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Summuary : All the studics conducted on the grain or growth rings of wood have sysic-
matically underlined the narrow relationship between this notion and the quality of vak.
In couperage, the objective classification of wood coming from diverse producing regions
of France puts forward the first condition which will determine the quality of barrels. The
grain is defined, in the anatomy of ligneous plants, as the average size and regularity of
nnnual growth rings. A ring is made up of spring wood (initial wood) porous and rich in
large vessels and summer wood (final wood) which is dense and rich in Gbre, [t can be
said that an oak will be tight grained when its speed of growih is slow, the size of its rings
small and the amount of spring wood high. Wide grain has the opposite definition. In
keeping with obtained data on a large number of samples, we have established the follo-
wing classification, based on the average size of the rings (Le) @ very wide grain (GiG.
large type, Le > 5 mm), wide grain (GG, Limousin type, -1 § Le $ 5 mm). average grain
(GmS, YVosges type. 2 S Le 4 mm), tight grain (GS. Centre France type. 1 S Le S 2 mm)
andd very tight grain (GtS, Allier type, Le < T mm), The study of the chemical composi-
tion shows that there exists a relation between the grain and the quality of the wood. In
fact, we show that the wide grained woods are richer in extractable compounds and in
cllagitannins whilst poorer in aromatic compounds teugenol and whisky-lactones) than
the tight grained oaks.
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INTRODUCTION

In cooperage hike as in aenology, the quality of the raw material deter-
mines that of the finished product, be it barrels or wine. Thus one cannol
make good barrels with bad wood.The quality criteria for oak are
Keeping with the strict requirements for the ageing ol wines and brandices.
Firstly, the wood should be sufficiently porous to enable a slow and
continuous penetration of oxygen (VIVAS and GLORIES, 1993 :
FEUILLAT and al.." 1993) next it should releasce its extractable phenol
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compounds (hignins, ellagitannming, phenolie acids, coumarins) and
s aromance elements (whisky -lactones, cugenol and vanillin, . ) in nwoderate
guantities so as net enhance the astringency and add hiterness, whilst
avouding making the nose of the wine oo heavy through an excessive
woody arcma (DUBOQURDIEU, 1992). What 15 more, the wood libres
should be stringht and uncut in order o assure waterprooiness, Woaod
with burrs and knots are eliminated for the same reasons. Meanwhile,
certain of these parameters are difficult o follow espectally in batches of
wood used for the fabrication of barrels. Coopers have thus investipated
the hest phenotypes criteria which will allow for a quick and accurale
visual classification. Cooperage oak should be of the highest quality.
straight. contain no knats or burrs, with little sapwood amd regular vings,
commonly known as the grain ol the wood (LACROIX, 1993). The most
commoniy accepted criteria are those of the geographic origin of the
wood and their grain. Geographic origin and type of grain are classiiied
equally, thus the ouks from Limousin are said to be wide grain, those
from Aldlier and Vosges are said to be tight grain. In this context, it is
casier to understand the importance of the notion of grain. These classifi-
cations, by grain type and geographic origin, are imporiant determinants
in the demand and therefore the price of the wood. In recent years, the
race for tight grain, of finer and finer quality, has come about Tor wines
and brandies alike. The origins the most sought after are the Centre
France, the Allier, the Bourgogne and some forests of the Scine-ct-Marne
and the Oise. The wood bought from these regions never ceases (o
incrense. This venture, under the guise of a vague notion of quality,
merits 4 complete study of the quality eriteria of oak, Approaching the
notion of quality by the structure and grain of the wood appears to be an
obligatory sturting poiat. [Cis 1o FEUTLLAT and af. (19923 that we ovwe
the Girst attempt o syithesise the notion of grain. Their past revicws on
the evolution and definition of the grain remain full of fessons,

On this note, we propose 1o clarify the biologie origin of wood grain, the
evolution of its classification and definition. as well ax the eventual
correlation between the griun and the composition of the ok,

