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Abstract

Aims: Theaim of this paper isto study the anthocyanin profile of the
monovarietal young red wines from the Appellation of Origin Navarra.
Differentiation of winesaccording to ageand grapevariety (Tempranillo,
Grenache and Cabernet-Sauvignon) was procured using the multivariate
satigtica methods.

Methodsand results Theanthocyanin composition of wineswasandysed
by HPL C'stechnology. Then, the datawere anadysed satigticaly. Inthis
way, principal component analysis and stepwise discriminant analysis
classified correctly samples belonging to the same category. The
anthocyanin 3-monoglucosi des gppeared askey factor inthe differentiation
of wines according to age. Largest relative concentrations in these
anthocyaninswere found in the youngest wines. In addition, aseparation
of winesaccording to variety isobtained interms of their rel ative contents
on the anthocyanin acetate derivatives.

Conclusion: A minimum number of anthocyanin compounds made
classification of winesaccording to both age and grape variety possiblein
thiswork. Cabernet-Sauvignonisthe variety that appeared to differ most
from the rest, because it isthe one that presentsthe mgjor levels of the
MvAc anthocyanin. The malvidin 3-monoglucoside was variable the
highest discriminant power according to age. Using thisvariableexdusively,
80 % of correct classification was achieved.

Significance and impact of study: Theimportance of the anthocyanin
compoundsonthegloba quality of theyoung wine (1 or 2 years-old), has
driven usto redlize thiswork. It isimportant to know the evolution that
these compounds suffer throughout the years in order to apply new
technologies asfor example the microoxygenation.

Key words: young red wines, origin Navarra, wines of the market,
anthocyanic profile, high-performance liquid chromatography (HPLC),
multivariate satistical andys's

Résumé

Objectif : L'objectif de cetravail est détudier le profil anthocyanique
desvinsrougesjeunesmonocépagesdel’ Appellation d Origine Navarre.
Ladifférenciation desvinsselon I'age et le cépage (Tempranillo, Grenache
et Cabernet-Sauvignon) a été menée en utilisant les andyses satistiques
multivariées.

Méthodesand résultats: Lacomposition anthocyanique desvinsa été
analysée par la technologie du CLPH. Les données ont été traitées
statistiquement. L'analyse en composantes principales et I'analyse
discriminante ont classé correctement lesvins de laméme catégorie. Les
anthocyanines 3-monogl ucosi des gpparaissent comme un facteur clef dans
ladifférenciation des vins en fonction de I'ége. Les plusjeunesvins
présentent les plus fortes concentrations relatives en anthocyanines. De
plus, une séparation des vins selon le cépage est obtenue sur le plan des
teneurs relatives des dérivés acétates des anthocyanines.

Conclusion : Un nombre minimum de composés anthocyaniques permet
laclassification des vins en fonction de 'age et du cépage. Le Cabernet-
Sawignon est le cépage qui montrele plusdedifférences, car il alesniveaux
les plus éevés en anthocyanine MvAc. Lamalvidine 3-monoglucoside
présentele plusgrand pouvair discriminant en fonction del'age. En utilisant
exclusivement cette variable, on classe correctement 80 % desvins.

Signification et impact de I'éude : L'importance des composés
anthocyaniques sur laqualité globale du vin jeune (1 ou 2 ans) nous a
amenéarédiser cetraval. Conndltrel'évol ution de ces composés aul cours
des années permet " application de nouvelles technol ogies, comme par
exemple lamicrooxygénation.

Motsclés: vinsrougesjeunes, origine Navarre, vins de marché, profil
anthocyanique, chromatographieliquide haute pression (CLPH), analyse
Statistique multivariée
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INTRODUCTION

Recently, most wineries of theworld tend to produce
high quality young wines, as well as to produce the
traditional aged wines, thus expanding their range of
products to satisfy the demand of the market dueto the
changes onthe consumers habits. Inthissense, oneisin
the habit of the young wine destining for daily
consumption, whereas aged for the big occasions.

