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Summary
The effect of Graciano (GRA, Spanish valuable variety of limited production in Mediterranean countries) vs. Cabernet Sauvignon (CS, world-wide known French variety) on
the phenolic content [total polyphenols (TP), total anthocyanins (TA), catechins (CAT) and
proanthocyanidins (PRO)] of Tempranillo wines (TEM-BASE, a largely cultivated Spanish
variety) was studied in blends prepared with 25 and 10 % of each variety after 4, 6, 9, 16.5
and 23 months of bottle ageing. Significant differences among wines (blends and base
wine) according to the »blend« factor were observed for CAT and TA. Besides, although
the evolution trend during wine ageing of different families of phenolic compounds studied was similar in the blends and base wine, different blends presented a faster anthocyanin disappearance kinetics than the base wine, probably due to their higher CAT content, which may favour the progress of certain anthocyanin condensation reactions during
ageing in the bottle. This effect was slightly more pronounced in the TEM-GRA blends
than in the TEM-CS ones. A further study of the phenolic composition of the monovarietal
wines used for blending, as well as of the grapes (skins and seeds) from which these
wines were elaborated, revealed that the blending effect on CAT could be associated with
higher concentration of these compounds in Graciano and Cabernet Sauvignon grape
seeds in comparison with Tempranillo. Finally, the findings of this work scientifically confirm that, in terms of the phenolic content, Graciano wines possess properties similar to
Cabernet Sauvignon for blending with Tempranillo.
Key words: Graciano, Cabernet Sauvignon, Tempranillo, grape seeds, grape skins, wine blends,
phenolic compounds, bottle ageing

Introduction
The practice known as wine blending or »coupage«
is one of the most common steps but least studied aspects of the winemaking process. Wines are blended for
improving their colour, taste, alcohol content, body or
aroma, with the final aim of enhancing the product
quality. Another objective of blending is to optimize the
use of certain grape varieties and the final production
costs (1,2). Most of the studies found in the literature related to wine blending are based on meeting certain desired sensorial characteristics mainly related to wine aroma compounds (3–5). Although enologists have learned

through years of work which grape varieties render the
best blends, there is very little scientific information supporting this empiric knowledge.
Grape phenolic compounds contribute to the wine
colour, flavour, astringency and bitterness (6–8), and are
also responsible for the ageing behaviour of red wines
(9,10). During red wine fermentation, phenolic compounds are transferred from the solid parts of the grapes
(skins and seeds) into the wine (11). The most important
factors influencing the concentration of these compounds
in wine are the grape variety, the winemaking technology, and the maturation and ageing conditions. These
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factors also determine the pH of the wine. It is known that
an acidic pH assures a higher proportion of anthocyanins in flavylium form and, therefore, a higher amount
of highly reactive anthocyanins in electrophilic form. In
addition, an acidic pH is highly important for promoting the C-C bond cleavage of procyanidins from which
intermediate-sized carbocations are liberated to participate in anthocyanin-flavanol and flavanol-flavanol direct condensation reactions.
The study of grape varieties that could result in varietal and blended wines with special and original quality attributes is becoming of great interest. The Spanish
Vitis vinifera L. cv. Graciano is a variety that has a very
limited production (0.02 % of the total grape varieties
grown) concentrated mainly in Navarra and La Rioja regions, but is highly appreciated for providing distinctive
elements (freshness, aroma and colour) to the blending
of wines, specially of Tempranillo, a widely cultivated
Spanish variety used for monovarietal and blended wines.
However, there is no scientific information supporting
the blending attributes of Graciano, particularly related
to the phenolic composition and therefore to the colour,
in comparison with other well known varieties (i.e. Cabernet Sauvignon). In addition, considering that phenolic compounds, in particular anthocyanins and flavanols,
participate in numerous chemical reactions during wine
ageing, leading to colour and astringency changes (9,12–
19), little is known about the changes that these compounds undergo in wine blends during ageing in the
bottle (commercial life) with respect to those of the original base wines.
Although HPLC-DAD is usually employed for the
detection and quantification of phenolic compounds, this
technique is not affordable in wineries for routine polyphenol analysis. Classic polyphenol methods based on
global spectrophotometric determinations are more practical for the control of vinification process and usually
provide the information that wineries need to make decisions concerning product quality and process improvements (20–24). The aim of the present work was to evaluate the effect of Graciano (GRA) vs. Cabernet Sauvignon
(CS) wines on the phenolic content of Tempranillo (TEM)
blends during the period from 4 to 23 months of bottle
ageing that covers their commercial life, using analytical
methods usually peformed in wineries. In order to understand possible effects of blending with each varietal
wine (modifier), the phenolic composition of the monovarietal wines, as well as the grapes (skins and seeds)
from which these wines were elaborated, was also studied.

