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ABSTRACT

We conducted a series of experiments to investigate the psychophysiological effects of
aromas under a short-term cognitive stressor, in a highly reproducible manner using an
olfactometer. Each experiment consisted of a 10-min initial rest period, a 30-min calculation
task, and a 15-min recovery period. Within-subject design was employed where male university
students (n=19, 6, and 19 in Exp.1,2, and 3 respectively) performed the calculation under each
aromatic or control stimulus presented in counter-balanced/ randomized order. Each stimulus
was intermittently delivered (first 20s of each 1-min interval) via a cannula placed under the
nostrils and connected to a customized olfactometer. Dose-dependent effects of 1 and 20%
Orange were investigated in Exp.1 whereas eight different aromas: Chocolate, Strawberry,
Green tea, Apple, Citrus ginger, Chamomile, Cedarwood, and Musk were investigated in a
preliminary investigation (Exp.2). Based on the findings of Exp.2, Apple and Chamomile were
further investigated in Exp.3. Along with a visual analogue scale (VAS) for psychological
assessment, cardiac activity on electrocardiograms, and peripheral activity using skin
temperature and skin conductance level (SCL) were recorded throughout each experiment.
These measures indicated that the calculation task functioned as an acute stressor. Remarkably,
the increase/decrease in heart rate (HR) and high-frequency (HF) component of heart rate
variability during the task were significantly smaller with 1% Orange (compared to 20% and
Control). Suppressed increase/decrease in HR and HF were also observed in Exp.2 with
Cedarwood, Strawberry, Green tea, Apple, and Citrus ginger (compared to Control). These
results indicated an inhibition of sympathetic nervous system elevation and parasympathetic
nervous system suppression. Demonstrating a remarkable suppression in the increase/decrease
in HR and HF, Exp.3 verified the efficacy of Apple in alleviating cardiac stress response.
However, the psychological measures in terms of VAS demonstrated no significant benefit of
the above aromas as demonstrated through cardiac parameters. Discrepancies were also
observed between the subjective impressions and the physiological responses. Moreover, the
effects demonstrated through peripheral responses were inconsistent with those through cardiac
responses, e.g. there were no significant differences in nose temperature between the two doses
of Orange, negative effects were observed with Cedarwood and Apple on SCL (Exp.2) and with

Apple on skin temperature (Exp.3).

Overcoming the limitations in past aroma studies brought by conventional passive

exposure administration methods, the study successfully introduced a proprietary olfactometer



ensuring well-controlled aroma administration. While contemporary studies on discrepant
psychophysiological effects are in a preliminary stage and such effects are frequently and
merely attributed to the large variation in experimental design and aroma administration method,
our study investigated various psychophysiological effects through a series of well-controlled
experiments, employing an olfactometer. Investigations on the differences based on age and
gender is a direction for prospective research which will enable to overcome the limited
generalizability of our findings resulted due to the homogeneous study sample. In conclusion,
the study verified the efficacy of mild Orange and Apple aromas in inhibiting cardiac stress
response. Further, the presence of a dose-dependent effect and a stimulus-specific nature of

aroma which leads to discrepant psychophysiological effects were revealed.
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CHAPTER 1
INTRODUCTION

1.1 Background
1.1.1 Benefits of Aromatherapy

Over the decades, aromatherapy has been used worldwide as a major facet of alternative
and complementary medicine. In addition to the use of aromas in various consumer products,
the use of ambient aromas in service or living environments is also playing a key role within
the recent and emerging concept of ambient relaxing environments. Throughout history, many
scholars have investigated the benefits of aroma and the identified benefits can be basically

categorized as behavioural, psychological, and physiological benefits.

1.1.1.1 Behavioural Benefits

Lavender which is one of the most commonly used aromas in aromatherapy enhances
sleep quality [1] and improves cognitive task performance [2]. Shaded white tea which is a kind
of green tea is also efficacious in improving cognitive performance [3, 4]. Strawberry aroma
reduces infusion-related nausea and vomiting [5] and ginger is also reported as an effective
medicament in reducing nausea among the patients in an acute care setting [6]. In addition to
that, massage with aromatic ginger and orange essential oil relieves knee pain among the elderly
[7]. Damask rose [8] and sweet marjoram [6] are among the other aromas with reported efficacy

in relieving pain.

1.1.1.2 Psychological Benefits

In addition to the behavioural effects discussed above, various psychological benefits
are reported so far, associating with a number of aromas. Orange aroma reduces anxiety and
stress [9, 10, 11] and improves positive mood [9, 10]. Lavender which is regarded as one of the
prominent aromas in olfactory research also reduces anxiety and stress [6, 10, 12], enhances
positive mood [10], and improves concentration during cognitive tasks [13]. Apple [14], sweet
marjoram [6], and chamomile [12, 15] are the other aromas with reported anxiolytic activity
while yuzu [16], chocolate [17], and shaded white tea [3, 4] have demonstrated efficacy in
improving mood. Moreover, chocolate [18], shaded white tea [3], bergamot and lavender [19]

aromas lead to enhanced relaxation.



1.1.1.3 Physiological Benefits

Through physiological measures including cardiovascular, endocrinological, and
neurological parameters, various aromas have demonstrated their beneficial effects. Anxiolytic
effects of orange aroma were observed through reduced pulse among children during dental
treatment [20]. A combination of aromas including orange, lavender, and chamomile also led
to reduced pulse among nursing students practicing intravenous injection for the first time [21].
Demonstrating relaxing effects, bergamot inhalation inhibits cardiac stress response [22].
Inhalation of cedarwood [23] and oil massage with bergamot blended with lavender [19] reduce
blood pressure, and heart rate/pulse. Reductions in blood pressure could also be observed
among prehypertensive and hypertensive subjects following inhalation of a mix of lavender,
ylang-ylang, and marjoram aromas [24]. A combination of chamomile and lavender also was

effective in stabilizing blood pressure among percutaneous coronary intervention patients [12].

The effects of aroma in reducing endocrinological stress response are evident through a
number of reports on reduced stress-related hormones. Orange aroma reduces salivary alpha
amylase [11] and salivary cortisol among children during dental treatment [20]. Green tea
resulted in reduced salivary chromogranin A (CgA) levels among the students submitted to a
mental task stress load [4]. Inhalation of yuzu also resulted in CgA reductions among women
during the follicular phase of menstrual cycle [16]. Musk is also reported to have reduced
salivary cortisol [25] and demonstrated antidepressant-like effects in an animal model of
depression through reductions in serum corticosterone [26]. Moreover, lavender functions as

an effective treatment for neurological disorders [27].

1.1.2 Discrepant Results reported in the Literature

Despite the above mentioned beneficial effects of aroma on human behavior,
psychology, and physiology, a considerable number of studies have failed to demonstrate any
significant effect of aroma where some studies have even led to negative effects. A study
demonstrated the effects of orange aroma in reducing anxiety and improving mood among
patients waiting dental treatments [10]. Contrasting with these findings, another study failed to
show any significant effect of orange aroma on anxiety or mood experienced by dental patients
[28]. Anxiolytic effects of orange aroma were evident in two experimental studies [9, 11], but
a field study investigating the effects of orange aroma on anxiety among pregnant women
during labour resulted in no such beneficial effect [29]. Physiological benefits of orange were

reported through reduced salivary a-amylase [11], cortisol, and pulse [20], however the results



reported with several other studies were inconsistent with the above findings demonstrating no
significant effect of orange aroma in terms of HR, EMG [9], blood pressure, respiration, or
pulse [29]. In addition to that, no specific effect of orange could be seen in a study using orange
ice lollies in preventing nausea and vomiting related to dimethyl sulfoxide (DMSO) among
patients undergoing stem cell transplantation [30]. A similar study investigating the effects of
orange interventions on symptoms associated with DMSO during stem cell reinfusions showed
positive results but only with the fruit and not with the aroma [31]. Most importantly this study
reported an increased heart rate following orange aroma inhalation contrasting with the
inhibitory effects of orange reported previously. Bergamot aroma inhalation inhibited cardiac
stress [22] and massage with bergamot blended with lavender and almond oils demonstrated
relaxant effects with reduced blood pressure and pulse [19] among healthy participants. Yet,
bergamot aroma was not effective in treating anxiety, nausea or pain perceived by pediatric
patients undergoing stem cell infusion [32]. Similarly, inhalation of bergamot mixed with
lavender and cedarwood oils resulted in no significant effect on anxiety or depression among

patients undergoing radiotherapy [33].

Lavender which is one of the prominent aromas reputed for its sedative effects [6, 10,
12, 19, 24], also reported no significant psychological or physiological effects after coronary
artery bypass surgery [34]. Resulting in an intriguing finding, one of our previous studies
indicated an enhancement of autonomic stress response by lavender aroma inhalation during a

short-term calculation task [13].

Inconsistent findings are reported with apple aroma as well. Despite the demonstrated
efficacy in reducing tension and anxiety [14], apple aroma failed to reduce anxiety or enhance
mood among the patients waiting for scheduled dental treatments [28]. Anxiolytic effects of
chamomile were seen in several studies involving percutaneous coronary intervention patients
[12] and outpatients with mild to moderate generalized anxiety disorder [15]. However, a
combination including chamomile, lavender, and orange aromas did not show any significant
effect on anxiety among nursing students practicing the intravenous injection for the first time
[21]. Consistent with the idea of relaxant effects of cedarwood, reduced sympathetic nervous
system (SNS) activity and increased parasympathetic nervous system (PNS) activity were
observed during inhalation of Cedrol which is extracted from cedarwood [23]. Despite such
beneficial effects, cedarwood showed no significant effect in reducing anxiety or depression

among patients undergoing radiotherapy [33].



Table 1: Summary of past aroma studies (Exp.1)

Study Aroma Subjects Study Method of Dose- Psychological Physiological
(stress load) design stimulation variation effects effects

F. Rashidi-Fakari orange pregnant between  P.E (napkin) No anxiety n.s SBP, DBP, RSP,

etal. [29] women during  -subject Pulse n.s
labour
n=100(F)

S. Gonellaet al. orange patients between  O.C (ice No nausea and

[30] undergoing -subject  lollipop: - vomiting| [with
SCR orange and ice lollipops but
n=69 non-citrus) not limited to

orange]

M. Jafarzadeh et orange dental patients  within- P.E (diffuser) No Acortisol |,

al. [20] n=30 subject ) Apulse]

Y. Nagata et al. sweet orange,  healthy between  P.E (tissue No anxiety|[swee salivary o-

[11] peppermint undergraduate  -subject  paper) t orange] amylase | [sweet
students (no orange]
stressor)
n=79

T. C. Goes et al. sweet orange,  healthy between  P.E (surgical  Yes anxiety and HR, EMG n.s

[9] tea tree graduate -subject  mask) stress|,
students positive
(SCWT) mood1[sweet
n=40(M) orange]

P. Potter etal. [31] Orange patients between P.E No symptom HR1[aroma],

(aroma, fruit)  undergoing -subject  (aromatherap intensity, HR, blood
SCR y sampler), symptom pressure
n=60 O.C (fruit) relief n.s n.s[fruit]

[aroma],
symptom
intensity |,
symptom
relief 1[fruit]

C. B. Faturi et al. orange, tea Wistar rats between  P. E (cotton)  Yes anxiolytic

[35] tree (EPM -subject behaviourt[oran
followed by - ge]

LDP)
n=20(M)

A. Toet et al. [28] apple, orange  dental patients ~ between  P.E. No anxiety,
n=117(M)+ -subject  (dispenser) mood, or
102(F) perceived pain )

n.s

Y.B. Yipetal. [7] mixed aroma  older persons between  Oil massage No quality of life knee pain|

(ginger, n=59 -subject n.s

orange)

J. Lehrner et al. lavender, dental patients ~ between  P.E. No anxiety and

[10] orange n=200 -subject  (dispenser) stress|,

positive -
mood1[lavend
er, orange]

