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Individual, species and geographic origin influence
on cooperage oak extractible content
(Quercus robur L. and Quercus petraea Liebl.)

F. Doussdt P. PardoH, J. Dediet, B. De Jesb

linstitut du Pin,2Laboratoire de Chimie des Substances Végétales (LCSV)
Université Bordeaux |, 351 cours de la Libération, 33405 Talence Cedex, France

Abstract. Dry extract, ellagitanins, free ellagic acid, whisky-lactone, eugenol and vanillin have been quantified for a sample set
of 61 pedunculate oakgQuercus roburL.) and 72 sessile oakf@ercus petraed.iebl.) originating from 6 different forests.

Despite a very high interindividual variability, pedunculate oak shows higher level of dry extract, ellagitanins and freacallagic

but lower level in volatil compounds compared to sessile oak. Inside a same species, differences between forests are. less marked
Extractible compounds level is poorly correlated to the grain (ring width). Regarding cambial age, it might have its sggnificanc
but lack of scientific data could not permit to conclude in that sense. Our results suggest that cooperage oak selectien should
based on a species-provenance combination rather than on the grain or the provenance solely.
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Introduction sample of six trees per species. On another hand
odorant volatile compounds, principally whisky-lactone

Sessile oak Quercus petraed.iebl.) and Pedunculate oak [7-10,13,14,16] are in greater concentrations in sessile oal
(Quercus robulL.) respectively cover 1.86 and 2.32 millions than in pedunculate oak. Whichever molecules quantified,
of hectares for a total of 4.2 millions of hectares in Francéuthors agree on the importance of interindividual variabil-
Thus, they are the two major species and consequently ply. Other studies showed significant differences between
an important role in the economy. Wood industry does ndfarious origins of french oak-woods [7,17,18]. But in most
distinguish the two species, which are utilized for similaicases, the species was not known or remain non-mentionec
purposes. Among them, there is the oak barrel industry,

which considerably increased in the last few years [1,2]. |N€ Selection of oak wood for barrel making is based on
During that period of time, numerous research Wor,kb’.v0 criteria: ring width (grain) [19,20] and geographic ori-
: FQin. For wine cooperage, one looks for slow growing oaks,

focused on the extractives of oak heartwood used in wi hich exhibit a tight grain because it is assumed they give
cooperage. The most important and throughly studied extral: ; gnt g . y g
preciated volatil compounds and less tanins [20]. The goa

tives are the ellagitanins and volatile compounds such . . : LN ;9
B-methyly-octalactone, better known as Whisky-lactone%?th's study is to verify the respective influence of the indi-

eugenol and vanillin [3,4]. Ellagitanins role in wine Wouldlv'd.uaI tree variability, the_ Species an_d the geographic origin

be to protect the other constituents against oxidation [5]. Tr%s"!g a 133 trees set arising from six forests, most of them

organoleptic properties of these molecules are, however, n gving never been studied.

well-established [6]. On the other hand, volatil compounds

give specific and appreciated aroma such as coconut for t

whisky-lactone, clove for eugenol, and vanilla for vanilline

[7-8]. Whisky-lactone is the principal volatile compound of

the non heat-treated oak wood [7]. Two isomers are preseMood sample origin and preparation

in both sessile and pedunculate oak,disg—) andtrans (+)

[9]. In an hydroalcoolic solution, the cis isomer is four timeslhe 133 trees are distributed among two species (61 pedur

more odorant that the trans isomer [7]. culate and 72 sessile) and six geographic origins. The

species identification is carried out in winter based on mor-

Ellagitanins concentrations are usually greater in pedurphological criteria (bark, leaves pedoncules collected on

culate oak than in sessile oak [10-16]. Nonetheless, no di§oil...). Populations were choosen according to species

ference was found by Masse al [12] when analyzing a purity. Any forest or plots suspected to contain the two
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Table 1. Origin and caracteristics of trees. Dry extract, ellagitanins and free ellagic acid
quantification

Origin Codification ~ Species N Ring Agé

widtr? The sawdust samples (5 g) were extracted for 16 hours by
Dordogne Dordognel pedunculate 23 3 75-120250 ml of an acetone-water mixture (7/3 v/v) under mag-
Dordogne Dordogne2 pedunculate 13 2.6 75-120N€tic stirring in darkness and at 23 °C. After filtration, the
Pyrénées atlantiques P.A pedunculate 25 2.6 80-12@0lvant is removed in a rotary evaporator at 50 °C. The dry
Cher Centrel sessile 24 2.9 60-120 extract value is expressed in mg/g of dry wood corrected by
Indre et Loire Centre2 sessile 24 1.2 220 the sawdust humidity. Quantitative determination of ellagi-
Sadne et Loire Bourgogne  sessile 24 3.1 60-110tanins complies with the method described by Pengl

