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Abstract

BACKGROUND: Any action capable of creating expectations about product quality would be able to modulate experienced
pleasantness. In this context, during the 2022 edition of the Internet Festival (Pisa, Italy) a ‘social experiment’ was promoted
to set up an affordable and reliable methodology based on wearable sensors to measure the emotions aroused in a live context
on consumers by different kinds of wines. Therefore, fivewines (two faulty ones and three high-quality samples) were proposed
to 50 non-selected consumers in an arousing context with live jazzmusic as background. Both explicit (questionnaires) and two
different approaches for implicit methods (electrocardiogram (ECG) recorded by wearable sensors vs. smartphones), the latter
performed on a subgroup of 16, to measure the emotions aroused by wines and music were utilized synergistically.

RESULTS: According to our findings: (i) wine undoubtedly generates a significant emotional response on consumers; (ii) this
answer is multifaceted and attributable to the quality level of the wine tasted. In fact, all things being equal, while drinking
wine even untrained consumers can perfectly recognize good wines compared to products of lower quality; (iii) high-quality
wines are able to induce a spectrum of positive emotions, as observed by the analysis of ECG signals, especially when they
are coupled with background music.

CONCLUSION: The framework has certainly played to the advantage of good-quality wines, fostering their positive emotional
characteristics on the palate even of some less experienced consumers, thanks to a dragging effect towards a positive mood
generated by the surrounding conditions (good music in a beautiful location).
© 2024 Society of Chemical Industry.
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INTRODUCTION
Taste perception results from integrating sensations generated by
all stimuli.1 In more depth, concerning stimuli from the surround-
ing environment, sound and music seem to play a pivotal role in
the frame of so-called ‘sonic seasoning’.2 Therefore, over the last
decade or so, an understanding of how sounds and music affect
sensory perception of foods has been the subject of studies that
are increasingly accurate, demonstrating that such environmental
stimuli play a key role.3,4 Numerous studies5-8 show how people
can associate basic tastes with some auditory parameters
(e.g., pitch). That the occasion of consumption can influence the
emotional experience in the consumption of the product has also
been verified through the modeling of structural equations devel-
oped by Calvo-Porral et al.9

Among the most important drinks known to elicit emotions is
wine, for which Ristic et al. have highlighted a link between the
occasion of consumption and sensory perception.10 It has been
observed that consuming wine at restaurants or in social con-
texts arouses more intense positive emotions than the same
evaluation carried out under laboratory conditions. Silva et al.

also report that consumers prefer to consume wine in convivial
situations.11

Anything that generates expectations about product quality is
potentially able to modulate the pleasantness experienced, and
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the context influences the evaluation of emotions and sensory
terms more than wine.12,13 Therefore, emotions are to be consid-
ered a major point in the framework of sensory assessment, being
strongly associated with the way consumers prefer or interact
with some given foodstuffs, in turn leading to specific purchase
choices. However, in the sensory community, the study of emo-
tions is still poorly considered when taking into account strategies
to evaluate food preferences or quality. At present, emotional
assessment can be performed using two main approaches, rely-
ing on completely different paradigms. Traditional principles
mainly rely on the so-called ‘explicit methods’, which include
self-reported verbal or written choices performed by an individual
or group, towards a foodstuff in a standardized manner. Such
methods are well accepted by the community, quick, affordable,
and easy to administer, overall; however, they can be affected
by cognitive and judgment biases, which can jeopardize the reli-
ability of the test. Fortunately, recent advancements in the field
of information technology has shed new light on a different
approach, based on implicit measurements, which appear to be
feasible also in the complex field of sensory analysis, representing
a useful complement to the aforementioned explicit methods.14

Such an approach makes use of implicit measures, not self-
reported, able to infer emotions during a given task, including
sensory ones, and relying on the study of the responses of the
central nervous sytem15 (CNS) or autonomic nervous system16

(ANS) via the recording of biological signals.
Among implicit methods, the electrocardiogram (ECG) repre-

sents the electrical activity of the heart and can be investigated
through the study of the heart rate (HR) and its variability (HRV).
The features extracted with such an approach can be related to
both the sympathetic (SNS) and parasympathetic (PNS) branches
of the ANS, in turn related to arousal/stress and relaxation mech-
anisms for the human body.16 Such information can be easily
derived even applying simple, low-cost consumer devices, includ-
ing fitness-like chest straps or even, especially in recent times, par-
ticular smartwatches.17,18

