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Summary: A red winewas matured in contact with 4 g/L of oak wood chips from Portuguese (Quercus pyrenaica Willd.),
French (Quercus petraea L.) and amixture (50:50) of this two oak wood species, during 13 weeks, in order to evaluate the
effects of these different oak wood chip species (specialy Portuguese oak wood) on the phenolic composition evolution of
thewineand in their sensory properties.

In generd, for the phenolic compounds studied, it wasn't possible to detect remarkable differences between the control wine
(aged without oak wood chips) and thewines aged in contact with the two oak wood chips species used. However, for non-fla:
vonoid phenols, the presence of oak wood chips contributed to an increase of these compoundsin red wines. Theinfluence of
oak wood chipsin anthocyanins evolution were similar for al wines, except for malvidin-3-glucoside, which decrease was
more evident for the wine aged in contact with oak wood chips. The oak wood chips species and the chips concentration used
inthisstudy, didn't affect the proanthocyanidin contentsin the wines during the time considered.

Sensory results showed that, the wines aged in contact with Portuguese and French oak wood chips and the mixture of thistwo
oak wood species, differed sgnificantly from the control winein several sensoria characteristics. The wines aged in contact
with wood chips showed a higher punctuation values for intensity, toasted, wood and vanillin aroma, taste intensity and glo-
bal appreciation. This positive effect was more evident for wines aged with Portuguese oak wood chips. Probably thisresults,
suggest that the Portuguese oak wood samples species (Quercus pyrenaica Willd.) used could be considered suitable for bar-
rel production becauseit has apositively effect in sensoria red wine attributes. Thuswith this study we tried to contribute for
understand the Portuguese oak wood rolein red wine characterigtics.

Résumé Unvin rouge aété élevé pendant 13 semainesen présencede4 g/l de copeatix de boisde chénes portugais (Quercus
pyrenaica Willd.) et frangais (Quercuspetraea L) aind qu’' un mélange des deux espéces, danslebut dévauer leseffetsde ces
deux types de bois de chéne (en particulier e portugais), sur lacomposition phénoliquedu vin, aing que sur ses propriétés sen-
sorielles.

En généra, pour les composés phénaliques éudiés, il n'apas été possible de détecter de différences remarquablesentrelevin
témoin, devé sans copealix de bois de chéne, et lesvins devés, avec les deux epéces de copeaux de chéne. Toutefois, lapré-
sence de copeauix de bois de chéne a contribué pour I'enrichissement des vins en composés phénoliques non-flavanoides.
L'influence des copeaux de chéne sur I'évol ution des anthocyanines a été tres semblable danstousles vins, sauf pour lamalvi-
din 3-glucoside, pour laquelle, labaisse de concentration aété plus évidente pour le vin éevé en présence de copeauix. Laconcen-
tration en proanthocyanidines dans les vins n'a pas &€ affectée par | es différentes espéces de copealix de bois de chéne.

Du point devue sensoridl, lesvinsélevés en présence de copeauix de chénes portugais et francais ou du mélange des deux bois,
présentent des différences significatives par rapport au vin témoin. Lesvins élevés avec les copeaux de chéne ont été bien
évauéspour lescaracteresboisé, vanillé, grillé, I'intensité du go(it et I' appréciation globale. Cet effet positif aété plus évident
dans e cas des vins rouges élevés en présence de copeaix de chéne portugais. Ces résultats suggérent que l'espéce de bois de
chéne portugai's (Quercus pyrenaica Willd.) pourrait étre utilisée en tonnellerie, car elle amontré des effets assez positifs, en
particulier lorsdel’ andyse sensorielle.

Mots clés: vin rouges, copeaux de bois de chéne, composés phénoliques, analyse sensorielle
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INTRODUCTION

The production of barrique winesisacurrent way of
further processing of natural red and white wines. The
maturing of thewinesin toasted osk-barrels changesthem
and emphasises some of their characteristics. The phe-
nolic and sensory characteristics of red wine ageing in
oak wood barrd sdepends on the qudity of thebasicwine
(LASZLAVIK etal., 1995), the speciesand origin of oak
wood (JNDRA and GALLENDER, 1987; CHATON-
NET et al., 1997; GONZALEZ-MENDOZA and
POMAR, 2001; GONZALEZ-SAN JOSE and
REVILLA, 2001), thelevel of toasting and charring of
the barrel wood (REAZIN, 1981; CHATONNET et al,
1989), the dissolved oxygen inwines and barrel volume
(MOUTOUNET et al., 1998; PEREZ-PRIETO et al .,
2002) and finally the ageing time (KADIM and MANN-
HEIM, 1999).

