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Summary : All the studies conducted on the grain or growth rings of wood have systc-
matically underlined the narrow relationship between this notion and the quality of oak.
In cooperage, 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 fibre. It can be
said that an oak will be tight grained when its speed of growth 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 (l.¢) @ very wide grain (GiG.
large type, Le > 5 mm), wide grain (GG, Limousin type, «f S Le £ 5 mm), average grain
(GmS, Vosges type, 2 S Le S 4 mm), tight grain (GS. Centre FFrance type. 1 S1.e <2 mm)
and very tight grain (GtS, Allier type, Le < 1 mm). The study of the chemical composi-
tion shows that there exists a relation between the grain and the quality of the wood. In
tact, 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 like as in cenology, the quality of the raw material deter-
mines that of the finished product, be it barrels or wine. Thus one cannot
make good barrels with bad wood.The quality criteria for oak are in
Keeping with the strict requirements for the ageing of wines and brandices.
Firstly, thc wood should be sufficiently porous to cnable a slow and
continuous penetration of oxygen (VIVAS and GLORIES, 1993 :
FEUILLAT and al..” 1993) next it should release its extractable phenol
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compounds (lignins, cllagitannins, phenolic acids, coumarins) and
“aromatic clements (whisky-lactones, cugenol and vanillin,..) in moderate
quantities so as nol enhance the astringency and add bitterness, whilst
avoiding making the nose of the wine oo heavy through an excessive
woody aroma (DUBOURDIEU, 1992). What is more, the wood fibres
should be stranght and uncut in order to assure waterproofness. Wood
with burrs and knots are eliminated for the same reasons, Mcanwhile,
certain of these parameters are difficult to follow cspecially in batches of
wood used for the fabrication of barrels. Coopers have thus investigated
the best phenotypes criteria which will allow for a quick and accurate
visual classification. Cooperage oak should be of the highest quality,
straight, contain no knots or burrs, with little sapwood and regular rings,
commonly known as the grain of the wood (LACROIX, 1993). The most
commonly accepted criteria are those of the geographic origin of the
wood and their grain. Geographic origin and type of grain are classified
cqually, thus the oaks from Limousin are said to be wide grain, those
from Allicr and Vosges are said to be tight grain. In this context, it is
casier to understand the importance of the notion of grain. Thesce classifi-
cations. by grain type and geographic origin, are important 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 for winces
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
increase. This venture, under the guise of a vague notion of quality.
merits a complete study of the quality criteria of oak. Approaching the
notion of quality by the structure and grain of the wood appears to be an
obligatory starting point. 1t is to FEUILLAT and al. (1992) that we owe
the first attempt to synthesise the notion of grain. Their past reviews on
the evolution and definition of the grain remain full of lessons.

On this note, we propose to clarify the biologic origin of wood grain, the
evolution of its classification and definition, as well as the eventual
correlation between the grain and the composition of the oak.,

THE ANATOMICAL CHARACTERISTICS OF OAK AND
MORE PARTICULARLY THE GROWTH RINGS

Unlike gymnosperms (resinous), the angiosperms (leafy) have a complex
lipneous scheme (type and distribution of tissucs), illustrated by
JACQUIOT and al. (1973) and shown in figure 1. It is the great diversity
of nature and the disposition of the generating cells of the libero-ligneous
stratum (cambium), this union cnable the diametric growth of the trec
(figurc 2), which allows the structural and anatomic diversity of the
wood.
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In the centrifugal direction, the cambium forms the phloem, tissue in which
the elaborate sap circulates, and the suber or cork making up the tree
tfigure 2). In the centripetal direction, the cambium releases the xylem
tormed by a collection of conducting tissuc (vessels) and supporling tissue
(fibbers). The young xylem of 5 1o 10 years old conveys the raw sap and is
called sapwood or imperfect wood (figure 2). After that the hardening of the
older layers form the heartwood (duramen or perfect wood) made up of a
collection of dead tissue, rich in lignin and impregnated with tannins
(Migure 2).
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Figure 1 — The ligneous scheme of angiosperms. Applicable to broad leafed
woods of heterogeneous structure and in particular to Quercus sp. (adapted
from JACQUIOT and al.. 1973)
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An oaks growth is essentially in a centripetal direction, therctore increa-
sing the significance of the heartwood. Only this part of the oak is used
lor cooperage, the sapwood which is 0o porous and supple, as well as.
the phlocm and the bark are discarded.