On the other hand, electrodermal activity (EDA) relates to the
activity of sweat glands. As far as emotional arousal occurs, sudo-
riferous glands activate, producing sweat, in some instances per-
ceived macroscopically. Sweat is a biological fluid made up of
several compounds, including water, electrolytes, fatty acids, lac-
tic acid, and nitrogen metabolites.19 Such a composition means
that sweat is a good electrical conductor, thus making it possible
to study the activity of sweat glands through the electrical signal
(resistance or conductance) produced, capturing it through mini-
mally invasive wearable sensors. As such, EDA activity is strongly
related to SNS activation20 and can be particularly useful to detect
specific, sudden changes in the SNS activity due to quick sensory
triggers via the study of its phasic activity.21,22

While few data are available in the literature5 concerning the
use of explicit methods (i.e., questionnaires) to measure the influ-
ence of sonic seasoning on wine experience in a live context, and
despite having already studied the influence of wine only on the
biomedical signals mentioned above,23,24 to the best of our
knowledge no data are available about the affordability of wear-
able sensors in this specific scenario.
Therefore, an innovative ‘social experiment’was performed dur-

ing the 2022 Internet Festival (IF) (Pisa, Italy) in a real live context,
to set up an affordable, reliable methodology to measure the
influence of sonic seasoning on the emotions aroused on con-
sumers during wine tasting.

In this regard a set of five wines (two faulty and three high-
quality samples) were proposed to 50 non-selected volunteers.
To highlight the role played by sonic seasoning, each wine was
assessed in a two-step process: with or without live jazz music in
the background.
During the event, both explicit (questionnaires) and implicit

(ECG) methods to measure the emotions aroused by wines and
background were utilized in a synergic approach, as explained
in more detail in subsequent sections.

MATERIALS AND METHODS
Reference scenario: IF 2022, Pisa, Italy
IF is a scientific–technological educational event that has taken
place every year since 2011, in the Italian city of Pisa, headquarters
for several universities, research centers and schools for advanced
studies, very active also in the field of applied sciences and tech-
nology. IF includes events organized throughout the city center,
attracting every year thousands of people not only from the scien-
tific universe and academia, but also including families, children,
pupils and all the members of civil society. Each of the IF events
has a motto around which all the activities are centered, and, for
the 2022 event, the motto was ‘#imperfezione’ (the Italian term
for ‘imperfection’, ‘flaw’ or ‘defect’). Within the 2022 event, a joint
team composed of scientists from the University of Pisa and the
National Research Council of Italy, together with the local musical
association ‘Associazione Musicale Sinestesica’, which organizes
‘CantinaJazz’, a multisensory format based on wine–music synes-
thesia, consisting of composing and playing synesthetic jazz
music related to wine tasting, participating in the event named
‘Emotional imperfections’, attended by 50 intrigued and moti-
vated people from civil society who were allowed to participate
in the event by signing an appropriate waiver. This privacy state-
ment permitted the organizers to collect physiological signals
(ECG) and/or emotional indications (questionnaires) from each
participant for the purpose related to the event and subsequent
scientific information, in a completely anonymous manner. For
practical reasons, each wine was tasted simultaneously by all vol-
unteers involved in the experiment.

Wines
The wines utilized for the experiment (Table 1) were previously
characterized by a trained panel working at the Department of
Agriculture, Food and Environment (DAFE) of the University
of Pisa to determine their main sensory properties (data not
shown), together with their overall pleasantness. The panel was
composed of eight trained judges (five females and three males
aged 23–63 years), mostly expert in wine sensory analysis.
According to the method generally applied by the panel at

DAFE,23,24 the acceptability limit for overall pleasantness was fixed
at six points on a scale ranging from zero (undrinkable sample) to
nine (optimum quality level).

Emotional questionnaires
The emotional questionnaire was set up starting from a recent lit-
erature review.1 Among the words widely proposed for the emo-
tional description of foods and beverages, eight terms (fear, rage,
sadness, disgust, joy, serenity, positive surprise, negative surprise)
were selected to represent both positive and negative emotions
in their meaning.
At the end of each tasting section, all the participants were

asked to fill in, in 3 min, an anonymous Google Form to rate on

www.soci.org L Billeci et al.

wileyonlinelibrary.com/jsfa © 2024 Society of Chemical Industry. J Sci Food Agric 2024

2

http://wileyonlinelibrary.com/jsfa


a scale 0–9 each of terms selected to provide the emotional profile
aroused by each wine tasted. Furthermore, in the same Google
Form the judges were invited to evaluate the overall pleasantness
of each wine tasted as a hedonic parameter (data not shown).

