
Edited by

Advances in 
Aromatization/
Aromachology 
in Different 
Environments

Jakub Bercik, Davide Giacalone and Marek Dolezal

Printed Edition of the Special Issue Published in Applied Sciences

www.mdpi.com/journal/applsci



Advances in Aromatization/Aromachology
in Different Environments





Advances in Aromatization/Aromachology
in Different Environments

Editors

Jakub Bercik

Davide Giacalone

Marek Dolezal

MDPI • Basel • Beijing • Wuhan • Barcelona • Belgrade • Manchester • Tokyo • Cluj • Tianjin



Editors

Jakub Bercik

Slovak University of Agriculture

in Nitra

Slovak Republic

Davide Giacalone

University of Southern Denmark 
Denmark

Marek Dolezal

University of Chemistry and 
Technology
Czech Republic

Editorial Office

MDPI

St. Alban-Anlage 66

4052 Basel, Switzerland

This is a reprint of articles from the Special Issue published online in the open access journal

Applied Sciences (ISSN 2076-3417) (available at: https://www.mdpi.com/journal/applsci/special

issues/aromatization aromachology food).

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

LastName, A.A.; LastName, B.B.; LastName, C.C. Article Title. Journal Name Year, Volume Number,

Page Range.

ISBN 978-3-0365-2297-5 (Hbk)

ISBN 978-3-0365-2298-2 (PDF)

© 2021 by the authors. Articles in this book are Open Access and distributed under the Creative

Commons Attribution (CC BY) license, which allows users to download, copy and build upon

published articles, as long as the author and publisher are properly credited, which ensures maximum

dissemination and a wider impact of our publications.

The book as a whole is distributed by MDPI under the terms and conditions of the Creative Commons

license CC BY-NC-ND.



Contents

About the Editors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

Preface to ”Advances in Aromatization/Aromachology in Different Environments” . . . . . . ix
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Preface to ”Advances in Aromatization/Aromachology

in Different Environments”

The scientific monograph Advanced Tools of Collecting Feedback in Aromachology provides insight

into innovative practices and implementations of consumer neuroscience and smart research

solutions in aromachology, which form the basis for a systematic review of the synergistic linking

of brain, physiological and psychological processes with aromachology, as well as an assessment

of their economic efficiency and effectiveness in selected sectors of the national economy, namely

manufacturing, commerce and services. Innovative research solutions and consumer neuroscience,

represented by biometric, neurobiological and behavioral studies in both real-world and laboratory

conditions, enable businesses to make more effective strategic decisions. We are interested in

examining the targeted impact of aroma deployment in spaces on the behavior of visitors, customers,

and employees, as a growing number of companies are implementing aroma technologies (i.e.,

aromatizing their spaces or creating branded olfactory footprints) in various fields.

The publication is important for future studies and research, and in the development of scientific

and theoretical skills and key competencies by using all available opportunities for consumer

neuroscience research and engaging in intensive activities using smart research solutions to develop

a reference database of aroma preferences for business in the field of production, trade and services,

as well as the dissemination of existing and newly acquired knowledge in aroma science and aroma

marketing. Last but not least, it also provides scope for the effective use of digital smart technologies,

services, and knowledge transfer with a high degree of potential economic benefit in the field of

education and training.

This scientific monograph was supported by the Erasmus+ KA2 Strategic Partnerships

Project “Implementation of Consumer Neuroscience and Smart Research Solutions in Aromachology”

(NEUROSMARTOLOGY), no. 2018-1-SK01-KA203-046324.

The publication is designed for researchers, professionals in the field and commercial practice,

as well as for the general public interested in the research topic.

Jakub Bercik, Davide Giacalone, Marek Dolezal

Editors
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Abstract: Building a unique USP sales argument (unique selling proposition) through various forms
of in-store communication comes to the fore in a challenging competitive environment. Scent as a
means to influence the purchase of goods or services has a long history, however, aromachology as
field of in-store communication is a matter of the present. This new trend, the importance and use
of which has grown in recent years, is the subject of a wide range of research. In order to increase
the efficiency of these elements, it is necessary to familiarise ourselves with the factors that affect
the customer, whether that be consciously or unconsciously. Consumer neuroscience is addressed in
this area. This paper deals with the comprehensive interdisciplinary investigation of the impact of
selected aromatic compounds on consumer cognitive and affective processes as well as assessing
the effectiveness of their implementation in food retail operations. At the end of the paper, we
recommend options for the effective selection and implementation of aromatisation of different
premises, by which the retailer can achieve not only a successful form of in-store communication, but
also an increase the retail turnover of the store.

Keywords: consumer neuroscience; aromachology; emotions; retail

1. Introduction

The retail sector has undergone massive changes over the last few years, mainly due to
the development of new technologies; this is not the case for the two primary objectives of
retail strategy, which are to provide a shopping experience and bring value to the customer
regardless of which trading channel they use. The building and creation of a unique USP
sales argument (unique selling proposition) ensures differentiation from competition in the
form of added value so that the customer ultimately decides to visit the store or purchase
the product. There are several ways to achieve higher product sales or services by involving
human senses. One option is to provide a pleasant shopping environment atmosphere.
In addition to interior and exterior equipment, design, staff, the arrangement of goods,
lighting, sounding (noise) and, last but not least, the smell and/or air quality, which
appears to be the most important environmental factor at the point of sale on the basis of
the research that has been conducted so far, while the aroma is also of particular importance
to people’s memory. A pleasant atmosphere due to a well-selected aroma, whether it be
in a shop or in the workplace or a public space, can fundamentally influence the overall
perception of people, which will ultimately also affect economic results. Thanks to an
innovative interdisciplinary approach using consumer neuroscience tools, it is possible to
get a detailed view of the real emotions of a person through the influence of individual
aromas. In this way, it is possible to choose an aroma that will positively contribute to
improving the perception of the environment of not only customers but also of employees
as well.

Appl. Sci. 2021, 11, 6692. https://doi.org/10.3390/app11156692 https://www.mdpi.com/journal/applsci
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1.1. Unique Selling Proposition

In a challenging competitive environment, in addition to effective communication
at the point of sale, it is necessary to emphasise the benefits of a USP (unique selling
proposition). AUSP can be defined as dramatically improving product placement and sales.
The USP identification process helps to focus on the key benefits that help sell products or
services and contribute to profits [1]. We can say that the USP (sometimes also called the
unique selling point) is an important marketing concept that can be understood as the one
element that differentiates a particular product or brand from others in the market, and it
is understood as the reason why the product shall be bought or why it is better than other
products are. It belongs to a company’s overall marketing strategy, and it needs to be strong
enough that it has the power to reach masses and also gain new customers [2]. According
to [3], when applied correctly, the USP can greatly support positive brand perception
and can increase product name value. Of course, nowadays, in an environment that is
overcrowded by competition in different markets, it is much more difficult to procure such
a strategy and underline such a special benefit for products or brands.

1.2. Aromachology

Aromachology is a young scientific discipline that examines the effects of fragrances
across a range of human feelings [4]. Specific obtained results confirm that inhaling aromas
may elicit relaxation, sensuality, happiness, or exhilaration [5–7]. We can agree with [7] that
aromachology is increasingly used for monitoring employee performance and consumer
behaviour in various places, and it is based on scientific research that examines the psycho-
logical effects of natural and synthetic scents on humans. As a science, aromachology is
strongly interconnected with the marketing field. Aroma marketing (also known as scent
marketing or olfactory marketing) is still a relatively weakly researched field, however, it
can play an enormous role in supporting shopping processes and human behaviour, as
smell has an advantage over other senses because it can immediately stimulate human
emotions. Using aromas, marketers can create a connection with customers at a deeper
emotional level and provide them with an unforgettable experience [8]. The main goal
of aroma marketing is the creation of the pleasant atmosphere in order to encourage cus-
tomers to stay in stores longer to buy more products and raise consumption [9]. It relies on
the neuropsychological processing of olfactory stimuli in the human brain [10]. Mell per-
ception varies, and it involves many factors, including individual preferences. Therefore,
the most important thing is to find those aromas that will attract as many potential people
as possible [11]. As Ref. [12] claims, through this, aroma marketing becomes an essential
part of marketing communication. We can also agree that the positive results resulting
from the use of aroma in a business environment suggest that customer satisfaction can be
increased through the thoughtful manipulation of ambient stimuli [13].

1.3. Consumer Neuroscience

Consumer neuroscience is an interdisciplinary area that combines the knowledge of
several disciplines, trying to study how the human brain responds to external marketing
impulses/stimuli [14]. It combines knowledge from neurology, psychology, economics, and
information technologies with the help of modern tools, examining emotions that affect con-
sumer behaviour [15,16]. Neuromarketing examines the mind and brain of the consumer
and is able to bring his/her needs and views closer to a particular company, advertisement,
or product. Advanced methods related to neuromarketing will reveal which parts of the
brain are active in the reaction to stimuli and determine what emotions they produce in
the consumer [17]. We can state that consumer neuroscience has an important place in the
marketing field. We agree with Plassmann et al. [18] that consumer neuroscience research
has made huge developments in identifying the basic neural processes underlying human
judgment and decision making. Concretely, consumer neuroscience research applies tools
and theories from neuroscience to better understand decision making and entire network
of related processes. Therefore, it has created extensive interest in marketing and its associ-
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ated disciplines [19–23]. Within the focus on research and the understanding of the mind
and behaviour of the consumer, the main purpose of neuromarketing is to transfer insights
from neurology to research on consumer behaviour by applying neuroscientific methods to
marketing relevant problems [24]. Therefore, neuromarketing is understood as a marketing
strategy that is connected to the subconscious, emotional aspect of the customer, and it then
aims to create an unbreakable bond with the customer and the product [25]. Consumer
neuroscience can therefore help and support research in the field of consumer behaviour in
a significant way, especially in marketing efforts to better understand human behaviour
in decision-making processes. As Ref. [26] claim, although consumer neuroscience is a
fledgling discipline, it constitutes a complementary advancement toward more comprehen-
sive testing and expansion of the theory. As such, through this and many other benefits,
this discipline can move marketing research to a completely new level. For these reasons,
the structure of this paper consists of three research stages. The first stage is aimed at
gaining an overview of the scent preferences associated with the confectionery department.
In this experiment, in addition to declarative statements, control mechanisms using facial
biometrics are used as well. Based on the results of the first experiment, testing is per-
formed under laboratory conditions in order to reveal the influence of selected aromas on
the emotional responses of participants. Findings from the laboratory experiment are then
used in the implementation of aromatization in real conditions in Experiment 3.

2. Materials and Methods

The object of the submitted contribution is the impact of selected aromatising com-
pounds on people’s emotions and consumer behaviour in the food market through con-
sumer neuroscience tools for the purpose of creating a USP (unique selling proposition)
and the effective use of in-store communication in commercial operations. Aromas suitable
for the confectionery department in food retail outlets are subject to testing. The research
process is divided into three separate stages/experiments:

• Biometric implicit test;
• Research on the impact of selected aromas on human emotions using electroen-

cephalography (EEG) and monitoring facial expressions (FA) in laboratory conditions;
• Research on the impact of selected aromas and air quality on implicit and explicit

linkages in real conditions of commercial operation.

2.1. Stage 1—Biometric Implicit Test

On the basis of available studies [8,27–29] and interviews with managers from compa-
nies dealing with aromatising, five aromas have been profiled to be suitable for use in the
confectionery department. Subsequently, a survey was conducted to identify the views of
respondents and associations that are associated with different types of aromas. The pur-
pose of the test was to establish the suitability of the selected aromas for the confectionary
department on the target segment (the economically active population responsible for food
purchases). In the case of Experiments 1 and 2, the probability sampling principle was
applied, which involves random selection, allowing the creation of strong statistical infer-
ences about a whole group. There were 147 respondents in Experiment 1 from the external
panel of the research agency MNFORCE Ltd. (Bratislava, Slovakia), who were selected
according to predetermined criteria (gender, age, being a customer of the selected retail
company). FaceReader 7 software was used as a tool to analyze the visible demonstration
of mimic muscles. Maison and Pawłowska [30] used it on a sample of 100 respondents
when testing images, and, using the same software, Yu and Ko [31] conducted graphic style
testing on a sample of 120 respondents. The relevance of the respondents’ responses was
controlled through facial biometrics and response time. The tests were conducted using a
special platform called samolab.online. Samolab.online is a platform that allows a range of
specialised tasks (e.g., association tests, A/B testing). It can be adapted for several forms of
use (in the laboratory and through remote mailing to respondents). It is also available in
several languages. Respondents can carry out such testing via home computers, tablets, or
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even through mobile devices outside og the laboratory. Visible manifestations of mimic
muscles are recorded through video recordings and are then processed through analytical
tools. The survey was conducted during the period from 4 May 2020 to 15 May 2020.

2.2. Stage 2—Testing in Laboratory Conditions Using EEG and Face Reading (FA)

Aromatic compounds that have been profiled on the basis of the biometric preferential
tests have been subject to further testing under laboratory conditions. The added value
of qualitative testing was realistic sample testing of the aromas in question (sampling
interaction) as well as the recording of direct implicit and explicit feedback. A total of
48 participants took part in Experiment 2, and the precondition was that they had to be
customers of the selected retail company (they buy food most often in that particular
store). The sample size was determined based on similar studies. Krbot Skorić et al. [32]
examined the effect of aromas using electroencephalography (EEG) on a sample of 16
respondents in Croatia. The commercial research agency 2muse Ltd. (Bratislava, Slovakia).
monitored the effect of Christmas scents on consumer emotions using a sample of 20
respondents [33]. The European Society for Opinion and Marketing Research (ESOMAR)
argues that most consumer neuroscience research agencies use much smaller respondent
samples than those used in traditional market research, with 15–30 respondents being
sufficient to achieve quality results [34].The research process under laboratory conditions
consisted of five parts:

• Introduction of the instructions to the respondents, completion of consent to biometric
and neuroimaging testing, and the processing of personal data in accordance with
GDPR regulation and ethical code of sociological surveys;

• Olfactory sensitivity threshold test;
• Input controlled interview in the form of CAPI;
• Tests of selected aromas using consumer neuroscience tools and an aromatising box;
• Final interview in the form of CAPI.

The olfactory sensitivity test was conducted in order to create consumer segments with
different sensitivity thresholds as part of the experiment. A certified test from the German
company Burghart contains three sets of samples (one N-butanol; two phenylethanol),
marked red, blue, and green, and are arranged in descending order from 1 to 10.

The Emotiv EPOC headset wireless device was used to measure brain activity, consist-
ing of 14 data and 2 reference electrodes distributed in accordance with the international
10–20 electrode distribution system based on both international standards [35] and Nuwer
et al. [36] and was distributed in the following positions: AF3, F7, F3, FC5, T7, P7, O1,
O2, P8, T8, FC6, F4, F8, and AF4, as illustrated by Figure 1. The validity of data obtained
via mobile electroencephalograph (EEG) using the Emotiv EPOC has been verified by
several researchers, such as [37–39], who used this device to examine the emotional state
of respondents and who have demonstrated that the device provides the same results as
traditional stationary electroencephalographs (EEGs). The Emotiv EPOC wireless kit is
capable of detecting the most important functions of brain activity that are commonly used
in medical computer processing/brain simulations of a brain—computer interface (BCI).

We were monitoring three basic emotional states: excitement, frustration, and emo-
tional involvement. Individual emotions were calculated on the basis of electrical activity
recorded through a group of electrodes necessary to calculate the emotion. The EEG
channels that were needed to calculate emotional involvement were allocated in posi-
tions O1, O2, F3, F4, F7, F8, FC5, and FC6. With gradual regression, the variables for
this model were profiled from similar studies [40–42]. Excitement was calculated using
(BetaF3 + BetaF4)/(AlphaF3 + AlphaF4) based on Giraldo and Ramirez [43], which was
also used in another study [44]. There are no specific studies focussing frustration and
how to deal with its calculation directly on the basis of recorded brain activity through
electroencephalography (EEG), but there are several studies [45–47] that have clarified the
role of the prefrontal cortex and the crown lobe in recognising frustration, which gives
some form of credibility to our experiment. The data in question were obtained using the
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software tool Affective Suite, which records changes in emotions in real time. Each test
subject had a unique profile within which the data was recalculated according to certain
personality characteristics. The sum of these differences was then used to standardise
the data. The software recorded three main types of emotions: excitement, emotional
engagement, and frustration.

Figure 1. Image X Emotiv EPOC headset—10–20 system.

At the same time, emotional feedback was monitored through the somatic biomet-
ric method FaceReader 7 by the Dutch company Noldus, which identifies the emotional
feedback (valence, excitement) of respondents with maximum accuracy based on observ-
able changes in mimic muscles and recognises basic micro-emotions (happy, sad, angry,
disgusted, surprised, neutral) [48]. In particular, the validity of the recorded data is influ-
enced by the scanning angle, the luminosity of the environment, and the resolution of the
recording equipment [49]. The data obtained from individual measurements were synchro-
nised and correlated with each other in the Noldus Observer XT 10 program environment.
This program allows the synchronization of structured and unstructured data from indi-
vidual instruments and the creation of custom variables during the implementation of
the experiments [50]. The survey was conducted during the period from 1 July 2020 to
10 July 2020.

2.3. Stage 3—Experiment on the Influence of Aromas in Real Conditions

Based on the results of Experiment 2, aromatisation with fragrance was deployed
in the confectionery department of the retail sector, which affected the highest level of
emotional involvement. Aromatising units as well as their initial settings were gradually
implemented. All aromas used were safe in accordance with international standards and
manufactured under the supervision of the Research Institute for Fragrance Materials
(RIFM) [51]. The use of fragrances in research was governed by the ESOMAR Code of
Ethics for sociological surveys. The deployment of aromas in real conditions was governed
by rules developed by the International Fragrance Association (IFRA) [52], which sets out
precise procedures and recommendations while respecting consumer rights. Last but not
least, aromatisation was also governed by the internal code of ethics of the participating
institutions—in this case, the company Kaufland and the Slovak University of Agriculture
in Nitra.

A total of two aromatising units from Reima AirConcept AS650 (see Figure 2) were
located in operation (one separately and one as part of the feedback kiosk). Aromati-
sation units were placed in operation so that they were away from the air conditioning
intake(ventilation air outlets). The monitoring of conscious and unconscious customer
feedback was conducted through a special 42-inch smart aromatising kiosk, which can be
seen in Figure 3. Observation of unconscious feedback in real conditions through facial
biometrics was significantly affected by the situation related to the COVID-19 pandemic,
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which has taken place since March 2020. The obligation to cover upper airways in the
interiors of buildings was introduced, which made it impossible to obtain data based on the
visible manifestations of mimic muscles. In this context, the feedback collection method-
ology has been modified several times. The originally planned collection of conscious
and unconscious feedback was limited to conscious feedback, as the system was not able
recognize emotional responses if the person was wearing a face mask and if only the eyes
were visible.

 
Figure 2. Installation of aromatising units in retail outlet.

 
Figure 3. Special technology—smart aromatising kiosk.
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The obtained processing of the data was processed through descriptive and inductive
statistics in programme environments:

• MATLAB R2020a;
• RapidMiner 9.3;
• Mathematical statistical program R version 3.6.3, CCA version 1.2.1 package;
• Microsoft Excel 2010.

3. Results

In the first stage, 6 aromas (vanilla, chocolate, nougat, coffee, cappuccino, and orange)
were profiled based on available studies and interviews with representatives of aromatising
companies, which formed the basic basis of selection for the confectionery department in
the biometric test. The results from the conscious feedback show that most respondents
consider chocolate aroma to be the most pleasant smell for the confectionary department
in a food shop (34%). The second most frequently indicated was coffee aroma (15%), and
the least indicated aromas were those of orange (7%) and nougat (6%) (see Figure 4).

 

22 48 9 31 21 10

0% 20% 40% 60% 80% 100%

Vanilla

Chocolate

Nougat

Coffee

Cappuccino

Orange

Figure 4. Selection of aromas for the confectionary department.

Control questions were also used in the test, where participants were asked to recom-
mend on a scale from 0 to 10 (where 10 means the most appropriate) the aromas in question
in the confectionery department. Each evaluated aroma was approached through a graphic
visual. During the selection process, an emotional response was monitored through the
respondents’ facial biometrics. Differences in valence (polarity of emotions) is presented in
Figure 5. If the valence values are positive, it is a positive perception. If the value is 0, it
is a neutral perception, and in the case of negative values, there is a negative perception.
The results show the most positive perception in the case of the vanilla aroma (0.04). The
idea of chocolate (0.0015) and coffee (0.021) was equally positive. An interesting finding
is that the nougat aroma, which was identified as being the least favourable aroma in the
initial selection of the experiment and was only identified by 6 respondents as a suitable
aroma for the department of confectionery, now achieved a better subconscious response
(0.001) than the aroma of cappuccino (−0.01), which was previously recommended by
21 respondents.

Based on these findings in the online environment, we selected five aromas (vanilla,
chocolate, nougat, coffee, and orange), which were tested in laboratory conditions in
Experiment 2. Based on the results of the biometric association test, we conducted an
experiment in laboratory conditions. The selected aromas were marked with the numbers
1 to 5 and placed in identical glass vials using a special aspirating paper. Those were tested
by participants using a specialised aromatising box, which simulated the conditions of the
confectionery department in the Kaufland shop in Nitra in terms of air quality. Following
consultations with the company, the target sample represented a group of consumers
responsible for the purchase of foodstuffs. A total of 52 respondents participated in the
testing, but due to incorrect data recording, we had to exclude four of them. As shown in
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Figure 6, the greatest degree of emotional engagement was recorded on the basis of the
median of the elicited emotion in the case of the nougat aroma. This may be due to the more
difficult recognition and odour imprint of several recognizable odours cumulated into this
aroma and the efforts of the respondents to identify it. This assumption is confirmed by the
fact that the citrus aroma of an orange reached the lowest level of bias, and respondents
were also best able to identify it.
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Figure 5. Emotional polarity when recommending aromas for the confectionery department.
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Figure 6. Engagement score in measuring the impact of the aromas on emotional engagement.

Using a single-factor variance analysis, we determined the statistically proven differ-
ence between the samples of aromatic compounds for the interest indicator. We tested the
hypotheses at a significance level of 0.05.

Hypothesis 0 (H0). Respondents perceive aromas in terms of emotional engagement in the
same way;

Hypothesis 1 (H1). Respondents perceive aromas in terms of emotional engagement differently.
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Compared to the observed aromatic compounds on the emotional engagement indica-
tor (interest), we attained a value (p < 0.001), based on which we can conclude that there is
a statistically proven difference in perception in terms of engagement between the tested
aromas. In a post hoc pair comparison of aroma pairs, differences between the nougat and
orange aromas were demonstrated.

The highest frustration rate based on the average values was recorded in the coffee
sample (0.50) (see Figure 7). It can be assumed that this result is due to the fact that respon-
dents had difficulty identifying this aroma and not everyone was able to determine what it
was immediately, which could have caused frustration. The reason may also be the method
of smelling itself (distance of the nose from the test vessel) or the aromatic compound,
which does not have an unambiguous composition and may remind participants of several
types of aromas.
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Figure 7. Frustration scores in measuring the impact of the aromas on emotional response.

Generally speaking, these are lower levels of frustration than those that are present
in dealing with normal activities. At the same time, it should be stressed that frustration
does not conflict with emotional engagement. We decided to also statistically verify these
differences in frustration (concerns) for individual samples. We tested the hypotheses at a
level of significance of 0.05.

Hypothesis 2 (H2). Respondents perceive aromas in terms of frustration in the same way;

Hypothesis 3 (H3). Respondents perceive aromas in terms of frustration differently.

As a result of the test, there is no evident difference in frustration that is dependent on
the change of aroma (p = 0.78).

Excitement is an important emotion, as it denotes a certain degree of active involve-
ment and anticipation. When a consumer is excited, other types of emotions that have a
fundamental influence on the decision-making process are also more intense. Based on
the median, we can see the highest rate of excitement for the aromas of coffee and nougat
(0.47) in Figure 8. As mentioned above, this may have been due to a lower recognition
capacity, but also could have been due to the associations that the aromatic compound
invoked (coffee).
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Figure 8. Comparison of excitement scores due to different aromas on emotional response.

We also statistically verified the observed differences in excitement for individual
samples. We tested the hypotheses at a level of significance of 0.05.

Hypothesis 4 (H4). Respondents perceive aromas in terms of excitement in the same way;

Hypothesis 5 (H5). Respondents perceive aromas in terms of excitement differently.

A statistically proven difference was detected in the evaluation of excitement for
individual aromas (p = 0.0026). Subsequently, paired post hoc tests were performed, and it
was found that respondents reacted statistically differently with pairs of coffee–chocolate
(p = 0.01780) and vanilla–chocolate (p = 0.00545).

Based on conscious feedback, respondents rated the vanilla aroma as the best (7.87)
(see Figure 9). This finding is confirmed by the fact that vanilla is generally the most
accepted aroma, and most people associate it with childhood (the scent of mother’s milk).
The worst was the orange citrus fragrance (5.67). An interesting finding is the assessment
of the nougat aroma (6.76), which was better rated than the chocolate aroma (6.46).
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Figure 9. Conscious evaluation of tested aromas under laboratory conditions.

In addition to electroencephalography, unconscious feedback was taken by measuring
microemotions based on facial expressions. By measuring emotions from facial expressions,
we have obtained information about the valence (polarity of emotions) (see Figure 10). In
this case, based on the mean medians, respondents were most positive about the nougat
aroma (0.04) and felt the most negatively about the orange aroma (−0.02). However, it is
necessary to note the possible distortion of the results by the fact that in some cases, some
respondents smiled, probably because of the initial surprise, which in turn could artificially
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increase the rate of positive tuning in some samples, as the software evaluated the smile as
positive feedback, as it recognises emotions based on facial expressions.

Based on a valence comparison using the Kruskal–Wallis test, we found that there
are statistically significant differences between the aromas (p = 0.0126) in the emotions of
the participants involved in the experiment. Differences have been confirmed between the
orange and nougat aromas and between the chocolate and nougat aromas (see Table 1).

Table 1. Kruskal–Wallis test—comparison of the valence of individual aromas.

Vanilla Coffee Nougat Chocolate Orange

Orange H6 H6 H7 H6
Chocolate H6 H6 H6

Nougat H6 H7
Coffee H6
Vanilla

Testing at α = 0.1.
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Figure 10. Valence due to tested aromas under laboratory conditions.

Hypothesis 6 (H6). are equal = there is no difference.

Hypothesis 7 (H7). are different = there is difference.

The results of the conscious aroma sample evaluation in question show that the
respondents evaluated the aromas of vanilla and nougat the most positively. At the
subconscious level, the most positive values of valence, but also of emotional engagement,
were recorded with the nougat aroma. On the basis of these findings and the consultation
with the managers of Kaufland Slovenská republika, v. o. s., we decided to use the nougat
aroma in the real conditions of the confectionery department, which represents the third
stage of this research.

The third stage of the research was significantly affected by the COVID-19 pandemic.
Data collection under real conditions was limited to explicit feedback through a graphical
scale. Implicit collection of data through facial biometrics could not be realised due to the
obligation to cover the upper airways. This portion of the research was mainly intended
to investigate the unconscious effect of aromatisation and air quality on the emotions of
customers who visited the confectionery department. It follows from the above that the
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research under real conditions, in particular in terms of demonstrating an unconscious
effect, was fundamentally limited.

A total of 6130 responses were recorded in the Kaufland Nitra shop from 10 November
2020 to 9 March 2021, with an average assessment of the atmosphere of confectionery
department being 1.86. This included the monitoring of air quality at each minute. Given
the extent of the obtained, only selected periods are compared with each other. From the
data in Figure 11, you can see a conscious evaluation of the confectionery department over
20 days in the pre-Christmas period (from 10 November 2020 to 30 November 2020) with
aromatisation and during the pre-Easter period (from 22 February 2021 to 14 May 2021)
without aromatisation. The results based on average daily responses show approximately
the same assessment of the atmosphere of the confectionary department as during the
pre-Christmas period (average 1.80; 1580 responses) and the pre-Easter period (average
of 1.88; 1216 responses). These results may be largely distorted due to the spread of the
pandemic and the mandatory protection of the upper airways.

Figure 11. Comparison of evaluation of the atmosphere of the department during the experiment
period with and without aromatisation.

4. Discussion

The aim of the conducted research phases was to verify the positive effect of aromati-
sation on the assessment of the atmosphere of a sales department, with which Vesecký [53]
agrees and describes the unconscious perception of aromas as how the customer usually
associates the aroma with something positive. Lindstrom [54] also stresses the fact that
almost 75% of human feelings during the day are regulated by fragrances. Madzharov,
Block, and Morrin [55] also highlight the choice of the right aroma for the use under real
conditions. They state that traders are increasingly using the surrounding aroma as a
strategic tool to distinguish themselves from competition, attract customers, stimulate
sales, influence moods, and create overall pleasant and memorable shopping experiences.
During the processes of decision making and choosing, a number of aspects affect the
consumer, including mood or emotional state of mind [56,57]. The role of emotions in the
consumer decision-making process is explained by the principle of neurological and cogni-
tive frameworks, such as the somatic marker theory [58], which focuses on the so-called
attention to negative impacts in decision making.

Despite the shortcomings, this research can be considered beneficial since there are few
studies using biometric and neuroimaging methods to test the emotional impact of aromas,
including taking into account surrounding environmental factors that have a fundamental
impact on human perception [59].

The proof of this is that the application of consumer neuroscience tools in the food in-
dustry has recently gained considerable popularity in both academic and commercial fields.
Large research companies such as Nielsen, Kantar, or Ipsos have also included these tools
in their commercial offers [60]. Despite a number of critical aspects, such as questioning
privacy limits and the concept of free will, mainstreaming these technologies and consumer
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behaviour and market research today constitute a significant part of understanding and
meeting research objectives [61].

5. Conclusions

In the present paper, we looked at the impact of selected aromas on the consumer’s
active processes by using consumer neuroscience tools. The available studies and the
following interviews with representatives from aromatising companies show that the smell
of the confectionery department is most closely linked to the slightly sweet aroma of
chocolate, nougat, various types of coffee, vanilla, but often also the fruit aroma of an
orange. These findings formed the basis for the next association test using facial biometrics,
the main task of which was to assess the suitability and recommendation of the aromas
that were identified in the confectionary department. Of the six aromas from which
respondents could choose as the most suitable for this department, the chocolate aroma
(34%) and a coffee aroma (15%) had the greatest representation. The emotional response of
the respondents was monitored for this question. The results show that the most positive
subconscious perception in the case of the vanilla aroma (0.04). The idea of chocolate
(0.0015) and coffee (0.021) was equally positive. An interesting finding was that the nougat
aroma, which was identified as a suitable aroma for the department of confectionery by the
least number of respondents (six) in the initial selection. In this case, however, it achieved
a better subconscious response (0.001) than the aroma of cappuccino (−0.01), which was
recommended by 21 participants.

The second stage consisted of research on the impact of selected aromas on human
emotions using electroencephalography (EEG) and monitoring facial expressions (FA) in
laboratory conditions. Of the six aromas that were subject to the association biometric
test, five (vanilla, coffee, chocolate, nougat, orange) were selected on the basis of the
results, which were tested using a special aromatising box at the FEM SUA in the Nitra
Consumer Studies Laboratory. Despite the fact that based on the results of the previous
online test, the cappuccino aroma achieved better results than the orange aroma, we
decided to include it in the test because we assumed that there were more significant
differences in implicit perception. At the same time, we decided to keep the coffee aroma
in the test using two similar aromas (cappuccino and coffee). The test was conducted with
48 respondents who were subjected to an olfactory sensitivity test. Based on the brain
activity measurements, the highest rate of emotional engagement based on the median of
this emotion was observed with the nougat aroma (0.630). This may be due to the more
difficult recognition and odour imprint of several recognizable odours that are cumulated
into this aroma and the efforts of the respondents to identify it. In this context, using a
single-factor dispersion analysis, we determined the statistically proven difference between
samples of aromatic compounds from the point of view of emotional engagement, showing
that there is a statistically significant difference in perception in terms of the engagement
between the tested aromas. The highest frustration rate based on average values was
observed in the coffee sample (0.50). It can be assumed that this result is due to the fact that
respondents had difficulty identifying this aroma and not everyone was able to recognise it
immediately, which could have caused frustration. We also decided to statistically verify
these differences in frustration (concerns) for individual samples. However, there was no
statistically significant difference in the perception of respondents in this case. The highest
rate of excitement was noted for the coffee and nougat aromas (0.47). As with emotional
engagement, a statistically proven difference was found in this case. In this context, pair
post hoc tests were conducted, and it was found that respondents reacted statistically
differently, especially with the coffee–chocolate and vanilla–chocolate pairs. On the basis
of conscious feedback, respondents evaluated the vanilla aroma as the best (7.87), which is
generally the most widely accepted aroma and most people associate it with childhood
(the scent of mother’s milk). The worst was the orange citrus aroma (5.67). An interesting
finding is the assessment of the nougat aroma (6.76), which was better rated than the
chocolate aroma (6.46). When asked which aroma seemed best suited for the confectionery
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department, the nougat (17 respondents) and vanilla (12 respondents) aromas were the
most preferred in physical testing, which is in contrast to the biometric association test.