Each year, the development of the oak produces a layer of wood called
the growth zone or the growth ring. Each ring represents onc ycar in the
life of the tree.

On plate | taken using a scanning clectron microscope, shightly eniarged,
one can sce some growth rings. But one remarks at the same time that a
ring is represented by a heterogencous structure made up by a gathering
of large vessels at start of the ring and the tissues appear later, dense,
fibrous, slightly vascular, with vessels which are smaller in size and less
numerous. The notable irregularity in annual growth corresponds to the
production initial wood and spring wood at the beginning of the vegeta-
tive cycle (figure 3). When the vegetative cycle is more advanced, the
final wood or summer wood appears (figure 3).

: Bark

: Phloem

: Cambium

: Supwood

: Duramen (heartwood)
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Figure 2 — Transversal section of old oak showing the different tissues
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Cliché 1 — Scanning electron microscope detail of transversal

section of oak wood

The increase in the growth speed favours the production of final wood. it
is & function of the environment, the climate, the soil and also its genctic
ability (DERET-VARCIN, 1983 : NEPVEU, 1984)

Fhe grain notion finds its origin in the average size and the regularity of
annual growth rings (COLLARDET and BESSET. 1992). The regular
growth rings give the wood a tight homogencous grain, opposite to irre-
rular growth which gives the wood a wide grain. Beside the grain, notion
of texture completes the deseription of the heartwood ¢ it is defined as the
proportion- of summer wood in the total make-up of a ring
(COLLARDLET and BESSET, 1992).

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

The grain notion and its definition have changed slightly in the of course
time, with only the terms characterising the nature of the grain having
been modified. According to GALLOT and GAST (1878) « nerve woods
are characterised by strong growth, a thick layer of autumn wood (at
present summer wood), a fibrous break [ ... ] the fleshy wood having thin
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Figure 3 — Scheme of the structure of the heartwood (transversal
section)

annual layers, leaving the appearance of vessel openings of small
diamerter on their entire surface ; their tissue is porous, their grain not
very tight ». Alrcady in those days, the grain notion was associated with
the porosity of the wood ; under this classificition we can recognise the
Limousin tvpe (vigorous wood, strong annual growth, a fibrous break
and a thick layer of summer wood) and the Allier type (fleshy wood, not
very thick annual layers). But the two definitions are sometimes contra-
dictory, particularty for the fleshy wood which corresponds perfectly
with the definition of a tight grain but whose definition ends with « their
grain is not very tght ». MATHEY (1908) gives precision to the defini-
ton of GALLOT and GAS'T @ « One indicates when using the name lean
wood (nerve wood), those which present a large proportion of awwmn
wood, in other words fibrous tissue. The section is full and smaooth. often
giving a corny appearance. This wood has a tight grain and takes on a
goaod shine. Peduncidate oak, coming from a coppice under plantation in
tertiary and quaternary alluviums, produces these types of lean
woods [...}. The fleshy woods are those inwhich the porows spring forma-
tions predominate, in other words the vessel or conductive tissue. The
section is uneven, the grain wide. and always has a brownish appea-
rance. Rouvre oak (sessile), which have developed in rocky terrain or
those providing huge tracis of continuous plantation, are the fleshy vpe
woods ». :
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But there again, the definition, even though precise, stipulates that the
Limousin type is tight grained and the Atlier type is wide grained.
LARUE (1923) et BRUNET (1925) invert the denomination of these two
categories, whilst conserving the definition of MATHEY. They attribute
to the Allier type (rouvre or sissile oak) the denomination of tight grained
and the Limousin type (robur or pedunculate oak) that of wide grained.
This definition which was made official by the B.O.S.P. (Bulletin
Officicl des Scicurs Professionnels) in 1943 (n°21.12.43) and revived by
VENET in 1954, after some modifications, has led to a contrary designa-
tion to that of the authors of the last century :

Previously (1750-1920) :
lean wood = nerve wood = wide grain - fleshy wood = tight grain ;

At present (1920 - 7).
lean wood = tight grain = tight grain - fleshy wood = wide grain.

