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Research on the compounds responsible for specif ic 
aromas in wine begins by identifying the key compounds 
that remind the taster of these odors. However, among the 
chemicals in the aromas in the pure state, only a few can be 
perceived in wine. Wine has been characterized as a sensory 
buffer that can compensate for the addition or omission of 
several odorant compounds without any significant changes 
in the overall aroma perception (Ferreira et al. 2008). Sen-
sory buffer components include ethanol, fermentation prod-
ucts, and odor compounds that could not break through this 
buffer. Together these components provide wine with a ge-
neric “wine” flavor with no specific notes. The compounds 
that can break through this buffer, referred to as “impact 
compounds,” confer certain specific aromas to wine, such 
as raspberry, grapefruit, and smoke. The odor activity value 
(OAV) of the flavor compound (i.e., the ratio between the 
amount in the wine/sensory threshold) indicates the pos-
sibility of the compound being an “impact” compound. A 
taster cannot predict the real intensity of the aroma, as the 
effects of the matrix can strongly affect the volatilization 
of odor components, depending on their chemical structure 
(Pangborn et al. 1978, Mälkki et al. 1993).
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Research Note
Impact of Oak-Derived Compounds on the Olfactory  

Perception of Barrel-Aged Wines

Andrei Prida1* and Pascal Chatonnet2

Abstract:  Barrel-aged wine is a complex mixture and its olfactory perception results from the interaction of 
many f lavors. To estimate the role of oak-derived f lavor compounds, it is necessary to consider odor activity 
values (OAV) and to perform a correlation study to assess the impact of f lavor compounds on the f lavor at-
tributes. Twenty Spanish and French wines, each aged in different types of barrels, were studied using both 
sensory (descriptive) and chemical (GC-MS) analysis. Paired-sample t-tests were used to assess whether there 
were systematic differences in the concentrations of oak-derived compounds between wines aged in different 
barrels and evaluated differently in the sensory tests. Regardless of their low OAVs, furanic compounds (fur-
fural, furfuryl alcohol, and 5-methylfurfural) increased the “overall oak” intensity rating and decreased the 
“fruity” intensity rating. It is hypothesized that these compounds indirectly impacted the respective intensi-
ties. The presence of cis- and trans-whisky lactones, eugenol, and vanillin increased the intensity rating of the 
vanilla/pastry descriptor, while furfural and 5-methylfurfural diminished it. Regardless of the volatile phenols 
(guaiacol, 4-methylguaiacol, eugenol) described as smoky and spicy in their pure state, no reliable links were 
found between these compounds and the respective sensory descriptors in wines. Samples described as having 
higher olfactory persistence were richer in relatively high-boiling wood compounds, such as trans- and cis-
whisky lactone, maltol, eugenol, and vanillin, than their paired samples, explaining their retronasal persistence.
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Barrel maturation adds more complexity to wine because 
of the leaching of several strong odorant chemicals from the 
wood and their subsequent transformation in the wine. Im-
portant wood chemicals, which might be impact molecules, 
include the naturally present cis- and trans-methyl-octalac-
tone (whisky lactones, with a coconut f lavor in their pure 
state), trans-2-nonenal (sawdust smell), volatile phenols 
released via toasting such as guaiacol, 4-methylguaiacol, 
and eugenol (spicy and smoky smells), and vanillin (vanilla 
smell). All of these compounds can be present in barrel-
aged wines in concentrations above the sensory threshold; 
their concentrations depend on the chemical composition 
of the barrel’s wood. Some of them undergo modification 
in a wine medium. Decreased vanillin concentration dur-
ing barrel fermentation and maturation in the presence of 
yeast lees has been reported (Chatonnet et al. 1992, Spill-
man et al. 1997, 1998); the products of transformation were 
low odorant vanillyl alcohol and vanillyl ethyl ester. The 
trans-2-nonenal concentration decreases during stave matu-
ration and more dramatically during toasting (Chatonnet 
and Dubourdieu 1998). In a wine medium, this compound, 
as any other aliphatic aldehyde, can interact with tannins 
and sulfur dioxide. Thus, its contribution is perceived only 
in wines characterized by pronounced green sawdust off-
f lavors. Furfurylthiol and 5-methyl-2-furanmethanthiol 
(coffee-smelling compounds with very low odor thresholds 
of 0.4 and 50 ng/L, respectively) have been identified as 
products of transformation of furfural and 5-methylfurfu-
ral, respectively, in a wine medium (Blanchard et al. 2001, 
Tominaga et al. 2004, Tominaga and Dubourdieu 2006). 



