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Abstract

Red wines of different ages (1-14 years) were analysed by Capillary zone electrophoresis (CZE). Pigments were separated using a fused
silica capillary with an effective length of 56 cm and an internal diameter of 75 cm. Disodium tetraborate at 50 mM with a pH of 9.4 was used
as buffer solution with methanol as modifier. Electrophoregrams were recorded at 280, 520 and 599 nm and spectra were measured from 200
to 599 nm using a diode array detector. Several differences in the CZE signals obtained for different aged wines were observed, as well as
between red and white wines. The signals of a group of seven peaks increased in mature wines. A decrease in free anthocyanins was alsc
identified in aged wine. The migration times of these compounds corresponded to charge/size ratios higher than those of free anthocyanins,
and their spectra suggested combinations of anthocyanins with flavanols or tannins. The global CZE response of these pigmented polyphenolic
polymers was linearly correlated with the spectrophotometric determination of polymeric pigments (96%) and age (92%).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the new pigments, whose colour ranges from orange to mauve
depending on the bounds involvgq. Several of these reac-
The colour of young red wine is mostly due to the pres- tions have been studied in model wine solutif#sl1] and
ence of grape anthocyanins. During the maturation and age-the presence of the resulting products has been demonstrated
ing process, anthocyanins, catechins, proanthocyanidins andn wine[12—16] The recent findings concerning the structure
other wine components are believed to react with each otherof anthocyanins and tannin derivatives and their formation
to produce pigmented polymeric compounds, and this pro- processes in wine have been recently reviejt&d
cessis thought to stabilise wine col@li}, soften astringency The reactions of anthocyanins cause a decrease in their
[2] and bitternesg3]. number, whereas colour intensity is preserved or even in-
The literature describes different mechanisms involved in creases because, for the same pH level, there are more to-
the formation of these polymeric pigments, either by direct tal coloured forms when flavanol-anthocyanin combinations
reaction between anthocyanins and flavarjb)é,5], or by occur than when anthocyanins are fij@el8]. Free antho-
formation of acetyl bridges from acetaldehyj@é, which is cyanins have a limited contribution to colour in aged wines
usually the result of yeast metabolism or ethanol oxidation. and thus colour will depend, to a great extent, on the poly-
The chemical structure of the main pigmented polymers is meric pigments derived from free anthocyanins. This, to-
shown inFig. L These combinations depend on the condi- gether with the fact that anthocyanins are much more unsta-
tions of the medium (temperature, oxidation,), the nature ble when they are free compounds than when they are part of
of tannins and the tannin/anthocyanins ratio. However, the polymeric structuref’] makes colour stability in aged wines
structure of the flavilium cation (red species) is preserved in to depend basically on the formation of these new pigments.
Changes in astringency is another relevant organoleptic
* Corresponding author. Tel.: +34 941 209627; fax: +34 941 299621,  ISsue in aged wines. It is well-known that condensed tannins
E-mail addressmaria-teresa.tena@dq.unirioja.es (M.T. Tena). or procyanidins can bind to proteins. When wine is drunk,
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R, polymers in young wines. In contrast, pigmented poly-
mers elute as diffuse humps with long retention times
[28].

Recently, a reverse phase HPLC method has been de-
veloped for the quantitative determination of pigmented
polyphenolic polymers in red winf9]. Pigmented poly-
mers were properly separated from monomeric anthocyanins
and eluted as a single peak using a polystyrene divinylben-
zene column. The polymeric and polyphenolic nature of this
peak was confirmed by its precipitation with proteins and
its behaviour during ultrafiltration and chromatography on
Sephadex LH20.

