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Abstract

The qualitative perceptual interactions in three binary mixtures of wine odorants were studied: isoamyl acetate (fruity note)/
whisky lactone (woody note), ethyl butyrate (fruity note)/whisky lactone (woody note) and ethyl butyrate (fruity note)/guaiacol
(woody note). For each binary mixture, the perceived quality and intensity of 24 stimuli (four supra-threshold concentration levels
of each of the two compounds and their 16 possible combinations) were evaluated in five replications by a trained panel of
13 subjects. The application of the Olsson predictive model for odour intensity and quality perception gave quite a good es-
timation of the evolution of single component identification in the mixture when the intensity proportion of unmixed compo-
nents varied. However, this model was unable to account for the odour quality dominance in mixtures of iso-intense
components. An alternative linear logistic model was proposed to study the qualitative dominance of the woody note in
the three mixtures when the perceived intensities of each unmixed compound were equal.
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Introduction

Grape variety, climatic conditions, viticultural practices, soil

and region compose a complex system of aroma compounds

that form the specific flavour character of each wine. The in-

fluence of some of these factors on wine aroma perception

has been demonstrated by sensory descriptive analyses

(Noble et al., 1984; Heymann and Noble, 1987). However,

gas chromatography–mass spectroscopy analyses of volatile

compounds in wines have shown that odorants with major

sensory impact resulting from fermentation and wood mat-

uration are common to all grape varieties, but are present at

different concentration levels and proportions depending on

the wine. It could thus be hypothesized that these differences

in concentration and proportion of the same odorants in

mixtures generated various qualitative and quantitative sen-

sory perceptions that may be responsible for the huge aro-

matic bouquet differences between wines. A previous

study, which studied the relationship between �appellation�
and the typicity of Chardonnay wines, showed that when

the woody note increased, flavour complexity of wine de-

creased (Moio et al., 1993). Indeed, the intensity of fruity

notes was especially reduced. In addition, it has been

reported that ester compounds are responsible for the fruity

aroma in wines and some lactones and volatile phenols con-

tribute to the woody character (Ferreira et al., 1998; Moio

et al., 1994; Chatonnet et al., 1990).
The variety of sensory perceptions observed when mixing

several odorants could be the result of qualitative (odour

quality) and quantitative (odour intensity) perceptual inter-

actions between odorants in mixture (Laing et al., 1984).

This suggests that in wine, perceptual interactions between

fruity and woody notes may account for the previously ob-

served sensory perceptions (Moio et al., 1993). However,

perceptual interactions between volatile compounds in com-

bination remain difficult to predict in wines, and even in

synthetic solutions. In order to overcome this difficulty,

several mathematical models have been developed over

the last thirty years to study and to predict the quantitative

interactions in binary mixtures on the basis of perceived

odour or taste intensities of the unmixed components at supra-

threshold level (Berglund et al., 1973; Patte and Laffort,

1979; Frijters, 1987; Laffort, 1989; Laffort and Dravnicks,

1982; Thomas-Danguin and Chastrette, 2002). Nevertheless,

over the same period of time, only a few studies have dealt

with both the perceived intensity and the quality of odour
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mixtures (Moskowitz and Barbe, 1977; Laing and Willcox,

1983; Laing et al., 1984; Olsson, 1994), and only hypothetical

rules have been proposed. According to these latter studies, if

both odorants have approximately equal unmixed intensi-

ties, both are perceived in the mixture, whose quality seems
to be intermediate between the qualities of its unmixed com-

ponents (Moskowitz and Barbe, 1977; Laing and Willcox,

1983; Laing et al., 1984; Olsson, 1994). These observations

were confirmed by using a predictive model for odour inten-

sity and quality perception (Olsson, 1994, 1998). This inter-

action model is the only model that predicts both the

qualitative and the quantitative characteristics of a mixture

on the basis of the intensities of its unmixed compounds.
However, none of these studies included a systematic evalu-

ation of perceptual interactions induced by odorants found

mixed �naturally� in food or beverages.

Therefore, in order to test the hypothesis that perceptual

interactions could account for the sensory impact of woody

notes on fruity ones in wine, the present study aimed to eval-

uate, in a model system, the perceptual interactions between

woody odorants and fruity esters, both considered as key
odorants in wine. Olsson’s interaction model was used to

predict the odour quality of the mixtures and the results were

compared with experimental observations.

Materials and methods

Stimuli

Four odorants of wine were studied. The first two odorants
have a major oak wood origin: b-methyl-c-octalactone (gen-
erally called whisky lactone, W), described as woody and co-

conut, and methoxy-2-phenol (generally called guaiacol, G)

described as woody and medicinal. The other two odorants

were two esters: ethyl butyrate (B), described as fruity, straw-

berry or pineapple, and isoamyl acetate (A), described as

fruity or banana. All odorants were obtained from Aldrich

(France). The studied binary mixtures were composed of one
woody and one fruity odorant: isoamyl acetate/whisky lac-

tone, ethyl butyrate/whisky lactone and ethyl butyrate/

guaiacol.