Inrelation to young wines, they are distinguished to
befull of floral and fruity aromas, which makethe youth
of thewinesto be desired atributes. Therefore, ayoung
wine should not be consumed after two or three years
of thevintage date, which showsup on their |abdl, because
the quality of fruity and freshness characters, as soon as
the colour, arethefirgt to deteriorate. Among young red
wine condtituents, the anthocyanin phenolic compounds
(belonging to the flavonoids family) play an important
role. Anthocyanins are substancesthat take part in severa
physico-chemical properties, but also in some sensory
characters. Inthisway, they arethe principa components
responsiblefor colour differences, but dso they contribute
to the gustative sensation of wines (Jackson et al., 1978;
Bertolucci et al., 1989; Glories, 1999).

We can find several studies about anthocyanin
composition of grape and wines. Mogt of these studies
arefocused on the characterisation of grapevarietiesand
wines (Wulf and Nagel, 1978; Roggero et al., 1986;
Hebrero et al., 1988; Santos-Buelgaet al., 1991; Ortega
etal., 1992; Cadiaet al., 1992; NUfez et al., 2001; Burns
et al., 2002). On the other hand, stetistical multivariate
methods of andyssarecrucid toolsfor theinterpretation
and comparison of physico-chemical dataof wines. Thus,
the use of these techniques has devel oped appreciably in
the last years solving the problem of wine origin
identification (Garcia-Jares et al., 1993; Mazzaet al.,
1999; Sivertsen et al., 1999 ; Arozarenaet al., 2000).

Theimportance of the anthocyanin compounds on
the global quality of the young wine has driven usto
redizethiswork. Theaimisto determinethe anthocyanic
composition of red young winesof Navarre. Inthisway,
multivariate datigtica techniques, asprincipa component
andysisand sepwise discriminant anays's, were applied
to study the clustering of young wines, according to age
and variety depending on their anthocyanin profile.

MATERIALSAND METHODS
1. Materials

The samples used in this work correspond to
monovarietal young red wines from the 1999 and 2000
vintagesand have the « Appellation of Origin Navarra».
They were produced from two characteristic grape
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varieties of Spain (Tempranillo and Grenache) and the
last one come from France origin: Cabernet-sauvignon.
Asadl sampleswere commercia wines(i.e. bought inthe
market), the winemaking process for each wine is
unknown. We andysed anumber of 25 wines, al &t the
sametimein year 2000. Each wine bottle sample was
replicated twice and all chemical determinationswere
madein triplicate.

2. HPL.C equipment

The high-pressure liquid chromatography (HPLC)
apparatus used to analyse the anthocyanin composition,
consisted of a Waters 2690 Module of Separation
connected to a Waters 996 diode array detector (DAD).
Anthocyaninswere separated on aNova-Pack C18 (15cm
x0,20cmi.d., 4 pm particle sze) column. Datatrestment
was carried out using the Millipore 2010 Millenium
oftware,

3. Chromatographic analysis

Anthocyanins were analysed using an established
method by Hebrero et al. (1988). First, 30 mL of wine
wasdried to drynessin arotavapor at 30°C. Theresidue
wasredisolved to 5 mL with a« synthetic wine», which
consgsted of asolution of 0,5 % tartaric acid (w/v) with
10% ethanal, adjusted to pH 3,2. After filtration of afew
millilitres of solution through aMillex-HV Millipore
0,45 pum filter. Sample volumes of 20 pL of thefiltrate
wasused for HPLC andyss. A flow rateof 0,20 mL/min
a ambient temperature was used. Solvent A was5 % (V:v)
formic acid in water (Formic acid 98 %, from J.T. Baker,
Holland), and solvent B was acetonitrile (HPLC grade,
from Merck, Germany). The gradient of solvent B varied
asfollows: 10 % to 20 %, 0-20 min; 20 %, 20-28 min;
and 20 % to 24,2 %, 28-35 min. Elution was performed
simultaneoudly at the spectrum range 250 nm-550 nm.
Theidentification of anthocyaninswas made onthebasis
of their elution order and spectra properties of different
compounds (Wulf et al., 1978; Hebrero et al., 1988;
Arozarena et al., 2000). The quantification of each
identified anthocyanin was carried out at 525 nm and
expressed in grams per litre of malvidin 3-O-p-
glucopiranosi de (which was used asthe standard: Refer.
1601-1. HPL C-purity, from Polyphenols Laboratories,
Norway) through the calibration curves obtained within
aconcentration range between 1 and 900 mg/L, with linear
correlation coefficients gregter than 0,999. Both, Sandards
and sampleswere determined in triplicate.