Capillary zone electrophoresis (CZE) features a higher
separation efficiency than HPLC and has been successfully
applied to the separation of charged macromolecules in other
scientific fields. Our group has recently developed a capil-
lary zone electrophoresis method for the quantitative analy-
sis of wine anthocyanins in order to reduce analysis time and
solvent consumptiof80]. Anthocyanin monoglucosides and
their acylated derivatives present in wine and grape extracts
were separated in less than 14 min. In this paper, the sep-
aration of pigmented polymers by capillary electrophoresis
is proposed for the first time. Anthocyanin-derived pigments

Fig. 1. Chemical structures of polymeric pigments: (A) flavyliur-Ar were separated from free anthocyanins in less than 20 min
anthocyanin—tannin adduct; (B) yellow xanthylium salt; (C) flavylium T-A by CZE compared to HPLC, where elution took more than
tannin—anthocyanin adduct; (D) ethyl-linked TAtannin—anthocyanin 50min[23] '

adduct (glc means glucose). . . . .
The capillary zone electrophoretic signals obtained for

aged red wines correlate well with the traditional spectropho-

tannins come into contact with the proteins present in saliva, tometric Chemical Age Index determinations and can be used
which together cause an interaction that can precipitate andto estimate wine age.
result in astringency. Positively charged polymeric pigments
(Fig. 1) cannot bind to saliva proteins, which implies that the
formation of these compounds will decrease the perception2. Experimental
of astringency in wing¢2,7,19]

The combination of high-performance liquid chromatog- 2.1. Reagents and samples
raphy (HPLC) with diode array detection and mass spectrom-
etry has been essential for the identification of anthocyanin  HPLC grade methanol and ethanol supplied by Merck
derivatives in wing13,20-25] (Darmstadt, Germany) and MilliQ (Millipore, Molsheim,

The analysis of polymeric pigments is quite complex at France) ultrapure water were used. Phosphoric and hy-
this moment in time thus global indexes based on particular drochloric acid were supplied by Carlo Erba (Rodano,
characteristics of these molecules are used to monitor anditaly), disodium tetraborate and potassium metabisulphite by
control them. Somers and Evaf6] developed a spectral  Merck, sodium hydroxide by Prolabo (France), acetaldehyde
method for estimating the extent of pigmented polymer for- by Fluka (Buchs, Switzerland), and tartaric acid by Sigma (St.
mation in red wines. The colour of red wine at its natural pH Louis, MO, USA). All the solutions were filtered through a
due to pigmented polymers was considered to be the resid-0.45um filter, and CZE buffer solutions were sonicated for
ual wine colour after bleaching the anthocyanins with a large 15 min before use.
concentration of sodium metabisulphite. Total pigmentswere ~ The samples used were red wine from the Qualified Origin
measured as wine colour when diluted with 1 M hydrochloric Denomination Rioja (D.O.Ca. Rioja) with different degrees
acid. The aforementioned authors proposed a chemical ageof maturation: four young wines (three from the 2003 vintage
index calculated as the ratio of these two absorbance mea-and one from the 2002 vintage), fi@rianzawines (four
sures after correcting dilution. years old, 1999 vintage), filReservavines (eight years old,

Bakker et al.[27] suggested the constant rate of an- 1995 vintage) and fiv&ran Reservavines (twelve years old,
thocyanin loss determined by HPLC as a true measure 1991 vintage)Crianzawines have to be at least in their third
of anthocyanin aging in port wines. Anthocyanins can year, having spent a minimum of one year in cagleaserva
be directly determined in red wines because they ap- wines have to have been aged for a minimum of three years,
pear as discrete peaks without interference from pigmentedwith at least one year in caskSran Reservavines have to
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spend at least two years in oak casks and three years in the I

bottle. ]
Two white wines were also analysed in order to compare

CZE signals: a 2000 vintagerianzawhite wine and a 1996 Tromau

vintage white wine (not aged in casks). |

| ) . L
2.2. Sample preparation N W “’*”JA e (AU

Wine samples were centrifuged at 5000 rpm for 5min at ‘
room temperature using a 5804 Eppendorff centrifuge (Ham- ( J . L.,J' \ q\wwﬁwuw ‘
burg, Germany). Part of the supernatant was transferred to e et iy
topaz bottle, kept at 4C under nitrogen and filtered through T

a 0.45.m filter before use. (B) ) _%JL_.M ;i J‘wW_JLJM-J‘UMWU\ L
Potassium metabisulphite (250 mg lof SO,) was added o

to the samples before the CZE analysis in order to avoid |

differences in the anthocyanin analytical response caused b)r : . WJ\LT»J“MI . L\)I_/JF'.L .