Differences in the development of the perception of aroma samples in terms of time
have also been confirmed through a statistical test, and while some emotions have been
more stable, others have changed.

In addition to electroencephalography, unconscious feedback was taken by measuring
microemotions based on facial expressions. In this case, based on the mean median
valence, respondents were most positive about the aroma of nougat (0.04) and the most
negative about the orange aroma (−0.02). The statistical test also confirmed differences in
perception between the aromas of orange and nougat and between the aromas of nougat
and coffee. On the basis of these findings and after consultations with the managers of
the retail company, we decided to use the aroma of nougat in the real conditions of the
confectionery department.

The last stage (3) consisted of research on the impact of selected aromas on implicit and
explicit linkages under the real conditions of a commercial operation. The solution to this
part of the work was significantly influenced by the situation of the COVID-19 pandemic.
Implicit data collection under real conditions was impossible, as the obligation to cover and
protect the upper airways in the interiors of buildings prevented the detection of people
and the recognition of emotions. In this context, data collection under real conditions was
limited to explicit feedback. Last but not least, the pandemic also affected the validity of
the data itself, as it can be assumed that different types of facial protection (respirator, face
mask, scarf) more or less affected the perception of the aromas. In the light of the above,
we have not been able to verify the presumption of the difference between implicit and
explicit feedback under real conditions.

The results from obtaining a conscious feedback under real conditions show approx-
imately the same assessment of the atmosphere of the confectionery department in the
pre-Christmas period with aromatisation (average 1.80; 1580 replies) and in the pre-Easter
period with no aromatisation (average 1.88; 1216 replies).

A pleasant atmosphere in stores or public spaces under the influence of a suitably
chosen aroma can fundamentally affect the overall perception of people, which will ulti-
mately have an impact on the economic results. The right choice of aroma also completes
the overall atmosphere of the chosen sales department. Since the influence of aromas has
mainly a subconscious effect, the choice of a suitable aromatic compound should not be
limited to traditional forms of research. Therefore, we recommend sellers a combination
of traditional research forms with the tools of consumer neuroscience, which provide a
detailed view of real human emotions under the influence of particular aromas. This
method will allow retailers to choose an aroma that will positively contribute to improving
the perception of the environment not only for customers but also for employees. It should
be taken into consideration that the research of preferences in the field of aromatization
also requires special equipment which allows the testing of various fragrance compounds
under laboratory as well as in real conditions.

It follows from the above that in the evaluation of emotional response, besides the
use of classical feedback collection tools, it is important to extend these evaluations with
measurements of subconscious reactions based on the monitoring of electrical brain activity
(EEG) and facial expressions of the respondents—facial biometrics give a completely new
insight into the actual perception of aromatic compounds as well as more efficient targeting
and the use of corporate resources.

Based on empirical knowledge and limitations related to the pandemic, we plan to
conduct a similar research project with an even larger sample of test respondents that
will take the weather, season, olfactory sensitivity (anosmia, hyposmia, normosmia) and
participant fatigue (start and end of the week) into account. Future research will be
conducted under different air quality conditions (CO2, VOC, temperature, humidity) in
order to identify possible changes in the perception of aromas. Due to the need to cover the
upper respiratory tract, the perception of aromas will also be simulated in order to quantify
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the impact of pandemic restrictions (mandatory upper respiratory protection in buildings)
under real conditions. From the point of view of the technologies used in this study, we
would like to conduct similar research with the 32channel Electroencephalograph (EEG)
and its extension to the biometric method of measuring skin resistance (GSR).
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Abstract: Smell is the second-most used sense in marketing strategies in the food industry. Sensory
marketing appeals to the senses with the aim of creating sensory experiences and converting them
into specific emotions associated with a specific product. There is a strong relationship between
sensory marketing, aromachology, and neuroscience. In this review, studies were searched on the use
of scents in food experiences such as restaurants and food establishments, and a critical evaluation
was performed on their aims, target population, place of the study, scents tested, foods tested, and
measured parameters, and the main findings were reviewed. Case studies carried out by private
companies are also presented. A small number of scientific studies on aromachology related to food
are available, and most of them are conducted in artificial laboratory conditions. Methodological
procedures largely diverge among studies, making them very difficult to compare and extrapolate
results. There is a clear need for research on aromachology related to food in the fields of sensory
marketing and appetite modulation. After a brief presentation of the state of the art, we briefly
mention future improvements and ideas for future research.

Keywords: scent; neuroscience; sensory marketing; consumer

1. Introduction

Smell/aroma is directly related to human emotions; it is the main trigger for human
emotions after sight. In fact, it has been reported that 75% of human emotions are created
through smell/aroma [1]. The olfactory bulb is part of the brain’s limbic system (seat
of emotions, desires, and instincts), and that is why smells can trigger strong emotional
reactions. This explains the strong link between smells, emotions, and memories. In
practice, it is possible to use this evidence to influence and promote certain feelings [2].
Herz [3] reviewed scientific studies on the mechanisms mediating the effect of odours
on mood, physiology, and behaviour. Two main types of studies were reported—one
investigating pharmacological and the other psychological mechanisms of action. The
author concluded that the psychological interpretation of odour effects was the most
comprehensive interpretation, showing that odours have clear psychological effects.

Scents use has been evaluated for different purposes such as sensory marketing
of different goods or services, well-being, cosmetics, etc. [4]. Regarding our field of
interest, foods and food-related stores and environments, scents have been tested for several
purposes: to study their impact on appetite, food consumption, food sales, evaluating
shopping experience, etc. Sensory marketing can be defined as marketing that involves
the senses of consumers and studies the perception, emotion, learning, preference, choice,
evaluation, knowledge, judgment, and purchasing behaviour based on the senses [5].
Sensory marketing appeals to the senses with the aim of creating sensory experiences and
converting them into specific emotions associated with a specific product.

Appl. Sci. 2021, 11, 6095. https://doi.org/10.3390/app11136095 https://www.mdpi.com/journal/applsci
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Smell is the second-most used sense in marketing strategies in the food industry [6].
Therefore, aromas play an important role in marketing strategies [6]. The memory of
smell is the most intense of all the senses, and only about 20% of olfactory sensations
are forgotten. Human beings even maintain very old memories and feelings related to
smell [1]. Aroma marketing has two main modalities: (i) the use of the unique smell/aroma
of the product itself, with the possibility of creating an aroma that identifies the company
with the product/brand and (ii) the use of an ambient smell/aroma in spaces (restaurants,
supermarkets, small shops, public spaces) [2].

Ambient scent is defined as a scent that is present in the environment but does not
emanate from a particular object [2]. These ambient scents have been classified based on (i)
the affective quality of the aroma (how pleasant the aroma is), (ii) the level of arousal of the
aroma (how likely is it to elicit a physiological response), and (iii) the intensity of the aroma
(how strong it is). Several authors pointed out that stores that use ambient scents give their
customers the feeling that they spend less time looking at products and trying them [7,8].

In the 1970s, fragrances began to gain prominence as a tool for retailers aiming to
improve the indoor environment by introducing specific scents [9]. Origins of olfactory
marketing seem to be in the 1980s when British supermarkets realised that fresh baking
bread aromas increased selling bread and other products [10]. This moved them to intro-
duce bakery as a new department area. However, the difficulty of introducing aromas in
a supermarket for increasing sales can be illustrated by the fact that customers can smell
fresh bread aromas and buy the bread but can prevent them from buying other goods [6].
This reduction in their willingness to buy is due to the fact that their sensory perception
and emotions are, to some extent, satisfied by purchasing the bread [2]. That is a case based
on the scent of a product itself. However, most recent studies have focused on ambient
aroma, and analysed the influence of aroma on the purchase intention of consumers [2].

In 1982, the Olfactory Research Fund coined the term ‘aromachology’, relevant to
marketing. This area of expertise deals with the temporary effects of fragrances on human
behaviour, feelings, well-being, moods, and emotions [11]. Aromachology, as defined by
the Sense of Smell Institute in 1982, is the scientific discipline studying psychological and
physiological effects of inhaling aromas and examining, feelings and emotions elicited by
odours stimulating olfactory pathways. Aromachology research must follow empirical
scientific methodology—goals, hypothesis, materials and methods (aroma, subject popula-
tion number and representativity as well as the control group), and proper statistical data
analysis—and be published in peer-reviewed reputable journals [11]. Under these premises,
if a study is conducted using the internet, many publications that may be found regarding
odour effects on mood and behaviour should not be taken into consideration since they do
not follow such premises, and their results may not be taken as scientifically sound. In the
present review, only studies following the requirements have been included. At present,
focusing on the general scientific literature on aromachology, there are many scientific lines
of evidence reporting that inhaling aromas may elicit feelings such as relaxation, sensu-
ality, happiness, or exhilaration [12–15]. There are also scientific lines of evidence on the
physiological effect of scents. As an example, in a study on rats, Shen et al. [16] presented
evidence that the scent of grapefruit oil excited sympathetic nerves, innervating white and
brown adipose tissues and the adrenal gland, inhibiting the vagal nerve innervating the
stomach, increasing lipolysis and heat production (energy consumption), and reducing
appetite and body weight in rats; the opposite effect was observed for lavender, mainly
due to linalool, which enhanced appetite and body weight [16].

The most common use of scents is for marketing purposes. Scent sensory marketing is
about much more than simply spreading a pleasant fragrance in a space. It may be, starting
from the brand identity of a company (and its values) and studying its target consumer,
to create an aroma that exemplifies company identity (and values). The expression ‘scent
marketing’ has been used to describe the use of essences to create an environment, and
promote products or position a brand, and therefore, scent marketing can be defined
as the strategic use of the olfactory experience and essences in relation to commercial
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products [17]. There are three types of scents used in environments [6,18] known as (i)
head, (ii) heart, and (iii) basic. Head scents are generally small, light molecules that
give a refreshing and invigorating sensation. These are typically fresh citrus or green
notes, including lemon, lime, neroli, bergamot, grapefruit, and cooler herbal notes such as
lavender, thyme, and basil. The molecules responsible for heart-like scents tend to be larger
and can take anywhere from five minutes to an hour to develop. They can include different
ingredients, such as flowers, spices, woods, resins, and grasses. Lastly, the basic-type scent
molecules are the largest and heaviest. They are aromas such as woods, resins, oakmoss,
vanilla, amber, and musk [2].

The use of aromas in food is regulated (R1334/2008 in the European Union), and
all aromas need to be approved by public authorities after following strictly regulated
procedures. In the present review, we do not consider food aromas but scents used in
food-related environments. Scents should also comply with safety and quality standards
that are supervised by independent laboratories leading to safety certificates, such as the
International Fragrance Association (IFRA) Conformity Certificate, assessed by a panel of
experts from the Research Institute for Fragrance Materials (RFIM). The safety of scents is
evaluated according to the intended use (odorant, skin contact, etc.).

Classical data collection on consumer studies are questionnaires to consumers; how-
ever, they cannot assess the complex set of factors affecting decision making (emotions,
feelings, etc.) [19]. It is in this scenario that neuroscience tools entered the field of consumer
marketing studies. Neuromarketing aims to use psychological and neuroscience tools
to study subconscious processes during decision making in order to provide scientific
explanations of consumer’s preferences and behaviours. Main neuroscience tools used in
neuromarketing are biometric measurements (body reaction measures: eye movements, fa-
cial expressions) and brain measurements. Using such techniques to measure respondents’
subconscious reactions in addition to classical feedback collection techniques may provide
a comprehensive perspective on consumers’ perception [19]. In the present review, we
will focus only on scents, even though visual factors (packaging, design, portion size, the
gastronomic service used, etc.) also influence consumers’ perception and food appeal. Both
senses are closely related; however, little is known about their complex interactions [20],
and only a few studies combine the evaluation of both factors.

Regarding sensory marketing in the food business, one may differentiate between
food stores (food is sold, not consumed) and restaurants (gastronomic facilities where
food is consumed). To this second situation applies the concept of neurogastronomy;
neuroscientist Gordon M. Shephard [19] first summarised the neuroscientific research on
the gastronomic experience in the brain (perception and processing of taste, etc.).

Taking all above mentioned into account, it can be said that there is a strong relation-
ship between sensory marketing, aromachology, and neuroscience as consumers’ responses
can be measured in two ways, namely, (i) explicit tests: through direct consultation with
consumers through surveys/questionnaires and (ii) implicit tests: using biometric parame-
ter measurement equipment, for example, using eye trackers. These three applied sciences
(sensory marketing, aromachology, and neuroscience) are closely interrelated.

Scent branding is quite popular in non-food stores, and one may recall certain brand
scents, but it is not that common in food stores and restaurants. Most developments in this
area have been driven by companies’ needs, and carried out by private companies, with
little knowledge shared with the public and scientific community [19]. The present work
was carried out within the framework of the Erasmus + KA2 project NEUROSMARTOL-
OGY GY Strategic partnership Project No. 2018-1-SK01-KA203-046324. Implementation
of Consumer Neuroscience and Smart Research Solutions in Aromachology. Very little
information is available in the scientific literature regarding aromachology and much less
on aromachology related to food. The present review aims to evaluate scientific evidence
and knowledge on aromachology related to food. For this purpose, a literature review
was conducted, focusing on the use of scents in restaurants, food establishments, and
artificial laboratory conditions. A critical evaluation was performed on their aims, tar-

21



Appl. Sci. 2021, 11, 6095

get population, place of the study, scents tested, foods tested, and measured parameters,
and main findings were reviewed. Case studies carried out by a scent company are also
presented. Results of the review may provide the scientific community with the state of
the art on aromachology in food-related environments and a critical evaluation of the
applied experimental procedures. The study may also help scientists, scent providers,
food businesses, and consumers in understanding and developing solutions to better suit
consumer needs and demands (enhanced customer experience related to food purchase or
consumption, appetite modulation, etc.).

2. Literature Review Methods

2.1. Scientific Literature Review

The review is organised as a research paper. A scoping review was used to synthe-
sise the evidence and assess the scope of the 18 studies on the topic. This review was
based on the PRISMA Extension (PRISMA-ScR) approach [21] for Scoping Reviews. A
comprehensive literature search—Scopus and ScienceDirect—was performed in April 2021
and was limited to articles published in English since 1990 (Figure 1). Text words and
controlled vocabulary for several concepts (food, consumer, aroma, behaviour) within the
titles, abstracts, and keywords, were used. Scopus, Web of Science, and Google Scholar
were used for the literature search. Terms such as sensory marketing, scent marketing,
aromachology, behaviour, consumers and food, etc., were used. The main focus was given
to studies published in journals included in Journal Citation Reports, as well as sensory and
aroma marketing books published by highly relevant publishers and only focused on food
and food business. Only research papers including experimental design and data treatment
were selected. The structure of the review allows dissection of how published studies have
been conducted: population under study, number of participants, tested scents, location of
the study (real or artificial laboratory conditions), foods evaluated, measured parameters
(customer ballots, biometrics, etc.), aims of the studies, and major findings.

Figure 1. Flow diagram describing study selection process of scientific literature.

Table 1 presents the codification of the studies; the numbers given to each study are
used in supplementary tables to cite them. Literature review methodology, objectives, and
findings are presented in the table and briefly described to allow further discussion.
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2.2. Case Studies from Scent Company

In addition to the scientific literature, case studies provided by REIMA Airconcept
Company, which is a partner of the above-mentioned project are presented. On a regular
basis, they develop scents and conduct studies in real conditions with their customers in
order to provide solutions for customer needs, most of them protected by confidentiality
agreements. Providing two case studies was the only contribution of the company; they
did not take part in the manuscript. After reviewing the scientific literature and case
studies provided by REIMA, a critical discussion is presented, aiming to point to future
research needs on this field and detect fields that may benefit from an in-depth research on
aromachology related to food.

3. Results and Discussion

3.1. Revision of Scientific Literature

Regarding aromachology focused on food, Table 1 shows the scientific manuscripts
(reviews and articles) linked with the topic of this review, their main objectives, and
findings. Only 18 studies related to aromachology on food were available, most of them
on marketing or consumer studies journals, and most of them published within the last
10 years. Therefore, this a new field of scientific studies, with scarce background on the
procedures, methodology, and an absence of standardised procedures, as we will discuss
below.

What were the main aims of such studies? Some published studies reported results from
more than one experiment. If we focus on real experiments, a total of 30 were reported.
Twelve of the experiments explored food preferences or choices [26,28,30,32,33,36]; seven
evaluated appetite modulation/effect [27,34–36]; three evaluated food sales ([24,26]; five
evaluated odour–emotion mechanisms [26,28,29,31], and one the shopping experience
(Table 1). The interest in aromachology comes from different fields, aroma marketing is
probably the main field; however, scents as factors affecting appetite are an especially
interesting field given that it can be useful to prevent obesity epidemics [26].

What were the methodologies used in the studies? Table 1 shows the main characteristics
of the methodologies used in the reviewed studies: number of participants, characteristics
of participants, food/non-food used, and type of collected data. ‘Non food’ means that
pictures and slides were used to present food. Uneven details on participants have been
provided in different studies; as an example, the number of participants is not given in sev-
eral studies (unknown), mainly in studies performed in real conditions, when it is difficult
to assess real numbers of customers. The number of participants ranged from 19 [28] to
up to 900 [26]. Most available studies have been conducted with university students as
participants, whereas just three on real restaurant or store customers [22,26,35,38]. Among
the experiments reported in the selected papers, only eight were conducted in which real
foods were present, i.e., real food choices could be made. In the others, only the scents
or some pictures were used to recall the idea of food. Both types of studies are probably
useful given that there are two types of scenarios: stores and gastronomic facilities. In
some of the experiments, more than one type of data was collected (Table 1). Seventeen
experiments collected subjective assessments in questionnaires. Nine of the experiments
measured objective real behaviour: time measurement in five studies [22,23,25], sales in
three studies [24,26], and food consumption in one study [27]). Finally, five studies mea-
sured objective physiological data: salivation in three experiments [27] and neuroimaging
in two [28].

As previously commented, most studies relied on students as participants, and al-
though valuable information was obtained from students, it is not clear to which extent
a more complex population (diversity of ages, educational level, income level, etc.) will
perceive or react to the tested scents in the same way, and therefore, if the results may
be translated to market conditions. There are no standardised procedures to set target
populations of consumer groups to conduct scent marketing studies, and some studies
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have been carried out only in women, mainly those regarding effects on appetite and food
choices [23,35,36].

It is important to highlight that one of the aspects related to the aroma of an estab-
lishment is the number of people in it at any given time. In this, some studies in real
conditions included air quality assessment [24] which is somehow related to the influx of
visitors, among other factors; however, store influx has not been taken into consideration in
the reviewed studies, where only three had been performed in real conditions [24–26]. In
future studies in real conditions, air quality assessment should be considered. Chebat and
Michon [39], in the context of a field experiment, varied the aroma along with the retail
density (how crowded the mall was) and examined the perceptions of the buyers about the
quality of the product, mall environment, and positive effect. They found a positive effect of
ambient scent on shoppers’ perceptions of the mall’s atmosphere only at the medium retail
density level. In addition, a favourable perception of the retail environment influenced the
perception of product quality. Buyers’ moods did not have a significant direct effect on
perceptions of product quality.

What data were collected in the experiments? At present, almost 50 per cent of aroma-
chology studies on food are based on subjective assessments collected under controlled
conditions (questionnaires), and there is little evidence on the real effect of aromatisation
on physiological responses and behaviour. Very little use of neuroscience tools has been
reported so far in the scientific literature [28], and the measurement of physiological data is
very limited [27]. Studies reviewed are a collection of individual contributions with scarce
coincidences on methodology, and therefore, collected results are quite difficult to compare.
Given the diversity of methods employed and parameters evaluated such studies cannot
be compared or discussed as a whole. Another relevant point is that most studies are
directed to evaluate food choices or appetite. The aims of scent use are not always directed
only to enhance customer satisfaction, as in non-food stores, but mainly to modulate food
consumption or to provide knowledge on understanding the effect of odour on consumer
mood or behaviour. Given that the scent can modulate consumer behaviour, many types of
studies with different purposes may be planned and may need different methodology and
measured parameters.

Where did the studies take place? Most of the studies were conducted under artificial
laboratory conditions (79%) mainly collecting data by computer-based assessments, and
only three were conducted in real conditions with real customers (restaurant, store) (details
in Table S1).

What were the most tested scents? Fruit scents were the most popular in the reviewed
studies. The scents used in the scientific studies were grouped as follows into five distinct
groups: sweets, fruits, salty, floral, and spices. Among the aroma groups used, the most
commonly used were ‘fruits’ (31.4%), and ‘floral’ (29.4%), followed by ‘salty’ (17.6%),
‘sweet’ (15.7%), and ‘spices’ (5.9%) (details in Table S2). Flowers were tested in studies
evaluating congruent aromas [30].

What were the main findings of the reviewed studies? Table 1 presents findings from
individual studies that are summarised in this section. The use of pleasant scents enhanced
pleasantness, and unpleasant odours raised stronger emotions than pleasant ones [28].
The use of ambient scents modified behaviour (time spent at stores or viewing food
images) [22,23,25]. The presence of scent in general stores can slow the flow of customers
in the store and therefore increase the time spent in the store [2]. Scenting affected consumer
choices, and the effect of scents was enhanced by the congruency of the odour with the
images, products, or even seasons [23,29,30,32,35]. Scents, hence olfactory perceptions, in-
teract with visual perceptions or imagery [27,33]. Appetite was affected by odour exposure;
however, nonconclusive results can be obtained from the reviewed studies. Knasko [29]
reported that exposure to chocolate scent reduced the perceived hunger, and other pleasant
scents (baby powder) also reduced hunger perception. Some authors reported that expo-
sure to food odours increases the appetite for congruent foods, including sweets, [34,35]
and that fresh scents reduced the craving for sweets. Some authors even concluded that
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exposure to food odours may promote overeating and therefore contribute to obesity [35].
Mechanisms explaining the appetite for congruent foods have not been elucidated; a theory
has been proposed that cephalic phase responses mediated by the vagal nerve that pre-
pare the body for intake and digestion may be involved [36,40]. It has been reported that
the pleasantness of food odours (banana and savoury meat) was reduced during odour
exposure, whereas the specific appetite for the congruent food remained unchanged, and
hunger/general appetite was unaffected [36], This decreased odour pleasantness may be
related to olfactory sensory-specific satiety (SSS), defined by Rolls et al. [41] as the decrease
in the pleasantness of, or desire to, eat recently consumed foods, relative to uneaten foods,
which suggest a lack of appetite for the smelled food; this does not match results obtained
by previously cited studies. In this sense, Ramaeckers et al. [36,40] have coined the opposite
term: sensory-specific-appetite (SSA), pointing to an enhanced appetite for the congruent
food that is possibly explained by the fact that smelling the food anticipates food intake;
these authors hypothesise that the extended exposure to the odour stimulates chemical
senses and reduces the appeal for the odour but not for the taste, and therefore, different
mechanisms would underlie both processed SSS and SSA. It is also hypothesised that the
largest changes in food preferences may occur within the first minute to odour exposure;
thus, it is of main relevance to study behaviour changes during that first minute. Several
authors report that such effect depends on the exposure time to the scent: short times of ex-
posure to sweet scents may enhance appetite for the food, whereas long times decreases the
appeal for sweet foods and enhances the appeal for healthy or other choices [26,36,41,42].
This may be caused by cross modal sensory compensation; the scent provides enough
reward and reduces the desire for consumption of indulgent foods, such as an olfactory
sensory-specific satiety. Another factor to be considered is that the intensity of the scent
is either subthreshold or recognisable, as different effects can be reported [20,43]. Fresh
scents are thought to be associated with health care, good hygiene, and cleanliness, rather
than being associated with sweets consumption [29,34]. Most of the published studies only
collected and reported craving sensation or appeal, which are not truly food consumption;
it needs to be clearly differentiated whether the studies report subjective measurements
anticipating food intake (appetite, food choice) or actual food consumption (intake satiety),
given that they cannot be directly extrapolated [20]; therefore, more studies are needed in
real situations that measure actual consumed food to determine how to use scents to either
prevent obesity or ameliorate malnutrition.

Reported results have similarities with those reported in non-food stores. Numerous
studies have been carried out evaluating the effect of applying scents in non-food store
environments [1,8,14,39,44–46]. Those studies reported that product sales increased be-
tween 14.8% and 15.9%, the time that customers spent in the store also increased by 18.8%,
and interest on the purchased products and the request for information also increased [45].
Therefore, scents are used in stores to create a positive shopping environment with the
aim of increasing purchase intention or increasing the time spent in the establishment [24].
All these factors are expected to lead to an increase in sales and in the degree of customer
satisfaction [6]. Stores that use scents have been reported to give their customers the
feeling that they spend less time looking at products and trying them [7,8,47]. Spangenberg
et al. [47] exhaustively tested 26 individual essences and separated them into the affective
dimension and the exciting or activating dimension. They found that the affective dimen-
sion explained most of the effects that scent produced in people. In parallel, they combined
the effect of aroma (neutral versus pleasant) and its intensity (low, medium, high) and
studied it with an additional control group. The authors found that whether the aroma was
neutral or pleasant did not matter how intense the aroma was, as compared to the control
group that had no aroma. Furthermore, they observed that subjects in the scented group
reported noticing that they had spent less time in the store, compared to the unscented
control group. On the other hand, subjects in the unscented group reported spending
much more time in the store than they actually had. Subjects in the scent group did not
show this discrepancy. Evaluations of the store, in general, and the store environment were
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more positive when the store was scented than if it was not. Most results obtained in the
reviewed studies have been positive, presenting a clear correlation between the aroma
used and the sensation produced in consumers, which is beneficial, because it leads to an
increase in stay in supermarkets or restaurants, in addition to an increase in consumption
or purchase of food as already found [45].

What are the reasons or mechanisms behind this positive response? The two most commonly
used explanations can be separated by whether odour primarily influences unconscious
effects, such as mood, or whether an odour primarily influences cognition. In the area of
the commercial atmosphere, Mehrabian and Russell [48] discussed mood as a mediating
factor between environmental cues and behaviour. Environmental psychologists claim that
shoppers react to environmental cues with focus (desire to stay in the environment, explore,
etc.) or avoidance behaviours (desire to leave) and that mood mediates this relationship.
However, in the marketing literature, this explanation has not received strong support.
Bone and Ellen [44] found that only a small percentage of the studies (16.1%) showed any
influence of smell on mood. Another explanation for the process is that smell influences
cognitive processes. Morrin and Ratneshwar [31] found no effect of scent on mood, but
they found that scent increased attention to brands, as measured by display times for
various brands [31,49]. Mitchell, Kahn, and Knasko [30] found that smell influenced the
extent of information processing and cognitive elaborations. Chebat and Michon [39] tested
various process theories and concluded that cognitions related to product quality and the
shopping environment are influenced by smell, which in turn influenced the buyer’s mood.
As mentioned before, Herz [3] concluded that the most comprehensive theory was based
on psychological mechanisms mediating the effect of odours on mood, physiology, and
behaviour.

Another relevant factor is the congruence between the products offered by an establish-
ment and its aroma. In this sense, Mitchell, Kahn, and Knasko [30] studied the effect of an
ambient aroma congruent with a product category: a chocolate aroma was combined with
an assortment of sweets and a floral aroma with a flower arrangement. If the aroma was
congruent with the product, the subjects spent more time processing the data, generated
more self-references, and were more likely to make additional inferences and exhibit a
search behaviour for other purchase options. In general, cognitive elaboration was higher
in congruent conditions. According to Berčí-k, Palúchová, Vietoris, and Horská [24], a
pleasant aroma can affect the perception of the passage of time. It can also affect visual
and taste perceptions [7,45] or create a generally pleasant environment for clients [46,50].
Another example is that the results of Guéguen and Petr [22] confirmed the hypothesis
that scents have an influence on restaurant customers’ behaviour. The study found that
both the length of time and amount of money spent were positively affected by lavender
in pizzeria restaurants (small choice of dishes: 17 pizzas, 4 types of meat, 3 fishes, and
4 salads). However, the lemon aroma was found to have no effect on either of the above
two variables.

3.2. Case Studies

In addition to data from the scientific literature, we had access to real data from
customer applications from a scent company, thus in the specific application of sensory
marketing.

One of the studies was conducted in a small cafe with a patisserie serving and selling
both chocolates and cakes located at Gottingen (Germany). In this café, the scent Coffee
& Cake (REIMA Airconcept) was used. Due to the existing outdoor area in front of the
cafe, the fragrance device was placed in the entrance area. This allowed the scent to waft
outside a little bit as well. During the test period (7 weeks: half of the period scented
and the other half without scent), customers had handy questionnaires requesting their
age, sex, date of visit, time spent, and opinion on the atmosphere. In total, 30 people took
part in the survey. One of the participants was not considered because the survey was
not completed, in addition to another three who did not indicate the date of the cafe visit.
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Therefore, 26 participants were left. The range of ages of the participants was 33–46 years
(17 females and 9 males). Nine of them (30%) were in the range between 30–40 years. The
average length of stay at the café was 1 h and 8 min. During the fragrance phase, 16 people
participated in the survey, while in the non-perfumed phase, 10 people participated. The
rating was performed according to the German school grading system (GPA): from 1—very
good/completely to 6—insufficient/not at all right. The perfumed phase was rated at
1.65 and the non-perfumed one at 1.95. Looking at the sexes, there was a small difference
between the grading of the two phases among women. However, men rated the two
periods much more clearly. Here, the rating during scenting was 1.61. Subsequently, men
rated the atmosphere only with a grade of 2.78. This is a clear divergence and could be an
indication of the influence of the fragrance. Another peculiarity can be seen by dividing
the whole group by age. Odour perception was most pronounced between the ages of 30
and 40. This can be justified based on the fact that the participants between 30 and 40 years
assessed the atmosphere during the scented phase with 1.72 and the unscented with 2.83.
This clear difference cannot be determined in the other age groups, with a tiny difference
of only 0.11 points. As another aspect observed in this age range, male participants gave
much better marks than female ones. In conclusion, the most positive evaluation of the
café atmosphere was obtained during the fragrance phase and especially by men.

A second food establishment was an eatery, which was part of a larger chain, offering
Tex-Mex dishes, burgers, and snacks, as well as cocktails and desserts. In addition to a
large guest room inside the restaurant, which extended over two floors, there was also
a large outdoor area with lounge character. The interior was rustic style. The restaurant
had an open kitchen, through which odours from the kitchen can waft in the guest room
(fatty and roasted aromas). Two devices of the type AromaStreamer 750 with the intensity
level 3 (REIMA Airconcept) were placed in the guest room (interior about 250 m2). The
scent curry-pepper marinade was used to match the kitchen flavours (REIMA Airconcept).
During the test period (7 weeks: first half scented, second non-scented) a questionnaire
was provided to consumers asking: date, age, sex, residence time, rate the atmosphere if
(pleasant, cozy, stimulating, unpleasant) and the question: how well do you feel today? In
total, 54 people participated in the survey (36 females and 18 males). The range of ages
29–68 years (34 (63%) 20–30 years; 10 (18.5%) 30–40 years; 5 (9.3%) 40–50 years; 2 (3.7%)
50–60 years; 3 (5.6%) not specified). The high participation, as compared to the experience
at the café, was probably due to the fact that there was a coupon worth EUR 30 to win. Four
participants were excluded: three because their survey was not completely finished and
one that specified a residence time of 20 h. Overall, this resulted in the usable participation
of 50 people. The rating was performed according to the German school grading system, as
in the previous study. In the evaluation of the data of this restaurant, there were sometimes
clear differences in the rating but sometimes very marginal. The overall average of the
criteria ‘pleasant’, ‘cozy’, and ‘stimulating’ showed that the participants rated these criteria
better (average 2.33), during the scenting phase than afterwards (2.42). There were only
small differences between sexes, both before and after scenting experiment, although there
was a tendency for women to rate the atmosphere slightly better than men. The criterion
‘unpleasant’ showed only a difference of 0.08 points: during the scenting experiment, this
criterion was rated at 5.42, followed by 5.50 during the non-scent phase, meaning that
on both phases customers disagreed or strongly disagreed with the description of the
restaurant as ‘unpleasant’. A relatively large difference was seen in the question ‘How
well do you feel?’: during the perfumed phase, the restaurant reached a mark of 1.96,
while after the perfumed phase, the average rate was 2.50. The difference became clearer
when splitting the ratings between women and men. Men averaged 2.07 during and 3.00
after the fragrance phase. For women, the difference with the grade 1.91 to 2.00 was only
0.09 points. This shows a markedly differentiated rating between the two periods, which is
an indication of the actual effect of the scenting. The average length of stay in the restaurant
was 2 h and 13 min during, and 2 h and 15 min after the scent period. Again, the difference
was very marginal. Thus, it could not be proven whether the scenting had an effect on the
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length of stay of the guests; the only clear trend is that men felt better during the scenting
phase.