Am. J. Enol. Vitic. 61:3 (2010)

Oak Extractives and Olfactory Perception of Barrel-Aged Wines – 409

However, the importance of these compounds in matured 
wine is difficult to measure as they are very unstable.

Wine is a complex mixture and its olfactory perception 
is the result of the interaction of odors. Therefore, to esti-
mate the role of a particular odor compound, it is important 
to consider both the OAVs and to perform a correlation 
study to discern the impact of f lavor compounds on aroma 
attributes. Several studies dealing with wood-derived com-
pounds have already been undertaken. In Pinot noir wine, 
either a positive correlation between cis-methyl-octalactone 
and sensory descriptors such as toasty, coconut, woody, 
and vanilla or a negative correlation with the pharmaceuti-
cal, hay, and clove descriptors was observed (Sauvageot 
and Feuillat 1999). In another study, a partial least squares 
model was applied to the sensory and chemical results of 
57 Spanish wines and an excellent correlation between the 
woody-vanilla-cinnamon descriptor and cis-methyl-octa-
lactone was found (Aznar et al. 2003). This correlation 
was less pronounced with vanillin and eugenol. In addi-
tion, cis-methyl-octalactone contributed to the intensity of 
the sweet-candy-cocoa descriptor and vanillin to the fruity 
descriptor.

In a more recent study on white (Chardonnay) and red 
(Cabernet Sauvignon) wine aged in different barrels, cis-
methyl-octalactone concentration correlated positively with 
the coconut, berry, coffee, and dark chocolate descriptors in 
red wine but only with coconut in white wine (Spillman et 
al. 2004). The vanillin concentration in white wine was not 
directly correlated to the vanilla descriptor; however, it was 
correlated to the cinnamon and smoky descriptors. Some 
other compounds, including guaiacol, 4-methylguaiacol, 
4-ethylphenol, furfural, and 5-methylfurfural, contributed 
to the intensity of the latter descriptor. In red wine, the 
vanilla descriptor is linked to numerous wood compounds 
such as volatile phenols, γ-lactones, and furanic compounds 
while the smoky descriptor is correlated to furfuryl alcohol.

The above studies highlight several important phenome-
na. Odorant molecules often enhanced the intensity of a de-
scriptor differently from the aroma of the respective chemi-
cals in their pure state. One can also observe the sensory 
impact of other compounds, such as furanic compounds, 
which were judged unimportant because of their low OAVs. 
However, the conclusions of these studies cannot be widely 
extended. Two were characterized by small sample sizes of 
only one (Sauvageot and Feuillat 1999) and two (Spillman 
et al. 2004) wines. Therefore, the scientifically rigorous 
conclusions reached in their studies apply only to those 
wines. With a different wine matrix, the conclusions could 
be different. The third study used a much broader experi-
mental design (57 wines), which allowed for more general 
conclusions about the correlations (Aznar et al. 2003). 

A statistically different approach was used here to com-
plete the above studies. A range of different wines, each 
aged in different types of barrels, was compared using both 
sensory and chemical analysis. Paired-samples t-tests were 
used to assess whether there is any evidence of system-
atic differences in the concentrations of aroma compounds 

between wines aged in different barrels and which were 
evaluated differently in the sensory tests. This study is 
limited to only wood-derived compounds and descriptors 
directly linked to characteristics of these compounds.

Materials and Methods
Wines.  Twenty different French and Spanish wines 

were selected and aged in barrels for 6 to 12 months (Table 
1). Each wine was aged in new barrels of various types 
produced from French oak wood (Seguin-Moreau Cooper-
age, Merpins, France) that according to grain, bending, and 
toasting technique (barrel body and barrel heads). The aim 
of the study was to compare the sensory perceptions of 
wines that were initially identical but aged in different bar-
rel types that contribute different wood-derived compounds. 
The origin of the differences in chemical composition of 
wood-derived compounds among wines was not examined.