HR measurement
The ECG signal, recorded during the tasting session of the differ-
ent wines in a subgroup (16 subjects) of the subjects attending
the event, was employed to extract the HR feature. As previously
mentioned, since the aim of the present investigation was con-
cerned with the performance of a pilot, exploratory study, and
for organizational and technical reasons, we tested two different
modalities for data acquisition in order to compare their usage
and reliability during a semi-structured scenario and ‘quasi-real-
life’ experience. Specifically, in six subjects, HR data were acquired
using a commercial wearable device, while ten subjects directly
used a smartphone app.

Wearable device acquisition
The wearable device selected to capture the ECG signal and allow
detection of HRwas the Zephyr BioHarness 3 (Zephyr Technology,
Annapolis, MD, USA; Fig. 1).25 The device consists of a chest strap
and an electronics module contained within a chassis, in turn
attached to the strap. The device, powered only by an internal
rechargeable lithium polymer cell, stores and transmits, by Blue-
tooth, vital sign data including HR, respiration rate, body orienta-
tion and activity. Overall, the application of this device is not
invasive, the sensor being small, lightweight and interfaced to

the human body by a chest strap, which is worn by the subject
without putting creams or gels on the skin.
Passive sensors placed within the strap detect heart ECG signals

through conductive pads. A pressure sensor pad in the strap on
the subject's left-hand side detects expansion of the rib cage
due to breathing action. An internal three-axis accelerometer
measures the subject's activity level and the orientation of the
device (subject standing, supine, prone, inverted). Regarding
HR – the feature of interest in the present study – the acquisition
ranges from 25 to 240 bpm, and the signal is acquired at a sam-
pling frequency of 250 Hz.
As mentioned before, physiological data acquired in the six

participants agreeing to use the wearable device were sent
wirelessly by Bluetooth or 802.15.4 to a receiving device
equipped with a graphical user interface. In our specific use
case scenario, the device was connected to a smartphone using
one of the commercial apps supporting the sensorized strap,
namely the BMi HR monitor, selected as being free to use and
available for both Android and iOS. After configuration of the
individual settings and connection to the device, the app visu-
alizes and stores the HR as the absolute value of beats per
minute, as well as the percentage of the stored maximum HR
value of the user.
The user started the recording 5 min before the beginning of

the tasting session, in order to record the baseline HR activity.
Then, the operators manually annotated the time interval for each
phase of the task (specified later) in order to associate each of the
HR values extracted to one specific phase. At the end of the

Table 1. Main description of the five wines used for the test

Sample
code Wine

Designation of
origin Year

Alcohol
content (%) Area of production

Overall
pleasantness

1 Red table wine (RTW) N/A 2021 13.0 N/A 4.5 ± 0.3
2 White table wine (WTW) N/A 2021 12.0 N/A 4.9 ± 0.2
3 Brunello di Montalcino (BM) DOCG 2018 14.5 Montalcino

(SI–Italy)
7.8 ± 0.4

4 Vin Santo Riserva (VS) DOCG 2016 15.5 Arezzo
(AR–Italy)

8.2 ± 0.3

5 Vin santo Occhio di Pernice
(ODP)

DOCG 2015 17.0 Arezzo
(AR–Italy)

8.5 ± 0.5

Figure 1. (a) Zephyr BioHarness 3 device. (b) Subject wearing the Zephyr BioHarness 3 device communicating with the smartphone during the tasting.
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session, the user terminated the recording, exported the csv file
and sent it to the operators by Bluetooth.

Smartphone acquisition
As mentioned above, for the other ten subjects participating in
the event and giving their consent to the physiological study,
for computing the HR during the tasting session, we used an
app available for both Android and iOS called HR Plus. Based on
a different principle of operation from that described in the previ-
ous section, the app allows recording the HR using the smart-
phone camera (see Fig. 2). The principle of obtaining HR using
the camera is quite different and based on the fact that the cam-
era captures videos of the fingertip and the HR is estimated using
the photoplethysmography (PPG) technique. PPG uses low-
intensity infrared light. When light travels through biological tis-
sues, it is absorbed by bones, by skin pigments and, even more
strongly, by both venous and arterial blood, so that changes in
blood flow are detected by PPG sensors as changes in light inten-
sity. This method than allows checking even small changes in
blood volume due to the differences in the voltage signal, in turn
proportional to the amount of blood flowing through the
vessels.26

In the present study, the recording of HR during the task was not
performed continuously, in order to keep annoyance to minimum
levels for the volunteers, thus avoiding the subjects tested having
to keep the fingerprint still on the smartphone camera through-
out the whole session. Thus, the participants were instructed to
start and end the recording for each of the testing phases and
to label the recording with the name of the related phase. At
the end of the session, each subject sent the screenshots of the
recording to the operators.