These odorants were chosen because (i) they are responsi-

ble for the woody or fruity notes in wine; and (ii) they

exhibited 100% chemical purity with no odorous impurities

detected when using gas chromatography–olfactometry

(GC-O) with three trained subjects.

Four different concentration levels of each odorant were

used (Table 1). For each odorant, the lowest concentration
(C1) was first determined experimentally with the panel and

corresponded to two times the highest individual perception

threshold in order to ensure that all subjects could detect all

concentrations. Individual perception thresholds of the four

odorants had been previously evaluated by triangular tests.

The next three concentrations in the liquid phase (C2, C3 and

C4) were obtained by multiplication of the lowest concentra-

tion by a constant factor: 2.5 for whisky lactone, 9.0 for
guaiacol, 6.7 for ethyl butyrate and 4.7 for isoamyl acetate.

These factors were selected after preliminary trials under-

taken on each odorant to choose four concentrations that

were differentiated and approximately iso-intense.

Stimulus delivery hardware and Tenax trap analysis

Teflon�bags(49·49cm,20lcapacity,equippedwithaTeflon�

connector; Interchim France) were chosen to deliver the
odorant. This static olfactometry technique andmaterial were

chosen because of their suitability in flavour analysis (Pet’ka

et al., 2000), and because they allowed for a large number of

evaluations over several days without concentrationmodifica-

tions (Atanasova et al., 2003). Solutions for sensory analyses

were made in purified water (MilliQ system, Millipore�,

France). Electrical resistance of the purified water was

18 MX/cm. The volume of solution in the bags was 250 ml.
The bagswere filledwith pure nitrogen for 3min andwere pre-

pared 12 h before the first measurement, to ensure equilibrium

between the liquid and the gas phase. During the experiment,

bagswerestored,andtheevaluationsconductedinaquietroom

with natural light and a temperature between 20 and 22�C.
In order to measure headspace concentrations of odorants

in the bags, Tenax trapping was performed. The amount of

each odorant present in the headspace sample was deter-
mined using calibration curves. Experimental desorption

and analysis parameters have been described elsewhere

(Atanasova et al., 2003). Concentrations in the liquid phase

and their corresponding concentrations in the gas phase are

presented in Table 1.

Table 1 Concentrations of the odorant solutions in the liquid phase, their corresponding concentrations in the gas phase andmean of panel perceived odour
intensity of unmixed odorants in the gas phase

Concentration in the liquid phase
(mg/lH2O)

Concentration in the gas phase (lg/lN2) Mean of panel perceived odour
intensity in the gas phase

Odorant

C1 C2 C3 C4 C1 C2 C3 C4 I1 I2 I3 I4

Whisky lactone 4.0 10.0 25.0 63.0 0.1 0.26 0.54 1.52 1.46 3.27 5.39 7.9

Guaiacol 0.06 0.54 4.9 44.0 0.003 0.02 0.18 1.52 1.30 3.11 5.06 7.73

Ethyl butyrate 0.13 0.9 5.8 39.0 0.6 4.4 28.2 180.2 1.23 3.30 5.56 8.45

Isoamyl acetate 0.38 1.8 8.4 39.0 1.7 8.5 41.2 170 1.38 3.23 5.66 7.92
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Subjects

Thirteen volunteers (nine women and four men, ranging in

age from 20 to 42 years), with no allergies or self-reported
problems in their sense of smell participated in the experi-

ment. They were selected from 43 candidates based on the

absence of anosmia to the odorants used in the present study,

and according to their performance in classifying five differ-

ent concentrations of 1-butanol in increasing odour inten-

sity. All 13 subjects had previous experience in olfactory

tests, as they had participated in sensory tests elaborated

to evaluate the olfactory threshold of the four studied odor-
ants and to choose the intensity measurement method

(Atanasova et al., 2004a). The subjects were not informed

of the aim of the experiment. They were asked to avoid

smoking, drinking and eating at least 1 h before each session.

Subjects were paid for their participation in the study

(7.26 E/h). At the time of their recruitment, they were in-

formed that they would have to smell different volatile com-

pounds found in wine or in other food products. They were
also informed of the experimental protocol before the begin-

ning of the experiment.

Experimental procedure

Prior to the measurement session, a 1 h familiarization pro-

cedure was carried out on a separate day in order to famil-

iarize the subjects with binary mixture odour intensity and

quality rating. Both odorants (according to the studied mix-
ture) were presented at their weakest and strongest concen-

tration levels (C1 and C4) as well as in their four

corresponding mixtures. Subjects had to evaluate both stim-

ulus intensity and quality. The task and the instructions

given to the subjects were identical to those given during

the measurement sessions and are described below.

In the measurement sessions, each mixture type was stud-

ied during two sessions of;1 h each taking place on separate
days. There were 24 stimuli per mixture: four concentration

levels of each odorant (fruity and woody) and their 16 pos-

sible combinations. Each stimulus was presented five times.

Presentation order was balanced across repetitions and was

identical for all subjects. The task for the subjects was two-

fold because perceived odour intensity and identification of

perceived quality were studied simultaneously.