Sensory analysis.  Sensory analyses were performed by 
a tasting panel of 10 to 14 people comprising professional 
enologists from the internal staff of the Seguin Moreau 
Cooperage and invited winemakers. Panelists were asked 
to assign quantitative marks from 0 to 10 (0 as lowest and 
10 as highest) to the following descriptors: fruity, vanilla/
pastry, toasty/smoky, spicy, overall woody, and olfactory 
persistence. Training sessions were carried out using wines 
characterized by different intensities of individual descrip-
tors (e.g., fruity) after a panel consensus on these wines. 
The “overall oaky” descriptor was chosen by tasters to de-
scribe all olfactory sensations brought about by the wood.

The sensory sessions were organized by series, with the 
same wine aged in different barrel types. Either one single 
session per day or a maximum of three sessions per day 
were organized for the long (eight to nine different bar-
rel types per wine) and short series (two to three different 
barrel types per wine), respectively. Twenty sessions were 
performed, corresponding to the 20 different wine matrixes 
used in the study. The tasting sessions were conducted in 
standard tasting rooms by a session observer. Before the 
sensory analysis, the bottle was examined for possible off-
f lavors and rejected if there was an abnormal odor.

The taster’s marks were normalized by subtracting the 
average intensity mark of a specific descriptor among the 
individual series for the same taster from the mark of the 
same descriptor intensity for the specific wine. The normal-
ized values were used for statistical analysis. Independent 
samples t-tests were performed to find the statistical differ-
ence between the intensity rating for each descriptor when 
the same wine was aged in different barrels. Thus, in a 
three-sample experiment, three comparisons were possible 
(barrel type A versus barrel type B, barrel type A versus 
barrel type C, and barrel type B versus barrel type C). In 
all, 161 pair comparisons were performed.

Chemical analysis.  Nineteen wood-derived volatile 
compounds found in wines were quantified by gas phase 
chromatography–mass spectrometry. These included fu-
ranic and pyranic compounds (furfural, 5-hydroxymethyl-
furfural [5HMF], 5-methylfurfural [5MF], furfuryl alcohol, 
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maltol, and ethylmaltol). When wine is aged in a barrel, 
furfural can be converted into furfuryl alcohol. Therefore, 
we calculated the total furfural concentration as the sum 
of furfural and furfuryl alcohol. In additional, two aro-
matic aldehydes (vanillin and syringaldehyde), nine volatile 
phenols (guaiacol, 4-methylguaiacol, eugenol, isoeugenol, 
o-cresol, m-cresol, phenol, syringol, and allylsyringol), 
and two whisky lactone isomers (trans- and cis-whisky 
lactones) were examined.

For analysis, 100 mL wine was supplemented with 100 
µL internal standard solution (100 mg/L octan-3-ol in ab-
solute ethanol). The wine was extracted three times using 
5 mL dichloromethane for 5 min on a magnetic stirrer and 
the organic phases were combined after static decantation. 
Sodium bicarbonate (0.2 g) was added to the organic phases 
and stirred for 5 min to remove excess fatty organic acids. 
Finally, the organic extract was dried over anhydrous sodi-
um sulfate and concentrated under a nitrogen flux (100 mL/
min) to a final volume of 0.5 mL. The extract was stored at 
5°C in a refrigerator until injection.

The organic extract (1 µL) was injected automatically 
(Gerstel automatic sampler; Mülheim an der Ruhr, Ger-
many) in splitless mode (split rate: 100 mL/min) on an 6890 
gas chromatograph coupled to an 5973 inert mass selec-
tive detector (Agilent Technologies, Santa Clara, CA). The 
chromatographic separation was done by a SGE Solgel-Wax 
capillary column (Scientific Instrument Services, Ringoes, 
NJ) of 30 m x 0.25 mm x 0.25 µm thick stationary phase 

using helium with a constant gas f low of 1.5 mL/min. The 
oven temperature was ramped from 40°C to 130°C at 20°C/
min, then from 130°C to 180°C at 2°C/min, and finally 
from 180°C to 240°C at 5°C/min, with a final isotherm at 
240°C for 15 min.

Detection was by a mass selective detector using an 
electronic impact (ionization energy 70 KeV, source tem-
perature 230°C, quadrupole temperature 150°C, transfer 
line temperature 260°C) and selective ion monitoring for 
specific detection of targeted compounds. The quantitative 
analysis was obtained from a calibration curve made for 
each compound in a model wine solution (13% by volume 
ethanol, 5 g/L tartaric acid, pH adjusted to 3.6 using  10 
NaOH) and supplemented with the different targeted com-
pounds at different concentrations in relation to the internal 
standard.