Many condtituents can be extracted from savesduring
ageing in barrels: ellagitannins (PENG et al., 1991;
VIRIOT etal., 1993;) and tannins, gdlic, ferulic, vanillic
and dlagic acids, vanillin, coumarins and a great num-
ber of volatile compounds (MOUTOUNET et al., 1989;
CHATONNET etal., 1990; CHATONNET etal., 1997,
PEREZ-COELLO et al., 2000; ESCALONA etal.,
2002). Derivatives of benzoic and cinnamic acidsarethe
main phenolic compounds that give the typical charac-
ter to the wines ageing in barrels. Further compounds
found inthe wines are 2-furaldehyde and its derivatives
thet are products of sugars degradation during toasting of
thewood (CHATONNET etal., 1989; CUTZACH etal.,
1997, GOLDBERG et al., 1999). On the other hand, the
presences of derivatives of 2-furaldehyde and vanillin
have asignificant effect in wine aromatoo (SINGLE-
TON, 1995; MARTINEZ et al., 1996).

Phenalic compounds contribute directly or indirectly
to colour, astringency, bitterness and aroma of barrique
wines. Determination of this group of compoundsis
important since they can characterise variaionsin wine
typesgyles, inwinemaking and in maturation processes.
On the other hand, more studies has been made about
these compounds, because their antioxidant properties
(SHAHIDI and NACZK, 1995; SHRIKHANDE, 2000;
HOLLMAN, 2001).

During the maturation of red wine in oaks casks or
using oak wood chips, and mainly in toasted barrels or
chips, severa changesin red wine phenolic compounds
occur. Anincrease in the content of phenols extracted
from thewood was dready reported. The amount of phe-
nolics extracted into wine depends on ageing time, oak
type, size and the possibility of the barrel having been
used (ROUS and ALDERSON, 1983; JINDRA and
GALLENDER, 1987, LASZLAVIK et al., 1995; PISAR-
NITSKII, 1995, GONZALEZ-SAN JOSE and
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REVILLA, 2001; CHATONNET etal., 1997; HO et al.,
2001).

The chemical differences between most oak wood
species used for ageing wines (Quercus robur, Petraea
and alba) and their influence onwine quality wereputin
evidencein previoudy studies. Meanwhile, theinfluence
of Portuguese oak wood (Quercus pyrenaica Willd.) in
phenolic and sensorial properties evolution of red wine
is not usua in the research works. Severa studies
(BELCHIOR et al., 1998; CANAS et al., 2000 &
JORDAO et al., 2005) demonstrated that this species
containslarge quantities of extractable substances (vola-
tile compounds and ellagitannins) and for some of them
the content issimilar to quantified in French oak species.
Quercus pyrenaica species, occupies apart of the north
Portuguese forests, but usualy is not used expressively
inwinematuration. In Portugal, thisoak wood speciesis
traditionally used for brandies ageing (CANAS et al.,
2000 b).

Thus, the aim of our study was evaluate the time-
dependent changesin the phenolic compounds and sen-
sory propertiesin one red wine matured in contact with
Portuguese (Quercus pyrenaica Willd.), French (Quercus
petraea L.) and amixture containing thistwo oak wood
chip species (50:50). On the other hand, al parameters
Studied in wines aged with the different oak wood chips
were compared with the values quantified in the standard
wine (aged without oak wood chips).

MATERIAL AND METHODS
I - WINE

Thewineused in thisstudy wasa 2002 vintage mix-
ture of 5 different red grape varieties (Trincadeira Preta,
Casteldo, Cabernet Sauvignon, Touriga Nacional and
Syrah) eachiin 20 %, fromavineyardin Indituto Superior
de Agronomia, Lisbon. Thewine was mede by aclass-
cal wine making technology, with amaceration time of
10 days. The wine main characteristics were thefollo-
wing: ethanol 10.5 % (v/v), pH 3.43, total SO268 mg/L,
titratable acidity 4.95 g/L and volatile acidity 0.68 g/L.

