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Abstract : Thisstudy investigatestheinfluence of different levels of wood hest trestment on the quality of aCognac
spirit using apilot barrel model. The pilot barrels were composed of astainless steel cylinder closed at both ends
by apiece of stave. Theaim of the study wasto analyze the impact of wood heat treatment on Cognac in both
analytical and sensory terms and to confirm the vaidity of the pilot barrel model. The findings give ardlatively
wide view of the influence on the composition of Cognac of new wood heated at different temperatures. Heeting
gave notes of «vanilla» and «toasted» to the spirit while excessive heating led to lower qudity with the appearance
of «fungus» and «dusty». The good quality of the spirits obtained validatesthe pilot barrel asamoded for the extra-
ction of wood compounds by spirit.

Résumé : Cette étude porte sur I’ influence de différents niveaux de chauffe du bois sur la qualité d' une eau-de-
vie de Cognac en utilisant un modéle de f(it pilote. Les flts pilotes sont constitués d' un cylindre inox fermé aux
deux extrémités par un morceau de douelle. L’ objectif de cette étude est double : réaliser une synthése sur I'inci-
dence delachauffe du bois sur leseaux-de-vie de Cognac, alafois sur les agpects anaytiques et sensoriels et confir-
mer lavalidité desf(ts pilotes en tant que modeles.

Labonne qualité des eaux-de-vie obtenues valide | esfiits pil otes comme model e de laphase d' extraction des com-
posés du bois desfits par | eau-de-vie.

L e bois non chauffé confére des notes «végétal », «lourd». La chauffe du bois se traduit par des eaux-de-vie plus
appréciées avec des notes «vanillé&». Une chauffe trop forte entraine une nette dépréciation avec |’ spparition de
notes «champignon», «moisi», «terreux» ...

L’ ensemble des résultats obtenus donne un apercu assez large de I’ influence du bois neuf plus ou moins chauffé
sur lacomposition de |’ eau-de-vie. Pour de nombreux composss les résultats obtenus avec le modéle pilote sont
comparablesaceux obtenus sur des extraits de particules de bois : dérivésdelalignine, composésfuraniques, méthyl

octalactones. .. Pour d autres composés, notamment les acides gras, les résultats différent.
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INTRODUCTION

During the manufacture of barrelsinwhich Cognac
Spirits are matured, the oak wood is heated. This pro-
cessisessentid for shaping the body sinceit decreases
the mechanical resistance of thewood. Theresfter, the
wood may be heated again in order to develop aromas,
a process known as «bousinage». We studied the
influence of variousleves of wood heating on the qua-
lity of Cognac by using apilot barrel model. Working
with apilot barrel closed at the extremities by pieces
of stave constitutes a compromise between working
with small pieces of wood such as sawdust and chips,
whichisarapid and inexpensive method alowing the
raw materia wood to be controlled but which does not
faithfully reproducethetransfer phenomenaoccurring
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in barrel, and real barrels, in which it isdifficult to
control the raw material wood. The aim of the study
was asfollows. to gain insight into the impact of oak
wood hegt treatment on Cognac spiritsfrom an analy-
tical and sensory viewpoint; to confirm the validity
of the pilot barrel as an experimental model for wor-
king with small volumes.

PILOT BARREL

WITHER et al. (1995) compared maturation of
whisky spirit in normal barrels and miniature six-liter
American white oak casks. The results demonstrated
differencesin anaytical composition and sensory pro-
file between the two types of maturation, the miniature
casks giving asweeter product than the normal-sized
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barrdls. The authorsttributed the differenceto ahigher
rate of oxidation in the miniature casks, afindingwhich
may be partly explained by the very different sur-
face/volumeratiosfor thetwo typesof container. The
spirit remained 24 monthsin the miniature casks and
60 monthsin normd barrels. Theinitia wood impre-
gnation in the miniature cask was very high, leading
to alargeloss of volume and aconsiderable ullage
abovetheliquid. There was no topping up in the pro-
tocol. FEUILLAT et al. (1994) tested a system com-
posed of aPV C tube in which both extremities were
blocked by wooden stoppers. Thissystem, which gave
avolume/wood surface ratio comparable to that of a
red barrd, was used asamodd by PUECH et al. (1996)
and by FEUILLAT et al. (1997) to study theextraction
of wood compounds.

WOOD HEATING

Many authors have examined the effect of heating
wood. One gtrategy consistsin heating wood chipsin
thelaboratory in different heating conditions (tempe-
raturex time) (SARNI et al., 1990 ; GIMENEZ MATI-
NEZ and LOPEZ GARCIA, 1996). The extracted
compounds are measured on the macerated chip solu-
tion. Another strategy consistsin first heating staves
either in real conditions(NOMDEDEU and LEAUTE,
1988a; CHATONNET, 1995 ; CHATONNET et al.,
1996 ; CADAHIA et al., 2001) or inthe laboratory
(CANASet al., 2000). It then becomes possible to
samplewood particles on the heated staves and to per-
form maceration in order to assay the extractible com-
pounds. Thisreveasahesat gradient in thethickness of
the stave, from the face exposed to the heat to the unex-
posed face.