THE ANATOMICAL CHARACTERISTICS OF OAK AND
MORE PARTICULARLY THE GROWTH RINGS

Unlike gymnosperms {resinous), the angiosperms (leafy) have a complex
ligneous scheme (iype and distribution of tissues). illustrated by
IACQUIOT and el ¢1973) and shown in Ngure 1.0t s the greal diversity
of nature and the disposition of the generating cells of the libero-ligheous
stratum (cambium), this union cnable the diametric growth of the tree
(figure 2}, which allows the structural and anatomic diversity of the
wood.
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In the centrifugal direction, the cambium forms the phloem, tlissue in which
the claborate sap circulates, and the suber or cork making up the tree
thigure 2). In the centripetal direetion, the cambium releases the xylem
tormed by a collection ol conducting Ussue (vessels) and supporting tissue
tlibbers). The young xylem of 5 to 10 years old conveys the ruw sap and is
cudled sapwood or imperfect wood (figure 2). Afler that the hardening of the
older Tayers form the heartwood (duramen or perfect wood) made up of a
collection of dewd tlissue, rich in lignin and impregnated with tannins
(Mgure 2).
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Figure | — The ligneous scheme of angiosperms. Applicable to broad teafed
woods of heterogencous structure and in particular to Quercus sp. (adapted
from JACQUIOT and af.. 1973)
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An oaks growth is essentindly in a centripetal direction. therelore increa-
sing the significance of the heartwood. Only this paut of the oak s used
for cooperage. the supwooed which 8 oo porous and supple, as well s,
the phlocu and the bark are discarded.

Euch year, the development of the oak produces a fayer of wood called
the growth zone or the growth ring. Each ring represents ane year in the
life ol he tree.

On plate | taken using a scanning clectron microscope, shightly enlarged,
one can see some growth rings, But ene remarks at the sione me that o
ring is represented by a heterogencous structure made up by a gathering
of large vessels at start of the ring and the tssues appear later, dense,
fibrous, siightly vascular, with vessels which are smaller o size and less
numerous, The notable frregularity in annual growth corresponds o the
production inttial wood and spring wood at the beginning of the vegeta-
tive cycle (Agure 3). When the vegetative cycle is more advanced, the
Tinal wood or suminer wood appears (figure 3).

Figure 2 — Transversal section of old nak showing the different tissues
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Chehé 1 -— Scanning ciectron microscope detail of transversal

section of oak wood

The tnerease in the growth speed favours the production of linal wood, it
15 a Tunction of the environment, the climate, the soil and alse its genetic
ability (DERET-VARCIN. 1983 : NEPVEU, 1984)

The graim notion fnds s origin in the average size and the regularity ol
mnual growth rings (COLLARDET and BESSEY. 1992) The regular
erowth rings give the wood o tight homogeneous gramn, opposite Lo irre-
gular growth which gives the wood a wide grain, Beside the grain, notion
of exwre completes the deseription of the heartwoaod ;i is defined as the
proportion- of summer wood in the total make-up of a ring
COLLARDET and BESSLET, 1992).

DEVELOPMENT OF THE GRAIN NOTION AND THE
CLASSIFICATION CRITERIA APPLICABLE TO OAK
FOR COOPERAGE

The grain notion and s delinition have changed slightly in the of course
tme, with only the terms characterising the nature of the grain having
been modified. According to GALLOT and GAST (1878) « nernve wooeds
are characterised Dy strong growth, a thick faver of autinn swood (ot
present summer wood). a fibrows break {L0) the fleshy swood having thin
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Figure 3 — Scheme of the structure of the heartwood (transversal
section)

annual layery, feaving the appearance of vessel openings of smati
dicemerer on their eniire sirface ; their tissue is porous, their grain not
very fight ». Already in those days, the arain notion was associaled with
the porosity of the wood ; under this clussilication we can recognise the
Limousin type (vigorous woud, strong anpual growth. a librous hreak
and athick fayer of suminer wood) and the Adher type (fleshy wood, not
very thick annual layers), But the two deiinitions are semetimes contra-
dictory. particularly Tor the fleshy wood which corresponds perfectty
with the definition of a tight grain but whose definition ends with « their
grafm Ly not very tight ». MATHEY (1908) gives precision {o the defin-
ton of GALLOT and GAS'T : « One indicates when wusing the nenne lean
wood (nerve waoaod), those which present o farge proportion of audwnn
waod, in other words fibraus tisyue. The sectfon is frdl and sinooth, ofien
giving a corny appearance. Ty wood has a dght gram amd takes onoa
good shine. Pedunculaie oak, coming from o coppice winder plammation in
fertiary and guaternary atlluviims, produces these tvpes of lean
woods (L The fleshy woods are those inwhich the porons spring forma-
Hons predominagie, in other wards the vessel or conductive tissue, The
section is wneven, the grain wide, amid abwavs has o brownish appea-
rance. Rowvre oak {sessile), which have developed in rocky rerrain or
thase providing luge tracts of continuous plantation. are the fleshy nvpe
woodds »,
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But there again, the defimition, even though precise, stipulates that the
Limousin type is Light grained and the Allier type is wide grained.
LARULE (1923) et BRUNET (1925) invert the denaminatton of these two
citegories, whilst conserving the definition of MATHEY. They auribule
to the Allier type (rouvie or sisstle oak) the denomination of tight grained
and the Limousin type (robur or pedunculate oak) that of wide grained.
This delinition which was made official by the B.O0.5.P (Bulletin
Orficiel des Scieurs Professionnels) in 1943 (n°21.12.43) and revived by
VENET tn 1954, aller some medilications, has led to a contrary designa-
tion to that of the authors of the last century @