AL present the French norm « NF » has classificd the all wood in two
categories inspired by past findings (NF B 50-002). We distinguish

hetween

- tight or homegencous grain woods. where the vessels are small in size
and not casily visible with the nude cye, as in the case of beeeh. poplar
and pear wood

- wide or heterogencous grain wood. where the vessels are reasonably
large in size and visible to the nude eye, as is the case of oak, chestnut,
tocust and ash trees.

But m the context of cooperage. the classification of wide grain wood
has been subdivided. for oak, into tight, half-tght, and wide grain. Itis in
this sub classification that the values of cach category varies in accor-
dance with the regions and coopers. Thus there exists no objective nor
common classification limit for oak wood in France nor within the
European Community.

For some years, the notion of grain has been extended to include the
anatomic charactenstics of wood and in particular the dimension of the
number and volume of vessels (FEUILLAT, 1991). This original
approach lends to completing the available ways of studying the struc-
tural characteristics of oak and the evaluation of its qualities.

Thus the classing of oak necessitates nowadays combining the notions
of grain, texture, as well as the application of biometrics when describing
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the vessels. Within two centunes an entire science consecrated to the
study of wood has been established @ xylology whose founding father is
Philibert GUINIER (1876-1962), a forest botanist and director of the”
walter and forests engineering school, and Marcel MONNIN (1877-1944)
curator of water and forests and initiator of the physical and mechanical
methods for testing wood. Work as from the end of this century was 1o
regroup all these diverse notions in order to come up with a general clas-
sification of oak wood in relation to its quality. A first attempt was laun-
ched by the Institut National de Ta Recherche Agronomique (The
National Agronomic Rescarch Institute) in collaboration with the Office
National des Foréts (National Forestry Burcau). The sccond attempt 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 (1973) attempted to link quality with grain, for
oak wood from the Trongais forest and DERET-VARCIN (1983)
performed a gualittive study of three types of oak (pedunculate oak,
sessile, and the intermediary types) based. inter alia, on the grain of the
wood. These different authors statistically linked the quality criteria to
the grain oak wood. although their criteria are still a long way trom the
imperative cooperage requirements and are still and tend essentially
toward the mechanical properties. More recently. the grain notion has
been intimately associated with the porosity of the wood (FEUTLLAT,

density which is due 1o the significance and size of its vessels. Porosity
can be defined as the empty volume (vessel, tracheas, lumens) making up
the total volume of the wood @ porosity is thus directly related to the
structure of the wood and particularly the nature of its grain.
Permeability is another characteristic which shows the ability of the
material to enable passage for Tuids under normalised conditions (pres-
sure., pnsili()ning of the sample. dimension). Although, even though oak
18 0 POTrous woogd (porosity = 0.5). 1L is reasonably impermeable.

We have attempied. on a batch of 180 wood samples (for cach geogra-
phic origin) coming from the Limousin. the Vosges and the Centre
France. to study the variability ol their growth zones by concentrating in
particular on Slighlly fibrous, very vascular and thus porous spring wood
(figure 4).

i J. 8cv Tevh. Tonnellene, 1998, n*1
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From this sampling, we only kept 30 individuals situated within the
general vicinity of cach geographic group. we established.their dry water
soluble extract. the total content of ellagitanning quantificd by CLHP, the
whisky-lactones content and of cugenol with coupled CG/MS. From
these first results, we propose putting forward the relation between the
ram (table 1) and the composition of the wood (table 2.