Oakwood heating may also be studied infull size
by placing in barrd sthe product under sudy or amodel
solution such aswine and a hydro-alcoholic solution
(12 % volume) (NOMDEDEU and LEAUTE, 1988a
and b), brandy (RABIER and MOUTOUNET, 1990 ;
ARTAJONA e d., 1990; PUECH and MAGA, 1993),
Cognac spirit (LAVERGNE et al., 1990 ; CALVO &t
a., 1992 ; CANTAGREL et al., 1992) or whisky spi-

actions occur between the extracted compounds of the
wood and those of the wine, and the model solution
makes it possible to measure the contribution of the
wood more precisely (NOMDEDEU and LEAUTE,
19883). MOSEDAL E and FORD (1996) used aninter-
mediary protocol in which 14 x 1 x 1 cm wood bars
were heated in an oven at 200 °C for 0, 30, 60 and
120 minutes. The extraction time was 6 months.

Thecompounds studied also differ, thelignin deri-
vatives (vanillin, vanillic acid, coniferaldehyde, syn-
ringa dehyde, syringic acid, Sngpaddehyde), thefuranic
aldehydes (furfural, 5-methyl furfural, 5 hydroxyme-
thyl furfurd), galic acid and dlagic acid being the most
frequently tested.

MATERIAL AND METHODS
| - PILOT BARREL

Theprotocol of FEUILLAT et al. (1994) was modi-
fied asfollows. The tube was made of stainless sted,
aninert materid in relation to spirit. The piecesof wood
were not embedded but were pressed againg thetube,
therefore allowing non-rounded pieces to be used
(figure 1). Tightnesswas ensured with awet flour paste
asin cooperage, because plastic or smilar washersdo
not remain inert during prolonged contact with spirit.
The diameter of the tube was 10 cm and 27 cm long.
Thislength was chosen to mimic the surface/volume
ratio of a350| barrd.

Fig. 1- Pilot barre

rit (PIGGOTT et al., 1993). Inthe case of wine, inter- Fat pilote
Tablel - Heating parameters
Parameétresdela chauffe desbois
Type of heating Abbreviation Hee%m%)tl me Thermostat Heeting (t(sag)\perature

Not heated NH - B
Light LH 7 8 304
Average AH 10 8 304
Strong SH 18 8 34
Very strong VSH 22 10 340
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Il - OAK WOOD (NATURE AND HEATING)

The experimental material was composed of two
pieces of cask wood having dried for more than three
yearsinfreeair. Both pieceswere cut into five sections,
and five pairs were made including one section from
each piece. Each pair underwent adifferent level of
heating in the laboratory (table 1) and then served as
stoppersfor apilot cask. Thisensured that the raw mate-
rid was homogeneous between thefive pilot barrelsto
betested at the five different levelsof heeting. Thetem-
peratures were those measured in the empty oven
without thewood (tablel, figure 2).

11 - COGNAC SPIRIT

Thepilot barrd swerefilled with anew Cognec pi-
rit (70 % val.). After maturation for three monthsinthe
laboratory (25 °C), the pilot barrelswere emptied and
the sampleswere analyzed and tasted.

V- CHEMICAL ANALY SES

Tota phenolswere determined using the procedure
described by BLOUIN (1972) with Folin-Ciocalteu

reagent.

Determination of ellagitannins was carried out by
high-performance liquid chromatography according
to thetechnique developed by PENG et al. (1991) and
VIRIOT (1995). Results are expressed in milligrams
of ellagic acid calculated by the difference between
total dlagic acid (after acid hydrolysis) and the pre-
existing free dlagic acid.

Phenalic acids, aromatic aldehydes, furanic alde-
hydes, aesculin and scopol etin were determined by
high performanceliquid chromatography. The column
was aC18 dlicatype with spherica beads. Flow rate
1 mi/min. Eluant A (water: 95.5 %, acetic acid: 4 %,
propanal-1: 0.5%), duant B: 100 % methanol . Gradient
eution (A/B): 0 min. (100/0), 40 min. (60/40), 45 min.
(10/90), 50 min. (100/0). Andysiswas performed at
room temperature. Analysstimewas 50 min. and equi-
libration time was 15 min. Ultra-violet detection was
performed at 295, 320, 272, 345 and 280 nm. Injected
volumewas 15 pl for the reference solution and the
samples.

Other volatile phenolswere converted into 2,4-dini-
trophenyl etherswith the aid of 2,4-dinitro-1-fluoro-
benzene according to the technique of LEHTONEN
(1980). After extraction, the derivativeswere andyzed
by gas chromatography with detection by eectron cap-
ture.

Fatty acidswere assayed according to the protocol
described by VIDAL et al. (1994).
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Fig. 2 - Oven temper atur e (thermogtat)
Températuredu four pour la chauffe desbois (ther mostat)

Volatile compounds were assayed by on-column
injection gas chromatography or after isooctane extra:
ction (CANTAGREL, 1986).

Sugarsweretransformed into TM S-oxime deriva:
tives and polyols and organic acids were transformed
into TMS derivatives.

400 I of sample or reference solution and 400 pl
of internal standard solution weremixed ina1.2 ml
flask. 200 pl of the preceding mixture were placed in
aflask for automatic injection with two drops of ammo-
nia, and then were evaporated under nitrogen. Next,
100 pl of hydroxylamine hydrochloride solutionin
pyridinewere added. Theflask was stoppered and hea
ted at 70 °C on ahot platefor 30 minutes. The sugars
and acids were then transformed into silylated deri-
vativesby adding 200 pl Sylon BFT for 20 minutesat
70°C. A blank with different reagentswas performed
at the beginning of each series of anayses.

