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ABSTRACT: One of the major objectives of food industry is predicting the sensory profile of a product by chemical analysis. In the
case of spirit drinks, their volatile compounds can exhibit odour interactive effects. This study investigated the odour perception
of linalool, ethyl hexanoate, ethyl acetate and acetaldehydewithmodel solutions (in 40% v/v ethanol) on flowery, fruity and glue-
like attributes. Design of experiments for sensory analysis and response surface methodology were used to evaluate the aroma
interactions of these compounds by sniffing or orthonasal olfaction. Results showed that ethyl hexanoate masks flowery and
glue-like descriptors. Acetaldehyde provides a low-intensity fruity odour, which is confused with ethyl hexanoate odour. High
levels of ethyl acetate suppress and enhance the fruity descriptor at high and low levels of ethyl hexanoate, respectively. In sum-
mary, this sensory technique enables the rapid but consistent assessment of the interaction of aroma compounds in an alcoholic
spirit. It is suggested that this approach may be a useful tool in the optimization and development of alcoholic products.
Copyright © 2017 The Institute of Brewing & Distilling
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Introduction
The quality of young Muscat brandy (Pisco) depends on its aro-
matic composition, where terpenic compounds (e.g. linalool) and
low-boiling ethyl esters (e.g. ethyl hexanoate) have a positive
odour effect, related to flowery and fruity descriptors, respectively.
In contrast, high-volatility compounds such as acetaldehyde and
ethyl acetate are considered off-flavours, with pungent and glue-
like odour, respectively. To achieve the highest organoleptic qual-
ity and production yield, Piscos are usually produced by batch dis-
tillation, where the first fraction is discarded (heads) and the
following fraction is the main product (hearts). This methodology
allows producers to concentrate or avoid certain aroma com-
pounds according to their physicochemical characteristics (1).

The typical aroma of Pisco comes from linalool (2), which is de-
scribed as flowery and citrus (1,3). This terpene alcohol has a low
odour threshold in spirits (1 mg/L of ethanol 40% v/v) with respect
to its concentration in commercial Piscos (0.17 to 10.4 mg/L
40% v/v) (4). Linalool is formed during grape ripening and in
wines can be found both free and as the glycoside precursor
(5). Owing to its physicochemical characteristics, linalool tends
to distil in the early stages of distillation of the heart fraction.

Fruity odour in wine spirits mostly comes from low-boiling ethyl
esters (C4–C10) with boiling points between 125.8 and 247.7°C (6).
Their origin is mostly microbiological, being produced during
fermentation by yeasts and other microorganisms. Ethyl esters
are highly volatile, and thus tend to distil in the head fraction, with
low amounts are found in the product (7). However, ethyl esters
have an important aroma impact in Muscat spirits, as they have
very low odour thresholds (0.005 to 0.26 mg/L 40% v/v) (1).

Furthermore, in our study, ethyl hexanoate was chosen as refer-
ence ethyl ester, since Peña y Lillo et al. (8) found that ethyl
hexanoate was the ethyl ester with highest correlation in the vola-
tile composition of the heart fraction. The aroma of ethyl
hexanoate is described as apple, banana and violet (1).

One of the most common defects in spirits of agricultural origin
is from ethyl acetate, which contributes a glue-like aroma similar to
the odour of nail polish remover. Ethyl acetate is produced by
yeast and bacterial metabolism or formed through the chemical
esterification of ethanol and acetic acid. In spirit drinks, ethanol is
presented in very high concentrations (>30% v/v); therefore ethyl
acetate formation is favoured. According to its high volatility, ethyl
acetate distils in head fractions; however, high levels can be found
in the heart fraction (4 to 800 mg/L 40% v/v) in relation to its
odour threshold (7.5 mg/L 40% v/v) (1).

Pungent odour is another spirit off-flavour, which comes from
acetaldehyde. However, low levels can suggest positive odour in
spirits, as sweetish, cut apple or nut notes (9). Acetaldehyde is
the most important carbonyl compound formed during the alco-
holic fermentation. Since it is highly volatile, acetaldehyde distils
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in the head fraction. Spirits can also present high concentrations in
the heart if the head fraction is not well adjusted, this being a typ-
ical defect. In commercial products, acetaldehyde presents a wide
range of concentrations (<2–160 mg/L 40% v/v) (1).