Materials and Methods
Materials
Vanillin and Folin-Ciocalteu reagent were purchased
from Merck (Darmstadt, Germany). Malvidin-3-glucoside and cyanidin were obtained from Extrasynthèse
(Genay, France). (+)-Catechin and gallic acid were purchased from Sigma (USA). HPLC-grade acetone, methanol, acetic and formic acids were obtained from Fisher
Scientific (Houston, TX, USA).

Wines
Monovarietal wines
Monovarietal young red wines made from grapes of
Vitis vinifera cv. Tempranillo, Graciano and Cabernet Sauvignon grown in the same geographical area (Olite, Spain)
and harvested at their technological maturity (vintage
2000) were used for this study. The values corresponding to some characteristics of different grape varieties
are presented in Table 1. Wines were elaborated at the
Viticulture and Enology Station of Navarra (EVENA,
Olite, Spain) as follows: 220 kg of grapes of each variety

Table 1. Vineyard yield and classical parameters determined in
grapes and young wines
Tempranillo Graciano

Cabernet
Sauvignon

Grapes
Vineyard yield/(kg/ha)
pH
sugar/°Brix

8815

5093

6730

3.9

3.6

3.7

21.1

24.3

21.9

Wines
pH
Alcohol/%

4.3

3.5

3.6

13.2

13.7

12.8

Density/(g/L)

0.993

0.990

0.992

Volatile acidity/(g/L)

0.34

0.19

0.18

Total acidity /(g/L)
Total dried extract/(g/L)

4.0

5.7

5.9

30.4

25.9

28.1

were destemmed, crushed and collected into 200-litre
stainless-steel wine vats. Semi-industrial scaled fermentations were performed with a yeast inoculum of 25
g/hL (80 % EVENA Saccharomyces cerevisiae Na33 yeast
strain and 20 % Lallemand Saccharomyces bayanus EC118
yeast strain) at a temperature up to 27 °C. The cap was
punched down twice a day until it remained submerged
during a 14-day maceration period. At the end of alcoholic fermentation, the wines were racked and stabilized
for a period of one month at –2 °C. The values corresponding to some classical wine parameters of the young
wines are shown in Table 1.
Wine blends
Four wine blends were prepared taking Tempranillo
(TEM) as the base wine, and Graciano (GRA) and Cabernet Sauvignon (CS) wines as modifiers in volume
proportions of 10 and 25 % each (TEM-GRA 90:10 and
75:25, TEM-CS 90:10 and 75:25). The wines were then filtered through SEITZ K250 filters (2.5–3.0 mm) (Sert Schenk
Filter System GmB, Bad Krevznach, Germany) and finally bottled after correcting the free SO2 level to 30 mg/L.
The different blends and the base wine were analyzed
after 4, 6, 9, 16.5 and 23 months of bottling and storage
at 13 °C and 80–85 % relative humidity. At each ageing
time, two bottles from each wine were combined, homogenized and then analyzed. Wine analyses were performed in duplicate and the mean value was used for
statistical analysis.
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Grapes
Two groups of 100 berries from Vitis vinifera L. cv.
Tempranillo, Graciano and Cabernent Sauvignon used
for elaborating the wines were randomly selected from
the collected samples (5 kg) of each variety. The solid
parts of the grape, skins and seeds, were manually separated, lyophilized and frozen at –18 °C under nitrogen
for subsequent analysis.

Extraction of phenolic compounds from the
solid parts of the grape
Skins
Anthocyanin extracts were prepared by maceration
of 2.5 g of milled skins in 50 mL of methanol/formic
acid (volume ratio of 95:5) for 12 h, the coloured liquid
was separated from the solid matrix and replaced with
fresh solvent twice. The three combined solutions were
concentrated in a rotary evaporator up to 25 mL, avoiding temperatures higher than 35 °C. Distilled water was
added to the sample up to 50 mL and kept at –18 °C under nitrogen until analysis. Each extraction procedure was
carried out in duplicate.
Seeds
Grape seeds were ground using a coffee bean miller
to a particle size of less than 50 mm. Lipids from the
ground grape seeds (0.25 g) were removed by extracting
twice with 40 mL of hexane for 15 min each time. The
lipid-free solid was air-dried and the procyanidins were
extracted with 40 mL of acetone/water/acetic acid (70:
29.5:0.5). The mixture was vortexed and sonicated for 30
min and left at room temperature for 30 min. The extract was then centrifuged at 3000 rpm for 15 min at 20
°C. The supernatant was filtered (Whatman No. 1) and
concentrated to 5 mL using a rotary evaporator under
partial vacuum at 35 °C. Samples were then freeze-dried. Extraction was performed in duplicate. For the
phenolic determinations, 0.02 g of the freeze-dried sample was reconstitued in 1 mL of methanol/water (50:50).