HR analysis
For each recording, we identified 11 different phases of the ses-
sion, as described in Table 2. Throughout the whole experiment
(phases A–K) the jazz music was alternatively played during
phases C, E, G, I and K, and stopped during the other phases.
For the data obtained with the Zephyr device, we segmented

the csv file obtained by the app according to the timestamp anno-
tated during the session with the support of aMatlab (MathWorks,
Inc., Natick, MA, USA) script. Then, we computed the mean HR for

each phase and each subject. Regarding the data obtained with
the App, the output was already represented by a mean value,
so we simply annotated the mean HR value for each phase and
each subject.

Statistical analysis
The analysis relating to the emotional questionnaires among the
different wines was performed using PERMANOVA (included in
the Vegan 2.6-4 R Package),27 while the pairwise comparison
applied the pairwise Adonis package.28 Subsequently, a principal
coordinate analysis (PCoA) ordination method was performed, to
investigate how to reduce the dimensionality of the variables
studied, and how much each of them is relevant to distinguish
among the different kinds of wines. Furthermore, a ‘permutest.
betadisper’ was executed in order to check for the reliability of
the PERMANOVA and PCoA. All these routines are part of the pre-
viously cited Vegan R package.
The analysis related to HR values among the different phases

was performed using analysis of variance (ANOVA). Post hoc anal-
ysis was obtained by applying paired sample t-tests for each cou-
ple of phases. Statistical significance was set at P < 0.05.

RESULTS
Emotional questionnaires
To analyze the data from the emotional questionnaires the PER-
MANOVA test was performed on the entire dataset of the experi-
ment, obtaining the results shown in Table 3. The original data
were first transformed into a distance matrix, as requested by
the method. Among the possible metrics usually employed to
compute the distance, we selected Gower's metric, which turned
out to be the most suitable approach for our data. Gower's dis-
tance is defined according to Gower.29

Informally speaking, Gower's metric computes how much two
values of a variable are different each other with respect to the
maximum difference that the dataset includes for that variable.
Results showed that the types of wine evaluated by the partici-
pants in the experiment were perceived as significantly different
at a threshold of 0.1%, and therefore with a significance well
above the usual threshold of 5%. On an emotional level, therefore,
the votes were not randomly dispersed but identified distinct
characteristics.
The pairwise test (Table 4) revealed that the judgments

expressed towards the two faulty wines served first (wines 1 and
2) are not significantly different: on an emotional level, they were

Figure 2. (a) Heart rate Monitor Plus app recording photoplethysmo-
graphic signal. (b) Subject using the app during tasting.

Table 2. Different phases for each recording session

Recording phase Sample Pairing with music

A — —

B 1 No
C 1 Yes
D 2 No
E 2 Yes
F 3 No
G 3 Yes
H 4 No
I 4 Yes
J 5 No
K 5 Yes
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superimposable. Both, however, were significantly different from
the trio of quality wines served later (wines 3–5), underlining a
strong emotional discontinuity given that the significance was
1%. In the final trio, wine 3 (Brunello di Montalcino DOCG) did
not arouse emotions very different from wine 4 (Vinsanto Riserva
DOCG), but it was sufficiently different from wine 5 (Vinsanto
Occhio di Pernice DOCG). Finally, the two sweet wines (coded
4 and 5) were not emotionally very different from each other.
The PERMANOVA test allows us to recognize which wines carry

the greater part of the emotional variability, but it is unable to
show whether there are emotional variables specifically triggered
by or associated with some wines. To investigate this point, a
PCoA was performed: Fig. 3 shows the graphical output, relative
to the first two components PCoA1 and PCoA2, accounting
together for 96% of the dataset variability overall.
To validate the PCoA results, a ‘permutation and dispersion’

