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Abstract

A HPLC method that allows the separation of several anthocyanins present in red grapes and red wines, using a linear
gradient of acetonitrile in water at pH 1.3, using perchloric acid as an acid modifier, is described. Data clearly show that the
anthocyanins profile of red grapes may be complex, but quite different for each cultivar studied. Thus, those molecules may
be used as chemotaxonomic markers for classifying red grape cultivars. However, the anthocyanin profile of red wines
clearly differs from that presented by grapes employed in making it, because red wine contains a higher relative amount of
malvidin-3-O-glucoside than grapes, and the relative amount of other anthocyanins in wines is usually lower than in grapes.
Therefore, the use of anthocyanins present in wines to determine the grape cultivar used for winemaking needs a careful
evaluation of the influence of different technological procedures on the anthocyanins fingerprint.  2001 Elsevier Science
B.V. All rights reserved.
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1. Introduction scribed in grapes and wines [1]. Among them,
anthocyanins have been postulated as chemical

The importance of polyphenols in viticulture and markers to differentiate grape cultivars and also red
enology is well known, and dozens of different wines made with different grape cultivars [2–7].
substances of this type have been successfully de- However, this tool should be used with care. Differ-

ent clones have been identified in many Vitis vinifera
cultivars, and some data suggest that the anthocyanin
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analysis of anthocyanins in wines has been proposed of analytical-reagent grade was obtained from Schar-
as a useful tool to check out the authenticity of lau (Barcelona, Spain). All other chemicals (ana-
wines, especially if grape cultivar is mentioned in lytical-reagent grade) were obtained from Panreac
bottle labels, or if legal standards prescribe the (Mollet del Valles, Spain). Water was purified in a
cultivar identity of certain wines [10]. Milli-Q water purification system (Millipore, Bed-

A number of different procedures have been ford, MA, USA). Standards of several anthocyanins
described in the literature to extract anthocyanins were prepared from red grape skins as previously
from grapes, and to analyze these substances in described in the literature [2].
grapes and wines by high-performance liquid chro-
matography (HPLC) [2,6,8,11–14].To our knowl- 2.2. Samples
edge, only in the recent years the anthocyanin
fingerprint of grapes and wines made with them has Grape samples of six cultivars (Cabernet Sauvig-
been studied, but with different methods [15]. In non, Garnacha, Graciano, Mencia, Merlot, and Tem-
some cases, extraction procedures to analyze antho- pranillo), which are the most commonly used in
cyanins in grapes use acid solvents that may cause Spain for making premium red wines aged in oak
the partial hydrolysis of acetylated anthocyanins, as barrels, were collected at El Encin Ampelographic

´it has been demonstrated by several authors Collection, Alcala de Henares, Spain, in 1999. Six
[6,13,16], leading to analytical results that would not corresponding experimental wines were made from
be valid for chemotaxonomic purposes. On the other them, and conserved in glass bottles after the end of
hand, some HPLC procedures which use an organic malolactic fermentation. Extraction of phenolic com-
acid as acid modifier may cause the formation of pounds from grape skins was carried out following
laboratory artifacts, as those described when formic the procedure described by Bourzeix et al. [17].
acid was used for that purpose [2]. Additionally, samples of four Tempranillo wines of

In this paper, a HPLC method that allows the AOC Rioja, made in 1999 at industrial scale (about
separation of acylated and non-acylated anthocyan- 20 000 l), were monitored during their ageing during
idins in red grapes and wines, using perchloric acid 8 months in oak barrels (225 l) and in stainless steel
as an acid modifier, is described. This method has tanks (5000 l). These samples were kindly supplied
been successfully applied to the analysis of those by Bodegas CVNE, Haro, Spain. Grape extracts and
substances in six grape cultivars (Cabernet Sauvig- wines were filtered through a 0.45-mm nylon mem-
non, Garnacha, Graciano, Mencia, Merlot, and Tem- brane (Cole Palmer, USA) prior to their analysis.
pranillo) and in red wines made with them, and it
allows to estimate differences among cultivars based 2.3. Equipment
on their chromatographic fingerprints related with
anthocyanins. Furthermore, the procedure has been Analyses were performed with a liquid chromato-
applied to examine if the ageing of Tempranillo red graph that consisted of Waters (Milford, MA, USA)
wines in oak barrels or in stainless steel tanks affects M510 and M501 pumps, a Waters 680 gradient
the relative amount of eight different anthocyanins, controller, a Rheodyne 7725 injection valve fur-
because to our knowledge, there are not enough data nished with a 20-ml loop, a Waters 996 photodiode

