
Abstract The anthocyanin composition of Tempranillo,
Garnacha and Cabernet Sauvignon grapes over two vin-
tages was studied. Samples were obtained during berry
ripening from two vineyards that differed by producing
fruit of high and low quality. The proportions of the indi-
vidual compounds remained practically constant within a
single vineyard along the sampling period, the changes
in the anthocyanin composition being principally quanti-
tative. Different multivariate statistical methods showed
that the anthocyanin profile was primarily determined by
variety. This genetic dependence was particularly veri-
fied when the sums of the non-acylated glucosides, the
acetates and the p-coumaryl derivatives, were analysed.
The mean relative content corresponding to these three
anthocyanin fractions was always the same within each
variety, independently either of the vineyard or the vin-
tage year considered. Relating to the individual com-
pounds, several permanent qualitative differences be-
tween vineyards in each variety were also found, al-
though the difference in the total anthocyanin concentra-
tion was always much higher.

Keywords Anthocyanin composition · Grapes · 
Tempranillo · Garnacha · Cabernet Sauvignon · Ripening

Introduction

The color of red grapes is due to the anthocyanins. The
composition of anthocyanins is primarily determined by
genetic factors. Thus, a first distinction could be made
between Vitis vinifera and others species of Vitis (i.e.,
muscadine grapes) according to the presence or lack of
anthocyanidin diglucosides. In Vitis vinifera grapes there
are only monoglucosides of five anthocyanidins: delphi-
nidin, cyanidin, petunidin, peonidin and malvidin [1].
Except for the case of the Pinot Noir variety, which only
contents unacylated anthocyanins [2, 3], these monoglu-
cosides appear partially acylated with several acids. 
Two types of derived anthocyanins are found, that of 
acetates, and that formed by the cinnamoyl derivatives:
the p-coumarates and, secondarily, the caffeoates. The
distribution of these different compounds in grapes and
the resulting wines mainly depends on variety. Likewise,
anthocyanins have been used with success in many 
chemotaxonomical studies [4, 5, 6, 7, 8, 9]. Two clones
of the same variety may present differences in the antho-
cyanin composition. The seasonal conditions also influ-
ence the distribution of anthocyanins in grapes [10, 11].
Several authors pointed out that the proportions of an-
thocyanins in the grape skin vary along with the berry
ripening [12, 13, 14, 15, 16] whereas others stated that
they remain practically invariable [17, 18, 19]. In any
case, the accumulation pattern of different anthocyanins
depends mainly on variety [11]. With regard to the soils,
it has been reported that changes in their physical [14]
and chemical characteristics [17] could have some influ-
ence on the anthocyanin composition of berries. Never-
theless, almost all references coincide in the fact that the
non-genetic factors such as climate, soil conditions or 
viticultural practices have a greater effect on the concen-
tration of anthocyanins rather than on their relative dis-
tribution.

In the present paper this anthocyanin distribution was
studied over two consecutive ripening periods in Temp-
ranillo, Garnacha and Cabernet Sauvignon grapes from
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vineyards that produce fruits of different quality. The ob-
jectives of the study were to know the evolution of 
anthocyanins during the berry ripening, to use the antho-
cyanin profile of grapes to characterise them according
to variety, and, if possible, according to the vineyard of
origin.

Materials and methods

Vineyards

Grapes of each variety were taken from two different vineyards,
one was well-known for producing high-quality fruit, while the
other one was well-known for the opposite. All the six vineyards
were from Navarra, in North Spain. The Garnacha high-quality
grapes (GaHQ) were from Cintruénigo, while the Garnacha low-
quality vineyard (GaLQ) was located in Marcilla. Both places
show similar climatological conditions during the year, with very
hot summers and an important hydric stress in winter. Tempranillo
(TeHQ, TeLQ) and Cabernet Sauvignon (CbHQ, CbLQ) vineyards
were from Arínzano, a more northerly and cooler zone than the
places mentioned above.