test30 was employed using the permatest.betadisper function of
the Vegan R package. This test checks whether a PERMANOVA
(and then, the relative PCoA) can be affected by different data dis-
persions for the different groups; like the non-parametric
methods such as PERMANOVA and PCoA, homogeneity of the dis-
persion between groups is assumed. This test should be not sig-
nificant in validating a significant PERMANOVA or PCoA. By
computing the dispersion and, subsequently, the permutation
test, we obtain a highly significant result, as shown in Table 5.
The reasons for this result can be observed by reference to the

dispersion diagram shown in Fig. 4: the dispersion for the two
faulty wines, ‘WTW’ and ‘RTW’, corresponding to white and red
wine, respectively, is much greater with respect to that of the
other three ‘good’ wines. In fact, the dispersion test repeated for
{‘WTW’, ‘RTW’} and {‘BM’, ‘VS’, ‘ODP’} separately led to non-
significant values, as shown in Tables 6 and 7.

The visual interpretation of these two tests is reported in the dis-
persion diagrams in Figs 5 and 6: taken separately, ‘faulty’ and
‘good’ wines show clusters that are homogeneous for dispersion,
making the PCoA valid.
These new axes carry 74% (PCoA1) and 14% (PCoA2), respec-

tively, of the total variance of the dataset, thus accounting for
88% of the total variance, when taken together. In Table 8 the con-
tribution of each original emotional variable in the generation of
the new latent variables PCoA1 and PCoA2 is reported.
These results show that any emotional variable is significant in

defining new latent PCoA axes, even if with different r2 values.
By exploring the projections of the original emotional variables
on the new latent axes, we discovered that for PCoA1 the most
relevant contributions are given by: ‘Negative surprise’ (−0.95),
‘Disgust’ (−0.82) and ‘Serenity’ (0.80), while for PCoA2 the most
important were: ‘Fear’ (0.91), ‘Rage’ (0.89) and ‘Sadness’ (0.83).
As a side remark, we note that, PCoA1 and PCoA2 being mutually
orthogonal, the emotional variables ‘Fear’, ‘Rage’ and ‘Sadness’
seem to be relatively independent from ‘Negative surprise’ and
‘Disgust’, as the former are associated with PCoA1, whereas the
latter are associated with PCoA2, thus suggesting that at a psy-
chological level these emotions can be processed independently
from each other; however, this hypothesis cannot be investigated
with the data obtained in this experiment, and is only a sugges-
tion for future investigations.

HR measurements
The mean HR for all the subjects throughout the different phases
has been reported on a plot depicted in Fig. 7. According to Fig. 7,
and due to the relatively low sample size included in the pilot, it is
evident that every recording period has a significant standard
deviation, but showing a quite important modulation of response

Table 3. Results of the PERMANOVA test

d.f. Sum of squares R2 F Pr (>F) Significance level

Type_wine 4 3497.1 0.44815 30.047 0.001 ***
Residuals 148 4306.4 0.55185
Totals 152 7803.5 1.00000

*** P ≤ 0.001.

Table 4. Results of the PERMANOVA pairwise test

Pairs d.f. Sums of squares F model R2 P-value P-adjusted Significance

1 WTW vs. RTW 1 0.05128379 0.8789212 0.01694178 0.404 1.00
2 WTW vs. BM 1 1.25731485 30.3543068 0.35562713 0.001 0.01 **
3 WTW vs. VS 1 1.83584626 45.5980571 0.44880836 0.001 0.01 **
4 WTW vs. ODP 1 2.27703439 60.2720240 0.52286775 0.001 0.01 **
5 RTW vs. BM 1 1.93320030 51.6766030 0.46273437 0.001 0.01 **
6 RTW vs. VS 1 2.68656164 73.7851142 0.54742777 0.001 0.01 **
7 RTW vs. ODP 1 3.22985166 94.7974600 0.61239674 0.001 0.01 **
8 BM vs. VS 1 0.06242736 2.6635590 0.03936475 0.064 0.64
9 BM vs. ODP 1 0.20096992 9.5510991 0.12985665 0.001 0.01 **
10 VS vs. ODP 1 0.05107950 2.5093251 0.03717005 0.067 0.67

