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ABSTRACT

This paper evaluates the stress reduction effects of Orange-sweet aroma. The research
background arises from a significant social issue: stress can prevent individuals from
working and interfere with their daily lives. This research aims to identify the effect of
reducing stress using aroma within this social context. The experiment was conducted
using an aroma diffuser, creating two conditions: one with Orange-sweet scent at the
perception threshold, and the other with no scent. To evaluate the effects of the aroma
on stress reduction, we utilized multiple physiological and psychological indices while
facing stress associated with numerical tasks. The physiological indices included
electrodermal activity (EDA) and salivary amylase levels. The psychological indices
included the short version of the Profile of Mood States 2 (POMS2), the Japanese
Evaluation Questionnaire for Subjective Symptoms of Work-Related Fatigue named
“Jikakusho Shirabe,” and a Likert scale questionnaire assessing scent preference and
intensity. The discomfort factors examined by the “Jikakusho Shirabe” questionnaire
increased after the numerical stress task without the Orange-sweet scent, but they
did not increase after the stress task with the scent. This suggests that discomfort
can potentially be reduced by the presence of Orange-sweet scent at the perception
threshold. On the other hand, the presence of the aroma did not result in a significant
difference in factors other than discomfort. We will examine other appropriate stress
tasks in the near future.

Keywords: Aroma, Perception threshold, Discomfort factor, Subjective rating, jikakusho
shirabe, EDA, POMS2

INTRODUCTION

The purpose of this study is to identify ways to reduce stress in social
settings where stress exists. The total number of patients with stress-related
disorders is increasing (Ministry of Health, 2020). However, it is inevitable
that individuals and members of organizations face a variety of stresses.
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Various efforts and measures to avoid and reduce stress are necessary for
people’s well-being in daily social settings.

To address these social issues, this study focuses on the reduction of stress
through the use of aroma oil scents. As we know, aromas are often used as an
effective tool in psychotherapy and stress management.Multiple studies have
reported that certain aromas are effective in reducing stress. We believe that
making use of aromas in public and work environments does not interfere
with the performance of duties and suits these environments.

This paper specifically evaluates the stress reduction effects of Orange-
sweet aroma. The stress reduction effects will be examined based on changes
in physiological and psychological indices brought about by aromatization
when a numerical computation is imposed as a stress task. A few previous
studies have devised ways to change the stress task according to the speed
of an individual’s calculations. Therefore, this study will apply a unique
experimental device in which the numerical load is increased or decreased
according to the individual’s numerical ability, so that the same load is
applied regardless of the individual’s numerical speed. In addition, since
strong scents can affect preference and mood, the amount of aroma emission
is set at the perceived threshold amount. The results of this study will provide
new insights into how Orange-sweet aroma at the perception threshold
contributes to stress reduction.

RELATED STUDIES

In research on the relaxation effects of Orange-sweet aroma (Ishihara,
2022), tension and anxiety decreased when the Uchida-Kraepelin test was
administered with the inhalation of the Orange-sweet aroma.

In research examining the stress reduction effect of lavender aroma
(Hashizume, 2011), a seven-minute Kraepelin test and a three-minute mental
arithmetic task in which participants had to keep subtracting seven from
1,000 were used as stress tests. During the task, participants were exposed to
lavender scent under four conditions: 1) odorless, 2) weak, 3) medium, and
4) strong. The maximum improvement in stress was observed in condition
2), the weak aromatic condition (three microliters of lavender scent oil in a
five-liter bag).

METHODS

Participants

Twenty university students (10 males and 10 females, mean age 22 years)
who are right-handed gave informed consent to participate in the experiment
in accordance with the rules of the Ethics Committee of Chuo University.
Participants were given a stress task where they were exposed to Orange-
sweet aroma, known for its stress-reducing effects.

Measures

Physiological and psychological measures were taken during the task to
examine stress changes. Physiological indices included skin electrical activity
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(EDA) and salivary amylase activity. Psychological indices involved two
subjective evaluation questionnaires: the Profile of Mood States Second
Edition (POMS2, short version for adults), the Japanese Evaluation
Questionnaire for Subjective Symptoms of Work-Related Fatigue called
“Jikakusho Shirabe,” and a Likert scale questionnaire assessing scent
preference and intensity.