32on the effect of different types of ageing on the array detector and a Millenium workstation. Sepa-
anthocyanin composition of red wines. ration was carried out using a Waters Nova-Pak C18

steel cartridge, 3.93150 mm, filled with 5 mm
particles, using a Waters Sentry Nova-Pak C guard18

2. Experimental cartridge, 2033.9 mm, both thermostated in a water
bath at 328C.

2.1. Reagents and standards
2.4. Chromatographic conditions

Acetonitrile of HPLC-gradient grade was obtained
from Merck (Darmstadt, Germany). Perchloric acid The mobile phase was a linear gradient of water–
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Table 1 malvidin-3-O-glucoside is the major component.
Linear gradient used for the separation of anthocyanins present in Other major anthocyanins present in these grapes are
grapes and wines

two acylated derivatives of that compound
Time (min) Solvent A (%) Solvent B (%) (malvidin-3-O-acetylglucoside acetate and malvidin-
0 95 5 3-O-p-coumarylglucoside, the former being more
5 90 10 abundant than the latter), delphinidin-3-O-glucoside,

25 80 20 petunidin-3-O-glucoside and peonidin-3-O-gluco-
38 75 25

side. To evaluate the reliability of the method, a skin50 65 35
extract of Cabernet Sauvignon grapes was injected53 0 100

55 0 100 10 times during 3 days. Table 2 shows, for every
anthocyanin considered, the repeatabilities of the

acetonitrile (40:60) adjusted to pH 1.3 with per- relative amount (%), absolute retention time (min)
chloric acid (solvent B), in water–acetonitrile (95:5) and relative retention index related to malvidin-3-O-
adjusted to pH 1.3 with perchloric acid (solvent A), glucoside, and their standard deviations. As it can be
at a flow-rate of 1.5 ml /min, as shown in Table 1. noted, standard deviations were too low, and the
Spectra were recorded each second between 250 and procedure allowed a good separation of the nine
600 nm, with a bandwith of 1.2 nm. anthocyanins considered. Thus, the chromatographic

method may be adequate for the estimation of their
relative content in plant products.

3. Results and discussion Fig. 2 shows a typical chromatogram of Tem-
pranillo grapes recorded at 520 nm. As can be noted,

Fig. 1 shows a typical chromatogram of an extract the anthocyanin fingerprint of Tempranillo grapes
of Cabernet Sauvignon grapes recorded at 520 nm. clearly differs from that observed in Cabernet
As can be noted, more than 15 different peaks appear Sauvignon grapes (Fig. 1). Certainly, malvidin-3-O-
in the chromatogram. Some of them have been glucoside is the major anthocyanin in both cultivars,
assigned to different acylated and non-acylated but Cabernet Sauvignon presents a remarkable
anthocyanins on the basis of the retention times and amount of malvidin-3-O-acetylglucoside if compared
UV–Vis spectra, as compared with those of stan- with Tempranillo On the other hand, Tempranillo
dards isolated from grapes. In Cabernet Sauvignon, contains a remarkable amount of the other four

Fig. 1. Chromatogram of a skin extract of Cabernet Sauvignon grapes recorded at 520 nm. Df-3-Gl, Delphinidin-3-O-glucoside; Cy-3-Gl,
cyanidin-3-O-glucoside; Pt-3-Gl, petunidin-3-O-glucoside; Pn-3-Gl, peonidin-3-O-glucoside; Mv-3-Gl, malvidin-3-O-glucoside; Pn-3-Gl-
Ac, peonidin-3-O-acetylglucoside; Mv-3-Gl-Ac, malvidin-3-O-acetylglucoside; Pn-3-Gl-Cm, peonidin-3-O-p-coumarylglucoside; Mv-3-Gl-
Cm, malvidin-3-O-p-coumarylglucoside.
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Table 2
Repeatabilities of relative amount, retention time and retention index (relative to malvidin-3-O-glucoside) for nine anthocyanins in skins
grapes extracts of Cabernet Sauvignon cultivar (n510)