HPLC equipment

Analysis of anthocyanins in grape skin extracts was performed in
a Waters 2690 Separation Module equipped with a Waters 996
Photodiode Array Detector. Anthocyanins were separated in a 
Nova-Pak C18 (150 mm×2 mm i.d., 4 µm particle size) column.
The Millenium software was used for chromatography and data
management.

Reagents and commercial standards

Acetonitrile gradient HPLC grade was obtained from Merck
(Darmstadt, Germany), Formic acid 98% was from J.T. Baker
(Deventer, Holland), Tartaric acid was purchased from Panreac
(Barcelona, Spain), and ethanol absolute gradient HPLC grade
was from Scharbau (Barcelona, Spain). The anthocyanin com-
pound malvidin-3-O-β-glucoside was obtained as a commercial
standard from Polyphenols Laboratories (Sandnes, Norway).

Grape sampling

The study was performed over two years, 1999 and 2000. Sam-
pling was limited to a 1 Ha area representative of each vineyard.
The same 288 vines were sampled in each vineyard for both years.
The sampling protocol used was the following: 3 individual ber-
ries were picked at each vine, from the top, the bottom and the
middle part of one cluster randomly selected. Then, once all the
vines had been sampled, a total of 864 berries was collected. This
process was repeated two more times. Therefore, on each day of
sampling three bags of 864 berries were obtained from each culti-
var. Sampling started around 20 days after the onset of véraison
and finished 10 days after harvest. Each vineyard was sampled on
5 to 9 dates, depending on the evolution of berry ripening.

Preparation of grape skin extracts for analysis of anthocyanins

One hundred berries were randomly selected from each group of
864 and weighed. Skins were manually separated from the pulp,
weighed and introduced in a 300-mL flask with 100 mL of a “syn-
thetic wine” [0.5% (w:v) tartaric acid in a 12:88 (v:v) ethanol:water
solution, pH adjusted to 3.2]. After having removed the air with N2
and sealed the flask, the mixture was kept stirring at 20 °C for

24 hours. This process was carried out two more times, replacing
the liquid fraction by another 100 mL of synthetic wine. After a 
total maceration time of 72 h the three liquid fractions were
brought together and the volume was adjusted to have a 300 mL
extract. Finally, the three extracts obtained for each vineyard and
date were put together in a whole 900 mL grape skin extract which
was immediately stored under N2 at –18 °C until analysis.

Chromatographic analysis

20 µL skin extract were injected directly into the HPLC after be-
ing concentrated in a rotavapor at 30 °C and filtered through a
Millex-HV 0.45 µm filter (Millipore). A flow rate of 0.20 mL/min
at ambient temperature was used. Solvent A was 5% (v:v) formic
acid in water, and solvent B was acetonitrile. Proportions of sol-
vent B varied as follows: 0–20 min, 90% to 20%; 20–28 min,
20%; and 28–35 min, 20% to 24.2%. Elution was monitored be-
tween 250 and 550 nm. The identification of anthocyanins was
made on the basis of the elution order and the spectral properties
of different compounds, comparing them with those found in the
literature [1, 7, 20, 21, 22]. Anthocyanins were quantified at
525 nm as malvidin-3-glucoside through the calibration curves ob-
tained within a concentration range between 1 and 900 mg/L, with
linear correlation coefficients greater than 0.999. Both standards
and samples were determined in triplicate.

Statistical analyses

The statistical methods employed, i.e., two-way analysis of vari-
ance, principal component and stepwise discriminant analyses
were carried out with the Statgraphics Plus software for Windows
5.0. version (Manugistics, Inc.; Rockville, USA).