I1 - OAK WOOQOD CHIP SAMPLES

In Portugal severd forest regionswith oak treesfrom
Quercus pyreniaca Willd. specieswith apotential useby
cooperage companies it is possible to be found.
Nevertheless, in this study, we used only oak wood chip
samplesfrom Gerésforest (one of the most important
Portugueseforest where Quercus pyrenaica Willd. ispre-
sent). Thus, Portuguese oak wood samples from Gerés
region and French (Quercuspetraea L) from Allier region
wereusad inthiswork. All oak wood chips samplesused
(particleswithasizelessthan 2 mm) presented amedium
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toasting (20 min a temperature on the wood surface 160-
170°C) andagrain of 3.0to0 3.5mm.

[11 - EXPERIMENTAL CONDITIONS

A tota of four assays (in duplicate) were madein this
study, using 10 L of red winein each assay: red wine +
4 g/L of oak wood chipsfrom Q. pyrenaica; red wine +
4 g/L of oak wood chipsfrom Q. petraea; red wine+ mix-
ture of Q. pyrenaica and Q. petraea (50:50) and control
wine (without oak wood chips). Thus, after the malo-
lactic fermentation, the wines were aged in contact with
oak wood chips, in the dark for 13 weeks at atempera
tureranged from 16 to 18 °C.

IV - CHEMICAL ANALYSIS

Thewineusedin our study wasanalysed for pH, titra-
table and volatile acidity, acohol level, SO2 leve, total
phenolsindex and total anthocyanins, colour density and
hue, using the analytical methods recommended by the
OIV (1990). During red wine ageing, tota phenols and
flavonoid phenols determinations, were anadysed asdes-
cribed by SOMERS and EVANS (1977). For non-flavo-
noid phenols, amethod described by SINGLETON et al.
(1971) was used.

For fractionation of wine proanthocyanidins accor-
ding to their polymerisation degree: catechins (mono-
mers), oligomeric and polymeric fraction, a method
described by SUN et al. (1998 &) was used. For each frac-
tion obtained previoudy, the quantification of flavanols
was performed by the modified vanillin assay presented
by SUN et al. (1998 b). All determinations were done
induplicate.

V - CHROMATOGRAPHIC ANALY SIS

For andysisof individua anthocyaninsfromwinethe
apparatus used was a Perkin Elmer system (Norwalk,
USA), equipped with a410-L C pump, asolvent pro-
grammer Model 420, and amanud injector (Rheodyne
7125-A) fitted with @20 °L [oop. The column (250 x
4.6 mm, particle size 5 um) was a C18 LiChrospher®
100 (Merck, Darmsdadt, Germany) protected by aguard
column of thesamematerid. The solventswere (A) 40 %
formicacid, (B) pure acetonitrileand (C) bididtilled weter.
Theindividua anthocyaninswere anayzed by HPLC
using the method described by DALLAS and LAU-
REANO, (1994). Thus, initial conditionswere25% A,
10%B, and 65 % C, followed by alinear gradient from
10to 30% B, and 65 to 45 % C for 40 min, with aflow
rate of 1 mL/min. The detection was made at 520 nm
using aKonik detector coupled to aK onichrom datatregt-
ment station (Konik Instruments, Barcelone, Spain). Al
analyseswere made in duplicate.
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VI - SENSORY EVALUATION

After 13 weeks, two replicates of eachwinesample
were reunified and stored 24 hours at room tempera-
ture beforeanadysis. The sensory analysiswas performed
at 20-22 °C in asensorial analysesroom with indivi-
dud cabinsfor each expert. In the session about 30 mL
samples were presented in coded and a 150 mL senso-
rial wine glass were used. Eleven expert judges of the
FerreiraLapa Laboratory evaluated the several wines.
Thewineswere eva uated using different descriptorsfor
colour (intengity and hue), aroma (intengity, fruited, vanil-
lin, wood, and toasted), taste (intengity, body, astringency,
equilibrium and persistence) and globd gppreciaion. The
judgeswere asked to evauate the samplesonal- 7 point's
quality scale (1 lessand 7 more intense) for each cha-
racterigtic, according to their sensory knowledge, trai-
ning and experience.

