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O
ak barrels have long been used 
in fine winemaking—initially 
for easy handling of wine dur-
ing production, storage and 

transport. Oak became accepted for its 
positive effects on wine development, 
namely to provide pleasant aromas and 
the stabilization of red wine color.

During aging in oak barrels, wine 
composition changes because of the 
addition of phenolic compounds and 
other molecules extracted from the 
wood. Ellagitannins (hydrolysable tan-
nins) are among these substances. In oak 
heartwood they may represent 10% of 
the dry weight and are responsible for 
the high durability of this wood.11

The sensation imparted by ellagitan-
nins was described as astringent at rela-
tively low concentrations spanning from 
0.2 to 6.3 µmol/L, whereas bitterness 
was strongly dependent on ellagitannin 
structure (a bitter taste was perceived 
at threshold concentrations between 410 
and 1,650 µmol/L).7 C. Chira et al. has 
observed that ellagitannin levels in a 
model wine solution are 45% of the total 
astringency variance.3

Oak also contains a high level of vola-
tile compounds that have a great impact 
on wood-matured wine aroma. The main 
volatile compounds susceptible to migra-
tion from oak wood to wine are the cis 
and trans isomers of -methyl-- octalac-
tone, furfural and its derived compounds, 
phenolic aldehydes such as vanillin and 
syringaldehyde, and volatile phenols such 
as eugenol, guaiacol and ethyl- and vinyl-
phenols. Their extraction from oak barrels 
depends mainly on wine composition 
and the quantity of compounds that are 
potentially extractable during the contact 
time between wine and oak.

At present, alternatives to the oak bar-
rel are being evaluated to carry out the 
wine-aging process. This practice was 
approved and legislated by the European 
Community in 2006. (CE 2165/2005 and 
CE 1507/2006)

Different shapes of oak wood pieces are 
used: chips, cubes or beans, powder, shav-
ings or granulates, dominoes and blocks 

or segments. Factors such as amount of 
wood added and contact time between 
wood and wine affect both sensory and 
chemical wine characteristics —especially 
their wood-related volatile composition.5

Until recently, it has not seemed very 
logical to establish an aging period in 
barrels or with wood pieces through leg-
islation. Hence, it would be important to 
know more about influence of the wine 
composition in the process of the extrac-
tion of oak compounds.

A study of wine volatile and non-
volatile composition along with a tasting 
assessment would be a more efficient 
method to establish the optimum contact 
time between wine and oak wood. 

The objectives of this study were to 
define the chemical (ellagitannins and 
volatile composition) and sensory char-
acteristics of wine treated with wine-
woods (staves) representing different 
toasting methods with the aim to moni-
tor the kinetic levels of extraction of the 
above compounds for 12 months.

The staves are samples (100 x 11 x 
0.12 cm) from Quercus robur oak species 
from a forest in the center of France. 
After 24 months of natural seasoning in 
the Tonnellerie Nadalié seasoning park 
(Ludon-Medoc, France), they were sub-
mitted to different toasting processes 
according to the desired final product 
using a revolving drum and oak fire 
(Table I). 

The toasting level impact on both vola-
tile and non-volatile compounds and 
sensory perception were studied in 
parallel. The relationship between the 
chemical composition and the sensory 
assessment of oak also was investigated.

Oak wood volatile composition
The following wood volatile compounds 
were studied: furanic aldehydes, furfural 
and 5-methylfurfural, the two isomers of 
methyl--octalactone, cis and trans (com-
monly known as oak lactones or whiskey 
lactones), the volatile phenols guaiacol, 
eugenol and isoeugenol; the aldehyde 

Three winewoods (staves) L to R: light toast, medium toast and Noisette. Photo by Tonnellerie Nadalie.

Table I: Tasting Characteristics
Oak toast Toasting Temperature (oC) Toasting Time (hours)
LT (light toast) 165 2.0
MT (medium toast) 180 3.0
M+ (medium-plus toast) 190 3.5
Noisette	 180	 5.0
Special (medium toast with watering) 180 3.0
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phenols and vanillin. The levels of oak 
volatile compounds extracted were quan-
titatively different depending on contact 
time and type of toast (Figure 1).