Results and discussion

Fifteen anthocyanins were identified: the 3-monogluco-
sides of delphinidin (Dpg), cyanidin (Cyg), petunidin
(Ptg), peonidin (Png) and malvidin (Mvg); the acetyl 
derivatives of these monoglucosides (Dpac, Cyac, Ptac,
Pnac and Mvac, respectively), and the following cinnamic
acid esters: the cyanidin-3-monoglucoside-p-coumarate
(Cypc), the malvidin-3-monoglucoside-caffeoate (Mvcf),
and the petunidin, peonidin and malvidin 3-monogluco-
side-p-coumarates (Ptpc, Pnpc and Mvpc, respectively).
The delphinidin-3-monoglucoside-p-coumarate eluted at
the same time as the acetate of malvidin-3-glucoside.
Then, the former could not be analysed.

The whole 15 anthocyanin compounds previously
mentioned were quantified in all Tempranillo samples,
but some of them were not detected in several samples of
the two other varieties. This was the case of the acetyl
derivatives of delphinidin and cyanidin glucosides in all
Garnacha samples, and the petunidin 3-aceytlglucoside
in those from the 2000 vintage year. On the other hand,
the p-coumaryl derivatives of the cyanidin and petunidin
glucosides were only found in a very small proportion in
some of the 2000 Cabernet Sauvignon samples.

Therefore, the different statistical methods presented
in this paper were performed using data from the ten
compounds detected in the whole 81 samples; that is, the
five non-acylated glucosides and the five acyl deriva-
tives of peonidin and malvidin glucosides. Moreover,
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three additional variables were included: the sum of the
non-acylated glucosides (Sum_g), the sum of acetates
(Sum_ac) and the sum of cinnamoates (Sum_cn).

Evolution of the anthocyanin composition 
of grapes during ripening

In Table 1, the global relative content in non-acylated
glucosides, acetates and cinnamoates of grapes from the
six vineyards is shown at two different dates each year,
one corresponding to the first sample obtained during 
ripening, and the other one to the harvest day. The varia-
tions observed along ripening in the three anthocyanin
fractions were very small. Moreover, they were different
depending on variety, vineyard and vintage year. A slight
increase in the percentage of non-acylated glucosides 
was observed in 1999 for the Tempranillo high-quality
grapes, while in 2000 this percentage decreased. Just 
the opposite was checked for the Garnacha high-quality
grapes. The contribution of cinnamoates seemed to in-
crease during ripening of Tempranillo berries, but this 
did not always happen in the case of the Garnacha and
Cabernet Sauvignon varieties. On the other hand, the sum
of acetyl derivatives seemed to be the anthocyanin frac-
tion with the most constant proportion during ripening,
particularly in the grapes of Garnacha and Tempranillo.
In the case of the Cabernet Sauvignon variety, the propor-
tion in acetates slightly declined from the first sample to
the harvest, while the unacylated fraction always in-
creased. This was the only regular tendency confirmed.

When the individual compounds were considered, no
permanent tendency was observed (data not shown). The
variations in the relative content of the several compo-
nents during ripening were smaller even than those ob-
served for the three global anthocyanin fractions. There-
fore, these results did not confirm the anthocyanin bio-
synthetic pathway described by Roggero et al. [12]. 
They suggest that the cyanindin-3-glucoside is the initial

anthocyanin synthesised. It is the direct precursor of 
peonidin and delphinidin. The latter is converted into
petunidin, which finally may conduce to malvidin. Sev-
eral authors have confirmed this biosynthetic pathway
[13, 14, 15, 16, 23, 24] showing the evolution of the an-
thocyanin composition of berries during ripening. In
general, they observed an intense accumulation of those
compounds formed at the end of the anthocyanin synthe-
sis process, peonidin and, primarily, malvidin. The
amounts of the remained components, particularly that of
cyanidin, increased more slowly, with the result that their
contribution to the total anthocyanin content progres-
sively declined along ripening.

We did not observe this evolution, probably due to 
the fact that we started sampling when the synthesis of
anthocyanins in the berries was already in an advanced
phase. This synthesis starts during véraison, becoming
pronounced after it [25]. In this work, the first sampling
of each vineyard was taken around 20 days after vérai-
son, when berry juices reached 16–19°Brix, and their an-
thocyanin content was high. From this time to harvest,
the accumulation pattern of all the anthocyanins was
practically the same, and the subsequent variations in the
composition of berries were quantitative instead of quali-
tative, in agreement with other findings previously re-
ported [17, 18, 19].