VIl - STATISTICAL ANALY SES

In order to study the influence of the two oak wood
chips species and the mixture of the oak speciesstudied
insensorid evauation of thewines, anandysisof variance
and comparison of treatment means (ANOVA, one-way)
was performed using SPSS software program version
11.0 (SPSS Inc. Headquarters, Chicago, lllinois, USA).

RESULTSAND DISCUSSION

| - EFFECT OF OAK WOOD CHIPS IN WINE
PHENOLIC COMPOUNDSEVOLUTION

The results of phenolic composition obtained in the
wine used in thisstudy are shownin tablel. One of the
important phenolic family present inwines, arethe proan-
thocyanidins (condensed tannins). This compounds,

Tablel - General phenalic composition
of thestandard red wineusing in the study.

Composition phénolique du vin rouge
utilisedans cette &ude

Phenolic parameters Vaues
Total phenolsindex (280 nm, abs. units) 39.8
Total phenols(mg/L, galic acid equiv.) 3383.2
Non-flavonoid phenols (mg/L, gdlic acid equiv.) 305.3
Flavonoid phenols (mg/L, gdlic acid equiv.) 30785

Tota anthocyanins (mg/L, malvidin-3-glucoside equiv.) 275.7

Colour density (abs. units) 6.84
Colour hue (abs. units) 0.64
Degree of ionisation of anthocyanins (%) 191
Total pigments (abs. units) 15.66
Polymeric pigments (abs. units) 1.66
Degree of polymerisation (%) 10.6
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contribute for the astringency, bitternessand colour of the
winestoo.

ageing in contact with different oak wood chips species
and the control wine. In generd, for all wines, thetotal

and flavonoid phenols content remained nearly constant
during the 13 storage weeks studied. Thisevolution could
be explained dueto acomplex equilibrium between phe-
nolic subgtances extracted from wood and colouring méate-
rid precipitated in red wine during the storagetime. As
well aspossible adsorption on wood wallsphenolic wines
compounds. However, in standard wine same variation
in phenols val ues was observed. Smilar evolution was
reported by GOMEZ and GONZALEZ (1995). However,
other studies showed anincreaseintotal phenolsduring
the ageing period in contact with oak wood as a conse-
quence of phenols transfer from wood to the wine
(JINDRA and GALLENDER, 1987).

Theeffect onthewine of oak wood chipscontact and
the different oak wood species used on total and flavo-
noid phenolswere not evident. Similar observation was
reported by POMAR and GONZALEZ-MENDOZA

The monomeric forms ((+)-catechin and (-)-epica
techin) and the principal dimeric and trimeric proantho-
cyanidins quantified in the wine used, are presented in
tablell.

Table 1l showsthetota phenals, flavonoid phenols
and non-flavonoid phenols evolution during red wine

Tablell - Monomeric and some oligomeric
proanthocyanidins
(flavanols, medium values expressed in mg/L)
of thestandard red wineusing in the study
Monomeéreset proanthocyanidines oligomériques
du vin témoin utilisé dans cette &ude
(flavanols, valeur smoyennes expriméesen mg/L)

Flavenals Values (2001). Probably the storage time or the oak wood chip
Monomers concentration used was not sufficient for usto seeremar-
. kable difference between the wines aged in contact of dif-
(+)-Catechin 105 ) ) e
_ i ferent oak chip speciesused in this study.
(-)-Epicatechin 199
Dimers Quantitative changesin non-flavonoid phenols com-
Proanthocyanidin B1 25.8 poundsin al wine were followed over the same period
Proanthocyanidin B2 253 (table11). It is seen that non-flavonoid phenols com-
Proanthocyanidin B3 18 pounds remained nearly constant during thefirst 6 sto-
Proanthocyanidin B4 39 rageweeksfollowed by adightly increase of thevalues.
Trime's Thevauesfound were higher inthewines aged in contact
P with oak wood chips than in standard wine. However
Zﬂﬁg:: g; : I: 2: (231 i: among thewi nesaged with Portuguese, French and mix-
Dimer Gallates ture of thistwo oak wood species, no differencesinthe
o concentrations of non-flavonoid phenols content occur-
Zomtgocymfgf n E;igg::ze ;'2 red. Meanwhile at the end of ageing, the values were
oan anidin bZ-5- e . . . H
Proamhgani il 0% ot 33 319.5; 402.0; 344.9 and 469.9 mg/| for standard wine