4. Statistical analysis

The gatistical methods employed belong to Satitical
multivariaie analyss. Anaysisof variance of anthocyanin
data, according to vintage and variety, wasfirst employed
asapreliminary estimation of the discriminating power
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of eech variable. In addition to the gpplication of variance
analysis, aprincipa component anayss (PCA) carried
out on the covariance matrix, was used to reduce the
number of dimensions of the system in order to clarify
itsinterpretation and to observe the possiblerdationships
between different groups of wines (age, varieties) and
specified variables. Finally, a stepwise discriminant
andysis(SDA) wasemployed to sdlect those compounds
with the grester capacity to separate and classify wines
into different categories. Application of these multivariate
techniques were computed using Statgraphics Plus
statistical analysis software for Windows, version 5.1
(Statigtical Graphics Corporation, USA).

RESULTSAND DISCUSSION

Although 15 anthocyaninswereidentified, many were
present in only trace amounts; therefore, for quantitative
studies the levels of only 12 anthocyanins were
determined: the 3-monoglucosides of delphinidin (DfG),
petunidin (PtG), peonidin (PnG) and mavidin (MvG);
theacetyl derivatives of 3-monoglucosidesof delphinidin
(DfAC), petunidin (PtAC), peonidin (PnAc) and mavidin
(MvAC); the mavidin-3-monoglucos de-caffecate (MvCF)
and the petunidin, peonidin and malvidin-3-
monoglucos de-p-coumarates (PtCu, PnCu, MvCu
respectively). The delphinidin-3-monoglucoside-p-
coumarate eluted at the same time as the acetate of
malvidin-3-monoglucoside. Then, the former could not
be analysed. Figure 1 shows the structure of each
anthocyanin.

Therdative amounts of individud anthocyaninswere
expressed as a percentage of the combined levels of the
twelve anthocyanins identified (table 1). The
3-monoglucoside of malvidin wasthe major component
indl of thewines Thushad confirmed by severd authors
(Roggero et al., 1986; Santoset al., 1991; Arozarena et
al., 2000). Itscontribution to thetota anthocyanin content
ranged from 39,07 % (wine 7) to nearly 70 % (wine 22).
The Cabernet-Sauvignon wasthe variety that showed the
lowest concentration of thisanthocyanin, while Grenache
was characterised by their high content.

Raw data were statistically analysed. Firstly, the
variance analyse applied to anthocyanin data (table 2)
indicated a variability between vintages. In this sense,
themost important compound was MvG, with the highest
F vaue. However, MvCf and DfAc also contribute to
winedifferentiation. With respect to relative anthocyanin
composition of varieties analysed, MvAc (with avery
high F value) and PtG were the most discriminating
variables.

By application of PCA to the raw data, the results
obtained showed that from twelve principa components
obtained, thefirst four with eigenva ues greater than unity
were sdlected, accounting for dmost 83,4 % of variance
(Wefind the variance on the new componentsthat were
successively extracted. These values are expressed asa
percent of thetotd variance and thesum of theeigenvaues
isequa to the number of origina variables. And so, the
variances extracted by the components are called the
elgenvalues).

R, R2 R3

Compound

OH OH Glucose
OCH; | OH Glucose

OCH; | OCH3 | Acetyl-Glucose

Malvidin(MvCu)

OCH; | OCH; | Caffeoate-Glucose Acetyl 3-Glucoside of Peonidin

3-Glucoside of Delphinidin (DfG)
3-Glucoside of Petunidin (PtG)

OCH; |H Glucose 3-Glucoside of Peonidin (PnG)

OCH; | OCHs | Glucose 3-Glucoside of Malvidin (MvG)

OH OH Acetyl-Glucose Acetyl 3-Glucoside of Delphinidin

OCH; | OH | Acetyl-Glucose (DfAc)

OCH; | H Acetyl-Glucose Acetyl  3-Glucoside of Petunidin
(PtAc)