Once it was observed that the berries did not suffer
any significant change in their anthocyanin composition
during ripening, raw data were statistically analysed in
order to describe the differences between the varieties,
the vineyards and the vintage years.

Anthocyanin characterisation of varieties

Firstly, a two-way analysis of variance was carried out
according to the vineyard and vintage year factors. Mean
values for each of the six vineyards and two years stud-
ied, together with their respective confidence intervals,
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Table 1 Distribution (%) of the three anthocyanin fractions in grapes from each vineyard at the beginning of the sampling period and at
harvest

High-quality vineyard Low-quality vineyard

1999 2000 1999 2000

Variety Fraction b h b h b h b h
Sum_g 93.8 94.4 93.3 91.6 93.8 93.1 94.3 91.8

Tempranillo Sum_ac 4.0 3.0 3.9 4.0 3.9 4.0 4.0 4.1
Sum_cn 2.2 2.6 2.8 3.8 2.3 2.9 1.7 4.1
Sum_g 96.6 96.0 94.2 95.1 97.1 96.0 95.2 95.2

Garnacha Sum_ac 2.4 2.3 2.5 2.0 1.9 2.1 2.3 2.7
Sum_cn 1.0 1.7 3.3 2.9 1.0 1.9 2.5 2.1
Sum_g 67.7 69.3 67.7 70.9 68.7 71.3 70.5 73.9

Cabernet Sauv Sum_ac 32.2 29.8 30.5 28.7 30.9 29.5 27.3 25.6
Sum_cn 0.1 0.9 1.8 0.4 0.4 0.2 2.2 0.5

Sum_g=sum of non-acylated glucosides; Sum_ac=sum of acetyl derivatives; Sum_cn=sum of cinnamoyl derivatives; b=samples at the
beginning of the sampling period; h=samples at harvest.



are presented in Table 2, while Table 3 shows the F 
ratios and p values obtained for each of the two factors
and their interactions. 

Significant differences, with p<0.0001, were observed
between vineyards for all the variables. The largest F 
ratios corresponded to four of them: Sum_ac, Sum_g,
and the malvidin and peonidin acetylglucosides; fol-
lowed by the non-acylated monoglucosides of petunidin,
peonidin, malvidin, delphinidin and cyanidin. Finally,

the cinnamic acid esters, principally the p-coumaryl de-
rivatives of malvidin and peonidin glucosides, presented
the lowest F ratios.

On the other hand, significant qualitative differences
between vintages were detected only for six variables.
According to F ratios the variations from year to year
particularly affected to the peonidin-3-glucoside and its
acetyl derivative. In general, the proportion of these
compounds was larger in 1999 than in 2000. The same
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Table 2 Two-way analysis of variance (vineyard, vintage year). LSD-means (±95% confidence intervals) for vineyards1 and vintage
years