SQ; [30]. 0 5 10 15 20
Time, min

2.3. CZE separation
Fig. 2. Electrophoregrams at 280 nm of: (A) a 2002 vintage young wine;
Capillary zone electrophoresis was performed using an (B) a 1999 vintag€rianzawine; (C) a 1995 vintagReservavine; and (D)
Agilent CE instrument (Waldbronn, Germany) equipped with & 1991 vintageGran Reservavine. See text for CZE conditions. The sig-

. _aili nal zones for (I) anthocyanins: (1) malvidin€3{6-coumaroyl)-glucoside;
%Sta”d‘zrd gasdsette Cor:jta'n'ng an uncoated fused-silica capy "2 it 30 e o iglucosides; (3) mavidin-@-glucoside: ()
lllary and a diode array detector. o ] peonidin-30-glucoside; (5) malvidin-33-glucoside catechin dimer; (6)
The capillary was conditioned before injection by a first malvidin-3-0-glucoside and pyruvic acid derivative; (7) petuniditGs-

washing with 0.1 M sodium hydroxide for 2 min, then with  glucoside; (8) delphinidin-®-glucoside; (9) cyanidin-®-glucoside) and
ultrapure water for 2 min, and finally with running buffer for ~ (I!) polymeric pigments are shown in the electrophoregrams.
5min. The buffer vials were automatically replenished after

each run in order to use fresh buffer solution each time and .
improve the reproducibility of migration times. Somers and Evarj26]. A Hewlett Packard diode array spec-

Fifty mM sodium tetraborate buffer solutions of pH 8.4 trophotometer (Palo Alto, CA, USA) equipped with 1 and

and 9.4 with 15% and 10% methanol (v/v) content, 46 and 10mm path length quart; cells was used. :

56 cm (effective length) capillaries were used to separate Absorbance of red Wlne_at 520nm was measu_red n a
anthocyanins and polymeric pigments, respectively. The re- 1mm path _Ii:ngth cell 2min after adding approximately

maining CZE conditions were the same for anthocyanins and 7.3mg SQI - Absorbance at 520 nm was also mgas_ured
polymeric pigments: voltage, 25 kV: capillary temperature, after 4h in a 10 mm path length cell of a 50-fold dilution

10°C; capillary internal diameter, 46m; and hydrodynamic of red wine into tlclj\/lbhyshrocg_llortl_c a?d't Abso(;bar}ce Vgl't
injection, 50 mbarx 6 s (30 nl sample volume or 6 mm plug ues were corrected by the dilution faclor and reterred to

length). a 10mm path length cell in order to obtain tﬁézsoozand
Electrophoregrams were recorded at 280, 520 and 599 nm,Egzcol values, which were used to calculate the CAl as a ratio
and the spectrum from 200 to 599 nm was also collected for (E;r;‘)OZ/E'g'ZCO'). For young wines, the CAl was close to zero
each peak. All the analyses were performed in duplicate andbut it gradually increased during ageing, and in aged wines
the results were expressed as mean values. The polymeri¢fifty years) it approached unity.
pigments were detected at 280 and 520 nm, and anthocyanins
at 599 nm because at pH 8.4 they were presented as a blue
quinoidal base. 3. Results and discussion
The identification of free anthocyanins and pyranoantho-
cyanins peaks was based on the migration times of these com3.1. CZE analysis of wines with different aging times
pounds in the electrophoregrams and on the previous works

of our research grouf30,31] Nineteen red wines were analysed by CZE using the con-
ditions described for anthocyanins$ection 2Fig. 2shows

2.4. Spectrophotometric analysis of the polymeric the electrophoregrams at 280 nm obtained for four of them

pigments (with different aging times: youngCrianza Reservaand

Gran Reservavines) as an example. As it can be seen, antho-
In order to evaluate the amount of polymeric pigments, cyanin signals decreased with aging, and almost disappeared
the Chemical Age Index (CAI) was calculated according to in the oldest samples. The same was observed at 599 nm.
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Fig. 3. Electrophoregrams at 280 and 520 nm Gfran Reservavine. For