In table 1 the measures of the wood growth are grouped : the heteroge-
neity between the maxima and minima ol cach group gives the average
ratings (0.4 < heterogencity < 0.65) 1o be in the order of those established
by DERET-VARCIN (1983) and FEUILLAT and «al. (1993). We notice.
on average. that the grain (evaluated by the number of rings/cm) is a
function of the geographic and botanical origin of the wood.

i Scv Tech Toanellene, 1998, n° 1 . . ;43
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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 coefficent)

Ongin of the wood Variability Number of growth Size of the zone
of the sample rings/cm ol spring wood
(mm)
Average (x) 222 1
Minimum value (x-) 1.53 0.54
Limousin Maximum value (x+) 3.67 1.36
Heterogenceity (x-/x+)  0.41 0.39
V.C. % 28 21
Avcrage (x) 3.44 0.77
Minimum value (x-) 2.42 0.45
Yosges Maximum value (x+)  5.75 147
Heterogeneity (x-/x+)  0.42 0.38
V.C. % 29 29
Average (x) 5.56 0.39
Minimum value (x-) 5.56 0.27
Centre France Maximum valuce (x+) 8.55 0.57
Heterogeneity (x-/x+)  0.65 0.47
V.C. % 14 18

Wood from the Limousin (Quercus robur, syn Q. pedonculata) has a
wider grain whilst those from the Vosges and the Centre France (Quercis
petraca, syn. Q. sessiliflora) have average grain and a tight grain respec-
tvely (plate 1), Tt equally appears that the size of the zone of spring
wood deercases when the grain becomes denser, along with a drop in the
growth speed. On initial classification of the grain, from these results, we
point out (figure 5) that the Limousin type (wide grain, GG) have ring
sizes of 4 10 5 mum, the Vosges (average grain, GmS) sizes of 2 to 4 mm
and the Centre France (tight grain, GS) sizes of 1 to 2 mm.

The archetype of the wood with very tight grain (GtS) are generally the
Allier, we therefore reserve the Allier type for 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 quality argu-
ment.

J. Sci. Tech. Tonncllerie. 1995, n*1
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Figure § — Influence of the geographic origin of oak on the ring size
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Finally we reserve for wood with ring sizes strictly larger than Smm the
denomination of large type (very wide grain GtG).this class allows one to
differentiate the Limousin type into grain wideness, particularly large
grain coming from wood which has grow very quickly. This is to prevent
W« serap » category from coming about. for wood considered insufti-
ciently noble. :

The variability in the growth of oak within the same region is high (£ 30
Ga) and facilitates the explanation, for example, as o why portion of the
wood from Limousin should rather fall into the Vosges category. On the
other hand, the wide grained woods are richer in dry extract and in ellagi-
tannins than the tight grained woods (table 2 and figure 6) and containing
less whishy-lactone and cugenol (table 2 and figure 7). There thus exists
a rclation between the grain and the compostition of the wood. According
to certain authors (PONTALLIER and al.. 1982). they propound that
wide grained woods yicld barrels which provide little in the way of
aromatic compounds and give a lot of phenol compounds in the wine.
Inversely, barrels made from tight grained wood give the wine morce
aroma and less polyphenols.

m' J. Sci. Tech. Tonnellerie, 1995, n"1
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CONCLUSION

The grouping together of the most significant works relating o the
notion of grain in cooperage cnables the subject to be tackled from a
morc synthetic point of view. Past and present studies enable the confir-
mation of a relational existence, more or fess direct, between the growth
of oak and some of its physical (ring size) and chemical ‘properties
(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-
tive classification of cooperage wood and the establishment of methods
of quality control and on the other hand, a precise definition of the
composition and structure of the wood, in general terms. in the long run,
the adaption of wood with wine leads to the adaptation of heating when
pairing wood/wine. This qualitative ambition represents the new chal-
lenge of the X X1 century for French cooperage as a whole.
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