Abbreviations: BM, Brunello di Montalcino; RTW, red table wine; ODP, Vin Santo Occhio di Pernice; VS, Vin Santo Riserva; WTW, white table wine.
** Adjusted P ≤ 0.01.
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in the various phases. Under such premises, in order to increase
the meaningfulness of the results, we aggregated the data of all
faulty and all good wines, respectively. Results are reported in
Fig. 8. According to the data aggregation, all kinds of stimuli led
the HR to increase with respect to the baseline; in addition, the
presentation of good wines produced greater HR increases than
in the case of faulty wines, especially when combined with music
administration. In Fig. 9 we show the results obtained in the two
subgroups of subjects using the two different acquisition meth-
odologies previously cited. Although the recordings with the
two instrumentations were not recorded in the same group of
subjects and so a direct comparison could not be performed, we
can observe that the trend of the measures is the same; therefore,
we can hypothesize a good agreement between the two
instruments.
In order to provide an idea of the trends occurring, as an explor-

atory analysis we compared the different phases of tasting using
t-tests. Results are reported in Table 9. According to the analysis
depicted in Table 9, it is evident that the effects on HR of the
merging of good wine presentation andmusic are statistically sig-
nificant even in a relatively small cohort. The same applies when

analyzing the differences between good and faulty wines when
both are associated with music. The effect of music can be also
distinguishable from the effect of wine-only in good wines. Nota-
bly, the effect of music is visible for good wines but not for
faulty ones.

DISCUSSION
According to our data, even in a relatively small group composed
of 16 ordinary consumers, wine is capable of generating a varia-
tion in HR, possibly related to emotional aspects concerned with
the compound tasted. An HR increase brought about by alcohol
has already been seen by a popular meta-analysis31 taking into
account the 6 h following its consumption due to some specific
physiological factors, unconnected per se to emotions. Indeed,
alcohol is known to stimulate the activity of the SNS and to slow
down that of the PNS, modulating their balance overall, and
affecting the HRwithin 10 h after its consumption.32-34 This reduc-
tion in vagal tone shortly after alcohol consumption has also been
reported elsewhere,35,36 together with a reduction in baroreflex
sensitivity, in turn resulting in failure to sense the HR increase

Figure 3. Graphical output, relative to the first two components PCoA1 and PCoA2, which cumulatively account for 96% of the total variance of the data-
set. The ellipses indicate 95% confidence in finding a point of the defined group within. BM, Brunello di Montalcino; PCoA, principal coordinate analysis;
RTW, red table wine; ODP, Vin Santo Occhio di Pernice; VS, Vin Santo Riserva; WTW, white table wine.

Table 5. Results of the dispersion and permutation test

Response: distances

d.f. Sum of squares Mean square F N perm Pr (>F)

Groups 4 0.38227 0.095567 13.386 999 0.001 ***
Residuals 148 1.05664 0.007139

Abbreviation: perm, Permutations.
*** Adjusted P ≤ 0.001.
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and the overall maintenance of cardiovascular homeostasis.36-38

Another reason driving increased HR after alcohol consumption
could be also related to reduction in plasma potassium
concentration.39

However, such phenomena, not directly concerned with emo-
tions, only partially explain the results obtained in our study, and
can deal only with the HR differences between baseline and wine
tasting phases. When it comes to the different reactions to various
wines, such results can be explained only by the different reactions
driven by emotions produced by the intrinsic composition of such
drinks. Indeed, it is apparent that the physiological response con-
cerned with wine tasting is mediated by the wine quality. In fact,
goodquality and faulty wines elicit different reactions in all the indi-
viduals assessed, regardless of their experience with wine

consumption, with significantly higher HR values for the first cate-
gory. As such, even untrained consumers are able to recognize
goodwines fromwines of low quality, according to their physiolog-
ical reactions. Despite not having a literature counterpart for such
assumptions on wine samples, our results are in line with findings
obtained in studies dealing with the consumption of yoghurt,
where the HR of participants was positively correlated with the
overall liking of the compounds perceived.40 Similarly, different
ANS responses were seen in response to the consumption of differ-
ently perceived breakfast drinks.41 However, different trials with a
different edible compound (i.e., beer, chocolate) failed to report sig-
nificant HR changes in response to positively versus negatively per-
ceived foodstuff,42,43 highlighting the possible compound-specific
ANS response in such a scenario.

Figure 4. Dispersion diagram of the whole dataset with respect to the PCoA main coordinates. ‘WTW’ and ‘RTW’ (faulty) wines show a dispersion much
higher than that of the other three (good) wines, thus leading to significant results of the permutation test. BM, Brunello di Montalcino; RTW, red table
wine; ODP, Vin Santo Occhio di Pernice; PCoA, principal coordinate analysis; VS, Vin Santo Riserva; WTW, white table wine.