T rumber of eos [20]. It.impllies an acidic hydrolysis followed by the HPLC

2 ring width (mm): average of all trees per origin determination Qf the ellaglc acid produced. 20 mg of dry
3 tree age (years) extract were dissolved in 10 ml of methanol-aqueous HCI
(6N). Free ellagic acid naturally present in oakwood is deter-
mined before hydrolysis. The solution was then placed in a
teflon sealled glass vial. Hydrolysis is carried out during
160 minutes at 120 °C in an oil bath. All solutions were fil-
tered on 0.45 um Millipore membrane prior to injection. The
difference in the values correspond to the ellagitanins that
have liberated ellagic acid upon hydrolysis. Results are cal-
culated using a calibration curve and expressed as castala-
gin equivalent on the basis that 1 mole of ellagic acid cor-
respond to 1 mole of castalagin. Ellagic acid peak
identification is confirmed by its retention time and UV
spectrum comparison with a standard solution of ellagic acid

Centre 1 (Témoin)

Dordogne 1

Dordogne 2 (Fluka 98 % by HPLC).
Pyrénées P .

Atlantiques Quantification

Chromatographic conditions were as follows: HPLC pump
P 4000, autosampler AS 3000, UV detector UV 2000
Figure 1. Geographic origin of the six french forests. (ThermoSeparation  Products).  Column lichrospher
100 RP 18 (250 mm; 4.6 mm; 5 um). Injection volume:
20 pl. Flow: 1 mli/mn. Mobile phase, Solvent A;®&/H;PO,
(990: 1); Solvent B: Methanol4f0, (990: 1). Linear gra-
dient 0 to 100 % B in 20 minutes. Detection wavelength:
species are not kept for the study. Five origins are provide370 nm.
by private forests whereas the sixth one (Centre 2) raise
from domanial forest of Loches. Table | and figure 1 show
the six origins, the number of trees, annual ring, width anWhisky-lactone, eugenol and vanillin
age of trees. Trees were cut during the 1997-1998 winter. quantification
to 6 cm thick slices were cut in the tree trunk at 50 cm hig
from the ground. The wood is refrigerated at 5 °C under vaThe sawdust samples (2 g) were extracted for 16 hours by
uum in sealed bag after being cut in samples. For each sli60 ml of an ethanol/water mixture (7/3) under magnetic stir-
four wood samples, two by two opposed, were cut (2.5 crring and at 23 °C. The solvent was spiked with 100 ug of
large; 4 cm thick), they correspond to the region —25 t3-octanol (internal standard) by adding 1 ml of a standard
— 40 years (variable length). The wood was milled and thsolution (100 mg/l of 3-octanol in ethanol). The extract was
sawn from the four samples was mixed and sieved in ordthen filtered and dilued in water down to 200 ml. A three
to only keep particles smaller than 250 um. The sawn is thestep liquid-liquid extraction was then carried out using 25,
frozen down to — 18 °C. Two months were needed betweel5, 10 ml of a diethyl ether-hexane mixture (1/1) under mag-
cutting down and sawn storing. Quantification is thereforinetic stirring for 10 minutes each. The three organic phases
carried out on fresh timber. The annual ring width is deterare mixed together, dried over anhydrous sodium sulphate
mined by measuring the length between rings — 25 anthen transferred in a conical vial. The solution was slowly
— 40 years and dividing it by 15. The average over the folconcentrated down to 2 ml at 35 °C under nitrogen stream.
samples of each tree is then calculated in order to obtain tldentification and quantification were carried out by com-
individual tree value. The last parameter taken into accouparison with a synthetic solution containing the three stan-
is the sapwood, which is visible for oakwood. The slice idard molecules (whisky-lactone, eugenol and vanillin) and
used to measure the number of years of the sapwood. having been extracted with the same protocol.
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test results, variability can be attributed to inter-individual