n2 TeHQ TeLQ GaHQ GaLQ CbHQ CbLQ 1999 2000

13 14 13 11 16 14 37 44

Dpg 8.4 ±0.5a 5.8 ±0.5b 2.6 ±0.6cd 2.3 ±0.6cd 2.0 ±0.6c 3.4 ±0.5d 4.2 ±0.3 4.1 ±0.3
Cyg 3.3 ±0.3a 2.2 ±0.3b 1.5 ±0.3c 0.8 ±0.3d 0.5 ±0.3d 1.4 ±0.3c 1.8 ±0.2 1.3 ±0.2
Ptg 10.1 ±0.4a 8.1 ±0.3b 4.4 ±0.4c 4.5 ±0.4c 3.1 ±0.3d 4.2 ±0.3c 5.8 ±0.2 5.6 ±0.2
Png 10.0 ±0.4a 8.9 ±0.4b 14.7 ±0.4c 10.0 ±0.4a 5.8 ±0.4d 8.7 ±0.4b 11.3 ±0.2 8.1 ±0.2
Mvg 61.4 ±1.4a 67.7 ±1.4b 72.5 ±1.5c 77.5 ±1.6d 57.5 ±1.3e 53.8 ±1.4f 63.2 ±0.9 66.9 ±0.8
Pnac 0.3 ±0.1a 0.3 ±0.1a 0.3 ±0.1a 0.2 ±0.1a 2.0 ±0.1b 2.6 ±0.1c 1.1 ±0.1 0.8 ±0.1
Mvac 2.7 ±0.6ab 3.3 ±0.5b 1.9 ±0.6a 2.0 ±0.6a 26.7 ±0.5c 22.4 ±0.6d 9.8 ±0.3 9.8 ±0.3
Mvcf 1.1 ±0.1a 1.1 ±0.1a 0.7 ±0.1b 0.8 ±0.1ab 0.3 ±0.1c 0.3 ±0.1c 0.7 ±0.8 0.8 ±0.1
Pnpc 0.2 ±0.1a 0.2 ±0.1a 0.2 ±0.1a 0.2 ±0.1ab 0.1 ±0.1b 0.1 ±0.1ab 0.1 ±0.1 0.2 ±0.1
Mvpc 1.4 ±0.3a 1.6 ±0.3a 1.1 ±0.3ac 1.4 ±0.4a 0.4 ±0.3b 0.5 ±0.3bc 0.8 ±0.2 1.4 ±0.2
Sum_g 93.2 ±0.7a 92.7 ±0.7a 95.7 ±0.7b 95.3 ±0.8b 68.8 ±0.6c 71.5 ±0.7d 86.3 ±0.4 86.1 ±0.4
Sum_ac 3.7 ±04a 4.1 ±0.4a 2.2 ±0.4b 2.2 ±0.5b 30.3 ±0.4c 27.5 ±0.4d 11.9 ±0.3 11.4 ±0.2
Sum_cn 3.1 ±0.5a 3.2 ±0.5a 2.2 ±0.5b 2.5 ±0.5ab 0.8 ±0.4c 1.0 ±0.5c 1.8 ±0.3 2.5 ±0.3

1 Two vineyard means followed by the same letter indicates that
they are not significantly different at 95% confidence level
2 Number of samples.
Dpg=delphinidin-3-glucoside; Cyg=cyanidin-3-glucoside;
Ptg=petunidin-3-glucoside; Png=peonidin-3-glucoside;
Mvg=malvidin-3-glucoside; Pnac=peonidin-3-acetylglucoside;
Mvac=malvidin-3-acetylglucoside; 
Mvcf=mavidin-3-caffeoylglucoside; 

Pncp=peonidin-3-p-coumarylglucoside; 
Mvcp=malvidin-3-p-coumarylglucoside.
Sum_g=sum of non-acylated glucosides; 
Sum_ac:sum of acetyl derivatives; 
Sum_cn:sum of cinnamoyl derivatives.
Te=Tempranillo; Ga=Garnacha; Cb=Cabernet Sauvignon.
HQ=high-quality vineyard; LQ=low-quality vineyard.

Table 3 Two-way analysis of
variance (vineyard, vintage
year). F ratios and pvalues for
each of both factors and their
interaction1

Vineyard Vintage year Interaction

F ratio p value F ratio p value F ratio p value

(5.69) (1.69) (5.69)

Dpg 83.7 0.0000
Cyg 55.5 0.0000 21.4 0.0000 5.6 0.0002
Ptg 248.9 0.0000
Png 218.4 0.0000 359.4 0.0000 29.4 0.0000
Mvg 156.4 0.0000 39.5 0.0000 10.3 0.0000
Pnac 953.3 0.0000 166.8 0.0000 62.3 0.0000
Mvac 1857.7 0.0000
Mvcf 28.7 0.0000
Pnpc 6.8 0.0000
Mvpc 9.8 0.0000 17.3 0.0001
Sum_g 1335.6 0.0000
Sum_ac 4242.4 0.0000
Sum_cn 19.9 0.0000 13.3 0.0005