Those are two real examples provided by a company in which data were collected
through questionnaires for consumers. The company carries out many more types of
studies to develop real applications, but the effectiveness of the scents is directly evaluated
by their clients through real sales of food products, with no need of contacting customers.
Such case studies are confidential and cannot be shared to be published. We can still
analyse the two case studies presented and the main difficulties of studies performed in
real conditions. The present cases are evaluations of applications for a small business.
Gathering 30 to 50 surveys within 7 weeks is considered quite low numbers for conducting
reliable research. From the results, one may guess that the youth and men are more
influenced and better discriminate whether the atmosphere is scented or not, but still,
total numbers are low. In addition, it cannot be proven to what extent those participants
represent regular customers of the establishment, which is probably the reason why in real
conditions, total sales are the best indicators for food business, and, if possible, implicit
measurements of neuroscience-related and physiologically based sensations should be
considered. Small businesses need to measure whether the investment in aromatisation
unit plus scents is worthwhile in the short term.

3.3. Improvements, Trends, and Future Research on Aromachology Related to Food

Aromachology related to foods may have different applications; the most active
fields are sensory marketing and appetite modulation. Although extensively used in
non-food businesses, scent marketing would be also of great interest to food businesses,
and purposes such as brand identity or specific developments to suit needs and enhance
consumer satisfaction would be of interest. Much more interesting would be the use
of scents for modulating appetite, which will be an interesting tool to be included in
anti-obesity strategies.

Scents in sensory marketing: Copyright of a scent as food establishment identity. Transferring
laboratory findings into products is neither an easy nor a quick process, and it is now
starting to see the development of products and marketing campaigns that are properly
incorporating scents into food establishments and/or experiences. Should it be possible to
copyright or trademark a scent? From the perspective of marketers, an affirmative response
will increase the scent marketing industry. Currently, only scents that are non-functional
can be trademarked, and it is still not easy to obtain a scent trademark. As a clear example,
an orange juice company could not trademark the scent of oranges, but if the same scent
were adopted by an automobile or electronics company, that company might be able to
prevent its competitors from copying that aroma [51]. One relevant factor to consider in
scent marketing is the opinion and well-being of employees. They are exposed to the scent
during their entire working session, and they should be able to feel comfortable under such
conditions. Air turnover also needs to be considered, as well as air quality and airflow.
Scents need to be congruent with the store location and not interfere with the scent of fresh
food to avoid masking, confusing, or generating off-flavours. All those considerations are
taken into account by scent companies when developing applications for their customers.

Research effect of scents to suit specific needs: the example of food consumed in aeroplanes.
Scent branding is a well-established practice in airports and planes [52], but it requires
careful consideration. While some may find aromas soothing, others find them intrusive,
and some passengers may have an unpleasant flight experience. A Spanish aircraft com-
pany has introduced an aroma called ‘Mediterráneo’, which mainly has notes of lemon,
bergamot, and citrus blossoms. Heathrow Airport (London) applied this concept at Ter-
minal 2, giving passengers a whiff of exotic destinations within reach of the airport [52].
There is an issue regarding airlines’ food service: Food consumed on airplanes does not
taste as that consumed on land. Recent studies suggested that various factors such as low
pressures, the decrease of the level of humidity, and the noise perceived inside the plane
may be responsible for the decreased perception. The degree of decreased perception has
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been determined for sweet and salty tastes: salty taste is reduced up to 30% and sweet up
to 20% when foods are consumed during flights [53]. However, real causes are currently
unknown, and more studies are needed under real conditions for a better knowledge of
the condition. Aromachology may be explored to provide solutions to overcome such a
decrease in taste perception.

Generating general accurate scales for scent in restaurants/food establishments: data collection
procedures. Regarding methodology, the collection of data through questionnaires shows
clear limitations under real conditions. Wrzesniewski et al. [54] developed a scale measur-
ing individual differences in the affective impact of odours on places, objects, and people.
Among others, one promising direction for future research would be to develop a general
scale measuring the susceptibility of an individual to using scent as an input for decisions
and evaluations. Efforts can be made to enhance the reliability of questionnaires; however,
collecting objective data (implicit tests) would be much more helpful and reliable. In this
sense, the use of neuroscience tools and physiological measurements needs to gain a place
in the methodology applied to aromachology on food.

Future needs. Most relevant future needs include in-depth research on scents use as
appetite modulators (either to tackle malnutrition or obesity), which is not the main topic
of this review but a matter of high interest for consumers, and the use of neuroscience tools
and physiological measurements to gather human responses trying to avoid subjective
data. Regarding marketing studies in the scientific literature, they may benefit from the
development of standard methodology and recommended experimental designs (number
of participants, place, time, etc.), and there is a clear need of conducting studies in real
conditions (stores, restaurants, food business) with real food, as most of the available
studies were conducted in artificial conditions. It has been pointed out that very few
studies have been carried out in real store environments, and those studies had limitations:
reduced number of participants, uneven participation during different phases, and the fact
that explicit measurements have also limitations (are they given by the most representative
customers? are they influenced by other factors such as noise?). Such observations point
to the need of using implicit measurements (assessed by tools measuring body responses
neuroscience and physiological-related parameters) and other measurements such as sales
of different goods (either related or unrelated to the scent). Additionally, data collected from
the stores should be compared between scented and unscented periods, as well as with data
collected from the same period from the previous years or similar establishments during the
same period. Air quality assessment during the studies will provide valuable information
on the level of occupation of the establishment and proper ventilation conditions and
health conditions for employees and customers (CO2 concentration, particles in suspension,
and volatiles in the air). Other points in need of attention are ethical issues, whether
consumers agree with the use of food scents in food environments, and if they had to be
regulated to avoid the use of scents that may mask unwanted flavours or enhance the scent
of low-quality products.

4. Conclusions

A small number of scientific studies on aromachology related to food are available,
and most of them are conducted in artificial laboratory conditions. The most common aim is
food preference and choice, followed by the study of the effects of odour on appetite; other
interests are sales, shopping experience, and the study on mechanisms connecting odour
and emotions. Participants through questionnaires provide most of the data collected, with
a scarce number of studies using neuroscience and physiological tools and measurements.
Methodological procedures largely diverge among studies, making them very difficult
to compare and extrapolate results. The reviewed literature points to a greater effect of
scents when they are congruent with the food, to the fact that unpleasant scents raise
stronger emotions than pleasant ones, to a clear effect of scents on food preference and
appetite mediated by the scent and the exposure time, as well as other effects on human
behaviour. There is a clear need for research on aromachology related to food in the
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fields of both sensory marketing and appetite modulation. At present, the effect of odours
on appetite/food intake is not clear and consistent among studies and may depend on
exposure time to scents. This field is in need of studies evaluating the effect of scent
exposure during the first minute on real food intake, not just on appetite or preferences.
Only when the real effect of scent on food intake is determined may scents be potentially
used in anti-obesity strategies. The methodology for scent studies is in clear need of
improvement by working in real conditions and introducing neuroscience tools and real
physiological measurements.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/app11136095/s1. Table S1: Type of place in which the study was carried on each reviewed
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Abstract: Interest in the use of scents in retail environments for creating better customer experiences
is growing. Yet, knowledge of the effectiveness of aromachology to affect actual customer behavior
and ultimately increase turnover is incomplete, as published results present inconsistencies and
are often based on highly controlled environments rather than actual store environments. Situated
within this context, this paper offers a systematic review on research in aromachology with a focus on
effects on actual customer behavior in actual retail environments. As expected, the available research
on actual environments (relative to laboratory-based studies) is limited, with only 20 articles meeting
the inclusion criteria. While reported results are, overall, indicative of the positive effects of scent on
customers’ emotional states and on their in-store behavior (dwell time, product choices) and attitudes
(purchase intention, intention to revisit), several critical issues with the available literature emerged.
These pertain primarily to a lack of sufficient methodological details (specifically on the scents, their
compositions, intensity and methods of delivery), a narrow focus on scents without considering
interactions with other atmospherics factors, and a general disregard of individual differences in
olfaction. The review provides suggestions for addressing these shortcomings and improving the
quality and actionability of this line of research.

Keywords: aromachology; scent marketing; retailing; customer behavior

1. Introduction

For centuries, scents have been used for religious purposes, in traditional treatments
as well as in everyday life. From the very beginning of civilization, people realized that
scents regarded as pleasant may have a good influence on their mood, health, and their
social position perception [1]. Nowadays, scents are also widely used for business purposes
and have become an interesting field of study focusing on factors influencing consumer
behavior and well-being [2–4]. This, to a large extent, is a result of the growing interest
in environmental psychology, which deals with interrelationships between individuals
and their physical settings, and the way individual behaviors and experiences are affected
by environmental factors [5]. An often applied approach to examine the impact of the
environment on people experiences is Stimulus-Organism-Response model, which emerged
in the middle of 1960s [6]. It was developed later by Mehrabian and Russell [7], who
focused on three dimensions expressing the emotional state of an individual (pleasure,
arousal and dominance), which results in approach or avoidance responses. That model
received a lot of attention from researchers as a promising method to detect how to induce a
desirable behavior in people by design of environmental settings [8]. Both service and retail
companies are highly interested in creating strong and appealing in-store experiences, and
the use of scents is, in this context, generally regarded as a potential source of competitive
advantage [9]: for example, scents may be used to differentiate the brand in an increasingly
competitive market where the usual marketing mix is not sufficient (an example being
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major clothing chains such as Abercrombie & Fitch and hotel companies such as Marriot
being noted for their signature scents), as well as generally to provide better in-store
experiences to their customers and increase their spending and likelihood of revisiting
the store.

The customer experience is a complex construct mainly because it is affected by
numerous elements, only some of which are controlled by the retailer. It is based on the set
of interactions between a customer and a product or/and a company and also between a
customer and other customers, which generate a reaction [10–12]. Schmitt [13] distinguishes
five types of experiences: sensory (sense), affective (feel), cognitive (think), physical (act),
and social-identity (relate). Sensory experience is created by the retail outlet atmosphere
(referred to as “atmospherics” and regarded as a marketing tool), which is based on the
sensory channels: sight, sound, touch, and smell [14]. Additionally, the current concept
of retail atmospherics—design–ambient–social–trialability (DAST)—acknowledges odors
as an important ambient factor and potentially powerful instrument used for customer
experience building [15].

The term “aromachology” first appeared in 1982 to denote the science that is dedicated
to the study of the relationship between psychology and scents to elicit a variety of specific
emotions, such as relaxation, exhilaration, sensuality, happiness and well-being. Indeed,
the sense of smell is considered to be the one most closely related to emotional reactions,
as the olfactory bulb is directly connected to the areas of the brain (collectively known
as the limbic system) that deal with emotion and memory [16,17]. Moreover, the sense
of smell is emotionally processed and, unlike other sensory modalities, does not require
consciously attending to any stimulus and instead exerts emotional consequences without
conscious perception of the odor itself [18,19]. Due to these characteristics, interest in the
use of scents to affect human behavior has been steadily increasingly [4,20]. In recent years,
several studies have been published concerning usage of aromas in a retail environment
(shops, restaurants, etc.), and interest in aromachology (as well as retail atmospherics more
generally) has been steadily increasing [2–4,20,21].

Historically, the majority of studies who have sought to explain the effect of scents on
customer behavior have considered one or both of the following two theoretical frameworks:

1. The already mentioned Stimulus-Organism-Response (S-O-R) paradigm [1,7,22], in
which scents generate affective and cognitive responses in consumers (e.g., pleas-
antness, arousal), which, in turn, affect approach or avoidance behaviors towards
products. From an applied perspective, if retailers introduce a positively valenced
scent, customers’ experience with the store, dwelling time and ultimately purchases
will be enhanced;

2. A thematic congruency theory [23–25] proposing that the effect of scents on behavior
depends on their perceived congruency with their target product; in this framework,
scents can become a signal or facilitator for drawing attention towards specific prod-
ucts, meaning that when there is a match between the product and the scent, an effect
can be expected.

It is apparent and should be emphasized that these theories are not mutually exclusive.
Schifferstein and Blok [26] explain this with anecdotal example, involving the smell of
freshly baked bread, which both gives consumers a pleasant experience (fresh bread smells
good), but it also communicates information about the presence and the characteristics of
the products, for example, it signals that the bread is fresh and probably still warm. This
means that the smell of bread can have consequences for customer behavior in general and
for the behavior towards the focal product (bread) and related products (e.g., bakery items).

The available literature offers some degree of support for both theories. Several of
the available studies reported positive effects of scent applied in a shop on customers’
emotional states and on their in-store behavior, measured in terms of dwell time and
product choices [27], as well as on stated attitudes such as purchase intention and likelihood
to revisit the store [2,28]. Some studies also suggested that scent may influence the amount
of money spent [2], although other studies indicated that this relationship may be more
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complex. For instance, Herrmann and collaborators [29] found that a simple scent increased
actual spending, whereas a more complex scent had no such effect. Such effects are often
moderated by the congruency of the scent with the object, in accordance with the second
theory [30].

Nevertheless, several “null” results have also been reported (e.g., [26]). This is possi-
bly due to differences in the type of product and environments considered, as well as in
variation in methodological aspects—for example, the intensity of the scent and whether it
was consciously experienced or not, which is very important because the emotional effects
of odors are different depending on whether or not they are consciously perceived [18].
Moreover, according to some (e.g., [31]), in a retail context the ambient scent could have
negative effects if they were perceived by consumers as a marketing tool to influence their
behavior (at least in absence of elements justifying the presence of that smell). These incon-
sistencies in the results, however, suggest that the knowledge of the effects of aromachology
in retailing is still incomplete.

While promising findings have sparked interest in the use of scents in retail environ-
ments, much (most) of the available literature is based on studies conducted in controlled
settings, such as laboratories or simulated environments (e.g., [30]), and/or is based on at-
titudinal data such as product and store evaluations (e.g., [32–34]). It is therefore uncertain
how much of these findings correspond to actual behaviors in actual retail environments.

Against this backdrop, the present paper presents a systematic review of the litera-
ture on aromachology with a focus on customer behavior in actual retail environments.
The main research question this review seeks to answer is, therefore, the following: “what
is the evidence for aromachology effects on actual customer behavior in actual retail envi-
ronments?” To the best of the authors’ knowledge, this is the first review paper to do so in
a systematic way. The main contribution of the paper is threefold: first, to summarize the
available evidence on the topic, secondly, to critically evaluate the available literature, and,
finally, to provide recommendations for future research on aromachology.

2. Methods

Since this review focuses on the application of aromachology in retailing and its ef-
fects on consumer behavior, the main inclusion criteria were that studies should present
experimental data on ambient scents of retail areas and include at least one behavioral
variable. By contrast, studies were excluded if (1) they were not based in actual retail
environments (e.g., exclusively lab-based studies or using mock-ups and simulated en-
vironments), (2) they focused on food products, (3) they focused on scents originating
from the product itself rather than the environment (e.g., [17]), (4) focused on the general
experience of the retail environment but did not include any behavioral variables, and
finally (5) if they did not include any experimental data (e.g., reviews, editorials, etc.). The
reason for excluding food-related studies was twofold: first, because the use of scents on
food-related behavior has received more attention in the literature, especially in the context
of how to use to scents to direct consumers towards making healthier choices, and secondly
because using scents in food establishments presents some specific technical issues (e.g.,
safety/hygiene regulations, interaction between ambient scents and odors originating
from food items), which are not necessarily shared by other retail environments. Readers
interested in applications of aromachology in food stores are directed to the review paper
by Girona-Ruiz and collaborators also appearing in this special issue [35].

The protocol for the systematic review was informed by the PRISMA guidelines [36]
and is shown in Figure 1. A literature search was performed using two databases—Web
of Science (Core Collection) and Scopus. The search in the aforementioned databases was
performed during April 2021. No time limits were applied to the search itself. Search terms
were initially identified by discussion between the authors, and the list was subsequently
refined after conducting a preliminary set of scoping searches from the focal databases.
Keywords used for the search were retail atmospherics, aroma marketing, ambient scents,
consumer behavior, and aromachology using Boolean operators. A wildcard asterisk (*) was
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applied to all word stems in order to retrieve all articles that included terms starting with
each word stem. The following Boolean search terms were defined based on the outlined
research requirements:

TS = ((retail atmospheric* OR aroma marketing* OR ambient scent* OR scent* OR aroma-
chology*) AND (consumer* OR customer*)).

Figure 1. PRISMA flow diagram for the systematic review of aromachology and customer behavior.

The search yielded, respectively, 617 records on Web of Science and 733 records on Sco-
pus. The records came from a wide variety of research fields, with business, management,
food science and technology being the fields most represented (Figure 2). The database
search further supplemented by a manual search using the “snowballing” method, from
which additional six records were found (Figure 1). Complete documentation on this
process and the full list of records are available as supplementary materials to this paper.

The initial list was screened and duplicate records were removed. After excluding
duplicates, the titles and abstracts of each record were inspected to assess their relevance
according to the inclusion criteria. Studies that met the inclusion criteria were analyzed
in-depth with a focus on the following theoretical and methodological aspects: type of retail
environment, product category, hypotheses and findings, type of scents used and method
of delivery in the retail environment, number of subjects and target behavioral variable.
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Figure 2. Treemap of literature pertaining to aromachology, showing breakdown by scientific fields
(N = 617, Source: Web of Science, Clarivariate Analytics, Core collection, Search terms: see Section 2).
Fields with fewer than 15 records were omitted to improve legibility.

3. Results and Analysis

3.1. Overview of Included Literature

Twenty studies met the inclusion criteria and were included in this review (Table 1).
The most common reason for exclusion was that studies were not based on actual retail
environments (Figure 1), although it should be mentioned that most papers included
laboratory-based assessments in addition to the actual retailing environment (e.g., [27,29]),
usually to isolate causal mechanisms and/or to document the perceptual properties of the
target odors in controlled conditions. In such cases, only the results involving actual retail
environments were included for the in-depth review.

All studies but two [27,37] included a control (without scent) condition, so that the ef-
fect of adding a scent could be benchmarked against the usual (odorless) store environment.
Regardless of whether or not a control condition was included, most papers tested two
distinct scents so as to test the effects of both the mere presence of a scent and its specific
characteristics (Table 2). Common outcome measures included attitudinal measures via
surveys and behavioral records such as in-store dwelling time and sales figures (Table 1).

Table 1. Overview of the literature included in this review, listed chronologically. 1 S = Sales volume, T = Dwell time,
A = Attitude survey, O = Observations.

Source Environment Target Product Behavioral Measures 1

Knasko (1989) [38] Jewerly store Jewelry S, T, O
Hirsch (1995) [39] Casino (gambling area) Slot machines S
Mattila and Wirtz (2001) [40] Gift shop Misc. gift items S, T, O
Schifferstein and Blok Bookstore Magazines S(2002) [26]
Chebat & Michon (2003) [41] Shopping mall Non-grocery S
Spangenberg et al. (2006) [37] Fashion store Clothing S, T, A

Ward et al. (2007) [1] Electrical store Household appliances T, A(cookers and laundry area)
Parsons (2009) [24] Bookstore Books S, T
Morrison et al. (2011) [42] Fashion store Clothing S, T, A
Doucé and Janssens (2013) [43] Clothing store Clothing and Jewelry A
Doucé et al. (2013) [44] Bookstore Books S, O
Herrman et al. (2013) [29] Home decor Plates, candles, baskets, etc. S, A
Jacob et al. (2014) [22] Florist shop (indoor) Plants and flowers S
Bouzaabia (2014) [45] Fashion store Sportswear S, T
Madzharov, Block Optics store Sunglasses and prescriptions glasses Sand Morrin (2015) [27]
Carrijo et al. (2016) [46] Fashion store(s) Childrenswear S, A
Helmefalk & Hultén (2017) [25] Furnishing store Furniture and accessories S, T
Berčík et al. (2018) [21] Travel agency Tour sales S, O
Errajaa et al. (2020) [47] Clothing store Menswear S
Cao & Duong (2021) [2] Fashion store Clothing S, T, A

43



Appl. Sci. 2021, 11, 6195

44



Appl. Sci. 2021, 11, 6195

T
a

b
le

2
.

Ex
pe

ri
m

en
ta

lc
on

di
ti

on
s

in
th

e
re

vi
ew

ed
lit

er
at

ur
e.

N
/R

=
no

tr
ep

or
te

d.

S
o

u
rc

e
S

ce
n

t
S

u
b

je
ct

s

Ty
pe

(s
)

Va
le

nc
e

In
te

ns
it

y
D

el
iv

er
y

M
et

ho
d

N

K
na

sk
o

(1
98

9)
[3

8]
Fr

ui
ty

/fl
or

al
an

d
Sp

ic
y

Po
si

ti
ve

N
/R

N
/R

N
/R

H
ir

sc
h

(1
99

5)
[3

9]
N

/R
Po

si
ti

ve
A

bo
ve

aw
ar

en
es

s
th

re
sh

ol
d

N
/R

N
/R

M
at

ti
la

an
d

W
ir

tz
(2

00
1)

[4
0]

La
ve

nd
er

an
d

G
ra

pe
fr

ui
t

Po
si

ti
ve

N
/R

Fo
ur

ce
ra

m
ic

di
ff

us
er

s
24

7

Sc
hi

ff
er

st
ei

n
an

d
Bl

ok
(2

00
2)

[2
6]

Su
nfl

ow
er

an
d

gr
as

s
N

eu
tr

al
Sl

ig
ht

ly
ab

ov
e

th
re

sh
ol

d
A

ir
cl

ea
ne

r
sy

st
em

(m
od

el
re

po
rt

ed
)

N
/R

C
he

ba
ta

nd
M

ic
ho

n
(2

00
3)

[4
1]

C
it

ru
s

fr
ui

ts
Po

si
ti

ve
A

ro
un

d
th

re
sh

ol
d

10
sc

en
td

iff
us

er
s

(m
od

el
N

/R
)

59
2

Sp
an

ge
nb

er
g

et
al

.(
20

06
)[

37
]

Es
se

nt
ia

lo
ils

:r
os

e
m

ar
oc

an
d

va
ni

lla
Po

si
ti

ve
M

ild
in

te
ns

it
y

(n
ot

sp
ec

ifi
ed

fu
rt

he
r)

Sc
en

td
iff

us
er

(m
od

el
N

/R
)

18
1

W
ar

d
et

al
.(

20
07

)[
1]

A
pp

le
pi

e
w

.
ci

nn
am

on
N

/R
N

/R
N

/R
42

9
(c

oo
ke

rs
)a

nd
cl

ea
n

w
as

hi
ng

(l
au

nd
ry

)
Pa

rs
on

s
(2

00
9)

[2
4]

R
os

e
an

d
co

ff
ee

Po
si

ti
ve

N
/R

N
/R

N
/R

M
or

ri
so

n
et

al
.(

20
11

)[
42

]
V

an
ill

a
Po

si
ti

ve
N

/R
Sc

en
td

iff
us

er
(m

od
el

N
/R

)
26

3

D
ou

cé
an

d
Ja

ns
se

ns
(2

01
3)

[4
3]

“F
re

sh
of

fic
e”

(s
lig

ht
ly

m
in

ty
le

m
on

)
Po

si
ti

ve
Be

lo
w

sp
on

ta
ne

ou
s

de
te

ct
io

n
th

re
sh

ol
d

N
/R

19
4

D
ou

cé
et

al
.(

20
13

)[
44

]
C

ho
co

la
te

Po
si

ti
ve

Be
lo

w
sp

on
ta

ne
ou

s
de

te
ct

io
n

th
re

sh
ol

d
Tw

o
di

sp
en

se
rs

(e
nt

ra
nc

e
an

d
m

id
dl

e
of

th
e

st
or

e)
20

1

H
er

rm
an

et
al

.(
20

13
)[

29
]

O
ra

ng
e

(s
im

pl
e)

an
d

or
an

ge
Po

si
ti

ve
A

bo
ve

de
te

ct
io

n
th

re
sh

ol
d

N
/R

40
2

ba
si

lw
it

h
gr

ee
n

te
a

(c
om

pl
ex

)
Ja

co
b

et
al

.(
20

14
)[

22
]

La
ve

nd
er

Po
si

ti
ve

N
/R

El
ec

tr
ic

fr
ag

ra
nc

e
di

ff
us

er
(m

od
el

N
/R

)
10

0

Bo
uz

aa
bi

a
(2

01
4)

[4
5]

Y
la

ng
yl

an
g

(fl
ow

er
)

Po
si

ti
ve

N
/R

Sc
en

td
iff

us
er

,c
on

ne
ct

ed
to

ce
nt

ra
lA

/C
sy

st
em

40
0

M
ad

zh
ar

ov
,B

lo
ck

an
d

M
or

ri
n

C
oo

l(
Pe

pp
er

m
in

t)
vs

.
Po

si
ti

ve
A

dj
us

te
d

to
“u

no
bs

tr
us

iv
e

le
ve

l”
C

om
m

er
ci

al
sc

en
td

iff
us

er
(m

od
el

no
tr

ep
or

te
d)

15
4

(2
01

5)
[2

7]
W

ar
m

(c
in

na
m

on
)

(e
qu

al
ly

va
le

nc
ed

)
C

ar
ri

jo
et

al
.(

20
14

)[
46

]
N

/R
Po

si
ti

ve
N

/R
N

/R
67

1
H

el
m

ef
al

k
an

d
H

ul
té

n
(2

01
7)

[2
5]

Po
si

ti
ve

N
/R

N
/R

Sc
en

td
iff

us
er

(m
od

el
N

/R
)

24
5

Be
rč
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3.2. Retail Environments and Product Categories

The included studies covered a rather diverse range of retail stores, showing that scents
can affect consumer behavior towards very different product categories. Clothing was
the product category most frequently considered in the included literature, which fits
expectations as the use of scents is popularly associated with some clothing brands and
their stores (e.g., Abercrombie & Fitch). Other product categories included accessories
(e.g., jewelry items, glasses), books and magazines, household appliances, slot machines,
and travel packages (Table 1). Accordingly, very different retail environments, ranging
from general-purpose stores to specialized ones such as fashion, optics, and book stores.
All included studies focused on customer behavior towards tangible goods except for
two which focused on, respectively, money gambled on slot machines in a Las Vegas
Casino [39], and tour sales in a travel agency [21]. One study [22] was conducted on a
florist shop, although it involved a product category (flowers) that naturally emits scents;
in that study, the target scent (lavender) was diffused by way of an electric fragrance
diffuser, so it met our criterion that scents should originate from the environment and not
the product itself.

The duration of the studies, i.e., the time during which scents were diffused in the
store, varied significantly among studies, ranging from a few days (e.g., [39]) to several
weeks (e.g., [21,26]). Very short time spans pose some problems as customer behavior is
known to be affected by a variety of factors, such as weather and time of the day [48,49],
which may act as a confounder. Accordingly, most studies included an experimental period
of at least one week and/or limited the data collection to a set time of the day.

Finally, all studies but two had an exclusive focus on the effect of scents in a retail
environment, and accordingly sought to minimizing variation in other store atmospherics.
The two exceptions were two studies which also considered the effect of in-store music and
its interactions with scents [40,42].

3.3. Scent Characteristics and Delivery Methods

As already mentioned, nearly all studies included some form of pre-test for evaluation
of the perceptual properties of the target scents, principally their pleasantness, which
was most often assessed via rating scales, and in one case using consumer biometrics
(specifically, facial expression analysis [21]). In this regard, it should be noted that all studies
used positively or neutrally valanced scents (Table 2). No studies reported using unpleasant
scents. This is not surprising and likely due to constraints placed by the store managers
who would otherwise be unwilling to participate in the study. A few studies purposefully
selected perceptually different, but equally valenced scents in order to investigate whether
qualities other than valence may affect customer behavior ([26,39]). Other perceptual odor
characteristics considered during pre-tests were familiarity, intensity, complexity [26,28],
as well as conceptual associations such “cool/warm” [27] or “masculine/feminine” [37]
(Table 2) to assess congruency with specific products.

Methodological reporting pertaining to the actual scents and methods of delivery
is quite poor. Most papers simply mentioned the commercial or lay name for the scent
(e.g., “rose”, “coffee”, “sunflower”, see Table 2), but their chemical constituent(s) was rarely
reported in the literature. Additionally, while several studies reported whether consumers
were consciously aware and/or attended to any ambient scents, the specific intensity of the
scent in the retail environment was generally not reported or only qualitatively described
with terms such as “mild”, “unobstrusive”, “not aggressive”, etc. No study explicitly
considered measuring the concentration of the scent, the airflow conditions, or any other
aspects of air quality that may have affected the concentration of the scented particles in the
store environments. Likewise, many studies do not mention the device used for diffusing
scents but just refer to a generic “dispenser” or “diffuser”; only three studies [21,26,43]
mentioned the specific models and/or technical characteristics of the devices (Table 2).
Finally, while the store area is usually reported, the number and the positioning of the

46



Appl. Sci. 2021, 11, 6195

scent unit(s) was rarely given; thus, in many cases, it was not clear whether the scent was
perceived throughout the entire store or only close to the target products.

3.4. Reported Effects on Customers’ Behaviors and Theoretical Accounts

Consistent with the expectations, the vast majority of studies built on the S–O–R
and the the mathic congruency theory to explain the effect of scents on behavior often
considered both frameworks within the same study. For instance, Doucé et al. [44] studies
the effect of adding a chocolate scent on general store behavior (such as length of stay,
interaction with the staff, etc.) in a bookstore, which would reflect the S-O-R view, but
also the effect on sales for thematically congruent items (cookbooks and romantic novels),
which would reflect the thematic congruency theory.

Generally, support for the S-O-R theory seems to be found in the literature at least
when it comes to attitudinal outcomes: accordingly, almost all studies included in this
review report a positive effect of adding a pleasant scent on, e.g., engagement with the
store, satisfaction with the experience, intention to revisit, etc. However, evidence of an
effect on actual customer behavior is not always straightforward. For example, Ward [1]
found that addition of a pleasant scent made the in-store environment more engaging, but
with no differences in actual behavior between scented and control conditions. More to
the point, studies that employed two qualitatively different but equally valenced scents
reported that only one out of the two actually affected customer behavior, meaning that
valence/pleasantness in and of itself is not enough to produce the expected effect on
customers’ behaviors. For example, Hirsch [39] reported that only one of two scents
introduced in a Las Vegas casino increased the amount gambled on slot machines, whereas
results for a second scent were not different from the control (no odor) conditions. Similarly,
Parsons [24] in a bookstore study found that addition of in-store browsing and sales figures
were slightly higher for a congruent scent (coffee) than for an incongruent scent (rose) of
equal valence. Finally, Madzharov et al. [27] investigated the effect of adding warm vs.
cool scents (equally pleasant) to an optics stores, and found that shoppers were more likely
to purchase premium brands and to purchase more items in the warm scent condition.
Overall, the literature evidences that valence (pleasantness) is a necessary but not sufficient
condition for the effectiveness of scents to affect customer behavior.

This could suggest that other perceptual characteristics of the scents, such as con-
gruency with the product category, are more important in terms of affecting customer
behavior. Yet, support for the thematic congruency hypothesis is also limited, with stud-
ies reporting mixed results. Perhaps the best support for this theory is in the study on
clothing by Spangenberg and collaborators [37], which found a positive impact of adding
a “masculine” or “feminine” scent on sales of, respectively, men’s and women’s clothing
items. Douce et al. [44] found that adding a chocolate scent to a bookstore increased buying
behavior towards thematically congruents books, but only when controlling for gender
(the addition of the scent worked for women but not for men). Schifferstein and Blok [26]
investigated whether the degree of thematic congruency between an ambient odor and a
magazine affected magazine sales in bookstores by using two odors (a grass odor, congru-
ent with soccer, animal/nature and gardening magazines, and a sunflower odor, congruent
with personal care and women’s magazines), but found that the ambient scent did not in-
crease sales for thematically congruent magazines, nor did it decrease sales for incongruent
magazines. Similarly, Ward and collaborators [1] reported no differences in product-related
behavior (e.g., dwelling time) in a different electrical retailer store when a congruent scent
was present (vs. a control condition). Schifferstein and Blok [26] explain these inconsis-
tencies by pointing out that it is not enough that a scent is thematically congruent with a
product (say, a grass scent with a gardening magazine) to enhance its sales: experience
of the association is required on the part of the consumer to effectively pair scents and
products. Moreover, even if the scent triggers the intended association with a product, it
may not be enough to affect that product’s sales, so that ultimately the effect of scents on
individual product categories may be rather small [26]. An alternative explanation for the
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lack of support for the thematic congruency theory is that the presence of a pleasant smell
may distract customers from their specific shopping goals towards enjoying the overall
shopping experience (in accordance with the tenet of S-O-R theory). This explanation is
supported by the results of Doucé and collaborators [44], who found that addiction of
a chocolate scent in a bookstore increased the general approach behavior but not goal-
directed behavior (general books sales increased, but sales of thematically congruent book
genres, such as cookbooks and romantic novels, did not).