. . variation which can be extremely high (Tab. Il and IV).
GC and autosampler are Fisons respectively GC 8000 ST\ /ariance analysis results show that species differences ar

and AS 800 equipped with a Carbowax 20 M capillary col-Si e -
) ) . gnificant. The three parameters appear to be higher fo
umn (SGE 50 m; 0.22 mm; 0.25 um). Operating IOarametepedunculate oak than for sessile oak with respectively

were as follows: carrier gas is helium at 130 kPa; injectoy | 5 o4 04 18.1 % for dry extract, 10 and 8.2 % for ellag-
is used in the splitless mpde (300 _S.C!OS'UQ time); te_'mperfitanins relative to wood weight. These values are slightly
ture detector and. IZJe(itO/r.l 22.0 .C' k']nJeCt'ﬁnz\{)O";m.e' 2 “l’higher than those found in literature [12,16] but explanation
g\zlgnoésr/?pzezrgt';'ée'zoom% isg}[we:rsnm erm C/min up %ean pe found in the sampling protocol. Indeed the analyzec
' ' wood zone (rings —25 to —40 years) corresponds to the
most recent heartwood which is potentially very rich in
ellagitanin [12,21]. For the three parameters, sessile oal
appears to give the greatest variability in our sample.

Quantification

Repeatability and statistical analyses

Extraction, hydrolysis, injection and integration variations
were calculated using 5 repetitions of the same wood sar The highest values found for dry extract, ellagitanins and
ple. Averages, standard deviations and variation CoefﬁCielellagiC acid are arising from provenance composed with
are calculated. Variance analyses and PCA are carried (pedunculate oak (Tab. IV) and are significantly different
with SPSS 10.05 software on the gross values.

Results Table IlI. Influence of species on extract content.
Table Il shows variation coefficient obtained for each com Pedunculate Sessile
pound in the repeatability test. 61 trees 72 trees
L . . dry extract (mg/g) 214.6(15.9) 181.4(21.4)
Dry extracts, ellagitanins and free ellagic acid o [144.6 - 303.1] [60.4 - 302.2]
Values for dry extract, ellagitanins and ellagic acid vangllagitanins (mg/g) 80.8(21.4) 67.3(27.6)
respectively from 60.4 to 303.1 mg/g; 21.1 to 154.7 mg/ llagi id . [42'3 '1é216'7] [?zz é21710'6]
and 1.8 to 10.2 mg/g. Within the same provenance and safhagic acl (mg/g) [2' 7(_ 7'8)] [i 4(_ éz)l]
species, variability is great. Based on the good repeatablllwhisky_Iactone (ug/g) 2.2(161.8) 35.8 (96)
[0.1 - 18.5] [0.4 - 213.9]
cis (%) 69.7 74.8
trans (%) 30.3 25.2
Table Il. Repetability test for each compounds. eugenol (ug/g) 1.9 (63.3) 3.8(79.6)
[0.2 - 5.5] [0.6 - 21.4]
Dry Ellagitanins Cis  Trans Eugenol Vanillin vanillin (pg/g) 12.5(31.7) 14.4(30.9)
extract lactone lactone [6.4 - 27.3] [4.2 - 23]
coefficient of In bold: mean o
variation (%) 0.9 1.9 3.1 3.2 44 7.8 () coefficient of variation
[ ]: minimum and maximum
Table IV. Influence of provenance on extract content.
Dordognel Dordogne2 P.A Centrel Centre2 Bourgogne
Pedunculate Pedunculate Pedunculate Sessile Sessile Sessile
23 trees 13 trees 25 trees 24 trees 24 trees 24 trees
dry extract (mg/g) 218.6(17.8) 234.2(12.5) 200.6(12.8) 189.1(15.3) 171.1(31.3) 184.3(14.6)
ellagitanins (mg/g) 101.9(21.1) 110.2(20.5) 89.8(18.4) 88.7(20.9) 71.8(39.8) 86.2(18.4)
ellagic acid (mg/g) 6.4 (20.3) 6 (13.8) 5.8 (17.1) 6.1(29.5) 4.5 (37.4) 5.4 (24.7)
W-lactone (ug/g) 1.6 (145.6) 2.9 (176.2) 2.4 (150.3) 28.5(82.3) 55 (82.1) 23.9(90.9)
cis (%) 69.2 69.9 70.1 70.9 80.2 73
trans (%) 30.8 30.1 29.9 29.1 19.8 27
eugenol (ug/g) 1.6 (69.3) 1.9 (53.7) 2.2 (61.5) 4 (52.8) 4.5 (98.8) 2.9 (55.8)
vanillin (ug/g) 12.6(33.7) 10.7 (22) 13.3(31.3) 13.1(26.9) 13.6(36.4) 16.6 (25)