Procedure

Experimental participants first wash their hands and gargle three times to
control the measurement of salivary amylase, and then receive an explanation
of the experiment. After that, they enter the experimental booth. The presence
or absence of scent should not be communicated to the participants at the
time of entry. After the participants sit down on a chair, they fill out a
questionnaire on psychological indices. After filling out the questionnaire, the
electrodermal activity meter is placed on the basal phalanges of the second
and fourth fingers of the participants’ left hands. Next, the participants
practice answering the stress task for 40 seconds to confirm how to operate
the stress task described below. Participants answer the stress task using a
monitor and a numeric keypad. After the practice, the participants rest for
oneminute, and then salivary amylase activity is measured by collecting saliva
samples using a salivary amylase monitor (chip). After the measurement, the
participants rest for five minutes and then perform the stress task for six
minutes, as in the practice session, with the participants instructed to “work
to get a higher score.”After the stress task, salivary amylase is measured again
and a questionnaire is given.

Figure 1: Experimental procedure.

Experiments were conducted on two separate days, one with and one
without the Orange-sweet perceptual threshold scent introduced to the
participants. The second experiment was conducted at the same time of day
as the first, within one week of the first experiment. To avoid order effects,
half of the participants were exposed to the scent on day one, while the
other half were exposed to the scent-free environment on day one. Strenuous
exercise, eating, and tooth brushing were avoided for one hour prior to the
experiment, as they can significantly distort the results of the salivary amylase
measurement. To control the scent conditions, participants were asked not
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to use perfume, hand cream, or other odorous substances on the day of the
experiment.

Diffusion of Aroma and Its Amount

The scent of Orange-sweet was generated by a nebulizer-type aroma diffuser
using essential oil (Carris Seijo, lot number: ASC PGS10K3) extracted
from the peel. The diffuser was placed out of sight, at a distance of three
meters from the participants. In a previous study (Hashizume, 2011), it
was found that inhalation of weak aroma conditions tended to improve
stress. Therefore, in this study, the amount of aroma diffusion was set at
the perceptual threshold. As a preliminary investigation to determine the
threshold of aroma perception, we asked four people, who were different
from the experimental participants, to evaluate the strength of the scent in
the experimental booth using a six-step scent strength rating questionnaire.
Based on the results of the preliminary study, the amount of aroma presented
at the perception threshold was set to “the amount of aroma diluted twice
with unscented MCT oil, sprayed by an aroma diffuser for five seconds, and
stopped for 60 seconds”in this experiment. The ventilation fanwas turned off
when the scent was introduced, and the room was filled with the prescribed
concentration of the scent when the participants entered the experimental
room.

Stress Task

The stress task is a subtraction task in which seven is continuously subtracted
from 1000. The default answer time is five seconds per question, with a
shorter answer time for each correct answer and a longer answer time for
each incorrect answer. Specifically, the goal is to achieve a 50% correct
response rate using the up-and-down method. The up-and-down method
is a psychological measurement method in which stimuli are continuously
adjusted in response to the participants’ responses (Kingdom& Prins, 2010).
The response time of the next question decreases by a factor of 0.9 when the
correct answer is given, while the response time increases by a factor of 1.11
when the time runs out or when the wrong answer is given. The stress task
is created using a Python program, and the graphical user interface (GUI) is
created using the Tkinter toolkit and displayed on a monitor.

Physiological Indices

Physiological indices are measured by Plux biosignalsplux’s electrodermal
activity (EDA) and salivary amylase activity (AMY value) using Nipro’s
salivary amylase monitors and chips. The skin conductance level (SCL) is
obtained from the EDA data measured at 400 Hz. It is known that SCL
increases with stress (Posada-Quintero, 2016). Salivary amylase is secreted
by both direct sympathetic innervation and norepinephrine action, and it has
been found that salivary amylase activity increases with unpleasant stimuli
and conversely decreases with pleasant stimuli (Yamaguchi, 2007).
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Psychological Indices

Psychological indices used in this study included scent intensity on a six-
point scent intensity scale, room scent preference, the Profile of Mood States,
2nd Edition (POMS2) short version for adults, and the Japanese evaluation
questionnaire for subjective symptoms of work-related fatigue, Jikakusho
Shirabe. The scent intensity scale is a six-point scale ranging from no scent
to strong scent in a room. Room scent preference was rated on a seven-
point scale from very disliked to very liked. The POMS2 short version is a
rapid assessment of fluctuating and transient emotions (Heuchert, 2015). The
Jikakusho Shirabe, aims to capture changes in work-related fatigue over time
and investigate fatigue after stressful tasks (Japan Society for Occupational
Health, Working Group for Occupational Fatigue, 2002).