CZE conditions see text. Fig. 4. Electrophoregrams at 280 nm of: (A) a 2000 vint@genzawhite
wine; (B) a 1996 vintage white wine (non aged in casks); and (C) a 1989

Moreover, a group of peaks increased with age with migra- vintageReservaed wine. For CZE conditions see text.

tion times of around 19 min. This suggests the formation of

compounds such as polymeric pigments during wine matu-

ration is preserved in aged wines because it is mainly due to poly-

meric pigments, which are more stable to pH changes. These

effects can be seen ifig. 5 which shows the spectra of a
3.2. Chemical nature of the CZE signals young and a mature red wine with an acid and basic pH. Note

that mature wine absorbance is similar with both pH levels,

Different tests were performed in order to elucidate the which reveals that the basic conditions of the CZE method
chemical nature of the Compounds responsible for the CZE are also appropria‘[e for po'ymeric pigments_

signals at a migration times of around 19 min.
Firstly, the electrophoregrams ofGran Reservavine at 3.3. Migration times
280 and 520 nm are shownliig. 3. The signal of this group

of peaks at 520 nm with migration times of around 19min  The migration order of anthocyanins can be explained by
justifies the claim that these compounds are red. Thus, thethe charge/size ratio and the possibility of complex forma-
relationship of these compounds to anthocyanins was postu+jon with buffer molecule$30]. Since the CZE method used

lated. ) . ) _ implied a positive polarity (cathode detection) and positive
Secondly, white wine contains flavanols (albeit at a lower

concentration than red wine) that can polymerise during the
aging process giving tannins, and in order to verify thatcom-  3_
pounds with migration times longer than 19 min do not cor- ——— Young wine at pH 3.34
respond to polymerised tannins, electrophoregrams of agec — Young wine at pH 8.40
red and white wines were comparédg. 4 shows the elec-
trophoregrams obtained. As it can be seen, there were nc |
signs corresponding to these pigments in white wine. 5
Thirdly, the impact of a pH change on the spectrawas stud-
ied. Polymeric pigments preserve their absorbance at 520 nn=
even at pH 8.4 but free anthocyanins do[ig82]. One of the 1
features of free anthocyanins is that their colour is strongly
dependent on pH. In wine, anthocyanins behave as a differ-
ent species and if wine pH increases, the equilibrium results
in the formation of a blue quinoidal base and a colourless | | S
carbinol pseudobase, and therefore the typical absorption 300 = 400 = s 600 700
band at 520 nm is displaced towards a longer wavelength,
of around 600 nm. This colour change with pH is easily ob-
served in young red wines because free anthocyanins are theig. 5. Effect of a pH change in the spectra of different age wines: young
compounds responsible for wine colour. In contrast, colour and 1989 vintagReservaed wines.

---------- 1989 vintage reserva wine at pH 3.58

—————— 1989 vintage reserva wine at pH 8.40




R. Slenz-lopez et al. / J. Chromatogr. A 1052 (2004) 191-197 195

Table 1
6 Correlation coefficientsR? between CZE peak areas and Chemical Age
10 2 Index.

0.3
0.4
0.03
0.004
0.0007
0.02

\ 0.7
"|\ 1'|5‘

{ Peak number Correlation coefficieRt

~NOoO b WN R

wa o K
/'“‘——"L“ﬂ‘ W \ 7 of free anthocyanins were consistent with the results provided
\NJ»\ by the usual non-S@bleachable pigment assay proposed by
. : , : i T : . Somers and Evanfd6]. The level of polymeric pigments
0 10 20 30 40 estimated by CZE was linearly correlated to the Chemical
Time, min Age Index R = 0.92) as shown ifrig. 7A. This value was
better than that reported by Peng et[a8] for the percent-
Fig. 6. Electrophoregram at 280 nm of a 1991 vint&yan Reservaed age of pigment in the polymeric form estimated by HPLC

wine. See text for CZE conditions for polymeric pigment separation. and the Chemical Age IndelR% — 0.86) or the relationship