1 Only significant F ratios/p values at 95% confidence level are presented.
Dpg=delphinidin-3-glucoside; Cyg=cyanidin-3-glucoside; Ptg=petunidin-3-glucoside; 
Png=peonidin-3-glucoside; Mvg=malvidin-3-glucoside; Pnac=peonidin-3-acetylglucoside;
Mvac=malvidin-3-acetylglucoside; Mvcf=mavidin-3-caffeoylglucoside; 
Pncp=peonidin-3-p-coumarylglucoside; Mvcp=malvidin-3-p-coumarylglucoside.
Sum_g=sum of non-acylated glucosides; Sum_ac=sum of acetyl derivatives; 
Sum_cn=sum of cinnamoyl derivatives.



was observed for the cyanidin-3-glucoside, while the op-
posite occurred for the malvidin-3-glucoside, its p-coum-
aryl derivative and the sum of cinnamoates. Neverthe-
less, these differences between vintages were not veri-
fied in all the vineyards, as was shown by the significant
interactions between vineyard and vintage year listed in
Table 3. Again, the largest F ratios corresponded to the
peonidin derivatives.

From the study in detail of the means in Table 2, we
may conclude that the differences observed between
vineyards in their anthocyanin qualitative composition
must be explained fundamentally in terms of the varietal
variability. Thus, Cabernet Sauvignon grapes from both
the high- and the low-quality vineyards showed a very
much larger relative content in acetyl derivatives, prin-
cipally that of malvidin-3-glucoside, than grapes from
Tempranillo and Garnacha. In turn, the mean proportion
in the monoglucosides of delphinidin, cyanidin and 
petunidin was significantly higher in Tempranillo than
in the other varieties, while Garnacha presented the
greatest content in malvidin and peonidin unacylated
glucosides.

These results were confirmed when a principal com-
ponent analysis over the whole data set was performed.
From thirteen principal components obtained, the first
three with eigenvalues >1, were selected, accounting for
almost 90% of the total variance (Fig. 1). Fig. 2 shows
the distribution of 81 grape samples along the first two
principal components (77.58% variance), and also the
component weights of 13 original variables. Both prin-
cipal components could be called “varietal compo-
nents”, because samples were clearly grouped according
to variety. The original variables with a more important
weight in component 1 were the acetyl derivatives of
malvidin and peonidin, the sum of acetates, the sum of
non-acylated glucosides, the sum of cinnamoyl deriva-
tives, and the malvidin-3-glucoside-caffeoate. The first
three ones presented negative weights and were strongly
related to the Cabernet Sauvignon variety, whose sam-
ples were located on the negative part of the first axis.
Tempranillo and Garnacha samples were placed just on
the opposite side. The separation of both varieties was
finally achieved with the help of principal component 2.
The anthocyanin compounds mainly involved in it 
were the non-acylated glucosides of malvidin, delphini-
din, cyanidin and petunidin. The former one presented a
positive weight, while the further three variables
showed negative ones. Garnacha samples were located
in the positive part of the PC2 axis, principally due 
to their high relative content in malvidin and peonidin
glucosides and total non-acylated glucosides. Delphini-
din, cyanidin and petunidin determined the location 
of Tempranillo samples in the opposite side along this
axis. This variety was also closely related to the gluco-
sides acylated with cinnamic acid. These anthocyanin
profiles were consistent with the results previously 
obtained in grapes and wines of the same varieties 
from Spain [6, 9, 10, 20, 26] and from other countries
[5, 22]. 