The gas chromatographic conditions were asfol-
lows: FID detector, split-splitlessinjection, silicaglass
capillary columntype CPSIL 5 CB (50 m x 0.25 mm
x 0.12um), carrier gas hydrogen, injector 260 °C, detec-
tor 280 °C, 1 ul injection in split mode, temperature
range: 45°C (0min) increasing 4 °C/minup to 280 °C
for 5min.

The slylated derivatives of some sugars gave two
or severd chromatographic peaks, but only the highest
peak was used for quantitative analysis. The solution
of interna standardswas amixture of two compounds.
Vanillic acid was used to quantify acids and phenyl-
glucopyranosideto quantify sugarsand polyals. Since
quercitol is not available commercidly, it was quan-
tified by using the response factor of myo-inosital.

V —SENSORY ANALY SIS

An 11-person panel was composed of professio-
nalsworking in thefield of Cognac such asvintners,
winebrokersand andyds. The Cognac spiritswere pre-
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Tablell - Averagetasting notes (/5)
Résultats d’ analyse sensori€lle, notes (/5)

: Quality ; . .- Overall Intention
Heating of wood aroma Bitterness Astringency Acidity appreciation to buy
NH 164 264 182 164 173 56%
LH 255 145 177 1.86 3.09 78%
AH 345 2.09 191 2.00 355 100%
SH 3.00 227 250 173 2.73 78%
VSH 114 255 218 177 0.73 0%
S‘gn. * k% NS NS NS * %% * k%

NH: not heated ; LH : light heating ; AH: average heating ; SH : strong heating ; VSH : very strong heating ; Sign.: level of significance, heating
effect ; NS : non-significant heating effect, p > 0,05 ; ***: very significant heating effect, p < 0.001

NH : non chauffé ; LH : chauffe |égére ; AH : chauffe moyenne ; SH : chauffe forte ; VSH : chauffe trés forte ; Sign.: niveau de signification,
effet chauffe ; NS: effet chauffe non significatif, p > 0,05 ; ***: effet chauffe treés significatif, p < 0.001

Tablelll - Polyphenols (mg gallic acid/l)
Polyphénols (mg acide galliquell)

Compound/parameter New spirit NH LH AH SH VSH
Totd polyphenols 0 31 79 125 187 100
TablelV - Tanninsand derivatives assayed by HPL C (mg/l)
Tanninsand derivatives assayed by HPL C (mg/l)
Compound New spirit NH LH AH SH VSH SDr
Ellagic tannins (1) * * 131 * * *
Gdlicacid * 210 4.80 4.80 210 0.50 0.07
Ellagic acid * 9.60 12.70 22.70 21.40 9.40 021

(2) dlagic acid released by hydrolysis; (*) not detected
(2) acide elagique libéré par hydrolyse (*) : non détecté

sented to the tasters undiluted (the level of dilution
being chosen by each taster) and in blue glasses, in
order that the tasters should not be influenced by the
color.

Thefirst part of the tasting sheet contained 5 des-
criptorsto evaluate ascale of 0to 5: quality of wood
aroma(nose), bitterness, astringency, acidity and ove-
rall appreciation. In the second part, tasters gave free
descriptors of each sample. Thelast part was a pur-
chasing question (yes/no), which was presented asfol-
lows: «Would you buy these spirits at areasonable
price? The aim of this question wasto validate the
pilot model by showing that the spirits obtained were
organolepticdly smilar to commercidly available ones

RESULTS
| - TASTING

Theaverage notesobtained are presentedin table ||
and figure 4. No taster appreciated the sample corres-
ponding to very strong heating (table 1), which was
often attributed anote of «fungus», «dusty», «musty»,
«heavy» and «earthy». The sample matured in unhesa-
ted wood was not highly appreciated, thewood aroma
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being almost absent and described as «plant». The pi-
rits corresponding to the three intermediary levels of
heating were globally gppreciated and judged «vanilla,
but the optimal level of hesting was different for each
taster. The sample corresponding to the average level
of heating received the best appreciations and there-
fore condtituted the best compromi se between the pre-
ferences of the various panel members.

[ - CONCENTRATION FACTOR

Thespiritsmatured in pilot barrelsunderwent aloss
of volumethat may largely be attributed to theimpre-
gnation of thewood. A phenomenon of concentration
aso occurred that was probably dueto the evaporation
of the most volatile substances, particularly ethanol.
This concentration was evidenced by the levels of
higher dcohals. While new spirit contained 3 736 mg/l,
themean higher dcoholslevel after maturationin pilot
barrelswas 3 863 mg/l (table X111). Thelevelswere
homogeneousfor dl pilot barrels.