(PnAc)

H H -C l- g iy
BCHy. |0 %Iggz;aroy Acetyl  3-Glucoside of Malvidin
OCH; |H . | (MvAc)

-Co - . - g
OCH; | OCH; ’glucz:;amy Caffeoate 3-Glucoside of Malvidin
p | (MvCH)
2= i - Fi 3 e
glugzggqmy Coumaroyl 3-Glucoside of Petunidin
(PtCu)
Coumaroyl 3-Glucoside of Peonidin
(PnCu)
Coumaroyl 3-Glucoside of

Figure 1 - Structure of anthocyaninsidentified
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Table2 - Analyse of variancefor anthocyanin measurements.
Mean values (+ sandard errors) and F ratiosfor each vintageand variety

Vintage Variety"
Variable 1999 2000 F ratio o Grenac. Cab :m - | Fratio
DIG | G Gas | M| Gw  om om | 22
PG | Ga o4 | %0 | ox  oss oe | 8
PG | G o4 | 07 | o4 os1 oo | O
e Pl £ B P P
oiAc | Ges om |'S77| oo Teo  rs | b
PAc | Gor oz 27| G o oa | 20
mAc | g% gx | O | o2s  Gas o9 | M
wae | T Sor | 03 | oer die 1 1357
PtCu 2)6] > %:’; s | 1337 09017 136; }J‘g s | w
mea | Gis oaa | SU | cua oas gm0
wen | Ghe Wl o7 | Gy G o 2
MOt | 513 ous BT| Gie o om | O

arempr.: Tempranillo; Grenac.: Grenache; Cabern.-s.: Cabernet-sauvignon.
*Sgnificant at Pvaue< 0,05. ** Significant at Pvaue< 0,01. ***Significant at Pvalue< 0,001 (LSD

method).

Figure 2 shows samples projection into asubspace of
maximum inertia (PC 1 and PC 4 explainthe 39,5 % and
11,1 % respectively of total variance), aswell asthe
component weights of variables. On this biplot we can
visudise samples differences, positive or negative
correlations between variables, and the rel ationshipsthat
may exist between groups of wines and anthocyanin
variables. It isevident that the first eigenvector (PC 1)
essentidly discriminatesthe sampling years. Thisprincipa
component was positively related to the content of
anthocyanin 3-monoglucosides, especialy MvG. The
youngest wines (1-year-old wines) were grouped on the
positivesdeof axisPC 1, dueto high values obtained for
the monoglucoside compounds (seetable 2). Thereverse
was observed for 2-year-old wines, which have the higher
levels of acylated anthocyanins.

In short, the PC 1 separating the wines by agewas a
function of theinversdly correlated variables, MvG and
theacylated derivaives PtAc and DfAc, principaly, which
is demonstrated when Pearson's correlations were
determined (table 3).

-115-

The previous results were confirmed by the
correspondent SDA, applied to all wines samples or
separately to each vintage sample. Theseandysesalow
selecting the variables with greater capacity to separate
and classify winesinto different categories, either ageor
varieties.

Theresults of SDA according to age, applied to dl
wines samples, are presented in table 4. After only two
geps, adiscriminant model according to agewas obtained.
MvG varigble was selected at thefirst step. Using this
anthocyanin variable exclusively, 80 % of correct
classification was achieved and it wasthe variable with
the highest discriminant power. At one subsequent step,
the model was completed with the entry of MVAc
variable. The percentage of correct classfication finaly
obtained was 92 % for two vintages. It was observed that
MvCf and DfAc which showed asubgtantia discriminant
power from an individua point of view (table 2), were
not included in this multivariate model. Asit has been
mentioned before, both compounds were significantly
correlated between them and correlated with MvG
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Figure2- Principal componentsbiplot for PC 1
and PC 4. Vector loadingsand distribution
of samplesaccordingto age

Table 3 - Significant Pear son's correlations
between anthocyanins

Pairs of variables r P value’
PtCu — DfAc 0.9264 0.0000
PtCu - PtAc 09105 0.0000
PtCu - MvCf 0.8816 0.0000
MvG - PtAc —0,7932 0.0000
MvCf - DfAc 0.7898 0,0000
MvCf— PtAc 0,7642 0.0000
MvG - MvCf - 0.7561 0.0000
MvG — DfAc —0,7386 0.0000
MvG - PtCu - 0.,6834 0.0002
DIG - PtG 0.6704 0.0002

* P values below 0,05 indicate statistically significant non-zero
correlations at the 95 % confidence level.