S.G. Grayetal. lavender, Residential- within- P.E No resistive

[36] sweet orange,  care residents subject behaviour n.s

tea tree with dementia
and
behavioural
challenges
n=13

Y. Sugawaraetal.  ylang yang, heathy adults unk. inhaler No Favourablenes

[37] orange, (Kraepelin s | [orange -

geranium, test/ stepping (after physical

cypress,

up and down)

work), orange,




bergamot, n=17-27 in geranium
spearmint, each group (after mental
juniper work)],
Favourablenes
s 1 [cypress
(after physical
work), juniper
(after mental
work)]
T. mixed aroma  healthy between  Oil massage No relaxationt SBP, DBP,
Hongratanaworaki  (bergamot, volunteers -subject Pulse|
[19] lavender, n=40
almond)
T. Matsumoto et yuzu women during  within- P.E (diffuser) No positive salivary CgA |
al. [16] follicular subject mood?
phase of
menstrual
cycle
n=20(F)
D. H. Ndao et al. bergamot pediatric between  P.E (diffuser) No anxiety n.s nausea, pain n.s
[32] patients -subject
undergoing
SCR and their
parents
n=37
S. -M. Peng et al. bergamot healthy between P.E No LF/HF|
[22] undergraduate  -subject  (ultrasonic
students (no atomizer) -
stressor)
n=114
P.H. Grahametal. —mixed aroma  patients between  P.E. (bibs) No anxiety and
[33] (cedarwood, undergoing -subject depression n.s
lavender, radiotherapy )
bergamot) n=313
A. Bikmoradi et damask rose patients with between  P.E (gauze) No pain|
al. [8] burn wounds -subject -
n=50
1. H. Kim [24] mixed aroma  prehypertensiv  between P.E No BP|, decreased
(lavender, e and -subject  (necklace, salivary cortisol
ylang-ylang, hypertensive aroma stone) -
marjoram, subjects
neroli) n=83

P.E., passive exposure; O.C., oral consumption; tincrease, |decrease; n.s, not significant; unk., unknown; M, male; F, female; EMG,

electromyogram; CgA, chromogranin A; HR, heart rate; HRV, heart rate variability; LF, low-frequency component of HRV; HF, high-
frequency component of HRV; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; RSP, respiration; SCR,
stem cell reinfusion; SCWT, Stroop color-word test; EPM, elevated plus-maze test; LDP, light/dark paradigm



Table 2: Summary of past aroma studies (Exp.2,3)

Study

Aroma

Subjects
(stress load)

Study
design

Method of
stimulation

Psychological effects

Physiological
effects

G.N. Martin [18]

chocolate,
spearmint,
strawberry,
almond,
vegetable, garlic
onion, cumin

healthy
university
students and
volunteers
(no stressor)
n=21

within-
subject

P.E. (paper
strips)

relaxationf[chocolate,

spearmint]

EEG (0)|[chocolate,

spearmint]

M.P. Pase et al.
[17]

chocolate

healthy
middle-aged
participants
(cognitive
test battery
having 10
tasks)

n=72

between-
subject

positive mood?

E. Ozdemir et al.

(5]

strawberry

patients
undergoing
cryopreserved
PBSC
infusion
n=158

between-
subject

O.C.
(lollipop)

nausea and
vomiting|

A.Yoto et al. [4]

green tea, shaded
white tea

healthy
volunteers
(Kraepelin
test)
n=9(M)+9(F)

within-
subject

O.C.

task performance?,
mood disturbance |

salivary CgA|

S. Murao et al.

(3]

green tea, shaded
white tea

healthy
volunteers
(arithmetic
mental task,
auditory
oddball target
detection
task)
n=6(M)+6(F)

within-
subject

P.E. (tea
cup)

task performance?,
positive mood1,
relaxationt

EEG(a, B)T

T.S. Lorig etal.
[14]

spiced apple,
eucalyptus,
lavender

healthy
volunteers
(mental task
series)
n=4(M)+5(F)

within-
subject

P.E. (vials)

anxiety and

tension | [spiced apple]

EEG (0)|[spiced
apple]

A. Toetetal.
[28]

apple, orange

dental
patients
n=117(M)+
102(F)

between-
subject

P.E.
(dispenser)

anxiety, mood, or
perceived pain n.s

Y.B.Yipetal.
(71

mixed aroma
(ginger, orange)

older persons
n=59

between-
subject

oil massage

quality of life n.s

knee pain|

J.R. Johnson et
al. [6]

ginger, lavender,
mandarin,
marjoram

acute care
patients
n=9389

single
arm

P.E.

anxiety | [lavender,
marjoram]

pain|[marjoram],
nausea/[ginger]

M.-Y. Cho et al.
[12]

mixed aroma
(roman
chamomile,
lavender, neroli)

PCI patients
n=56

between-
subject

P.E (aroma
stone)

anxiety |, sleep quality

stabilized blood
pressure

J.D. Amsterdam
etal. [15]

chamomile

outpatients
with mild-
moderate
GAD
n=61

between-
subject

0O.C.
(capsule)

anxiety|




M. Kim et al. mixed aroma nursing between- P.E.(aroma  anxiety n.s pulse, Apulse, and
[21] (chamomile, students subject lamp) ASBP|
lavender, sweet practicing
orange) intravenous
injection for
the 1% time
n=55

P.H. Graham et mixed aroma patients between-  P.E. (bibs) anxiety and depression
al. [33] (cedarwood, undergoing subject n.s

lavender, radiotherapy

bergamot) n=313

S. Dayawansaet  cedarwood healthy unk. Olfactometer HR, SBP, DBP|,
al. [23] volunteers HF1

(no stressor)

n=26

(cedarwood)

n=9 (control)

N.N. Ayuob [26]  musk Swiss albino between-  P.E. (cotton) serum
mice subject corticosterone |
(CUMS) )
40(M)

H. Fukui et al. musk, rose, floral  healthy within- P.E. (filter cortisol | [musk, rose,
[25] university subject paper) floral]

students (no -

stressor)

n=8(M)+8(F)

S.Nomuraetal. lavender, jasmine  healthy within- Olfactometer  concentrationf[lavender]  nose temperature
[13] university subject and HF | [lavender],
students HR1[lavender and
(Kraepelin jasmine]
test)
n=17(M)

P.E., passive exposure; O.C., oral consumption; tincrease, |decrease; n.s, not significant; unk., unknown; M, male; F, female; EEG,
electroencephalogram; CgA, chromogranin A; HR, heart rate; HF, high-frequency component of heart rate variability; SBP, systolic
blood pressure, DBP, diastolic blood pressure; PBSC, peripheral blood stem cell; PCI, percutaneous coronary intervention; GAD,
generalized anxiety disorder; CUMS, chronic unpredictable mild stress

1.1.3 Limitations in Aroma Research
1.1.3.1 Limitations due to the Adoption of Conventional Methods of Aroma
Administration

It can be seen that the inconsistent findings frequently reported in aroma research as
discussed in section 1.1.2 are frequently attributed to the limitations brought by conventional
methods of aroma administration. Passive exposure administration which is quite common in
aroma research causes difficulties in strictly controlling the duration and concentration of aroma

administration. Besides, the outcomes of such studies might be affected by the olfactory fatigue.

Among the common practices used in passive exposure administration are, impregnated
masks [9] or other materials [8, 24, 29, 33] worn by the participants. Some other studies have
used impregnated tissue papers [11] or perfumer’s paper trips [18] placed in a constant distant
from the subjects. Inhalation of aroma using inhalers [37], aromatherapy samplers [31], cups

[3] or vials [14] containing the odourants have also been frequently used in previous research.
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Meanwhile, aroma stones [12, 24], aroma lamps [21], dispensers [10, 28], ultrasonic atomizers
[22], and aroma diffusers [16, 20, 32] are used in diffusing the odours in the ambient
environment. While there is immense evidence on the use of various passive exposure
administration techniques as discussed above, only a very few studies are reported so far which

introduced well-controlled methods of aroma administration, e.g. olfactometers [13, 23].

1.1.3.2 Variation in the Method of Aroma Administration and Experimental Design

In addition to the limitations brought by employing conventional exposure
administration methods, the considerable variation in these administration methods across
studies (as reflected in Table 1 and 2) introduces another major limitation in aroma research.
Further, the current literature highlights a wide variation in the experimental design, limiting

the ability to make direct comparisons among their findings.

1.1.3.3 Limitations due to the Absence of a Load-test

A number of field experiments have been conducted investigating the effects of aroma
within various clinical settings. Psychophysiological effects of aroma on patients undergoing
stem cell reinfusion (SCR) [5, 30, 31, 32], or radiotherapy [33], patients treated in intensive
care units after percutaneous coronary intervention [12], and pregnant women during labour
[29] are reported previously. Effects of olfactory stimulation on prehypertensive and
hypertensive subjects [24], outpatients with mild-moderate generalized anxiety disorder [15],
and residential-care residents with dementia and behavioural challenges [36] are also reported.
Moreover, the effects of aroma are investigated the subjects being patients waiting for dental
treatments [10, 20, 28], patients with burn wounds [8], and nursing students practicing

intravenous injection for the first time [21].

In addition to the above-mentioned field studies, laboratory experiments investigating
the efficacy of aroma under different stress load tasks are reported. Various cognitive stressors
including Kraepelin calculation task [4, 13, 37], Stroop colour-word test [9], and other cognitive
test batteries [3, 14, 17] have been employed in previous studies. Physical stressors are also

employed [37], but seldom.

While there are reports on studies that have successfully employed stress load tasks in
the laboratory environment, simple exposure studies with no any acute stressor are reported

quite frequently [11, 18, 23, 25]. The absence of a stress load task forms another limitation in



aroma research since the outcomes of such experiments might be strongly deteriorated by the

initial condition of the participants.

1.1.3.4 Disregarding the Dose-dependent Effects of Aroma

A considerable amount of research has been carried out in the past to investigate the
psychophysiological effects of orange and various other citrus fragrances as summarized in
Table 1. With a remarkable number of studies failing to verify any beneficial effect and some
studies resulting in negative effects, the reported results on the effects of orange are highly
inconsistent among the studies as detailed in section 1.1.2. In addition to the common
limitations in aroma research discussed previously, the poor attention paid on controlling the
concentration of aroma can be identified as a potential reason that may lead to discrepant results.
Among the many studies concerning the psychophysiological effects associated with orange
aroma, only a very few have incorporated the dose variation in the experimental design. Goes
et al. (2012) investigated the dose-dependent effects of orange aroma, but their results showing
no physiological benefit should be interpreted cautiously given the small sample size (n=8) as
for a between-subject design [9]. An animal study employing Wistar rats has demonstrated
dose-dependent effects of orange aroma, where the highest anxiolytic effect was observed with
the highest dose [35].

1.2 Motivation

Among the studies investigating the psychophysiological effects of various olfactory
stimuli, a considerable number of studies have reported findings which are inconsistent with
each other. The outcomes of aroma research are frequently limited due to several reasons as
identified and discussed in detail in section 1.1.3. These limitations include the utilization of
conventional passive exposure administration methods which impose difficulties in controlling
the duration and concentration of aroma administration, the large variation among aroma
studies in terms of experimental design and method of aroma administration, and the absence
of a load test. While the inconsistency among the findings persistent in aroma research is
frequently and merely attributed to the wide variation among the studies, less effort is made so
far in introducing sound experimental design which overcomes the above limitations. Taken
together, there is a need to investigate the psychophysiological effects of aroma in a well-
controlled experimental set-up using a well-controlled method of aroma administration under
the presence of a stress load. Orange aroma being a major example with reported inconsistent

findings, further encompasses a lack of attention on its dose-dependent effects. Among other
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aromas which resulted in inconsistent findings are Chocolate, Strawberry, Green tea, Apple,
Citrus ginger, Chamomile, Cedarwood, and Musk. Further, the available scientific evidence to
verify the efficacy of these aromas in alleviating psychophysiological stress is insufficient.
Having identified eight different aromas, a preliminary investigation needs to be carried out as
the first step in order to identify the aromas with inhibitory potentials. Upon identifying the
prominent aromas from among the eight aromas, thorough investigations are required to be

carried out to verify their efficacy in alleviating psychophysiological stress.