RESULT

Physiological Indices

For electrodermal activity, data from 19 participants were used, excluding
one participant who had incomplete measurements. To obtain the skin
conductance level (SCL) from the data acquired at 400 Hz, a 10th-order low-
pass finite impulse response filter with a cut-off frequency of 0.4 mHz was
applied. As shown in Figure 2, the SCL was significantly higher during the
task than at rest. When aroma was present, the p-value was <0.001. Without
aroma, the p-value was also <0.001. There was a statistically significant
difference irrespective of the presence of aroma).

Figure 2: Comparison of SCL with and without aroma during rest and task.

Some of the salivary amylase activity (AMY) values did not follow a
normal distribution; therefore, Steel-Dwass’s multiple comparison test was
performed. However, there was no significant difference in AMY values, and
individual differences were large.

Psychological Indices

A t-test was applied to the results of response times and related scores for
the subtraction tasks on two sets of data: one with aroma and the other
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without aroma.However, no significant differences were found in the number
of responses, percentage of correct responses, mean time to answer, or scores.

Additionally, a two-way ANOVA was conducted considering two factors:
the presence or absence of aromatization (with or without aroma) and
the timing of the implementation of the stress task (before and after the
task). As a result, in one of the scales of the shortened version of POMS2,
“Friendliness,” a p-value of 0.025 was observed, indicating a significant
interaction (significant at the 5% level) between the “presence of aroma”and
“before/after task” conditions (Figure 3). “Friendliness” represents a positive
state or sociability due to interpersonal influences.

Figure 3: Comparison of “Friendliness” scale values of the POMS2 short version with
and without aroma, before and after the task.

Multiple comparisons revealed a significant increase in “discomfort”
before and after the task when the aroma was absent, but no change in
discomfort before and after the task when the aroma was present (Figure 4).
When the aroma was absent, the p-value was 0.026, which was significant at
the 5% level. When the aroma was present, the p-value was 0.875, indicating
no significant difference.

Figure 4: Comparison of “Discomfort” scale values of the POMS2 short version with
and without aroma, before and after the task.
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DISCUSSION

Physiological Indices

The significant increase in SCL regardless of the presence of aroma suggests
that the stress load induced by the stress task had a notable effect.

Efforts were made to control for salivary amylase levels, but large
individual differences were observed. These results suggest that it is necessary
to consider individual personality traits and baseline values rather than
evaluating values from all participants uniformly (Tsunetsugu & Miyazaki,
2011). It will be necessary to use indicators such as personality traits.

Psychological Indices

Since no differences were observed in the results of the numerical task as a
stress task, it is likely that the scent did not affect performance measures such
as speed and accuracy.

The effect of the perceived threshold of the Orange-sweet scent on one of
the scales of the POMS2 short version, “discomfort,” was confirmed in the
stress task. However, “Friendliness” showed an increase in value after the
stress task in the absence of the scent, which was unexpected. We anticipated
that the “Friendliness” scale would decrease after the stress task in the
absence of the scent, but in fact, the value increased. One possible reason
for this is that in the absence of the scent, the stress of performing the task
caused the participants to become relatively more agitated than before the
task, resulting in a corresponding increase in the “Friendliness” index, which
indicates a positive mood. It is also possible that the stress increased the desire
to “release stress by communicating with others,” and that this increased
preference for interpersonal communication (possibly increasing sociability)
led to an increase in the “Friendliness” index.

CONCLUSION

The present study suggests that the presence of an orange-sweet scent at
the threshold of perception during a stress task may reduce discomfort.
The presence of the scent caused a significant difference in the discomfort
factor in the questionnaire evaluation items. In the future, it is highly likely
that introducing this scent into work environments and facilities prone to
discomfort will be effective. For example, incorporating an orange-sweet
scent in offices and medical facilities may reduce stress and provide a more
comfortable environment for employees and users.Future experiments will
focus on changes in behavioral indicators, such as job performance, which
cannot be determined by physiological or psychological indices alone.
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