In terms of the quantitative aspect, subjects had to evaluate
the overall perceived odour intensity of the binary mixtures

and the perceived odour intensity of each unmixed odorant.

Intensity ratings were made using a modified 1-butanol

reference scale procedure (ASTM, 1975; AFNOR, 1996;

Atanasova et al., 2004a). The methodology used was a direct

line scaling technique based on five memorized references of

1-butanol intensity levels. These 1-butanol references con-

sisted of five concentration levels, selected in a preliminary
experiment, in order to cover the intensity range of all odor-

ants used. These concentration levels were carefully chosen

in order to produce equal intervals in terms of perceived in-

tensity (Atanasova et al., 2004a). Before each measurement

session, the subjects smelled the five intensity references of 1-

butanol and were instructed tomemorize them. To overcome

the risk of adaptation and possible perceptual interaction be-

tween the studied odorant and 1-butanol, subjects were
allowed to smell the bottles containing the 1-butanol refer-

ence odour before each measurement session only and not

during the evaluation. During the experiment, subjects rated

perceived intensity on a 13 cm line scale labelled at each end

(zero intensity to very strong intensity) and structured by five

equally spaced figures (1–5) corresponding to the five levels

of 1-butanol intensity references. The resulting intensity was

expressed in a score ranging from 0 to 13. Considering the
direct scaling procedure used and the fact that the 1-butanol

references elicited perceived intensities that were equidistant

in terms of intensity perception, it could be considered that

the scale respects both interval and ratio properties, at least

in the range used by the subjects, i.e. not too close to the ends

of the graphic scale. Moreover it was checked in a pre-study

using the same methodology and the same panel that the

score given to a blank stimulus on this scale was not statis-
tically different from 0.

As far as the qualitative aspect is concerned, the subjects’

task was to identify the perceived odour quality of each stim-

ulus (unmixed odorant or mixture). For example, in an ethyl

butyrate (B)/whisky lactone (W) mixture, subjects could

choose one of the five responses: �fruity�, �woody�, �fruity
and woody�, �nothing� or �another odour�.
Data acquisition was carried out using FIZZ software

(Biosystèmes, Couternon, France).

In the present paper, only the qualitative responses will be

studied. The study of intensities has been presented else-

where (Atanasova et al., 2004b).

Olsson’s interaction model

Olsson’s model (1994) specifically predicts identification

probabilities such as:

pfruity = I2fruity=ðI2fruity+I2woodyÞ

and

pwoody = I2woody=ðI2fruity+I2woodyÞ

where Ifruity and Iwoody are the perceived intensities of the un-

mixed fruity and woody odorants respectively. According to

this model, the probability of identifying a mixture as either

fruity or woody is related to the perceived intensities of the

components presented separately. Specifically, pfruity equals

pwoody when the component odours are iso-intense out of

mixture. In 1998, the Olsson model was further developed
and generalized (Olsson, 1998). We did not apply this new

model to the present data however because it assumes the

same symmetry as the 1994 model.
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Linear logistic model

A linear logistic model was used to model the probability of

fruity (respectively woody) responses according to the fruity
intensity proportion in the mixture, s. s is the ratio between

the perceived intensity of one of the odorants (fruity in our

case) and the sum of the perceived intensities of each un-

mixed odorant:

s = Ifruity=ðIfruity+IwoodyÞ

It reflects the relative intensity proportion of one odorant,

compared with the sum of the intensities of both odorants.

When s = 0.5, the mixture is composed of iso-intense

unmixed components.
This linear logistic model was fitted using individual numbers

of fruity (respectively woody) responses, assumed to

be distributed according to binomial distributions. It

supposes that the relationship between the logit of fruity

(respectively woody) response probability and s is linear, and

that the intercepts vary according to subjects [number of fruity

responses ; binomial distribution (n = 5; pfruity); number of

woody responses; binomial distribution (n = 5; pwoody)]:

logitðpfruityÞ= log
pfruity

1� pfruity

� �
=l+asubject+bðs� 0:5Þ; ð1Þ

with the constraint:

X
subjects

asubject = 0

logitðpwoodyÞ= log
pwoody

1� pwoody

� �
= l#+a#subject+b#ðs� 0:5Þ;

ð2Þ

with the constraint:

X
subjects

a#subject = 0

l (l# respectively) is the mean panel intercept i.e. the value of

logit(pfruity)(logit(pwoody)respectively) at s = 0.5. The inter-

cept for each subject is l + asubject (l# + a#subject respectively)
and b (b# respectively) is the panel slope.
Inorder to study �fruityandwoody� responses, a logisticmodel

(logitpfruity andwoody) (logit (pwoody) respectively) of threeparam-

eters was used: intercept, slope and curvature. The intercept,

slope and curvature were not assumed to vary from one subject

to another.

logitðpfruit andwoodyÞ = log
pfruity andwoody

1� pfruity andwoody

� �

= l$+b$ðs� 0:5Þ+ c$ðs� 0:5Þ2 ð3Þ

where l$ is the panel intercept, b$ is the panel slope and c$ is

the panel curvature.