Compound Relative amount Retention time Retention index
(%) (min)

Delphinidin-3-O-glucoside 4.8060.09 8.66960.185 0.43860.008
Cyanidin-3-O-glucoside 0.7260.04 11.88760.153 0.60160.004
Petunidin-3-O-glucoside 4.5760.07 14.40860.147 0.72860.003
Peonidin-3-O-glucoside 3.9560.11 17.78460.145 0.89860.002
Malvidin-3-O-glucoside 46.3060.27 19.79560.154 1.000
Peonidin-3-O-acetylglucoside 1.5060.07 33.41660.358 1.68860.016
Malvidin-3-O-acetylglucoside 26.4960.32 35.33460.402 1.78560.018
Peonidin-3-O-p-coumarylglucoside 1.0760.06 46.54860.283 2.35260.016
Malvidin-3-O-p-coumarylglucoside 10.5960.14 47.40660.292 2.39560.016

Fig. 2. Chromatogram of a skin extract of Tempranillo grapes recorded at 520 nm. For key to substances, see Fig. 1.

non-acylated anthocyanins (3-O-glucosides of de- with Cabernet Sauvignon and Tempranillo, as is
lphinidin, cyanidin, petunidin and peonidin) if com- indicated in Table 3, that shows the relative amount
pared with Cabernet Sauvignon. of nine anthocyanins in the skins of the six grape

The other four grape cultivars studied presented a cultivars studied. Results are mean values of three
different anthocyanin fingerprint when compared samples collected in the same vineyard at the end of

Table 3
Relative amount and standard deviation for nine anthocyanins from skins of six different grape cultivars

Cultivar Relative amount (%)6SD

Df-3-Gl Cy-3-Gl Pt-3-Gl Pn-3-Gl Mv-3-Gl Pn-3-Gl-Ac Mv-3-Gl-Ac Pn-3-Gl-Cm Mv-3-Gl-Cm

Cabernet Sauvignon 4.6760.21 0.9060.04 4.2160.06 4.8760.15 41.4560.18 2.2460.08 30.3560.44 1.1460.03 10.1560.10

Garnacha 2.2660.08 1.0260.12 3.7360.14 12.6960.42 64.6960.41 0.3060.05 2.5260.03 2.3660.03 10.4160.40

Graciano 6.8160,49 1.2860.18 7.2160.14 12.7960.56 53.6960.64 0.8960.04 6.0860.25 2.1760.06 9.1260.46

Mencia 5.1360.19 2.1560.28 6.6860.18 14.8561.69 47.4061.17 2.4261.17 10.5360.52 2.1860.01 7.6660.79

Merlot 7.5360.07 5.5260.10 7.0060.14 14.2760.22 35.5460.25 3.1660.02 14.9960.15 2.5160.03 9.4860.10

Tempranillo 10.9860.44 3.2660.12 11.1160.07 7.8160.32 46.3561.04 0.4560.03 5.1860.16 1.7460.11 13.1960.28