Table 6. Results of the dispersion and permutation test for faulty wines

Response: distances {‘WTW’, ‘RTW’}

d.f. Sum of squares Mean square F N perm Pr (>F)

Groups 1 0.00952 0.0095159 1.272 999 0.249
Residuals 51 0.38154 0.0074812

Abbreviations: perm, Permutations; RTW, red table wine; WTW, white table wine.

Table 7. Results of the dispersion and permutation test for good wines

Response: distances {‘BM’, ‘VS’, ‘ODP’}

d.f. Sum of squares Mean square F N perm Pr (>F)

Groups 2 0.02876 0.0143782 1.447 999 0.26
Residuals 97 0.96387 0.0099368

Abbreviations: BM, Brunello di Montalcino; perm, Permutations; ODP, Vin Santo Occhio di Pernice; VS, Vin Santo Riserva.
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Figure 5. Dispersion diagram for {‘WTW’, ‘RTW’} selected sub-dataset (faulty wines). The dispersion index for these two groups is very similar, making the
permutation test not significant. RTW, red table wine; WTW, white table wine.

Figure 6. Dispersion diagram for {‘BM’, ‘VS’, ‘ODP’} selected sub-dataset (good-quality wines). The dispersion index for these three groups is very similar,
making the permutation test not significant. BM, Brunello di Montalcino; VS, Vin Santo Riserva; WTW, white table wine

Table 8. Projections of the original emotional variables on the new latent axes, principal coordinate analysis (PCoA) 1 and PCoA 2

Descriptor PCoA1 PCoA2 R2 Pr (>r)

Overall pleasantness 0.79750 0.60332 0.8856 0.001 ***
Fear −0.40640 0.91370 0.6696 0.001 ***
Rage −0.45153 0.89225 0.9786 0.001 ***
Sadness −0.55422 0.83237 0.7103 0.001 ***
Disgust −0.82246 0.56883 0.7573 0.001 ***
Joy 0.78194 0.62335 0.8474 0.001 ***
Serenity 0.80922 0.58741 0.8055 0.001 ***
Positive surprise 0.72661 0.68705 0.8082 0.001 ***
Negative surprise −0.95362 0.30102 0.8070 0.001 ***

*** P ≤ 0.001.

www.soci.org L Billeci et al.

wileyonlinelibrary.com/jsfa © 2024 Society of Chemical Industry. J Sci Food Agric 2024

8

http://wileyonlinelibrary.com/jsfa


Another important point raised by our study deals with the
interaction between the chemosensory experience and the sur-
rounding scenario when it comes to the effects on the HR. In
the present research, the effects of the jazz music appear to be
positive for modifying the perception of good-quality wines, fur-
ther improving the levels of emotions generated, according to

the physiological reactions produced. Overall, it is known that
music and chemosensory stimuli are both, and singularly, able
to modulate the ANS reactions of human beings depending on
the emotional value of the stimulus itself (e.g., relaxing, arous-
ing).44 However, our results are interesting when compared with
the literature on the topic, where findings towards increased hap-
piness during a moderate alcohol consumption session was
observed both in an unpleasant ambiance and – even in a shorter
response time – in a pleasant scenario,45 this finding being some-
what consistent with our results. One of the first bedrocks in this
sense in the scientific research46 demonstrated that the kind of
music we listen to is able to change our perception of wine tast-
ing.47 Furthermore, the consonant association between wine
and music is able to promote reinforcement also in terms of emo-
tional reactions within the given experimental scenario,48 espe-
cially in less musically experienced consumers.49 Music effects
on the modulation of wine perception were also demonstrated
in an interesting neuromarketing study, applying an EEG to check
for central effects on the brain;50 however, the systematic
approach performed in the present study in methodological

Figure 7. Mean heart rate (HR) values for all subjects within the different phases.

Figure 8. Mean heart rate (HR) values for all subjects aggregated for
faulty and good wines.

Figure 9. Comparison of heart rate (HR) values for the two different
methods adopted in this study.