A common way to estimate the odour intensities of volatile
compounds is the calculation of odour activity values (OAV;
the ratio between chemical concentration and odour thresh-
old), in order to predict the sensory profile of food products
by chemical analysis. Several studies have determined olfac-
tory thresholds of many volatile compounds present in spirits;
however, these experimental values do not take into account
odour interactive effects between compounds, such as en-
hancement or suppression of odours (10). There are some
methods to evaluate aroma interactions, mostly comparing
odour intensities in binary mixtures. A much more comprehen-
sive explanation of odour interactive effects can be found in
some reviews (11,12).

A few studies have used factorial experiments to evaluate sen-
sory interactive effects in complex mixtures (13–15). However, no
study has focused on interactive odour effects on spirits, where
ethanol can produce olfactory fatigue (16).

This work was planned with a dual purpose. The first objective
was to perform a rapid sensory methodology to analyse a large
number of samples of wine distillates using response surface
methodology (RSM), especially designed to perform quick evalua-
tion of distillation strategies to obtain products with specific aro-
matic profile. The second objective was to analyse the aroma
interactive effects between volatile compounds in wine spirit
drinks using model solutions.

Materials and methods

Samples

Ethyl alcohol of agricultural origin was the base spirit (Alcohol
Suave, Bodegas y Destilerías Lehman S.A., Tortosa, Spain), with
an alcohol degree of 40% (v/v). Ethanol content was checked with
an electronic density meter (Anton Paar GmbH, Graz, Austria). Ac-
cording to the experimental design (Table 1), 26 aliquots with
model solution were spiked at several levels with linalool, ethyl
hexanoate, acetaldehyde and ethyl acetate (Sigma-Aldrich, St
Louis, MO, USA) 12 h before the experiment. Samples were stored
in sealed amber glass bottles at room temperature. Concentration
levels were chosen according to the order of magnitude of com-
mon levels in commercial spirits (1).

Experimental design

Central composite design. Central composite design (CCD) is
an experimental design that allows the estimation of linear and
quadratic effects on a response variable with a minimum number
of experiments. CCD is built with two-level fractional factorial de-
sign (FFD) points, a centre point and axial points. Two-level facto-
rial design studies all possible combinations of two or more
factors at two levels. The centre point is an experimental run
whose factor values are the median of the two levels of the factors
establish in the FFD. Centre point is normally replicated to deter-
mine the variance of the system. Axial points have the same factor
values as centre point, except for one factor whose value is at an α
distance from the centre point. For processing data, independent
variables (factors) are coded as follows to construct the design:

FFD points = ±1; centre point = 0; axial points = ±α (for one factor)
and 0 (for other factors).
For the study, a three-level–four-factor CCD with face-centred

axial points (α = ±1) and two centre points was designed (26 runs).
Factors were the selected compounds: linalool, ethyl hexanoate,
ethyl acetate and acetaldehyde, spiked in a model spirit. Table 1
shows all of the experiments in the standard order of runs with
coded (�1, 0 and +1) and experimental (spiked concentrations)
factor values.

Response surface methodology. RSM, introduced by Box and
Wilson (17), aims to screen, model and optimize an experimental
design by studying the relationships between the independent
variables (spiked compounds) and each response (odour descrip-
tors). Therefore, after the CCD is performed, RSM estimates a
second-degree polynomial model with all of the compiled data.
In this study, ANOVA has been used to observe the significance

of linear and quadraticmain factor effects and two-way interaction

Table 1. Coded concentrations (±1) and odour thresholds of
the compounds (factors) for the face centered central compos-
ite design with two center points (CP)a