In order to assessthe impact of wood on the com-
poundsaready present in new spirit, itispreferableto
take thisfactor of concentration into account. Since

higher d coholsundergo very little change during aging,
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TableV - Lignin derivativesassayed by HPL C (mg/l)
Dérivésdelaligninedoséspar HPLC (mg/l)

Compound New spirit NH LH AH SH VSH SDr
coniferadehyde * * 2.60 744 11.52 5.93 0.02
vanillin * 0.14 0.81 173 3.03 276 0.02
vanillic acid * 0.30 0.30 0.60 150 1.90 0.02
Sngpadehyde * 0.08 3.98 16.17 28.12 12.18 0.05
syringaldehyde * 0.26 127 471 11.79 9.90 0.08
syringic acid * 0.30 050 120 390 4.10 0.02
guaiacyls/syringyls 0.69 0.65 044 0.37 0.40

(*) not detected ; SDr : Repeatability standard deviation estimated during single-laboratory vaidation, level for AH sample
(*) : non détecté; SDr : Ecart type de répétabilité esimé lors dalavalidation interne delaméthode, niveau de’ échantillon AH

Table VI - Other volatile phenols assayed by gas phase chromatogr aphy after derivatization (ug/l)
Autresphénolsvolatilesdoséspar chromatogr aphie gazeuse aprésdérivatisation (ug/l)

Compound New spirit NH LH AH SH VSH SDr
Phenal 290 320 320 3.50 7.20 13.30 0.29
o-cresol 0.72 0.50 0.50 0.60 110 2.00 0.24
m-cresol 0.83 0.70 0.60 0.60 110 1.90 0.29
p-cresol 0.62 0.50 0.50 0.70 120 170 0.15
Guaiacol 114 0.70 170 4.80 16.20 44.20 2.25
4-ethylphenol 2.27 210 220 210 2.00 210 0.22
4-ethylguaiacol 7.65 7.10 8.00 8.30 11.30 28.80 0.97
eugenol 103 9.30 24.90 39.40 55.50 51.30 433

SDr : Repeatability stlandard deviation, chemical analysis, 5 replications for SH sample

SDr : Ecart type de répétabilité du dosage, 5 répétitions sur I’ échantillon SH

their concentrationswere used to ca cul ate the concen-
tration factor. Thus, thelevelsin new spirit were mul-
tiplied by 3863/ 3736 = 1.034.

[I - COMPOSITION
1) Tota polyphenols

The new Cognac spirit contained very few pheno-
lic compounds (tablel11). Somevoalatile phenolic com-
pounds were present but at only very low levels
(cf. 111.3.4., table VI). Mogt of the phenolic compounds
came from the oak wood. Thelevel of polyphenols
increased in relation to the heating temperature and
decreased at the highest temperatures. The level of
polyphenols resulted from a balance between degra-
ded compounds such as tannins and lignin, whichis
difficult to extract, the released moleculessuch asdlla-
gic acid and the extractible derivatives of lignin, and
the ability of the spirit to extract various molecules.

2) Tannins and derivatives

Irrespective of thetemperature (table V), thelevels
of elagitannins, particularly combined ellagic acid,
werelow. Gdlic and elagic acid levelsevolved Smi-
larly inrelaion to hesting temperature. Firg, anincrease
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occurred probably dueto the release of these molecules
by thermal degradation of the more complex chemi-
cd forms, paticularly thetannins. Theredfter, thelevels
decreased at the highest temperatures.

3) Lignin derivatives

Lignin derivatives are provided by thewood and
their levelswere strongly influenced by heating tem-
perature (table V). The results may be summarized
asfollows:

- unheated wood rel eased very few cinnamic com-
pounds such as singpaldehyde and coniferd dehyde;

- heating partly degraded the lignin and released
derivativeswhich are easily extracted in the spirit;

- theformsreleased by heating were mainly:

» syringylated forms compared to guaiacyl forms
(ratio about 2/1);

» cinnamic aldehydes such as sinapa dehyde and
coniferaldehyde;

- the higher the temperature, the larger the amount
of derivatives. At very high temperatures, the aroma-
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Table VI - Furanic aldehydes assayed by HPL C (mg/l)
Aldéhydesfuraniquesdoses par HPLC (mg/l)

Compound New spirit NH LH AH SH VSH SDr
5-(hydroxymethy!)-furfural * * 1.00 4.00 8.00 8.90 0.04
furfural 7.24 7.20 11.80 27.60 67.90 98.60 0.28
5-methyl furfura 011 011 0.37 147 401 534 0.02
(*) : not detected ; SDr : Repeatability standard deviation estimated during single-laboratory validation, level for AH sample
(*) : non détecté; SDr : Ecart type de répétabilité esimé lors dalavalidation interne delaméthode, niveau de’ échantillon AH
Table VIl - Coumarinsand derivatives assayed by HPL C (mg/l)
Coumarineset dérivésdoséspar HPLC (mgl/l)
Compound  New spirit NH LH AH SH VSH SDr
scopoletin * 0.151 0.186 0.187 0.183 0.113 0.002
mlln * * * * * * *

(*) : not detected ; SDr : Repeatability standard deviation estimated during single-laboratory vaidation, level for AH sample
(*) : non détecté; SDr : Ecart type de répétabilité esimé lors dalavalidation interne delaméthode, niveau de I’ échantillon AH

tic adehydes were degraded in the following decrea-
sing order of importance: coniferaldhehyde, sinapal-
dehyde, vanillin and syringal dehyde;

- the higher the temperature, the lesser the guaia
cyl/syringyl ratio, except at very high temperatures.

4) Other volétile phenols

The assay method used was not efficient to assay
syringylated forms. These formswere present and in
greater concentrations than the guaiacyl forms
(CHATONNET, 1995 ; PUECH and MAGA, 1993),
and their concentrations paralleled those of thelignin
derivatives(cf. 111.3.3.). Thenew spirit whichwe used
already contained al of the volatile phenols assayed
(table V1). Unheated wood mainly released eugenol.
Whatever the heating temperature, the quantities of
4-ethylphenol released by thewood werevery low. As
the heeting temperatureincreased, therewasan increase
inthelevelsof all the other volatile phenols. At the
highest temperature, eugenol was partially degraded.