Global phenolic determinations
Extracts from grape skins and seeds, and monovarietal and blended wines were assayed for total polyphenols (TP), total anthocyanins (TA), catechins (CAT)
and proanthocyanidins (PRO).
TP were determined using the method of Singleton
and Rossi (25), which is based on the oxidation of the
hydroxyl groups of phenols in basic media by the Folin-Ciocalteau reagent (mixture of phosphotungstic and
phosphomolybdic acids of yellow colour). Briefly, 0.1 mL
of the sample (wine or extract), 0.5 mL of Folin-Ciocalteau reagent and 10 mL of sodium carbonate solution (75
g/L) were mixed and the volume made up to 25 mL
with distilled water. After 1 h, the absorbance was measured at 750 nm against a blank prepared in the same
way but without the addition of the reagent. Gallic acid
was used as standard to construct the calibration curve.
Analysis was performed in duplicate.
CAT was determined by the method of Swain and
Hillis (26). In this assay, monomeric flavanols, and oligomeric and polymeric proanthocyanidins (tannins) react
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with vanillin in acidic medium to yield chromophores
absorbing at 500 nm. Briefly, 0.1 mL of the sample (wine
or extract) and 2 mL of vanillin (1 % in 70 % chloride
acid) were mixed and the volume made up to 10 mL
with 70 % chloride acid. After 25 min, the absorbance
was measured at 500 nm against a blank prepared in the
same way but without vanillin. (+)-Catechin was used
as standard to construct the calibration curve. Analysis
was performed in duplicate.
PRO was determined as described by Ribéreau-Gayon and Stonestreet (27). The method is based on the
acid-catalyzed oxidative cleavage of the C-C interflavanic bond of proanthocyanidins in butanol-HCl (Bate-Smith method). Briefly, 0.2 mL of the sample (wine or
extract) and 20 mL of butanol/HCl (50:50) (0.54 mM
FeSO4) were incubated at 90 °C for 1 h. After cooling,
the mixture volume was made up to 25 mL with butanol-HCl mixture, and the absorbance was measured at
550 nm against a blank prepared in the same way but
without heating. Cyanidin was used as standard to construct the calibration curve. Analysis was performed in
duplicate.
TA was determined as described by Paronetto (28).
The method was based on the pH structural-dependent
property of anthocyanins. The difference in absorbance
measured at 525 nm when the pH is changed from 3.5
(phosphate-citrate buffer) to 0.1 (1 M chloride acid) was
taken as a measure of total anthocyanins. Considering
that oligomeric and polymeric pigments are more resistant to pH changes than monomeric anthocyanins, the
TA determination mostly included free monomeric or
simple anthocyanins. Malvidin-3-glucoside was used as
standard to construct the calibration curve. Analysis was
performed in duplicate.

Sensorial analysis
The different blends and the base wine were evaluated by the trained taster panel of EVENA (Spain) at the
end of the ageing period (23 months), following the Office International de la Vigne et du Vin (OIV) (29) sensorial analysis tasting cards and recomendations. Visual
attributes (fluency, transparency, hue and vivacity), smell
attributes (cleanliness, intensity, fineness and harmony),
taste attributes (cleanliness and intensity), and taste-smell
attributes (body, harmony, persistence and final sensation) were considered in the evaluation.

Statistical analysis
ANOVA and linear regression analysis of the data
were performed using the PC software package Statgraphics Plus 2.1 (Graphics Software Systems, Rockwille, MD,
USA).