(table 3), therefore, it can be assumed that the presence
in the model of al four variables would have been
redundant.

Figure 3 shows the distribution of samples as a
function of their relative MvG and MvAc contents. A
clear separation of 2-years-old winesfrom the 1-year-old
wineswas observed. Thefirgt group of winesispostioned
on thelow part of the plot, because of their low MvG
content.

On the other hand, table 5 showsthe results of SDA
according to variety, applied to all wines samples. By
means of this analysis we attempted to differentiate the
wineswith regard to the variety from which they were
produced. In this case, three steps were necessary to
complete the discriminant model. Thefirst variable of
themodd wasMvAc, and athough the 60 % of al wines
wereclassfied inthereal category, this percentage went
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Figure3- Classfication of winesaccording
toagein the planeof discriminant variables
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Figure4 - Classification of winesaccording
tovariety in the plane of discriminant functions

upto 100 % in the case of the Cabernet-Sauvignon variety.
Correct classification gradudly improved through the
following steps, but less markedly. As seem, DF 1 was
the discriminant function with the highest discriminant
power according to its eigenvalues and P-value. The
anthocyanin variable MvAc showed the greatest
contribution to DF 1.

Figure 4 represents the distribution of winesin the
plane of DF 1 and DF 2. A clear separation of Cabernet-
Sauvignon wines can be seen dueto relaively high MvAc
content and agrouping of Tempranillo winesdueto higher
PtG content that the other varieties. Only, these
anthocyanin compounds presented significant differences
between varietiesin the anaysis of variance (table 2).

With the objective to separate the possible influence
of vintage year and to improve the results obtained, we
carried out aSDA by grape variety, for each vintage. In
thisway, table 6 shows the results of SDA applied to
the 1999 vintage (2-year-old wines). After four stepsa
discriminant model includestwo discriminant functions
with four variables sdlected. Thesevariablesachieved to
classify 100 % of thewinesinto their correct varieties.

Figure5 display thedistribution of samplesaong the
two discriminant functions. A dlear separation of thethree
varietieswas observed. Cabernet-Sauvignon and Greneche
wines were positioned on the upper part of the plot,
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Table4 - Stepwisediscriminant analysisaccor ding to age (1 or 2 year-old)

Selection of variables % of wines correctly Standardised coefficients of DI

classified

Step Variable F-to- Total 2 years 1 year DF 1

enter

1 MvG 32,40 80 83,3 76,9 1,21

_2 MvAc 4,04 92 83,3 100 0,60
Eigenvalue of DF 1,75

P value of DF 0,0000

aDF (discriminant function).

Table5 - Stepwise discriminant analysisaccor ding to variety. Total wines

Selection of variables % of wines correctly Standardised coefficients of DF*
classified”
Step Variab F-to- Total Tempra Grena CbSv DF 1 DF 2
le enter f "
1 MvAc 13,50 60 43,75 80 100 1,28 -0,07
2 PtG 8,00 80 68,75 100 100 0,04 -0,98
PnAc 7,00 88 87,5 80,0 100 0,94 -0,39
Eigenvalue of DF 2,50 0,90
P value of DF  0,0000 0,0012

8 dentification of varieties: Tempran. (Tempranillo); Grenac. (Grenache); CbSv (Cabernet-
Sauvignon).
bDF (discriminant function).