5) Furanic adehydes

Unheated oak wood released hardly any furanic
adehydes. Thelevdsin the unheated pilot barrd were
identical tothosein new spirit (table VI1). Heating led
to theformation of furanic adehydesby therma degra-
dation of hemicelluloses,

6) Coumarins

Even the lowest heating temperatures led to an
increasein thelevels of scopoletin (table VIIT), while
the highest temperature led to partial degradation of
this compound.
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7) Sugarsand polyols

Many sugars and polyolswerereleased by the oak
wood into the spirit (table 1 X). According to the tem-
perature, thereweretwo types of behavior: for D-xylose,
arabinose, quercitol and L-rhamnose, there was an
increase and then adecrease at higher temperatures;
for 1,2,3-propanetriol, fructose, myo-inositol and sac-
charose, there was a decrease and then an increase.

8) Methyl octalactones

Levedsof methyl octal actonesincreased ashesating
increased. However, at the highest temperature, degra-
dation began to occur (table X).

9) Fatty acids

New wood rel eased large quantities of acetic acid
and gppreciable quantities of propancic acid, withlevels
continuously increasing as temperature increased
(table X1). Thelong chain fatty acids released by the
wood behaved very differently. On the one hand, for
hexadecanoic acid and poly-unsaturated C18 acids
such aslinoleic and linolenic acid, therewasfirst a
decrease and then an increase at higher temperatures.
Ontheaother, dleicacid levels (C18 unsaturated in one
step) increased and then decreased at very high tem-
peratures. Thelevels of ethyl esters corresponding to
the above-mentioned fatty acidsdid not follow the same
pattern, probably becausetheir balancewasnot yet rea
ched. For example, there was no noticeable change
in levels of ethyl acetate or ethyl hexadecanoate
(table X11).
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Tablel X - Sugarsand polyolsassayed by sylilation (mg/l)
Sucreset polyolsdoséspar sylilation (mg/l)

Compound New spirit NH LH AH SH VSH SDr
lactic acid 579 6.50 6.90 6.70 7.70 8.50 0.26
1,2,3-propanetriol * 20.49 1548 12.76 18.03 16.06 0.23
ery-thrl tol * * * * * *
arabinitol * 130 0.9 0.75 102 0.63 0.05
D-xylose * 3.67 348 6.37 9.30 8.30 0.76
arabinose * 11.26 2348 2553 1557 9.37 2.35
quercitol * 41.80 47.00 51.50 48.50 33.80 179
L-rhamnose * 0.80 0.95 142 149 141 0.24
fructose * 42.00 11.00 9.00 38.00 84.00 178
galactose * 3.62 192 3.77 6.00 7.81 0.45
glucose * 71.00 19.00 18.00 75.00 170.00 322
myo-inosital * 9.12 5.55 531 9.82 1253 0.17
saccharose * 32.00 18.00 16.00 37.00 53.00 0.30
sorbic acid * * * * * *
ethylene diglycol * * * * * *
D-glucitol * * * * * *
(*) not detected ; SDr : Repeatability standard deviation, chemica analysis, 5 replicationsfor AH sample
X(*) : non détecté ; SDr : Ecart type de répétabilité du dosage, 5 répétitions sur |’ échantillon AH
Table X - Methyl octalactones (mg/l)
M éthyl octalactones (mg/l)
Compound  New spirit NH LH AH SH VSH SDr
trans * * 0.069 0.079 0.114 0.116 0.006
cis * 0.684 0.923 1.076 1314 1251 0.004
(*) : not detected ; SDr : Repeatability standard deviation, chemical analysis, 5 replications for AH sample
(*) : non détecté ; SDr : Ecart type de répétabilité du dosage, 5 répétitions sur I’ échantillon AH
10) Other compounds DISCUSSION

Oakwood did not release any appreciable quanti-
ties of higher dcohols, esters of higher alcohoals, ter-
penes or C13 norisoprenoids (tables X111, X1V and
XVII). Onthe other hand, there was aclear contribu-
tion of ethyl formate, probably in the form of metha-
noic acid then esterified with ethanol (table XV). As
for acetic acid, the quantitiesincreased continuousdy
as heating increased.

New wood aso released the following compounds:
- benzaldehyde (table X V1);

- ethyl furoate (table XV) and probably 2-furoic
acid;

- diethyl butanedioate in the form of butanedioic
acid;

- 1,1, 3-triethoxypropane (table XV1).
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| - VALIDITY OF PILOT BARREL ASMODEL

Theinformal tasting session demonstrated smila-
rity between Cognac spirits obtained in pilot barrels
and commercid ones. For an identical maturationtime,
levels of oak wood compounds were higher in spirits
obtained from pilot barrelsthan in those matured in
rea new barrels (CALVO et al., 1992 ; PUECH and
MAGA, 1993). These high levelsare probably dueto
more rapid diffusion phenomena, since the distances
inthe pilot barrel are smaler than in real barrels. No
oxidation phenomenawere observed over aperiod of
four months. Ethanal and 1,1-diethoxyethane levels
were similar before and after aging in pilot barrels.