(Sw), wines in contact with French oak chips (Fw),

Tablelll - Evolution of total phenols, flavonoid phenolsand non-flavonoid phenols (mean values expressed in mg/L
of gallic acid equivalents) in red wine aged in contact with different oak wood chips species (4 g/L) and the standard wine
Evolution desphénolstotaux, des phénolsflavanaides et non flavonoides (moyennes desvaleur sexprimées en mg/l d’ équivalents
d’acide gallique) danslevin rouge élevé avec différents copeaux (4 g/l) et levin témoin

0week 3weeks 6 weeks 10 weeks 13 weeks
Wines Totd Havonoid  Non Totd Havonoid  Non Totd Favonoid Non Totd  Favonoid  Non Totd FHavonoid  Non
Phenols  Phenols  Flavonoid Phenols  Phenols Favonoid Phenols PhenolsFlavonoid Phenols  Phenols Flavonoid Phenols  Phenols  Flavonoid
Phenols Phenols Phenols Phenols Phenols
Sw 33832 30785 3053 31634 2895.6 267.8 30556 28331 2225 34021 30190 3831 32651 29456 3195
Fw 33836 30786 3050 31733 28423 3310 30424 26667 3757 34279 27425 6854 30803 26783 4020
Pw 33831 30785 3056 32418 28407 401.1 34201 30631 3570 33%B6 28721 5235 35307 31858 344.9
PFw 33830 30788 3042 32471 29101 3370 31977 29194 2784 33823  2866.6 5157 31950 27251 469.9.

Sw: Standard wine; Fw: Wine aged in contact with French oak wood chips, Pw: Wine aged in contact with Portuguese oak wood chips;
PFw: Wine aged in contact with amixture (50:50) of Portuguese and French oak chips
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Portuguese oak chips (Pw) and the mixture of thesetwo
oak wood chips species (PFw), respectively. Theseresults
aresmilar tothosefound by other authorsusing different
oak wood speciesin wine ageing (ROUS and ALDER-
SON, 1983; JNDRA and GALLENDER, 1987,
YOKOTSUKA et al., 1994; MATEJICEK et al., 2005).

Thehigh vauesof non-flavonoids quantified inwines
aged in contact with oak wood chips probably, corres-
ponded to an extraction of some phenols compounds,
namely, gallic acid, protocatetic, vanillic, caffeic, syrin-
gic and p-coumaric acidsfrom oak wood chipsto thewine.
Ontheother hand, elagitanninsand dlagic acid will dso

Malvidin-3-glucoside (mafl)

6 Weeks 9

Petunidin-3-glucozide (mgfl)

6 9
Weeks

24

N

18 A

Malvidin-3-glucoside coumarate [mall]

(0] 3 6 9 12 15
Weeks

Feonidin-3-glucoside (mgf) Dielphinidin-2-glucoside (mafl)

Feonidin-3-glucoside counarate [mafl)

contributefor thisnon-flavonoid increase. Theseresults
emphad setheimportance of severd phenolic compounds
in the quantitative non-flavonoid compounds extraction
from the oak wood. Ellagitannins and ellagic acid, for
example, have been shown to account for 10 % of the
total phenolic content of wines or model wine treated
with oak wood chips (QUINN and SINGLETON, 1985;
FEUILLAT et al., 1997).