Graphical data representations

Qualitative responses estimated with Olsson’s and linear lo-

gistic models were reported on a graph developed by Olsson
(1994), so as to compare the results visually. In this graphical

representation, the probability of giving a �woody� response
is plotted against s, as well as the probability of giving

a �fruity� response (Figures 1 and 2). In the graphical repre-

sentation of the linear logistic model, the �fruity�, �woody� or
�fruity and woody� responses are plotted versus s. For �fruity�
and �woody� responses, the effects are sigmoidal, because

their probabilities lie between 0 and 1. For �fruity� and
�woody� responses, the model reflects a linear effect in logit

scale, with an intercept depending on the subject and a com-

mon slope. If we had represented the logit of response prob-

abilities versus s, we would have observed parallel straight

lines with intercepts varying according to subjects. In Figure

2, only the panel probabilities are represented (parameters l,
b, l#, b#), giving a unique sigmoidal curve. As far as �fruity
and woody� responses are concerned, the effect is quadratic
on the logit scale, giving an effect such as those shown in

Figure 2 on the probability scale.

Data analysis

All statistical analyses were conducted using SAS� (SAS In-

stitute Inc., Cary, NC), release 8.1. Linear regression analysis

were performed using the GLM procedure. The linear logis-

tic model was fitted with the GENMOD procedure.
In order to study the dominance of the odorant, the over-

lapping of the intercepts’ (�fruity� and �woody� responses)
confidence intervals at s = 0.5 was used. This calculation

of the confidence intervals (CI) gives an indication of the sta-

tistical significance (a = 0.05) of the dominance.

Each CI was estimated through an independant modelling

of experimental data subsets : one for the �fruity� probabil-
ities, one for the �woody� probabilities and one for the �fruity
and woody� probabilities. Thus, despite the correlation be-

tween the data used to calculate pfruity, pwoody, pfruity and woody

and their CIs, the comparison between the probabilities us-

ing the CIs is allowed.

Figure 1 Qualitative �woody� and �fruity� response probabilities versus s. The
mean �woody� (respectively �fruity�) experimental probability corresponded to
the �woody� (respectively �fruity�) experimental and response probabilities plus
half of the mean over subjects of the �fruity and woody� experimental and
response probabilities (symbols). Fitted curves represent the response prob-
abilities calculated response probability with Olsson’s model.
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Results

The aim of the experiment was to study, from a qualitative
point of view, the perceptual interactions between woody

and fruity olfactory notes.

First of all, considering stimulus quality evaluation, the

term �another odour� (one of the five proposed answers

�fruity�, �woody�, �fruity and woody�, �nothing�, �another
odour�) was never chosen. The answer �nothing� was chosen
only two times, that is to say a frequency of use of <0.6%.

These two answers were consequently disregarded and only
the �fruity�, �woody� and �fruity and woody� answers were

analysed.

To study odour quality interactions, the individual exper-

imental probability (pfruity, pwoody and pfruity and woody) of

�fruity�, �woody� and �fruity and woody� responses were rep-
resented versus the relative odorous compound intensity, s
(Figures 1 and 2, symbols).

As expected, the probability of identifying the quality of
the mixture as fruity (respectively woody) increased as the

fruity (respectively woody) odorant intensity added to the

mixture increased.

Empirical model for odour intensity and quality perception

The empirical model for odour intensity and quality percep-

tion (Olsson, 1994) was applied to obtain the mean of the
individual probability of �fruity� and �woody� responses

(pfruity and pwoody) calculated from the unmixed intensities

of the two components. Inasmuch as the model was not

designed to account for the �fruity and woody� responses,

Olsson (1994) recommended adding pfruity and woody propor-

tionally to pfruity and pwoody. The modelling results are

reported graphically in Figure 1 (curves).

Linear regressions were performed between calculated and

experimental probabilities of �fruity� and �woody� responses
for the three binary mixtures. Determination coefficients

(R2) obtained were very high (R2 ‡ 0.98), (Table 2).

According to Olsson’s model, for mixtures of iso-intense

components, the fruity response probability is equal to the

woody response probability (pfruity = pwoody for s = 0.5)

i.e. the curves of pfruity and pwoody are symmetrical compared

with the vertical line at s = 0.5. However, the graphical

examination of experimental data (Figure 1, symbols) sug-
gests that for mixtures of iso-intense components, the prob-

ability of identifying the mixture as fruity is smaller than the

probability of identifying the mixture as woody (pfruity <

pwoody for s = 0.5). In other words, the relationship between

pfruity and s, and between pwoody and s are not symmetrical

compared with the vertical line at s = 0.5. This trend is clear

at least graphically (Figure 1, symbols) for the binary mix-

tures of isoamyl acetate/whisky lactone and ethyl butyrate/
whisky lactone.

An alternative model: a linear logistic model

In order to evaluate the statistical significance of the previ-

ously observed trends, an alternative linear logistic model

was applied on odour quality experimental data. The linear

logistic model can be applied to each of the three types of
responses �fruity� (equation 1), �woody� (equation 2) and

�fruity and woody� (equation 3). Thus, the experimental

probability pfruity, pwoody and pfruity and woody were modelled

separately (Figure 2, symbols). Themodelling results are pre-

sented graphically in Figure 2 (curves). The determination

coefficients (R2) between experimental and calculated �fruity�
and �woody� response probabilities exceeded 0.97 for the

three mixtures. The R2 calculated for �fruity and woody�
responses were also high (R2 ‡ 0.64, Table 2).