Results and Discussion
Phenolic content of wine blends during ageing
in the bottle
The effect of blending a monovarietal Tempranillo
wine (base wine) with either Graciano or Cabernet Sauvignon wines on the content of total polyphenols (TP),
total anthocyanins (TA), catechins (CAT) and proantho-
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cyanidins (PRO) after 4, 6, 9, 16.5 and 23 months of ageing in the bottle is shown in Fig. 1.
A two-way ANOVA analysis indicated significant
differences (p<0.05) among wines according to both time
(p=0.00) and blend (p=0.00) factors for the content of TA
and CAT. Results for these two determinations are discussed below. However, for TP and PRO significant differences (p<0.05) among wines were only presented in
the function of the ageing time in the bottle, but not
(p>0.05) in the function of the blend factor. TP registered
an increase in concentration after 9 months of ageing
followed by a decrease at 23 months of ageing in the
bottle. These changes are possibly due to the transformation of phenolic compounds into condensed forms
that possess slightly different chemical properties and
reactivities towards the Folin-Ciocalteau reagent (25). In
the case of PRO, their content increased, particularly
during the first months of ageing, followed by a period
(from 9 to 16.5 months) when fewer changes were registered. Considering the principle of this analytical me-

thod (the acid-catalysed oxidative cleavage of the C-C
interflavanic bond of proanthocyanidins) (30), the overall profile of PRO could be the result of the formation of
new phenolic condensation products and of the cleavage
of polymeric proanthocyanidins during ageing, which,
depending on the their size and structural composition,
could render different reaction yields with the Porter reagent (30).
In relation to TA, both TEM-GRA and TEM-CS (90:10
and 75:25, each) blends presented a lower TA concentration than the Tempranillo base wine (TEM) (Fig. 1b).
During bottle ageing, a progressive decrease in the TA
content of the different wines was registered. This behaviour is consistent with the participation of monomeric anthocyanins in numerous condensation reactions
during bottle ageing, mainly including the direct or
acetaldehyde-mediated condensation reactions with flavanols (9,12), as well as their combination with other
small molecules possesing a polarizable double bond
(i.e. pyruvic acid, acetaldehyde, vinylphenols and vinyl-
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Fig. 1. Evolution of total phenols and of different groups of phenolic compounds during ageing in the bottle: (a) total polyphenols
(TP), (b) total anthocyanins (TA), (c) catechins (CAT), (d) proanthocyanidins (PRO). The curves were fitted to the coordinate data according to the distance-weighted least square smoothing procedure
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flavanols), leading to the so called pyranoanthocyanins
(14,15,18,19,31–33). In addition, during wine ageing anthocyanins may also undergo hydrolytic and degradation reactions in minor extension (34). As reported by
other authors (35–38), the anthocyanin decline followed
the first order kinetic, which is defined by the equation
ln[A]=–kt+ln[A]0, where [A] is the pigment concentration (mg/L) and t is the time (months) of ageing in the
bottle.
The reaction rate constant (k) for TA was determined
by calculating the slope of the curve ln[A] vs. t by linear
regression analysis. The reaction quarter-life (t1/4) and
half-life (t1/2), corresponding to the time required for a 25
and a 50 % reduction of the initial anthocyanin concentration, respectively, were also calculated by the equation
t1/x=(lnx–ln(x-1))/k, being [A]0/x the reduced concentration. The results of the kinetic study are presented in Table 2. Independently of the variety of the modifier
(Graciano or Cabernet Sauvignon wine), anthocyanins in
the blends presented an approximately 2-fold faster disappearance kinetic than in the base wine, as can be observed from the t1/4 and t1/2 values. The time required for
a 25 % (t1/4) reduction of the initial anthocyanin concentration in the Tempranillo base wine was approximately
of the order required for a 50 % (t1/2) reduction of the initial anthocyanin content in the blends (Table 2). The
TEM-GRA blends presented slightly higher k values than
the TEM-CS ones, especially in the case of the 90:10
blends. Finally, as expected from the kinetic data, losses
in total anthocyanins registered after 23 months of ageing
in the bottle were also higher for the TEM-GRA blends
(52 % for the 75:25 and 50 % for the 90:10) than for the
TEM-CS ones (45 % for the 75:25 one and 43 % for the
90:10) with the same proportion of modifier wine, being
only 33 % in the base wine. Losses were slightly higher
for the 75:25 blends than for the 90:10 ones, independently of the variety of the modifier wine employed.