Anthocyanin differences between vineyards

Some differences were found between high- and low-
quality vineyards within each variety (Table 2). This 
was verified for the five unacylated monoglucosides, ex-
cept for that of delphinidin in Garnacha and Cabernet
Sauvignon, and that of petunidin in the former variety. In
Tempranillo and Garnacha varieties the high-quality fruit
had a lower relative content in malvidin-3-glucoside and
a larger proportion in the rest of the non-acylated antho-
cyanins than in the low-quality grapes.
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Fig. 1 Principal components scree plot

Fig. 2 Principal component analysis. Distribution of samples 
along PC1 and PC2 and component weights of original vari-
ables. Dpg=delphinidin-3-glucoside, Cyg cianidin-3-glucoside, 
Ptg petunidin-3-glucoside, Png=peonidin-3-glucoside, Mvg=malvi-
din-3-glucoside, Pnac=peonidin-3-acetylglucoside, Mvac=malvidin-
3-acetylglucoside, Mvcf=mavidin-3-caffeoylglucoside, Pncp=peoni-
din-3-p-coumarylglucoside, Mvcp=malvidin-3-p-coumarylglucoside,
Sum_g=sum of non-acylated glucosides, Sum_ac=sum of acetyl de-
rivatives, Sum_cn=sum of cinnamoyl derivatives. Te=Tempranillo,
Ga=Garnacha, Cb=Cabernet Sauvignon, HQ=high-quality vine-
yard, LQ=low-quality vineyard



The opposite was observed for the third variety. The
Cabernet Sauvignon high-quality vineyard produced
grapes with a greater proportion in the malvidin deriva-
tives, including the unacylated glucoside and the acetate,
than those from the low-quality vineyard.

Nevertheless, the differences in anthocyanins between
vineyards were lower in terms of composition than in
terms of concentration [14, 17, 19], as can be observed
in Table 4. This table shows the total content in free an-
thocyanins of grapes from each vineyard at harvest day.
The Tempranillo and Cabernet Sauvignon high-quality
grapes had a larger anthocyanin content than the corre-
sponding low-quality ones, while the opposite was ob-
served for Garnacha. In the case of this variety, grapes
from the low-quality vineyard were very much richer in
anthocyanins than those from the high-quality vineyard,
particularly in 1999.

Regarding again to the anthocyanin composition of
grapes, the qualitative differences between vineyards
within each variety tended to disappear when the further
three variables listed in Table 2 (respectively, sum of
non-acylated glucosides, sum of acetates and sum of ci-
nnamoates) were analysed. This was particularly true for
Tempranillo and Garnacha varieties which significantly
differed one from the other in the mean total relative
content of the unacylated anthocyanins and their acetyl
derivatives, but no differences were found between the
high- and low-quality vineyards within each of the two
varieties. A higher or lower proportion of malvidin 
3-glucoside seems to have been compensated by, respec-
tively, a lower and higher percentage of the other four
anthocyanin glucosides, with the result that the sum of

non-acylated glucosides was vineyard-independent and
remained practically constant in each variety.

In a lower extent, this compensation or equilibrium
between malvidin compounds and the rest of the antho-
cyanins was observed in the case of Cabernet Sauvignon
as well, not only within the group of unacylated gluco-
sides, but also within that of acetyl derivatives.

Therefore, it seems that the influence of genetic 
factors in the anthocyanin qualitative composition of
grapes became particularly evident when the variables
corresponding to the sums of unacylated glucosides, ace-
tates and cinnamoyl derivatives were considered. Thus, 
Garnacha grapes presented almost only non-acylated
glucosides (more than 95%) with a very low proportion
of acetates, while Cabernet Sauvignon was characterised
by a very large content in acetyl derivatives (30% and
27%, in the high- and low-quality grapes, respectively)
and a slight presence of cinnamoates (1% in both vine-
yards). Tempranillo showed an intermediate anthocyanin
profile, although quite close to that of Garnacha. 
Tempranillo grapes had the largest relative content in 
cinnamoyl derivatives (around 3%) and an appreciable
proportion of acetates (4%).