The following m/z ions were used for the simultane-
ous identification and quantification (underlined) of the 
various compounds: octan-3-ol, 83/101 (internal generic 
standard); guaiacol, 124/109; 4-methylguaiacol, 152/137; 
phenol, 94/66; eugenol, 122/107; syringol, 154/139; 4-al-
lylsyringol, 194/119; maltol, 126/71; furfural, 96/95; furfu-
ryl alcohol, 98/97; 5-methylfurfural, 110/109; 5-hydroxy-
methylfurfural, 126/97; vanillin, 151/152; syringaldehyde, 
181/182; cis-/trans-whisky lactone, 99/71, m, p, o-cresol, 
108/107; isoeugenol, 164/149; ethylmaltol, 140/139. Per-
formances of the quantitative analysis obtained are shown 
(Table 2).

Table 1  Origin of the 20 wine samples studied.

Wine Vine origina Variety Vintage
Barrel  

types (n)
Comparison 

pairs (n) Barrel woodb

1 Rhone Valley Syrah 2004 3 3 M, M+, and ML
2 Bordeaux Cabernet Sauvignon 2005 9 36 M, M+, and ML; toasted and nontoasted 

heads, medium and tight grain
3 Bordeaux Cabernet Sauvignon 2005 9 36 M, M+, and ML; toasted and nontoasted 

heads, medium and tight grain
4 Bordeaux Cabernet Sauvignon 2005 3 3 M, M+, and ML
5 Bordeaux Cabernet Sauvignon 2005 3 3 M, M+, and ML
6 Bordeaux Cabernet Sauvignon 2006 3 3 M, M+, and ML
7 Bordeaux Cabernet Sauvignon/Merlot 2007 3 3 M, M+, and ML
8 Languedoc Chardonnay 2006 2 1 Water bending and fire bending
9 Languedoc Chardonnay 2006 2 1 Water bending and fire bending

10 Southwest Merlot/Tannat 2006 4 6 M, M+, and ML; toasted and nontoasted heads
11 Southwest Merlot/Tannat 2007 4 6 M, M+, and ML; toasted and nontoasted heads
12 Somontano Cabernet Sauvignon/

Tempranillo
2006 8 28 M, M+, and ML; toasted and nontoasted heads

13 Southwest Merlot 2006 5 10 M, M+, and ML; medium and tight grain
14 Bordeaux Merlot 2007 3 3 M, M+, and ML
15 Bordeaux Merlot 2007 4 6 M, M+, and ML; medium and tight grain
16 Bordeaux Merlot 2007 2 1 M and ML
17 Burgundy Chardonnay 2007 3 3 M and ML; water and fire bending
18 Burgundy Chardonnay 2007 3 3 M and ML; water and fire bending
19 Burgundy Chardonnay 2007 3 3 M and ML; water and fire bending
20 Burgundy Pinot noir 2007 3 3 M and ML; water and fire bending

Total 79 161

aAll wines from France, excepting Somontano, which was from Spain.
bToasting level: M, medium; M+, medium plus; ML, medium long.
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Results and Discussion
Seventy-nine different wine samples were analyzed 

throughout the study (Table 3). The high variability reflects 
differences in chemical composition of barrel wood and in 
extraction and transformation of wood compounds during 
wine maturation. The wine matrix (alcohol concentration 
and pH) and maturation conditions (temperature, dissolved 
oxygen, and redox potential) can affect the extraction of 
oak compounds (Garde Cerdan et al. 2004). In addition, the 
wines in different series were sampled at different stages 
of their maturation, from 6 to 12 months).

The independent samples t-tests performed for each 
pair of samples examined during the sensory sessions al-
lowed us to find pairs with different intensity ratings for 
descriptors at p < 0.05 (Table 4). Thus, one sample had a 
significantly higher intensity rating ( p < 0.05) for a certain 
descriptor (e.g., fruity) than the other sample found in the 
same pair. Both samples in the pair represented the same 
wine aged in different barrels; therefore, the difference in 
the sensory perception and chemical composition was due 
solely to the barrel and not to the wine itself. 