Using the linear logistic model, the hypothesis of no dom-

inant odorant was statistically tested. This hypothesis

implies the equality of �woody� and �fruity� probabilities of
response for mixtures of iso-intense components (s = 0.5).

Consequently, according to this hypothesis, for each mixture

type the model intercept (�woody� or �fruity� probabilities of
response at s = 0.5) may not depend on the subject, and may

Figure 2 Qualitative �woody�, �fruity� and �fruity and woody� experimental
response probabilities versus s. The mean values of the subjects of �woody�
(respectively �fruity� and �fruity and woody�) experimental response probabil-
ities are represented with different symbols. Fitted curves represent the re-
sponse probabilities obtained with linear logistic model.

Table 2 Determination coefficients (R2) between calculated and experimental probabilities of �fruity�, �woody� and �fruity and woody� responses

Mixture A-W Mixture B-W Mixture B-GResponse

Olsson’s model Linear logistic model Olsson’s model Linear logistic model Olsson’s model Linear logistic model

Fruity 0.98 0.99 0.98 0.98 0.99 0.97

Woody 0.98 0.99 0.98 0.98 0.99 0.98

Fruity and woody – 0.73 – 0.64 – 0.86
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be equal for both odorous compounds. Note that we first

considered that there could be a difference in individual

slopes and intercepts in the linear logistic model. However,

there was an overlap of the 95% CIs of the individual slopes.

Finally, then, we did not take individual slopes into account
in the model. On the contrary, there was no overlap of the

95% CIs of individual intercepts; thus an intercept value

depending on the subject was retained in the model.

Results of linear logistic modelling of responses for the

three types of mixtures confirmed that pfruity and pwoody at

s = 0.5 depend on the subject (P < 0.001). Furthermore,

the results for the three binary mixtures showed that the

95% CIs of the panel intercept (l and l#) of the two
odorants did not overlap (Table 3). More precisely, for

the three mixtures, when unmixed odorants were present

at iso-intense levels (s = 0.5), the mean probability of

identifying the mixture as fruity was smaller than the mean

probability of identifying the mixture as woody (pfruity <

pwoody at s = 0.5). Obviously, this finding implied that the

curves were not symmetrical with respect to s = 0.5 (Fig-

ure 2). However, Figure 2 showed that this observation
seemed to be less marked for the ethyl butyrate/guaiacol

mixture. For the ethyl butyrate/guaiacol mixture, the

mean probability of answering �fruity� was 0.28 at s = 0.5,

whereas the mean probability of answering �woody� was
0.33 at the same s value. The difference was significant,

but moderate compared with those observed for the other

two mixtures.

When modelling the �fruity and woody� responses, all the
linear logistic models (equation 3) showed a negative and

significant curvature (P < 0.001), but a non-significant slope

(P > 0.05). The highest probability of identifying both the

fruity and woody components in the mixture was two times

higher in the case of the ethyl butyrate/guaiacol mixture

(pfruity and woody = 0.33), as in the case of the acetate/whisky

lactone mixture (pfruity and woody = 0.15) and the butyrate/

whisky lactone mixture (pfruity and woody = 0.16). For the
isoamyl acetate/whisky lactone and ethyl butyrate/whisky

lactone mixtures, the �fruity and woody� responses were

the most frequent when s values were slightly higher than

0.5 (s = 0.55 for the isoamyl acetate/whisky lactone mixture,

s = 0.56 for the ethyl butyrate/whisky lactone mixture; Fig-

ure 2). Concerning the ethyl butyrate/guaiacol mixture, the

maximal �fruity and woody� response rate was observed at

s = 0.52. This finding confirms that for this type of mixture,

the dominance of woody notes is less marked than for the

two other types of mixtures.

In order to study the sharpness of the shift between the

identification of the mixture as fruity or woody only, the

probabilities of answers �fruity�, �woody� and �fruity and
woody� were compared at the s-value where the proportions
of �fruity� and �woody� responses were equal. This s-value at
�exact intermediacy� (Olsson, 1993) corresponded to the in-

tersection point (IP) of the two curves fruity alone and

woody alone (Figure 2). The overlapping of 95% CIs on

probabilities of �fruity� = �woody� and �fruity and woody�
responses was especially tested for the three types of mixtures

at this s-value corresponding to IP. The calculation and the
comparison of the confidence intervals give an indication

concerning the perception of the mixture as �fruity� and
�woody� or �fruity and woody� simultaneously.