Table 6 - Stepwise discriminant analysisaccor ding to variety in 2-year-old wines

Selection of variables % of wines correctly Standardised coefficients of DIF*
classified”
Step Variab F-to- Total Tempra Grenac CbSv  DF 1 DF 2
le enter #

1 DfAc 12,76 58,3 50 100 50 2,05 -0,33
2 MvAc 12,51 100 100 100 100 -0,93 0,96
3 MvG 4,46 100 100 100 100 1,32 1,65
4 PtAc 4,52 100 100 100 100 -0,21 2,14
Eigenvalue of DF 11,50 6,22

P value of DF  0,0000 0,0020

g dentification of varieties: Tempran (Tempranillo); Grenac (Grenache); CbSv (Cabernet-sauvignon).
bDF (discriminant function).
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Table7 - Stepwisediscriminant analysisaccor ding to variety in 1-year-old wines

Selection of variables

% of wines correctly
classified’

Standardised coefficients of DI

Step Variab F-to- Total Tempra Grenac CbSv ~ DF 1 DF 2
le enter
n
1 MvG 10,00 84,0 75 100 100 1,02 -0,19
2 MvCf 4,59 923 875 100 100 0,48 0,93
Eigenvalue of DF 2,31 0,83
P valueof DF  0,0018 0,0165

g dentification of varieties: Tempran (Tempranillo); Grenac (Grenache); CbSv (Cabernet-sauvignon).

PDF (discriminant function).

X

-_\ L I =] L 1 I |__
-5 3 -1 1 3 5 7

Figure5 - Classification of 2-year-old winesaccor ding
tovariety in the plane of discriminant functions

wheress Tempranillo wines on the lower part. That isto
say, the DF 2 allowed discriminate Tempranillo wines
from the others because of their lower content of
anthocyanin PtAc and their high content of MvG (table 1),
since these two compounds to a great extent defined
discriminant function DF 2. Moreover, DF 1 achieved a
better differentiation of thethreevarieties. Thevariables
DfAc (positively) and MVAc (negatively) definethis
discriminant function DF 1 and, therefore have he highest
discriminant power. Cabernet-Sauvignon wines were
positioned on theleft hand Side of the plot because of their
high MvAc concentration. Grenache wines were
positioned on the right hand side. These wines are
characterised by their high DfAc content. Tempranillo
wineswere positioned in between.

Findly, theresults of SDA according to veriety, applied
to the 2000 vintage (1-year-old wines) are presented in
table 7. The discriminant model was completed after two
steps and the variables selected were the anthocyanins
MvG and MvCf. These two compounds represent a
significant Pearson's correl ation coefficient (-0,756). The
variable MvG isthe most important in this model and
allowed the classification of 85 % of winesinto their
correct groups. The separation of varietiesis showed in
figure 6. DF 2 managed to differentiate Tempranillowines
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Figure6 - Classfication of 1-year-old winesaccording
tovariety in the plane of discriminant functions

from the others, because of their high MvCf content,
whereas DF 1 separated Cabernet-Sauvignon samples
rather well duetoitslow MvG content. However, no good
separation of Tempranillo and Grenache wines were
obtained, athough Grenache winesare positioned onthe
right hand side of the plot because of its high MvG
concentration.

CONCLUSION

The results show that a minimum number of
anthocyanin compounds made classification of wines
according to both age and grape variety possiblein this
work. Varietal differentiation of the wines was more
complicated, partly duetothefact thet the vintage exerted
an important influence. Thus, when we individually
anaysed each vintage it was possible to obtain a better
differentiation of winesaccording to variety. Inthissense
the Cabernet-sauvignon wasthe variety thet showed most
differences. The anthocyanins MvAc and MvG played
an evident role in this differentiation, the Cabernet-
sauvignon wines being characterised by their high
anthocyanin acetate derivatives concentration, specificaly
MvACc, and their low MvG content. Thisis consstent with
theresultsof other authors obtained in wines of the same
varieties (Roggero et al., 1986; Ortega et al., 1992;
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Arozarena et al., 2000; NUiiez et al., 2001; Burnset al .,
2002; Garcia-Beneytez et al., 2002). With regard to the
age of thewine, it istempting to speculate that the older
wines are lower in the anthocyanic content because of
changesin the chemical composition during aging. This
fact influences, among others, in their chromatic
characterigtics Therefore, the consumption of young wines
could be during their first yesr.

Inany case, the study of agreater number of samples
and the possihility to goply HPLC-MSUV andysis(Burns
etal., 2002) will be necessary in order to completeand to
improvetheseresults.
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