4. Discussion

4.1. Do Scents Affect Actual Customer Behavior in Retail Stores?

Situated in the context of a growing interest in the field of aromachology, this paper
has presented a systematic review of the available literature documenting the effects
of using scents to create better customer experiences and affect their in-store behavior.
Despite promising results from laboratory and controlled environment studies, suggesting
that the addition of scents may affect product and store evaluations positively [27], the
complexity and highly context-dependent nature of the sense of smell do not guarantee
results will translate to actual retail environments. In fact, evidence from actual retail
environments is remarkably limited, which only 20 studies meeting the inclusion criterion.
This number is remarkably low in light of the fact that the relevance of scents for customer
behavior has long been recognized [7,14] and that the much larger number of laboratory-
based studies published within the same period. This indicates that the application of
aromachology in actual retail environments is still an under-researched area. This might
possibly be due to practical difficulties in setting up field studies which require, on the
one hand, researchers to step out of their familiar habits and, on the other, cooperative
store managers interested and willing to let the study happen and share the data with
the researchers.

To date, much of the published research on the effects of aromachology has relied
upon the S-O-R theoretical framework [7], the core of which suggests that a pleasant
scent triggers a positive affective state in the consumer, which in turn evokes approach
behaviors [28]. Another often considered framework is the thematic congruency of the
scent with the store’s offerings, on the premise that a match between the two is a necessary
condition for an effect to occur [23,31].

While the literature offers some degree of support for both, neither the S-O-R nor the
thematic congruency frameworks are consistently supported by the available data, sug-
gesting that current theoretical explanations on the effects of scents on customer behavior
may need updating. Yet, explanations beyond the notions of pleasantness and congruency
were rarely considered in the literature. One exception was the study by Hermann and
collaborators [29] that considered a processing fluency viewpoint, based on the work by
Lévy, MacRae and Köster [50], suggesting that the effect of scents on behavior depends
on the perceived complexity of the scent. The finding of that study, involving a home
decor store, supported this, as they showed that, whilst keeping valence and familiarity
constant, the addition of a simple scent (i.e., fewer components, easy to process) led to
increased actual spending, whereas a more complex scent had no such effect. This indicates
that there is still much we do not know, and that future research should, in particular,
consider how scent properties other than pleasantness and congruency might influence
customers’ behaviors in ways that are relevant to the retail sector, and try to elucidate the
causal mechanisms by which such properties might do so.

4.2. A Roadmap for Future Research in Aromachology

What would, then, be the most important future avenues for future research? A good
starting point is to look at the shortcomings of the available literature that may explain
these inconsistent results. There appears to be at least three areas that should productively
be explored in future research.
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Firstly, nearly all studies have dealt with the experimental data at the aggregated level,
basically by simply comparing averaged data (e.g., dwell time, sales) against a control
condition. This is notwithstanding the large and growing scientific evidence pointing
at substantial individual differences in odor perception—due to genetics, demographics,
habits, etc. [51–56]. This variability pertains to all aspects of olfaction, such as the specific
quality of the perception (how does a scent test to different consumers), its perceived
intensity (how strong it will be experienced as), and its valence (is it going to be perceived as
pleasant or unpleasant). For example, the aging process is known to affect odor sensitivity.
Ability to perceive and identify smells peaks with early childhood and declines steadily
afterwards so that, generally, older individuals can be expected to be less sensitive to
odors than younger ones [55,57]. This may be an issue of the prevalent practice of using
students for selecting scenting and pre-testing their intensity, as students are generally
young individuals whose olfactory functioning may not be representative of that of the
end consumers (for instance, a scent may be experienced as strong by a 20-year-old person
but may be very faint, or even undetectable, to a person aged 60). Likewise, men and
women are known to differ in their sensitivity to smells [56,58–60], and accordingly, several
studies report significant findings only when analyzing the results for men and women
separately [37,44]. The differences are due to the individual genetic makeup, most of which
are likely still unknown, that may cause individual differences in the possibility to perceive
certain odors [54]. While the latter may not be relevant in the context of studies in actual
retailing, phenotypical differences as a minimum have to be expected and accounted for.
Finally, even if one could keep these perceptual differences invariant, there might still
be differences in the importance different consumers ascribe to smells in the context of
the shopping experience [61]. Therefore, the first recommendations for future research in
aromachology are to move away from aggregate-level analyses in favor of analyses that
account for individual differences, and secondly to ensure that the characteristics of the
individuals involved in pre-testing and scent selecting match as much as possible those of
the final consumers.

Secondly, nearly all papers included for review focused on varying ambient scents
while minimizing variation in other store atmospherics factors. This suggests that the
external validity of current research in aromachology may be limited due to the multitude
of other environmental factors (such as lightning, decor, musical background, etc.) and
sensory inputs that may influence the customers’ in-store experience [3,4,9,14]. It is telling
here that out of the only two studies that investigated additional factors, both reported
significant interactions between in-store atmospherics. The study by Morrison and collabo-
rators [42] found a significant two-way interaction between scent (presence vs. absence)
and music (high vs. low volume) on arousal and ultimately time and money spent in the
store. The study by Mattila and Wirtz also manipulated scent and music and found that
when scent and music are congruent with each other, customers rated the environment
significantly more positively and bought more than when these store atmospherics factors
were at odds with each other [40]. Therefore, in light of these results, future research
is advised to increasingly consider more complex designs when more aspects of store
atmospherics can be systematically varied (on this topic, readers are also referred to the
recent paper by Spence [4] who warns that “ultimately (...) only limited progress will be made
in understanding the impact of ambient scent on well-being, or anything else (e.g., store sales),
by considering the sense of smell in isolation from the other senses” (p. 9)). Admittedly, this is
much be easier to do in a lab than in a retail environment, where store owners may object
to manipulating certain aspects of the store environment. On a related note, studies should
report and account for environmental changes (e.g., day-to-day weather changes) and
ideally be conducted over the course of several weeks (e.g., [21,26]) to be robust against
these confounders.

Lastly, a common thread across the reviewed literature is that methodological condi-
tions appear quite poorly reported. Notably, most papers simply mentioned the commercial
or lay name for the scent but their chemical composition and intensity are rarely reported.
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While several studies at least tried to estimate whether consumers were consciously aware
and/or attended to any ambient scents, any reporting was exclusively based by a qual-
itative assessment by the experimenter. No study explicitly considered measuring the
concentration of the scent, the airflow conditions, or any other aspects of air quality in the
store environments (e.g., temperature, CO2 levels, volatile compounds from other sources)
that would have likely affected the perception of the scents during the experimental period.
Likewise, many studies did not mention the device used for diffusing scents but just
referred to a generic “dispenser” or “diffuser”; only three studies [21,26,43] mentioned
the specific models. Finally, while the store area was usually reported, the number and
the positioning of the scent unit(s) was rarely given; thus, in many cases it was not clear
whether the scent was perceived throughout the entire store or only close to target products.
Taken collectively, such omissions seriously limit the reproducibility of such research and
may explain inconsistencies in the results. This disregard for the chemistry of scents reflects
the fact that the available literature on the effect of scents on customer behavior comes
from the business field. This is in stark contrast with reporting in aromachology papers
coming from other fields such as analytical chemistry (where identification and quantifica-
tion of key compounds is the primary focus), and building science (where evaluation of
indoor air quality follows set standards). In the latter, however, behavioral effects of scents
are seldom reported or even mentioned, suggesting that collaborations across disciplines
should be encouraged in future studies. In particular, considering air quality and scent
concentration/intensity is needed to increase the quality and actionability of this line
of research.

5. Conclusions

Interest in the use of scents in retail environments is growing due to the possibility to
create better customer experience and potentially increase turnover. Situated within this
context, this paper offers a systematic review on research in aromachology with a focus on
research documenting effects on actual customer behavior in actual retail environments.
The paper contributes to the literature by summarizing and assessing the available evidence
pertaining to the effects of aromachology on customer behavior. As expected, the available
research on actual environments (as opposed to laboratories and simulated environments)
is limited, with only 20 articles meeting the inclusion criteria. While reported results are
indicative of a positive effects of scent on customers’ emotional states and on their in-store
behavior (dwell time, product choices) and attitudes (purchase intention, intention to
revisit), results were not always consistent, indicating that theoretical explanations for the
effect of scents on behavior are insufficient. As additional contributions, we identified
several critical issues with the available literature and provided suggestions for addressing
these shortcomings. In particular, (i) focusing to a much higher degree on individual
differences in olfaction (as opposed to aggregated level analyses), (ii) moving away from
a narrow focus on scents to considering interactions with other atmospherics factors,
and, (iii) improving the level of methodological reporting (specifically on the scents, their
compositions, intensity and method of delivery) were identified as key areas for improving
the quality and actionability of this line of research.
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Abstract: In the current era of a strongly competitive business environment, it is more difficult for
companies to attract customers. Consumer neuroscience has growing potential here, as it reveals
internal consumer preferences by using innovative methods and tools, which can effectively examine
consumer behavior and attract new customers. In particular, smell has a great ability to subcon-
sciously influence customers and, thus, support profitability. This paper examines the importance
of consumer neuroscience and its modern technologies used for exploring human perceptions to
influence customers and benefit from the aromatization of business spaces. We focused our analysis
on various service sectors. Despite the potential of the examined issue, there are a limited number of
studies in the field of service providers that use neuroscience tools to examine the effect of aromas on
human emotions. Most studies took place in laboratory conditions, and the used methodological
procedures varied widely. Our analysis showed that, in spite of the positive impact of aromatization
in the majority of aromatized spaces, service companies still do not use the potential of consumer
neuroscience and aroma marketing to a sufficient degree. Innovative methods and tools, in particular,
are still very underused.

Keywords: consumer neuroscience; neuromarketing tools; aroma marketing; human perception;
services; aromatization impact; scents

1. Introduction

The marketing industry, as well as other sectors, is increasingly facing the problem
of visual and information overload. This has caused consumers to become increasingly
resistant to traditional marketing actions, thus registering them in a state of so-called
perceptual blindness [1–4]. Hence, it is becoming more difficult to attract customers at the
point of sale, which is the last chance to potentially reverse a person’s decision to purchase
a product. This is the main reason why there is an increased interest in targeting several
senses at the same time to affect shopping behavior. One option for marketers is to focus
on smell as it has great potential in this field.

Traditional research tools, including questionnaires, tend not to provide enough
relevant information, and those that have already been applied are no longer sufficient
to determine the exact needs of consumers. This is due to several reasons, including,
to a large extent, the hectic time we live in, since people in these surveys either do not
have the time to think properly on what they are asked about, do not understand the
question, simply do not want to answer truthfully, especially when it comes to sensitive
questions, or their response is in accordance with what society expects [5]. These factors
lead to the use of advanced methods which can detect active parts of the brain when
monitoring stimuli, thereby determining what emotions are evoked in the consumer [6].
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Compared to the aforementioned traditional research methods based on questionnaires and
interviews, neuromarketing and consumer neuroscience research provides more accurate
information about consumer perception [7]. It has also been proven to offer information on
consumer preferences that cannot be obtained using conventional methods [8]. Consumer
neuroscience is an interdisciplinary field that combines knowledge from various scientific
disciplines while trying to study how the human brain responds to external marketing
stimuli [9]. At the same time, the neuro-approach can help solve potential problems in
businesses that were previously invisible or ignored due to limitations stemming from
traditional approaches [10].

Consumer neuroscience tools applied in consumer surveys have helped gain new
insight into different aspects of brand perception [11–15], product packaging [16,17], emo-
tional response to advertisements [18,19], and new product development [8]. Last but not
least, it has enabled to survey the impact of different aromas on affective and cognitive
processes [20,21].

In the context of smell significance, another field in marketing is also becoming more
important. This is known as aroma marketing, based on aromachology, which is a science
that studies the psychological and physiological effects of inhaling aromas and examines,
with the use of fragrance technology, feelings and emotions produced by scents stimulating
olfactory pathways [22,23]. Aroma marketing refers to the usage of scents to set a mood,
promote products, or position a brand. The main goal of aroma marketing is the creation
of a pleasant atmosphere in order to encourage customers to stay in stores longer and,
accordingly, buy more products and raise their final consumption [24].

Neuromarketing research is justified in the field of aromachology in the services
segment. A pleasant atmosphere within the field of services, in a workplace, or in a public
space can fundamentally affect the overall perception of people if impacted by a properly
chosen aroma, which will ultimately affect the economic results. The question is how to
choose the right aroma, as its effect is mainly unconscious. One of the options is the use of
biometric and neuroimaging tools, which provide a more detailed view of human emotions
under the influence of particular aromas. Thus, an aroma can be chosen that will positively
contribute to improving the perception of the environment, not only of customers but also
of employees.

2. Materials and Methods

It is an undeniable fact that consumer neuroscience has attracted the attention of
academic researchers, as well as practitioners. Since it is quite a new topic in marketing
(especially aroma marketing), there are currently only a limited number of studies in this
field at present, while a considerable increase in their number is expected in the near future.
Therefore, related studies were reviewed and are presented to gain an understanding of
this phenomenon and its potential impacts.

The present work was carried out within the framework of the Erasmus + KA2
Strategic partnership project NEUROSMARTOLOGY (no. 2018-1-SK01-KA203-046324),
which aims to increase the amount of knowledge and information that is available in the
scientific literature regarding aromachology, especially in relation to services, not retailing
in general, where companies usually carry out private investigations and do not share the
gathered findings with the public and/or the scientific community.

The research objective in the present study was to explore the potential application
of consumer neuroscience in aroma marketing and the field of various service providers.
The present study aimed to highlight potential new possibilities for monitoring the specific
effect of aromas on human emotions by using consumer neuroscience tools. It is, thus,
possible to make a more relevant aroma selection for the space in question and eliminate
the risk of inappropriate selection.

For the study of the literature within the area of scientific interest, we chose the
most frequently used scientific information databases and search engines globally, such
as Google Scholar, SCOPUS, Web of Science, and ResearchGate. In deciding the selection
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of keywords, we relied primarily on our previous experience and the area of research
(see studies mentioned in Section 1). Since this review focuses on the application of
aromachology in various segments of services, the main inclusion criteria were studies
that presented experimental data on ambient scents of different service areas (HORECA
segment, medical facilities, cultural facilities, financial institutions, travel agencies, and
telecommunication companies) in relation to consumer behavior.

Thus, the initial search included more keywords (including “ambient scent”, “aroma
marketing”, “aromachology”, “consumer behavior”, and the individual selected types of
services) and their modifications in publication titles, abstracts, and keywords, which re-
sulted in us finding several articles outside the main field of interest (e.g., within chemistry
and medicine).

The next step was to define the criteria for which of inclusion of the available articles
in the analysis. The inclusion criteria for the study were as follows:

1. Articles written in English;
2. Articles published since 2005 and before May 2021;
3. Articles from peer-reviewed scientific journals or conference proceedings;
4. Articles focused on the area of scent marketing in various segments of services;
5. Articles related to aroma and neuroscience;
6. Articles including experimental design;
7. Articles in short or full version (not only an editorial or abstract).

The articles found were then screened until the end of May 2021 in order to exclude
those unsuitable regarding their topics and contents (not from the field of business, man-
agement, marketing, food sciences, and economics). Finally, from the 2360 results from
different databases, 33 full-text articles were selected on the basis of the relevance of their
data and findings to this study. Those selected articles were analyzed in depth including
type of environment, laboratory or real conditions, tested scents, sample subjects, sample
size, used methodology (traditional vs. neuromarketing research tools), measured param-
eters, and main findings. The contribution of this detailed analysis was to point out the
currently used tools of consumer neuroscience in aromachology research in the various
service segments and possible implications for further research.

3. Results and Discussion

3.1. Potential of Consumer Neuroscience for Aroma Marketing

Consumer neuroscience combines knowledge from neuroscience, psychology, eco-
nomics, and information technology and, using modern tools, investigates the emotions
that influence consumer behaviour [25]. Neuromarketing examines the mind and brain
of the consumer and can identify their needs and opinions about a particular company,
advertisement, or product [6]. Therefore, “neuromarketing or consumer neuroscience can
be understood as a subarea of neuroeconomics that addresses marketing-relevant problems
with methods and insights from brain research. With the help of advanced techniques of
neurology, which are applied in the field of consumer neuroscience, a more direct view
into the “black box” of the organism should be feasible” [26]. However, consumer neu-
roscience should not be seen as a challenge to traditional consumer research; instead, it
constitutes a beneficial complementary advancement for further investigation of specific
decision-making behavior [26].

Accordingly, it is possible to divide the research tools and techniques of neuromarket-
ing into two main categories (Table 1): biometric measurement (measuring the reactions
of the body) and brain measurement (measuring the response of the brain) under the
influence of aroma/marketing stimuli [27]. Each approach captures a different type of
signal, and each brings a number of various advantages and disadvantages depending on
the used measurement technique.
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Table 1. Neuromarketing measures from the body and the brain.

Neuromarketing Measures

Body Measures Brain Measures

Somatic (SNS) measures Automatic (ANS) measures Blood flow measures Electrical measures

Facial expressions Electrodermal activity (EDA) Blood oxygenation (fMRI) Electrical fields (EEG)

Facial muscle movements Heart rate Positron emissions (PET) Magnetic fields (MEG)

Eye movements and fixations Blood pressure - -

Eye blinks and the startle reflex Respiration - -

Behavioral response times Pupil dilation - -

There are many studies around the world that used neuroimaging and biometric
methods to demonstrate the effect of odors on brain activity, which analyzed human re-
sponse using the EEG signal [28] or the effect on emotions from a mood and physiology
perspective [29–31]. In general, consumer neuroscience has helped gain new insights into
consumer research by examining the effects of different aromas on affective and cognitive
processes [20,21,32]. More detailed knowledge about brain processes influenced by scents
was provided by a study [33] using functional magnetic resonance (fMRI). A prerequisite
for applying consumer neuroscience in the selection of scents is that their influence is
manifested mainly at the unconscious level. This statement was also confirmed by [34,35],
which emphasized the fact that almost 75% of the feelings that occur during a day are regu-
lated by scents. This assumption was surveyed in a study evaluating several floral, herbal,
and fruity scents and their effect on emotions, which showed that the most popular scents
were those that were the most pleasant [36]. There are several studies that used consumer
neuroscience tools to demonstrate the effect of particular aromas. In an experiment [37],
the effects of eucalyptus aroma, which is considered as an energizing one [38], and linalool,
which is considered a sedative one [39,40] were tested. The aim was to find out whether
it is possible to influence the attention of participants by simultaneously aromatizing the
space with contrasting scents. Secondary outputs of the research were traditional data
(potentials) related to the response to events and the strength of the oscillating activity of
the brain. Another study [20] focused on surveying the emotions caused by odor stimuli
and how odors play a role in evoking emotions in individuals with different olfactory
abilities. Participants were presented with fragrances and then asked to identify them by
choosing from five options, which included an “empty” option displayed on a computer
screen. Their brain activity was monitored by EEG throughout the process. EEG uses
electrodes applied to the upper part of the skull (scalp) and records a very low electric
current from brain fields 2000 times per second, generated by the rapid movement of
neurons due to nerve impulses [20,41,42]. In fact, it is a measurement of a very weak
signal that permeates the skull and soft tissue to the surface of the head; however, the EEG
can amplify this signal and filter out noise [43]. It is a dynamic test of frequency, which
changes with brain maturation, alertness level, age, and drug use. EEG frequencies can
be varied either diffusely or locally, by transient, fixed, or progressive change [44]. The
results indicated that normal individuals do not pay as much attention to odor information
unless specifically asked to do so. On the other hand, olfactory-sensitive individuals seem
to implicitly pay a certain level of attention to odor information that evokes a natural state
(passive odor). Another study [21] was focused on examining the effect of stimulation
duration and time of response (TR) in the form of blood-oxygen-level-dependent imaging,
or BOLD contrast imaging, in the activation pattern of four olfactory brain areas: the
anterior and the posterior piriform cortex, the orbitofrontal cortex, and the insula. BOLD
fMRI, which is dependent on neural activation in the olfactory cortex, has facilitated, in
particular, the identification of cortical and subcortical structures of the brain involved in
olfactory processing [45]. A time-course analysis of the activation of the general linear
model (GLM) in these olfactory brain areas revealed that short TR is associated with a
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more pronounced relative increase in signal compared to long TR. Long stimulation was
associated with a longer time-to-peak signal and an oscillating BOLD response. Accord-
ingly, the traditional GLM analysis confirmed that the combination of short stimulation
and short TR can lead to visually more extensive activation in the olfactory cortex. The
question whether masked body odors influence any decision-making role or whether their
influence is specific to moral dilemmas was also researched in another experiment [46].
This one focused on examining how the emotional response is represented in the human
brain during the cross-interaction between odors and trigeminal stimuli and whether the
degree of agreement between the two types of stimuli affects these emotional responses
and their neural processing. fMRI is a derived variant of MRI. Its concept is based on a
conventional MRI scanner, but it also records two other phenomena—blood perfusion
(flow) and oxygen supply [47]. This method is a popular tool of academic researchers, and
it can currently be considered the most widespread in the research of cognitive functions,
emotions, and personal qualities.

There are several studies in neuroscience focusing on the sense of smell and its
direct connection to the limbic system and memory centers in the brain. An example
is the phenomenon of Proustian memory [48]. The Proust phenomenon is the basis for
the hypothesis that odor-evoked memories are more emotional than memories evoked
by other stimuli. Currently, there is descriptive and laboratory-based support for this
proposition. Descriptive autobiographical memory studies have shown that odor-evoked
memories are highly emotional, as measured by both self-report and heightened heart rate
responses [49–51]. Several cross-modal laboratory experiments have further demonstrated
that memories associated with odors are more emotional than memories associated with
cues perceived through other modalities (vision, tactile, and verbal) [52]. The sample size
for such surveys ranges from 15 to 30 respondents. The effect of aromas was examined using
electroencephalography (EEG) on a sample of 16 respondents in Croatia [53]. A commercial
research agency in Slovakia monitored the effect of Christmas scents on consumer emotions
in a sample of 20 respondents [54]. The European Society for Opinion and Marketing
Research (ESOMAR) argues that most research agencies which use consumer neuroscience
have much smaller samples of respondents than in traditional market research, with
15–30 respondents sufficient to achieve quality results [55].

In addition to the use of these technologies to determine the specific effect of scents
on human brain activity, the selection of the right aroma for real-world use also comes to
the fore. Marketers are increasingly using ambient scents as a strategic tool to differentiate
themselves from the competitors, attract customers, stimulate sales, influence moods, and
create an overall pleasant and unforgettable shopping experience [56]. Several aspects affect
the consumer’s decision making and choice, including mood or emotional state [57,58].
The role of emotions in the consumer decision-making process is explained by the principle
of neurological and cognitive frameworks, such as the theory of somatic markers [59],
which focuses on the so-called attention to the negative effects of decision making.

Proof of that is the application of consumer neuroscience tools in the food industry
which has recently gained considerable popularity in academia and commerce. Large
research companies such as Nielsen, Kantar, or Ipsos have included these tools in their
commercial offerings [60]. Despite many critical aspects, such as questioning the privacy
limit or the concept of free will, the incorporation of these technologies into consumer
behavior and market research currently forms an essential part of understanding and
meeting research goals [61].

The development of consumer neuroscience in food and retail also faces some concerns
about the interpretation and findings of some commercial studies conducted so far [62], due
to the fact that some companies even make controversial claims without evidence-based
citations [63,64]. Thus, it should be noted that academic studies are based on strict protocols
and adherence to methodological procedures [65], which allows for a new perspective
on unconscious consumer perception. Nevertheless, there are some critical views on the
existence of strong unconscious influences on decision making and related behavior [66].

59



Appl. Sci. 2021, 11, 7636

Usually, traditional surveys are used for understanding the perception of aromas,
but these approaches require larger samples of respondents to obtain reliable results and
are based on the assumption that participants are able to express their preferences [67].
However, it should be highlighted that food stimuli can also affect preferences and eating
habits on an unconscious level [68]; therefore, the use of neuroscientific methods has
its justification in this area. Their main goal is to measure crucial aspects of consumer
perception not only in the unconscious (attention, emotional response, and memory), but
also in the declarative area (attitudes and preferences) [69,70], so that the findings can be
applied in managerial decision making in the creation of effective sales strategies [60].

3.2. Importance of Aroma Marketing in Various Segments of Services

The current era is characterized by intensifying competition of individual business
environments and entities. The acquisition and the maintenance of customers are becoming
more challenging, not excluding the area of services. Therefore, in this marketing environ-
ment, new strategies and approaches have also been expanding, which focus on the use of
various and innovative technologies to explore consumer behavior and the possibilities of
its influencing. Therefore, in the service sector, communications focused on human senses
and, in our case, especially on the sense of smell in the form of consumer neuroscience, are
also of great importance, because they help to reveal consumer decision-making processes
in their subconsciousness [71]. The intangible nature of services makes it significantly more
difficult for customers to evaluate their offer before the actual consumption. According
to Goldkuhl and Styvén [72], aroma marketing using scents and various innovative tech-
nologies offers an effective tool for increase the tangibility of services. Examining customer
behavior is becoming more important and a frequent purpose of research and studies in
every area of today’s operations. It focuses mainly on the attractiveness of the premises in
which customers move, as well as the attractiveness of the services provided to consumers.
Therefore, much research is focused directly on the use of aroma marketing in services
such as cafés or restaurants, hotels, travel agencies, transport, medical facilities, finan-
cial institutions, and many others, as well as on the effects of aromatization on customer
behavior [25].

3.3. Gastro Sector

Specifically, we can look at the restaurant segment. There are many scents for this
service industry that are suitable for application to a given space. These are mainly the
aromas related to the dominant offered item. Thus, it is often a food aroma. When entering
service areas (as well as other services), the first impression is particularly important, which
decides whether customers will feel comfortable, which of course will affect their spending
and possibly whether they will come back. According to many surveys of aromatization
already carried out, we can observe that it is advantageous for gastronomic establishments
to aromatize their premises, thus influencing their customers and increasing their spending,
because various aromas (such as the smell of chocolate, fresh bread, or even beef and many
others) also increase salivation and, thus, the overall appetite (see, for example [73]).

The important role that aroma marketing plays, especially in such facilities, is also the
neutralization of negative odors. Another very important impact that the aromatization of
services has, as demonstrated through realized research, is the visible positive economic
effect. Furthermore, Errajaa et al. [74] claimed, according to their research focused on the
gastro services and experiment realized in a French café, that, when the scent is perceived
as congruent with the brand image, reactions in the store are more favorable. It is not only
about the use of scent, but also whether it is congruent with the environment. However, the
scent must be perceived by consumers as consistent with the brand image. This improves
guest satisfaction, intention to revisit, and perceptions of the product and service. These
findings highlight the importance for services to use scents to generate a positive impact
on their guests. One of the studies important to us was carried out in Slovakia, which
examined the effect of aromatization used in the SportPub restaurant in Brezno and the
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effect of smell on consumer preferences when selling baked baguettes, i.e., paninis. Two
different aromas were applied to the space—“chicken soup” and “crunchy bread”. The
results, after comparing sales in the period with and without aromatization, showed that the
aromatization of the restaurant was beneficial. On average, more paninis were sold in the
period with aroma [25]. Another experiment that was carried out, also using the innovative
neuroscience technology (specifically, the FaceReader device), examined aromatization in
the Sport Café in Nitra. The research consisted of testing in laboratory conditions, where a
group of respondents—customers of a given cafe—were surveyed on the basis of conscious
and unconscious feedback in choosing the appropriate aroma. The selected aroma was a
coffee house. It was then tested in real conditions, implemented in the space of the café. The
results of testing confirmed the assumption that the aromatization used in the selected café
increased coffee sales. An increase of approximately 30% was observed during the testing
period [5]. Further research focused on the effect of aromatization in the gastro segment
was carried out in a pizzeria in Brittany, France. Two different aromas were dispersed in
the restaurant environment in different places: lavender and lemon. The sales results from
the aromatization period were compared with the sales results before the aromatization.
They showed that the lavender aroma increased the length of stay of the customers and the
amount of food they ordered. Lavender had a relaxing effect on people, which led them to
stay in the aromatized area longer. In the pleasant relaxing atmosphere, customers ordered
additional items and, thus, increased the final amount spent. However, in the case of lemon
aroma, such an impact and increased sales were not demonstrated [75], which highlights
the need to choose the appropriate aroma for scenting. Because, when the aroma and its
intensity are not chosen correctly, such aromatization may have the opposite effect. A
similar experiment was carried out in Maltese restaurants [76]. The objective was to assess
if lavender and lemon scents impact the customer’s dining experience in terms of money
and length of time spent in mid-range restaurants in Malta. The experiment was conducted
in three restaurants. However, their findings suggest that scents did not statistically impact
the time and money spent in restaurants by consumers. Gaillet et al. [77] presented a
study conducted in Dijon, France, where groups of participants were exposed to the scent
of melon (as a typically entrée-related aroma in France) to the scent of pear (a typically
dessert-related aroma). Both were presented at a very low and imperceptible level. They
compared the impact of these scents to the experiment with no scent. The results showed
that those who were exposed to the melon scent tended to choose more salads and less
fatty entrées than those who were not exposed to this scent. Furthermore, those exposed to
the pear aroma chose more fruit desserts than those in the no scent group [77]. Research
about the impact of aromatization on customers was also carried out, for example, in
the KFC fast food network in Mauritius. The campaign aimed at smelling their unique
spice was realized. The restaurants delivered this aroma with food orders to companies
at lunch time. The shipment contained chicken, byproduct, and biscuit. The intention
was to release the aroma of fried chicken throughout the office and to evoke a taste for
the food in busy research participants. According to the survey, 46.3% of participants
felt excited about the aroma, 31.3% of participants felt very happy, 12.7% of participants
felt nothing, and 9% felt relaxed [78,79], which points to the positive impact of aroma on
customers. The study was based mainly on surveys conducted through questionnaires
submitted to 133 random respondents—customers of KFC—to find out how sensory
marketing affects the consumption level of rational individuals. The study confirmed that
our five senses have a tremendous impact on how consumers purchase and experience
products, services, and brands, as well as contribute to a company’s strategic marketing.
The result was that the smell of the restaurant motivated customers to choose the KFC
restaurant without planning [80]. Another experiment was realized in restaurants in Sri
Lanka. For the study, Randiwela and Alahakoon [81] chose the world-known restaurants
McDonalds, KFC, and Manhattan Fish Market. Through the questionnaire, they collected
data and realized a limited number of interviews to explore in-depth information. Data
were collected from respondents (guests of the restaurants), as well as through several
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in-depth interviews. Findings supported the assumption that sensory marketing has a
strong impact on customers, whereby smell was one of the strongest factors. We can find
many other experiments realized by sellers and various concerns with using the power
of smell and scents which had a positive impact, mostly on sales. We can also mention,
for example, the world-famous company focused on selling donuts (Dunkin’ Donuts), the
company focused primarily on selling coffee (Starbucks), the Cinnabon bakery network,
the Subway or Burger King fast-food chains, and many others (see more in [71]).

3.4. Traveling and Travel Agencies

The transport industry is also making progress in finding new ways to increase the
wellbeing and comfort of passengers, with the primary focus on increasing profits. One of
the strategies that is increasingly used is aroma marketing. Whether the goal is to achieve
customer loyalty or brand awareness, aromatization has proven to be beneficial. Today, it
is also becoming a common strategy in this segment of services. Thanks to the right choice
of aromatization, such companies can induce in passengers a pleasant feeling of traveling,
as well as a feeling of luxury or a relaxing environment.

Travel agencies are also among the service sectors in which aroma marketing plays an
important role. Until recently, they only used holiday catalogs, brochures, and pictures to
attract customers and promote sales. At present, this area of services is increasingly using
the potential of aromas, where it uses scent to try to induce in its customers a holiday feeling
the moment they enter the office. Studies have shown that specially designed exotic scents
directly evoke the right holiday atmosphere in potential customers in the travel agency,
affect their time spent in the office, and affect their desire to book additional holidays and
spend more money than originally planned (see more in [71]). In such operations, the smell
of coconut, which evokes the atmosphere of an exotic holiday, the smell of orange, which
is reminiscent of a holiday in the Mediterranean, or the smell of the sea breeze, which is
associated, for example, with sea cruises, are used most often.

As an example, we can mention the use of aromatization within one of our experiments
in the travel agency AVOCADO, whose space was aromatized with two selected scents—
North Sea and apple. The results confirmed the positive impact of the effectiveness of
aroma deployment on the customers and on the economic indicators of the agency, because,
in the period of aromatization, there were obviously more sales than before and after the
aromatization [71].