1.3 Research Framework and Objectives

1.3.1 Research Framework

Based on a comprehensive review of literature on olfactory psychophysiology, major
drawbacks (detailed in section 1.1.2) and the underlying limitations in aroma research (detailed
in 1.1.3) have been identified. Overcoming the identified limitations, the study has introduced
an approach for experimenting psychophysiological effects of olfactory stimuli in alleviating
acute stress response, which utilizes a customized olfactometer for aroma administration in a
well-controlled experimental setting under the presence of a cognitive load test. Addressing the
research gaps associated with identified aromas: Orange and eight other aromas (Chocolate,
Strawberry, Green tea, Apple, Citrus ginger, Chamomile, Cedarwood, and Musk), the study
comprised of a series of three experiments (Figure 1) of which the specific objectives are stated
in1.3.2.2.

1.3.2 Objectives
1.3.2.1 Main Objective

To investigate the psychophysiological effects of olfactory stimuli under a short-term
cognitive stressor, in a well-controlled experimental setting using an olfactometer for precisely

controlling the duration and concentration of aroma administration.

1.3.2.2 Specific Objectives
» To investigate the dose-dependent effects of 1 and 20% Orange on alleviating acute
stress response
» To identify the aromas having inhibitory potentials from among eight different aromas:
Chocolate, Strawberry, Green tea, Apple, Citrus ginger, Chamomile, Cedarwood, and
Musk, so that the identified aromas could be investigated further for their efficacy in
alleviating psychophysiological stress

10



» To investigate the efficacy of two identified aromas: Apple and Chamomile in

alleviating psychophysiological stress

Major drawbacks in the literature on olfactory psychophysiology
» Frequently reported discrepant psychophysiological effects

Other aromas
(Chocolate, Strawberry, Green tea, Apple, Citrus
ginger, Chamomile, Cedarwood, and Musk)
» Lack of experimental evidence to verify their
unclear efficacy in alleviating psychophysiological
stress

Orange aroma
» Dose-dependent effects remain

Limitations in aroma research
» Frequent utilization of conventional passive exposure administration
methods
» Variation in experimental design and method of aroma
administration
> Absence of a load-test
» Disregarding the dose-dependent effects of aroma

Approach introduced in the study
» Olfactometer for precisely controlling the dose and duration of aroma
administration
»  Well-controlled experimental design/set-up

v »  Short-term cognitive stressor as a load-test v
Exp.1 Exp.2
Verification of the efficacy of 1 and 20% Preliminary investigation to identify the
Orange in alleviating psychophysiological stress aromas having inhibitory potentials
Exp.3
Further investigations on identified aromas to
verify their efficacy in alleviating
psychophysiological stress

Figure 1: Research framework
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1.4 Chapter Summary
Based on scientific evidence from the literature, various health benefits of aroma

including behavioural, psychological, and physiological benefits are discussed within this
chapter. Discrepant psychophysiological effects of aroma frequently reported in the literature
has been identified as a major drawback in aroma research. A number of examples have been
provided for such discrepancies reported in the past with orange, other citrus fragrances, and
the eight aromas concerned in the present study. Use of conventional methods of aroma
administration, large variation in the method of aroma administration and experimental design,
absence of a load-test, and poor attention paid on the dose-dependent effects of aroma have
been identified and discussed as the major limitations in aroma research that usually lead to

above mentioned discrepant effects.

Addressing the identified limitations, the study has introduced an approach that
investigates the phsychophysioloigcal effects of aroma under a short-term cognitive stressor,
using a proprietary olfactometer for well-controlled aroma administration, in a well-controlled
experimental setting. Addressing the limitations observed particularly with Orange and eight
other aromas (Chocolate, Strawberry, Green tea, Apple, Citrus ginger, Chamomile, Cedarwood,
and Musk), a series of experiments were designed, the specific aims being: identifying the dose
dependent effects of Orange, preliminarily investigating the eight aromas for identifying aromas
with inhibitory potentials, and further investigating two identified aromas: Apple and

Chamomile for their efficacy in alleviating stress.
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CHAPTER 2
MATERIALS AND METHODS
2.1 Subjects

Male university students who were healthy with normal olfactory function were
employed in the experimental series. The number of subjects employed in each experiment

along with the mean (£SD) age and body mass index are stated in Table 3.

Table 3: Number of subjects, age, and body mass index

i 2
Experiment No. of Subjects Age (years) - Body mass index (kg/m’)

mean (£SD) mean (£SD)
Exp.1 19 221+103 223+£5.05
Exp.2 6 21.7+£151 21.3+£2091
Exp.3 19 220+£084 21.1+253

The experiments were carried out in accordance with the ethical principles of the
Helsinki Declaration and informed consent was obtained from each subject. The experiments

were approved by the Ethics Committee of Nagaoka University of Technology.

2.2 Experimental Procedure
2.2.1 Experimental Protocol

The experiments were conducted following a similar experimental protocol as of our
previous study which investigated the psychophysiological effects of lavender and jasmine
aromas [13]. Each experiment consisted of a 10-min initial rest period as the initialization
period (denoted as R1), a 30-min calculation task to induce cognitive stress (denoted as T), and

a subsequent 15-min recovery period (denoted as R2), as shown in Figure 2.

2.2.2 Experimental Design

Within-subject experimental design was employed throughout the experimental series.
Each subject performed the calculation task under each of the aroma conditions on separate
days. In order to avoid the order effect due to the execution order of conditions in within-subject
experiments, aroma presentation was counter-balanced in Exp.1 and Exp.3. Since the sample
size was too small as for counter-balancing, the order of aroma presentation was randomized in
the preliminary investigation (Exp.2). Table 4 shows the counter-balancing of the aroma

conditions in Exp.1.
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Aroma administration:
(first 20 sec of each 1-min interval)

REST REST
(R1) (R2)

0 10 40 55 [min]
ECG : E : S
recording h ] N d
Skin ! ! ! !
temperature : : >
recording ! ! ! !

SCL
recording

VAS

(Subjective Q ’ ’

measure)

Figure 2: Schematic presentation of the protocol

Table 4: Counter-balancing (Exp.1)

Subject Aroma condition
A

w IO vt Oo0oZ2<r Xe—IG6OGTMmMmOO®T

All experiments were conducted under well-controlled environmental conditions in an
air-controlled laboratory. The mean (£ SD) temperature and humidity of the laboratory were
21.9+1.2°Cand 20.2 + 4.5% (Exp.1), 19.8 + 2.0°C and 30.6 + 10.3%, (Exp.2), and 23.3 + 2.5°C

and 42.0 =+ 11.4% (Exp.3).
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Figure 3: Kraepelin Test interface

2.2.3 Short-term Cognitive Stressor

Kraepelin test was employed as the short-term cognitive stressor, where the subjects
were required to continuously add single digit numbers displayed on a computer screen (Figure
3). All the subjects were instructed to perform the calculation as quickly and accurately as
possible. Despite being simple, the Kraepelin calculation requires sustained concentration and
attention. Due to this reason, it has been frequently used by a number of previous studies to

induce acute cognitive stress [13, 38, 39, 40].

2.2.4 Olfactory Stimuli

For Exp.1, Orange essential oil (Takasago International Corporation, Kanagawa, Japan),
composed mainly of limonene (97-98%), citral (0.5-0.8%), and geraniol (0.02-0.04%), was
prepared at 1 wt% (for 1%) and 20 wt% (for 20%) with the odourless solvent triethyl citrate
(TEC). The concentrations 1 and 20% were selected based on the findings of a pre-screening
test using 80 participants. In the pre-screening test, both 1 and 20% Orange were rated as
favourable, with no statistically significant difference between the preferences for the two doses.
However, a significant difference was observed between the two doses in terms of perceived
strength. The questionnaire used in the pre-screening test is attached as Appendix 5. TEC was

also used as the Control stimulus in Exp.1.

In Exp.2, the eight aromas: Chocolate, Strawberry, Green tea, Apple, Citrus ginger,
Chamomile, Cedarwood, and Musk (Takasago International Corporation, Kanagawa, Japan)
were used as the olfactory stimuli. The key compounds of the above aromas used in Exp.2 are
listed in Table 5. Dipropylene glycol (DPG) was used as the Control stimulus.
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Table 5: Key compounds of aromas used in Exp.2

Sample Odour Key Compounds
Chocolate Sweet chocolate Vanillin, Ethyl maltol
Strawberry Sour strawberry E}Eﬁt;ﬁlﬁtync acid,

Green Tea Fresh green tea B-lonone, Lemon oil

Apple Green apple Allyl heptoate, Butyl acetate
Citrus ginger Lemon and ginger Lemon oil, a-Pinene
Chamomile ~ Chamomile Limonene, Hexyl acetate
Cedarwood  Cedarwood Cedarwood oil, Acetyl cedrene
Musk Musk L-Muscone, Galaxolide

In Exp.3, Apple and Chamomile (Takasago International Corporation, Kanagawa,

Japan) were used as the olfactory stimuli. DPG was used as the Control stimulus.

2.2.5 Aroma Administration
2.2.5.1 Multi-channel Olfactometer

A multi-channel olfactometer (Tatsumi Kagaku Co.,Ltd., Kanazawa, Japan) was used
in this study through which the flow rate and the timing of aroma presentation could be precisely
controlled via a computer programme.

Figure 4: Multi-channel olfactometer
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Figure 5: A subject wearing a cannula

2.2.5.2 Method of Intervention

During the task, each of the aromatic stimuli or the Control stimulus was intermittently
delivered (for the first 20 s of each 1 min interval) via a cannula placed under the nostrils and
connected to the customized olfactometer. Olfactory fatigue which is a common limitation
associated with conventional exposure administration methods could be prevented through

intermittent delivery.

2.3 Measurements and Instrumentation
2.3.1 Behavioural Measures
2.3.1.1 Task Performance
Performance of the calculation task was measured in terms of the accuracy and speed

of the calculation.

2.3.2 Psychological Measures
2.3.2.1 Subjective Impression

Subjective impressions were collected using a 7-point Likert scale ranging from 1 to 7.
The subjects were asked to rate their impressions on perceived strength of, preference for, and
familiarity with each aroma, and the comfort and relaxation they experienced during aroma
inhalation (Aroma Evaluation Questionnaire used in obtaining the subjective impressions is
attached as Appendix 1). From among the above items, strength and preference which

demonstrated significant differences have been discussed within this research work.
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Nervousness
Effort
Concentration
Tiredness
Irritation
Boredom

Fed up

2.3.2.2 VAS Scores

The subjects were asked to complete a visual analog scale (VAS) comprising of seven
items: frustration, tension, concentration, monotonous, effort, fatigue, and boredom at the end
of R1, at the end of T, and at the end of R2 (Figure 2). The VAS was a calibrated line having
two end points: 0 and 100% on which the subjects were required to mark their perception on
each of the above items. The time required for a single marking was less than 10 s. The interface

of the Japanese version of the VAS employed in the study and its corresponding output are

0 50
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Figure 6: Visual analog scale interface
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Figure 7: Visual analog scale output

shown in Figure 6 and 7 respectively.
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To compensate the large variation in VAS scores, each item was normalized as 0.0 to
1.0. The VAS scores for the seven items were considered in Exp.1 and Exp.3, whereas the VAS
scores for five selected items were summarized into one averaged value in Exp.2 in order to
make the interpretation simpler. The five selected items were frustration, concentration, effort,

fatigue, and boredom which were found to increase with a stressor in our previous study [13].

2.3.3 Physiological Measures
2.3.3.1 Heart Rate and Heart Rate Variability

Throughout each experiment (R1-T-R2), the electrocardiogram (ECG) recordings were
obtained using a bio-amplifier (MP150, BIOPAC Systems Inc., Goleta, CA, USA) at a sampling
rate of 200 Hz with 16-bit resolution. Using the ECG data, the heart rate (HR) and heart rate
variability (HRV) which is a frequency domain of the heartbeat in a time series were analyzed.
The high-frequency (HF) component (0.15 to 0.40 Hz of HRV) represents cardiac

parasympathetic nervous system activity [41].
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Figure 9: Electrocardiogram on BIOPAC AcgKnowledge
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2.3.3.2 Skin Temperature
Throughout R1-T-R2, the temperature at the tip of the nose, dorsal hand, and that at the

forehead (as a reference) were obtained using a thermistor probe. The temperature data was

recorded at a sampling rate of 1.0 Hz, using a high precision eight-channel data logger (ITP082-
25, 24 NIKKISO-THERM Co., Ltd., Tokyo, Japan).