, . _ +50
electroosmotic flow, anthocyanins (negatively charged at between non-S@bleachable colourf{s,, ) and concentra-

working pH) with higher charge/size ratios displayed longer tion of pigmented polymers? = 0.83).
migration times. Moreover, note that petunidin-, delphinidin- ~ The sum of the areas of the seven peaks separated by the
and cyanidin-39-glucoside, which haveortho-hydroxyl optimised method for polymeric pigments (migration times
groups, can form complexes with tetraborate and thus in- between 29 and 34 min) showed an acceptable linear corre-
crease their charge/size ratios compared to malvidin- andlation of 86% & = 0.74) to CAl, seeFig. 7B (the point
peonidin-30-glucoside Fig. 2). corresponding to &eservawvine was rejected as an outlier
Polymeric pigments consist of an anthocyanin molecule because wine went off during the storage period between
and one or more flavanol molecules. Although they have a the two analysis). However, individual peak areas and CAl
higher molecular mass, they can also acquire several negativévere not linearly correlated at all, as shownTable 1 This
charges. Therefore, their charge/size ratio is higher than thatcould be due to the fact that, apart from having a different
of free anthocyanins. As a consequence of this, they migrateinitial polyphenolic composition, pH, ethanol content and
slower, presenting longer migration times than free antho- maturation conditions, such as temperature, lighting, oxygen

cyanins Fig. 2). intake, winemaking treatment, etc. were extremely varied for
the wines studied and this probably affected the preferential
3.4. CZE separation of polymeric pigments reactions of polymeric pigment formation that take place dur-

ing wine aging. In fact, ethanol content strongly affected the

Since the CZE conditions optimised for free anthocyanin formation of ethyl-linked polymeric pigmen{84,9]. It can
separation were not efficient enough to separate po|ymericther6f0re be concluded that although the initial wine com-
pigments individually, the influence of the CZE variables on POsition, maturation conditions and treatments determine the
the resolution of the group of peaks at 19.0-19.5 was alsoPolymeric pigment profile, the total amount of polymeric pig-
studied. The optimal conditions were as follows: pH, 9.4; Ments can be calculated as the sum of the CZE signals as it
methanol percentage, 10%; and capillary length, 56 cm. Theis Well-correlated to CAI (96%).
rest of conditions were the same as those for free anthocyanins
and can be seen in ti&ection 2 For optimisation, a 12-year-  3.6. Correlation between CZE signals and wine age
old wine sample was used. The electrophoregram obtained

with the optimised method for a 1991 vintaGean Reserva Polymeric pigments CZE signals were also correlated with
red wine is shown ifrig. 6. A total of seven peaks were found  wine age and a good linear correlation was observed (92%,
and marked in the electrophoregram. R? = 0.85). The equation was: area = (235) x age + (14

+ 4) x 10, where age and area are expressed in years and
3.5. Correlation between CZE signals and CAI mAU s, respectively. This equation can be used only to es-

timate wine age by CZE analysis (at least for the types of
The CZE signals obtained for polymeric pigments were wines studied, being a maximum of 12-years old, and pro-
compared to Chemical Age Index values for the 19 wines vided that colorant matter has not precipitated) because the
analysed. The sum of the peak area values of the polymericvalues of slope and intercept standard deviations are higher
pigments obtained under CZE conditions for the separationthan 20%. The limit of sensitivity (calculated aB ¢ 3s,
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Fig. 7. Correlation between the sum of polymeric pigment peak areas and the Chemical Age Index of the wine. The peak areas were obtained by the CZ|
method developed for: (A) free anthocyanins; and (B) polymeric pigments.
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meric pigment/total pigment signal ratio. Total pigment sig- [3] A.C. Noble, Biterness in Foods and Beverages, Elsevier, Amsterdam,
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0.006) x age + (0.39+ 0.05), with age expressed in years [5] H. Llag, Y. Cai, E. Ha§lam, J. Sq. Food Ag_rlc. 59 (1992) 299.
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ference in wine age using this equation were 0.63 and 2.9  Hemisferio Sur, Buenos Aires, Argentina, 2002, p. 177.
years, respectively. [8] J. Bakker, A. Picinelli, P. Bridle, Vitis 32 (1993) 111.
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