In bold : mean
(): coefficient of variation
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Table V. Analysis of variance with one factor (species or provenance).
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F Species F Provenance
globality pedunculate sessile

df: 1.132 df: 5.127 df: 2.58 df: 2.69
dry extract 27.01 (< 0.0005) 7.997 (< 0.0005) 5.017 (0.01) 1.43 (0.246)
ellagitanins 18.556 (< 0.0005) 7.795 (< 0.0005) 5.021 (0.01) 4.295 (0.17)
ellagic acid 12.01 (0.001) 6.164 (< 0.0005) 1.547 (0.222) 5.924 (0.004)
total lactone 57.606 (< 0.0005) 18.141 (< 0.0005) 0.623 (0.54) 6.62 (0.002)
cis lactone 42.616 (< 0.0005) 14.648 (< 0.0005) 0.435 (0.649) 6.616 (0.002)
trans lactone 21.326 (< 0.0005) 4.572 (0.0001) 0.896 (0.414) 0.51 (0.603)
eugenol 21.275 (< 0.0005) 5.699 (< 0.0005) 1.49 (0.234) 1.848 (0.165)
vanillin 7.011 (0.009) 4.231 (0.001) 1.908 (0.158) 4.713 (0.012)

(): level of significance

with provenance based on sessile oak. However, P.A. aiTable VI. Analysis of covariance with one factor (provenance) and
Centre 1 do not show any difference, the latter exhibitin@d€ as a covariate.
high value for free ellagic acid.

F age F sessile
, df: 1.71 df: 1.71
\Volatile compounds

. L - . dry extract
Concentration variations for vanillin, eugenol and Wh'Sky'ell)élgitanins

lactone are respectively 4.2 to 27.3 pg/g; 0.2 to 21.4 HO%ellagic acid
and 0.1 to 213.9 pg/g. Extreme value amplitude for whiskyigtal lactone
lactone is over 2000. This variability can be attributed tis lactone 0.316 (0.576)
interindividual variation. trans lactone 0.02 (0.888)

. . . . . . eugenol 0.029 (0.865
Sessile oak is significantly more rich in volatile com—vagi”in 1.897 ((().173))

pounds than pedunculate oak. Differences are only slight fi
vanillin compared to eugenol and even more to whisky-lac( ): level of significance
tone. A factor of 2 is found for eugenol and 16 for whisky-
lactone (Tab. Ill). Between sessile oak and pedunculate oe
the whisky-lactone enantiomeric ratio is however specie
independent. Thecis stereoisomer being predominant.
Nonetheless variability of this ratio is great and in som
casesfrans configuration is in greater concentration than the
cis one. Variability predominance of whisky-lactone is for
pedunculate oak and eugenol for sessile oak.

0.345 (0.589)
0.646 (0.424)
2.588 (0.112)
0.311 (0.579)

0.134 (0.875)
0.115 (0.892)
0.902 (0.410)
0.861 (0.47)
0.823 (0.443)
0.111 (0.895)
0.964 (0.386)

5.304 (0.007)

general decrease for the majority of the variables of the F

“species” value (see Tab. V) which nonetheless remain sig-

nificant. The same tendency can be found for the provenance

effect (results not shown) and no change can be observed

for the origin of pedunculate oaks. The provenance effect is
Provenance with high level of whisky-lactone andno longer significant for ellagic acid, lactone content eisd

eugenol are all with sessile oak. In the case of vanillin, diflactone in sessile oaks (see Tab. VI). These results suggest

ferences between pedunculate and sessile provenance that the provenance effect for sessile oak originate, in our

often non-significant. Centre 2 provenance strongly differsample, from an age effect, which also explains part of the

from other provenance not only by its low level of non-variability in between species.

volatile compounds and high concentration of lactone an

eugenol but also by the age of the trees and the annual ripyytivariables analyses

width. As for non-volatile compounds, differences betweet

provenance of identical species are less significant thePrincipal component analysis hightlights strong correlations
those between species. between, on one hand, lactone contesig lactone and

eugenol and on the other hand dry extract, ellagitanins and
free ellagic acid (Fig. 2). The ring width is only slightly cor-
related with the other variables. Projection of the 133 indi-
Statistical influence of ring width has been eliminated byiduals in the 1-2 factorial plan (Fig. 3), which explains
introducing the parameter as covariable. For a given rin57 % of the total variability, allows a partial distinction of
width, species and provenance effects remain significarthe two species along component 1 which is strongly and
with a very small modification of F values (results not pre-positively correlated with whisky-lactone (total acid) and
sented). On the contrary, covariance analysis using the aeugenol. Component 2, which corresponds to non-volatile
changes some results. For a given age, one observescompounds, discriminates only slightly the two species. For

Ring width and age influence
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Figure 2. PCA — Projection of the 10 variables in the 1-2 factorial.