Figure 11: Skin temperature recording (nose/forehead) Figure 12: Skin temperature
recording (dorsal hand)
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Figure 13: High precision 8-channel
data logger

“ %

2.3.3.3 Skin Conductance Level
Throughout R1-T-R2, the skin conductance level (SCL) was recorded using the
BIOPAC bio-amplifier at a sampling rate of 200 Hz with 16-bit resolution.

An overview of the experiment including the method of aroma administration and the

psychophysiological measurements is shown in Figure 15.

Figure 14: Skin conductance level
recording
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2.4 Analysis

2.4.1 Biomedical Data Analysis
2.4.1.1 HR Analysis
Software
e AcgKnowledge 4.1: Output RR Interval data
e Excel: (BIOPACK_RR-Check_ver02.xlsx, BIOPACK RR-Check-HRVCal.xlsx)

e HrvCalc: Heart rate variability analysis software

STEP1
Obtain RR Interval data using AcgKnowledge 4.1

I.  Open [Graph(.acq)]

__seoknowenge - ae0a 3200 + I . |~ |

File Edit Transform Analysis Display MP150 Window Help Media
(A1 & % B ¥ # 4 comestio [oradwe <)
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Figure 16: [Graph(.acq)]

II.  Tab [ Analysis — Heart Rate Variability ] —Window [ Analysis — Heart Rate
Variability |
[1l.  Tab [RR Intervals| —change Minimum BPM to 30, Maximum BPM to 135
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Analysis - Heart Rate wﬁabm

Source channel GHY, ECG

Preset: Custam... - [ Aidd... H Delete... ]

FR Intervals | Frequency Bands | PSD Cptiong I Output

Locate R waves uzing: @ GRS detector () Events
Minimum BPM: a0

Maimum BF: 185

R wave threshaold: 50 % Max R peak level
[T] Remave bazeline

Spline resampling frequency:  5.00000 Hz

Trangform entire wave [ (0] 4 ] [ CGancel ]

Figure 17: Tab [RR Intervals

IV. Tab [Output] —Display RR interval table [v] —Push [OK] —Open Window
[HRV Analysis Results |
V. Push [Copy to Clipboard] —Push [OK]

-
-

Source channel GHY, ECG HRY Analyis Results:
Preset: Custam... - ’ Aidd... l ’ Delete... l GHY, ECG
| RR tervals | Frequency Bands | PSD Options | CQutput RR Intervals:
Ratin output type: [LF + HF v] 0.81 -
Dizplay RR interval table  [7] Show raw tachosram 0.854 lJ
[7] Paste results ta Jowrnal  [] Show interpolated tachoeram 0.874
[[] Showe spectrum 0.886

Pawer in the wery low frequency band:  0.000298395 sec™2/Hz
Power in the low frequency band:  6.0075e-05 sec™2/Hz
Power in the high frequency band:  7.04158e-05 sec™2/Hz

Power in the very hieh frequency band:  757946e-06 sec™2/Hz
Sympathetic: 0460377

“agal 0539623

Sympathetic—vagal balance: 0853146

Copy to Clipboard

Transform entire wave ] [ Gancel

Figure 18: Tab [Output Figure 19: Window [HRV Analysis Results |

STEP 2
Noise removal of RR Interval data

I.  Open the Excel file [BIOPACK_RR-Check_ver02.xlsx ]

Il.  Paste the RR interval data acquired in STEP 1
I11.  Check whether there are outliers
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IV. Identify the point (time in seconds) the outlier occurred and correct the value of
[BIOPACK_RR-Check_ver02.xlsx |
e Fill with yellow colour before correction, and fill with green colour after
correction

e If two beats are counted as one beat, it is divided into two, and in the opposite
case, it is put together into one. Sometimes 3 or 4 beats are counted as one beat.

i3

V. Repeat IV until there are no outliers
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Figure 20: Before the removal of outliers
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Figure 21: Removing outliers
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Figure 22: After the removal of outliers

STEP3
Analysis of heart rate variability

I.  Copy the outlier removed data obtained in STEP 2 and paste in the Excel file
"BIOPACK_RR - Check - HRVCal.xIsx"
Il.  Erase additional data

-— - - -— — — -
|-

f-b | BA A-SLATIN B 75 BE  Ex |
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Figure 23: Outlier removed data
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Ill.  Copy data and paste into “Notepad”. Enter the number of lines and 2 in the first line of
Notepad.
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Figure 24: Copying data to Notepad

IV. Open [HrvCalc.exe]
V. 1. Select the data file [.txt]

2. Enter the same time duration
3. [LF TFR]J is0.05
4. Change the analysis interval to 3 seconds
VI.  Analysis result is output to the folder where the [.txt] is saved

o
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Figure 25: Setting the analysis software
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2.4.2 Statistics

Paired t-tests were performed for the statistical analysis of physiological measures and
the VAS scores whereas Wilcoxon signed-rank test was performed for the analysis of subjective
impressions. Bonferroni corrections were applied to control for multiple comparisons among
conditions. Since Exp.2 aimed to identify some prominent aromas with the best and worst
potentials in alleviating stress, each aroma condition used in Exp.2 was compared only against

the Control condition. The level of statistical significance (p) was set at 0.05.

2.5 Chapter Summary
Healthy male university students were employed in the study, the number of subjects

being nineteen in Exp.1 and Exp.3, and six in Exp.2 which was a preliminary investigation.

Each experiment comprised of a 10-min initial rest period, a 30-min calculation task
period Kraepelin test being the short-term cognitive stressor, and a subsequent 10-min recovery
period. Olfactory stimuli: 1 and 20% Orange, and TEC (Control) in Exp.1l; Chocolate,
Strawberry, Green tea, Apple, Citrus ginger, Chamomile, Cedarwood, Musk, and DPG
(Control) in Exp.2; and Apple, Chamomile, and DPG (Control) in Exp.3 were intermittently
delivered during the task period with the use of a cannula placed under the nostrils and
connected to a customized olfactometer. Within-subject experimental design was employed,

the order of aroma presentation being counter-balanced (Exp.1, Exp.3) or randomized (Exp.2).

Psychological measures included the subjective impressions on each aroma condition
and the VAS scores which were obtained at the end of the rest period, at the end of the task
period, and at the end of the recovery period. Throughout each experiment, the heart rate and
heart rate variability on electrocardiograms, the skin temperature, and the skin conductance
level were measured to identify the effect on cardiac and peripheral autonomic nervous system

activity.

BIOPAC AcgKnowledge software was used in the analysis of ECG and SCL data.
Paired t-tests and the Wilcoxon signed-rank tests were performed in statistical analyses. The
level of statistical significance (p) was set at 0.05.
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CHAPTER 3
RESULTS AND DISCUSSION

3.1 Results and Discussion (Exp.1)
3.1.1 Results

3.1.1.1 Task Performance
No significant differences were observed in task performance for any of the aroma

conditions.

3.1.1.2 Subjective Impressions and VAS Scores

Subjective impressions on the preference and strength of each aroma condition are listed
in Table 6. Both 1 and 20% Orange were perceived as stronger compared to the Control
condition (p <0.01). However, no significant differences were observed between the two doses

of Orange either in terms of preference or strength (p > 0.05).

Table 6: Results [mean (SD)] of subjective impression on 7-point Likert scale (Exp.1)

Strength
TEC (Ctl) 2.4 0.9
01% 4.2 (0.9) #
020% 4.2 (11) #
Preference
TEC (Ctl) 3.8 0.7)
01% 4.1 (0.6)
020% 4.1 (1.2)
## p < 0.01 by comparison between condition with regard to
TEC (Ctl)

Changes in VAS scores from R1 to T to R2 are shown in Table 7. Under the Control
condition, the VAS scores for frustration, concentration, effort, fatigue, and boredom were
significantly higher at T compared to those at R1 (p < 0.001-p < 0.05) and the scores for
frustration, tension, concentration, effort, and fatigue were significantly lower at R2 compared
to those at T (p < 0.001-p < 0.05). These results indicated that the Kraepelin calculation
employed in the study functioned as an acute stressor as has been evident in previous studies
[13, 38, 39, 40]. A similar trend was observed under 1 and 20% Orange which demonstrated
significantly higher VAS scores at T than at R1 for frustration, tension, concentration, effort,
and fatigue (p < 0.001-p < 0.05). However, no significant differences could be observed

between any of the aroma conditions.
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Table 7: Results [mean (SD)] of VAS scores (Exp.1)

A (R1-T) A (T-R2)

Frustration

Ctl 23.8 (25.6) *** -15.0 (26.7) *
01% 11.1 (17.8) ~ -10.4 (19.5) ~
020% 17.0 (22.2) ** -5.2 (29.0)
Tension

Ctl 3.7 (30.4) -18.4 (19.5) x*=
01% 17.6 (24.6) ** -21.1 24.7) **
020% 16.2 (23.4) ** -15.6 (21.8) **
Concentration

Ctl 16.7 (26.9) = -21.3 (30.1) **
01% 24.2 (23.9) **= -33.1 (26.2) =
020% 17.2 (29.2) = -28.3 (32.6) **
Monotonous

Ctl -11.4 (28.2) 15.6 (22.7) **
01% -17.7 (34.4) ~* 184  (25.6) **
020% -16.5 (27.6) * 18.6 (25.6) **
Effort

Ctl 40.1 (21.8) *** -33.4 (19.2) =
01% 329 (20.4) = -38.0 (20.7)  wx=
020% 29.7 (27.8) *** -32.3 (28.1) **=
Fatigue

Ctl 26.0 (28.9) *** -18.4 (23.7) **
01% 23.0 (22.1) *+= -13.1 (23.0) *
020% 32.7 (25.2) = -13.8 (16.4) **
Boredom

Ctl 12.3 (21.5) ~* -4.6 17.2)
01% 4.1 (25.8) -2.4 (19.1)
020% 12.7 (25.0) * -6.1 (22.8)

==+ < 0,001, ** p <0.01, * p < 0.05 by comparison within condition

3.1.1.3 Heart Rate and Heart Rate Variability

The changes in the HR and the HF component of HRV from R1 to T to R2 for the three
aroma conditions are shown in Figure 26 and 27. Raw values are standardized (so-called z-
score, as the mean and standard deviation for the population are transformed to 0.0 and 1.0)
with respect to each subject and condition. The baseline value for each condition (mean value
at R1) was equalized among the conditions as 0.0 due to the large individual variations. Raw

values (mean per 2.5 mins) of each of the physiological measures are attached as Appendix 7.
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Figure 26: Changes in heart rate (mean £ SEM per 2.5 min)
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Figure 27: Changes in high-frequency component of heart rate
variability (mean + SEM per 2.5 min)

With all aroma conditions, the HR was significantly higher at T than at R1 (p < 0.001),
and returned to baseline at R2 (p < 0.001). The HF component of HRV was significantly lower
at T than at R1 (p < 0.01), and returned to baseline at R2 (p < 0.001-p < 0.01). These results

indicate a typical acute stress response as previously reported [39].

However, the average change (increase) in HR during the task was significantly smaller
with 1% Orange than with 20% Orange (p < 0.01) and the Control condition (p < 0.01), as
shown in Figure 28. This indicates that 1% Orange inhibits the stress-induced cardiac SNS
elevation. Also, the average change (decrease) in the HF component of HRV during the task

was significantly smaller with 1% Orange than with 20% Orange (p < 0.01) and the Control
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L60 ** p <0.01 by Bonferroni corrected t-test

* %k * %k
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Figure 28: Average changes in heart rate during the
task (mean £+ SD)

** 0 <0.01 by Bonferroni corrected t-test
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Figure 29: Average changes in the HF component
during the task (mean + SD)

condition (p < 0.01), as shown in Figure 29. This indicates that 1% Orange inhibits the stress-

induced cardiac PNS suppression.