The senses are also widely used to attract tourists during traveling in various ways.
For example, in Finland, research was conducted in buses and ferries carrying tourists. It
was examined whether the senses, mainly smell, can raise the number of sold trips. In
buses, pinewood resin was disseminated via a scent machine. Sales increased during this
period by 51%. Multiple sensory studies were conducted; however, smell was found to
strongly affect sales. In ferry, scents and sounds were applied. The scent used was fresh
linen. However, in this study, the scent stimulus did not affect visitor perception. The
reason may have been the bad position of the scent machine, which was placed in the
corner of the ferry [82].

Another study focused on aroma marketing in the field of tourist services. The
study [83] identified the forms and ways of influencing people’s senses in the process
of selling consumer goods, providing some examples from this sector of services. The
popularity of using sensory marketing was also mentioned in Luxurious cruise ships, for
example, the Voyager of the Seas operated by Royal Caribbean International, which uses
numerous multisensory facilities for the guests. There is a large casino, theater, basketball
field, golf course, rock-climbing wall, ice-skating rink, and numerous themed restaurants
including an Italian-style Portofino, which evokes the atmosphere of restaurants from the
1960s where the managers try to stun all human senses, whereby smell is a highly effective
one. This is very beneficial for the company.
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Public transport is also increasingly being aromatized by individual companies to
attract more passengers and increase their turnover. Quite large field experiments in this
area were done by Girard et al. [84] on railways to examine the effect of aroma on customers.
The researchers examined the short-term and long-term effects of ambient scents. The
experiments were conducted in collaboration with a major German railway company, in
which consumers were exposed to a pleasant, nonconscious processed scent. The results
demonstrated the scent effectiveness in the specific service context of train journeys in an
olfactory-rich environment. The second experiment lasted for 4 months, whereby regular
commuters were examined. This experiment confirmed the positive ambient scent effect.
Other consumers were then surveyed in unscented conditions, and this brought about
a surprising result, as the effects persisted even when the scent was removed from the
services cap.

We can also mention the Paris metro as one of the first forms of public transport to
scent its vehicles in 1959, using clove flowers. During the last few decades, it faced quite
a large problem due to a very unpleasant scent. Therefore, in 1998, it started another
campaign to become the sweetest scented metro. Not every customer liked it, but it
was better than the smell globally associated with Paris metro. Accordingly, we can also
mention the Metro in Madrid, which has realized several marketing campaigns focused on
smell and has implemented scent into its coaches. These campaigns were successful and
popular (see more in [71]).

3.5. Telecommunication Companies and IT Industry

Using aroma in the marketing service industry strives to create unique aromas that
connect customers directly with their services and brands, with the same main goal as in
other segments—to increase turnover and profit. Visiting such spaces is often associated
with solving some problems. Therefore, it is necessary to pay attention to the appropriate
aroma and its intensity, which can have a significant positive effect on the customer. It can
calm them in communication, while it can also have a relaxing effect when waiting in line
for a long time; it can increase brand confidence and increase brand awareness, as well as
awareness of new products or services, which in turn brings the company’s campaigns into
a new dimension and makes it easier for customers to remember and identify the brand
(see also [85]). For example, the largest telecommunication companies in Slovakia also
aromatize their spaces—Telekom and Orange—with the intention of keeping customers in
the store for as long as possible, evoking a positive and friendly feeling, making their time
in stores more pleasant, encouraging them to buy and spend more, and influencing their
emotions and shopping behavior.

An interesting study was focused on challenging the measurement of the effectiveness
of scent marketing when applied to products and services that have low olfactory affinity.
Findings from the research stemmed from two studies; the first revealed that 17% (after
6 weeks) and 6% (after 12 weeks) of participants recognized a past administered scent
(orange scent). Even more interesting was, however, the second study, where ATMs were
scented with a sweet orange scent. This study showed that 15% of the interviewees detected
the scent flow around the machine at the time of exposure despite significant environmen-
tal disturbances (nearby bakery, wintertime face masks). None of the interviewees felt
uncomfortable toward the scent, and nearly half of them supported the “scented ATM”.
The result was that scent can foster customers to create positive attitudes and positively
impact purchase intention toward products and services, even in the absence of scent
affinity [86].

A relatively unusual sector where aroma marketing also has importance is the IT
segment, as discussed by Gosain and Mohit [87]. They presented various dimensions
of olfaction in the IT industry, focusing on ongoing research. They showed that smell is
somehow used in connection with computers. There has also been some work on smell in
virtual reality, albeit to a lesser extent. However, this is quite an underestimated area with
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great potential. The researchers also perceive the usage of aroma in the field of fire fighter
training, where smell gives valuable and potentially life-saving information.

As presented above, telecommunication industries have also found the value of aroma.
For this industry, smell has been successfully introduced as a new sensory modality for
interactions between human and mobile devices. The first smelling mobile phones were
placed on the market in 2008; Sony Ericsson SO701i was scented with an aromatherapy
fragrance to support relaxation during phone calls. German inventors later patented a
mobile phone with a smell chip, which allows sending and receiving smell messages [87].
Scent has also been integrated into TV screens, which waft smells from a spot on the display
when corresponding objects appear. The smell-o-system is used here. However, the authors
believe that there is a notable absence of the use of smell in the ambient media literature,
which they feel is strange, given that smell is such a perfect ambient medium; it can move
easily from our periphery to the center of attention and back out again [87].

3.6. Aromatization in Medical Facilities

Aromatization of space is also widely used in medical facilities of various types, from
hospitals to dispensaries and different places providing healthcare. The sterile scent typical
of these facilities can be replaced by something more pleasant to distract patients from
their health problems, make it more bearable for them to wait before an examination, or
calm them down before the procedure itself. Proof was shown, for example, in the study
by Lehrner et al. [88], conducted in a dentist’s waiting room, which confirmed that patients
exposed to the scent (orange or lavender) had lower levels of anxiety, were in a better mood,
and were generally calmer. From the methodological point of view, only classical feedback
in the form of a self-assessment questionnaire with the Likert scale was used to assess the
emotional states researched. Further evidence of the use and impact of aromatization in
medical settings was provided in the study by Naja, Bree, and Zaichowsky [89], which
focused on whether scents and aroma can influence evaluations of a service experience
and perceptions of personal wellness. The testing took place in the hospital’s pediatric
ward, examining three situations: odorless, with a relaxing scent (exotic fruit), and with
a stimulating scent (citrus fruit). From the research methods, traditional methods were
used, such as in-depth interviews conducted directly with hospitalized children, with
their parents, or with medical staff, along with added insight from observing children in
contact with nurses or other patients. Although the study confirmed the importance of
aromatizing such spaces, the authors indicated the need for further research in this area
due to the current study’s limitations, either due to sample size or the possible influence
of other factors on the variables studied. Another study was performed in the waiting
room environment of a plastic surgeon [90]. The subject of their research was the influence
of ambient scent or aroma (lavender) and music (instrumental music) on patient anxiety,
evaluation of the waiting environment, and perceived waiting time. From a methodological
point of view, patients evaluated the monitored indicators only through a questionnaire.
This study concluded that both scent or aroma and music effectively reduce patient anxiety,
but only if used separately. When both are active, it is necessary to carefully consider the
possible interactions.

3.7. Aromatization in Cultural Facilities

Cinemas, theaters, museums, galleries, casinos, or any other spaces intended for
cultural, entertainment, or leisure activities can also be classified as spaces where the use of
aroma is essential. The goals of aroma marketing can be different in these cases, depending
on the focus of the operation, from eliminating unwanted odors, making the time spent
in the facility more pleasant, or enhancing the experience to increasing sales of additional
goods, extending time spent in a particular space, and increasing the intention to return.
The number of such oriented scientific studies is still relatively low. An example is, e.g.,
the study [91] carried out in the actual conditions of the González Santana Museum on a
sample of 234 visitors, where three different aromas were used: the scent of clean clothes,
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apple pie, and aftershave. From a methodological point of view, feedback from visitors was
collected only at a conscious level through questionnaires using a five-point Likert scale.
The study results showed that scent has a significant effect on the perception, evaluation,
and the repeated intention to visit the museum. A considerable benefit of this study is in
its implementation in the natural conditions of the museum and in offering opportunities
for managers of art institutions to differentiate their offer and build the image of their
facilities. A similar study [92] was performed in a gallery, even though it was only a virtual
exhibition in laboratory conditions. Their study researched the effect of the scent of the
environment on the perception of valence, excitement, and memorization of works of art.
A total of 86 participants evaluated a series of paintings by two artists while being present
in an environment flavored with two scents—citrus and talc. The study confirmed that
a pleasant aroma could significantly affect the evaluation and memorization of works of
art. However, the research had its limitations, in the form of simulated conditions of a
virtual exhibition, testing only two scents, focusing on images by two authors, and testing
the scent without interacting with other senses, which opens up opportunities for further
research. Another valuable study in natural conditions, this time in a cinema complex, was
carried out in Lisbon, Portugal [93]. A sample of 407 spectators aged 14–81 participated
in the experiment under aromatization conditions and without any. The findings showed
that smell causes significant positive differences in cinema’s evaluation, environment,
and intention to return. From a methodological perspective, only classical feedback was
collected from the participants at a conscious level. Other limitations of the research due
to the realization of the study in the natural environment included an unrepresentative
sample, as the participants of the experiment were a voluntary audience, and the inability
to control all exogenous variables. Another con of the study was the failure to research the
effect of scent in combination with other stimuli (music, lighting, colors, etc.) which could
be the subject of further research in the future, as consumers perceive their surroundings as
a whole. However, despite all the limitations, the study can be considered very beneficial.
Another interesting study [94] was carried out in the environment of an aromatized cinema.
They tested the effects of olfactory and visual stimuli on remembering information in
cinema advertising. A combination of rose and sandalwood scents was chosen for the
flavoring following a preselection. Because previous research has suggested that there may
be gender differences in fragrance preferences, only 100 women took part in the survey.
They found that, while both image and scent improved brand ranking and overall ad
memory, they found that scent generated even more positive brand feelings. However,
to verify these conclusions, further research will be needed in natural conditions, as this
study was conducted in simulated conditions, although it tried to keep a high degree
of realism, e.g., by dimming the room. How scents or smells can affect the audience’s
experience was also the focus of Spence [95] within his research. He claimed that, although
the goal of aroma marketing was initially to eliminate unpleasant odors from the audience
itself, there has recently been a growing interest in aromatization to make the experience
of the performance more enjoyable. Experiential multisensory events are also becoming a
trend [96]. In conclusion, we state that the study of aroma marketing in this segment of
services has its justification and future.

3.8. Aromatization in Hotels

The intensely competitive environment in the hotel industry or the HORECA segment
leads to a constant search for ways to become unique and differentiate oneself from the
competition. One of them is sensory marketing, which can get into customers’ hearts,
minds, and wallets using all five human senses [97]. A pleasant atmosphere is what every
successful hotel, guesthouse, restaurant, café, or pastry shop is built on. In a hotel envi-
ronment, aroma marketing can create an impressive welcome effect, eliminate unpleasant
odors, e.g., around the toilets, or create an olfactory logo characteristic only for the hotel,
which guests will remember, making them happy to return to the hotel. Smell or aroma
has long been neglected in the hotel industry, but today’s hoteliers are aware that scents
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can enhance guest experience or increase the perceived level of service. The choice of a
suitable scent for a hotel depends on the focus of the hotel. For example, business hotels are
likely to choose universally acceptable scents that create the impression of sophistication,
whereas modern hotels will choose a fresh or floral scent. The most frequently flavored
areas of hotels include entrance halls, corridors, elevators, and other public areas [98]. This
is why most hotel research was carried out in public spaces; however, there was insufficient
evidence of the effects of introducing fragrances in private hotel areas such as guest rooms.
The study [99] carried out in a four-star hotel in Barcelona aimed to analyze the effect of
the scent used in the hotel room on customers’ emotions. The authors chose lavender
as the scent of the environment for the experiment because it is considered one of the
most pleasant scents for humans. In addition, one of the significant benefits of this study
lies in the methodological apparatus used, as emotional valence was measured using the
FaceReader technology and was not only based on directly asking respondents through
questionnaires. This study suggested that the introduction of fragrance into a hotel room
can evoke positive emotions in customers. Individuals who experienced a flavored room
showed a higher intensity of happiness and emotional valence than individuals who experi-
enced a room without smell or aroma. The author of another study [100] believed that scent
can evoke an immediate emotional reaction in hotel guests. He carried out his experiment
on a sample of 200 guests at the ITC Sonar Hotel in Kolkata, although he collected feedback
only using a classic questionnaire. ITC Sonar operates a whole network of luxury hotels
in Kolkata, with its olfactory brand evoking a feeling of luxury. The refreshing scent of
white tea welcomes guests as soon as they enter the hotel and contributes to building
customer loyalty to the brand itself. The experiment results confirmed that, thanks to the
scent, guests felt more relaxed and more pleasant, with more than 85% of customers also
expressing their intention to visit the hotel repeatedly. Another study [101] was realized in
a hotel in Hong Kong, which also flavors only the entrance public spaces and the reception
with a specially created scent, a combination of ginger flower, lily, tuberose, lemongrass,
and vanilla. The purpose of their research was to uniformly research the emotional states of
guests evoked by the hotel’s scent, using a questionnaire technique with a versatile range
of scents to measure feelings. The results showed that happiness, pleasure, and sensuality
can be included among the most dominant emotions that the scent evoked in the guests. A
deeper analysis confirmed that these positive emotions are also associated with motivation
to revisit the hotel, overall satisfaction with staying at the hotel, a feeling of loyalty to the
brand, or a willingness to buy a scent for home or office.

3.9. Aromatization in Financial Services

Aroma marketing has a specific meaning for financial institutions as well. Banks,
insurance companies, leasing companies, or other financial service providers can provide a
pleasant scent, e.g., entry welcoming effect, making long queues more pleasant for clients,
freeing them from unpleasant duties, or creating a trustworthy and safe atmosphere.
Financial services were the subject of a study by [102] who focused on the influence of
scent and music. A properly chosen musical background also makes the environment more
pleasant and contributes to maintaining a discreet atmosphere. According to the available
literature and sources, the authors found fast contemporary music to be the most suitable
for testing, along with the scent of lavender mixed with wormwood and nutmeg, as it
alleviates anger. Feedback from 607 experiment subjects was obtained via a questionnaire
distributed while waiting in line at customer centers during peak hours. The research
confirmed that a long wait for the service evoked negative emotions in the clients, which
was subsequently reflected in the negative evaluation of the services. Although music had
a more significant positive effect on customer reactions in this study, the main advantage
of scent is that it is not annoying. In the future, however, the authors suggested testing
different musical styles or different intensities of scent. The mentioned study proves that
even institutions, in which the visit is not pleasant or expected to be the most pleasant, can
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be turned into places with a pleasant atmosphere through the correct use of marketing
communication tools.

In addition to the mentioned service segments (Table 2), aroma marketing can be
applied elsewhere. We did not mention energy service providers, centers for the elderly,
entertainment centers, fitness centers, car shops, fashion boutiques, administrative centers,
etc. It is possible to create the desired atmosphere and influence consumer behavior almost
anywhere; therefore, its further investigation is justified.

Table 2. Studies related to aroma marketing in various segments of services.

Authors/Year Environment Scent Research Techniques Subjects Measures

Errajaa et al.
(2020)

Restaurants,
cafés, hotels

Congruent
scent Traditional Not reported Guest satisfaction—

brand image

Girard et al.
(2019)

Railways Pleasant
ambient scent Traditional

330 customers—pre-test;
204 customers—1.

experiment test and 100 +
74 customers 2. Experiment

Ambient scents’ positive
long-term and aftereffects
on consumers’ situational

service perception
through the survey

Berčík et al.
(2016)

Restaurant Crunchy bread,
chicken soup Traditional Not reported Increase in sales of

paninis was examined

Spence
(2015)

Restaurant/food
and beverage

sector

Appropriate
product
aromas

Traditional Many experiments
analyzed

Examining of the various
fields of this segment

Kumamoto and
Tedjakusuma

(2013)
Business Orange scent Traditional

2 studies—
45 surveyed students,

69 interviewed shoppers

The feasibility of scent as
an effective promotional

tool for business

Goldkuhl and
Styvén
(2007)

Services Not reported Not reported Not reported Examining various fields
of this segment

Berčík et al.
(2020)

Services Coffee house Neuroscience 8 respondents in laboratory
and 50 respondents in café

Examining various fields
of this segment and the

economic impact

Berčík et al.
(2020)

Services Not reported Traditional -
Examining various fields
of this segment and the

economic impact

Randiwela and
Alahakoon

(2016)
Restaurants Food aromas Traditional

Survey—300 respondents
and several

in-depth interviews

Surveys to examine the
impact of sensory

marketing elements on
perceived quality
and brand loyalty

in restaurants

Randhir et al.
(2016)

Restaurants KFC food
aroma Traditional 133 respondents Survey—impact of scent

on customers

Hussain
(2018)

Fast-food
restaurants

Restaurant
food aromas Traditional 300 respondents Survey—impact of

aromas on customers

Hussain and
Azeem
(2019)

Restaurants Restaurant
food aromas Traditional 1600 respondents

Survey—impact of
aromas on

customers—spent time
and higher consumption

Camilleri and
Mizzi
(2020)

Restaurants Lavender and
citrus aromas Traditional Observation of customers

Scents’ impact on a
customer’s dining

experience in terms of
money and length of time

spent in mid-range
restaurants in Malta

Guéguen and Petr
(2005)

Restaurants Lavender and
lemon aromas Traditional Observation of customers

Scents’ impact on a
customer’s dining

experience in terms of
money and length of

time spent
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Table 2. Cont.

Authors/Year Environment Scent Research Techniques Subjects Measures

Isacsson,
Alakoski and Bäck

(2009)
Tourism

Pinewood
resin scent,
fresh linen

Traditional Did not report the exact
number of respondents

Exploring the effects of
ambient scent in

combination with film
and sound on sales

of excursions

Kuczamer-
Kłopotowska

(2017)
Tourism Not reported Not reported Not reported

Positive impact of smell
and other senses onto

the customers

Gosain and
Sajwan
(2014)

IT industry Not reported Not reported Not reported

Positive usage of the
scent in various spheres

of the IT
industry—digitalization

of the smell

Darabi and Mirabi
(2018)

Mobile industry Natural scent Traditional
150 clients of one of the

customer service offices of
the mobile operators

The effect of the ambient
scent on feelings of

comfort, perception of
waiting time, loyalty, and

charming sensation

Proserpio
(2017)

Restaurants
Beef, chocolate,

melon,
cucumber

Traditional 87 female participants

Investigating food intake,
saliva production, and
appetite in response to

ambient odor

Gaillet et al.
(2013)

Restaurants Melon, pear Traditional Two experiments—58 +
70 participants

Examining whether an
olfactory food cue could

have an impact on
food choices

Lehrner et al.
(2005)

Dental office Orange,
lavender Traditional 200 respondents

(18–77 years)

Examining whether
ambient odors could
reduce anxiety and

improve mood in patients
waiting for

dental treatment

Naja, Bree and
Zaichowsky

(2012)

Pediatric
department

Exotic fruit,
citrus fruit Traditional 61 participants (children

8–12 years + parents + staff)

Investigating evaluations
of a service experience

and perceptions of
personal wellness in

response to ambient odor

Fenko and Loock
(2014)

Plastic surgeon Lavender Traditional 117 participants
(14–88 years)

The effect of the ambient
scent on patient’s anxiety,
evaluation of the waiting

environment, and
perceived waiting time

Cirrincione, Estes
and Caru

(2014)
Virtual exhibition Talcum, citrus Traditional 86 participants

Investigating perceived
valence, arousal, and

remembering of artworks
in response to
ambient odor

Vega-Gómez et al.
(2020)

Museum

Clean clothes
scent, scent of

apple pie, scent
of aftershave

Traditional 234 participants

Investigating influence of
scent on perceptions and
evaluations, as well as on

the intentions to revisit
the institution

Verissimo and
Pereira
(2013)

Cinema complex Not reported Traditional 407 participants
(14–81 years)

Examining whether scent
could produce positive

differences in the
evaluation of the theater,

its environment, and
intention to return

Lwin and Morrin
(2012)

Simulated movie
theater setting Rose/sandalwood Traditional 100 female participants

Effects of multisensory
cues on brand evaluation

and advertising recall
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Table 2. Cont.

Authors/Year Environment Scent Research Techniques Subjects Measures

Anguera-
Torrell et al.

(2021)

Hotels’ private
areas Lavender Neuroscience 99 participants

Examining whether
ambient scent in a hotel

guest room can elicit
positive emotions

in customers

Chatterjee
(2015)

Hotel White tea Traditional 230 participants

Investigating influence of
scent on attention,

experience, and
revisiting intention

Denizci Guillet,
Kozak and
Kucukusta

(2019)

Hotel

Combination
of ginger

flower, peace
lily, tuberose,
lemongrass,

vanilla

Traditional 326 participants Scents’ impact on guests’
emotional states

Ali and Ahmed
(2019)

Hotel Not reported Traditional 400 respondents
The effect of sensory
marketing on hotel

market share

McDonnell
(2007)

Financial services

Lavender,
blended with

sagebrush and
nutmeg

Traditional 607 participants

Examining whether
music and scent could

increase customer
satisfaction among

customers kept waiting in
a line and reduce

queue rage

Yao, Song and
Vink
(2021)

Aircraft cabin
Lavender,

cedar,
mandarin

Traditional 276 university students
The effect of scent on the

perceived comfort of
an environment

We can summarize that the use of aromachology in the service segment has gained
significant importance in recent years and has, therefore, been the subject of several
scientific studies.

There is substantial research available directly focused on aroma marketing in ser-
vices such as cafés or restaurants, hotels, medical facilities, financial institutions, cultural
facilities, and many more. Table 2 summarizes all 33 studies described by us considering
selected indicators (place of experiment, type of aroma used, size of the researched sam-
ple of respondents, and researched variables). According to the available resources, we
conclude that aromachology is probably the most widely used in the HORECA segment’s
services [5,25,73–81,97,99–101].

We have described the options of using and researching aromachology in the selected
types of services above. Therefore, we conclude that the studies were aimed at researching
the impact of aroma in the service segment on selected variables such as customer satis-
faction, evaluation of the service, attention, experience, revising intention, and emotional
states. Some studies also researched the economic impact of aromatization [5,25,75,76].

The sample size of respondents in individual surveys varied diametrically from tens of
respondents [5,73,77,86,89,92,99] to hundreds of respondents [78–81,88,90,91,93,94,97,100–102].
The limitation of certain studies was the omission of these data [72,82,87], the selection of
respondents, e.g., involving only women in the survey [73,94], or carrying out the survey
on a sample of students [86,103]. Another limitation of several types of research was their
implementation only in simulated conditions [92,94,103].

The research of customer behavior due to aroma was, in most cases, researched through
explicit feedback through questionnaires [88,90,91,100], in-depth interviews [81,89], or obser-
vations [75,76,89]. The use of innovative technologies to research the effect of aroma on
consumers’ emotions or consumer behavior was relatively limited in particular studies.
The benefit of only two up-to-date studies [5,99] was the methodological apparatus used,
as emotional valence was measured using the FaceReader technology. Because odors
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and fragrances have mainly a subconscious effect, we see huge potential in extending
explicit testing to implicit feedback research using biometric and neuroimaging tools in
consumer neuroscience. In addition to monitoring the effects of aromatization, qualitative
air conditions should also be of interest, as they were also taken into account in only a
limited number of research studies [5,25].

4. Conclusions

Despite the fact that the relative importance of smell within the human senses is
3.5% [104], it has great importance in marketing. The marketing industry, as well as other
sectors, is increasingly confronted with the problem of visual and information overload.
This has caused consumers to become increasingly immune to traditional marketing
activities and, thus, they register them in a state of so-called perceptual blindness [1–4].
Hence, it is becoming more difficult to attract the customer at the point of sale, which is
the last chance to potentially reverse a person’s decision to purchase a product. This is the
main reason why there is increased interest in influencing several senses at the same time,
which could guide shopping behavior. One option is for marketers to focus on the use
of smell.

While all other sensory systems represent a long way of transmitting information to
the brain, including the transfer and transmission of information, the sense of smell is
directly connected to the centers of the brain responsible for emotions and memory. Smell
is the most sensitive sense of the human body. Similarly to taste, it uses chemoreceptors to
detect the signal, with which we constantly monitor our surroundings.

There are only a limited number of studies in the field of service providers that used
neuroscience tools to examine the effect of aromachology on human emotions. Method-
ological procedures varied widely between each study, making it difficult to compare
and extrapolate them. Explicit forms of obtaining feedback through a questionnaire or an
in-depth interview were used most commonly. Very often, an olfactometer device was
used, which enabled a subjective evaluation of the pleasantness or unpleasantness of odor
perception, most often in laboratory conditions. Due to the fact that fragrant compounds
and odors mainly have a subconscious effect, it is necessary to extend the methodological
apparatus to implicit research using the tools of consumer neuroscience.

In this context, subconscious measurement can be performed using a device that
monitors electrical brain activity, e.g., an electroencephalograph, similar to the one used in
medicine, but a mobile version. These measurements can also be extended by a biometric
method for measuring galvanic skin response (GSR). A less complicated device is for the
observation of facial expressions and dilation of eye pupils, where the recorded face video
is analyzed by a special software (FaceReader).

Furthermore, new technologies for gaining unconscious feedback are emerging, which
work with anonymized data and can monitor the emotional index of a given space through
special cameras. The device captures people’s emotions when entering and exiting a
given space, thus being able to record changes in the feelings of customers or clients.
Simultaneously, it can identify whether this change occurred in a positive, neutral, or
negative direction. The development of the emotional index can be monitored over time,
e.g., at hourly, daily, and monthly intervals.

Given the findings, there is a clear need for research in aromachology in the field of ser-
vices, not only with the use of consumer neuroscience tools, but also their implementation
under real conditions, since environmental factors such as air quality can fundamentally
affect overall consumer perception.
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71. Berčík, J.; Gálová, J.; Neomániová, K.; Mravcová, A.; Vietoris, V. Metodika Skúmania Vplyvu Aromatizácie v Obchode a Službách s
Využitím Inovatívnych Nástrojov na Získavanie Spätnej Väzby; Slovenská Pol’nohospodráska Univerzita: Nitra, Slovakia, 2020; 71p.

72. Goldkuhl, L.; Styvén, M. Sensing the scent of service success. Eur. J. Mark. 2007, 41, 1297–1305. [CrossRef]
73. Proserpio, C.; de Graaf, C.; Laureati, M.; Pagliarini, E.; Boesveldt, S. Impact of ambient odors on food intake, saliva production

and appetite ratings. Physiol. Behav. 2017, 174, 35–41. [CrossRef]
74. Errajaa, K.; Legohérel, P.; Daucé, B.; Bilgihan, A. Scent marketing: Linking the scent congruence with brand image. Int. J. Contemp.

Hosp. Manag. 2021, 33, 402–427. [CrossRef]
75. Guéguen, N.; Petr, C. Odors and consumer behavior in a restaurant. Int. J. Hosp. Manag. 2005, 25, 335–339. [CrossRef]
76. Camilleri, R.; Mizzi, M. The Effects of Scent on Consumer Behaviour in Maltese Mid-Range Restaurants. MCAST J. Appl. Res. Pract.

2020, 4, 107–119. [CrossRef]
77. Gaillet, M.; Sulmont-Rossé, C.; Issanchou, S.; Chabanet, C.; Chambaron, S. Priming effects of an olfactory food cue on subsequent

food-related behaviour. Food Qual. Prefer. 2013, 30, 274–281. [CrossRef]
78. Hussain, S. Brand Image and Customer Loyalty Through Sensory Marketing Strategies—A Study on International Fast Food

Chain Restaurants. Int. J. Manag. Stud. 2018, 5, 32–39. [CrossRef]
79. Hussain, S.; Abdul Azeem, M. Sensory Triggers to Drive Sales- Creating Competitive Advantage Through Multisensory

Consumption Experience in Restaurants. Restaur. Bus. 2019, 118, 167–178. [CrossRef]
80. Randhir, R.; Latasha, K.; Tooraiven, P.; Monishan, B. Analyzing the Impact of Sensory Marketing on Consumers: A Case Study of

KFC. J. US China Public Adm. 2016, 13, 278–292. [CrossRef]
81. Randiwela, P.; Alahakoon, S. Sensory marketing is to flourish or perish: Restaurant in Sri Lanka sensory. Camb. Bus. Econ. Conf.

2016, 1.
82. Isacsson, A.; Alakoski, L.; Bäck, A. Using multiple senses in tourism marketing: The Helsinki expert, Eckerö Line and Linnanmäki

amusement park cases. Tourismos 2009, 4, 167–184.
83. Kuczamer-Kłopotowska, S. Sensory marketing as a new tool of supporting the marketing communication process in tourism
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Abstract: Literature on aromatization in production environments is very limited. The literature
rather describes the impact of aromachology on employees in administrative premises, but published
research results on the influence of aromachology in production premises are not available. There are
no scientifically based studies and research that analyze and provide at least partial evidence of the
impact of fragrances on the productivity and economic performance of companies. For the study of
the literature of the area of our scientific interest, we chose the globally most frequently used scientific
information database Scopus. In deciding on the selection of keyword combinations and in the search,
we relied primarily on our previous experience and the area of research, which is the aromatization
of spaces in industrial production, and its impact on the performance of employees, respectively.
We also consider the industrial applications of aromachology, and how an indoor environment is
important for people’s health and comfort.

Keywords: aromachology; scents; smell; behavior; consumer psychology; aroma marketing

1. Introduction

Aromatization of the environment evokes effective or certain emotions. The purpose
of aromatizing the internal environment is, of course, to evoke effective emotions with the
defined goal of stimulating the perception of the human environment. A scientific view of
human perception of flavors has been published by Small et al. [1], who from a medical
point of view explain the human perception of aromas by both possible requirements, i.e.,
nose and mouth. Aromatic molecules contact the olfactory epithelium through the nose,
which means that it is the perception of aromas from the outside environment, or through
the mouth (retronasal sniffing). Then, the aroma is perceived by the mouth and associated
with taste (sweet, sour, salty, spicy and hot). These situations are graphically displayed in
Figure 1.

There are two basic principles for the perception of aroma through the human nose,
which are named aromatherapy and aromachology. Although these concepts sound very
similar, they differ in their principled focus, i.e., the quality of the aroma, its priority
purpose, and use, which are summarized in Table 1. However, both support the positive
effects of fragrance on a person’s mood and emotions. A systematic review of these two
different disciplines is published by Čarnogurský et al. [2].

Appl. Sci. 2021, 11, 5600. https://doi.org/10.3390/app11125600 https://www.mdpi.com/journal/applsci
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Figure 1. Human perception of aroma.

Table 1. Differences between Aromatherapy and Aromachology.

Fragrance Quality Solves Preferentially Main Purpose Main Purpose

Aromatherapy Natural
Launching and causing
a specific physiological

reaction in humans

Health status of
individuals In medicine

Aromachology Natural Synthetic
Launching and causing

a psychological
reaction in humans

Affecting the mood and
behavior of people

For commercial
purposes-retail, work

environment

Aromatherapy is about the therapeutic use of natural scents and about bringing
well-being [3–6]. Systematic research has also shown that aromatherapy is one of the
popular complementary and alternative drugs, and the beneficial therapeutic effects of
aromatherapy on employee psychological health have also been confirmed, including
improving work performance and reducing workplace stress [7–10]. Aromachology is
based on scientific studies, examines the psychological effects of natural and synthetic
scents on humans, and is closely linked to psychology [11–15]. Table 1 shows the basic
differences between aromatherapy and aromachology.

In general, the topic of research, analysis, and use of both principles of aromatization,
i.e., aromatherapy and aromachology of interior spaces have a different history and depth
of research. It strongly depends on the purpose of using these interior spaces.

It can be:

• Production;
• Administrative premises;
• Storage space;
• Grocery store;
• Trade in non-food products;
• Services (travel agencies, real estate agencies, consulting services, banks, financial and

insurance institutions);
• Gastronomic establishments (cafes, restaurants, bars);
• Hotels;
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• Medical facilities;
• Wellness services, relaxation centers and fitness; and
• Educational institutions, media spaces, households and other unspecified spaces.

Of the above-mentioned internal spaces, aromatization (in the sense of aromatherapy)
is commonly used in medical facilities, relaxation centers, fitness, and other areas providing
wellness services, respectively. Other services are used in households and administrative
premises.

The topic of research into the aromatization (in terms of aromachology) of indoor
spaces in which people use retail services, i.e., aromatization in non-food retail environ-
ments [16–19] and aromatization in food retail environments [20–22], is also published
in the literature. Although ambient scents within retail stores have been shown to influ-
ence shoppers, real-world demonstrations of scent effects are infrequent and the existing
theoretical explanation for observed effects is limited. Several results demonstrate how
emotional processes occurring within stimulus exposure differ across individuals with
varying olfactory abilities. Findings reveal an automatic suppression mechanism for an
individual’s sensitivity to smell.

