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Abstract

This study investigates the effects of eucalyptus oil on focus and relaxation during a
cognitive stressor. While prior studies focused on the healing and antimicrobial properties of
eucalyptus, few have gone further to study the physiological effects of the oil on regular mental
stressors, or daily situations that elevate the mental load experienced by the body. Mental stress,
regardless of the initial stressor, exhibits similar physiological effects such as elevated heart rate,
respiration rate, and EEG measurements (i.e. beta waves). Due to these similarities across
conditions it is likely that the introduction of eucalyptus oil has the capability to reduce these
physiological values, signaling a decrease in overall stress. It was hypothesized that exposing
subjects to eucalyptus oil while performing a cognitive task would decrease the change in
physiological vitals such as heart rate, respiration, and beta wave frequency, compared to control
subjects not exposed to eucalyptus oil. To test this hypothesis, the average changes in heart rate,
respiration rate, and beta wave frequency from baseline measurements to experimental
conditions were compared between the two treatment groups. From the results, no significant
data was observed, therefore, it can be concluded that exposure to eucalyptus oil does not have
any drastic effect on altering heart rate, respiration rate, or beta wave frequency while faced with

a cognitive stressor, which the study used to indicate mental stress.

Introduction
Aromatherapy, or essential oil therapy, is the process by which natural chemical

compounds are used to promote physiological and psychological health (Park et al., 2019). This



can be done particularly well through the activation of olfactory receptors via aromatic
compounds. This is due to the amygdala and olfactory bulb, two portions of the brain that react
particularly strongly and quickly to sensations of smell, eliciting very pronounced physiological
changes compared to the other senses (Zald et al., 1997). The olfactory bulb shows greater
activation during stimulation from olfactory receptors and relays this information to regions such
as the amygdala where odor is processed further. Testing via rCBF also shows greater blood
flow through the amygdala during experiences with acute odors such as essential oils, potentially
due to the role that odors play in memory formation and emotion. This study revolved around
the indirect inhalation of essential oils, which are extracted from plants with particular aromatic
and chemical properties (National Cancer Institute, 2018). Prior studies using similar
compounds have been carried out; however, most have only scratched at the surface of their
potential. Very few studies have taken a close look at the use of essential oils in altering
cognitive ability. Therefore, this study serves to combine the relaxing and stimulatory
capabilities of aromatherapy, and see if they have the ability to alter mental functioning
everywhere from classrooms to the workplace.

Amongst the common compounds used for aromatherapy, eucalyptus oil seems to have
pronounced effects on body physiology. It has been shown to have various healing properties.
These include reduction in pain, inflammation, and heart rate, along with various antimicrobial
properties (Jun et al., 2013). Because of this, eucalyptus oil extract is regularly used as a home
remedy for arthritis pain, congestion, and upper respiratory infections. For example, one study
found that the application of varying concentrations of eucalyptus oil upon common pathogenic

microorganisms exhibits an inhibitory effect upon their growth compared to baseline conditions



(Fahad et al., 2018). The health benefits of this compound stem from particular chemical
substances found in the pure extract. The compounds a-pinene and 1,8-Cineole have strong
abilities to eliminate free radicals as well as antimicrobial properties. Another study showed that
after orally administering 1,8-cineole in a mouse model, a significant reduction in pain and
inflammation occurred from the prevention of cytokine secretion by T lymphocytes (Juergens
UR et al., 2004).

Although eucalyptus extract exhibits many of these healing properties, little research has
been done to properly analyze the change in physiological conditions that arise from exposure to
this compound. Specifically, the effect of this extract upon cognitive functioning is a topic of
great discussion, and analysis of such can be done via cognition tests such as logic puzzles.
Physiological changes induced through such tests include increased heart rate, blood pressure,
and sweat response, along with emotional changes stemming from information overload and
self-inflicted pressure to achieve (Engert et al., 2018). One study found that introduction of
aromatic compounds with patients undergoing cardiac intervention experienced lower blood
pressure following the surgery than those who did not (Song et al., 2018); however, the
limitation of this study is that it consisted of a very niche group of individuals and was done in a
clinical setting where external stressors may play a greater role. Another study also conducted in
a hospital setting showed that aromatherapy had little to no effect upon the stress of nurses
(Johnson et al., 2017); however, this study faced the limitation of small sample size of only 12
participants and biased participation due to their sole use of emergency department nursing staff.
Therefore, a more unbiased and larger study may have the potential to provide more accurate

information regarding the stress reduction effects of aromatherapy.