Sample
number

Linalool Ethyl
hexanoate

Ethyl
acetate

Acetaldehyde

1 �1 (0) �1 (0) �1 (0) �1 (0)
2 �1 (0) �1 (0) �1 (0) +1 (300)
3 �1 (0) �1 (0) +1 (300) �1 (0)
4 �1 (0) �1 (0) +1 (300) +1 (300)
5 �1 (0) +1 (10) �1 (0) �1 (0)
6 �1 (0) +1 (10) �1 (0) +1 (300)
7 �1 (0) +1 (10) +1 (300) �1 (0)
8 �1 (0) +1 (10) +1 (300) +1 (300)
9 +1 (10) �1 (0) �1 (0) �1 (0)
10 +1 (10) �1 (0) �1 (0) +1 (300)
11 +1 (10) �1 (0) +1 (300) �1 (0)
12 +1 (10) �1 (0) +1 (300) +1 (300)
13 +1 (10) +1 (10) �1 (0) �1 (0)
14 +1 (10) +1 (10) �1 (0) +1 (300)
15 +1 (10) +1 (10) +1 (300) �1 (0)
16 +1 (10) +1 (10) +1 (300) +1 (300)
17 �1 (0) 0 (5) 0 (150) 0 (150)
18 +1 (10) 0 (5) 0 (150) 0 (150)
19 0 (5) �1 (0) 0 (150) 0 (150)
20 0 (5) +1 (10) 0 (150) 0 (150)
21 0 (5) 0 (5) �1 (0) 0 (150)
22 0 (5) 0 (5) +1 (300) 0 (150)
23 0 (5) 0 (5) 0 (150) �1 (0)
24 0 (5) 0 (5) 0 (150) +1 (300)
25 (CP) 0 (5) 0 (5) 0 (150) 0 (150)
26 (CP) 0 (5) 0 (5) 0 (150) 0 (150)
Odour
threshold
(mg/L
40% v/v)

1.00b 0.005c 7.50c 10.0c

aNumbers in brackets are the experimental concentrations of
factors, expressed in mg/L ethanol 40% v/v.
bCacho et al. (4).
cChristoph and Bauer-Christoph (1).
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factor effects. Sum-of-squares type III was used to calculate the
error terms for statistical signification. Non-significant effects
(p > 0.05) were ignored to obtain more accurate estimation
models. A lack-of-fit test (p> 0.05) was performed to check the ad-
equacy of eachmodel. The RSM estimated response for each com-
pound was calculated using eqn (1), a second-degree polynomial
function with four variables:

Ŷ ¼ b0 þ b1·X1 þ b2·X2 þ b3·X3 þ b4·X4 þ b1;1·X1
2 þ b2;2·X2

2

þ b3;3·X3
2 þ b4;4·X4

2 þ b1;2·X1·X2 þ b1;3·X1·X3 þ b1;4·X1·X4

þ b2;3·X2·X3 þ b2;4·X2·X3 þ b3;4·X3·X4 (1)

where Ŷ is the estimated sensory response (flowery, fruity or glue-
like descriptor), b0 is the regression coefficient for the intercept, b1,
b2, b3 and b4 are the coefficients of the main effects, b1,1, b2,2, b3,3
and b4,4 are the coefficients of the quadratic effects, and b1,2, b1,3,
b1,4, b2,3, b2,4 and b3,4 are the coefficients of two-way interactions.
Terms X1, X2, X3 and X4 refer to the coded concentrations of vari-
ables (±1). During this study, subscripts stand for the following
terms: 0 means intercept; 1 means linalool; 2 means ethyl
hexanoate; 3 means ethyl acetate; and 4 means acetaldehyde.

Rapid Sensory Analysis

The taste panel was composed of 18 third-year students of oenol-
ogy (with experience in wine tasting) at the Universitat Rovira i
Virgili during five sessions on different days of 30–40 min each.
All sensory analyses were carried out in the tasting room at the
Faculty of Enology of the Universitat Rovira i Virgili in compliance
with standard NF V09-105 (18). The first session performed was a
training session to determine assessors’ sensory capabilities, and
during the other four sessions the CCD was completed.