Figure 1 shows that furfural and 
5-methylfurfural reached maximum 
concentration either at three or six 
months of aging. In all samples furfural 

content was exhausted after 12 months. 
“Noisette” was toasted two hours lon-
ger than medium toast (MT) staves and 
produced more furfural and methyl-fur-
fural. “Special” (oak wood heated using 
medium temperature with watering) 
produced almost double the methyl-fur-
fural compared to MT. Hence, along with 

the length of toasting time, the water-
ing process has an important impact on 
furanic compounds.

Regarding phenolic alcohols, the maxi-
mum extraction of guaiacol occurred 

Table II: Pearson correlations between chemical and sensory data.  
Marked correlations are significant at p <0.05.

 Vanilla Woody Spicy Sweetness Astringency Bitterness
Elagitannins -0.290 (NS) -0.085 (NS) -0.278 (NS) -0.180 (NS) 0.828*** 0.607***
Furfural -0.352* 0.011 (NS) -0.437* -0.315 (NS) 0.430* 0.393*
Methyl- -0.034 (NS) 0.050 (NS) -0.139 (NS) 0.114 (NS) 0.403* 0.264 (NS) 
Furfural
Trans-WL 0.351* 0.582** 0.388* 0.353* 0.166 (NS) 0.196 (NS)
Cis-WL 0.445* 0.636*** 0.458** 0.537** 0.056 (NS) 0.024 (NS)
Ratio	 0.502**	 0.385*	 0.417*	 0.758***	 -0.327	(NS)	 -0.525**
Guaiacol 0.065 (NS) -0.035 (NS) 0.025 (NS) -0.158 (NS) -0.431* -0.207 (NS)
Methyl- 0.484* 0.396* 0.420* 0.467 (NS)  -0.658*** -0.546** 
Guaiacol
Eugenol 0.428* 0.636** 0.462** 0.314* 0.139 (NS) 0.154 (NS)
Syringol 0.028 (NS) -0.108 (NS)  0.004 (NS) -0.169 (NS) -0.526** -0.92 (NS)
Syringaldeyde 0.684 (NS) 0.691*** 0.601*** 0.547** -0.382* -0.373*
Vanillin 0.595*** 0.657*** 0.509** 0.551** -0.212 (NS) -0.279 NS)
NS	=	not	significant	difference;	*,	**,	***	Significant	differences	at	5%,	1%	and	0.1%	respectively

Table ii:
a P value is the probability of obtaining the 
observed effect (or larger) under a ‘null 
hypothesis,’ which in the context of cochrane 
reviews is either an assumption of ‘no effect 
of the intervention’ or ‘no differences in the 
effect of intervention between studies’ (no 
heterogeneity). Thus, a P value that is very 
small indicates that the observed effect is very 
unlikely to have arisen purely by chance, and 
therefore provides evidence against the null 
hypothesis. in our case we were evaluating the 
toasting effect and the p values indicate the 
importance.
   it has been common practice to interpret 
a P value by examining whether it is smaller 
than particular threshold values. in particular, 
P values less than 0.05 are often reported as 
“statistically significant,” and interpreted as 
being small enough to justify rejection of the 
null hypothesis. however, the 0.05 threshold 
is an arbitrary one that became commonly 
used in medical and psychological research 
largely because P values were determined 
by comparing the test statistic against 
tabulations of specific percentage points of 
statistical distributions. 
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Figure 1 : Evolution of oak volatile concentration (µg/ L)  in Merlot wine during twelve 
months (m=month) 
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Figure 1. Evolution of oak volatile concentration (µg/L) in Merlot wine during 12 months (1, 3, 6, 9, 12 months).

during the first nine or 12 months (Figure 
1), and the concentration of 4-methyl-
guaiacol was less important.

An increase in eugenol content is 
observed during the maceration time for 
all wines. Wines with light toast (LT) 
staves presented the highest concen-
trations after 12 months. Both lactones 
increased linearly in concentration in 
wine during the oak maturation period 
(Figure 1), the rate of extraction increasing 
further from six to nine months, meaning 
that once a portion of wood is wetted, dis-
solution of lactones occurs rapidly.