Table 2. Dissapearance rate of total anthocyanins in Tempranillo
base wine and in the different blends
t1/4 /month t1/2 /month k/(10–3·month–1)
TEM-BASE
TEM-GRA 90:10
TEM-CS 90:10

R2

16.7

40.3

17.2

0.8797

8.7

20.9

33.2

0.9486

10.5

25.3

27.4

0.9247

TEM-GRA 75:25

8.3

20.1

34.5

0.9407

TEM-CS 75:25

8.7

20.9

33.1

0.9213

t1/4: time required for a 25 % reduction of the initial anthocyanin
concentration
t1/2: time required for a 50 % reduction of the initial anthocyanin
concentration
k: rate constant

Considering the CAT content, the blends presented
higher values than the base wine, with the exception of
TEM-CS (75:25) blend at 16.5 months, and of TEM-CS
and TEM-GRA (90:10) blends at 23 months of ageing
(Fig. 1c). A slight increase in the CAT concentration was
registered during bottle ageing, particularly in the Tempranillo base wine. Since the vanillin reaction used for
the CAT determination is specific of meta-dihydroxyphe-
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nyl moieties and thus of the free A-rings of monomeric
flavanols and of the upper flavanol unit of proanthocyanidin oligomers and polymers (26), this evolution trend
could be the result of the interflavanic bond cleavage of
polymeric proanthocyanidins during ageing (13), generating smaller size molecules and thus increasing the concentration of available end units.
Finally, the wine blends and the base wine were
evaluated by a trained taster panel at the end of the ageing period. The overall rating of the blends was higher
than that of the base wine (67.2/100), in direct relation
to the proportion of modifier wine employed: 77.2 for
TEM-GRA (90:10); 77.2 for TEM-CS (90:10); 79.7 for
TEM-GRA (75:25), and 89.5 for TEM-CS (75:25). Graciano was judged to make a substantial improvement in
the colour and structure of Tempranillo base wine,
whereas Cabernet Sauvignon was recognized as improving the colour of Tempranillo as well as its aromatic
complexity and flavour.

Phenolic content of monovarietal wines,
and grape skins and seeds
In order to explain lower TA and higher CAT contents of the blends in comparison with the base wine,
different monovarietal wines as well as grapes (skins
and seeds) from which these wines were elaborated
were studied. Anthocyanins are mainly located in the
grape skins, whereas flavanols are located in both, the
skins and seeds. Table 3 shows the content of total polyphenols (TP), total anthocyanins (TA), catechins (CAT)
and proanthocyanidins (PRO) in grapes and wines from
Tempranillo, Graciano and Cabernet Sauvignon. In the
case of grape seeds, only TP, CAT and PRO are presented. Tempranillo monovarietal wine presented a slighlty
higher TA concentration than Graciano and Cabernet
Sauvignon wines (Table 3), which explains the lower TA
content registered in the different blends in comparison
with the base wine (Fig. 1). However, when comparing
the TA content of the skins of the three grape varieties,
Graciano skins presented the highest TA content followed by Tempranillo and then by Cabernet Sauvignon
(Table 3). These differences between the TA of the skins
and derived wines could be due to differences in the
thickness of the skins among varieties, which may affect
the anthocyanin extractability under normal maceration
and fermentation conditions.
Graciano wine presented the highest content of CAT,
followed very closely by Cabernet Sauvignon, and then
much lower in Tempranillo (Table 3). These results are
consistent with higher CAT values of the different blends
(Fig. 1). No significant differences (p>0.05) were found
in the PRO concentration between Graciano and Cabernet Sauvignon wines, which were only slightly higher in
comparison with Tempranillo wine. A similar sequence
(GRA>CS>TEM) to that presented for the CAT content
of the wines was found for the CAT and PRO concentration of the grape seeds, although in the case of PRO differences found between varieties were smaller than in
CAT, as observed in the wines (Table 3). However, a different situation was found for the grape skins, Tempranillo showing the highest CAT concentration followed
by Cabernet Sauvingon skins, and then very low in the
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Table 3. Phenolic content of the wine, grape skins and seeds

Conclusions

Monovarietal
wine

In general, the effect of blending with Graciano on
the phenolic composition of Tempranillo base wine was
similar to that of blending with Cabernet Sauvignon.
Significant differences among wines (blends and base
wine) according to the blend factor were observed for
CAT and TA. In fact, it was found that this effect on the
CAT concentration of the base wine most likely originated from the higher CAT content that Graciano and
Cabernet Sauvignon grape seeds presented in comparison with Tempranillo, finally conditioning a higher CAT
level in the monovarietal wines from which the blends
were elaborated. Although the evolution trend of the
different groups of phenolic compounds was very similar in the blends and base wine, the blends presented a
faster anthocyanin disappearance kinetic than the base
wine. Since CAT participate in anthocyanin condensation reactions, the higher content of these compounds in
the TEM-GRA and TEM-CS blends may partially explain their faster anthocyanin disappearance rate when
compared to Tempranillo base wine. Finally, the findings of this work suggest that in terms of the phenolic
content, Graciano wine presents properties similar to
Cabernet Sauvignon for the blends of Tempranillo. However, wine blends from the same varieties belonging to
other production areas and vintages should be studied
in order to confirm the results found in this work.