For both the isoamyl acetate/whisky lactone mixture and

the ethyl butyrate/whisky lactone mixture, at this IP point,

there is no overlap of the 95% CIs on the mean probabilities

of �fruity� or �woody� responses and �fruity and woody�
responses (Table 4). However, for the ethyl butyrate/guaia-
col mixture there is an overlap of the �fruity� or �woody�
responses and �fruity and woody� responses (Table 4). These
results show that in the case of the ethyl butyrate/guaiacol

mixture only, subjects are able, for some mixture propor-

tions, to more frequently identify the two odours simulta-

neously. In the case of the isoamyl acetate/whisky lactone

and ethyl butyrate/whisky lactone mixtures, most of the sub-

jects were able to identify only one of the two odours, what-
ever the mixture proportion and even for mixtures of iso-

intense components.

Discussion

The results obtained in this study confirmed that the per-

ceived quality of a binary mixture, in terms of identification
probability, is clearly dependent on the s-ratio of the per-

ceived intensities of the unmixed components (Olsson,

1994; Schifferstein and Kleykers, 1996; Olsson, 1998). Fol-

lowing up on this idea, previous studies have shown that

the relative intensities of the unmixed components were of

primary importance in determining which qualities were

to be perceived in the binary mixture (Laing and Willcox,

1983). Thus, when both single odorants were of

Table 3 Intercept of �fruity� and �woody� response with 95% CIs (CImin = lower boundary of the CI and CImax = upper boundary of the CI) for the three
studied mixtures

Mixture A-W Mixture B-W Mixture B-GResponse probability

Intercept CImin CImax Intercept CImin CImax Intercept CImin CImax

Fruity 0.27 0.23 0.31 0.26 0.23 0.30 0.28 0.24 0.32

Woody 0.54 0.50 0.58 0.52 0.47 0.56 0.36 0.33 0.40
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approximately equal intensity, both odorants appeared to be

recognized in the mixture (Laing and Willcox, 1983; Laing
et al., 1984; Moskowitz and Barbe, 1977). Furthermore, it

has been argued that in that case of mixtures of iso-intense

components, the perceived quality was exactly intermediate

between the qualities of the unmixed components (Olsson,

1993). This idea is inherent in Olsson’s predictive model,

where the probability of identification of both components

was predicted to be the same for mixtures of strict iso-intense

components (Olsson, 1994, 1998).
However, it was demonstrated in several cases that, in

a mixture, intensity proportions (s) of the unmixed compo-

nents were not always good predictors of the perceived

quality of the mixture (Senouci, 2003). Indeed, in binary

taste or odour mixtures, one component could dominate

(Laing and Willcox, 1983; Schifferstein and Kleykers,

1996). Moskowitz (1976) noted that binary mixtures of equal

unmixed intensity components smell �either entirely like one
of the components� or �are intermediate between the two�.
However, a re-examination of these results suggested that

unmixed components in Moskowitz’s study were not iso-

intense (Laing and Willcox, 1983).

Our findings shed some light this discrepancy in that we

showed that perceptual interactions could lead to a domi-

nance of the perceived quality of one component which

was not related to a higher intensity proportion of this un-
mixed component (s > 0.5). Indeed, the results presented

above indicated that for the three fruity–woody mixtures

studied, there was a dominance of the woody qualitative

component in binary mixtures of iso-intense components.

This dominance, demonstrated through a linear logistic

modelling of experimental data, was in particular shown

at s = 0.5, i.e. for mixtures of �true� iso-intense components.

It has to be underlined that the kind of analysis we used is
heavily dependent on the ratio properties of the quantitative

scaling methodology. In the present study, we used a new

scaling method and we checked in a preliminary experiment

(Atanasova et al., 2004a; unpublished data) that this method

accounts for both interval and ratio properties at least in the

range used by the subjects. Moreover, ratio properties of

the scale were confirmed a posteriori by the correct position

of the mixtures, including iso-intense components at s values
of ;0.5.

Application of the Olsson predictive model for odour in-

tensity and quality perception gave quite good estimations

of single component identification in the mixture when the

intensity proportions of unmixed components varied. How-
ever, by its construction, this model was not able to account

for the dominance in odour quality in mixtures of iso-intense

components. In addition, the Olsson predictive model did

not take into account the identification proportion of both

components at the same time in the mixture (Olsson, 1994).

Our methodology of data analysis, on the other hand,

allowed us to conduct a separate analysis of this type of dual

quality identification. Interestingly, the results indicated that
for isoamyl acetate/whisky lactone and ethyl butyrate/

whisky lactone mixtures, most subjects were unable to iden-

tify both components, even when equal intensity levels of the

two components were mixed. Consequently, a sharp change

in quality identification from �woody� to �fruity� was thus

demonstrated when the proportion of fruity compound in-

creased in themixture. These observations were in agreement

with those of Laing andWillcox (1983). However, in the case
of the ethyl butyrate/guaiacol mixture, it appeared to be eas-

ier for most of the subjects to identify both components when

equivalent intensity levels of the two components were

mixed. It seems relevant to note that this last mixture also

exhibited the lowest dominance of the woody note.