Previously (17501920}
lean wood = nerve wood = wide grain - fleshy wood = tight grain :

At present {1920 - 7Y
lean wood = tight grain = tight grain - fleshy wood = wide grain,

At present the French norim « NF » has classified the all wood in two
catepories inspired by past findings (NF B 50-002). We dislinguish
between ;

- tight or homegencous grain woods, where the vessels are small in size
and not easily visible with the nude eye, as in the case of beech, poplar
amdd pear wood

—wide or heterogencous grain wood, where the vessels are reasonably
rpe in size and visible o the nude eve, as is the case of oak, chestnut,
locust and ash trees,

But in the context ol cooperage. the classification of wide grain wood
s been subdivided. for oak, inmo tight, half=tight, and wide grain. ks in
this suh classification that the vadues of cach calegory varies in acgor-
dance with the regions and coopers. Thus there exists no objective nor
common classilfication fimit for oak wood in France nor within the
Luropean Community.

For same years, the notion of grain has been extended o include the
ancdenne characteristics of wood and in particular the dimension of the
number and volume of vessels (FEUILLAT, 1991). This original
approach lends o completing the available ways of swdying the siruc-
tural charactenstics of cak and the evaluation of its qualities.

Thus the classing of oak necessilates nowadays  combining the notions
of griin, texture, as well as the application of biometrics when describing
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the vessels, Wathin two centunes an entire scicnce consecrated 1o the
study of wood has been established - xylology swhose founding Guather s
Philibert GUINIER (1876-1962). 4 lorest botanist and dircctor of the”
water and Torests engineermg school, and Muarcel MONNIN (E877- 1044
curator of water and forests and initiatoe of the physical and mechanicad
methods for esting wood. Work as from the end of this contury wis 1o
regroup all these diverse notions i order o come up with a general ¢las-
silication of oak wood in relation 1o its quality. A first attempt was Lun-
ched by the Institut National de la Recherche Agronomique (The
Nutional Agronomic Rescarch Institute} in colluboration with the Office
National des Foréts (National Forestry Burcau). The second atempt was
initiated by the DEMPTOS cooperage rescarch department and these
results will be presented in the next chapter.

POSSIBLE RELATIONSHIPS
BETWEEN THE WOOD GRAIN, THEIR STRUCTURE
AND THEIR CHEMICAL COMPOSITION

POLGE and KELLER (19733 attempted to dink quadity with grain, for
vak wood from the Trongais forest and DERET-VARCIN (1983)
performed a qualittive study of three types ol ouk {pedunculite oak,
sessile, and the intermediary types) based, inter alin, on the grain ol the
wood. These differene authors statistically Hinked the qualdity criteria o
the grinn oak wood, although their eriterit are still o tong way from the
iperative cooperage requircnents and are st and end essentiully
towiard the mechanical propertivs, More recently, the grain notion has
been intimately associated with the porosity of the wood (FEUTLLAT,
19943 In figure 4, one can observe that the spring wood possesses i low
density which is due wy the significance and size of its vessels. Porosily
vitn be defined as the ety volume (vessel, racheds, lumensy making op
e totl volume of the woml porosity 1s thus divectly related to the
structure of the wood and particularly the noature of its grain,
Permeability s another characteristic which shows the ahility oi the
nuderial 1o cmtbic o passagy Tor Nuids under normalised conditions cpres-
sure. posiioning of the sumple. dimension). Although, even though oak
I% il POrous woog fporosity = (1.5), it is reasonably impermeabic,

We hinve attemipied. on a batch of 180 wood samples (for each geogra-
phic originy coming from the Limousin. the Vosges and the Centre
France, to study the vitrtaghility ol thetr growth zones by concentrating n
panicular on sligh[iy fibrous, very vascular and thus porous spring wood
(figure 43,

%0 J. 861 Fech Tonnellene, 19938, n 1
T Vigar o1 Vin Pabdivasions Inteenationgles « Mumillas { Franeel



o s fe gl

ioansversal
sevtion

ol gak wood

K —

e
HH

Dewsomelric s

recaording
ST
a0
mo J
Density (giom?)
I nalty of wood E E i !
1 i . . =

wire 4 — Densometric measure of a transversal section the heartwood
an ouk (x-rays parallel to the wood {ibres)