Discrimination of vineyards

Finally, the results of a stepwise discriminant analysis
are presented (Table 5 and Fig. 3). This analysis was per-
formed over the whole data set and with the vineyard as
discriminant factor. Thus, five discriminant functions
were obtained after seven steps. Table 5 indicates the
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Table 4 Free anthocyanin con-
tent (mg/kg berries)1 of grapes
from each vineyard at harvest

High-quality vineyard Low-quality vineyard

1999 2000 1999 2000

Tempranillo 595.7 658.5 450.2 387.0
Garnacha 279.1 473.6 931.8 819.5
Cabernet Sauvignon 1198.4 1084.1 750.6 748.7

1 Quantified as malvidin-3-glu-
coside.

Table 5 Stepwise discriminant analysis according to vineyard

Step Selected F-to-enter % of samples correctly classified Standardized
variable coefficients

TeHQ TeLQ GaHQ GaLQ CbHQ CbLQ Total
(13) (14) (13) (11) (16) (14) (81) DF1 DF2

1 Sum_ac 2730.4 61.5 92.9 46.2 63.6 81.3 78.6 71.7 –5.52 –1.15
2 Ptg 112.9 100.0 85.7 61.5 36.4 87.5 78.6 76.5 –1.52 2.22
3 Pnac 33.3 100.0 85.7 69.2 63.6 93.8 100.0 86.4 3.35 0.63
4 Png 14.5 100.0 85.7 100.0 54.5 93.8 100.0 90.1 0.23 –1.39
5 Mvac 12.9 100.0 85.7 100.0 54.5 100.0 100.0 91.4 3.80 1.51
6 Dpg 8.7 100.0 92.9 100.0 90.9 100.0 100.0 97.5 1.99 –1.68
7 Cyg 11.4 100.0 100.0 100.0 100.0 100.0 100.0 100.0 –0.61 1.51
% of variance 95.5 4.2
p-value 0.0000 0.0000

Sum_ac=sum of acetyl derivatives.
Ptg=petunidin-3-glucoside; Pnac=peonidin-3-acetylglucoside; 
Png=peonidin-3-glucoside; Mvac=malvidin-3-acetylglucoside;

Dpg=delphinidin-3-glucoside; Cyg=cyanidin-3-glucoside.
Te=Tempranillo; Ga=Garnacha; Cb=Cabernet Sauvignon.
HQ=high-quality vineyard; LQ=low-quality vineyard



within each variety. Therefore, some permanent qualita-
tive differences existed between vineyards in the antho-
cyanin composition of grapes, although they were small
in comparison with the quantitative differences. Like-
wise, the collection of data from, at least, another vin-
tage year should be recommended to confirm these re-
sults.
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variable that entered at each step into the discriminant
model, together with its F-to-enter value, and the per-
centage of samples correctly classified in each vineyard.
Moreover, it can be observed the standardized coeffi-
cients of the seven variables in the first two discriminant
functions, which were significant with p<0.0001 and re-
spectively accounted the 95.5% and 4.2% of the total
variability. The model was defined by the acetyl deriva-
tives and by the first four non-acylated glucosides. The
sum of acetates was selected at first step. Considering
only this variable, a 71.6% correct classification was
achieved. It must be noted that the remaining 28.4% was
classified as an incorrect vineyard, but not as an incor-
rect variety. This fact was confirmed during all the step-
wise selection processes until all the samples became
part of the correct vineyard. That proved again the pro-
nounced genetic character of the anthocyanin composi-
tion of grapes. 

To conclude, the distribution of 81 cases along the
first two discriminant functions is shown in Figure 3.
This figure may summarise all the results discussed
above. Three strongly separated groups were observed,
corresponding to the three varieties studied. Their loca-
tion in the graph confirmed the differences and similari-
ties that existed between them. Thus, a very large dis-
tance existed between the Cabernet Sauvignon group and
those of Tempranillo and Garnacha, more closely located
along the first discriminant function. The distinction be-
tween the samples from the high-quality vineyard and
those corresponding to the low-quality one was possible

Fig. 3 Discriminant analysis. Distribution of samples along DF1
and DF2. Te=Tempranillo, Ga=Garnacha, Cb=Cabernet Sauvig-
non, HQ=high-quality vineyard, LQ=low-quality vineyard