Results are mean values of three samples collected at harvest in the same vineyard in 1999. For key to substances, see Fig. 1.
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grape maturation. A series of experimental wines slightly increased during maturation and, in the other
were made with them to evaluate their anthocyanin hand, the relative amount of other non-acylated
fingerprints, as it is discussed below. As it can be anthocyanins slightly decreased during that period of
noted, malvidin-3-O-glucoside is the major antho- grape development. Probably, this behavior is related
cyanin in the six cultivars considered, as it could be to anthocyanin metabolism, as it was suggested by
expected on the basis of literature data [2,3,6], Roggero et al. [8]. However, the changes observed in
because most red grape cultivars used in winemaking our research were too small, and they did not modify
contain a remarkable amount of malvidin-3-O-gluco- the anthocyanin pattern of Tempranillo grapes when
side. Nevertheless, the relative amount of this antho- compared with the other cultivars studied. These
cyanin in the cultivars studied is quite variable, results suggest that the anthocyanins fingerprint of
ranging from 35% (Merlot) to more than 64% Tempranillo grapes is quite constant during the latter
(Garnacha). In most cases, the relative amount of stages of grape maturation, showing that HPLC
malvidin-3-O-p-coumarylglucoside is relatively high analysis of anthocyanins may be an adequate tool for
(between 7 and 13%), but the relative amount of the characterization of grape cultivars.
malvidin-3-O-acetylglucoside is quite variable, rang- Fig. 3 shows typical chromatograms recorded at
ing from 2.5% (Garnacha) to more than 30% (Caber- 520 nm of Cabernet Sauvignon and Tempranillo
net Sauvignon). Thus, the relative amount of experimental wines, made with grapes collected at El
acylated anthocyanins in the cultivars studied may be Encin Ampelographic, 9 months after the end of the
quite different, ranging from more than 43% (Caber- alcoholic fermentation. It can be noted that these
net Sauvignon) to 16% (Garnacha). Four cultivars chromatograms differ from those obtained from
(Garnacha, Graciano, Mencia and Merlot) contain a grape extracts. Thus, wines contain a higher relative
relatively high amount of peonidin-3-O-glucoside amount of malvidin-3-O-glucoside than grapes, and
(higher than 12%), but the relative amount of the the relative amount of eight other anthocyanins is
other non-acylated anthocyanins is quite small, ex- lower in wines than in grapes. This fact was ob-
cept in Tempranillo grapes. Data clearly show that served for six red wines made with corresponding six
the anthocyanin fingerprint of grape cultivars is quite grape cultivars mentioned above, as shown in Table
different at harvest, and this fact may allow the use 5. This means that anthocyanins fingerprint of red
of this tool to differentiate grape cultivars, as it has wines is significantly different from that of grapes
been proposed previously [2–4,7]. used for making them, but each wine present a

Table 4 shows the relative content of nine antho- characteristic anthocyanins fingerprint, as it has been
cyanins at different stages during the maturation of previously reported by other authors [5,7,15]. For a
Tempranillo grapes. As we have observed, relative better understanding of this question, and taking into
amount of each anthocyanin was quite similar during account that many different technological approaches
grape maturation, despite the sugar content of grapes. may be used during the making of red wines, the
Certainly, the relative amount of the three antho- relative amount of eight different anthocyanins in
cyanins derived from malvidin (3-O-glucoside, 3-O- four Tempranillo wines, made in 1999 at industrial
acetylglucoside and 3-O-p-coumarylglucoside) scale, using grapes grown in the AOC Rioja, was

Table 4
Relative amount and standard deviation for nine anthocyanins from skins of Tempranillo grapes collected in 1999 at different stages of
maturation

Days after Relative amount (%)6SD
veraison

Df-3-Gl Cy-3-Gl Pt-3-Gl Pn-3-Gl Mv-3-Gl Pn-3-Gl-Ac Mv-3-Gl-Ac Pn-3-Gl-Cm Mv-3-Gl-Cm

20 14.7360.46 4.1060.12 13.1960.22 8.4160.70 44.5060.18 0.3360.01 4.4860.26 1.3560.08 9.2960.52
30 11.4760.32 2.8160.11 11.1660.17 6.5760.09 45.1060.61 0.3660.04 5.3960.08 1.8660.02 15.2960.23
36 10.9860.44 3.2660.12 11.1160.07 7.8160.32 46.3561.04 0.4560.03 5.1860.16 1.7460.11 13.1960.28

For key to substances, see Fig. 1.
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Fig. 3. Chromatograms of Cabernet Sauvignon and Tempranillo wines recorded at 520 nm. For key to substances, see Fig. 1.