Tempranillo

Graciano

Cabernet
Sauvignon

TP

1320±11a

1503±12c

1409±11b

TA

596±2b

565 ±10a

553±16a

CAT

829±29a

1262±38c

1092±38b

PRO

1044±63a

1316±25b

1237±43b

1.26

1.04

1.13

TP

18.0±0.3b

16.2±0.3b

11.6±1.3a

TA

18.2±0.6b

22.1±0.4c

16.0±0.5a

Wine

PRO/CAT
Grape skins

CAT
PRO
PRO/CAT

0.50±0.02a

2.05±0.08b

27.7±1.3b

8.1±0.42c

25.4±0.6b

17.3±1.3a

3.42

50.80

8.44

28.5±4.6a

21.8±3.0a

Grape seeds
TP

22.3±2.2a

CAT

54.6±4.1a

117±5c

76.3±2.6b

PRO

40.7±2.0a

57.2±0.5c

53.9±6.6b

0.75

0.49

0.71

PRO/CAT

Mean value (n=2)±standard deviation
Different letters in the same row indicate significant differences
at p<0.05
TP: total polyphenols (gallic acid, mg/L wine, mg/g seeds and
skins), TA: total anthocyanins (malvidin-3-glc, mg/L wine, mg/g
skins), CAT: catechins ((+)-catechin, mg/L wine, mg/g seeds and
skins), PRO: proanthocyanidins (cyanidin, mg/L wine, mg/g
seeds and skins)

Graciano variety. In terms of PRO, Tempranillo and
Graciano skins showed similar levels and higher than
Cabernet Sauvignon. Independently of the grape variety,
the grape skins exhibited a lower CAT and PRO content
than the seeds, in accordance with the results previously
reported by other authors (39–42). The calculation of the
PRO/CAT ratio in wines, skins and seeds in the three
varieties also revealed similarities in the profile of wines
and seeds (TEM>CS>GRA) in comparison with that of
the skins (GRA>CS>TEM) (Table 3). Although flavanols
from grape skins are more easily extracted than from
seeds during maceration and fermentation (in the conditions used in this experiment), these findings strengthen
the idea supported by other authors (11,42) that the
seeds could largely contribute to the flavanol content of
wines, if appropriate maceration time and fermentation
temperature are applied, as in the case under study (14
days at 27 °C). Other authors (43,44) have also found
that Tempranillo grape seeds and wines possess low
flavanol content in comparison with other varieties. Wine
blending is therefore a practical way of increasing the
flavanol content of Tempranillo wines. On the other
hand, Graciano seems an ideal variety for this purpose.
Considering the phenolic potential of this Spanish grape
variety, more effort should be devoted to increase its
production and to optimize its phenolic extraction during winemaking.

Acknowledgements
The authors are grateful to Mr. Julián Suberviola
(EVENA, Navarra, Spain) for providing the wine samples and to Dr. Pedro J. Martín (CSIC, Madrid, Spain)
for his kind assistance with the graph editing. The authors also thank the Agencia Española de Cooperación
International (AECI) for a MUTIS predoctoral scholarship to M.M. and the Spanish Comisión Interministerial
de Ciencia y Tecnología (CICYT) (Project ALI2003-07394
-C02-02) for funding.

References
1. B. Rankine, Blending: A most important aspect of winemaking, Aust. Grapegrow. Winemak. 289 (1988) 17–18.
2. R.B. Boulton, V.L. Singleton, L.F Bisson, R.E. Kunkee: Principles and Practices of Winemaking, Chapman & Hall, New
York, USA (1996).
3. S. Datta, S. Nakai, Computer-aided optimization of wine
blending, J. Food Sci. 57 (1992) 178–182.
4. F. Iacono, G. Nicolini, E. Alonzo, Wine blending techniques and examples of qualitative result definition (sensory properties), Vigne Vin, 26 (1999) 81–86.
5. J.G. Ferrier, D.E. Block, Neural-network-assisted optimization of wine blending based on sensory analysis, Am. J.
Enol. Vitic. 52 (2001) 386–395.
6. R.M. Arnold, A.C. Noble, Bitterness and astringency of grape
seed phenolics in a model wine solution, Am. J. Enol. Vitic.
29 (1978) 150–152.
7. J.L. Robichaud, A.C. Noble, Astringency and bitterness of
selected phenolic in wines, J. Sci. Food Agric. 53 (1990) 343–
353.
8. P. Ribéreau-Gayon, P. Pontallier, Y. Glories, Some interpretation of colour changes in young red wines during their
conservation, J. Sci. Food Agric. 34 (1983) 505–516.