However, the topic of research and study of aromatization (in terms of aromachology)
of interior spaces, in which people work rather manually, is a new area that science is
currently beginning to pay attention to [23]. Rather, the literature describes the impact of
aromachology on employees in administrative premises, but published research results
on the influence of aromachology in production premises are not available. There are no
scientifically based studies and research that analyze and provide at least partial evidence
of the impact of fragrances on the productivity and economic performance of companies.
Nevertheless, the number of companies implementing aromachology is constantly growing,
i.e., they flavor their premises or create olfactory traces of various brands, especially in
retail, and thus indirectly positively affect the economic performance of their companies.
These findings inspired us primarily to study the available scientific literature in the
field of aromachology research by focusing on ambient scents of production areas and
finding connections between air quality using indoor aromatics and a possible link to work
performance.

The article aims to process the most relevant available scientific literature in the
field of indoor aromatization with emphasis on application in the production process.
However, during the process of processing the available literature, we found that the
literature on aromatization in the production environment is very limited, in that it exists,
but only very marginally. For this reason, we considered the relevant literature in which
information about the existence of aroma/aromatization in production and industry and
aroma influence on work performance expressed by a good feeling of employees.

2. Materials and Methods

2.1. Work Performance–Object of the Research

The object of research in the present study is the work environment. The working
environment is defined as a set of spatial, material, physical, chemical, microclimatic,
physiological, psychological, social, and other conditions in which the production and
work process affect the results of production in term of work, motivation, performance,
psyche, safety, and health of employees [24]. Good air quality can be defined as “air in
which there are no contaminants at damaging concentrates as controlled by aware power
and with which an impressive predominant part (80% or more) of the people uncovered
do not express disappointment” [25]. The issue of the working environment in the interior
(air quality indoor), is mainly addressed by the legislation of individual countries, or the
legislation of entire regions, e.g., for the member states of the European Union, it is a set of
EU directives on safety and health at work [26]. The mentioned legislation addresses not
only the physical demands of work but also the conditions of the working environment
in the interior, e.g., temperature, air conditioning, ambient humidity, lighting, noise, air
quality, and chemical fumes, which are specific and different for each business entity and
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its operations. The company is responsible for compliance with the conditions and control
by the relevant control body within the competence of the country’s government.

The working environment, including air quality, must meet strict standards. This also
includes targeted aromatization of premises, which is known in practice and is used mainly
in shops, relaxation and wellness centers, administrative premises, or even in households.
Air modification in production facilities is not exactly described in the literature [23], rather,
questionnaire surveys [27–29] in non-production settings are known.

Only the results of the references of the interior spaces of the objects, which were
identified/extracted through the keywords industry and engineering, were included in
our subject of research.

We used data from the Scopus indexed database, to obtain data for this article, as
Elsevier characterizes it as the largest abstract and citation database of scientific literature
and quality web resources in the world. We originally approached the creation of this
article as we usually work with literature research, and we have chosen the most frequently
used sources for scientific work, Web of Science, Scopus, and Google Scholar. We based
this on based on:

• Our many years of experience in scientific work;
• From the experience of the last 3 years devoted to the field of research on aromatization

in various environments (including neuromarketing); and
• The achieved very high number and at the same time very low relevance of the

obtained links from the mentioned databases, e.g., in the Google Scholar database,
when using search strings “aroma” and “industry”, “Aromatization” and “industry”
we reached 276,000 and 21,600 links, respectively. We selected the largest abstract and
citation database of scientific literature, Scopus.

In deciding on the selection of keyword combinations and in the search, we relied
primarily on our previous experience and the area of research, which is the aromatization
of spaces in industrial production, its impact on the performance of employees, respectively.
We also looked at the industrial applications of aromachology. The data were searched in
the database by a combination of Article title, Abstract, Keywords. Subsequently, we used
frequency analysis and the obtained results were archived in an Excel spreadsheet, which
is available on request for potential use.

We entered the following search string into the search engine, which were divided
into 4 groups:

• “aroma” and “industry”;
• “aroma” and “work performance”;
• “aromatization” and “production”; and
• “aromatization” and “industry”

The next step was to define the criteria for which of the available articles will be
included in the analysis of the literal revision, and which will be excluded. We found out
after reading the title of the article and the abstract, in some cases we also studied the full
text, mainly the methods used, the object of research, the main findings, discussion, and
implications for further investigation. The selection was made according to the following
criteria:

• Articles focused on aroma in industry;
• Articles related to aroma and neuroscience;
• Articles related to work performance and production;
• Articles written in English; and
• Journal and type of scientific article.

Those articles that met our selected selection criteria underwent a detailed analysis. To
obtain the required data, we subsequently specified the individual search strings according
to the “Subject area”, which was “Engineering”. We then limited the data by year of
publication via “Year” (from 2011 to 2020). Figure 2 (authors own processing) shows the
selection process of obtaining expert articles for literature review.

78



Appl. Sci. 2021, 11, 5600

Figure 2. Article selection process.

2.2. Data Extraction

For the study of the literature of the area of our scientific interest, we chose the globally
most frequently used scientific information database Scopus.

When creating an information strategy, i.e., in order to find the most relevant links, a
method known from marketing research was used, namely market segmentation, where
the whole market is divided into segments (market subsets) according to pre-selected crite-
ria (geographical, demographic, psychographic, and behavioral principle of customers),
creating the most homogeneous subgroups of consumers that differ as much as possible
so that they can be addressed by selected marketing tools. With this approach, 4 groups
(segments) of professional papers were created by a combination of keywords, the char-
acteristics of which are in Table 2. In creating a combination of keywords, we used our
previous experience in the field of neuromarketing and aromachology [2,23].

3. Results

After entering the keyword “aroma industry”, 1805 results have been displayed in
the Scopus database since 2011. Figure 3 shows the main subject area and Figure 4 the
document type.

Figure 3. Subject area of the articles.
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Figure 4. Type of the selected documents.

After studying a large number of scientific articles included in this literature review, we
found that most are empirical and deal with the modification of the working environment
in connection with cleaning and ventilation air (air quality), thermal, visual, lighting
comfort, acoustic environment, building features for designing new buildings and the
relationship between acceptability of each environmental parameter. At the time of the
pandemic, great attention is paid to the cleaning and flow of air in existing buildings or the
design of new buildings. The authors focus on office buildings only, or facilities providing
services.

Figure 5 shows the number of articles sorted by year of publication and our search
string. The results show in recent years an increase in professional publications in the field,
which represents an opportunity to obtain relevant information and the possibility of their
use in the future.

Figure 5. Number of publications per years.
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The data in Figure 6 show an overview of the number of words that were relevant to
our search topic. In connection with the aromatization of industry, production, respectively
work performance, the word chemistry appeared the most, followed by aroma and odors,
etc.

Figure 6. The number of related words.

4. Discussion

• At the beginning of the discussion of the results obtained from the literature review,
it is necessary to emphasize that the studied area of aromachology in industry, pro-
duction environment is not exactly researched and described in contrast to research
and publication in the field of neuromarketing and its implications in the retail en-
vironment, which are richly represented in indexed but also in non-indexed sources
for more than two decades [18,30–43]. If there are published studies, then they are
marginal, which is summarized in Table 2. From the many years of experience of the
authors of the present article, working in basic and applied research and also in the
international holding company of manufacturing companies, this is mainly due to the
great diversity of industries;

• The size of industrial premises, the size of which is often incomparable with adminis-
trative, business premises and premises for the operation of services;

• The complexity of the aromatization of such spaces, and its control and management;
• Preferential focus of manufacturers on the quality of production, economic results and

at the same time; and
• Focusing manufacturers on [24,26] the protection of the health and safety of employees,

which is also related to air quality, especially clean air, ventilation, and temperature.

Table 2 is created with as many relevant publications as possible, with tens of hours of
study and sorting representing several hundred publications, however, no publications
were found directly related to the aromatization of production facilities.
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There are several research studies that publish results on the air quality effects of
indoor administration buildings on performance and productivity. The size of this effect
may be as high as 6–9% [44,45]. On the other hand, there are only a few expert research
studies that would provide information on targeted air modification (other than ventilation)
in the internal environment in the production process and the interaction, e.g., that the
treated air positively or negatively consciously or unconsciously affects labor productivity,
respectively. Published research shows that the indoor environment is important for
people’s health and comfort [46–49].

Another major research area directly related to the quality of the workspace is the
influence of emotions on the workplace [50,51]. The state of the literature shows that
affect matters because people are not isolated ’emotional islands.’ Rather, they bring all
of themselves to work, including their traits, moods, and emotions, and their affective
experiences and expressions, which influence others. Emotional intelligence is not a buzz
word only familiar in psychology and education, but is now talked about in business circles
as well.

From the studied published results of research, partial research, or studies that deal
with IAQ (Indoor Air Quality), The IEQ (Indoor Environmental Quality) shows that the
authors examined this issue through questionnaire surveys among employees working
mostly in administrative buildings [28,39] and open space offices [26], in laboratory con-
ditions and call centers [46], or residential buildings with air pollutants such as Radon,
volatile organic compounds (VOCs) and carbonyl compounds [50].

Interesting research was conducted by Mangone et al. [52] in open space offices. They
positively evaluated the effect of indoor plants on the thermal comfort of office workers
within an office building. Numerous research studies have found that plants have a
positive impact on people with respect to a diverse range of performance categories, for
example [53–56].

Seppänen and Fisk [43] critically evaluated approximately 100 expert articles on the
indoor environmental quality on human health and performance and found that there is a
relationship between SBS (sick building symptoms) and work performance. The longer
the internal environment is ventilated, the more illness and sickness decrease [56–64].
They also found a direct relationship between ventilation and the work output, but this
performance increases only to a certain extent, up to about 30 L/s/person, then the curve
acquires a saturated character. All it takes is a lower value of approx. 5 L/s and the
performance increases sharply. Although the results are not statistically unambiguous, they
nevertheless show that the parameters examined are related to the design of the building
and the ventilation of the work areas. In this paper, they have shown that it is possible,
with existing data, to estimate quantitative relationships between ventilation rate and
illness-caused absence and to quantitatively estimate how work performance is related to
ventilation rate, air temperature, and perceived air quality.

Similarly, a paper by S. Torresin et al. [44] looks at 110 literary sources focused on
non-industrial buildings. In developed countries, people spend almost 90% of their time
inside buildings, where most of their activities take place [62]. Inclusion criteria regarded
(acoustic, thermal, visual, and air quality) the investigation of interaction effects between
two or more environmental factors in occupant comfort perception and performance and
the impact of one environmental factor on the perception of other environmental aspects
(crossed effects). The effects of moderate heat stress and open-plan office noise distraction
on SBS symptoms and the performance of office workers have been shown by Witterseh
et al. [64]. They demonstrated that open office noise distraction, even at the realistic level
of 55 dBA, increases fatigue and has many negative effects on the performance of office
work, as does a moderately warm air temperature.

The complexity of research on the impact of air quality on the health or work perfor-
mance of people is also evidenced by the findings by Fisk, Wargocki and Zhang [45]. The
published results of the research are not clear and further research is needed to address the
discrepancies among the current findings. Experts on workplace air quality assessment
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have been working for a long time to develop an indoor air quality checklist (IAQ) to intro-
duce the need for workplace air quality control [65]. Four environmental factors—defined
by several physical quantities related to acoustical, thermal, visual environments, and
Indoor Air Quality (included chemical composition, air velocity), respectively—have been
identified as the most important to characterize indoor environments from the American
Society of Heating, Refrigeration and Air-conditioning Engineers [66,67]. To control the
air from production processes and to eliminate this impact on the study of the effects of
flavoring as much as possible, it is possible to use a system called KOALA (Knowing Our
Ambient Local Air Quality), which is a low-cost air quality monitor, which was deployed
in Sydney (Australia) and was successfully used as air quality monitor data in the internal
and external environment via a deep learning technique called long short-term memory
(LSTM) [68]. There is also a method of measurement on pollutants and to use health effects
on a six-degree scale from good to hazardous. An integrated sensing system is part of a
smart building where real-time indoor air quality data are monitored round the clock using
sensors and operating in the Internet-of-Things (IoT) environment [69]. It is also useful and
extremely necessary to follow the IAQ (Indoor air quality) checklist when planning analy-
ses. This is the newly developed IAQ checklist, which will be one of the key elements in
identifying risk elements for the evaluation of indoor air pollutants in indoor environments
and this IAQ checklist will highlight the need for IAQ assessment in workplaces [70,71].
Indoor air quality is an important factor for the company, managers and employees because
it can affect people’s health, comfort, overall well-being and productivity. So the question
is, what do businesses have to do if they want to improve the air quality in their operations?
There are several options they can realize, from using zero-emission cleaners to installing
the latest and greatest air filters to improve indoor air quality. When we think about air
quality and benefits for customers, we must not forget the people who spend the most time
in the given environment, the employees. Air quality has a big impact on their productivity
and safety. This is confirmed by several types of research from renowned institutions and
specialized companies. Research is increasingly providing detailed insights into scents and
human behavior and offering a range of guidelines on how to succeed in this area.

The results obtained from the study of a systematic literature review on the impact
of the aromatization of the production environment on workers were already used in an
experiment to examine the impact of aromatization and air quality on the unconscious and
conscious perception of employee’s satisfaction. The research took place for 7 months in
an international company engaged in the production and sale of polypropylene fibers for
a wide range of industries. The results of the research were processed and published in
professional articles.

5. Conclusions

A large number of scientific articles are devoted to the modification of the working
environment in connection with its cleaning and airflow, temperature, or noise. At the
time of the pandemic, great attention is paid to the cleaning and flow of air in existing
buildings or the design of new buildings. Experts focus on purely administrative buildings
or facilities providing services. Attention is paid to the production area for reasons of
protection, safety and health at work. There are no known scientific studies on flavoring
and the scientific field of aromachology in production facilities. The reasons are discussed
in Section 4. From a systematically performed literature review on the modification of
the internal environment in buildings, conclusions can be drawn for basic and applied
research for use in industry. Although flavoring would not directly affect performance,
it is not negligible that workers feel as comfortable as possible in the course of their
work. This leads to the conclusion that there is a large research gap for the implication
of the scientific discipline on aromachology and subsequently for applied research in
manufacturing practice.
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23. Čarnogurský, K. Influence of aromatization on the conscious and unconscious perception of work environment. 2021, Under
processing.

24. Sundell, J. On the history of indoor air quality and health. Indoor Air 2004, 14, 51–58. [CrossRef]
25. Zainon, M.R.; Baharum, F.; Seng, L.Y. Analysis of indoor environmental quality influence toward occupants’ work performance

in Kompleks Eureka, USM. AIP Conf. Proc. 2016. [CrossRef]
26. Roskams, M.; Haynes, B. Predictive analytics in facilities management. J. Facil. Manag. 2019, 17, 356–370. [CrossRef]
27. Maula, H.; Hongisto, V.; Naatula, V.; Haapakangas, A.; Koskela, H. The effect of low ventilation rate with elevated bioeffluent

concentration on work performance, perceived indoor air quality, and health symptoms. Indoor Air 2017, 27, 1141–1153. [CrossRef]
[PubMed]

28. Mitchell, D.J.; Kahn, B.E.; Knasko, S.C. There’s Something in the Air: Effects of Congruent or Incongruent Ambient Odor on
Consumer Decision Making. J. Consum. Res. 1995, 22, 229–238. [CrossRef]

29. Bone, P.F.; Pam, S.E. Scents in the Marketplace: Explaining a Fraction of Olfaction. J. Retail. 1999, 75, 243–262. [CrossRef]
30. Bosmans, A. Scents and Sensibility: When Do (In) congruent Ambient Scents Influence Product Evaluations? J. Mark. 2006, 70,

32–43. [CrossRef]
31. Zurawicki, L. Neuromarketing-Exploring the Brain of the Consumer; Springer: New York, NY, USA, 2010; 271p, ISBN 978-3-540-77828-8.
32. Herrmann, A.; Zidansek, M.; Sprott, D.E.; Spangenberg, E.R. The Power of Simplicity: Processing Fluency and the Effects of

Olfactory Cues on Retail Sales. J. Retail. 2013, 89, 30–43. [CrossRef]
33. Lemke, F.; Clark, M.; Wilson, H. Customer experience quality: An exploration in business and consumer contexts using repertory

grid technique. J. Acad. Mark. Sci. 2011, 39, 846–869. [CrossRef]
34. Ariely, D.; Berns, G.S. Neuromarketing: The hope and hype of neuroimaging in business. Nat. Rev. Neurosci. 2010, 11, 284–292.

[CrossRef]
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Zdeňka Panovská, Vojtech Ilko and Marek Doležal *

Citation: Panovská, Z.; Ilko, V.;

Doležal, M. Air Quality as a Key

Factor in the Aromatisation of Stores:

A Systematic Literature Review. Appl.

Sci. 2021, 11, 7697. https://doi.org/

10.3390/app11167697

Academic Editor: Elza Bontempi

Received: 29 June 2021

Accepted: 19 August 2021

Published: 21 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Department of Food Analysis and Nutrition, University of Chemistry and Technology, Technická 5,
166 28 Prague, Czech Republic; zdenka.panovska@vscht.cz (Z.P.); vojtech.ilko@vscht.cz (V.I.)
* Correspondence: marek.dolezal@vscht.cz

Abstract: Scientific literature on indoor air quality is categorised mainly into environmental sciences,
construction building technology and environmental and civil engineering. Indoor air is a complex
and dynamic mixture of a variety of volatile and particulate matter. Some of the constituents are
odorous and originate from various sources, such as construction materials, furniture, cleaning
products, goods in stores, humans and many more. The first part of the article summarises the
knowledge about the substances that are found in the air inside buildings, especially stores, and have
a negative impact on our health. This issue has been monitored for a long time, and so, using a better
methodology, it is possible to identify even low concentrations of monitored substances. The second
part summarises the possibility of using various aromatic substances to improve people’s sense of
the air in stores. In recent times, air modification has come to the forefront of researchers’ interest in
order to create a more pleasant environment and possibly increase sales.

Keywords: indoor air; retail stores; aromachology; volatile compounds; scents

1. Introduction

Air is the common name for the atmosphere of Earth. Dry air contains, by volume,
78.09% nitrogen, 20.95% oxygen, 0.93% argon, 0.04% carbon dioxide, 0.0018% neon and
small amounts of other gases. The concentration of water vapour varies significantly from
around 10 ppm by volume in the coldest portions of the atmosphere to as much as 5% by
volume in hot, humid air masses [1].

Filtered air includes trace amounts of many other chemical compounds. Many sub-
stances of natural origin may be present in, locally and seasonally variable, small amounts
as aerosols in an unfiltered air sample, including dust of mineral and organic composition,
pollen and spores. Various contaminants, often industrial, may also be present, including
chlorine (elemental or in compounds), fluorine compounds and sulphur compounds, such
as hydrogen sulphide and sulphur dioxide.

During the last few decades, there has been a growing concern by people and scientists
over the quality of the air not only in cities, towns and villages but, also, in buildings where
we live, work and shop. Modern homes, offices and shops are insulated much better than
they were previously. The methods with which buildings are constructed and operated
have changed [2]. New materials are tested, ventilation has improved and the temperature
and other parameters are monitored so that the environment and air in buildings does
not have a negative impact on our health. In addition to monitoring the air quality and
potentially harmful compounds, new possibilities are being developed to improve the
purchasing environment of customers. In addition to improving the environment in shops,
such as the appropriate temperature, light level, music, decorations and so on, the choice of
an appropriate aroma fora shop is becoming increasingly apparent. This article examines
the contents of substances the air in shops may contain and then describes the possibilities
of how air can be affected in connection with pleasant odours.
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2. Materials and Methods

The object of research in the present study was the space of retail stores, where goods
and services are sold directly to the consumers who will use them. Commercial properties
used for retail purposes include single-tenant stores, grocery stores, restaurants, strip
malls and shopping malls. Retail spaces come in a variety of shapes and sizes and may
be located in free-standing buildings, enclosed malls, strip shopping centres, downtown
shopping districts or mixed-use facilities. Retail spaces are also situated in airports and
other transportation facilities, hotel lobbies, sports stadiums and temporary or special
event venues.

The second object of this study was the indoor air quality, which has been system-
atically addressed since the late 1970s. The impact on human health has been discussed
several times by the World Health Organization (WHO) [3,4]. In Europe, by demand of
the European Commission, the Scientific Committee on Health and Environmental Risks
(SCHER) prepared an opinion on the risk assessment on indoor air quality [5]. There is an
urgent need for a change that is innovative and takes a systemic, skills-based multidisci-
plinary approach. At present, the legislation varies from one EU Member State to another,
with the absence of standards and control mechanisms. To fill this gap, harmonisation
initiatives need to be taken, setting out strategies and parameters at the same time, to
control indoor pollutants [6]. The main factors related to indoor air were observed to be:

• Chemicals for intended use or unintentional emissions from different sources [7–12];
• Radon [13,14];
• Particles [15–20];
• Microbes [21];
• Pets and pests [22–29];
• Humidity [30,31];
• Ventilation [32–35];
• Temperature [36–38].

This review is organised as a research paper based on the PRISMA Extension (PRISMA-
ScR) approach [39]. A comprehensive literature search from the Scopus and ScienceDirect
databases was performed in May 2021 and was limited to articles published in English
since 2000. The data was searched in the databases in the fields Article title, Abstract
and Keywords. Terms such as indoor, air quality, stores, shops, sensory marketing, scent
marketing, aromachology, behaviour and consumer were, among others, used. The most
attention was given to studies published in journals included in Journal Citation Reports.

3. Results and Discussion

By entering the term indoor air quality, 13,714 scientific manuscripts (reviews and
articles) were found in the ScienceDirect database and 14,863 in the Scopus database
since 2000. From this selection, we extracted, using the keyword “shop”, 232 results
from ScienceDirect and 89 articles from Scopus. The keyword “store” identified 119
and 134 additional results, respectively. The articles that met our selection criteria were
subjected to a detailed analysis. As this is a new area of scientific analysis, the number
of scientific studies is very limited, with the absence of standardised procedures, as we
discuss below.

3.1. Indoor Air Health Risk Substances in Stores

The air quality in buildings is monitored from various perspectives. It is certainly
very important to monitor the air quality from a health point of view. There are many
works that deal with which substances are found in the air in buildings, why they are
found there and how they can affect our health. In 1999, Jones [2] published a review in
which he summarised information from more than 200 papers and discussed the current
understanding of the relationship between indoor air pollution and health. The article was
divided into sections that dealt with the most frequent pollutants, such as carbon dioxide
(CO2), carbon monoxide (CO), total hydrocarbon (THC), formaldehyde (HCHO), respirable
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particulate matter (PM10) and airborne bacteria. He discussed what kinds of pollutants
could influence the quality of indoor air, the range of sources and the measured concentra-
tions of individual substances in the air. Table 1 shows the most observed pollutants, their
sources, health effects and some measured concentrations from selected works.

Table 1. Chemical compounds in the air in buildings, their sources and their potential health effects [2].

Chemical
Compounds

Sources Potential Health Effect Some Finding Concentration

Allergens House dust, domestic
animals, insects Asthma

Asbestos Fire retardant materials,
insulation

Asbestos-related lung cancer,
mesothelioma, skin irritation

Benzene
Smoke cigarette, petrol with

benzene evaporisation,
combustion,

Carcinogenicity and
haematotoxicity, genotoxicity 1 μg/m3 and 5–20 μg/m3

Carbon dioxide
Metabolic activity,

combustion activities,
motor vehicles in garages

Asphyxiant, and can also act as a
respiratory irritant, headaches,

dizziness, and nausea
54,860 mg/m3

Carbon monoxide
Fuel burning, boilers, stoves,

gas or kerosene heaters,
tobacco, smoke

Headache, fatigue, dizziness,
and nausea 3657 mg/m3

Formaldehyde Particleboard, insulation,
furnishings

Sneezing, coughing, skin
irritation and minor eye irritation 0.08–2.28 mg/m3

Microorganisms People, animals, plants, air
conditioning systems

Rhinitis (and other upper
respiratory symptoms), asthma,

atopic dermatitis

Nitrogen dioxide Outdoor air, fuel burning, motor
vehicles in garages Potential danger for asthmatics

Outdoor annual mean range
of 20–90 μg/m3 indoor may

have 200 μg/m3

Organic substances

Adhesives, solvents, building
materials, volatilisation,

combustion, paints,
tobacco smoke

Ozone Photochemical reactions Pulmonary function, respiratory
diseases, asthmatics

40–300-μg/m3 concentrations
per hour

Particles Resuspension, tobacco smoke,
combustion products

Polycyclic aromatic
hydrocarbons Fuel combustion, tobacco smoke

Pollens Outdoor air, trees, grass, weeds,
plants

Radon Soil Building construction materials
(concrete, stone) Lung cancer 45.3–150 Bq/m3

SO2 Burning coal, fuels Chronic respiratory complaints,
respiratory symptoms (52–78 μg/m3)

burning of wood and fossil fuels Respiratory illness respirable particles of
different sizes

cigarettes Eye, nose, and throat irritation
53.2 μg/m3 in a study of

7 restaurants, whilst a median
concentration of 355 μg/m3

Fungal spores Soil, plants, foods, internal
surfaces

Atopic dermatitis, asthma, rhinitis
(and other upper respiratory

symptoms)

Substances known as volatile organic compounds (VOCs) are likely to be very im-
portant. They can arise from different sources, including paints, varnishes, solvents and
preservatives. The most studied substances are: benzene, toluene, n-decane, limonene,
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o-xylene, 1,1,1-trichloroethane, p-dichlorobenzene, 1,2,4-trimethylbenzene and p-xylene,
undecane, 1,3,5-trimethylbenzene, dichloroethane and trichloroethane [2,5,6,8,11,40,41].

In 2010, the World Health Federation published WHO guidelines for indoor air quality
selected pollutants in which the individual substances are discussed in more detail. The
substances considered in this review, i.e., benzene, carbon monoxide, formaldehyde, naph-
thalene, nitrogen dioxide, polycyclic aromatic hydrocarbons (especially benzo[a]pyrene),
radon, trichloroethylene and tetrachloroethylene, have indoor sources, are known for their
hazardousness to health and are often found indoors in concentrations large enough for
health concerns [41]. Fifteen years after the publication of Jones’s work, another review
was published by Zaatari et al., who focused on the effect of ventilation on the air quality
in retail stores [42]. The authors first described the methodology and databases they used
for the review. They went through databases such as the ISI Web of science, Compendex
and Science Direct and, also, government reports and Google Scholar. They chose the
most-known pollutants as keywords and words like retail, mall, shopping, supermarkets,
stores and so on. The authors went through more than 110 papers and chose 28 with
the most important information connected to measurements in retail spaces. They also
discussed some ANSI/ASHRAE Standards, which are the recognised standards for venti-
lation system design and acceptable indoor air quality (IAQ). The standards specify the
minimum ventilation rates and other measures in order to minimise adverse health effects
in the occupants. One part of the study was devoted to individual substances (see Table 2).
In the second part, they compared the health impact from exposure to VOCs and discussed
the individual concentrations found in the works. In another, they discussed substances
such as ozone, radon, fungi and bacteria. In the discussion and conclusion of the paper,
they summarised their findings: half of the stores exceeded the recommended standards
for acrolein, formaldehyde, acetaldehyde, benzene and trichloroethylene. They pointed to
acrolein and PM2.5 as potential risks [42].

Table 2. Chemical compounds in the air in buildings, their sources and their concentrations [42].

Chemical Compounds Sources Some Finding Concentration

Aromatic compounds
Group benzene, toluene,

ethlbenzene, xylenes, styreve

Motor vehicle, newspapers in
photocopy centers

15 ± 41 ng/g
(mean + standard deviation)

Halogenated compounds Chlorinated cleaning agents,
deodorisers 1 ± 1 ng/g

Terpenoids-
limonene Cleaning products 5 ± 5 ng/g

C1–C2 aldehydes
Formaldehyde

13 ± 10 ng/g average
26 ng/g maximum

Carbonyls
Aceton Medical, cosmetic products 3 ± 4 ng/g

14 ng/g maximum

Over the past two decades, numerous field studies on indoor air quality and Sick
Building Syndrome (SBS) have been conducted. The symptoms of SBS are usually nonspe-
cific and are often somewhat particular to the building being occupied by the workers. In
their work, the Chinese authors looked at the link between the temperatures in shops in
selected large cities in the west of China in relation to the concentrations of carbon dioxide,
formaldehyde and total volatile organic compounds (TVOC). They also did a survey of
the employees who worked at the stores to see if there were links between the air quality
and SBS. This syndrome has been associated with headaches, tearing and other medical
conditions. It turns out that, in large stores such as shopping malls, these symptoms can
occur and accumulate. In the summer, the values for some substances are higher and vary
between shopping malls. [43].

Li et al. [44] studied the air in Hong Kong, which is said to be one of the most attractive
shopping paradises in the world. Good indoor air quality is, therefore, very essential to
shoppers. In order to characterise the indoor air quality in shopping malls, nine shopping
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malls in Hong Kong were selected for the study. The indoor air pollutants included carbon
dioxide (CO2), carbon monoxide (CO), total hydrocarbons (THC), formaldehyde (HCHO),
respirable particulate matter (PM10) and the total bacteria count (TBC). The results showed
that more than 40% of the shopping malls had 1-h average CO2 levels above the 1000 ppm
of the ASHRAE standard on both weekdays and weekends. Additionally, they had average
weekday PM10 concentrations that exceeded the Hong Kong Indoor Air Quality Objective
(HKIAQO). The highest indoor PM10 level at a mall was 380 μg/m3. Of the malls surveyed,
30% had indoor airborne bacteria levels above the 1000 cfu/m3 set by the HKIAQO. The
elevated indoor CO2 and bacteria levels could result from high occupancy combined with
insufficient ventilation. The increased PM10 levels could probably be attributed to illegal
smoking inside these establishments. In comparison, the shopping malls that contained
internal public transport drop-off areas, where vehicles were parked with idling engines,
and had their major entry doors closed to heavy traffic roads had higher CO and PM10
indoor levels. In addition, the extensive use of cooking stoves without adequate ventilation
inside food courts could increase the indoor CO2, CO and PM10 levels [44].

Li et al. [44] also described the methodology in their paper in detail. They used an air
bag sampling method to sample the CO and THC. The CO was analysed with a Thermo
Electron (model 48) Gas Filter Correlation CO Ambient Analyser. A methane (MHC) and
nonmethane hydrocarbon (NMHC) analyser (model Thermo-Electron 55C) analysed the
THC. The measurement results from air bag sampling at the sampling locations at the
selected levels in a shopping mall were averaged to obtain the final concentrations.

In their work, the authors Lei et al. [45] designed and described a method for assessing
the air quality based on the use of a wavelet neural network. The model can be applied to
the evaluation of indoor air quality in large shopping malls.

Du et al. [46] compared the indoor environment quality of green and conventional
shopping mall buildings based on customers’ perceptions, but they especially paid more
attention to the temperature conditions. Differences were found in the indoor environ-
mental quality objective (IEQ) and in the customers’ subjective satisfaction between the
two buildings. The measurement results showed that a green shopping mall building
is superior to a conventional one in terms of the indoor thermal environment, indoor
illumination, relative humidity, carbon dioxide concentration and noise level. Moreover,
the results of the questionnaire found that customers showed a higher tolerance toward the
IEQ when they recognised that a building was green and that their age and/or duration of
time spent in the building also affect evaluations of environmental satisfaction [46].

3.2. The Smell in the Stores

Another aspect is how we can affect the air quality and the types of smells and how
they affect our mental state. Research in this area is still in its infancy. In the area of trade,
there has been great development in recent decades. There was a shift from small shops
to large supermarkets. The competition is great, and therefore, the effort to attract the
customers lies in the environment. The air quality and smell in a store also play a role
here. Nowadays, people spend more time indoors in shopping centres than in outdoor
markets. Therefore, the air is a very essential part of the shopping experience. Belgian
authors described in their introduction a lot of environmental effects on the pleasantness of
the shopping experience for customers, but they focused on the relationship with a distinct
and particularly negative emotion—namely, irritation [47].

There has been a growth of literature on perceptions of places through smells in the last
decade. Smells are inevitable in people’s everyday experiences in cities, variously sourced
from human activities to building materials and the landscape, forming an invisible world
around us [48].

One of the first summary articles on this theme was published in 2012. The aim of
the authors was to discuss the findings from the literature regarding the effects of odours
on shopping behaviour and the methodology of individual studies and comments on the
results related to perception [49].
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A year later, another review of authors Roxana et al. on that topic was published [50].
The main purpose of their paper was to present an extended literature review of the relevant
empirical studies that examined the effect of ambient scent on consumers’ perceptions,
consumers’ emotions and consumers’ behavioural responses in the context of retailing. The
paper also concentrated on identifying the principal dimensions of ambient scents (presence
versus absence, congruity versus incongruity and pleasantness versus unpleasantness) and
examined the impact of these dimensions of ambient scents on the evaluation of a product,
of a store or of a shopping mall and their impact on the shopping behaviour within a
store [50].