Discussion

In agreement with previous works, pedunculate oak is, in
average, richer in extractibles and ellagitanins and poorer ir
volatile compound than sessile oak. The inter-individual
variability is tremendous whatever compound quantified. It
can therefore have more differences between two individu-
als of the same species and the same forest than betwet
the statistical averages of the two species. This fact show:
the necessity to possess a great number of individuals to b
able to measure effect arising from species and provenance
This high inter-individual variability consequently prevents

species determination based on these chemical parametel
Although mean deviations between species are the highes
for whisky lactone, its variability remains also very high. A

large set of sessile oaks shows whisky-lactone content lowe
than the average found for pedunculate oaks. Multivariable
analysis does not allow full discrimination of species and
provenance.

In our sample set, there are greater differences betwee
species than between provenance of the same species. Tht
a great part of the provenance variability is due to the
species effect when the species is not taken into accoun
This characteristic can explain, when species is unknown,

the large offsets measured by several authors [7,17,18
between different oak origins. The small differences betweer
* provenance of a same species cannot be extended. Indee
N . in our study, the geographic distances between forests of .
3 : same species were relatively small compared to the surfac
e l;':.++++ 4 covered by the two speci_es. That coul_d _explain the quas
g .,-_;;f* homogen_elty of the chemical characteristics. On large dis-
% 0f o+ #; * tances, differences could be much greater. These results su
o 3 %«;ﬁﬁ e gest that it could be reasonable to partition geographica
g 4 & '*1’», +++++ zones where cooperage oaks would obviously be taken int
§ W, * account. To define such zones, a much larger set of point:

-24 . eoecios per origin would be necessary.
ad ' . i . Results of covariance analysis suggest that tree agein
* sessile favour production of volatile compounds such as whisky-lac-
-4 ] ] » pedunculate  tone and eugenol. Nevertheless, conclusion should not bi

-2 0 2 4 6 8

component 1 (37%)

Figure 3. PCA — Projection of the 133 individuals in the 1-2 fac-

torial plan.

g|ven non-volatile compound concentration, pedunculate og
is poorer in volatile compounds than sessile oak. It must k

drawn too quickly due to the lack of bibliographic data.
Indeed, characteristics of Centre 2 origin could be explained
more by genetic or environmental parameters than by the
cambial age of the tree.

Differences between species and provenance do not aris
from tree growth speed differences. The only slight correla-
tion of ring width and extractibles do not allow using these
parameters to monitor oak chemical quality. To conclude,
cooperage oak selection must be based on a combination ¢
_Species-provenance rather than on the grain [19,20,22,23] c
the provenance only [7,18].

pointed as an outliner. This tree coming from Centre :
exhibits the strongest values for dry extract, ellagitaninsconclusion

whisky-lactone and eugenol (respectively 302.2 mg/g

135.1 mg/g, 213 pg/g, and 21.4 pg/g). This individual carSignificant differences are observed for extractibles content
be qualified as off standard or aberrant. The ring width ibetween sessile and pedunculate oaks. For a same specit
remotely correlated with the other wood chemical characprovenance differences are, in our sample set, less marke(
teristics. The great inter-individual variability does not allow to totally
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discriminate the two species. Consequently, species canr 4.

be solely and totally determined with the chemical charac

teristics. 5.

Our study results are not in agreement with actual qua
ity criteria used in cooperage industry. Ring width appear
to be only slightly correlated to extractives content and gec

Limousin, and Pyrénées-Atlantique regions, the two specie

are present in all the major supply sources for coopera¢ 9.

oaks (Centre France, Bourgogne, Vosges...). These data sh

that oak selection should be based on a combinaison 10.
species-provenance criteria. Since, only fresh timber hei1.

been concerned by this study, it is therefore, too early for

definitive conclusion. Variation of these results will have tcio.

be monitored during wood natural drying, cask heating an

wine cooperaging. Studies are being carried out to answys.

to such question. Finally, field application of such conclu-
sion can turn out to be rather difficult because individual:
might exhibit intermediate morphological characteristicsl
which would not ease species determination.

16.
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