Table 9. Comparison of heart rate values among the different
phases

Comparison P-value

Baseline vs. faulty wines 0.30
Baseline vs. faulty wines + music 0.80
Baseline vs. good wines 0.06
Baseline vs. good wines + music 0.02*
Faulty wines vs. good wines <0.001**
Faulty wines + music vs. good wines + music 0.02*
Faulty wines vs. faulty wines + music 0.80
Good wines vs. good wines + music 0.05*
Faulty wines vs. good wines + music <0.001**

Note: Comparison surviving Bonferroni correction are highlighted
in bold.
*P ≤ 0.05;
** P ≤ 0.01.
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terms for both music distribution and ANS recording, and evalua-
tion, is deemed unprecedented, thus representing a significant
addition to the current literature.
The physiological reasons for such an effect are not fully clear,

but, taking inspiration from Spence and Wang,46 some circuitry
associated with the attention focus via cross-modal correspon-
dences between the different sensory stimuli can be hypothe-
sized, as with a sort of neural cross-wiring. More specific insights
on it are, however, worth investigation.
Examining our results in more depth, we deem the effect of

music to be relevant only for good wines and not faulty ones. This
might be for different reasons, among which the fact that a posi-
tive synesthesia between different sensory modalities could have
driven HR to increase significantly, whereas when the wine was
faulty the effect of music was masked by the negative perception
of a faulty wine, and thus not producing significant HR variations
in this regard. It can therefore be concluded that there is a role for
both kinds of stimuli on the autonomic reactivity, with higher
importance assigned to chemosensory stimulation than to audi-
tory stimulation.
Finally, as for the technological perspective, the application of

minimally invasive tools to assess the HR response in such a sce-
nario was demonstrated to be technically viable and feasible,
according to the collected acceptance by the volunteers, and
potentially applicable also in population studies, where question-
naires still represent the elective approach to the problem.51,52

Since no particular drawbacks have been encountered with the
smartphone PPG-based tool, its application could be feasible
where large amounts of data must be collected, such as at large
social events or in similar scenarios; the discomfort caused by
the need for the user to keep their finger on the smartphone cam-
era during data acquisition needs to be considered, representing
the main limitation of this approach, which should be taken into
account when designing the experiment.

Study limitations
The results obtained should be considered under some limita-
tions. First, as reported above, the eventual discomfort caused
by the specific acquisition method concerned with the smart-
phone usage should be considered during the experimental
design. Second, the promising results obtained could be also
due to the high motivation of the volunteers involved in the pre-
sent study; therefore, the generalizability of the results appears
questionable, also because of the small sample size, unless further
research extends such findings to other scenarios. Third, for the
present study we purposely ignored the application of other tools
potentially able to better characterize the physiological reactions
concerned with emotions provoked by sensory stimulation in the
relevant context, including those for studying EDA or EEG. Accord-
ing to the literature and our previous experience,23,24 such exten-
sions could grant further useful information about the dynamics
of such physiological responses. In addition, recent studies have
questioned the use of HRV markers in some specific scenarios;53

thus, a multimodal assessment of physiological response could
provide a more reliable evaluation of the subject's emotional
state. Fourth, we purposely focused on the technological method-
ology to assess whether our approach was sufficient to detect
changes eventually provoked by the specific scenario; however,
we omitted to collect data related to the prior psychological and
psychophysical state of the volunteers, whichmight have affected
the final outcome of the experiment. Finally, the selection of
music was performed according to the deep experience and

expertise in the field of the Associazione Musicale Sinestesica
and was not done systematically based on scientifically validated,
quantitative indicators. Future work should deal with that, pro-
moting a scientifically driven choice of tracks associated with
wines.

CONCLUSIONS AND FUTURE WORK
Despite the limitations listed above, our study demonstrates the
ability of wine to generate an emotional response in ordinary con-
sumers, detectable also through implicit measurements, includ-
ing physiological response assessment. Such response can be
attributable not just to the chemical composition of wines
(e.g., to alcohol effects), but also to the quality level of the wine
tasted, as demonstrated by the different responses produced by
good wines on all consumers compared to those generated
by low-quality wines. The application of music to the specific con-
text madewines better perceived, notably those with higher qual-
ity, and especially in less experienced consumers, possibly due to
the positive effects of the surrounding environment on the partic-
ipants' overall mood.
It should also be added that, focusing specifically on our frame-

work, since the implicit measurement concerning physiological
responses was performed on a subgroup of participants, and data
concerning emotions generated, collected by means of question-
naires, showed a noteworthy dispersion of results among partici-
pants, it was quite difficult to retrieve significant differences
concerning physiological reactions to sensory stimuli. Therefore,
for future research, in order to find statistically relevant physiolog-
ical (and related emotional) differences in such a small group of
consumers, one might use completely different wines in terms
of their quality or, alternatively, one might significantly increase
the sample size of participants that are actually monitored.
Taken together, such findings might help promote further

research towards physiological effects of wine and music in simi-
lar scenarios, the results of which could be later applied also in the
promising framework of neuromarketing.
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