A perceptual model of smell pleasantness was introduced by Chinese authors in
2018 [51]. Their paper, taking pleasantness as a perceptual quality dimension, aimed to
explore indicators influencing people’s pleasantness of smell in a selected case. A grounded
theory was used as a methodological approach in their study in the selected case. Nineteen
participants were recruited for smell walking with semi-structured interviews. Overall,
nine indicators emerged from participants’ descriptions that contributed to their smell
pleasantness: cleanliness, preference, appropriateness, naturalness, freshness, familiarity,
calmness, intensity and purity. The perceptual model, in line with the smell concept, also
provides a communicational tool among urban planners and designers to describe and
assess the qualities of a smell [51].

In 2012, Guéguen [52] published an article about the effects of pleasant ambient
fragrances on women. In his work, he also mentioned other studies that were done in the
nineties. Baron [53] discussed the influence of fragrance and willingness to help in the
longer term. His preliminary study already showed that people are more responsive to
partners’ needs in the presence of pleasant scents. In his work, he showed the positive
influence of fragrance on certain activities, e.g., Grimes [54] found that students volunteered
to spend more time on work when they were exposed to a vanilla or lavender odour before
the request. Other authors also showed that participants exposed to a pleasant odour
during a learning task were more willing to comply with the experimenter’s request for
help at the end of the task. Similarly, it was also found that undergraduate students
who answered a questionnaire that had been saturated with a lavender or peppermint
aroma were more likely to take part in a telephone survey [52]. All of the mentioned
studies observed that pleasant smells can help improve behaviour and the willingness
to help. [52–54]. For a majority of these authors, this effect could be explained by mood.
Pleasant ambient odours could have activated a positive mood, which, in turn, led the
participants to respond more favourably. The activation of a positive effect linked to
the presence of a pleasant odour has been confirmed by mood measurements. Daily
associations with smells, such as the smell of fresh bread from a bakery on the way to bus
station in the morning and the smell of breweries and cigarettes from pubs on the way
back home after work, enrich our experiences and make us know better the places we
live [52]. Recently, new works have been published. In 2019, Lenders assessed consumer
behaviours in real trade. The conclusions of his work showed that the most important
factor is the intensity of the scent. Only above the thresholds did they affect the behaviours
of the customer. For one thing, he was willing to spend more time in the store, and some
unscheduled purchasing behaviour also applied [55]. Lenders also discussed the papers
of other authors [55]. He summarised that the studies were usually conducted in diverse
settings, such as laboratories, malls, clothing stores and clubs, and used different reasonings
for selecting a specific scent. Scents such as lemon, orange, grapefruit, bergamot, basil, tea,
lemon, chocolate, vanilla, cinnamon, seawater, peppermint, ginger, food-based lavender,
rosemary, liquorice, coffee and, additionally, some aromas such as faint mint, flora and
wood were all studied [54].

The authors from Monash University in Australia [56] looked at the possibility of
better competitiveness through the application of music in conjunction with fragrance.
Through experimental testing in a fashion store, it turned out that young people can be
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influenced and that it is necessary to choose the right level of music and fragrance. In their
case, vanilla was chosen [56].

Authors from Switzerland published a paper about perceptions induced by coffee.
Coffee is one of the most popular beverages in the world. People like to spend time in
cafes. The smell of coffee is mostly associated with breakfast, relaxation and sitting with
friends. The aroma of coffee is often observed in studies, because it belongs to typical
aromas. The aim of the Swiss scientists was to study not only the hedonic motivation but,
also, the so-called functional motivation. They looked at the impact of both the motivations
on customer responses, as well as performances in terms of satisfying other senses [57].
Another very nice smell for people is chocolate. The scent of chocolate, for instance, can
evoke pleasure and arousal for most consumers. The aroma of chocolate, compared to the
smells of other foods, changes the activity in the human central nervous system, and the
scent of chocolate can also reduce consumers’ attention, perhaps implying that, during
their shopping trip, consumers evolve from shopping for a specific product to enjoying
the whole shopping experience [58]. Belgium authors combined these findings with the
prediction of the Stimulus–Organism–Response paradigm and assumed that the scent of
chocolate would lead to approach behaviour. They selected a chocolate scent to be diffused
in the store. A first pre-test was conducted to verify the affective and arousing quality of
the chocolate scent used in the study. Twenty participants (10 men and 10 women) were
asked to sniff the scent (which was put on a cotton-tipped stick in a dark glass bottle)
and to evaluate its pleasantness and its level of arousal on a 7-point semantic differential
scale (i.e., unpleasant/pleasant and unaroused/aroused). Before the other experiment,
the chocolate scent was dispersed in the bookstore at different levels of intensity and
for several durations. Forty-eight customers replied to two questions: Did you notice
something special in the store atmosphere? Now that we have mentioned the presence of a
scent, do you detect the scent? A field study with 201 participants showed that a chocolate
scent positively influenced the general approach behaviour and negatively influenced the
goal-directed behaviour in a bookstore [58].

Another study examined whether diffusing pleasant scents could overcome con-
sumers’ negative responses to a messy store. They investigated the effect of pleasant scents
(un)related to neatness on consumer evaluations of a tidy versus a messy store. An exper-
iment with 198 respondents revealed that a pleasant scent not associated with neatness
functions as a positively valanced prime, causing consumers to evaluate the products in the
tidy store more positively than the products in the messy store. Additionally, when diffused
in a messy store, a pleasant ambient scent has a negative effect on consumers’ product
evaluations because of the mismatch between the pleasant scent and the unpleasant messy
layout. However, this negative effect can be cancelled out by diffusing a pleasant scent that
is associated with neatness [59].

One of the latest articles on olfactory marketing was published by Spanish authors in
2020 [60]. The aim of their work was to get answers about the influence of smell on the
evaluation and behaviour of museum consumers. Three rooms in two different floors of the
museum were filled with scents. They used a cloth scent for the historical dressing room,
the scent of apple pie for the kitchen and the scent of aftershave for the barber shop. For
five days, they tested the suitable concentrations. The authors described the experiment in
detail, including the selection of concentrations, a questionnaire and the scale. The museum
was visited by 3960 people during the study, and the authors received 234 observations. The
obtained results were statistically processed with the help of MANCOVA and showed that
the scents had a direct effect on the perception of the environment and on the individual
evaluations. The people who visited the museum and its rooms with scents evaluated the
museum more positively [60].

This study [60] was also valuable because the literary overview of the subject was
very well-presented (a total of 100 links). The individual sections were devoted to the
olfaction of marketing and perception, marketing and evaluation and marketing in relation
to gender. Out of 100 references, one part was devoted to the functioning of the senses,
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especially smell and another part to marketing, and of the works published after the year
2000, about 40 were directly devoted to the relationship between odour and consumer
emotions in shops [60]. Concerning shops, the studies focused on medical facilities (dentists
and hospitals), bookstores, malls, cafes, museums, fashion stores, etc.

A particularly interesting article was printed in 2020 [61]. The authors introduced
a new device for measuring odours that can be used also for marketing studies. qPODs
(Portable Olfactive Devices, Curion) are novel olfactory delivery systems that allow the
sampling of a wide variety of stimulus types. Participants evaluate odours by opening a
port at the top of the qPOD and sampling a controlled air stream. Thirty-one participants
in this study smelled and evaluated the pleasantness and intensity of citral, citronellol,
geraniol, PEA, nonalactone and vanillin delivered via qPODs and by traditional sniff jars.
The hedonic and emotional responses were compared. Their emotional reactions to the
odours were captured with the PANAS (Positive and Negative Affect Schedule) at the
beginning of each testing session and then again after exposure to each odour. They also
completed the newly developed Mood Signature Questionnaire, which asks participants to
assign a mood to each odour rather than reporting how it makes them feel. Though the
odours presented in the sniff jars were rated as significantly more intense (p < 0.001), there
were no differences between the presentation types for perceived pleasantness, changes in
positive or negative mood following odour exposure or the emotional descriptors (mood
signatures) participants assigned to the odours [61].

3.3. Possibilities for Improving Indoor Air Quality

New technologies need to be developed in the industry so that less and less health-
threatening substances are released into the air. Industrial plants must use new technologies
for air purification. They can use mechanical methods of air cleaning (centrifugal cleaning,
water cleaning and wet cleaning) or physicochemical methods of air purification (condensa-
tion, filtration and precipitation). The main technologies for the prevention of air pollution
include, for example, gravity settling chambers and separators of various types, such as
electrostatic and cyclone. Selective catalytic reduction systems and various types of filters,
including biofilters and washing machines, are also used.

There are three approaches to improving the air quality; it is necessary to reduce
emission sources, develop new technologies for air purification and pay close attention
to ventilation systems. Due to the wide range of substances that pollute the air, scientists
are focusing on the possibilities of effectively cleaning the air, especially in buildings, but
usually, there is not only one possibility. The air purification technologies are constantly
being improved. Firstly, adsorption filters are used for air purification, which differ in the
material used, the amount and the combination of layers and size of pores. For example,
different ones used are as nylon, cotton, polyester nonwoven fabric filter, flax and hemp
filters, a multi-layered structure of cellulose fibre and particles of perlite. Combinations of
the materials were described in an Indian work [62].

The methods used vary, of course, depending on which substances need to be re-
moved from the air. For example, polypropylene and polystyrene are used to remove
particles, but there are also new materials, such as a porous material named SUNSPACE
(“SUstaiNable materials Synthesized from by-Products and Alginates for Clean air and
better Environment”) and silica fume (SF), which are tested for cleaning the air [63].

In their review, Chinese authors described different materials that are used as ad-
sorbents, such as carbon, zeolite and metal–organic framework materials (MOFs). The
authors described, in great detail, the advantages and disadvantages of materials, paying
close attention to the power and development of other new structures and their potential
uses [64].

Another work described using a porous membrane consisting of birnessite-type MnO2
that was filled in with polystyrene porous nanofibers (MnO2/PS HPNM) fabricated by a
versatile electrospinning method [65].
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In 2020, a review was published concerning indoor air pollution also relating human
diseases and summarising the current trends and possibilities for air control and air quality
improvement. The review was divided into corresponding sections and summarised
the findings from 211 works [66]. In addition to the use of filters, attention was also
focused on new technologies such as oxidation processes (AOPs), of which it appears that
photocatalysis will have the greatest use, during which indoor air pollutants are distributed
due to the exposure of semiconductor photocatalysts under sufficiently energetic exposure.
The advantage of this method is the direct degradation of gaseous pollutants (especially
volatile organic compounds) into CO2 and water and the applicability of removing low-
concentration pollutants. The semiconductors used as photocatalysts in this technology
include titanium dioxide (TiO2), polymer (or graphite), tungsten oxide (WO3), carbon
dioxide (CN), bisexual Ag, cadmium sulphide (CdS) and other MOx metal oxides (M = Fe
and Zn) [66,67].

4. Conclusions

People are spending more leisure time in indoor shopping centres than in the past, so
creating a positive environment for them can be a big advantage for retailers. A pleasant
smell seems to be one of these circumstances. Our findings may contribute to a better
understanding of shoppers’ emotions and their behaviours in response to in-store scents.
We need to study what can influence people, as it is known that shoppers differ in their
sensitivities to smell and the emotions evoked due to, for example, gender, age, mood at
the time of shopping or length of time spent shopping.
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Abstract: The aim of the study was to determine the aroma profiles of four kinds of Slovak honey
(sunflower, honeydew, acacia, and linden) by a qualitative and quantitative screening of their volatile
compounds and by gas chromatography for the potential use in the aromachology and the business
sphere. The results showed that several unique volatiles were identified in one kind of honey, while
they were not identified in the remaining ones. The acacia honey had the unique volatile linalool oxide
(1.13–3.9%); linden honey had the unique volatiles nerol oxide (0.6–1.6%), ethyl esters (0.41–8.78%),
lilac aldehyde D (6.6%), and acetophenone (0.37%). The honeydew honey had the unique volatiles
santene (0.28%) and cyclofenchene (0.59–1.39%), whereas 2-bornene (0.43–0.81%) was typical for
sunflower honey. While linden honey was characterized by fruity ethyl esters, honeydew honey
had more monoterpenoid compounds. In the principal component analysis model, the four kinds
of honey could not be differentiated by aroma volatiles. However, it was possible to classify the
linden and sunflower honey using the LDA. In conclusion, the current study provided experimental
evidence that the marker compounds from different kinds of honey might be promising candidates
for production of inhaling aromas.

Keywords: volatile organic compounds; scents; aromatization; bee product; gas chromatography

1. Introduction

An aroma represents an effective marketing tool and is considered to be a new way of
in-store communication with customers [1]. According to Horská et al. [2], nowadays the
usage of fragrance compounds and essential oils in many business sectors is increasing.
Many companies are using their own branded aromas in their shops, offices, or even
during some marketing events or campaigns. More and more companies are creating
aroma logos or corporate scents to be used indoors. Even retailers apply specific aromas to
create comfortable environment where customers would spend more time and money by
purchasing more products [3].

In general, these odors and aromas are distributed by installing aromatizers or dif-
fusers in certain areas [4]. Moreover, aromatization may attract new customers; however,
at first it is necessary to conduct aroma testing in order to select appropriate aromas
prior to their implementation. For example, application of cappuccino aroma at store in
Slovakia increased the volume of sales in confectionery category (desserts, chocolate bars,
chocolates, and waffles) [5]. Furthermore; Berčík et al. [6] indicates that implementing
aromatization in business spaces has positive impact on economic indicators, including
the sector of services.
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Aroma, as a marketing stimulus plays, an important role even in the food industry
and gastronomy [7]. Honey, as a food product, has (besides health benefits and nutri-
tional values) very specific characteristics from an organoleptic point of view. It is used
not only in the food sector, but also in the cosmetic and pharmaceutical industries [8,9].
Healing properties of honey are used for massages, therapy wraps, or for production
of scented candles. Honey contains compounds with antioxidant [10], antibacterial, an-
tifungal, anticancer [11], and anti-inflammatory effects [8,9,11]. Compounds with such
properties are mainly polyphenols [8,11]. However, these effects were confirmed also for
some volatile organic compounds (VOCs), particularly terpenes [12,13]. VOCs from honey
were previously determined by GC-MC analysis of simultaneous extraction and distillation
extracts [14,15], HS-SPME/GC-MS [16–21], HS-GC-MS [22], and HS-SPME/GC×GC-TOF-
MS [23,24] analyses. Even though honey diffusers are available on the market, there are no
studies evaluating their impact on the business sphere.

The aim of this study was to characterize the aroma profiles of Slovak honey samples,
in order to (i) find differences between four kinds of monofloral honey, and (ii) to determine
promising volatile candidates for production of inhaling aromas.

2. Materials and Methods

2.1. Samples

In this study, a set of four kinds of honey (sunflower n = 5, acacia n = 5, honeydew n = 5,
and linden n = 5) were analyzed (Table 1). The honey samples (300 g) were sourced from
local Slovak small-scale beekeepers and were harvested in 2020. All the honey samples
were stored at 20 ◦C and analyzed within six months after being harvested. Content of
sugar was determined by refractometer designed to make corrections based on temperature
using automatic temperature compensation (HR901, Krüss GmbH, Hamburg, Germany).
A total of 20 samples (4 × 5) were analyzed in triplicate.

Table 1. Basic characterization of Slovak honey samples, including kind of honey, location, and
sugar content.

Kind of Honey Sample No. Location (City)
Content of Sugar
(◦Brix 1 ± SD 2)

Honeydew

1 Kremnica 81.0 ± 0.0
2 Sabinov 80.6 ± 0.0
3 Nitra 80.8 ± 0.0
4 Senec 81.6 ± 0.0
5 Levoča 81.0 ± 0.0

Acacia

6 Choča 80.0 ± 0.0
7 Oponice 81.2 ± 0.0
8 Šala 79.0 ± 0.0
9 Levice 80.2 ± 0.0

10 Krupina 82.2 ± 0.0

Linden

11 Nitra 80.0 ± 0.0
12 Zvolen 77.0 ± 0.0
13 Krupina 78.2 ± 0.0
14 Senica 78.8 ± 0.0
15 Komárno 80.2 ± 0.0

Sunflower

16 Hlohovec 79.0 ± 0.0
17 Oponice 79.0 ± 0.0
18 Šala 78.6 ± 0.0
19 Levice 81.8 ± 0.0
20 Komárno 80.2 ± 0.0

1 ◦Brix—Sugar content of an aqueous solution, where ◦Brix represents 1 g of sucrose in 100 g of solution. 2 SD,
Standard Deviation (n = 3).
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2.2. Determination of Volatile Organic Compounds

Sample preparation and isolation of VOCs were chosen based on a previous study
by Kružík et al. [16]. VOCs were extracted from the honey samples using SPME fiber
(DVB/CAR/PDMS 50/30 μm; Supelco, Bellefonte, PA, USA) with CombiPAL automated
sample injector 120 (CTC Analytics AG, Zwingen, Switzerland). Each of the honey samples
(2 g) was dissolved in a 20 mL glass vial using 2 mL NaCl solution in distilled water
(200 g/L). The gas chromatography (Agilent GC7890B) with mass spectrometry (Agilent
MSD 5977A) (Agilent Technologies Inc., Santa Clara, CA, USA) method equipped with the
column HP-5ms (30 m × 0.25 mm × 0.25 μm; Agilent Technologies) previously described
by Kružík et al. [16] was used for determination of VOCs in a modified version. A modified
temperature program 40 ◦C (1 min), 5 ◦C/min, 250 ◦C (1 min) was used. Individual com-
pounds were identified based on the comparison of the mass spectra with the commercial
database of the National Institute of Standards and Technology (NIST, Gaithersburg, MD,
USA) mass spectral library (NIST17), and on the assessment of retention times with the
literature [16,17]. The relative content (expressed in percentage) of determined compounds
was calculated by dividing individual peak area by the total area of all peaks. Each sample
was measured in triplicate.

2.3. Statistical Analysis

All of the data obtained were analyzed by descriptive statistics arithmetic average and
standard deviation. To determine the aroma differences (>5% content) between the honey
samples, descriptive statistics, normality tests, LDA (Linear Discriminant Analysis) and
the PCA (Principal Component Analysis) were performed using the MS Excel and XLSTAT
package program [25].

3. Results

By analyzing the saline solution of honey by GC-MS analysis, in total, ninety-four
VOCs were identified, including alkanes, alcohols, alkenes, nitriles, acids, esters, monoter-
penes, monoterpenoids, aldehydes, and ketones (Table S1). Several volatiles, that were
present in one kind of honey and not in the other ones, can be marked as markers. The
values shown in the Table 2 for each unique VOC are means of triplicate determinations
with the standard deviation, retention time, and previous identification by the literature. As
an example, the chromatograms of each kind of honey sample are shown in Figures S1–S4.

Table 2. Identified unique VOCs in four kinds of honey with percentage content 1 ± SD 2 and previous identification
in literature 3.

Kind of
Honey

Sample
No.

Rretention
Time (min)

Compound
Percentage

Content (%)
SD Literature

Acacia

9
10.5

Linalool oxide 1.13 0.15
[16–20,23,24,26–29]

8 Linalool oxide 3.90 0.25
8 3.1 3-methyl-2-Butenal 0.86 0.08 [26,27]
8 8.6 5,6-dimethylene-Cyclooctene 0.42 0.00 –
6 23.9 2,6,10-Trimethyltridecane 0.48 0.14 –

Linden

13
13.4

Nerol oxide 0.60 0.07
[19,20,22,27]

11 Nerol oxide 1.60 0.07
15 11.4 Linalyl acetate 0.56 0.23 –
14

18.4
ethyl Nonanoate 0.57 0.24

[18,24,27]
12 ethyl Nonanoate 1.30 0.25
15 13.8 Lilac aldehyde D 6.60 0.65 [14,16,21,23,26,30]
12 19.6 ethyl Citronellate 5.17 0.37 –
12 21.8 ethyl Decanoate 0.55 0.20 [15,19,20,22,24,27]
12 20.2 ethyl Benzenepropanoate 0.41 0.07 [24]
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Table 2. Cont.

Kind of
Honey

Sample
No.

Rretention
Time (min)

Compound
Percentage

Content (%)
SD Literature

14
13.9

ethyl Benzoate 7.63 2.48
[16,18–20,22,26–28,31,32]

13 ethyl Benzoate 1.76 0.65
12 23.6 ethyl 4-isopropylbenzoate 0.43 0.13 –
12 1.8 Ethyl acetate 8.78 3.40 [19,20,24,26,29–31,33,34]
14

16.6
ethyl Benzeneacetate 1.70 0.29

[22,24]13 ethyl Benzeneacetate 0.43 0.04
12 ethyl Benzeneacetate 1.18 0.34
12 17.0 2-phenylethyl Acetate 0.55 0.08 [16,19,20,26,27]
13 20.0 3,5-Dimethyl-2-octanone 0.71 0.16 [26]
12 2.9 3-methyl-1-Pentanal 1.70 0.77 [24]
13

4.0
3-methyl-1-Pentanol 0.59 0.11 –

12 3-methyl-1-Pentanol 4.57 0.43
15 6.2 3-methyl-Pentanoic acid 1.16 0.31 [16,23,35]

15 3.9 4,4-Dimethyl-3-
oxopentanenitrile 3.76 0.54 –

11 8.64 7-exo-ethenyl-
Bicyclo[4.2.0]oct-1-ene 0.85 0.05 –

13 10.2 Acetophenone 0.37 0.08 [15,24,27,28,36,37]
15 1.6 Dimethyl sulfide 5.36 1.51 [17,24,29,32,37]

Honeydew

3 9.3 trans-beta-Ocimene 0.53 0.10 [19,20,23,27]
2 21.9 Tetradecane 2.42 0.28 [23]
4 4.9 Santene 0.28 0.12 –
1

13.82
p-Mentha-1,5-dien-8-ol 0.59 0.05 –

1 p-Mentha-1,5-dien-8-ol 4.80 0.48
2 15.0 Dodecane 1.99 0.29 [23,24,27]
1 14.9 2-Propylphenol, methyl ether 0.52 0.08 –
3 9.6 3-Carene 0.55 0.10 [20]
3 2.0 3-methyl-Butanal 0.94 0.02 [17,24,29–35]

4 16.4 4-(1-methylethyl)-
Benzaldehyde 0.23 0.00 –

1 8.58 alpha-Terpinene 0.57 0.04 [18–20,22,23,27,31]
3 7.8 beta-Myrcene 0.92 0.20 [22,23]
1 9.0 beta-Phellandrene 0.45 0.02 [30]
1 7.82 Carveol 0.77 0.01 [23]
1 20.5 Cosmene 0.84 0.09 [20]
3 8.9 D-Limonene 1.67 0.36 [17–20,23,24,27,29,32]
2

19.0
2-Methoxy-4-vinylphenol 0.21 0.02

[24,35]
1 2-Methoxy-4-vinylphenol 0.41 0.00
1 6.7 2,4-Thujadiene 0.42 0.04 [22,23]
3 4.3 3-Furanmethanol 0.79 0.28 –
3 3.1 2,3-Butanediol 0.69 0.07 [19,23,32]
3 7.4 1-Octen-3-ol 0.86 0.18 [21,31,32]

Sunflower

18 23.1 β-Calarene 2.75 0.90 –
20

16.1

Cyclofenchene 1.20 0.37

–
19 Cyclofenchene 0.64 0.04
18 Cyclofenchene 1.39 0.18
17 Cyclofenchene 0.59 0.09
16 Cyclofenchene 0.89 0.11
20

16.0

2-Bornene 0.68 0.42

–19 2-Bornene 0.43 0.12
18 2-Bornene 0.44 0.10
16 2-Bornene 0.81 0.27

1 The relative content (expressed in percentage) of determined compounds. 2 SD, Standard Deviation (n = 3). 3 Previously identified as
VOCs in honey.
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The PCA for four kinds of honey (Figure 1) revealed that 46.42% of the total variation
embodied in 15 variables could be effectively condensed into, and explained, by the first
two principal components (PCs), with eigenvalues of 4.3 and 2.7, respectively. The results
show that the various kinds of honey contain characteristic volatile substances. On the
other hand, there were no differences between the tested kinds of honey. The compounds
as 3-methyl-1-pentanol, dimethyl ether, p-cymen-8-ol, lilac aldehyde D, and dimethyl
sulfide are characteristic for linden honey. The acacia, sunflower, and honeydew honey
samples were characterized by lilac aldehyde B, benzaldehyde, furfural, trans-linalool
oxide, linalool, acetic acid, and hotrienol.

Figure 1. PCA evaluation of four kinds of honey (honeydew, acacia, linden, and sunflower); (A)—
significant (>5%) aroma profile of samples with corresponding aromas; (B)—categorization of samples.

Discriminant analysis was used to classify the tested kinds of honey samples. The Wilks’
Lambda test showed that the difference between the means vectors of the samples were
significant (p < 0.0001). The first two eigen vectors explains 97.26% of variance (Figure 2).
The confusion matrix calculated for the four tested samples was equal to 94.74% (data
not shown). The Cross-validation: prior and posterior classification was performed to
calculate the membership probabilities for unknown samples. The total accuracy of the
cross-validation model was 85.96% (Table 3). Discriminant analysis can be used to classify
the linden and sunflower kinds of honey but the acacia and honeydew kinds of honey
were misclassified.
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Figure 2. LDA map of kind of honey based on VOCs content.

Table 3. Confusion matrix for the cross-validation results.

from\to Acacia Honeydew Linden Sunflower Total % Correct

Acacia 10 1 0 4 15 66.67%
Honeydew 3 12 0 0 15 80.00%

Linden 0 0 12 0 12 100.00%
Sunflower 0 0 0 15 15 100.00%

Total 13 13 12 19 57 85.96%

4. Discussion

In total, 94 VOCs were detected in sunflower, acacia, honeydew, and linden honey
samples. Some of these compounds have been previously reported by Plutowska et al. [26]
in Polish linden, honeydew, and acacia honey. Sunflower and acacia honey samples
from different countries were characterized by Radovic et al. [31]. The linalool oxide, as
marker for acacia honey, is consistent with our results. The sunflower honey markers were
α-pinene and 3-methyl-2-butanol according to Radovic et al. [31].

In this study, sunflower honey was characterized by β-calarene, cyclofenchene, and
2-bornene. Linden and honeydew had the most marker compounds. While tested linden
honey was characterized by fruity ethyl esters [33], honeydew honey samples had more
monoterpenoid compounds originated from aromatic plants [38]. The identified com-
pounds in the tested honey samples were previously reported also in different kinds of
honey [14–24,26–37], except linalyl acetate, which was previously tested for the fumigation
of beehives to control the honey bee parasites [39]. Altogether, 16 volatiles have not been
previously identified in honey samples.

According to The International Fragrance Association [40], 53 volatiles are recom-
mended as honey fragrances. On the other hand, we identified honey volatile markers,
which are not recommended as honey fragrances in the Fragrance Ingredient Glossary [40],
but they are used in, for example, perfumery. The linden and honeydew samples contained
anisyl alcohol (2-(para-anisyl) alcohol) (0.73%, and 0.80%, respectively), characterized as
mild-floral, very sweet odor, reminiscent of lilac and vanilla with a faint, delicate, balsamic
background used in perfumery [40].

The acetophenone is formed during the phenylpropane metabolism [37], and it was
previously reported in chestnut honey [36,37]. However, this volatile was not previously
considered by the research teams as a specific marker for the floral honey. It is charac-
terized as a “floral” aroma fragrance described as: almond, orange, cherry, honeysuckle,
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jasmine, and strawberry [40]. In the present work, the acetophenone was found in linden
honey (0.38%).

Each tested sample had hotrienol which is known as probably being formed during
the honey’s ripening [41]. It was previously found in rapeseed honey from Czech beekeep-
ers [16], leatherwood honey from Tasmania [41], and Greek citrus honey [42]. It could be
the next honey fragrance, which is missing in the Fragrance Ingredient Glossary [40]. It
can be used in many flavors, such as elderflower, grape, berry, and honey [43].

5. Conclusions

We confirmed that each kind of honey had its own unique volatiles, but the aroma
differences by PCA in the tested monofloral honey samples were not confirmed. It is
possible to classify linden and sunflower kinds of honey by using LDA. On the other hand,
the LDA cannot clearly classify acacia and honeydew honey based on the selected VOCs.
The reason may also be that the linden and honeydew honey samples have rich aromatic
profiles and cover less aromatic honey samples. Studies evaluating their impact in the
marketing or aromachology respectively were not published yet. According to our results,
the anisyl alcohol, hotrienol, and acetophenone may be used as the honey fragrance.

In conclusion, the question arises as to whether customers would be able to recognize
individual kinds of honey scents, and how this would affect their behavior.
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Abstract: Hydroponics is a more environmentally friendly and economical way of growing crops
that allows crops to be grown all year round, regardless of soil and climate conditions. Hydroponic
cultivation of various fruits, vegetables, flowers, etc., is well known and used today. Tomatoes also
play an important role in hydroponic cultivation. Tomatoes grown in this way should have a more
pronounced aroma and flavor, and the fact that they are harvested at the ripe stage should also be
reflected in the fresh red color and appropriate organoleptic characteristics of the fruit. This study
was concerned with the sensory analysis of hydroponically grown tomatoes (Solanum lycopersicum)
compared with conventionally grown tomatoes of the same species. Samples were evaluated by
instrumental sensory analysis using an electronic nose as well as a sensory panel. In this study, the
difference between hydroponically and conventionally grown tomatoes was demonstrated. These
differences were also captured by the consumers (sensory panel). When analyzing the odor profile
of the samples, we found that hydroponic tomatoes are characterized by the presence of chemical
organic compounds, namely: 2-methylpropanol, 2,3-pentanedione, and (Z)-3-hexen-1-ol or 1-hexanol,
which cause the fruity aroma of the fruit. These substances are very likely to characterize the
differences between the tested samples. The electronic nose has shown to be a potentially suitable
tool for detecting differences and identifying typical product markers, which may suggest its further
use in food authentication detection. It is also interesting to find almost no correlation between the
two methods studied.

Keywords: aromachology; scents; behavior; aroma; hydroponics; conventional cultivation; tomato;
sensory analysis; sensory panel; electronic nose

1. Introduction

Today’s market offers us a wide choice of fruit and vegetables throughout the whole
year. Consumers are increasingly paying attention to the quality of their food and sensory
quality is becoming more and more important for consumer decision making when choos-
ing a product. It is certainly an important factor when purchasing the same product again,
where consumers mainly consider whether the product was of the required aroma and
taste characteristics for them [1].

The flavor is a combined sensation of taste and aroma; sugars, acids, and volatile
compounds are their main determinants [1]. A large number of volatile compounds
have been identified and the volatile profile of tomato has been investigated closely in
many studies [2–5]. The resulting flavor characteristic of tomato is the result of complex
interactions between organic acids, sugars, and more than 400 volatile compounds. Of
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the volatile compounds identified, less than 10% are present at significant concentrations
and at thresholds that are likely to affect the odor and taste of tomatoes. Several studies
have shown that only 16 of the total aromatic volatiles are present in sufficient quantities
to be detected by the olfactory system. Therefore, the following selected descriptors are
recognized as carriers of tomato taste and are present in significant quantities in the fruit.
However, minor volatiles with negative odor units should not be neglected as they may
still contribute to the overall aroma as adjuvants [6,7]. The individual interactions between
volatiles, also those involving the gustatory and olfactory systems are significant. These
complicate the aroma because specific volatile aromas perceived by the retronasal olfactory
system can influence the perception of sweetness or sourness and vice versa [8,9]. Tomato
fruit aroma is important in determining consumer perception and acceptability of fruit
products [1]. The aroma of fresh ripe tomato is mainly attributable to cis-3-hexenal, cis-
3-hexenol, hexanal, 1-penten-3-one, methyl salicylate, 2-isobutylthiazole and ß-ionone
in appropriate concentrations. These compounds are biosynthetically derived from the
degradation of compounds such as fatty acids, amino acids, carotenoids, and are also
formed by other biosynthetic pathways [10].

In recent decades, the selection of tomato cultivars has emphasized parameters such
as yield, fruit size, firmness, product flawlessness, disease resistance, ease of handling
and longer shelf life, rather than sensory aspects of fruit quality. As a result, consumers
started to complain about the poor tomato flavor [11–13]. Tomato flavor is now commonly
referred to as “classic tomato flavor” or “old-fashioned tomato flavor”, which indicate the
deterioration of the sensory quality of commercial tomato fruits. However, it is unclear how,
why and whether the quality of the fruit has actually changed, but consumers associate
recent varieties with a lack of aroma, although such an association has not been scientifically
proven. The fact is that there is now an increasing number of consumers who demand
freshly grown products with a higher quality of aroma, flavor, and taste [1]. It is this recent
problem, but also the demand for higher quality products, and the need of the market for
year-round availability of tomatoes that stimulates the search for new ways of their growing.