Among phenolic aldehydes, vanillin is 
considered to have the most important 
influence on wine aroma. Just as happens 
with furanic aldehydes, for short aging 
periods, vanillin accumulates in wine 
because at the beginning its extraction is 
high, due to the difference of concentra-
tion between the wine and the wood.2 

The biggest concentration is found in the 
wine with Noisette staves (305.81 µg/L). 
Similarly to furanic compounds, the lon-
ger MT toasting time increases vanillin 
content. 

Oak wood total ellagitannin  
concentration
The total ellagitannin level, expressed 
as milligrams (mg) per liter of released 
ellagic acid of wine, revealed a large 
diversity of concentration from 6.31 to 
26.07 mg of released ellagic acid per 
liter (L) of wine (Figure 2). Such differ-
ences were expected since ellagitannins 
undergo thermolytic degradation during 
the toasting process.4 

Figure 2 shows that, for almost all 
wines, a maximum extraction of ellagi-
tannins is obtained after two to three 
months. In all wines, after nine and 12 
months of contact, the overall concentra-
tion of ellagitannins decreased with time. 
After 12 months, a 10%–20% decrease 
was observed in ellagitannins levels for 
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wines with LT oak staves, a 30% loss for 
wines with Noisette, a 50%– 60% reduc-
tion for wines with MT, MT+ oak staves 
and the largest decrease of about 70% for 
wine with Special staves. 

In the first months of a Merlot trial in 
Medoc, France, ellagitannins were 
extracted at a rate faster than the rate of 
the condensation reactions between ella-

gitannins and other nucleophilic wine 
constituents (catechin, epicatechin and 
ethanol). When most of the ellagitannins 
have been extracted from the first mil-
limeter of the wood, the red wine goes 
deeper into the wood to extract more ella-
gitannins (consequently, at a slower rate).

Not only do the toasting stages 
diminish the quantity of these com-

pounds but also the watering procedure. 
Wine with light toast staves extracts not 
only more ellagitannins but also faster 
than other samples. The above decreases 
during the maceration time can be attrib-
uted to the high reactivity of ellagitan-
nins toward other wine constituents.8,10

Oak wood sensory evaluation
Figure 3 shows the average intensity of 
each gustatory and olfactory attribute 
during the different contact times of the 
control wine and the same wine treated 
with oak wood for 12 months. The wines 
treated with toasted oak staves become 
less astringent and bitter during the 
contact time. This reduction in the astrin-
gency sensation could be attributed to 
their lower ellagitannins levels and the 
chemical complex formation between 
wine tannins, polysaccharides and pep-
tides brought out by the oak.

For all wines treated with toasted oak 
staves, it is observed that vanilla, spicy 
and woody characters increase along with 
sweetness. The woody aroma of wines 
aged with staves toasted in the “Special” 
method was more intense after two 
months of contact, afterward it did not 
intensify significantly. Therefore, judges 
found that woody, spicy and vanilla aro-
mas do not fluctuate during the macera-
tion time for wines treated with Special 
toasted staves. The watering process dur-
ing the toasting process influences not 
only the level of hydrosoluble tannins but 
also a wine’s sensory profile.

Correlations between sensory and 
chemical results
The analysis of variance revealed that 
the toasting method has a significant 
impact (p less than 0.05) on chemical 
composition and sensory perception of 
oak wood extract. Each sensory descrip-
tor was correlated with the chemical con-
centration of the oak wood compounds 
of interest (Table I).

This procedure allowed us to measure 
the extent to which sensory and chemi-
cal variables are correlated. Based on the 
correlation analysis, astringency and bit-
terness intensify significantly with ella-
gitannins concentration (R = 0.828 and  
p = 0.001 for astringency, while R = 0.607 
and p = 0.003 for bitterness).

The highest astringency and bitter-
ness was perceived for wines with LT 
oak staves (4.98 for astringency and 4.67 
for bitterness) containing 27.33 mg/L of 
released ellagic acid. The above estab-
lished correlations permit characteriza-
tion of tannin quality when ellagitannin 
levels are known. Additionally, astrin-
gency and bitterness were more per-

Figure 2. Evolution of total ellagitannins during different contact times.



practical winery & vineyard  OctOBer 2014  65

w i n e M A K i n G

ceived in the wines with significant 
levels of furanic compounds (Table II). 