This study investigates the effects the olfactory stimulant, eucalyptus oil, has on mental
performance and changes in physiological responses. We hypothesized that being in the presence
of eucalyptus oil will help to decrease heart rate, respiratory rate, and EEG (beta) wave
frequencies, resulting in an overall increase in cognitive focus and performance when presented
with a logic puzzle. These parameters in particular were chosen due to their strong relationship
to the physiological responses initiated by the autonomic nervous system in its effort to
counteract psychological stress such as that induced by mental tests (Sayowan et al., 2013). The
sympathetic nervous system releases large amounts of chemicals such as cortisol and epinephrine
(adrenaline) in response to stress. These bind to glucocorticoid and B1 receptors, respectively, on
the heart and cause heart rate to increase. This also occurs with respiration, where the body
demands more oxygen to be transported to areas such as the brain and muscles when presented
with even a potentially stressful situation. This results in a buildup of carbon dioxide, which
triggers the amygdala’s carbon dioxide receptor. Subconsciously, this can prompt one to take
greater and deeper breaths, further exacerbating the buildup of carbon dioxide and leading to
greater symptoms of stress. Beta waves are present during states of attentiveness and focus, both
of which are supposed effects of eucalyptus oil. However, a lower level of beta waves is a clear
indicator of attentiveness, whereas elevated levels may signify greater stress and mental arousal.
A reduction in heart rate and respiration are also results of the aromatherapy counteracting the
effects of the autonomic nervous system stress response. This occurs through vasodilation of
blood vessels and inhibition of mucosal receptors that allows for more efficient respiration. To

evaluate the effects that eucalyptus oil has on physiological responses, we compared data from



participants in the presence of eucalyptus oil and in the absence of it, and used the physiological

tests described above to do so.

Materials

The types of measurements utilized simultaneously during the experiment include heart
rate, respiration rate, EEG (beta waves). Heart rate was measured using a photoplethysmogram
(PPG) sensor (Model: SS4LA, SN: 199110796, Biopac Systems, Inc. Goleta, CA) to optically
record blood volume changes within tissues with each beat of the heart. Respiration rate was
obtained using a respiratory effort transducer (Model: SSS5LB, SN: 13116897, Biopac Systems,
Inc. Goleta, CA) by measuring the change in circumference of the abdomen. The
electroencephalogram (EEG) test to detect beta brain waves used an electrode lead set (Model:
SS2LB, SN: 711A14708, Biopac Systems, Inc. Goleta, CA), three single-use, disposable
electrodes (Part #: EL503, Biopac Systems, Inc. Goleta, CA) per participant, and SIGNAGEL
electrode gel for proper conductance. A cloth wrapping around the head was also used to keep
the electrodes securely in place during the test. Figure 1 provides a visual as to how electrodes
were placed on the participant during testing. Data was collected with Biopac Student Lab
System (BSL 4 software, MP36) with reference for analysis and experimental setup with Biopac
Systems, Inc. Student Manual (Biopac Systems Inc. ISO 9001:2008). A printed logic grid puzzle
(brainzilla.com, Puzzle Name: Musical Instruments) was given to the participant during each
session in order to test their mental performance and physiological responses in the presence of

an olfactory stimulant (eucalyptus oil).



Methods
Participants

A group of 32 students between the ages of 19 and 23 from the University of
Wisconsin-Madison Physiology 435 classes were recruited to voluntarily take part in the study
conducted at the UW-Madison Medical Sciences Center. Prior to the first session of the
two-session experiment, participants were given an introduction and overview of the trial and
were asked to sign a consent form detailing the study, confidentiality, and any risks and/or
discomfort that may arise. All participants were also asked if they had any allergies associated

with eucalyptus oil before beginning the session.