Paired-samples t-tests were run for all chemical vari-
ables measured for the paired samples to check whether 
there were any systematic differences in the chemical com-
position of wines aged in different barrels and with differ-
ent perceived sensory character. This design allowed the 
effect of the starting wine to be isolated from the effect of 
the wood on f lavor and allowed a degree of generalization 
because a range of different wines were used. The con-
centrations of specific compounds in samples with higher 
perceived intensity of a specific descriptor were subtracted 
from those in their paired samples where this intensity was 

lower. Thus, the values of differences could be positive or 
negative. A positive difference indicates that a higher con-
centration of that chemical increased the perception of the 
respective descriptor, while a negative difference decreased 
it. The standard deviations of differences between samples 
and their statistical significance were calculated to check 
whether the differences were systematic across all pairs.

Relatively few pairs (17 to 28 out of 161 possible pairs) 
were judged different for any descriptor. Thus, regardless of 
the variation in oak-derived chemical composition between 
wine samples, only certain pairs were different enough to 
be distinguished in sensory analysis. 

Fruity descriptor.  There were no wood-derived com-
pounds that reminded the tasters of a strictly fruit aroma. 
Thus, it was not surprising that no wood-derived compounds 
enhanced the fruity expression. On the contrary, the more 
fruity samples were characterized by systematically lower 
concentrations of furfural, total furfural, furfuryl alcohol, 
and 5-methylfurfural, all typically released through barrel 
toasting. These compounds have relatively high sensory 
thresholds: 20 to 65 mg/L for furfural; 35 to 45 mg/L for 
furfuryl alcohol, and 45 to 52 mg/L for 5-methylfurfural in 
white and red wines (Chatonnet 1995). The differences in 
these compounds found between more or less fruity sam-
ples, when compared to their perception thresholds, could 
not be explained by their direct sensory impact. There are 
several possible explanations. First, regardless of the low 
probability of a direct impact by these compounds, they 
could enhance the action of other compounds acting as 
masking agents for the fruity character. Second, the afore-
mentioned compounds could be markers for either some 
unknown potent odorant that masks the fruity character or 

Table 2  Characteristics of the quantitative analysis of the 
volatile compounds.

Detection  
limit (µg/L)

Quantification 
limit (µg/L)

Variability  
(%)

Guaiacol 0.019 0.063 4
4-Methylguaiacol 0.023 0.078 4
Phenol 0.009 0.031 5
Eugenol 0.010 0.033 5
Syringol 0.034 0.115 5
4-Allylsyringol 0.012 0.040 4
Maltol 0.076 0.254 13
Furfural 0.043 0.145 4
Furfuryl alcohol 0.112 0.372 5
5-Methylfurfural 0.026 0.086 4
5-Hydroxymethylfurfural 0.659 2.196 6
Vanillin 0.059 0.196 5
Syringaldehyde 0.213 0.711 14
cis-Whisky lactone 0.020 0.067 6
trans-Whisky lactone 0.011 0.037 4
o-Cresol 0.015 0.049 4
m-Cresol 0.020 0.066 5
Isoeugenol 0.018 0.060 5
Ethylmaltol 0.025 0.084 4

Table 3  Concentration ranges of 19 of oak-derived compounds 
in 79 wine samples.

Concentration (µg/L)
Min Max Avg SD

Furfural 6 5967 1043 1753
5-Methylfurfural 1 822 179 185
Furfuryl alcohol 80 23536 2840 3425
Guaiacol 6 40 17 7
trans-Whisky lactone 1 186 30 37
cis-Whisky lactone 48 1001 255 160
Maltol 0 169 71 39
4-Methylguaiacol 3 22 10 5
Phenol 3 122 13 17
Ethylmaltol 0 7 2 2
o-Cresol 0 4 2 1
m-Cresol 1 158 7 21
Eugenol 4 60 28 14
Isoeugenol 1 127 17 21
Syringol 11 488 65 74
5-Hydroxymethylfurfural 19 3979 665 838
4-Allylsyringol 4 300 46 52
Vanillin 13 506 201 104
Syringaldehyde 71 1441 612 337
Total furfural 187 15770 3882 4728
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for some process that occurs in wood during 
heating and which leads to the loss of fruity 
character. Finally, they are precursors of other, 
more potent, odorant molecules and could mask 
the fruity aroma. Examples of such products 
of transformation include thiols, which pos-
sesses a strong coffee aroma (Blanchard et al. 
2001, Tominaga et al. 2004, Tominaga and Du-
bourdieu 2006), and furfuryl ethyl ester, which 
possesses a kerosene-like aroma (Spillman et 
al. 1998). Both compounds can mask fruity 
aromas. It is possible that any or all of these 
phenomena occur simultaneously.