Thefirst pilot barrel prototype to be designed had
awider diameter cylinder (BARBOTIN, 1997). The
wood stoppers at the two ends were made out of two
pieces of stave joined asthe heading of areal barrel
but without strips of reed. In that prototype, ethana
and 1,1-diethoxyethane levels had already evolved
after three months. The joint between the two staves
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Table XI - Fatty acids (mg/l)

Acidesgras(mg/l)

Compound New spirit NH LH AH SH VSH SDr

aceticacid 54 91 130 143 207 285 14
propanoic acid 034 0.35 0.43 0.67 150 244 0.05
isobutyric acid 301 317 3.02 3.04 3.07 3.18 0.08
butanoic acid 043 0.37 0.36 0.35 047 0.49 0.02
isovaeric acid 178 183 1.83 182 184 176 0.02

pentanoic acid * * * * * *
hexanoic acid 231 2.32 233 2.35 2.33 234 0.03
octanoic acid 848 8.30 8.30 8.60 8.20 7.90 0.09
decanoic acid 6.41 6.30 6.40 6.40 6.30 6.20 0.09
dodecancic acid 2.30 2.24 234 231 228 221 0.02
tetradecanoic acid 041 0.44 0.45 043 044 0.49 0.02
hexadecanoic acid 138 511 4.05 3.60 6.54 9.06 0.09
octadecanoic acid 0.33 031 0.28 0.24 0.34 0.36 0.05
oleicacid * 261 415 7.06 11.39 10.73 0.17
linoleic acid 0.30 8.70 507 3.80 15.12 29.99 0.10
linolenic acid * 047 0.27 0.20 0.88 165 0.04
(*) : not detected ; SDr : Repeatability standard deviation, chemical analysis, 5 replications for AH sample
(*) : non détecté ; SDr : Ecart type de répétabilité du dosage, 5 répétitions sur I’ échantillon AH
Table X1 - Ethyl estersof fatty acids (mg/l)
Egersd éhyledesacidesgras(mg/l)

Compound New spirit NH LH AH SH VSH SDr

ethyl acetate 235 214 218 220 225 210 20
ethyl butyrate 0.95 0.89 104 1.07 104 0.97 0.06
ethyl hexanoate 279 270 2.80 2.80 2.80 2.70 >0.01
ethyl octanoate 7.65 7.60 7.70 7.80 7.60 7.40 >0.01
ethyl decanoate 14.17 14.10 14.30 14.20 13.90 13.50 >0.01
ethyl dodecanoate 7.34 6.80 7.10 7.20 6.80 6.50 >0.01
ethyl tetradecanoate 0.90 0.84 0.91 0.91 0.83 0.79 >0.01
ethyl hexadecanoate 3.68 3.26 3.37 335 329 3.63 0.03
ethyl octadecanoate 047 0.30 0.38 0.38 031 033 0.01
ethyl oleate 0.67 0.78 0.72 0.70 0.79 0.97 0.01
ethyl linoleate 4.72 6.32 521 5.03 6.46 9.22 0.08
ethyl linolenate 121 127 125 122 129 148 0.02

SDr : Repeatability standard deviation, chemica analysis, 5 replicationsfor AH sample
SDr : Ecart type de répétabilité du dosage, 5 répétitions sur I' échantillon AH

was probably not astight asthose of the body of abar-
rel because the staves are compressed during wood
bending. Therefore, these findings suggest the follo-
wing:

- theuse of entire pieces of stave makesit possible
to model only the extraction phase of the wood,

- if two jointed pieces of stave were to be used, it
would be possible to model the aging of spirit in bar-
rel more accurately by taking into consideration oxi-
dation phenomeng;
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- thepilot barrelsareardiabletool for determining
where the oxygen comes from, becauseit is possible
to makethe bung hole completely tight and to usewhole
wood or jointed wood.

I - COMPARISON OF PILOT BARRELSWITH
WOOD PARTICLE EXTRACTS (SAWDUST,
CHIPS)

Thissection dea swith the advantages of pilot bar-
relsin relation to sawdust and chip extracts.

Studieson the composition of wood consst in redu-
cing thewood to different sized particles such assaw-
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Table X111 - Alcohals (mg/l)

Alcools (mg/l)
Compound New spirit NH LH AH SH VSH SDr
methanol 292 264 271 276 281 273 24
butm_z_ol * * * * * *
propanol 241 236 240 239 237 233 19
isobutanol 993 980 998 992 982 971 77
2—propeno| * * * * * *
butanol 27 26 27 25 26 25 0.03
2-methylbutanol 604 607 614 608 601 602 46
3-methylbutanal 2026 2039 2057 2041 2015 2022 153
hexanol 9.7 9.9 9.8 9.8 9.7 9.9 0.12
(2)-3-hexenal 19 19 21 19 18 19 0.04
2-phenylethanol 152 15.7 14.6 14.3 136 156 0.21
heptan-2-ol 0.21 021 021 0.20 0.20 0.19 >0.01
octanol 0.24 0.24 0.24 0.24 0.25 0.25 >0.01
decanal 0.06 0.07 0.06 0.06 0.06 0.06 >0.01
dodecanol 0.03 0.04 0.04 0.04 0.04 0.04 >0.01
tetradecanol 0.21 0.20 021 0.22 0.22 021 >0.01
Totd higher alcohols (1) 3863 3862 3909 3880 3835 3828 2545