Procedure

Experiments were conducted in a lab area in the UW-Madison Medical Sciences Center.
As referenced in Timeline 1A and 1B, each participant arrived and the experimental procedure
was explained to them. They were then seated in a chair at a table and fitted with the proper
equipment by an investigator. All equipment used was prepared according to figures and texts
within the Biopac Systems, Inc. Student Manual. The photoplethysmogram (PPG) sensor was
strapped to the participant’s index finger on their non-dominant hand. A respiratory belt was
strapped around the upper chest and the monitor was centered on the sternum. Three more
electrodes lubricated with SIGNA electrode gel were placed on three locations of the
participant's head near the left ear and connected with electrode leads (see Figure 1). Bandage
cloth was wrapped around the head in order to keep electrodes secure while performing the

experiment. All equipment was attached to the Biopac Student Lab System input channels on a



computer to measure and record physiological activity. Participants were asked to complete two
sessions of testing in order to measure and collect data with and without the presence of
eucalyptus oil. To minimize any externalities or biases during the study, participants were
randomized into each condition, such that one participant would have their first session in the
presence of the eucalyptus oil and the second session without the olfactory stimulant, while
another participant would experience the opposite. Sessions were also separated into two
different rooms such that the session without any olfactory stimulation would not be affected by
the odor introduced in the session with stimulation, allowing for a more controlled environment
for the study. The alternation of conditions was done with all participants, such that half of the
participants experienced each condition as their first session. For the second session, these
conditions were switched for all participants, such that all participants experienced both
conditions by the end of the study. Sessions were also separated by a one week period between
the first and second session in order to minimize potential biases.

Before the experiment began, all equipment was properly calibrated. Following this,
baseline measurements were taken during both sessions for two minutes prior to any testing. For
one session of the two-session experiment, a cotton ball soaked with eucalyptus oil was placed
on the table for the smell to permeate the air. The participant was then given a printed logic grid
puzzle and was allotted five minutes to complete it to the best of their ability. Afterwards, the
puzzle was collected, the cotton ball was removed from the table, and participant was detached
from the equipment. For the alternate session of the experiment, the equipment used and the
setup of the experiment remained the same except there was no essential oil present in the room.

The participant was given a puzzle of the same format and difficulty level. Again, five minutes



was alloted and data was collected. Once the time was completed, the participant was allowed to

leave and the data collected was analyzed.

Data Analysis

Data was first separated based on the condition and participant. Participant data was
divided into average heart rate, respiratory rate, and frequency of beta waves under each
condition. This was done by first collecting data points from each session at 30 second intervals
from both the baseline readings and experimental recordings, such that each individual created
four baseline measurements and a maximum of ten experimental measurements per session
(under the assumption that they used the entire allotted time to complete the test). The baseline
values were averaged to create one value for each participant’s baseline. This was similarly done
for the values collected during the experimental recordings, such that each participant created
four data points total across both sessions - one for each baseline recording and one for each
experimental condition. Individual data for each physiological measurement (i.e. heart rate) was
then further averaged, resulting in one overall value per measurement in each condition. The
individual values of each participant were used to create standard deviation values for each
condition.

Similar methods were used to analyze the time taken and accuracy of each participant
during both conditions. Time was measured in seconds out of the 300 seconds allotted per
session, while accuracy was a percentage established from the correctness of the participant’s
final answers. These values were then separately averaged, then averaged again to create one

value for each variable per condition. The individual values of each participant were also used to



create standard deviation values for each condition. These averages and standard deviations

were then compared between the control and experimental conditions.

Positive Controls

Positive controls tests were conducted by the investigators while heart rate, respiration
rate, and EEG (beta waves) were being recorded by the Biopac Systems, Inc. equipment. After
five minutes was allotted to complete the puzzle in the presence of eucalyptus oil, the data
collected was averaged from the two female and two male investigators. The results of the
physiological measurements can be seen in Table 1. The results from the positive control test

confirmed functionality of equipment and that results may be obtained.