3.1.1.4 Nose Tip Temperature

The changes in the relative temperature at the tip of the nose using the temperature of
the forehead as a reference (i.e. the difference between the nose and forehead temperatures) are
shown in Figure 30. The same standardization and baseline correction procedure used for HR
and HF was applied here.

The nose tip temperature was significantly lower at T than at R1 (p < 0.001), and
returned to baseline at R2 (p < 0.001-p < 0.01) with all aroma conditions, indicating a typical
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Figure 30: Changes in nose temperature (mean = SEM per 2.5 min)

acute stress response [38, 39]. However, the between-condition comparisons revealed no any
significant difference in nose tip temperature (p > 0.05).

3.1.2 Discussion
3.1.2.1 Interpretation of the Results and Discrepancies within the Psychophysiological
Effects

In Exp.1, we investigated the effects of two different concentrations: 1 and 20% of
Orange aroma on peripheral and cardiac autonomic nervous system activity under a short-term

cognitive stressor, in a highly reproducible manner using an olfactometer.

With all aroma conditions, the peripheral and cardiac responses during the task indicated
that the calculation task employed in the study functioned as an acute stressor. During the task,
there was an increase in HR which indicated enhanced cardiac SNS activity; a decrease in the
HF component of HRV which indicated suppressed cardiac PNS activity; and a decrease in
nose tip temperature representing a decrease in blood flow which indicated enhanced peripheral
SNS activity. Such hemodynamics or re-allocation of blood in the body is frequently observed
as part of the physiological stress response to acute cognitive stressors, as described by Nomura
et al. (2016) [13]. The increase in HR and the decrease in the HF component of HRV during
the task were significantly smaller with 1% Orange administration. This result suggested an
inhibition of cardiac SNS elevation and an inhibition of cardiac PNS suppression following 1%
Orange administration. However, no any significant difference in the nose tip temperature was
observed between the conditions. The subjective impressions on strength and preference

indicated that the subjects were unable to perceive any difference in the strength of 1 and 20%
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Orange nor they preferred one aroma condition over the other. Contrasting with the results of
the preliminary test, the inability of the subjects to discriminate between the two doses might
be due to the fact that the experiments were conducted on separate days for each aroma
condition. Further, the VAS scores demonstrated that there was no significant psychological
effect of Orange aroma administration during the task. Based on the above findings, it can be
claimed that the results associated with 1% Orange in this study might be solely due to its
physiological functioning. The results suggested the presence of discrepancies between the
psychological and physiological responses, as well as between the peripheral and cardiac

responses.

3.1.2.2 Consistencies and Discrepancies with the Findings of Past Research

Due to the limited number of studies that have considered the dose-variation of orange
aroma in the past, it is difficult to make a direct comparison of the findings of Exp.1 with those
of the past studies. However, consistent as well as discrepant psychophysiological effects can
be observed in Exp.1 when compared with the findings of previous studies concerning orange

and other citrus fragrances.

Consistent with the findings of Exp.1 which demonstrated an alleviation of autonomic
arousal following orange aroma inhalation, Jafarzadeh et al. (2013) reports inhibitory effects of
orange aroma reflected through a reduction in salivary cortisol and pulse rate among dental
patients [20]. Also, Nagata et al. (2013) observed a reduction in salivary alpha-amylase activity

among healthy undergraduate students administered orange aroma [11].

In addition, several studies investigating the effects of other citrus fragrances, such as
bergamot and yuzu, also report inhibitory effects on physiological stress response indicating
that the members of the citrus family might share a similar functioning. Bergamot is reported
to have enhanced the cardiac autonomic balance when used in inhalation aromatherapy [22]
and when blended with lavender oil in a sweet almond carrier oil for massage [19]. Another
citrus fruit Yuzu has reduced salivary Chromogranin-A among women during the follicular
phase of menstrual cycle [16]. Limonene which is a major component found in these citrus
fragrances might be contributing significantly in the physiological stress alleviation associated

with these fragrances.

However, contrasting with our findings of Exp.1, a significant number of studies have
failed to find any physiological benefit of orange aroma inhalation. A clinical trial observing

100 pregnant women during childbirth failed to identify any significant effect of orange aroma
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inhalation, as reflected through systolic and diastolic blood pressure, respiration, and pulse rate
[29]. Similarly, HR and electromyogram data of individuals undergoing a cognitive stressor
reported no physiological benefit of orange [9]. Moreover, opposing with our findings, orange
aroma inhalation resulted in an increased HR among cancer patients undergoing stem cell

reinfusion [31].

However, it should be noted that the findings of these studies might be limited by the
specific characteristics of the study populations, i.e. pregnant women [29] and cancer patients
undergoing SCR [31]. Furthermore, they have used conventional passive exposure techniques
such as aromatherapy samplers [31], or masks [9] or materials [29] impregnated with aroma.
These methods impose difficulties in controlling the dose and duration of aroma administration
and to our knowledge, no previous study has employed a precise method in controlling the dose

and duration of aroma administration.

Among the two studies which are reported to have considered the dose variation of
orange aroma, the results reported by Goes et al. (2012) showing no physiological benefit
should be interpreted cautiously, given the small sample size (n=8) as for a between-subject
design [9]. Only one animal study using Wistar rats has demonstrated the dose-dependent
effects of orange aroma, in which the highest anxiolytic effect was observed at the highest dose
[35].

3.2 Results and Discussion (Exp.2)

3.2.1 Results
3.2.1.1 Subjective Impressions and VAS Scores

Subjective impressions on the preference and strength of each aroma condition are
summarized in Table 8. Strawberry and Apple were perceived as stronger compared to the
Control condition (p < 0.05). Preference was higher for Chamomile and Strawberry (p < 0.05)

whereas it was lesser for Citrus ginger (p < 0.05), compared to the Control condition.

Table 8: Results [mean (SD)] of subjective impression on 7-point Likert scale (Exp.2)

DPG (Ctl) Cedarwood Chamomile Chocolate Strawberry Greentea Apple Citrusginger Musk

Strength 3.2 4.2 4.5 5.0 50* 3.2 48* 4.7 2.2
(13) (1.6) 11 (0.6) (0.8) Ry (12 (0.9) (0.4)
Preference 43 4.0 5.2* 2.8 6.5 4.2 5.3 2.8%* 45
(0.7) (1.9) 1y (1.8) (0.8) (1.9) (12 (OB (1.0)

#p < 0.05 by comparison between condition with regard to DPG (Ctl)
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Changes in VAS score from R1to T to R2 are summarized in Table 9. Overall, the VAS
score was higher at T than at R1 (p < 0.01-p < 0.10) and lower at R2 than at T (p < 0.01-p <

0.10), indicating that the Kraepelin calculation employed in the study functioned as an acute

stressor. However, the comparisons of the VAS score of each aroma with that of the Control

condition demonstrated no any significant differences.

Table 9: Results [mean (SD)] of VAS score (Exp.2)

DPG (Ctl) Cedarwood Chamomile Chocolate Strawberry Greentea Apple Citrusginger  Musk
VAS
A(R1-T) 0.19 1 0.17* 0.20* 0.27 ** 0.03* 0.17 1 0.23* 0.24 ** 0.18 **
(0.21) (0.16) (0.16) (0.16) (0.41) (0.18) (0.19) (0.13) (0.12)
A(T-R2) -0.15 * -0.07 ** -0.15 * -0.18 * -0.09 -0.16 * -0.15 * -0.14 * -0.09 ¥
(0.12) (0.04) (0.12) (0.13) (0.13) (0.11) (0.11) (0.11) (0.11)

**p<0.01, *p<0.05 1 p<0.10 by comparison within condition

3.2.1.2 Heart Rate and Heart Rate Variability

The changes in HR from R1 to T to R2 with two distinctive aromas: Apple (which
showed a significant positive effect on HR during the task), Cedarwood (which showed no

significant effect on HR during the task), and the Control condition are shown in Figure 31.

The raw values are standardized (z-score) and baseline corrected to compensate the large

individual variations [13]. Changes in HR for all aroma conditions are summarized in Figure

32.
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Figure 31: Changes in heart rate (mean+SE) with DPG, Apple, and
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Figure 32: Changes in heart rate (mean+SD) with all aroma conditions

The increase in HR from R1 to T due to the stressor was significantly smaller with
Strawberry (p < 0.05), Green tea (p < 0.05), Apple (p < 0.01), and Citrus ginger (p < 0.05),
compared to the Control condition. This indicates that the aromas: Strawberry, Green tea, Apple,
and Citrus ginger inhibit the stress-induced cardiac SNS elevation.

The changes in the HF component of HRV from R1 to T to R2 with two distinctive
aromas: Apple and Cedarwood (which showed a significant positive effect on HF during the
task) and the Control condition are shown in Figure 33. Changes in HF for all aroma conditions
are summarized in Figure 34. The decrease in the HF component from R1 to T due to the
stressor was significantly smaller with Cedarwood (p < 0.001), Strawberry (p < 0.01), Green

tea (p < 0.05), Apple (p < 0.001), and Citrus ginger (p < 0.05), compared to the Control
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Figure 33: Changes in high-frequency component of heart rate
variability (mean=SE) with DPG, Apple, and Cedarwood
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Figure 34: Changes in high-frequency component of heart rate variability
(mean+SD) with all aroma conditions

condition. This indicates that the aromas: Cedarwood, Strawberry, Green tea, Apple, and Citrus

ginger inhibit the stress-induced cardiac PNS suppression.

3.2.1.3 Skin Conductance Level

The changes in the SCL from R1 to T to R2 with three distinctive aromas: Musk (which

showed a significant positive effect on SCL during the task), Cedarwood and Apple (which

showed a significant negative effect on SCL during the task), and the Control condition are

shown in Figure 35. Changes in SCL for all aroma conditions are summarized in Figure 36.

The increase in SCL due to the stressor was significantly smaller with Musk (p < 0.05) whereas

it was significantly higher with Cedarwood (p < 0.01) and Apple (p < 0.05) compared to the
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Figure 35: Changes in skin conductance level (meanzSE) with
DPG, Apple, Cedarwood, and Musk
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Control condition. Based on the results, Musk was the only aroma which inhibited the stress-
induced peripheral SNS elevation whereas the stress-induced peripheral SNS elevation was
further augmented by Cedarwood and Apple.

Physiological responses including HR, HF component of HRV, and SCL during R1 to
T to R2 are summarized in Table 10.

Table 10: Summary of physiological responses during R1to T to R2

DPG (Ctl) Cedarwood Chamomile Chocolate Strawberry Greentea Apple Citrus ginger Musk

A(RL-T)
HR N/A ns ns ns + + ++ + ns
HF N/A +++ ns ns ++ + +++ + ns
SCL N/A - ns ns ns ns - ns +
A(T-R2)
HR N/A + ns ns ns ns ns ns ns
HF N/A + ns ns + ns + ns ns
SCL N/A ns ns ns ns ns ns ns ns

"+, M+ and "+++" represents the positive effect comparing with DPG (Ctl) in the level of p < 0.05, p <0.01, and p < 0.001,
respectively

"-"and "- -" represents the negative effect comparing with DPG (Ctl) in the level of p < 0.05 and p < 0.01, respectively
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3.2.2 Discussion

3.2.2.1 Interpretation of the Results and Discrepancies within the Psychophysiological
Effects

In Exp.2, we investigated the effects of Chocolate, Strawberry, Green tea, Apple, Citrus
ginger, Chamomile, Cedarwood, and Musk on peripheral and cardiac autonomic nervous
system activity under a short-term cognitive stressor, in a highly reproducible manner using an
olfactometer. Even though this is a preliminary investigation with a limited number of subjects,
eight different aromas were investigated in a single well-controlled within-subject experiment
through conducting nine trials for each subject on separate days.

With almost all the aroma conditions, the VAS score during the task indicated that the
calculation task employed in the study functioned as an acute stressor. The increase in HR
during the task was significantly smaller with Strawberry, Green tea, Apple, and Citrus ginger
and the decrease in the HF component of HRV during the task was significantly smaller with
Cedarwood, Strawberry, Green tea, Apple, and Citrus ginger. These results suggested an
inhibition of cardiac SNS elevation and an inhibition of cardiac PNS suppression by these
aromas. The increase in SCL during the task was significantly smaller with Musk whereas it
was significantly higher with Cedarwood and Apple indicating an inhibition and augmentation

of peripheral SNS elevation.