Table II: Pearson correlations between 
chemical and sensory data. Marked corre-
lations are significant at p <0.05. NS = not 
significant difference; *, **, *** Significant 
differences at 5, 1 and 0.1% respectively  

On the other hand, wines with a high 
content of guaiacol, methyl-guaiacol, 
syringol and syringaldeyde were char-
acterized as less astringent. This obser-
vation is logical as toasting decreases 
ellagitannins and increases the con-
centration of volatile compounds that 
enhance the oak aroma.

Judges perceived the sweetness per-
ception more intensely in wines with 
higher levels of lactones, eugenol and 
vanillin compounds. The levels of these 
compounds are correlated positively 
with the perceived intensity of vanilla 
aroma (Table II). 

Vanillin is the principal marker of 
vanilla smell. Lactones can be regarded 
as direct contributors and/or possible 
enhancers of this descriptor.

Overall woody character is positively 
correlated to guaiacol, methyl-guaiacol, 
eugenol, syringaldeyde, lactones and 
vanillin levels, which is reasonable since 
oak evaluation is complex and influ-
enced by the presence of various odor-
active wood extractives.6 

For example, whisky lactone is an attri-
bute that accounts for a woody and coco-
nut character, while high concentrations 
of this compound are associated with 
wine with an intense vanilla perfume. 
Perceived spicy intensity is closely related 
to eugenol content, which is logical, since 
pure eugenol is described as clove-like. 

In our experiment, it is also linked 
positively to the presence of other odor-
ous chemicals such as lactones, vanillin 
and methyl guaiacol, suggesting that in a 
complex medium such as wine the above 
volatile compound values may influence 
spicy aroma by means of additive or 
synergistic effects. An important reduc-
tion in spicy and vanilla aroma occurs in 
wine with a significant level of furfural.

Conclusions
The results have shown that each oak 
stave adds unique and special charac-
teristics. Each sample shows a different 
ability to extract the compounds (vola-
tile and non-volatile). Different rates of 
extraction have been observed, depend-
ing mainly on the origin of the com-
pounds in the wood (toasting or present 
in natural wood) and on the watering 
process during toasting. These differ-
ences were reflected by perceived sen-
sory differences.

In general, volatile phenols such as 
eugenol and guaiacol, along with aldey-
des, phenols (vanillin) and lactones, 
showed an increasing tendency with 

longer maceration time. Ellagitannins 
are extracted faster during the first three 
months; after six months a decrease is 
observed.

Evolution of aromas 

Evolution of taste (sweetness and bitterness) and sensation (astringency)
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Figure 3. Sensory evaluation of wine treated with different winewoods during different contact times  
(6, 9, 12 months).
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Wine aged with “Special” toasted staves presented the lowest 
ellagitannin concentration in comparison with other wood-
toasting trials. Concerning sensory evaluation, oak wood con-
tact time enhances vanilla, spicy, and woody characters and 
sweetness perception. For all the studied samples, with the 
exception of wines with “Special” oak staves, vanilla and spicy 
flavors amplify linearly during the storage time.

Wine treated with “Special” oak staves did not show sub-
stantial changes in the evolution of aromas during maceration 
time. Wine storage with winewood has a sweetening effect and, 
in parallel, decreases the astringency and bitterness sensation. 
Astringency and bitterness are related significantly to ellagitan-
nin levels (R = 0.828, p = 0.001 for astringency, and R = 0.607 and 
p = 0.005 for bitterness).

A model like this satisfactorily predicts the sensation intensity 
of both astringency and bitterness if ellagitannin levels are 
known. Additionally, relationships between volatile oak com-
pounds and sensory perception are found. The above correla-
tions obtained between sensory descriptive evaluation performed 
by a trained panel and wine chemical characterization resulted 
in a useful tool applicable to wine development. PWV

Trials kits are available for customers. These kits use 3-liter 
bag-in-box wines in which sample sticks (samples of staves) 
are soaking for two weeks to permit evaluation of different 
toasting profiles.
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