Negative Controls

The negative control was also generated from data collected from two female and two
male investigators. For five minutes, each person sat relaxed in a chair while the chosen
parameters were being measured and recorded. The averages from the four negative control
subjects can be seen in Table 1. The baseline measurements were analyzed and used to
understand the physiological responses when no logic puzzle or eucalyptus essential oil was
present. External conditions were also minimized by having each investigator stare at a blank
black sheet of paper for the duration of the test, thus providing a control of the visual

environment.
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Results

This experiment set out to investigate the effects of eucalyptus oil on stress and cognitive
performance measured by a logic puzzle. Physiological measurements including heart rate,
respiration rate, and beta brain wave activity were measured, analyzed and compared to assess
the effects of the oil. The average for each physiological measurement is depicted in Table 2.
Additionally, both the accuracy and the time increased for the experimental conditions. A
P-value of 0.05 or less was accepted as a significant result for all the parameters tested in this

experiment.

Heart Rate

Figure 2A shows the general increase in heart rate values over the course of the trial
period. The greatest heart rates primarily occurred during the testing trials when the puzzle was
presented. Figure SA depicts the slight difference in heart rate between the control and
experimental trials based on the data obtained and averaged from each participant and again
averaged for all participants. Average heart rate for the control trials was 85.10 beats per minute
(BPM), while for experimental trials it was 89.64 BPM. This 4.54 BPM increase in heart rate
during experimental trials was not statistically significant (P value=0.10). Changes in heart rate
in comparison to baseline data shown in Figure 5B was 8.06 BPM for control and 8.29 BPM for
experimental. When comparing men to women, the average experimental BPM for men was

90.94, while women had a lower BPM of 88.63.
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Respiration Rate

The typical increase of participant respiratory rate during the cognitive stressor is
depicted in Figure 2A. The average respiration rate, measured in breaths per minute, of control
and experimental groups is shown in Figure 6A. The control condition averaged 19.14 breaths
per minute while the eucalyptus experimental group averaged 19.00 breaths per minute. The
decrease in respiration rate under experimental conditions was not statistically significant (P
value=0.9). The respiration rate data compared to that of baseline data prior to testing shown in
Figure 6B was 4.25 breaths per minute for the control and 3.25 breaths per minute for
experimental. When segregated by sex, the difference from baseline to experimental respiration

for males was 0.89, while that for females was 1.11 breaths per minute.

Beta Waves Frequency (EEG)

Figure 2B depicts the typical increase in beta wave frequency (Hz) during testing, though
the magnitude of frequency was highly variable. Figure 7A shows the differences between the
average of averages of all data for the control and experimental trials. Beta wave frequency
average generated for the control data was 25.47 Hertz (Hz) and 25.37 Hz for experimental data.
Table 2 shows a slight decrease in physiological reactivity with a difference between control and
experimental trials of -0.10 Hz along with a P-value of 0.87. Beta wave frequency during testing
compared to that of baseline data was 0.65 Hz for control and 1.29 Hz for experimental data
depicted in Figure 7B. The difference in beta waves values for males and females did not change

significantly when presented with the oil(Maley,, ;= -1.77, Femaley,, 1,;=0.80).
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Time and Accuracy of Cognitive Task

As shown in Figure 3, the average time to complete the cognitive puzzle was 222.44
seconds for the control trial and 238.76 seconds for the experimental trial. The overall allotted
time per participant was 300 seconds, although many finished the puzzle sooner. The accuracy of
responses shown in Figure 4 show that the average accuracy for control was 81.52% while it
was 85.54% for experimental. Error bars show the wide variability in time for completion and

accuracy of puzzle results.

Discussion

There is little evidence in scientific literature exploring the effects of eucalyptus oil on
physiological changes during a stressor. Our experiment explored the three physiological
parameters including heart rate, respiratory rate, and beta waves during a cognitive stressor with
and without eucalyptus oil. It was hypothesized that the oil would decrease the heart and
respiratory rates as well as beta waves since literature claims the essential oil is calming and the
logic puzzle cognitive task is a stressor. The data is not significant evidence that eucalyptus oil
decreases physiological measurements under a logic puzzle cognitive stressor including heart

rate, respiratory rate or beta waves.

Heart Rate

The data showed no significance between heart rate and eucalyptus oil (two-tailed

p-value 0.10). Although the heart rate increased during the experimental condition with the
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eucalyptus oil, this only suggests the body’s physiological response to stress increased and is not
significant evidence that the eucalyptus oil caused this physiological response. The average heart
rate with the eucalyptus oil was about 4 beats per minute higher (BPM=85.1, BPM=89.6).