Table 5
Relative amount of nine different anthocyanins in experimental wines (vintage 1999) made from six different grape cultivars

Cultivar Relative amount (%)

Df-3-Gl Cy-3-Gl Pt-3-Gl Pn-3-Gl Mv-3-Gl Pn-3-Gl-Ac Mv-3-Gl-Ac Pn-3-Gl-Cm Mv-3-Gl-Cm

Cabernet Sauvignon 3.91 0.28 1.36 2.85 55.85 1.62 26.22 0.15 4.76
Garnacha 1.09 0.18 2.15 4.06 86.32 – 2.63 0.62 2.94
Graciano 3.49 0.20 5.29 8.75 65.55 2.05 6.92 2.11 5.65
Mencia 2.86 0.24 6.01 3.93 64.63 3.52 12.18 1.36 5.29
Merlot 5.60 0.58 6.69 6.33 56.49 3.82 15.04 0.45 5.00
Tempranillo 6.33 0.27 10.92 1.59 68.26 0.92 4.23 0.56 6.90

For key to substances, see Fig. 1.
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Table 6
Relative amount of eight anthocyanins in four Tempranillo wines (vintage 1999) during their ageing in oak barrels or in stainless steel tanks

Wine Type of Days of Relative amount (%)

ageing ageing
Df-3-Gl Cy-3-Gl Pt-3-Gl Pn-3-Gl Mv-3-Gl Mv-3-Gl-Ac Pn-3-Gl-Cm Mv-3-Gl-Cm

1 Oak barrel 55 15.20 1.22 14.32 4.25 56.98 3.10 0.80 4.13

1 Oak barrel 145 15.72 1.29 15.15 4.20 56.29 2.90 0.47 3.98

1 Oak barrel 235 14.82 1.31 14.85 4.16 54.69 3.57 0.99 5.61

1 Stainless steel tank 25 15.09 1.43 13.87 4.52 57.14 2.82 0.74 4.38

1 Stainless steel tank 145 14.92 1.69 13.95 4.23 56.50 3.30 0.76 4.64

1 Stainless steel tank 235 15.27 1.44 14.43 3.96 55.16 3.53 0.69 5.51

2 Oak barrel 55 15.81 1.54 14.56 4.50 56.14 2.86 0.68 3.90

2 Oak barrel 145 15.65 1.60 14.64 4.38 55.73 2.98 0.72 4.29

2 Oak barrel 235 15.16 1.51 15.10 3.72 55.10 3.49 0.67 5.24

3 Oak barrel 55 13.95 1.03 14.26 3.08 59.35 2.79 0.50 5.05

3 Oak barrel 145 14.19 1.03 14.08 2.81 58.62 3.08 0.67 5.51

3 Oak barrel 235 13.57 0.91 13.80 2.67 58.58 3.49 0.79 6.23

3 Stainless steel tank 25 12.81 1.02 13.04 3.03 61.66 3.18 0.61 4.65

3 Stainless steel tank 145 12.87 1.14 13.49 3.08 59.75 3.64 0.64 5.40

3 Stainless steel tank 235 11.59 0.91 13.94 3.18 59.51 3.68 0.72 6.47

4 Oak barrel 55 13.76 1.32 13.91 3.04 60.39 3.15 0.43 4.00

4 Oak barrel 145 13.64 1.09 13.60 3.04 58.97 3.15 0.84 5.51

4 Oak barrel 235 13.85 0.96 13.30 3.22 58.18 3.60 0.91 5.97

For key to substances, see Fig. 1.

monitored by HPLC during their ageing during 8 could be explain by several hypothesis. This could
months in oak barrels (225 l) or in stainless steel reside in the existing differences: rate of anthocyanin
tanks (5000 l). Results are shown in Table 6 and, as extraction, degradation, or polymerization during
can be noted, the relative amount of analyzed alcoholic fermentation, or the different capacity of
anthocyanins is quite similar in each wine, despite adsorption of each anthocyanin in yeast cell walls.
the type of ageing and its length. The relative The answer to all these questions needs further
amount of peonidin-3-O-acetylglucoside cannot be research to understand differences between the
considered, as it was lower than 0.1% in all samples. anthocyanins fingerprint of grapes and corresponding
Certainly, the relative amount of acylated antho- wines.
cyanins derived from malvidin (3-O-acetylglucoside
and 3-O-p-coumarylglucoside) slightly increased
during the first 8 months of wine maturation, and, on
the other hand, the relative amount of malvidin-3-O- Acknowledgements
glucoside slightly decreased during that period.
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