The selected descriptors were named as flowery, fruity and glue-
like, which describe the aromas of linalool, ethyl hexanoate and
ethyl acetate, respectively. Preliminary studies found that acetalde-
hyde was not well discriminated by semi-trained assessors (data
not shown); however it has been reported that it possesses the
ability to change the perception of other compounds (14). For both
reasons, it was introduced in the experimental design as a factor,
but not as an odour response. Samples were analysed by
orthonasal olfaction, since is more discriminant than the retronasal
route in Muscat spirits (19).

Training session. Assessors were taught to relate the odours of
the compounds linalool, ethyl hexanoate and ethyl acetate with
the descriptors flowery, fruity or glue-like, respectively, on a six-
point scale from 0 to 5. Three samples at different levels of each
compound were used as a training scale (nine samples), prepared
with the concentrations of the coded factor levels (�1, 0 and +1) of
the CCD (Table 1). The�1, 0 and +1 coded concentrations were re-
lated to 0, 2 and 4 values on the six-point scale, respectively. The
value 0 of the six-point scale was included to differentiate the
aroma of ethanol with respect to the aroma of the studied com-
pounds, and the value 5 of the six-point scale was not trained
but considered in case of odour enhancement between com-
pounds at high concentrations.

Design of experiments for sensory analysis. Spirits contain a
large amount of ethanol. Therefore the olfactory capabilities of
the assessors may decrease. In preliminary studies, it has been ob-
served that it is not suitable to evaluate more than six samples in a
continuous session, a break being needed every three samples

(data not shown). However, our CCD consisted of 24 samples plus
two centre points, and just 18 assessors.

Design of experiments for sensory analysis ensures acceptable
statistical results when a small group of judges evaluate a large
set of products. With this methodology, products are analysed
with an overall frequency as homogeneous as possible during all
of the experimentation and during each session, and with a ran-
dom order to avoid bias. The design of experiments for sensory
analysis used in this study is shown in Table 2, where each sample
had eight or nine replicates.

CCD orthonasal sensory procedure. In the four sessions, three
samples of 5 mL were placed in front of each panellist in transpar-
ent glasses covered with empty plastic petri dishes to ensure a ho-
mogeneous head-space and to prevent evaporation. Samples
were ordered from left to right side according to Table 2. Panellists
scored the three descriptors by orthonasal olfaction with the six-
point scale.

Statistical analysis

CCD, ANOVA, lack-of-fit test and regressions models for RSM were
performed with STATISTICA 7.0 statistical package. Design of ex-
periments for sensory analysis was performed with XLSTAT 2016
statistical ad-in for Microsoft Office.

Results and discussion
The purpose of this work was to study the interactions between com-
pounds and their aromas, which were determined by regression
models containing main, quadratic and two-way interaction coef-
ficients. To avoid confusion between interaction terms throughout
the article, the term ‘two-way interaction effect’ has been used to
describe significant statistical two-way interactions, and the term
‘odour-interactive effect’ to describe sensory interactions. There-
fore, an odour-interactive effect indicates that a compound en-
hances or reduces the perception of another compound. On the
other hand, a two-way interaction effect shows how two com-
pounds produce an odour variation when both are present (which
can or cannot produce a sensory interactive effect on the studied
odour).

Regression model

Table 3 shows the regression results of the sensory evaluation of
the CCD samples, calculated using eqn (1). As can be seen,
panellists could identify andmatch the three descriptors with their
respective trained compound: flowery with linalool (b1 coefficient),
fruity with ethyl hexanoate (b2) and glue-like with ethyl acetate
(b3), indicating the reliability of the training session. Moreover,
odour-interactive effects between compounds were also observed
in all descriptors, and will be discussed in the following sections.

The concentration of the selected compounds in the CCD samples
were much higher than their odour thresholds (Table 1). However,
the relation between concentration and odour intensity differs in
each compound, and that is why OAV should not be compared be-
tween compounds. Regardless, concentration and odour intensity
relationships are usually modelled with a sigmoidal function (20).
In contrast, in this study no quadratic effects were found for any
descriptor. Therefore, it has been assumed that the intermediate
concentration used in the CCD was located in the logarithmic
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phase of the theoretical odour intensity function and the maxi-
mum concentration on the plateau of the sigmoidal function.

