these results suggest the
polydisperse oligomeric nature of fraction 1. Glucose quantifica-

tion and absorbance measurements also allowed a partial (17)

description of the composition of fraction 1, which was
estimated to have a molar ratio of three flavan-3-ol units to
one anthocyanin.
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