Overall oak aroma descriptor.  The most 
potent contributors to an overall oak aroma are 
compounds related to barrel toasting: vanillin, 
5-hydroxymethylfurfural, and total furfural. 
cis-Whisky lactone was also among these con-
tributors; however, its concentration was not 
systematically higher in the more intense oaky 
samples (p = 4%), unlike the other three com-
pounds. The role of furanic compounds can 
be explained in the same way as for the fruity 
descriptor: they enhanced the oaky f lavor and 
acted as markers and/or precursors for potent 
odorants perceived as an oak barrel aroma. 
Vanillin and cis-whisky lactone can also be 
regarded as direct contributors and/or possible 
enhancers of this descriptor.

Vanilla/pastry descriptor.  The cis- and 
trans-whisky lactones, eugenol, and vanillin 
are associated the vanilla descriptor. 4-Methyl-
guaiacol, furfural, and 5-methylfurfural con-
centrations were systematically lower in more 
intense vanilla samples. Based on its high sig-
nificance ( p = 0.01) in the t-test, cis-whisky 
lactone was the most important contributor to 
this descriptor. As in a previous study (Aznar 
et al. 2003), vanillin contributed toward the in-
tensity of this descriptor, but less significantly. 
trans-Whisky lactone and eugenol have a high 
perception threshold in wine: much higher 
than the average difference found between 
the paired samples. Their significance may be 
explained by a co-correlation with cis-whisky 
lactone in wood (Prida and Puech 2007). The 
role of furfural and 5-methylfurfural was simi-
lar as for fruity descriptor: they used different 
mechanisms to mask the vanilla/pastry f lavor.

Toasty/smoky descriptor.  Maltol and 5-hy-
droxymethylfurfural were associated with the 
toasty/smoky descriptor. The hypothesis of an 
indirect impact (enhancer, marker, and precur-
sor) seems most plausible here as well, because 
maltol has a high perception threshold. None of 
the volatile phenols studied here (such as guai-
acol and 4-methylguaiacol) were perceived as 
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smoky in their pure state. Their weak contribution could 
be explained by the low variation in their concentrations 
compared with the perception thresholds in wine.

Spicy descriptor.  The impact of wood compounds on 
the spicy descriptor is rather difficult to explain. However, 
there was no association between spicy and the concentra-
tion of eugenol, described in its pure state as spicy/clove.

Olfactory persistence descriptor.  The samples de-
scribed as having a higher olfactory persistence were richer 
in trans- and cis-whisky lactones, maltol, eugenol, and van-
illin than their paired samples. This group of compounds 
was characterized in general by low perception thresholds 
and a pleasant aroma. In addition, vanillin, whisky lac-
tones, and maltol have relatively high boiling points, which 
explains their retronasal persistence.

Conclusion
Twenty different wines, each aged in a different bar-

rel type, were studied using both sensory (descriptive) and 
chemical analysis. Comparisons were made using paired 
tests on the same wine matrix. Thus, the differences in 
sensory perception and chemical composition reported in 
the study were solely due to the impact of different barrels 
and not to the wine itself.

Furanic compounds (furfural, furfuryl alcohol, and 
5-methylfurfural) increased the overall oak intensity and 
decreased the fruity intensity. The presence of cis- and 
trans-whisky lactones, eugenol, and vanillin raised the in-
tensity of the vanilla/pastry descriptor, while furfural and 
5-methylfurfural diminished it. Thus, furanic compounds, 
often judged as unimportant because of their low OAVs, 
definitely had a strong sensory impact. An indirect impact 
as markers, enhancers, or precursors of some unknown or 
known odorants (such as furfyl thiol, 5-methyl-2-furan-
methanthiol, or furfuryl ethyl ester) masked the fruity and 
vanilla/pastry aromas.

Some volatile phenols (guaiacol, 4-methylguaiacol, and 
eugenol) described as smoky and spicy in their pure state 
and which have low sensory thresholds were not consistent-
ly linked to their respective sensory descriptors in wines. 
Samples described as having a higher olfactory persistence 
were richer than their paired samples in relatively high-
boiling wood compounds such as trans- and cis-whisky 
lactone, maltol, eugenol, and vanillin, explaining their ret-
ronasal persistence.
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