M. MONAGAS et al.: Phenolic Content of Wine Blends, Food Technol. Biotechnol. 44 (4) 507–513 (2006)

9. C.F. Timberlake, P. Bridle, Interactions between anthocyanins, phenolic compounds, and acetaldehyde and their significance in red wines, Am. J. Enol. Vitic. 27 (1976) 97–105.
10. P. Ribéreau-Gayon: The Anthocyanins of Grapes and Wines.
In: Anthocyanins as Food Colours, P. Markakis (Ed.), Academic Press, New York, USA (1982) pp. 209–244.
11. B.S. Sun, T. Pinto, M.C. Leandro, J.M. Ricardo da Silva,
M.I. Spranger, Transfer of catechins and proanthocyanidins from solid parts of the grape cluster into wine, Am. J.
Enol. Vitic. 50 (1999) 179–183.
12. T.C. Somers, The phenolic nature of wine pigments, Phytochemistry, 10 (1971) 2175–2186.
13. E. Haslam, In vino veritas: Oligomeric procyanidins and
the ageing of red wines, Phytochemistry, 16 (1980) 1625–
1670.
14. H. Fulcrand, P.J. Cameira Dos Santos, P. Sarni-Manchado,
V. Cheynier, J. Favre-Bonvin, Structure of new anthocyanin-derived wine pigments, J. Chem. Soc. Perkin Trans. 1
(1996) 735–739.
15. J. Bakker, C.F. Timberlake, Isolation, identification and
characterization of new colour-stable anthocyanins occuring in some red wines, J. Agric. Food Chem. 45 (1997) 35–43.
16. H. Fulcrand, V. Cheynier, J. Oszmianski, M. Moutounet,
An oxidized tartaric acid residue as a new bridge potentially competing with acetaldehyde in flavan-3-ol condensation, Phytochemistry, 46 (1997) 223–227.
17. C. Saucier, D. Little, Y. Glories, First evidence of acetaldehyde-flavanol condensation products in red wine, Am. J.
Enol. Vitic. 48 (1997) 370–373.
18. N. Mateus, A.M.S. Silva, C. Santos-Buelga, J.C. Rivas-Gonzalo, V. De Freitas, Identification of anthocyanin-flavanol
pigments in red wines by NMR and mass spectrometry, J.
Agric. Food Chem. 50 (2002) 2110–2116.
19. M. Schwarz, T.C. Wabnitz, P. Winterhalter, Pathway leading to the formation of anthocyanin-vinylphenol adducts
and related pigments in red wines, J. Agric. Food Chem. 51
(2003) 3682–3687.
20. C. Gómez-Cordovés, M.L. Gónzalez-San José, Interpretation of color variables during the aging of red wines: Relationship with families of phenolic compounds, J. Agric.
Food Chem. 43 (1995) 557–561.
21. G. Mazza, L. Fukumoto, P. Delaquis, B. Girard, B. Ewert,
Anthocyanins, phenolics, and color of Cabernet Franc,
Merlot, and Pinot Noir wines from British Columbia, J.
Agric. Food Chem. 47 (1999) 4009–4017.
22. M. Monagas, C. Gómez-Cordovés, B. Bartolomé, Evolution
of the phenolic content of red wines from Vitis vinifera L.
during ageing in the bottle, Food Chem. 95 (2006) 405–412.
23. I. Budi}-Leto, T. Lovri}, U. Vrhov{ek, Influence of different
maceration techniques and ageing on proanthocyanidins
and anthocyanins of red wine cv. Babi} (Vitis vinifera, L.),
Food Technol. Biotechnol. 41 (2003) 299–303.
24. I. Budi}-Leto, T. Lovri}, I. Pezo, J. Gajdo{ Kljusuri}, Study
of dynamics of polyphenol extraction during traditional
and advanced maceration processes of the Babi} grape variety, Food Technol. Biotechnol. 43 (2005) 47–53.
25. V.L. Singleton, J.A. Rossi, Colourimetry of total phenolics
with phosphomolibdic phosphotungstic acid reagent, Am.
J. Enol. Vitic. 16 (1965) 144–158.
26. T. Swain, W.E. Hillis, The phenolics constituents of Prunus
domestica. I. The quantitative analysis of phenolics constituents, J. Sci. Food Agric. 10 (1959) 63–69.
27. P. Ribéreau-Gayon, E. Stonestreet, Dosage des tannins du
vin rouges et determination du leur structure (Content of
tannins in red wine and determination of their structure),
Chem. Anal. 48 (1966) 188–196.