Theindividua monomeric anthocyanins evolution
sudied during wine ageing are showninfigure 1. In gene-
ra, an evident decrease of anthocyanin content wasexhi-
bited during the wine ageing (including in the standard

1,81

6 9 15
Weeks

6 9
Weeks

0

T T T T 1
0 3 6 9 12 15
Weeks

Figure 1 - Changesin concentrations of different anthocyanins
duringred wineaged in contact with different oak wood chip species
O standard wine; 0 Wine aged in contact with French oak wood chips; 0 Wine aged in contact with Portuguese oak wood chips;, A Wine
aged in contact with amixture (50:50) of Portuguese and French oak wood chips
Changementsdansla concentration des différentesanthocyanines durant I'éevage du vin rouge avec différents copeaux
OVintémoin ; Vin éevé avec des copeaux de chéne frangais; O Vin élevé avec des copeaux de chéne portugais; AVin éevé avec un méange (50 :50)

de copeauix de chénes portugais et francais
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wine). This decrease in anthocyanin content was pro-
bably dueto anthocyanin condensation and polymeriza-
tion reactions that occurred during wine ageing. Onthe
other hand, a precipitation of thiscompoundsit will be
another reason for the decrease observed. Thisresultis
consistent with previous works (NAGEL and WULF
1979; POMAR and MENDOZA 2001). PEREZ-
PRIETO et al. (2003), suggested thet the decrease of these
pigmentsinwinesmatured in oak wood is probably due
to anthocyanin degradation reactions different from the
condensation reactions that lead to wine colour stabili-
zation. Meanwhile, other studiesindicate that the antho-
cyanin potential decrease can beattributed to enzymatic
or chemical degradation during wine aged in contact with
oak wood (CASTELLARI et al., 2001; MATEJCEK et
al., 2005).

The decreases of anthocyanin vaueswere more evi-
dent for malvidin-3-glucoside and malvidin-3-glucoside
coumarate. However, for petunidin-3-glucoside and peo-
nidin-3-glucoside adightly increase of vaues occurred
after 6 weeksof ageingtimeinal wines. After 13 ageing
weeksthewines matured in contact with oak wood chips
exhibited lower contents of individual anthocyanins
(namely for malvidin-3-glucoside and malvidin-3-glu-
cogde coumarate) than the sandard wine (without contact
with oak wood chips). Thus, after 13 weeks, for malvi-
din-3-glucoside, the values quantified were 58.2 and
70.4mg/L, for wineaged in contact with Portuguese oak
wood chips (Pw) and standard wine (Sw), respectively.

It's possible that some reactions between malvidin-
3-glucoside and the phenol components extracted from
oak wood chipsareonly vishlefor thisindividua antho-
cyanin, because in wine this pigment is always quanti-
fiedin higher levelsthan the other individua anthocyanin
forms. Thus, maybe only for high levels of the compo-
nentsinvolved in thiskind of reactionsthat it will be pos-
sible to detect some variations in their values.
Nevertheless, future studies should be necessary in order
to understand the probably reactionsthat occur between
malvidin-3-glucoside (and other individua anthocya-
nins) and oak wood components, specialy using model
wine solutions.

Theresultsin figure 2 show the monomeric, oligo-
meric and polymeric fraction of proanthocyanidinsevo-
Iutioninal red winesstudied. Ingenerd, for monomeric
and oligomeric proanthocyanidins fraction, small fluc-
tuation variations of the values were noted in al wines,
but for polymeric fraction, adightly decresse of thevalues
occurred during the ageing period. Inlast storageweeks
andysed amaximum at 10 weeksfollowed by adecrease
of the values were been noted for these two proantho-
cyanidinsfraction. On the other hand, atendency for an
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increase of the valuesin the last weeks has been noted,
for the polymeric proanthocyanidins.

Between the several wines studied, there were no
appreciable quantitative differencesin proanthocyani-
dinsfractionsstudied. Thus, it gppearsthat the oak wood
chipsconcentration (4 g/l) and the oak wood species used
in our study, didn't affect sgnificantly the proanthocya
nidin fraction content and their evolution in the wines
during the storage time considered.