This increase could be explained by the heightened arousal promoted by eucalyptus aromatics,
which would then increase the body’s sympathetic response, one of which being heart rate.
These results are consistent even as data is segregated based on sex, suggesting that there is no
sex-based alteration in physiological response with or without eucalyptus oil present. These data

are visually represented in Figure 5A, with sex-segregated data represented in Figure 8.

Respiration Rate

Respiration rate, measured in average breaths per minute, showed no significant
difference between the control and experimental conditions as depicted in Figure 6A (BPM, =
19.13, BPM = 19.14). This suggests that breathing, which is primarily a voluntary action in
normal circumstances, was not impeded nor stimulated by eucalyptus oil. This could be due to
the eucalyptus oil not permeating the air around the participants severely enough to elicit a
change in respiration. Additionally, since eucalyptus oil does not have any significant effect
upon healthy, normal individuals, use of the aromatic compound may not cause any drastic
changes unless participants had some sort of respiratory abnormality. This is also seen between
sexes in Figure 8, as both males and females did not experience any significant change in
respiration when exposed to the aromatic compound. The respiratory rate deviation from

baseline to experimental is also insignifiant (BPM,= 4.25, BPM_= 3.25). It is interesting that the
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average respirations decreased in the presence of eucalyptus oil, however this finding not

statistically significant.

Beta Waves

As depicted in Figure 7A, changes in beta wave frequency between control and
experimental groups do not support our hypothesis. The data is insignificant with a p-value 0.87.
The average beta waves frequency increased slightly when exposed to the eucalyptus oil
compared to baseline data (Fz= 0.65, F.= 1.30). Although insignificant, the beta waves after
baseline once the oil was presented tended to increase more so for males and less for females as
depicted in Figure 8. Beta waves are predominant during a state of attentiveness and focus,
suggesting that females remained in this state for longer and had less of a neural response than

males.

Time and Accuracy

Based on Figure 3 and Figure 4, participants in the control group took less time to
complete the test but also scored lower on average. Those in the experimental group took a
longer time, but had an increased accuracy. This may suggest that eucalyptus oil increases focus
and accuracy, but at the expense of speed of completion. Participants are able to concentrate
longer and deduce more accurate responses, which may take longer overall, but may be more
valuable that a less accurate but quicker response. From these illustrated results, our hypothesis
is supported; with the presence of eucalyptus oil, there was an increase in cognitive focus and

performance.
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Limitations

Due to the specificity of the participants chosen to take part in this study, the results may
be skewed compared to a sample more representative of the general population. The study was
conducted using more participants than prior studies; however, all participants were students
currently in Physiology 435 and conducting studies in the same vicinity as this study. Therefore,
peripheral exposure to the contents of the testing done during this study may have affecting
participant's mentality coming into their session. Another predominant limitation is the logic
puzzle used during data collection. Two non-identical, but similar, puzzles were created with the
intention of equalizing the difficulty and stress of both puzzles; however, participants reported
that one of the puzzles was somewhat more difficult than the other, which may have affected

stress levels incurred during testing.

Concluding Remarks

Managing stress and boosting mental performance are common goals among students and
professionals. Our data is relevant to users and potential users of essential oils, who may be
encouraged by this study to incorporate other strategies for reducing stress and improving
cognition. Although Physiology 435 does not focus on olfaction, this study is relevant to the
course curriculum in its investigation of the sympathetic nervous system-induced stress response.
This so-called “Fight or Flight” response is known to increase heart rate and breathing, matching
our data. Additionally, it would be logical for a component of this response to be increased
beta-wave frequency, since this increase is thought to be associated with complex thought,

anxiety, or excitement. This research experience increased our understanding of the principle that

16



the functions of organ systems, such a the cardiovascular, respiratory, and nervous systems, are
coordinated. While the olfactory system could possibly be coordinated into the sympathetic
response -- perhaps if one 1s exposed to scents indicating danger, like blood or necrotic flesh --
this study demonstrated that this coordination is more complex than introducing olfactory stimuli

and eliciting measurable physiological change.
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Tables and Figures

For Session Involving No External Olfactory Stimuli

Lab 303, Group 5

Events, Steps, Interventions
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Timeline 1A: Participation timeline for the control session (i.e. without eucalyptus oil).
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Lab 303, Group 5