In short, the models of this study should be interpreted as a
quick technique to evaluate potential odour interactive effects be-
tween volatile compounds, but not as accurate odour intensity es-
timation models.

Flowery and glue-like descriptors

Flowery and glue-like descriptors are discussed together as both
presented similar odour interactive effects with ethyl hexanoate
(Table 3). Regarding to the flowery descriptor, the regression

coefficient of linalool had a positive value (b1 coefficient), as can
be expected since it was the trained compound. However, ethyl
hexanoate appeared to negatively affect the flowery perception
(b2). Flowery perception decreased with high concentrations of
this ester. This effect is also shown in Fig. 1, where the highest
score of flowery descriptor occurred with high concentrations of
linalool and low concentrations of the ethyl hexanoate. Peña y Lillo
et al. (8) studied the correlations between volatile compounds, dis-
tillation fraction, blending process and main sensory attributes of
Pisco by principal component analysis. This study showed that
ethyl hexanoate and linalool were the highest correlated chemical
markers of the blended Pisco heart fraction, where linalool odour

Table 2. Design of experiment for sensory analysis for 18 assessors and 26 samples

Tasting
order
Assessor
number

Sample number (Table 1)

First session Second session Third session Fourth session

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

1 3 18 1 2 21 4 10 26 24 15 14 11
2 8 24 11 25 13 21 4 5 22 16 12 14
3 5 20 15 22 8 16 20 9 23 3 4 2
4 21 17 22 4 1 2 14 8 3 11 24 15
5 7 26 16 10 1 5 17 25 2 18 24 20
6 12 9 13 2 26 25 6 1 12 15 25 16
7 25 6 19 24 22 23 16 19 13 5 3 21
8 10 23 14 6 4 5 18 21 7 19 11 20
9 14 8 12 3 2 1 7 4 6 10 15 24
10 17 9 24 15 3 6 8 1 5 23 10 19
11 19 13 26 20 11 9 13 12 25 9 22 1
12 23 6 7 4 2 3 21 19 17 11 15 10
13 1 4 3 26 14 17 24 11 10 25 7 8
14 11 25 15 24 7 18 22 16 23 5 17 26
15 22 18 20 23 12 19 3 26 9 21 6 13
16 16 5 10 9 7 8 2 20 18 1 17 4
17 12 10 11 21 19 20 6 18 22 14 13 9
18 13 15 14 18 16 17 12 23 7 26 2 8

Table 3. Response surface methodology estimate effects of
flowery, fruity and glue-like orthonasal responses, calculated
with coded concentration values (±1) of linalool (X1), ethyl
hexanoate (X2), ethyl acetate (X3) and acetaldehyde (X4)

a

Orthonasal
response

Coefficient
name

Regression
coefficient

Standard
error

p-Value
(ANOVA)

Flowery b0 1.56 0.097 <0.001
b1 0.373 0.116 0.002
b2 �0.261 0.116 0.026

Glue�like b0 1.8 0.105 <0.001
b2 �0.552 0.125 <0.001
b3 0.396 0.125 0.002

Fruity b0 2.01 0.086 <0.001
b2 0.928 0.103 <0.001
b4 0.233 0.103 0.025
b2,3 �0.246 0.109 0.025
b2,4 �0.353 0.109 0.001

aCoefficients are related to eqn (1) for each response.

Figure 1. Response surface contour plot of flowery sensory response with respect to
linalool and ethyl hexanoate coded concentrations (±1.00). Concentrations of ethyl ac-
etate and acetaldehyde were both fixed at�1.00 coded level. Figure is reproduced in
colour in online version.
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was the main sensory attribute. However, that relationship might
be due to the common aroma of hearts of Muscat spirits, since it
has been observed that ethyl hexanoate decreased the intensity
of linalool odour at all levels of our concentration range.