When comparing the results summarized in Table 8: Subjective impressions, Table 9:
VAS score, and Table 10: Summary of physiological responses, discrepancies can be observed
between the psychological and physiological responses to aroma administration. Despite the
fact that Citrus ginger was significantly less preferred by the subjects, it showed significantly
positive effects on cardiac ANS response. On the other hand, Chamomile which was one of the
two aromas which were highly preferred by the subjects, demonstrated no significant effect
either on cardiac or peripheral ANS response. Remarkably, none of the aromas showed a
significant psychological effect in terms of the VAS score, despite the various physiological
effects demonstrated by them. In addition to such discrepancies between the psychological and
physiological responses, discrepancies between the cardiac and peripheral ANS responses were
also observed in the study. Apple showed a highly positive effect on cardiac ANS response
whereas it had a negative effect on peripheral ANS response. Cedarwood had a highly negative

effect on peripheral ANS response, while imposing highly positive or no effect on cardiac ANS
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response. Musk was the only aroma which had a positive effect on peripheral ANS response,

but it had no significant effect on cardiac ANS response.

3.2.2.2 Consistencies and Discrepancies with the Findings of Past Research
Findings of Exp.2 demonstrated some consistencies as well as discrepancies with those

of the previous studies.

None of the aromas investigated in Exp2. demonstrated a significant psychological
effect measured in terms of VAS score representing frustration, concentration, effort, fatigue,
and boredom. A similar functioning is reported with some of the aromas in several previous
studies. Mixed aroma of ginger and orange showed no significant effect on quality of life [7],
and apple showed no significant effect on anxiety or mood [28]. Besides, chamomile [21] and

cedarwood [33] also had no significant effect on anxiety.

Inhibiting the cardiac SNS elevation and/or cardiac PNS suppression, Cedarwood,
Strawberry, Green tea, Apple, and Citrus ginger demonstrated positive physiological effects.
Comparable with these findings, several previous studies also report beneficial effects of these
aromas based on cardiovascular as well as endocrinological responses. Inhibitory effects of
cedarwood inhalation is evident in a previous study, resulting in an increase in PNS activity and
a reduction in SNS activity [23]. A study concerning green tea demonstrate that green tea
inhibits the increase of salivary CgA [4]. Further, reduced knee pain [7] and reduced nausea [6]
with Ginger, and reduced nausea and vomiting with Strawberry [5] are reported previously. The
physiological background associated with ginger and strawberry aromas as demonstrated in our
experiment might be strongly involved in such positive behavioral effects observed in previous

studies.

Despite such evidence from the past which are consistent with the findings of Exp.2,
several other studies report inconsistent psychophysiological effects. While the psychological
effects measured in terms of VAS score were not significant for any aroma in our experiment,
reduced anxiety is reported with apple [14], and chamomile [12, 15], and improved relaxation
and/or positive mood is reported with chocolate [17, 18], and green tea [3, 4] in previous studies.
Chamomile which demonstrated no any significant physiological effect in our experiment either
in terms of cardiac or peripheral responses, is reported to have stabilized blood pressure [12]
and reduced pulse [21]. Furthermore, Musk which showed no significant effect on cardiac ANS
response in our experiment has resulted in positive effects demonstrated through reductions in
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stress-related hormones: decreased cortisol [25] and inhibited increase of corticosterone in an

animal model of depression [26].

From among the above, several studies have used oral administration method [4, 15,
17], whereas all the others have used conventional passive exposure administration techniques
[3,12, 14, 18, 21, 25]. Further, the findings of certain studies might be limited due to the specific
characteristics of the study populations considered, e.g. PCI patients in ICU [12], outpatients
with mild to moderate generalized anxiety disorder [15], and nursing students practicing

intravenous injection [21].

To our knowledge only one study is reported in the literature associated with the eight
aromas considered in Exp.2, which has employed an olfactometer for controlling the aroma
administration [23]. However, this study is also limited by the absence of an acute stressor as
for investigating the effects of aroma on healthy individuals. Moreover, ambiguities are present

regarding its study design and the sample size.

3.3 Results and Discussion (Exp.3)

3.3.1 Results
3.3.1.2 Subjective Impressions and VAS Scores

Subjective impressions on the preference and strength of each aroma condition are listed
in Table 11. Both aromas Apple (p <0.001) and Chamomile (p <0.05) were perceived as
stronger compared to the Control condition. Also, Apple (p < 0.01) and Chamomile (p < 0.05)
were significantly preferred by the subjects compared to the Control condition. No significant
differences in the subjective impressions were observed between the two aromas Apple and

Chamomile.

Table 11: Results [mean (SD)] of subjective impression on 7-point Likert scale (Exp.3)

Strength
DPG (Ctl) 2.52 (1.23)
Apple 3.72 (1.40) ##
Chamomile 3.40 (1.47) *#
Preference
DPG (Ctl) 4.28 (0.98)
Apple 5.36 (0.99) #
Chamomile 4.80 0.87) #

###p < 0.001, # p < 0.01, # p < 0.05 by comparison between condition
with regard to DPG (Ctl)
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Table 12: Results [mean (SD)] of VAS scores (Exp.3)

A (R1-T) A (T-R2)

Nervousness

Ctl 1.60 (20.69) -5.12  (14.34)

Chamomile 560 (21.53) -12.04  (14.89) ***

Apple 764 (17.72)* -13.36  (15.47) *x**
Effort

Ctl 1532 (21.28) ** -16.68 (18.24) ***

Chamomile 13.76  (19.63) ** -17.44  (16.19) **

Apple 1772 (19.40) ==  -19.16 (17.24) =**
Concentration

Ctl 9.88 (30.04) -17.68 (24.00) **

Chamomile 7.48 (23.76) -13.16  (22.70) **

Apple 9.36 (24.79) -23.36  (17.12) ***
Tiredness

Citl 8.72 (24.69) -0.08 (23.25)

Chamomile 6.88 (23.00) -3.96 (17.79)

Apple 10.04 (26.94) -1.80 (15.03)
Irritation

Ctl 7.48 (14.94)* -2.96 (17.74)

Chamomile 10.16 (23.65)* -9.20 (17.92) *

Apple 13.72  (23.00) ** -7.96 (20.29)
Boredom

Ctl 6.00 (26.51) 1.80 (15.50)

Chamomile -10.12  (22.44) ** 8.04 (26.94)

Apple -3.96 (23.31)* 528 (27.39)
Fed up

Ctl 4.80 (16.97) -5.60 (15.68)

Chamomile 532 (17.11) -0.68 (16.69)

Apple 9.28 (19.76) * -5.44  (16.07)

**+ 0 < (0.001, ** p <0.01, * p <0.05 by comparison within condition
#p < 0.05 by comparison between condition with regard to DPG (Ctl)

Changes in VAS scores from R1 to T to R2 are shown in Table 12. With all aroma
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conditions, the VAS scores for effort and irritation were significantly higher at T compared to
those at R1 (p < 0.001-p < 0.05) and the scores for effort and concentration were significantly
lower at R2 compared to those at T (p < 0.001-p < 0.01). These results indicated that the
Kraepelin calculation employed in the study functioned as an acute stressor. With respect to the

Control condition, Apple and Chamomile showed a significant reduction in the VAS score for



boredom during the task (p < 0.05). Also, Apple showed a significant reduction in the VAS

score for nervousness during Rest2, compared to the Control condition (p < 0.05).

3.3.1.3 Heart Rate and Heart Rate Variability
The changes in the HR and the HF component of HRV from R1 to T to R2 with the
three aroma conditions are shown in Figure 37 and 38. The raw values are standardized (z-

score) and baseline corrected to compensate the large individual variation.

The average change (increase) in HR due to the task was significantly smaller with
Apple compared to the Control condition (p < 0.01). This indicates that Apple aroma inhibits
the stress-induced cardiac SNS elevation. Also, the average change (decrease) in the HF
component of HRV due to the task was significantly smaller with Apple compared to the
Control condition (p < 0.05). This indicates that Apple aroma inhibits the stress-induced cardiac
PNS suppression. Further, the decrease in HR during Rest2 was significantly larger with Apple
compared to the Control condition (p < 0.05).
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Figure 37: Changes in heart rate (mean+SE) with DPG, Apple, and
Chamomile
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Figure 38: Changes in high-frequency component of heart rate variability
(meanzSE) with DPG, Apple, and Chamomile

3.3.1.4 Nose Tip Temperature
Using the temperature of the forehead as a reference, the changes in the relative
temperature at the tip of the nose (i.e. the difference between the nose and forehead

temperatures) and the changes in the relative temperature at the dorsal hand (i.e. the difference
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Figure 39: Changes in nose temperature (mean + SE)
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Figure 40: Changes in hand temperature (mean + SE)
between the dorsal hand and forehead temperatures) are shown in Figure 39 and 40. The same

standardization and baseline correction procedure used previously was applied here.

Compared to the Control condition, the changes in the relative temperature at the tip of
the nose and that at the dorsal hand during the task were significantly larger with Apple aroma

(p < 0.01), indicating that Apple aroma further promotes the reduction in skin temperature.
3.3.2 Discussion

3.3.2.1 Interpretation of the Results and Discrepancies within the Psychophysiological
Effects

In Exp.3, we investigated the effects of Apple and Chamomile aromas on peripheral and
cardiac autonomic nervous system activity under a short-term cognitive stressor, in a highly

reproducible manner using an olfactometer.

With all aroma conditions, the VAS scores indicated that the calculation task employed
in the study functioned as an acute stressor. The increase in HR and the decrease in the HF
component of HRV during the task were significantly smaller with Apple compared to the
Control condition. This result suggested an inhibition of cardiac SNS elevation and an inhibition
of cardiac PNS suppression by Apple aroma. However, psychological measures in terms of
VAS scores demonstrated no such beneficial effect of Apple. Contrasting with the findings

reported on HR and HF, the nose and hand temperatures demonstrated a significant reduction
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during the task with Apple compared to the Control condition. This indicated that Apple aroma
further promotes the peripheral SNS activation. While verifying the efficacy of Apple aroma in
alleviating cardiac stress response, the findings of Exp.3 revealed an interesting phenomenon
associated with aromas which produces distinct effects on cardiac and peripheral responses.

Despite the significant differences in cardiac parameters discussed above, the
differences cannot be visible through the graphs as clearly as in Exp.1 (e.g. Figure 37 compared
to Figure 26). Having the same sample size (n=19) as of Exp.1, this could be attributed to the
difference in the sample employed in Exp.3 in which the baseline HR was comparatively lower

as can be seen in Appendix 7: Table 7.

3.4 Chapter Summary
In Exp.1, mild orange aroma inhibited the cardiac stress response. However, no

significant differences were observed between conditions either in terms of VAS scores or nose
temperature. In Exp.2, Cedarwood, Strawberry, Green tea, Apple, and Citrus ginger
demonstrated potential inhibitory effects on cardiac stress response. However, no significant
differences were observed in the VAS score with any of the aromas compared to the Control
condition. Further, the results reported with SCL were also inconsistent with those on the
cardiac response. In Exp.3, Apple remarkably inhibited the cardiac stress response.
Contrastingly, Apple promoted the peripheral SNS activation, demonstrating significant
decreases in nose and forehead temperatures. The VAS scores failed to demonstrate any

remarkable psychological benefit.