40 Monomeric fraction

30

20

0 3 6 9 12 15
Weeks

200, Oligomericfraction
160
120 4

804

40

0 3 6 9 12 15
Weeks

Polymeric fraction
900

750 ¥
600
450
300
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Weeks

Figure2 - Changesin concentr ations of monomeric,
oligomeric and polymeric fraction
of proanthocyanidinsduring red wine aged
in contact with different oak wood chips species
O Standard wine; O Wine aged in contact with French oak wood
chips, O Wine aged in contact with Portuguese oak wood chips,
A Wineaged in contact with amixture (50:50) of Portuguese and
French oak wood chip. Conc.: concentration values.
Changement dela concentration
desfractionsmonomérique, oligomérique et polymérique
durant I'édevage du vin rouge avec différ ents copeaux
OVintémoin; [ Vin devé avec des copeaux de chéne frangais; O Vin
éevéavec descopeaux dechéneportugas; A Vinéevéavecun mélange
(50:50) de copeaLix de chénesportugaiset francais. Conc. : concentration
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Thiswork confirmsthe resultsfound by other authors
(CHATONNET et al., 1997). For theseauthors, it wasn't
possible to detect significant differencesin oligomeric
proanthocyanidins content inwinesmatured in different
0ak wood barrels species (Quercus petraea and Quercus
alba). Other studies, using different oak wood barrel s pe-
cies, reported high vaues of polymerized phenolics, indi-
cating amorerapid polymerization of monomeric phenols
inwinesmatured in oak wood barrd sthan thewines matu-
red intanks (CASTELLARI et al., 2001). For KADIM
and MANNHEIM (1999), the favourable rate of sur-
face/volume of the barrels may be considered the origin
of the easier polymerisation of phenolics, because the
contact between wood and wine and the oxygen disso-
lution in wine may beimproved.

[l - EFFECT OF OAK WOOD CHIPS SPECIESON
WINE SENSORY CHARACTERISTICS

Although the chemical analysis (specidly the phe-
nolic composition) alowed usto reach some conclusions
concerning the evolution of winesin contact in diffe-
rent oak wood chips species, wewere very interested in
the result of the sensory analysis. Previous studies sho-
wed sgnificant differencein sensoria characterigtics bet-
ween wines matured in American oak versus French oak
wood (JNDRA and GALLENDER, 1987; POMAR and
GONZALEZ-MENDONZA, 2001; PEREZ-PRIETO &t
al., 2002; 2003). Thus, after 13 weeks of different oak
wood chips species contact, asensory andysiswasmade
using severa expertstadter. For thisanalyse we used dif-
ferent descriptors (see material and methods), which we
congidered more gppropriated to thiskind of study.

Thereaultsof the sensory andysisfor thewinesageing
in contact with different oak wood chips speciesand the
standard wine (without contact with oak wood chips) are
shown infigure 3. Thisfigureisaspider diagram of the
mean scores of wine's attributes. In these diagrams, the
centre of thefigure representslow intengity of each attri-
buteincreasing to an intendity of seven at the perimeter.
Our results showed that the different oak wood chip spe-
ciesdid not cause sgnificant differencesinintensity and
hue colour and fruited aroma between al wines (inclu-
ding standard wine). Results, for colour parameters are
according to the val ues obtained in phenolic composition
of the different wines. In generd, for all phenolic para-
metersstudied (figure 1, 2 and table 1) it wasn't possible
to detect great differences between thewinesaged in
contact with different oak wood chips species and the
standard wine. On the other hand, comparing, intengity,
toasted and vanillin aroma character, significant diffe-
rences were found between the wines ageing in contact
with oak wood chips and the standard wine. Inthat case
thejudges preferred thewines ageing in contact with oak

wood chipsindependently the oak wood chip species
used.

For aroma descriptors, only the wood aroma des-
criptor produced significant differencesin thejudge's
punctuation between thewines aged in contact with oak
wood chip species. Thus, for wood aroma, thewine aged
with Portuguese oak wood chips had the highest punc-
tuation in the quality scale (5.3 mean points), followed
by thewine aged with amixture of Portuguese and French
oak wood chips (4.3 mean paints) and thewineaged with
French oak wood chip (3.5 mean points). These diffe-
rences probably could beexplain asaresult of moretrans
and cis--methyl-y-octalactone present in wine aged in

Colour and aroma parameters  intensity Coiour
6

Taste parametersand
Global appreciation

Global appreciation
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*
Toasted aroma