513

28. L. Paronetto: Polifenoli e tecnica enologica (Polyphenols and
Enological Techniques), Selepress, Milan, Italy (1977).
29. Office International de la Vigne et du Vin (OIV – International Organisation of Vine and Wine), Resolution ENO
2/94. OIV standard for the international wine competitions, Bull. OIV. 67 (1994) 551–597.
30. E. Bate-Smith, Astringency in foods, Food Proc. Packag. 23
(1954) 124–135.
31. V. Cheynier, H. Fulcrand: Analysis of Polymeric Proanthocyanidins and Complex Polyphenols. In: Methods in Polyphenol Analysis, C. Santos-Buelga, G. Williamson (Eds.), Royal Society of Chemistry, Cambridge, UK (2003) pp. 284–
307.
32. H. Fulcrand, C. Benabdeljalil, J. Rigaud, V. Cheynier, M.
Moutounet, A new class of wine pigments generated by
reaction between pyruvic acid and grape anthocyanins,
Phytochemistry, 47 (1998) 1401–1407.
33. M. Monagas, V. Núñez, B. Bartolomé, C. Gómez-Cordoves,
Anthocyanin-derived pigments in Graciano, Tempranillo,
and Cabernet Sauvignon wines produced in Spain, Am. J.
Enol. Vitic. 54 (2003) 163–169.
34. C. Santos-Buelga, E.M. Francia-Aricha, S. De Pascual-Teresa, J.C. Rivas-Gonzalo, Contribution to the identification
of the pigments responsible for the browning of anthocyanin-flavanol solutions, Eur. Food Res. Technol. 209 (1999) 411–
415.
35. J. Bakker, HPLC anthocyanins in port wines: Determination of ageing rates, Vitis, 25 (1986) 203–214.
36. C. Dallas, J.M. Ricardo da Silva, O. Laureano, Degradation
of oligomeric procyanidins and anthocyanins in a Tinta
Roriz red wine during maturation, Vitis, 34 (1995) 51–56.
37. C. Romero, J. Bakker, Anthocyanin and colour evolution
during maturation of four port wines: Effect of pyruvic
acid addition, J. Sci. Food Agric. 81 (2000) 252–260.
38. N. Mateus, V. De Freitas, Evolution and stability of anthocyanin-derived pigments during port wine ageing, J. Agric.
Food Chem. 49 (2001) 5217–5222.
39. J.M. Ricardo Da Silva, J.P. Rosec, M. Bourzeix, J. Mourgues, M. Moutounet, Dimer and trimer procyanidins in
Carignan and Mourvedres grapes and wines, Vitis, 31 (1992)
55–63.
40. V.A.P. De Freitas, Y. Glories, A. Monique, Developmental
changes of procyanidins in grapes of red Vitis vinifera varieties and their composition in respective wines, Am. J.
Enol. Vitic. 51 (2000) 397–403.
41. N. Mateus, S. Marques, A.C. Goncalves, J.M. Machado, V.
De Freitas, Proanthocyanidin composition of red Vitis vinifera varieties from the Douro Valley during ripening: Influence of cultivation altitude, Am. J. Enol. Vitic. 52 (2001)
115–121.
42. M. Monagas, C. Gómez-Cordovés, B. Bartolomé, O. Laureano, J.M. Ricardo da Silva, Monomeric, oligomeric and
polymeric flavan-3-ol composition of wines and grapes
from Vitis vinifera L. cv. Graciano, Tempranillo and Cabernet Sauvignon, J. Agric. Food Chem. 51 (2003) 6475–6481.
43. M. Mayén, J. Mérida, M. Medina, Flavonoid and non-flavonoid compounds during fermentation and post-fermentation standing of musts from Cabernet Sauvignon and
Tempranillo grapes, Am. J. Enol. Vitic. 46 (1995) 255–261.
44. S. Pérez-Magariño, M.L. González-San José, Evolution of
flavanols, anthocyanins, and their derivatives during the
ageing of red wines elaborated from grapes harvested at
different stages of ripening, J. Agric. Food Chem. 52 (2004)
1181–1189.