The glue-like descriptor, as expected, was associated with ethyl
acetate with positive regression coefficient (b3), since it was the
trained compound for glue-like perception. However, ethyl
hexanoate decreased the intensity of the glue-like descriptor at
all tested levels (Fig. 2) as a flowery descriptor. Their chemical-
structure likeness (structure–odour relationship) could lead to con-
fusion of both esters’ odour perception (21).

These results allow us to establish that ethyl hexanoate has a
masking effect on linalool and ethyl acetate odours and conse-
quently on flowery and glue-like descriptors.

Fruity descriptor

The fruity descriptor was the odour responsemore affected by the
studied volatile compounds. As expected, ethyl hexanoate had a
positive regression coefficient (b2), since it was the trained com-
pound for the fruity descriptor. However, there was an important
odour-interactive effect of acetaldehyde, with a linear positive re-
gression coefficient (b4). Furthermore, a negative regression coeffi-
cient of the two-way interaction between acetaldehyde and ethyl
hexanoate also influenced the fruity perception (b2,4). As can be
seen in Fig. 3, acetaldehyde increased the fruity descriptor at low
concentrations of ethyl hexanoate, but without providing high
odour intensity values. Several studies have shown that acetalde-
hyde has a fruity odour (22,23). Coetzee et al. (14) found that acet-
aldehyde had an odour-interactive effect with the fruity descriptor
using wine model solutions, showing enhancement at low con-
centrations and suppression at high concentrations. However, an
enhancement of the ethyl hexanoate perception by acetaldehyde
should be discarded, since the increase in fruity descriptor by acet-
aldehyde was much higher in samples without ethyl hexanoate.
Thus, in our study assessors could perceive slight fruity notes
of acetaldehyde which, in turn, were confused with the trained
fruity odour of ethyl hexanoate. In addition, a slight masking

effect on fruity odour can be observed in Fig. 3 at high levels
of ethyl hexanoate.

A similar effect can be observed in Fig. 4 with a two-way interac-
tion effect between ethyl hexanoate and ethyl acetate (b2,3 coeffi-
cient). High levels of ethyl acetate enhanced the fruity perception
at low levels of ethyl hexanoate, since ethyl acetate could provide
a fruity odour at low concentrations (3,23). Otherwise, high levels
of ethyl acetate suppressed the fruity perception at high concen-
trations of ethyl hexanoate, suggesting a masking odour effect.
Thus, as previously mentioned, their structure–odour relationship
could lead to confusion of both odour perceptions (21). Finally, lin-
alool could also provide a fruity odour (22,23); however odour in-
teractive effects were not found in this study.

Conclusions
In this work, RSM has shown odour interactive effects between lin-
alool, ethyl hexanoate, ethyl acetate and acetaldehyde on flowery,

Figure 2. Response surface contour plot of glue-like sensory response with respect
to ethyl acetate and ethyl hexanoate coded concentrations (±1.00). Concentrations
of linalool and acetaldehyde were both fixed at �1.00 coded level. Figure is
reproduced in colour in online version.

Figure 3. Response surface contour plot of fruity sensory response with respect to
ethyl hexanoate and acetaldehyde coded concentrations (±1.00). Concentrations of
linalool and ethyl acetate were both fixed at �1.00 coded level. Figure is reproduced
in colour in online version.

Figure 4. Response surface contour plot of fruity sensory response with respect to
ethyl hexanoate and ethyl acetate coded concentrations (±1.00). Concentrations of
linalool and acetaldehyde were both fixed at�1.00 coded level. Figure is reproduced
in colour in online version.
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fruity and glue-like descriptors. Ethyl hexanoate showed a sensory
masking effect on linalool and ethyl acetate, in relation to flowery
and glue-like odour perception. Acetaldehyde and ethyl acetate
increased fruity perception when samples had low ethyl
hexanoate levels. High levels of ethyl acetate showed a masking
effect on the fruity descriptor at high levels of ethyl hexanoate.
Finally, it should be highlighted that RSM allowed easily evaluation
of odour-interactive effects between volatile compounds in a me-
dium that produces high olfactory fatigue after setting a single
training session, showing the tool to be innovative and easy for
future sensory multi-interaction studies.
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