Events, Steps, Interventions
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Time (minutes)

*Consent Form step will only be done on the first session, depending on which session the participant is randomized into

Timeline 1B: Participation timeline for the experimental session (i.e. with eucalyptus oil).
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Heart rate (BPM) Respiratory rate (Breaths per Minute) Beta EEG (Hz)
Participant .. . o . . .
Positive Negative Positive Negative Positive Negative
Difference Difference Difference
Control Control Control Control Control Control
67.74 61.73 6.01 19.15 14.7 4.45 19.33 14.93 4.4
69.13 68.82 0.31 18.44 15.38 3.06 24.50 22.85 1.65
81.01 68.69 12.32 13.43 20.37 -6.94 28.03 23.61 4.42
84.75 80.12 4.63 17.21 13.45 3.76 22.67 23.23 -0.56

Table 1: Positive and negative control tests on group members. The differences between the two
control groups for each physiological measurement were all statistically significant.

Group Heart Rate Standard Respiration Standard Beta Wave Standard
(BPM) Deviation Rate (Breaths Deviation Frequency Deviation
per Minute) (Hz)
Control 85.10 10.45145828 19.14 4.074871348 25.47 2.85
Experimental 89.64 12.04597375 19.00 3.605043617 25.37 2.60
Difference 4.54
P-Value 0.10 0.90 0.87

Table 2: Study results for each of the three physiological parameters tested. A positive
difference between experimental and control groups signifies an increase in physiological
reactivity, while a negative difference signifies a decrease in reactivity. Two-tailed paired t-tests
were performed on the difference between treatment groups to determine statistical significance
of observed values.
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Figure 1: EEG attached to participant's scalp. Ground electrode (black) is placed on neck, VIN
(+) (red) and VIN(-) (white) are placed around ears. For better readings, participant is asked to sit
in proper seating position. Taken with consent of participant.
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Figure 2: Physiological measurements obtained from typical study participants in baseline and
testing phases. Figure 2a shows a participant’s heart rate and respiratory rate, which both
consistently increased during testing. Figure 2b shows a different participant’s beta wave
frequency, which generally increased during testing but was highly variable in magnitude.
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Figure 3: Average time taken by each participant to complete the logic puzzle. The maximum
allotted time for each participant was 300 seconds for each session.
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Figure 4: Percent accuracy of responses collected after the completion of the logic puzzle during
each session. Each puzzle consisted of a total of 8 responses, with a 100 percent accuracy
signifying all correct responses and 0 percent accuracy signifying no correct responses.
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Heart Rate During Testing
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Figure SA: Observed heart rate as an average of the 10 collected heart rates for each
participant throughout the experiment. Heart rate was measured in beats per minute (BPM). The
average of these averages have been graphed, with individual averages used to measure standard

deviation for each session.
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Figure 5B: Observed changes in heart rate when compared to baseline physiological levels prior
to testing. The average of these averages for each participant have been graphed, with individual
averages used to measure standard deviation for each session.
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Respiratory Rate During Testing
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Figure 6A: Observed respiratory rate as an average of the 10 collected respiration rates for each
participant throughout the experiment. Respiration rate was measured in breaths per minute. The
average of these averages have been graphed, with individual averages used to measure standard

10

Change in Average Respiration Rate (BPM)

deviation for each session.
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Figure 6B: Observed changes in respiratory rate when compared to baseline physiological levels

prior to testing. The average of these averages for each participant have been graphed, with

individual averages used to measure standard deviation for each session.
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Beta Waves Frequency During Testing
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Figure 7A: Observed beta wave frequency as an average of the 10 collected beta wave
measurements for each participant throughout the experiment. Beta wave frequency was
measured in Hertz (Hz). The average of these averages have been graphed, with individual
averages used to measure standard deviation for each session.
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Figure 7B: Observed changes in beta wave activity when compared to baseline physiological
levels prior to testing. The average of these averages for each participant have been graphed,

with individual averages used to measure standard deviation for each session.
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Changes in Physiological Values from Baseline (Women)
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Figure 8: Observed physiological measurements when participants were segregated into male
and female sex. The average values for each measurement for each sex have been graphed,
comparing experimental conditions to baseline values.
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