Hydroponic growing systems offer an opportunity to at least augment the traditional
in global food production. The advantages of hydroponic growing systems include the
reduction of water wastage (recirculation), the ability to manipulate conditions to maximize
production (according to [14], NaCl treatment which increases sweetness, sourness, umami
(i.e., flavor deliciousness) and overall preference) in a limited space (vertical gardens), and
the fact that crops are grown in a controlled environment (control of pests, nutrients, and
attributes necessary for optimal plant growth). Hydroponics is becoming an increasingly
popular way of growing crops, as it has several advantages compared to the traditional
way of growing tomatoes [15].

In agriculture, hydroponic cultivation is a common cultivation method in greenhouses,
or more precisely in hydroponic environments, where plants are grown in an inert substrate
(such as perlite or rockwool) using crop fertilization (irrigation with a nutrient solution) [16].
In a hydroponic system and in soil cultivation, before the elements are bioavailable to the
plant, the inorganic and organic parts must be dissolved and decomposed in water. In
soil-grown plants, the elements stick to the soil particles and pass into the soil solution
where they can be absorbed by the roots of the plant. In hydroponically grown plants, the
nutrient solution containing the elements comes into contact with the plant roots, where
the roots can then take up the minerals and water [15].

According to some data, tomatoes represent the largest share of hydroponically grown
crops, as this method of cultivation can produce red and juicy tomato fruits with a variety
of flavors, colors and can contain health-promoting ingredients such as lycopene, which
helps maintain a healthy cardiovascular system and provides a wide range of other health
benefits. Verdoliva et al. [17] stated that hydroponically grown tomatoes had higher
lycopene and β-carotene content compared to conventionally grown tomatoes. It is from
these substances that the volatile compounds that contribute to the typical tomato aroma
are produced metabolically. These authors report that they have been able to produce crops
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of similar or better quality in the hydroponic way compared to food grown in soil, using
significantly less water. It is clear that hydroponic tomatoes can taste as good as tomatoes
grown in rich soil outdoors, or even better [18,19]. Tomatoes grown in this way should
have a more pronounced aroma and flavor, and the fact that they are harvested at the ripe
stage should be reflected in the fresh red color and adequate sensory characteristics of the
fruit. Although the hydroponic system has many advantages, it does not automatically
guarantee a high-quality product. As the technology advances, it is important to consider
the sensory characteristics of the hydroponic product [20].

The aroma of tomato has been the subject of research, and the two main techniques
have been the most commonly used for aroma assessment—sensory analysis and con-
ventional gas chromatography-mass spectrometry (GC-MS). These methods are generally
time consuming and difficult. A good application of these methods is important to obtain
adequate results. In recent years, electronic nose systems (e-nose) have been designed to
address the need for routine quality testing in the food industry. Electronic nose devices
are designed to simulate the human olfactory system and are devices that can detect and
recognize odors and flavors using an array of sensors. The use of the e-nose consists in the
analysis of volatile organic compounds and single emerging odors that are released as gases
or vapors from solids or liquids. Since the day the first prototype was developed, the e-nose
has become a useful device in several applications in solving urgent problem situations,
finding relevance in various industrial fields such as healthcare, automotive, food industry,
environmental monitoring, food storage, and even military industry. Especially in the food
industry and medicine, traditional methods of object recognition are too slow, expensive,
and mostly subjective, which can result in fatal mistakes. Instead, e-nose technology offers
a fast, sensitive, low-cost, and objective alternative. Moreover, the potential of this new
sensing method continues to grow rapidly with new developments in sensor and computer
learning technologies [21–23].

There are many different types of tomatoes to choose from on the shelves of supermar-
ket chains. There are different varieties, sizes, shapes, colors, different ways of growing
tomatoes, whether conventional, organic, hydroponic or many others. Can consumers
identify the difference between the offered tomatoes? Could hydroponically grown toma-
toes really taste and smell differently from conventional ones? If so, what accounts for
these differences? From these questions, the main objectives of the present study emerge,
in which we focused on the characterization of the aromatic profile of hydroponically
grown tomatoes. For this purpose, a sensory analysis of hydroponically grown tomatoes
compared to conventionally grown fruits of the same species was designed and carried
out. The evaluated hydroponically grown samples came from Slovakia and Czechia, while
the conventionally grown samples came from abroad. Structurally, this study was divided
into two parts. The first part dealt with the instrumental sensory analysis of tomato odor
profiles using e-nose and the second part dealt with the determination of differences with
a more detailed focus on flavor profiles between hydroponic and conventionally grown
tomatoes through the sensory panel using profile methods. The study also focused on the
determination of odorants typical for hydroponically grown tomato species.

2. Materials and Methods

2.1. Sampling

Ten types of cherry tomatoes grown either hydroponically or conventionally were
sampled on the basis of a food market survey targeting wholesale chains. All samples were
purchased at the same time and used Slovak and Czech hydroponically grown tomatoes
compared to foreign conventional tomatoes. These samples came from the Netherlands,
Belgium and Italy. The samples were labeled with a three-digit numerical code, and only
code marking was used at all times. All the tomato samples evaluated were of first-class
quality. In this case, we experimented on the basis of the products available on the market,
so the samples differed in variety or were not described on the packaging.

A summary of the samples evaluated was given in the form of Table 1.
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Table 1. Overview of sensory evaluated samples.

Hydroponically Grown Tomatoes

Sample Number Country of Origin Variety

V269 Slovak Republic Unreported
V801 Slovak Republic Unreported
V153 Czech Republic Unreported
V512 Czech Republic Unreported
V931 Slovak Republic Tramezzino
V740 Slovak Republic Mc Dreamy

Conventionally Grown Tomatoes

Sample Number Country of Origin Variety

V297 Belgium Axiana
V102 Netherlands Sweetele
V188 Netherlands Dulcita
V826 Italy Dulcita

2.2. Sample Preparation

The study consisted of two parts. The first part used an electronic nose, which is a tool
for analyzing organoleptic features using artificial perception. The second part focused on
the evaluation of sensory properties using a sensory panel. After purchase, the samples to
be evaluated using the electronic nose were allowed to rest and cure overnight at constant
room temperature. These samples were scrape-free, washed and cut into small pieces, and
5 g of each sample was transferred into the appropriate vials according to the three-digit
code. The filled vials were allowed to stand sealed for 2 h at room temperature in the
laboratory and after this time, the samples were subjected to e-nose analysis. The samples
for evaluation by the sensory panel were given in quantities of approximately 15 g and
corresponded to the characteristics evaluated and the requirements for assessing the taste
of the fruit, and therefore, each sample consisted of approximately one whole fruit and one
half tomato fruit. During preparation, emphasis was placed on ensuring the homogeneity
of the samples and compliance with the hygiene and sampling principles of ISO 8589.
Similar to the preparation of samples for e-nose evaluation, samples were labeled with the
same three-digit code.

2.3. Methods
2.3.1. Electronic Nose

Ten tomato samples were analyzed using a Heracles II electronic nose (Alpha MOS,
Toulouse, France), with three constant replicates taken from each species. The sample
preparation procedure was described above and represented an average sample according
to standard sampling procedures. Samples were mixed in a balanced random order in the
tray and analysis was performed automatically using an autosampler. Data were processed
with the native AlphaSoft 14.2 program.

2.3.2. Sensory Panel Assessment

In the second part of the study, sensory evaluation of tomato samples was carried out
by a sensory panel in the sensory laboratory of the Slovak University of Agriculture in Nitra,
Department of Hygiene and Food Safety. The sensory panel consisted of 12 evaluators
in two sessions, which, in our case, represented a group of selected persons (according
to ISO 8586:2007 standard). Suitable environmental conditions were ensured (average
ambient temperature of 20 ◦C at a relative humidity of approximately 65%), as well as all
appropriate environmental conditions relating to the room, lighting and avoidance of other
objective factors that could influence the evaluation process. The samples were distributed
to the evaluator in a random, balanced order. The evaluators were provided with a taste
neutralizer and a five-minute rest interval.
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In the first part, the evaluators assessed the tomatoes from a more comprehensive
point of view using a scoring test (including visual characteristics and texture).

The second part of the questionnaire consisted of evaluating the sensory profiles by
observing what values the raters assigned to the samples on a 15 cm scale in the attributes
of aroma and flavor and their subcategories. The basic flavor attributes evaluated were
sour taste, sweet taste, and variations of ripe-overripe taste, metallic taste, spicy/sharp
taste, and off-taste. Specific values were obtained by measuring the position of each sample
on a given axis.

2.4. Statistical Analysis

Principal component analysis (PCA) was used to process the electronic nose results,
where features with the greatest discriminatory power between samples were selected. For
visualization, the native electronic nose program AlphaSOFT version 14.1 was used. For the
purpose of predicting the growing patterns, we used the machine learning (ML) technique
of the Caret of statistical software package R 4.0.2. Several algorithms (KNN, SVM, RF and
LDA) were used; the results are available below. We used canonical correlation analysis
(CCA) of the statistical software CCA package R version 4.0.2 to find the relationship
between the sensory data and the electronic nose data.

The results obtained through the sensory panel were evaluated in RStudio version
3.6.3 using the PCA method and the SensoMiner package. The results are represented by
standard descriptive indices (shown by boxplots). Pairwise comparison tables indicate the
p-value after calculation by the non-parametric Friedman test.

3. Results and Discussion

3.1. Electronic Nose

The distribution of the samples based on the total odor profile is shown in Figure 1.
This distribution was based on the volatile organic compounds released during the analysis
process. We selected 12 major odorants based on discriminant strength relative to all
observed samples. From this figure, we can see that samples V740 (SR), V102 (NL) and
V269 (SR) have a volatile profile as they form a large triangle during the measurement time.
We consider samples V297 (BE) and V512 (CZ) to be stable and least variable in the change
of the odor profile. The other samples have an approximately constant odor spectrum,
which means that they are almost equally extractive. The position of samples V102 (NL)
and V269 (SR) suggests to us that these samples are similar. These two samples are also
characterized by high odor content. Interestingly, these samples represent hydroponically
(V269) and conventionally (V102) grown samples. The Slovak sample of hydroponically
grown tomatoes (V801) also shows similarities with these two samples.

Figure 1. Total odor profile of samples with corresponding odors.
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Samples (V826, V931, V188) that are in the same quadrant are similar. These samples
represent tomatoes that have been stripped of their top leaves in the processing and
packaging process.

This figure also shows the odors captured by the e-nose during the analysis of the
samples. Specific odorous substances produced by volatile organic compounds are rep-
resented by lines in the figure and their direction indicates the products that contain the
most of them. At the ends of the lines are numbers used to identify the compounds that
were present in the samples. We can confirm that samples V102 (NL), V269 (SR) and V740
(SR) are more extractive even though they contain fewer types of odorous compounds
compared to the others. Odor compounds 26.07-1-A and 15.31.1-A (listed in Table 1) are
typical of most hydroponically grown samples with strong discrimination power.

In the following procedure, we discussed the most basic identifiers that occurred
in significant amounts in tomato samples grown hydroponically. From the total odor
profile that was detected and generated from the electronic nose database, we selected the
first five basic odor markers that occurred in the greatest amount in the samples through
the program. Based on this, the localization and odor spectrum of the samples were
changed. This is illustrated in Figure 2. Since 98% of the 100% results obtained were
evaluated, we assess that the results obtained are reliable as well as quantitatively and
qualitatively adequate.

Figure 2. Categorization of samples with selection of main markers.

E-nose was able to identify differences between the evaluated samples and classify
them into two groups: hydroponically and conventionally grown tomatoes. The device
assessed the hydroponic tomatoes as demonstrably similar and placed them side by side
on the graph. For better clarity, we marked all these samples in the form of a triangle.
Bottom left quadrant represents the samples that the device assessed as conventionally
grown. This includes sample V102 (NL), but also samples V801 (SR) and V269 (SR), which
are incorrectly classified in this category as they are hydroponically grown tomatoes. The
erroneous categorization of these two samples can be explained by the fact that these
samples represent stemless tomatoes. The device also included sample V826, which
represents conventionally grown tomatoes, in the triangle representing hydroponically
grown tomatoes. This sample appears to contain a similar odor spectrum to hydroponically
grown tomatoes. After discounting this one sample, our study indicates that e-nose has
potential to be a suitable instrumental sensory analysis tool that can be used to detect
hydroponically and conventionally grown crops. Similar study indicates that there is
potential for the use of the e-nose to complement routine sensory analysis of tomatoes [24].
A similar view is shared by the authors [25], who state that e-nose is a fast and effective
technique that does not require special sample preparation to determine the aroma of the
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product and it is therefore widely used for the detection of food adulteration. They further
suggest that in the case of some foods, the aroma of the product is specific enough to
distinguish the original product from its counterfeit or adulterated product. Several studies
have used this fact and thus e-nose has also been used in the context of authentication and
adulteration of fresh juices made from cherry tomatoes. Other authors [26] confirmed the
possibility of using this device to detect adulterated food. Our results may indicate the
possibility of using e-nose in the process of food authentication and in estimating food
adulteration, specifically hydroponically grown tomatoes. To confirm this, we recommend
working with a larger number of samples in future research.

In the past, much research has led to the development of extraction and analytical
techniques useful for obtaining a detailed profile of volatiles from tomatoes. A large number
of volatiles have been identified and the volatile profile of tomato has been investigated in
detail in many studies. Already in 1998 [4], relationships between chemical compounds
and sensory properties of tomatoes were established. (Z)-3-hexenal, hexanal, 1-octen-3-
one, methional, 1-penten-3-one, and 3-methylbutanal were among the most odor-active
aromatic volatiles in fresh tomatoes. The aroma, taste and aftertaste of different tomato
varieties were evaluated by quantitative descriptive analysis. Using PCA analysis, they
found that the first three components presented 70% of the total variance. According to [5],
volatiles characteristic of tomatoes include acyclic, cyclic and heterocyclic hydrocarbons,
alcohols, phenols, ethers, aldehydes, ketones, carboxylic acids, esters and lactones, as
well as compounds containing nitrogen, sulfur and halogens. Of these, molecules such as
1-penten-3-one, hexanal, cis-3-hexenal, trans-2-hexenal, 1-penten-3-ol, 3-methylbutanol,
cis-3-hexen-1-ol, 2-isobutylthiazole, trans-2 heptanal, 6-methyl-5-hepten-2-one, 6-methyl-5-
hepten-2-ol, methyl salicylate, geranyl acetone, and phenyl ethanol are important.

As mentioned earlier, in this study, we focused on the five basic odors that were present
in the samples in the highest amount. After the electronic nose divided the odor profile
of the evaluated samples into hydroponic (inside the triangle) and conventionally grown,
we were able to identify three main odor cues characteristic for hydroponically grown
tomatoes (Figure 2). These are substances listed as 15.31.1-A, 26.07.1-A and, marginally,
43.88.1-A. Under the label 15.31.1-A, we are most likely to recognize the chemical organic
compound 2-methylpropanol. This substance is responsible for the typical fruity flavor and
the green, unripe notes of the fruit. It is highly likely that the compound dimethyl sulphide,
presenting fruity and vegetal notes, also completes this set of odors. The odor substance
labeled 26.07.1-A is the chemical compound 2,3-pentanedione representing a fruity flavor.
This substance also promotes the freshness feeling of the fruit and participates in the
formation of the sweet character. The last compound associated with the sensory character
of hydroponically grown tomatoes is (Z)-3-hexen-1-ol or 1-hexanol, causing a fruity, grassy,
fresh, and unripe flavor or aroma to the fruit. Correlation between (Z)-3-hexen-1-ol and
flavor intensity was also proven in the study of contribution of C6 volatiles to taste and
aroma [9]. Other authors report that C6 compounds are the most widespread volatiles in
tomato fruit and contribute to tomato flavor in various ways. Similar to our study, the
presence of (Z)-3-hexen-1-ol in hydroponically grown tomatoes was also detected by those
authors [1]. In some studies, this substance is associated with consumer acceptability [27].

Therefore, our study has shown that presence of substances: 2-methylpropanol, 2,3-
pentanedione, (Z)-3-hexen-1-ol or 1-hexanol is potentially the difference between hydro-
ponically and conventionally grown tomatoes. All four volatiles were also identified in a
review of proven volatiles in tomatoes and tomato products in 1986 [2]. To confirm this, in
future research, we recommend to upgrade research design with larger number of tested
samples. In the case of machine learning analysis, we used the original electronic language
dataset, whose most discriminative odorants/retention index is shown in Table 2. The
dataset was then divided into 80% training data and 20% data for validation.

Using various algorithms, we found that LDA (0.879) was the most suitable, followed
by Random Forrest (0.78) and SVM (0.684) using the Caret statistical package from R 4.0.2;
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KNN (0.578) were not suitable to predict hydroponic or conventional cultivation. The
results including Kappa parameter are shown in Figure 3.

Table 2. Overview of retention index, sensors, and its discrimination powers (AlphaSoft
14.2 database).

Index Sensors Discrimination Power

6 15.31-1-A 0.958
16 26.07-1-A 0.951
60 38.50-2-A 0.949
53 24.41-2-A 0.945
24 43.86-1-A 0.945
52 23.27-2-A 0.942
62 44.74-2-A 0.939
23 40.49-1-A 0.935
48 18.87-2-A 0.923
51 22.12-2-A 0.915

Figure 3. Machine learning applied algorithms (Caret Package, R 4.0.2).

3.2. Sensory Analysis Carried Out by the Evaluators

Sensory analysis can be affected by various factors. Compared to production meth-
ods, variety had greater influence on sensory attributes of tomatoes [28]. Similarly,
Treftz et al. [20] reported that sensory evaluation can be influenced by several factors
such as genetic composition, pre-harvest factors (light, temperature, humidity, and wind)
and post-harvest factors. Other influences include price, brand, and consumer mood,
which affect the sensory evaluation of the product. These authors suggest that these are
all important factors to consider when evaluating the hydroponically grown product for
sensory attributes. Other authors have shown that the inner tissues of tomato fruit con-
tained higher concentrations of 3-methylbutanol, 2-methylbutanol, 3-methylbutanol, and
2-methylbutanol than pericarp [6]. The composition and types of contents in tomato were
studied by some authors and they concluded that the concentration of alcohol in tomato
seeds was higher than that in other tissues. This finding was focused on higher amounts
of 2-methylpropanol, 3-methylbutanol, and 2-methylbutanol [29]. There is a consistent
relationship between color and taste, especially in red cultivars, but according to study
by Oluk et al. [30], brown cultivars were appreciated as much as their red counterparts.
The brown variety had the highest sweetness, typical aroma and hardness scores, while
the yellow variety had the lowest typical aroma sweetness score. In terms of sensory
parameters, the red and brown varieties scored higher than the yellow and orange varieties.
This means that during sensory analysis, it is important to evaluate same-color samples.

In our study, sensory panel evaluated homogenic-looking samples and the evaluation
was divided into two parts. In the first part of the sensory evaluation, a 5-level scoring
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test was used, which focused on the more complex agricultural character of tomatoes. The
results obtained were analyzed in SensoMiner software, based on which we obtained a
graphical representation of the different attributes and the results obtained are shown in the
form of Figure 4. From this graphical representation, we can see that in the odor attribute,
samples V102 (NL) and V153 (CZ) were judged as the least intense and they achieved
worse evaluation. Medium values were assigned by the evaluators to samples representing
conventionally grown tomatoes: V188 (NL), V297 (BE), and V826 (IT). Of all the samples
evaluated, no sample proved to be dominantly more intense in the odor attribute compared
to the other samples. Samples representing hydroponically grown tomatoes: V269 (SR),
V512 (CZ), V740 (SR), and V931 (SR) were ranked with the highest values obtained, which
means that they showed a more intense odor. These results correspond with those obtained
using e-nose.

Figure 4. Sensory analysis of tomato fruit odor.

Another attribute evaluated by the sensory panel was the smell of the tomato fruit on
the cut. From the data shown in the form of Figure 5, we can see that there were no clear
worse or better results between the samples. Samples V188 (NL), V269 (SR), V512 (Strabena,
CZ), V740 (SR), and V931 (SR) were evaluated as more satisfactory by the sensory panel in
terms of odor on the cut. In contrast, samples V102 (NL), V153 (CZ), and V826 (IT) were
characterized by a less intense aroma profile. In terms of the attribute evaluated, sample
V297, which represents conventionally grown Belgian tomatoes, was rated as the most
pleasant. The graphical distribution of samples V512 (CZ) and V826 (IT) tells us that these
samples had a wide odor spectrum.

Figure 5. Sensory analysis of the smell of fruit on the cut.
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The human perception of tomato flavor lies in the integration of taste and aroma.
Tomato aroma is a balance of acid and sugar recognized by the tongue and the effect of
volatile compounds in the fruit that cause the aroma is recognized by the nose, therefore,
we considered important the results obtained by sensory evaluation of tomato flavor, which
are graphically represented in the form of Figure 6. For the flavor attribute, the sample
V153 (CZ) stood out as more intense. This sample received, on average, the highest possible
score and it is the sample that represents hydroponically grown tomatoes. Compared to
this sample, samples V188 (NL), V512 (CZ), and V931 (SR) were rated as less intensive.
These samples represent the tomatoes of both groups. The sample that was rated lowest by
the sensory panel and rated as less suitable for this attribute was sample V269 (SR). The
other samples were at the level of average taste acceptable by consumers.

Figure 6. Sensory analysis of the flavor of the fruit.

The results obtained by the scoring test were subjected to PCA analysis and Figure 7
was constructed. The first part of Figure 7a shows the distribution of the samples within
the summary scores of all the attributes evaluated, namely: appearance, smell, smell of the
fruit on the cut, texture, taste, and overall impression. Based on the data obtained from the
sensory analysis, we can rank samples V269 (SR) and V297 (BE), as well as samples V102
(NL) and V826 (IT) as statistically significantly similar. The remaining evaluated samples
scored similarly, meaning that these samples show similar sensory characteristics. Based on
the samples’ position within the graph, we can conclude that the sensory evaluators were
also able to detect differences between hydroponic and conventional tomatoes. This means
that also through the panelists’ evaluation with the simple scoring test and subsequent
PCA analysis, it is possible to show differences between tomatoes grown in two different
ways. Other authors have compared hydroponically and conventionally grown crops from
sensory point of view. For example, in one study, the authors compared hydroponically
and conventionally grown strawberries. The study found that consumers did not have
strong preference between hydroponic and soil-grown strawberries, but indicated that of
the 13 attributes examined, overall aroma and aroma intensity were the only attributes
that reached statistical significance (p < 0.05). Hydroponically grown strawberries showed
higher mean ratings for these two categories. Consequently, they reported that due to the
environmental benefits of hydroponic production combined with the favorable ratings of
descriptive sensory analysis, it may be desirable for the consumer and beneficial for the en-
vironment to grow strawberry varieties in infertile areas to provide fresh fruit [20]. In 2011,
a study was conducted to compare hydroponically, conventionally, and organically grown
lettuces. A significant difference was found between either hydroponically and convention-
ally grown lettuces (p = 0.03) or between organically and conventionally grown lettuces
(p = 0.009), but not between hydroponically and organically grown lettuces (p = 0.6956). In
the opinion of the sensory panel, hydroponically and organically grown lettuces had more
intense smell (odor) [31]. Similarly, in our study, consumers rated hydroponically grown
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tomatoes with the highest scores, meaning that they demonstrated a more intense odor.
These results were confirmed by e-nose.

Figure 7. (a) PCA analysis of the overall character of the samples (point test); (b) PCA analysis of the complex profile of the
samples (point test)—output by Sensominer software.

Within the second part of Figure 7b, the ellipses shown represent the variance of the
values given in the sensory evaluation of each attribute. We can say that the samples
V297 (BE) and V931 (SR) have the narrowest variance of the values obtained. A very wide
variance is visible for samples V826 (IT), V102 (NL), and V269 (SR).

Table 3 was subsequently generated from the results of the scoring test, showing the
demonstrability of differences between the tested samples. The resulting values, which
are highlighted in yellow in the table, indicate that there is a difference between them at
the alpha level of significance = 0.05. For us, the most important results are indicated in
bold. Sample V826 (IT), which belongs to conventionally grown tomatoes, was marked
as statistically significantly different. Its dissimilarity was not proven for samples V102
(NL) and V269 (SR). This means that these samples had similar sensory characteristics to
the tomatoes that were stemless. The Slovak hydroponically grown tomatoes V931 were
statistically significantly different from other samples, namely samples V102 (NL), V297
(BE), and V826 (IT). Similarly, to the Slovak sample, the Czech tomato (V512) differed from
the samples that were grown conventionally (V102, V297, and V826).

Table 3. Demonstrability of differences between samples (sensory evaluation) (yellow label statistical
difference p < 0.05).

V102 V153 V188 V269 V297 V512 V740 V826 V931

V102 1 0.0549 0.0985 0.0804 0.1240 0.0279 0.0550 0.6970 0.0481
V153 1 0.9235 0.00833 0.0350 0.8637 0.2268 0.0115 0.8957
V188 1 0.0718 0.3100 0.7846 0.3827 0.0207 0.8946
V269 1 0.3465 0.0050 0.0666 0.0550 0.0057
V297 1 0.0206 0.3057 0.0406 0.0144
V512 1 0.2068 0.0063 0.8747
V740 1 0.0127 0.2043
V826 1 0.0106
V931 1
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The second part of the sensory analysis performed by the sensory panel consisted
of assessing the sensory profiles through the hedonic scale. Our evaluators assessed the
odor-flavor profile of the tomato, i.e., the flavor. Flavor refers to the sensory impression
of the food or other substance, which is determined mainly by chemical combinations
of taste and smell. To obtain the results, we used a similar program to the scoring test,
namely SensoMiner, and we provide the results by visualizing them in the table evalu-
ating the treated averages of the measured values. From a statistical point of view, we
used Friedman’s non-parametric test. The provable differences between the samples are
demonstrated to us by the values shown in Table 4. Statistically demonstrably stronger,
more pronounced attributes are shown in blue. Attributes in which specific samples were
rated as statistically demonstrably weaker are shown in yellow. From the values shown,
we can see that in terms of sweet flavor, tomato sample with stem V931, hydroponically
grown in Slovakia, dominates. The evaluators identified the foreign, conventionally grown
samples V297 (BE) and V826 (IT) as statistically significantly less sweet. In this context,
lower fruit ripeness was also associated with sample V826 and a demonstrably more acidic
flavor with sample V297. Sample V740 (SR) was also found to be sour. Sample V269 (SR)
was less acidic than the other samples. In terms of the other evaluated flavors, there was
no clear difference between the samples. This means that there were no spicy, peppery, hot,
metallic, or other foreign odors or flavors present in the samples that would significantly
affect the character of the tomatoes. As a result, it can be said that samples V297 (BE)
and V826 (IT), which represented foreign conventionally grown tomato varieties, were
marked as less ripe or underripe by this method of evaluation and were therefore less
sweet but more acidic to the evaluators compared to other samples. These results can be
explained with the findings from previous studies that have shown that tomato volatiles
which affect odor and taste of the tomato are formed during the ripening process in the
intact tomato and during maceration of the tomato, for example, when slicing, chewing or
blending. A reasonable amount of cis-3-hexenal also exists in the ripe green tomato, but its
concentration increased more than 20 times in the ripe form [11]. These samples were from
abroad and had to be shipped to Slovakia; they may be chilled during the transportation
and as a result of that, their volatile content may have been reduced as shown in the
study by Tieman et al. [9] where refrigeration of tomatoes have previously been found to
reduce the volatile content of fresh tomato fruit. It has been reported that chilling injury
results in membrane damage, which can disrupt the lipoxygenase enzymatic pathway that
results in C-6 aldehydes (hexanal, hexanol, cis-3-hexenal, cis-3-hexenol, trans-2-hexenal,
etc.) from membrane lipids [8]. On the other hand, Yilmaz [32] gave a list of volatiles
whose amount increases after disruption of tissues (cis-2-hexenal, trans-2-hexenal, hexanal,
trans-2-heptenal, 1-penten-3-one, 1-penten-3-ol, and geranyl acetone).

Table 4. PCA analysis of sensory profiles (blue label statistically better, yellow label vice versa).

Sweet Flavor Ripe/Overripe Sour Flavor
Peppery/Hot/Spicy
Flavor

Metallic Flavor
Other Foreign
Flavor

V931 7.52 6.17 4.46 1.58 1.15 0.59
V102 5.56 6.14 3.33 1.39 1.74 1.43
V512 5.48 5.20 4.35 2.30 0.91 0.89
V153 6.02 5.21 3.99 1.62 2.14 0.92
V188 6.17 5.80 3.68 2.21 1.73 1.41
V740 4.46 5.42 6.22 2.15 1.02 0.85
V269 4.48 6.67 2.63 1.55 2.28 2.00
V297 2.36 4.85 6.55 2.16 2.32 1.64
V826 3.10 2.46 4.11 1.98 2.20 2.00

The demonstrability of the differences from the results of the sensory profile evalua-
tions at alpha level = 0.05% is shown in Table 5. The sample V826 (IT) was also the most
different according to this analysis. This sample is statistically significantly different from
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all samples except the Dutch stemless tomatoes. Tomato sample V740 (SR) was significantly
different from sample V153 (CZ) and from V269 (SR).

Table 5. Demonstrability of differences between samples (sensory profiles) (yellow label statistical
difference p < 0.05).

V102 V153 V188 V269 V297 V512 V740 V826 V931

V102 1 0.9121 0.9857 0.9211 0.0379 0.6828 0.1126 0.0504 0.6559
V153 1 0.9365 0.6461 0.0658 0.8984 0.0470 0.0078 0.3164
V188 1 0.7963 0.0737 0.8130 0.0917 0.0176 0.5927
V269 1 0.0049 0.2519 0.0181 0.0234 0.4146
V297 1 0.0749 0.3593 0.0106 0.0042
V512 1 0.1121 0.0114 0.1929
V740 1 0.0000 0.0374
V826 1 0.0008
V931 1

The similarity between the samples was then also analyzed using PCA method and a
similarity map of the samples was constructed (Figure 8). An extract from Figure 8a shows
the individual description and distribution of the samples through a complex odor profile
by combining the individual flavors assessed. The resulting position of the samples in the
graph indicates that samples V740 (SR) and V297 (BE) are rated as statistically demonstrably
similar, meaning that these samples are similar in their odor profile composition. Since
sample V826 (IT) is located in a separate quarter, we can conclude that this sample is
statistically significantly different from the other samples. In the graph, the other samples
are placed close to each other, indicating that these samples are very similar.

Figure 8. (a) PCA analysis of the flavor assessment of samples (sensory profiles); (b) PCA analysis of the complex profile of
samples (sensory profiles).

A PCA similarity map was also constructed (Figure 8b), which shows the variances
obtained from the results of the sensory profile evaluations. In this case, each ellipse
represents values from minimum to maximum. Sample V826 (IT) also emerged as statis-
tically demonstrably different from the other samples in this case, which does not have
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such a large variance, but apparently quite different sensory properties, as we have con-
firmed in the previous results. We observe a similar flavor in samples V740 (SR) and V297
(BE). Among the group of samples with related characteristics, the conventionally grown
samples from the Netherlands (V102 and V188) have a broad profile.

In the analysis of the relationship between the two types of measurements, we can
conclude that there is no relationship between the data from the electronic nose to the data
from the sensory evaluation. The odor profile is complex in both types of tomato grown
and the two methods do not correlate with each other at all (R = 0.07). The results are
demonstrated in Figure 9.

Figure 9. Canonical correlation analysis X matrix (electronic nose data, R = 0.34), Y matrix (sensory
analysis data, R = 0.22), bottom XY (cross-correlation matrix of XY data, R = 0.07).

4. Conclusions

Sensory analysis of hydroponically and conventionally grown tomatoes was carried
out using e-nose and sensory panel. In both cases, there were demonstrable differences
between the two groups and the study proved that there is the difference between tomatoes
grown with nutrient solution and those grown conventionally in soil. Based on the obtained
results, we can conclude that we can potentially use the electronic nose to detect the
difference between the samples. E-nose device was able to divide the analyzed samples
into two groups, namely hydroponically and conventionally grown tomatoes. This fact
shows us that we could potentially use e-nose for detecting food adulteration, namely,
conventionally grown tomatoes declared as hydroponically grown tomatoes and vice versa.
For future research, to obtain more accurate results, we recommend testing a larger number
of samples and purchasing samples from one location or country.

In our research, we were also able to identify three main odor traces characteristic for
hydroponically grown tomatoes: 2-methylpropanol, 2,3-pentanedione, (Z)-3-hexen-1-ol
or 1-hexanol (substances registered as 15.31.1-A, 26.07.1-A and, marginally, 43.88.1-A). It
is very likely that these substances characterize the difference between tested samples.
Sensory panel was also able to detect the difference between hydroponically and con-
ventionally grown tomatoes, which tells us that even consumers themselves are able to
recognize the differences between the two groups. For the prediction of hydroponically
and convectively grown tomatoes, we used a machine learning technique (ML), with the
linear LDA algorithm performing best. There was no relationship between the sensory
evaluation data and the artificial perception evaluation.
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