The above discrepancies observed between the psychological and physiological
responses as well as between the cardiac and peripheral responses have been discussed in detail
in this chapter. Further, the results have been compared with those of the past studies taking

into account the consistencies and discrepancies.
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CHAPTER 4

GENERAL DISCUSSION AND CONCLUSION
4.1 Major Contributions to the Field of Study

Instead of employing conventional passive exposure administration methods which
limit the experimental outcomes, the study has successfully introduced and utilized a
proprietary olfactometer in the experimental series. Being among the very few studies that have
paid thorough attention on precisely controlling the dose and duration of aroma administration,
the study has presented a number of intriguing findings that the future researchers can rely on.
At a time where the investigations on the discrepant phsychophysioloigcal effects of aroma
remain in a preliminary stage, the study through conducting a series of individual well-
controlled experiments, revealed a stimulus-specific nature of aroma that still leads to
discrepant phsychophysioloigcal effects. While all the three experiments provide evidence for
such discrepant effects, the findings of Exp.3 revealed a nature of Apple aroma that gives rise
to remarkable positive effects on the cardiac activity and negative effects on the peripheral site.
Exp.1 verified the efficacy of mild orange essential oil in alleviating cardiac stress response and
its findings further stressed the significance of controlling the dose in aroma research
concerning their phsychophysioloigcal effects. Exp.3 being a preliminary investigation on eight
different aromas which were lacking scientific evidence on their psychophysiological effects,

has provided the basis on which further research can be carried out.

Scientific experimentation which follows proper procedures is always encouraged
within any field of study due to their immense contribution towards the advancement of the
field. Findings of such experimentation are the foundation on which the successive
developments can be built up. With regard to the field of olfactory psychophysiology, such
applications range from consumer products to ambient odours used in service or living
environments to clinical aromatherapy. Along with the recent advancements in mobile and
ubiquitous computing, people are paying higher attention and focus on their healthcare and
well-being than ever before. A number of healthcare and wellness apps are being emerged that
can track the health indices and update the relevant parties in real time. Among the sense
modalities including audition, vision, gustation, and tactile perception, the potential of olfaction
in practical applications for enhancing quality of life is yet to be revealed. In realizing the above,
the factors affecting the psychophysiological effects of olfactory stimuli, including the stimuli

itself, the composition, concentration, and method of administration need to be thoroughly
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investigated. In this regard, the findings of the present study would be of higher importance.

They would be fundamental in the future developments including ambient feedback systems.

4.2 Limitations and Directions for Future Research

All the three experiments were carried out the subjects being male university students.
The inclusion of such a homogenous study sample limited the generalizability of the
experimental findings. Subjective impressions such as the preference for aromas vary based on
factors including gender, ethnicity/cultural exposure to specific odours [42, 43], and age.
Further, these factors affect the resulting psychophysiological effects. Therefore, employing a
heterogeneous study sample representative of the above factors can be identified as a potential
direction for future research that would enhance the generalizability of the findings and enable
to explore the differences among sub-groups within the wider population. The scope of the
present study was narrowed down, investigating the effects on a homogeneous study population
of young Japanese males. This can be justifiable once we consider the extensively time and
effort-consuming nature of the study. The experimental series comprised of 57 (3x19), 54 (9x6),
and 57 (3x19) experiment sessions (in Exp.1, 2, and 3 respectively), the duration of each session
being 55min. Meanwhile, the results were obtained without compensating on the statistical

power or the systematic designing of scientific experimentations.

The small sample size (n=6) of the preliminary investigation (Exp.2) can be identified
as another limitation of the study. Even though this is reasonable as for a preliminary
investigation which still involved 54 (9x6) instances, the sample size is too small as for an

experimental study.

As stated previously, the response to aromas is a complex process affected by multiple
factors. These factors also include the individual experiences that create either pleasant or
unpleasant memory associations [42]. Therefore, employing the data of the present study on
subjective impression on familiarity as a preliminary data source, future research can be

designed and developed that explores the influence of prior experiences on olfactory
psychophysiology.

Having introduced a well-controlled experimental design while using an olfactometer
which is a well-controlled method of aroma administration, this experimental set-up can be
successfully employed in investigating the psychophysiological effects under various stressors
other than the Kraepelin calculation task. Also, other aromatic stimuli ranging from aromatic

compounds, aromas other than the ones considered in the present study, and mixed aromas can
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be tested using the present experimental setup. Further, the findings of Exp.1 emphasize the
importance of considering the variation in aroma concentration and thus it can be identified as
a feature that is worth incorporating in future research. While the present study focused on
olfaction, it can be successfully modified to suit with other sensory inputs including auditory

(music) and/or visual inputs.

Where there are differences among certain physiological measures in terms of response
latency (e.g. longer latency associated with Hypothalamic-pituitary-adrenal (HPA) axis
compared to ANS [44]), the psychophysiological background associated with the discrepant

effects reported in our study warrants further investigations.

4.3 Conclusion

In a series of experiments, we investigated the psychophysiological effects of aroma on
peripheral and cardiac autonomic nervous system activity under a short-term cognitive stressor,
controlling the dose and duration of aroma administration using a customized olfactometer. The
effects of two different concentrations: 1 and 20% of Orange were investigated in Exp.1
whereas eight different aromas: Chocolate, Strawberry, Green tea, Apple, Citrus ginger,
Chamomile, Cedarwood, and Musk were preliminarily investigated in Exp.2. Based on its
findings, two prominent aromas: Apple and Chamomile were further investigated in Exp.3. The
primary findings of Exp.1 indicated that the inhalation of mild orange essential oil inhibits the
cardiac stress response. But no significant differences were observed between the conditions
through psychological measures or the peripheral ANS response. The findings of Exp.2
revealed the potential of Cedarwood, Strawberry, Green tea, Apple, and Citrus ginger in
inhibiting cardiac stress response, but no aroma showed a significant psychological effect
compared to the Control. Further, the effects of the above aromas on peripheral response were
inconsistent with those on the cardiac response. Exp.3 verified the efficacy of Apple aroma in
inhibiting cardiac stress response with a remarkable suppression of the increase/decrease in HR
and HF component of HRV during the task. However, such beneficial effect could not be
observed through the psychological parameters. Meanwhile, Apple aroma demonstrated a
remarkable negative effect on the peripheral site. The study revealed a dose-dependent effect
and a stimulus-specific nature of aroma which still leads to discrepant psychophysiological

effects even within a well-controlled experimental setting.
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4.4 Chapter Summary

Taking into account the entire series of experiments, a general discussion is provided in
this chapter along with the concluding remarks. Major contributions of the study for the field
of olfactory psychophysiology have been discussed whereas the importance of the findings of
this scientific research towards the advancement of the field of ambient biomedical engineering
is discussed. Inclusion of a homogeneous study sample and the small sample size employed in
the preliminary investigation have been identified as the major limitations of the study. A
number of possible directions have been identified to proceed further, while suggesting ways
to overcome the existing limitations of the study. Summarizing the results of the three
experiments, conclusions have been made on the presence of a dose-dependent effect and a

stimulus-specific nature of aroma which still leads to discrepant psychophysiological effects.
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APPENDICES

Appendix 1: Aroma Evaluation Questionnaire
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Appendix 2: Aroma Evaluation Questionnaire (English Translation)

Aroma evaluation questionnaire

This questionnaire is on the perceived aroma during the experiment

Please rate your impression on each of the following items

Comfortable

W]
h
=]

Uncomfortable 1 2 3 4

Weak 1 2 3 4 5 6 7  Strong

* Please rate above 2, if you can perceive an aroma

Like 1 2 3 4 5 6 7 Dislike
Relaxing 1 o 3 4 5 6 7 Activating
1. I know this aroma ( ) 2. Idon’t know this aroma

* Please name it if you know

For those who answered as 1:

The aroma is familiarto 1 2 3 4 5 6 7 Itis not familiar to
me me

Experiment code:
Date and time:
Remarks:
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Appendix 3: Pre-experiment Checklist
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Appendix 4: Pre-experiment Checklist (English Translation)

APOQ2 Pre-experiment Checklist

One hour before the experiment

I e B B I A B A

(]

Preparation of cold storage agent for saliva refrigeration preservation
Air conditioning switch for room temperature adjustment

Turn on the PC (for BIOPAC, for blood pressure, and for olfactometer)
Preparation of salivary centrifuge

Confirm the fragrance condition of the olfactometer, set the fragrance
Olfactometer operation check

Preparation of Experiment Report (Excel) (Recorded on PC)

Check remaining amount of cylinder

Preparation of Eppendorf tube for saliva collection (11 pieces)
Preparation of cannula

A scent stimulation trigger cable (1-5 ch) according to each condition is connected to the multichannel
olfactometer

Air cylinder release

20 minutes before the experiment

O

Oo0o0ooooogd

Instrument installation (ECG electrode — GSR — High precision 8 channel data logger sensor (forehead /
nose / dorsal hand) — cannula)

Check whether ECG, RSP, and GSR, can be measured correctly
Check whether the temperature can be measured correctly
Confirm that the subjects are not inconvenienced by cables etc.
Tape the cable on the back with tape

Check if air is coming out from the cannula

Fix the cannula to the face with tape

Check the room temperature and humidity

Questionnaire

Program selection of the olfactometer (for 1-5 channels)

5 minutes before the experiment

O

OO0

Physical condition check of the subject

Record the room temperature / humidity, physical condition of the subject etc. in the experiment report
BIOPAC recording start

Start measurement of high precision 8-channel data logger
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Appendix 5: Pre-screening Questionnaire
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Appendix 6: Pre-screening Questionnaire (English Translation)

Questionnaire on Aroma Perception Name:
Date:
Gender: M/F
Please select the answer that best describes your Age:
present situation
& Are you having a cold? Yes No
& Did you take medicine today? Yes No

@ Did you consume alcohol yesterday?  High ~ Moderate Low  None

& How is your health condition today?  Good Neither good nor bad Bad

& Other
{ stuffy nose, not sensitive to odour, etc.

Please see the example below and make your evaluations

Eg:
Like ; : ’f | Dislike
Weak | ff : | Strong
..wAtitention

- Sniff the aroma for about 2,3 times, and rate your impression

- Please do not share your answers with others

Pre-screening Questionnaire (1/2)
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Like : | | Dislike

Weak | ; | Strong
Like [ | | Dislike
Weak [ ; | Strong
Like [ i | Dislike
Weak [ : | Strong
Like [ i | Dislike
Weak [ i | Strong
Like I i | Dislike
Weak : | | Strong

Pre-screening Questionnaire (2/2)
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Appendix 7: Raw Data
Exp.1

Table 1: Changes in heart rate (mean per 2.5 min)

TEC (Ctl) Orangel% Orange20%

2.5 73.1 75.0 76.5
5 71.7 73.8 75.9
7.5 72.2 72.8 74.7
10 75.6 75.5 76.7
12.5 81.7 80.4 80.0
15 80.8 79.7 81.2
17.5 80.0 79.1 80.8
20 80.7 79.6 82.3
225 80.5 79.0 81.5
25 80.5 79.6 81.6
27.5 79.5 79.0 80.8
30 79.5 78.9 81.6
325 79.9 78.1 80.5
35 80.4 79.9 81.3
37.5 80.2 79.8 81.1
40 82.4 81.5 82.1
425 76.4 75.8 78.8
45 72.8 73.7 77.0
47.5 73.8 73.1 77.0
50 71.4 72.5 76.8
525 72.1 72.6 76.5
55 71.2 71.7 75.9

65



Table 2: Changes in high-frequency component of heart rate variability (mean per 2.5 min)

TEC (Ctl) Orangel% Orange20%

25 688.26 479.21 545.33
5 786.34 590.78 595.27
7.5 736.06 611.89 615.11
10 793.34 662.21 663.68
12,5 339.94 335.69 366.05
15 374.87 317.52 303.33
17.5 307.23 333.74 320.21
20 283.33 287.76 300.69
22.5 317.15 330.85 307.7
25 328.09 288.16 290.24
27.5 343.99 297.6 347.65
30 290.96 291.29 289.65
32.5 338.07 312.23 321.96
35 349.92 307.64 312.19
37.5 347.35 339.76 307.58
40 266.94 301.69 264.8
42.5 703.76 441.02 439.97
45 805.23 499.29 593.18
47.5 683.24 514.72 568.99
50 706.18 587.18 531.65
52.5 797.08 550.02 581.56
55 872.33 572.51 559.73
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Table 3: Changes in nose and forehead temperatures (mean per 2.5 min)