Earlier cases of dominance of a quality in mixtures of

iso-intense components have been observed. In the field of

gustation, Schifferstein and Kleykers (1996) reported a qual-
itative dominance of sucrose over citric acid. In the field of

olfaction, Olsson (1993) re-analysed Lawless’s (1977) results

on mixtures of lavender oil and pyridine. He showed that

equal intensities of mixed components did not correspond

to equal intensities of unmixed components. This implies

a qualitative dominance of the lavender odour over the pyr-

idine one. Olsson suggested explanations for this finding, cit-

ing the pleasantness and unpleasantness of the components.
Laing (1983) also studied mixtures of odorants with opposite

hedonic characters (trans-2-hexenal and trans-2-decenal)

and found that the quality of mixtures of iso-intense compo-

nents was not exactly intermediate between the qualities of

the components but seemed to be closer to the trans-2-hexe-

nal quality. This strongly suggested a dominance of the

trans-2-hexenal quality. Results from a recent study showed

that unpleasant odorants are judged more quickly than
pleasant odorants (Bensafi et al., 2002). This difference in

temporal treatment could obviously be a basis of the dom-

inance of a quality in mixtures of iso-intense components,

Table 4 Intersection point (IP) of �fruity� and �woody� curves generated by the linear logistic model with 95% CIs (CImin = lower boundary of the CI and
CImax = upper boundary of the CI) for the three studied mixtures

Mixture A-W Mixture B-W Mixture B-GResponse probability

IP CImin CImax IP CImin CImax IP CImin CImax

Fruity = woody 0.40 0.35 0.44 0.38 0.34 0.42 0.32 0.28 0.36

Fruity and woody 0.15 0.12 0.18 0.16 0.09 0.19 0.33 0.29 0.37
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but in that case, the unpleasant odour should dominate.

However, in our study, both woody and fruity components

were usually perceived as pleasant (Arctander, 1969a,b).

Therefore, the qualitative dominance could not be supported

only by the hedonic character opposition of the components
of the mixture.

Several psychophysical studies on odour or taste mixtures

have suggested that perceptual interactions could be ob-

served when Steven’s exponents of the components are dif-

ferent (Moskowitz, 1972; Bartoshuk, 1975; Bartoshuk and

Cleveland, 1977; Laffort, 1994). These authors especially

showed that the lower the Steven’s exponent, the more that

component is suppressed in mixtures. The Steven’s expo-
nents of the studied odorants were evaluated in preliminary

experiments: whisky lactone, 0.38; guaiacol, 0.22; isoamyl

acetate, 0.20; and ethyl butyrate, 0.19. It is thus interesting

to note that the most marked dominance was observed in

mixtures including whisky lactone, i.e. in mixtures where

the two components differed the most in terms of Steven’s

exponent values.

Many studies have focused on whether perceptual interac-
tions observed in mixtures are peripheral or central. Most

of them concluded that interactions such as mixture suppres-

sion (in our case, dominance referred to an asymmetry in sup-

pression)weremostlyperipheral events (Bell et al., 1987; Jinks

andLaing,1999;Duchamp-Viretetal., 2003).Severalhypoth-

esesconcerningmechanismsbywhichodorantsmight interact

at the receptor level have been proposed. Some of these sug-

gested that the odorantsmaybedifferentially adsorbed by the
mucus according to their polarity (Laing, 1988). Thus, odor-

antsof similarpolaritywould thereforebemoresuppressiveof

each other (Bell et al., 1987). An odorant polarity could affect

its rate of diffusion through the mucus to the receptor cells,

such that �slower� odorants would be more likely to be sup-

pressed than �faster� odorants (Laing and Mac Leod, 1992).

As a result, mixtures of odorants with closer polarity values

should interact in a more reciprocal way than odorants with
different polarity values. These hypotheses seemed to be con-

firmed by our results. Indeed, higher woody dominance was

observed in isoamyl acetate/whisky lactone and ethyl buty-

rate/whisky lactone mixtures where the differences between

the estimated logP values of the componentswere higher than

with ethyl butyrate/guaiacolmixture. The logP value (defined

asthelogarithmofthepartitioncoefficientofsolutebetweenn-

octanolandwater)ofodorants is 2.13 for isoamylacetate,1.70
for ethyl butyrate, 1.20 for guaiacol and 3.51 for whisky lac-

tone. The lower the logP value of an odorant, the more polar

that odorant is.The logP constantwas estimatedby the chem-

ical software Windows Molecular Modelling Pro (version 2,

ChemSW,Copyright JamesA.Quinn, 1992–2000).LogPesti-

mations were made by molecular fragmentation in atoms.

Consequently, it canbehypothesizedthatthequalitativedom-

inance phenomenon could begin in the early events of olfac-
tory coding at the receptor level. However, supplementary

experiments are needed to validate this assumption.

The perceptual olfactory interactions between fruity and

woody aroma compounds in wine were studied in laboratory

conditions using psychophysical methods. Experimental

data highlighted the qualitative dominance of the woody

note in the three binary mixtures studied, when the perceived
intensities of each unmixed compound were equal. From the

point of view of wine perception, this dominance is in accor-

dance with the observation ofMoio et al. (1993) of amasking

effect of a wine’s esters by odorants brought by oak wood.