Prom this simpling. we only kept 30 individuals situared within the
goneral vicinity ol cieh geographic group, we established. their div waler
soluble extract. the total content of cllagitmning quantificd by CLHP, the
whisky-Factones content and of cugenol with coupled CG/MS. Fram
these finst reselts, we propose putting Farward the reluion between the
riin (able 1) and the composition of the womd (table 2,

in table 1o the measures ol the wood growih are grouped @ the heteroge-
neity between the maxima and minima of each group gives the uverage
ritings (04 < heterageneity < .65 1o be in the arder of thase established
by DERET-VARCIN (1983) and FEUILLAT and of. (1993). W notice.,
on average, that the grain (evatuated by the number of ringsfem) is a
function ol the geographic and botanical origin of the wood,
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Table 1 — Variability in the growth of wood samples from the
Limousin, the Vosges and the Centre France. (n = 180 ; V.C. .
variation coelficent)

Crigin of the wood Varinbility Number of growth Size of the vone
of the sample rings/fem ol spring wood
{imm)
Average (x) C 222 }
Minimum value (x-) 1.53 0.54
Limousin Maximum vaiue {x+) 3.67 1.36
Heterogeneity (x-/x+)  0.41 0.39
v.C. % 28 21
Average (x) 3.44 0.77
Minimum value (x-) 2.42 (.45
Yosges Maximum value (x+) 575 1.17
' Helerogeneity (x-/x+) 042 0.38
V.C. % 29 29
Average (x) 5.56 0.39
Minimum value (x-) 5.506 0.27
Centre France Maximum vatue (x+) 8.55 0.57
Heterogeneity (x-/x+) (.65 047
V.C. % L4 18

Wood from the Limousin (Quereny robmir, syn Q. pedonenlata) has a
wider grain whilst those from the Vospes and the Centre France {Quercns
petraea, syn. Q. sessilifloray have average grain and o tdght grain respee-
tively (plate 1) Tt equally appears that the size of the zone of spring
wood decreases when the grain becomes denser, wlong with a drap in the
growth speed. On initial classifcation of the grain, from these resuiis, we
point out (figure 5) that the Limousin type (wide griun. GG) have ring
sizes of 4 w0 3 mm, the Voxges (average gruin, GmS) sizes of 2 10 4 mm
and the Centre France (Light grain, GS) sizes of 1 10 2 mm.

The archetype of the woeod with very tight graun (GIS) are generally the
Allier, we therefore reserve the Allier type Tor wood with ring sizes
strictly inferior than 1 mm and which represent only 7 % of the sampling
of the Centre France type, but bringing about an undeniable quatity argu-
ment,
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Finally we reserve for wood with ring sizes strictly larger than Smn the
denomination of large type (very wade grain GuG).this class allows ane {o
dilferentiate the Limousin type into grain wideness, particularly large
grain coming from wood which hay grow very quickly. This is (o prevent
A« serip » calegory from Lt)llllnb about, for wood considered insufli-
ciently noble.

The variabsiinty in the growth of oak within the same region is high 2 30
Yo} and lacilitates the explanation, for exampic, as 1o why portion of the
wood from Limousin sihiould rather fall into the Vosges category, On the
other hand, the wide grained woods are richer in dry extract and i ellagi-
tannias than the tight grained woods (table 2 and Tigure 6) and contaming
tess whishy-lactone and cugenol (table 2 and frgure 7). There thus exists
a relation between the grain and the Lmnpmmnn of the wood. According
Lo certain authors (PONTALLIER and «f.. 1982), they propound that
wide grained woods yield barrels which provide Tide in the way of
aramatic compounds and give a lot ol phenal compounds in the wine.
Inversely, barrels made from tight grained weood give the wine more
aronu and less polyphenols.

4. Zci, Tevh, Tonnellerie, 1965, 7°1
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CONCLUSION

The grouping together of the most significant works refating to the
notion of grain in cooperage enables the subject o be tackled from a
more synthetic point of view. Past and present studies enable the conlir-
mation of a relationa) existence. more or less direci. between the growth
of ozk and some of ils physical (ring size) and chemical propertics
(aromatic and phenol compounds).

The primary established connections should be seen in a generalised
sense concerning the processes which lead to on the one hand, the objec-
tve classilication ol cooperage wood and the establishment of methods
of guality control and on the other hand, o precise definition of the
composition and structure of the wood, in general terms. in the long run,
the adaption of woaod with wine leads to the adaptation of healing when
pairing wood/wine. This gualitative wmnbition represents the new chal-
lenge of the XXI century for Trench cooperage s @ whole,
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