TEC (Ctl) Orangel% Orange20%

Nose Forehead Nose Forehead Nose Forehead

2.5 32.31 33.60 32.35 33.91 32.35 33.44
5 32.65 33.62 32.52 33.95 32.51 33.47
7.5 32.71 33.63 32.67 33.94 32.57 33.47
10 32.58 33.63 32.58 33.94 32.51 33.45
12.5 31.96 33.59 32.11 33.91 32.26 33.45
15 31.55 33.59 31.75 33.89 31.96 33.46
17.5 31.39 33.62 31.61 33.88 31.83 33.48
20 31.29 33.62 31.50 33.87 31.78 33.49
22.5 31.29 33.62 31.50 33.90 31.75 33.52
25 31.25 33.61 31.58 33.91 31.70 33.53
27.5 31.26 33.63 31.65 33.90 31.75 33.53
30 31.26 33.62 31.63 33.89 31.71 33.52
325 31.21 33.60 31.60 33.91 31.62 33.50
35 31.16 33.57 31.55 33.90 31.59 33.50
37.5 31.13 33.57 31.47 33.89 31.54 33.49
40 31.10 33.55 31.38 33.88 31.54 33.50
425 31.29 33.54 31.53 33.88 31.67 33.50
45 31.79 33.54 31.86 33.89 31.96 33.49
47.5 31.96 33.55 31.90 33.89 32.08 33.47
50 31.97 33.53 31.96 33.85 32.15 33.41
52.5 31.95 33.50 32.08 33.86 32.22 33.45
55 31.91 33.49 32.13 33.83 32.18 33.45
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Exp.2

Table 4: Changes in heart rate (mean per 2.5 min)

DPG

Green

(Ctl) Cedarwood Chamomile Chocolate Strawberry tea Apple ginger Musk
25 74.6 76.8 75.6 73.8 76.4 75.7 79.1 74.4 75.5
5 74.1 75.7 75.0 72.8 75.6 75.7 76.9 74.9 75.0
7.5 73.2 76.1 74.6 725 75.2 75.0 76.2 73.0 75.4
10 735 75.4 75.9 71.9 75.0 74.4 77.8 73.7 75.5
125 75.4 79.6 71.7 75.3 77.4 77.6 78.5 77.2 78.5
15 75.6 79.4 79.6 75.5 76.8 77.6 80.3 75.6 76.5
175 75.8 79.0 78.2 75.1 76.8 75.8 78.2 76.0 74.7
20 775 82.5 78.9 75.7 77.5 76.8 76.1 75.4 76.4
225 774 80.9 77.9 75.0 76.6 75.0 76.7 74.9 77.5
25 77.4 80.1 78.0 73.8 77.0 76.7 76.5 75.5 79.0
275 775 78.7 78.5 73.2 75.9 76.2 77.2 75.1 78.9
30 75.9 79.2 78.0 74.8 77.2 76.3 77.4 74.7 78.8
325 75.3 79.2 79.0 73.6 76.4 76.1 77.2 74.9 77.1
35 76.5 78.2 80.3 74.7 77.5 77.8 75.7 75.3 78.9
37.5 77.1 80.0 77.1 73.4 77.3 78.0 75.5 73.8 78.4
40 77.6 79.3 79.3 74.8 78.1 78.6 77.1 76.2 80.2
42.5 76.4 74.0 77.9 72.3 76.8 75.5 77.4 73.7 76.3
45 74.1 73.5 75.3 71.2 75.4 74.7 75.2 713 74.7
475 73.0 73.2 73.7 72.3 74.1 74.4 75.7 713 76.5
50 73.2 74.3 74.8 72.7 72.2 71.0 74.0 735 74.4
52.5 72.6 73.6 75.3 70.3 73.6 69.9 73.3 72.8 73.9
55 72.2 72.1 74.6 70.2 71.9 68.9 73.5 72.2 74.7
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Table 5: Changes in high-frequency component of heart rate variability (mean per 2.5 min)

DPG Cedarwood Chamomile Chocolate Strawberry Green Apple C_itrus Musk
(Cth) tea ginger

2.5 606.68 343.10 622.73 393.16 430.66 698.06 352.89 695.40 374.89
5 487.89 505.80 642.17 446.32 529.18 483.63 481.91 694.50 477.28
7.5 507.38 477.58 911.63 691.49 601.67 521.37 595.37 764.10 390.02
10 576.06 462.68 818.20 673.20 626.17 529.60 525.98 772.80 453.37
12.5 636.44 293.32 609.75 375.87 504.30 522.83 731.18 832.03 277.99
15 476.97 376.54 747.71 598.70 541.07 526.04 516.56 834.58 272.01
17.5 527.24 443.91 608.27 628.81 473.68 543.81 878.06 971.89 423.07
20 538.79 507.33 613.53 594.98 506.74 480.83 1266.84 866.37 357.31
22.5 430.84 493.15 501.48 748.71 557.30 585.77  1223.55 940.78 263.19
25 484.05 520.24 481.28 725.63 485.07 473.03 1200.98 981.73 273.26
27.5 357.41 457.15 449.03 519.72 592.54 521.14 820.69 894.90 283.95
30 463.44 516.49 558.91 553.45 616.29 595.51 927.22 913.07 272.06
32.5 366.52 299.50 525.38 615.11 622.45 515.97 820.92 1026.27 271.08
35 411.76 491.30 721.12 554.59 502.57 442 .97 891.14 823.43 293.47
37.5 470.25 369.15 503.25 687.28 609.47 414.96 890.07 885.24 311.15
40 572.90 499.90 585.93 486.51 484.31 517.74 782.79 738.10 235.08
42.5 460.29 691.54 551.49 773.88 622.80 648.54 497.23 865.52 476.72
45 465.13 607.63 667.21 759.36 651.25 764.18 888.07 1006.62 475.64
475 564.22 552.82 929.20 591.16 654.86 572.17 915.93 722.08 518.27
50 700.52 495.05 843.98 616.56 674.57 710.63 895.14 716.42 483.15
52.5 509.41 552.63 683.20 646.93 882.75 703.23 870.87 720.98 442,92
55 669.88 451.16 657.85 717.72 955.74 861.01 807.84 823.34 474.02
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Table 6: Changes in skin conductance level (mean per 2.5 min)

DPG Cedarwood Chamomile Chocolate Strawberry Green Apple C_itrus Musk
(Cth) tea ginger
2.5 1.34 0.95 0.89 1.17 1.11 0.60 0.82 0.69 0.66
5 1.26 0.91 0.83 1.05 1.08 0.69 0.70 0.64 0.60
7.5 1.24 0.86 0.85 1.02 1.04 0.77 0.64 0.59 0.60
10 1.24 0.88 0.89 1.06 1.06 0.75 0.73 0.61 0.60
12.5 1.53 1.24 1.25 1.33 1.45 1.18 1.42 0.85 0.88
15 1.51 1.68 1.21 1.31 1.88 1.18 1.32 0.80 0.79
17.5 1.49 1.81 1.26 1.31 1.89 1.20 1.34 0.78 0.79
20 1.50 1.89 1.34 1.25 1.93 1.33 1.25 0.78 0.79
22.5 1.48 1.91 1.27 1.24 1.99 1.34 1.20 0.83 0.82
25 1.52 1.87 1.30 1.23 2.04 1.30 1.17 0.80 0.81
27.5 1.52 1.87 1.31 1.27 2.03 1.33 1.17 0.83 0.85
30 1.50 1.89 1.29 1.33 2.09 1.41 1.15 0.82 0.84
32.5 1.57 1.92 1.32 1.34 2.11 1.39 1.13 0.87 0.84
35 1.57 1.89 1.38 1.34 2.13 1.25 1.13 0.89 0.83
37.5 1.60 1.92 1.40 1.32 2.12 1.32 1.15 0.90 0.90
40 1.62 1.91 1.41 1.34 2.08 1.35 1.18 0.98 0.99
42.5 1.73 1.92 1.45 1.45 2.11 1.42 1.35 1.16 1.04
45 1.63 1.80 1.37 1.38 1.94 1.26 1.28 1.21 0.92
475 1.63 1.78 1.22 1.39 1.78 1.21 1.25 0.95 0.89
50 1.76 1.79 1.14 1.41 1.72 1.12 1.13 0.87 0.86
52.5 1.76 1.78 1.09 1.46 1.69 1.16 1.07 0.89 0.84
55 1.63 1.61 1.07 1.45 1.60 1.07 1.11 1.10 0.90
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Table 7: Changes in heart rate (mean per 2.5 min)

DPG (Ctl) Chamomile  Apple

2.5 71.7 70.7 73.0
5 71.2 71.4 72.8
75 70.7 71.7 72.5
10 71.6 72.0 73.7
12.5 73.8 74.5 75.6
15 73.6 74.0 75.4
17.5 73.0 73.4 74.6
20 73.7 73.8 73.8
225 73.8 73.2 73.8
25 73.5 73.5 74.0
275 73.9 73.7 73.8
30 74.0 73.5 74.2
325 73.0 73.6 73.5
35 73.8 73.5 73.6
37.5 74.1 74.1 73.4
40 75.3 74.9 74.5
425 73.2 73.6 74.1
45 70.7 71.5 71.9
47.5 70.1 71.1 71.8
50 70.0 70.9 70.5
525 70.9 71.8 70.9
55 70.2 71.0 69.6
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Table 8: Changes in high-frequency component of heart rate variability (mean per 2.5 min)

DPG (Ctl) Chamomile Apple

2.5 518.97 521.46 417.59
5 462.50 502.09 458.92
7.5 442.05 588.31 488.70
10 485.31 572.78 436.17
12.5 401.92 472.67 416.16
15 348.84 491.72 362.81
17.5 425.24 454.26 438.25
20 388.10 441.25 538.06
22.5 394.97 417.63 563.79
25 383.76 430.04 534.32
27.5 340.46 411.94 459.60
30 372.14 439.95 457.51
325 378.26 430.80 491.15
35 340.38 501.50 498.40
37.5 390.44 429.38 518.19
40 362.90 436.68 469.43
425 499.18 489.15 469.05
45 501.40 572.08 595.21
47.5 583.78 624.73 553.87
50 613.93 620.70 571.83
525 534.63 595.19 573.80
55 534.18 562.69 565.81
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Table 9: Changes in nose, hand, and forehead temperatures (mean per 2.5 min)

DPG (Ctl) Chamomile Apple
Nose Hand Forehead Nose Hand Forehead Nose Hand Forehead
25 3117 30.61 33.58 32.01 31.03 33.78 31.64 30.66 33.61
5 3123 30.65 33.61 32.16 31.28 33.82 31.78 30.79 33.71
75 3128 30.66 33.66 3220 31.50 33.88 3174 30.85 33.77
10 31.18 30.64 33.66 32.15 31.56 3392 31.66 30.85 33.71
125 30.92 30.61 33.66 31.89 31.44 3393 31.29 30.76 33.68
15 30.74 30.56 33.71 3169 31.36 3395 31.05 30.72 33.67
175 30.71 30.52 33.76 3169 31.33 33.97 31.09 30.76 33.74
20 30.60 30.48 33.75 31.70 31.35 33.99 31.14 30.78 33.75
225 30.67 30.48 33.78 3168 31.35 34.01 31.34 30.80 33.84
25 30.75 30.54 33.80 31.63 31.36 34.01 31.37 30.82 33.90
275 30.81 30.57 33.83 3158 31.33 33.98 31.38 30.78 33.90
30 30.80 30.61 33.85 31.63 31.27 33.98 31.29 30.77 33.86
325 30.83 30.57 33.82 31.68 31.26 33.99 31.28 30.68 33.87
35 30.72 30.45 33.75 3170 31.19 33.96 31.26 30.56 33.88
375 30.64 30.38 33.70 31.70 31.15 33.96 31.18 30.49 33.86
40 30.50 30.33 33.68 31.61 31.08 33.96 31.03 30.38 33.84
425 3056 30.23 33.75 31.70 31.06 33.99 31.13 30.27 33.86
45 30.67 30.18 33.71 3201 31.15 34.07 3143 30.26 33.82
475 30.78 30.27 33.68 3214 31.23 34.04 3155 30.29 33.86
50 30.84 30.27 33.64 3208 31.31 33.99 3157 30.29 33.81
525 30.88 30.17 33.69 3198 31.28 3395 3158 30.35 33.80
55 30.90 30.21 33.69 3191 31.25 33.93 3150 30.38 33.72
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