(*) : not detected ; SDr : Repeatability standard deviation, chemica andysis, 5 replicationsfor AH sample; (1) : 2-methylbutanol +3- methylbutanol +iso-
butanol + propanal ; (*) : non détecté; SDr : Ecart type de répétabilité du dosage, 5 répétitions sur I’ échantillon AH ; (1) : 2-methylbutanol +3- methylbuta-
nol + isobutanol + propanol
Table X1V - Egtersof higher alcohols(mg/l)
Estersd’alcool supérieur (mg/l)

Compound New spirit NH LH AH SH VSH SDr
3-methylbutyl acetate 11.14 10.75 10.82 11.03 10.87 10.63 011
hexyl acetate 0.39 0.39 0.39 0.39 0.39 0.38 >0.01
(2)-3-hexenyl acetate 0.05 0.05 0.05 0.05 0.05 0.05 >0.01
3-methylbutyl octanoate 0.38 0.38 0.38 0.38 0.37 0.37 >0.01
isobutyl decanoate 021 021 021 0.20 0.20 0.19 >0.01
2-phenylethyl acetate 151 142 144 1.46 144 142 >0.01
3-methylbutyl decanoate 105 103 104 1.04 1.02 1.00 >0.01
3-methylbutyl dodecanoate 0.47 0.48 051 051 0.49 0.47 >0.01
2-phenylethyl octanoate 0.04 004 0.04 0.04 0.04 0.04 >0.01

SDr : Repeatability standard deviation, chemica analysis, 5 replicationsfor AH sample
SDr : Ecart type de répétabilité du dosage, 5 répétitions sur |’ échantillon AH

Table XV - Ethyl esters(mg/l)
Egtersd’ éhyle (mg/l)

Compound New spirit NH LH AH SH VSH SDr
ethyl formate 14 18 35 7.0 13.2 135 0.27
ethyl lactate 96 100 95 A 91 9 0.88
diethyl butanedioate 0.46 047 047 048 0.49 0.54 >0.01
ethyl furoate 0.23 0.23 0.23 0.26 0.28 0.29 >0.01

SDr : Repeatability standard deviation, chemical analysis, 5 replications for AH sample
SDr : Ecart type de répétabilité du dosage, 5 répétitions sur I’ échantillon AH
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Table XVI - Aldehydesand acetals (mg/l)

Aldéhydeset acétals (mg/l)
Compound New spirit NH LH AH SH VSH SDr
ethanal 13 11 10 9 10 12 043
isobutanal 75 6.4 58 55 54 55 0.26
1,1-diethoxyethane 27 25 27 28 29 26 0.38
2—pr0penai * * * * * *
1,1-diethoxyisobutane 9.90 9.14 891 8.95 8.92 8.60 0.09
1,1,3-triethoxypropane 043 0.49 0.70 0.73 0.58 0.47 0.02
benza dehyde 0.47 0.48 047 0.49 0.52 0.52 >0.01
(*) : not detected ; SDr : Repeatability standard deviation, chemica analysis, 5 replicationsfor AH sample
(*) : non détecté ; SDr : Ecart type de répétabilité du dosage, 5 répétitions sur I’ échantillon AH
Table XVII - Terpenesand C13 norisoprenoids (mg/l)
Terpéneset C13 norisoprenoides (mg/l)

Compound New spirit NH LH AH SH VSH SDr
(2)-lind ool oxide 0.11 011 0.12 0.12 0.13 0.12 >0.01
(E)-lindl ool oxide 0.10 0.09 0.10 0.09 0.09 0.09 >0.01

linalool 0.32 0.32 0.32 0.32 0.32 0.32 >0.01
aphaterpineol 0.14 0.14 0.14 0.14 0.14 0.14 >0.01
(9)-(+)-trans-neralidol 0.69 0.68 0.68 0.68 0.67 0.66 >0.01
vitispiran 1 0.19 0.20 0.19 0.19 0.19 0.18 >0.01
vitispiran 2 0.18 0.18 0.18 0.19 0.18 0.18 >0.01
trimethyldihydronaphthaene 0.11 011 011 011 011 011 >0.01
B-damascenone 0.26 0.25 0.26 0.26 0.25 0.24 >0.01

SDr : Repeatability standard deviation, chemica analysis, 5 replicationsfor AH sample;
SDr : Ecart type de répétabilité du dosage, 5 répétitions sur I échantillon AH

dugt or chips mecerating themin aliquid such ashydro-
acoholic solution or methanol, separating the liquid
phase from thewood particles, and andyzing the che-
mical composition of the liquid solution containing
wood extractives. Working with sawdust offersthefol-
lowing advantages. First, using the same quantity of
wood, theresultsare morereproducible. For example,
if amaceration test isreproduced, very smilar results
areobtained. Moreovey, itispossibleto work with very
gmall quantitiesof wood. Finaly, the maceration time
may be reduced because the area of contact between
thewood and theliquid ishigh. However, particlesize
hasadirect impact on the sensory quditiesof the extract
and on the composition of the extractives. The smal-
ler the particles, thelower the maximum sensory qua:
lity compared with that obtained with barrels. When
sawdust isused, tastersdetect “ dusty” notes. Thesma-
ler the particles, the better some compounds are extra-
cted, eg. elagitannins. Thiseffect of particlesizeis
dueto the heterogeneity of thewood; thefiner the par-
ticles, the greater the differenceto the structure of redl
wood.