* -
Intensity aroma Hue Colour

Fruited aroma

*
* oare
Wood aroma Vanillin aroma

LK
Intensity

Body

Persistence

Equilibrium

Figure3- Sensorial analysisresultsfor thered wines

aged in contact with different oak wood chip species
and analysisof varianceand comparison of treatment

means (ANOVA)
An asterisk means vaues with significant differences (p<0.05).
O Standard wine; [ Wine aged in contact with French oak wood
chips, O Wine aged in contact with Portuguese oak wood chips,
AWineaged in contact with amixture (50:50) of Portugueseand
French oak wood chips
Réaultatsdel'analyse sensorielledesvinsrouges
dlevésavec différentscopeaux dechéneet analysede

variance et compar aison desmoyennes (ANOVA)
L 'astérisgue montre desva eurs avec des différences significatives (p < 0,05) ;
OVintémoin; 0 Vin élevé avec des copeaux de chéne francais ; O
Vin élevé avec des copeaux de chéne portugais; A Vin élevé avec un
mélange (50 :50) de copeauix de chénes portugais et francais
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contact with Portuguese oak wood chipsthan thevaues
in wine aged with French oak wood chips. Previoudly
studies (PEREZ-PRIETO &t al., 2002) showed, that the
concentration of oak lactones, and specidly cis3-methyl-
y-octalactone, had and important role in woody charac-
ter of thewines.

Concerning the taste descriptors of the different wines
after 13 ageing weeks, our resultsindicated (figure 3) thet
the two oak wood species used and the mixture of these
speciesdid not have influencefor all taste descriptors
(intengity, body, astringency, equilibrium and persistence)
for the wines aged in contact with oak wood chips.
However, between the wines aged in contact with oak
wood chipsand the sandard wine some differenceswere
found. Thus, taste intensity was more significant pro-
nounced in oak wines (4.7 and 4.4 mean pointsfor wine
aged in contact with Portuguese and French oak wood
chip species, respectively) than sandard wine (3.6 mean

points).

For globd appreciation, theresults show adight pre-
ference for wines aged with oak wood chips (especialy
for Portuguese matured wines). However, no sgnificantly
datidtic differenceinjudges punctuation have been noted
for wine globd appreciation descriptor between thewines
aged in contact with oak wood chip speciesand standard
wine.

Finally, these results showed that, in generd, theuse
of Portuguese oak chipshad amore positiveeffectinwine
sensory propertiesthan the effect obtained for winesaged
in contact with French oak wood species.

CONCLUSIONS

In our work, we obtain more information about
Portuguese oak wood speciesimpact in oak wood wine
maturation and consequently more information for the
oenologists, when is necessary selecting oak wood spe-
ciesto produce matured wines. However, the economic
factorsmust not be forgotten in oak wood specieschoice.

Meanwhile, athough the data presented here contri-
buted for understand the oak wood rolein red wine cha-
racteridics, it must beremembered that the results showed
arenot definitive. Severa factorsremain unknown, par-
ticularly with regard to the relation between the chemi-
cal variation and sensory response, the influence of
difference oak wood chips concentration, the aged time
and the interaction between phenolic compounds from
wine and the compounds extractable from oak wood.

The results obtained for the oak wood species
(Portuguese and French) and chip concentration (4 g/L)
used, in wine phenolic compounds evol ution was negli-
gible, except for non-flovonoid phenolic and for some
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individua anthocyanins content (especidly for malvidin-
3-glucoside), independently of oak wood species used.
At the sametime, this result showed that the wood spe-
ciesdid not lead to significant differencesinwine proan-
thocyanidin content evolution.

In respect of the sensory evauation, our resultsindi-
cated that the wine aged in contact with oak wood chips
(independently of oak wood species used) obtained higher
scoresfor intensity, toasted, wood and vanillin aroma,
taste intengity and globa appreciation than the standard
wine. Meanwhile between the wines aged in contact with
different oak wood chip species, only for woody charac-
ter was possible to detect significantly differences, with
ahigher punctuation for the wine aged in contact with
Portuguese oak chips.

Finaly, in our study we used Portuguese oak wood
samples only from one Portuguese region (Gerésregion)
and not from all Portugueseforest regions. Thus, in order
to have amore global knowledge about the importance
of thisoak wood pecies, it will be necessary to useagrest
number of oak wood samplesfrom different Portuguese
forest regionsand not only sSingle samplesfrom oneforest
region.
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