Indeed, perceptual interactions, which take place due to

complex mediums where several volatile and nonvolatile

compounds are candidates for perception, could impact dra-

matically on the final product flavour. In the case of wine,
taking into account these perceptual interactions could thus

help wine producers, who focus on chemical composition, to

increase the quality of the aromatic bouquet through, for ex-

ample, a better control of aromatic notes of wine breeding in

oak wood.
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and Etiévant, P.X. (eds), Flavour Research at the Dawn of the Twenty-first
Century. Lavoisier, Cachan, pp. 293–296.

Atanasova, B., Langlois, D., Nicklaus, S., Chabanet, C. and Etievant, P.
(2004a) Evaluation of olfactory intensity: comparative study of two meth-
ods. J. Sens. Stud., 19, 307–326.

Atanasova, B., Thomas-Danguin, T., Langlois, D., Nicklaus, S. and
Etievant, P. (2004b) Perceptual interactions between fruity and woody
notes of wine. Flavour Frag. J., 19, 476–482.

Bartoshuk, L.M. (1975) Taste mixtures: is mixture suppression related to
compression? Physiol. Behav., 14, 643–649.

Bartoshuk, L.M. and Cleveland, C.T. (1977) Mixtures of substances with
similar tastes: a test of a psychophysical model of taste mixture interac-
tions. Sens. Process., 1, 177–186.

Bell, G.A., Laing, D.G. and Panhuber, H. (1987) Odour mixture suppres-
sion: evidence for a peripheral mechanism in human and rat. Brain
Res., 426, 8–18.

216 B. Atanasova et al.

 by guest on O
ctober 3, 2012

http://chem
se.oxfordjournals.org/

D
ow

nloaded from
 

http://chemse.oxfordjournals.org/


Bensafi, M., Rouby, C., Farget, V., Vigouroux, M. and Holley, A. (2002)
Asymmetry of pleasant vs. unpleasant odor processing during affective
judgment in humans. Neurosci. Lett., 328, 309–313.

Berglund, B., Berglund, U., Lindvall, T. and Svensson, L.T. (1973)A quan-
titative principle of perceived intensity summation in odor mixtures. J. Exp.
Psychol., 100, 29–38.

Chatonnet, P., Boidron, J.N. and Pons, M. (1990)Maturation of red wines
in oak barrels: evolution of some volatile compounds and their aromatic
impact. Sci. Aliment., 10, 565–587.

Duchamp-Viret, P., Duchamp, A. and Chaput, M.A. (2003) Single olfac-
tory sensory neurons simultaneously integrate the components of an
odour mixture. Eur. J. Neurosci., 18, 2690–2696.

Ferreira, V., Lopez, R., Escudero, A. and Cacho, J. (1998) The aroma of
grenache red wine: hierarchy and nature of its odorants. J. Sci. Food
Agric., 77, 259–267.

Frijters, J.E.R. (1987) Psychophysical models for mixtures of tastants andmix-
tures of odorants. In Roper, S.D. and Atema, J. (eds), Olfaction and Taste
IX. New York Academy of Sciences, New York, pp. 67–78.

Heymann, H. and Noble, A.C. (1987) Descriptive analysis of commercial
Cabernet Sauvignon wines from California. Am. J. Enol. Vitic., 38, 41–44.

Jinks, A. and Laing, D.G. (1999) A limit in the processing of components in
odour mixtures. Perception, 28, 395–404.

Laffort, P. (1989) Models for describing intensity interactions in odor mix-
tures: a reappraisal. In Laing, D.G., Cain, W.S., McBride, R.L. and Ache,
B.W. (eds), Perception of Complex Smells and Tastes. Academic Press,
Marrickville, pp. 205–223.

Laffort, P. (1994) The application of synergy and inhibition phenomena
to odor reduction. In Vigneron, S., Hermia, J. and Chaouki, J. (eds),
Characterization and Control of Odours and VOC in the Process Indus-
tries. Elsevier, Amsterdam, pp. 105–117.

Laffort, P. and Dravnieks, A. (1982) Several models of suprathreshold
quantitative olfactory interaction in humans applied to binary, ternary
and quaterny mixtures. Chem. Senses, 7, 153–174.

Laing, D.G. (1988) Relationship between the differential adsorption of odor-
ants by the olfactory mucus and their perception in mixtures. Chem.
Senses, 13, 463–471.

Laing, D.G. (1983) Natural sniffing gives optimum odour perception for
humans. Perception, 12, 99–117.

Laing, D.G. and Mac Leod, P. (1992) Reaction time for the recognition of
odor quality. Chem. Senses, 17, 337–346.

Laing, D.G. and Willcox, M.E. (1983) Perception of components in binary
odour mixtures. Chem. Senses, 7, 249–264.

Laing, D.G., Panhuber, H., Willcox, M.E. and Pittman, E.A. (1984)Quality
and intensity of binary odor mixtures. Physiol. Behav., 33, 309–319.

Lawless, H.T., (1977) The pleasantness of mixtures in taste and olfaction.
Sens. Process., 1, 227–237.

Moio, L., Schlich, P., Issanchou, S., Etiévant, P. and Feuillat, M. (1993)
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Senouci, K. (2003) Contribution à l’étude de l’incidence de l’intensité odor-
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