Maceration/extraction time a so playsan important
rolemainly for the bound compoundsthat are extrac-
tible after hydrolysis. For example, with 10-day mace-
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ration of chips (1 x 0.2 x 0.3), we observed a conti-
nuousdecreasein levelsof acetic acid and linoleic acid
according to the temperature of treatment (different
durations at thermostat 8). In pilot barrels, the oppo-
site phenomenonwasfound for acetic acid, whilelino-
leic acid behaved in amore complex manner. These
discrepancies may be dueto the following reasons:

- when small wood particles are used, the acetic
acid released by heating becomes volatile, whereas
with staves, the acid formed inside the wood is retai-
ned by the structure of the wood;

- the acetic acid and linoleic acid extracted during
maceration are the most accessible forms, while the
combined forms are much less extracted;

- themost accessibleforms are probably more sen-
Stiveto the action of hest.

Thepilot barrelsinwhich pieces of Savewere used
produced spirits that were more similar to the spirits
obtained in redl barrels than those obtained by mace-
ration with wood particles.
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11 - IMPACT OF HEATING

Theimpact of heating on the organoleptic charac-
teristics and composition of wood extractivesisdis-
cussed below.

1) Tedting

Our results are in agreement with those of
ARTONAUJA et al. (1990), i.e. low heating tempera-
tures gave more flowery, fruity notes whereas higher
temperatures led to vanilla notes which were highly
appreciated by the tasters. LAVERGNE et al. (1990)
al so obtained comparable data, i.e. high temperature
leading to toasted notes and low temperature providing
finesse and lightness. Very high temperatures were
detrimental, leading to the appearance of «fungu,
«dusty».

2) Tannins and derivatives

In agreement with the findings of PUECH et al.
(1996), elagitannins were only dightly extracted in
pilot barrels. Gallic acid level s decreased as heating
temperaturesincreasad, probably duetoitspartia degra:
dation when hesting (RABIER and MOUTOUNET,
1990 ; CHATONNET, 1995 ; GIMENEZ MARTI-
NEZ and LOPEZ GARCIA, 1996). With regard to
ellagic acid, the decrease we observed as tempera-
tureincreased isin disagreement with previousfin-
dings (RABIER and MOUTOUNET, 1990 ;
CHATONNET, 1995). Itisunlikely that thisdecrease
wasdueto degradation sincedlagic acid isonly dightly
heat-sengitive (CHATONNET, 1995). MOSEDALE
and FORD (1996) obtained higher ellagic acid levels
after heating for 60 minutes and then a decrease after
120 minutes.

3) Lignin derivatives

Levesof lignin derivatives were similar to those
previously published (NOMDEDEU and LEAUTE,
1988b ; RABIER and MOUTOUNET, 1990 ;
CHATONNET, 1995 ; GIMENEZ MARTINEZ and
LOPEZ GARCIA, 1996 ; CADAHIA et al., 2001).

4) Furanic ddehydes

For furanic adehydes, levelsincreased continuoudy
asheat increased, in agreement with previousfindings
(NOMDEDEU and LEAUTE, 1988aand b ; RABIER
and MOUTOUNET, 1990 ; CHATONNET, 1995;
CHATONNET et al., 1996).

5) Methyl octaactones

Theincreasein methyl octalactonesisin agreement
with previousfindings(NOMDEDEU and LEAUTE,
1988b ; MAGA, 1989 ; CHATONNET, 1995).
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6) Coumarins

UnlikeMOSEDALE and FORD (1996), wefound
anincreased level of scopoletin at lower temperatures
and then adecrease a higher temperatures. However,
CADAHIA et al. (2001) found that aesculetin levels
varied after heating according to the type of wood.
These findings suggest that scopol etin existsin com-
bined forms.

7) Fatty acids

Firgt, glyceride forms of the wood were hydroly-
zed; second, thefatty acidsrel eased were again esteri-
fied, usudly with the ethanol of the spirit. Theglyceride
forms are probably not the only forms of combined
fatty acids. Infact, compared to fatty acids, therewere
fewer moles of glyceral (1,2,3-propanetriol). For cer-
tain fatty acidsand in relation to the heating tempera-
ture, levels decreased and then increased, a behavior
probably dueto two concomitant phenomena: thermal
degradation of themost extractableformsat thelowest
temperatures; thermal degradation of the less acces-
sible non-extractable combined forms at higher tem-
peratures.

8) Sugarsand polyols
Certain sugars behaved like the fatty acids.
9) Other compounds

CADAHIA et al. (2001) assayed furoic acid in hea-
ted and unhested wood, and found that itslevelsincrea-
sed after heating. Methanoic acid, acetic acid and
propanoic acid are smal moleculeswhich arelikely to
be released during degradation of the more complex
forms.

CONCLUSION

Thisstudy demondratestheimpact of the oak wood
heating on the composition and sensory aspects of
Cognac spirits. Although we studied several com-
pounds, many of the volatile compounds having an
impact on aromawere not assayed, particularly those
providing the notes «fungus» and «dugty» that arefound
for oak wood heated at a high temperature.
Olfactometry would beauseful tool to sudy thesevola
tile aromatic compounds. Pilot barrelsfilled with a
hydro-a cohalic solution would makeit possibleto dif-
ferentiate the contribution of thewood from thet of new
spirit, and would facilitate the identification of com-
pounds and olfactometric analysis. The results obtai-
ned by the tasting panel validated the relevance of
the pilot barrel model. Therefore, we conclude that
such barrelsare auseful tool for studying certain fac-
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tors associated with wood and for continuing pilot expe-
rimentation beyond the stage of new spirit.
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