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Abstract

Objective: This study analyzed the efficacy of aromatherapy in improving work performance and reducing
workplace stress.

Subjects: The initial sample comprised 42 administrative university workers (Mage = 42.21 years, standard
deviation = 7.12; 10 male).

Intervention: All sessions were performed in a university computer classroom. The participants were ran-
domly assigned into an aromatherapy group (AG) and a control group (CG), and they were invited to participate
in a specific session only once. They were seated in front of a computer. During the intervention period, some
oil diffusers were switched on and were in operation throughout the session with petitgrain essential oil for AG
sessions and a neutral oil (almond) for CG sessions. At the same time, participants completed a computer task
on a specific Web site typing on their keyboard until they had finished it. The single times were different for all
participants and were recorded on the Web site as ‘‘performance time.’’

Outcome measures: Before and after the intervention, participants completed anxiety and mood state
questionnaires (the Stait–Trait Anxiety Inventory [STAI] and the Profile of Mood States [POMS]). Heart-rate
variability (HRV) was measured before (PRE), during (20–25 min), and after (POS) the intervention to analyze
autonomic nervous system regulation.

Results: The AG performed the Web site task 2.28 min faster than the CG ( p = 0.05). The two groups showed
differences in the following HRV parameters: low frequency ( p = 0.05), high frequency ( p = 0.02), standard
deviation of all RR intervals ( p = 0.05), and root mean square of differences ( p = 0.02). All participants in all
groups showed a decrease from PRE to POST for STAI ( p < 0.001), Tension-POMS ( p < 0.001), and Vigour-
POMS ( p = 0.01) scales.

Conclusions: Aromatherapy (inhaling petitgrain essential oil) can improve performance in the workplace.
These results could be explained by an autonomic balance on the sympathetic/parasympathetic system through
a combined action of the petitgrain main components (linalyl acetate, linalool, and myrcene). The final effect
could be an improvement of the mental and emotional condition by a combination of reducing the stress level
and increasing the arousal level of the participants in terms of attentiveness and alertness.
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Introduction

Workplace stress and burnout are pervasive prob-
lems nowadays. They potentially affect employees’

job performance and their physical and mental health.1

Several studies have recently shown that the level of work-
place stress and diseases are interrelated.2 Studies have also

proved that workplace stress disorders are associated with
impaired workplace performance and hefty economic costs,
as well as an increased risk of cardiovascular morbidity and
mortality.3 Chronic job stress can be associated with a range
of debilitating health outcomes, including cardiovascular
diseases, diabetes, depression and anxiety, musculoskeletal
problems, or alcohol dependence.4 Workplace stress also has
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been found to affect job satisfaction, performance, and turn-
over intentions.5 This is now a serious problem—around 40–
50% of all work-related absences are related to stress. In the
European Union, 350 million work days are lost because of
stress-related problems, resulting in an overall cost of at least
e20 billion every year. Thus, this problem has been noted by
the European Commission.2 In the United States alone,
businesses lose $300 billion annually as a result of lowered
productivity, days of absence, and healthcare costs due to
stress.4 Increasingly, experts call for the implementation of
workplace health promotion programmers, as psychological
problems, stress-related physical complaints, perceived work
stress, and obesity have negative effects on workers’ health as
well as overall productivity. Thus, workplace stress-related
illness is a serious issue, and job stress should be identified at
an early stage so that preventive action can be taken.4

Many stress reduction–related methods have been inves-
tigated, and various approaches have been involved in
workplace stress management. Aromatherapy is one of these
approaches, thanks to its easy implementation and effec-
tiveness.6 It is used by an increasing number of people
around the globe, and clinical research into this field is also
expanding every year. This discipline has grown in impor-
tance as an area in alternative medicine with proven high
efficacy in reducing stress and improving mood disorders.7

Aromatherapy is an ancient tradition herbal medicine, and it
was used in some ancient countries, such as Egypt, China,
and India, thousands of years ago. It is a kind of natural
treatment method utilizing the chemical structure and ef-
fects of plant essential oils, which when extracted from
herbs, roots, leaves, flowers, and other plant parts can be
used to treat various diseases.8

Aromatherapy has significant therapeutic potential be-
cause each essential oil has a unique combination of chemical
compounds that interact with the body’s chemistry and
thereby affect specific organs, systems, and the body as a
whole. For example, some studies have shown that certain
essential oils decrease anxiety-related behavior and improve
some illnesses in humans and animals.9,10 Essential oils are
the principal component of aromatherapy. They are concen-
trated volatile compounds formed as secondary metabolites
in aromatic plants and are characterized by a strong odor.
Their biological effects may be the result of the synergistic
effect of all the molecules together or only of the main mol-
ecules found in larger concentrations in these oils.11

The essential oil can be absorbed into the body through three
main channels: the skin, the digestive system, and the olfactory
system. Sense of smell plays an important role in the physio-
logical function of an individual because the olfaction re-
sponse is immediate and it is directly extended to the brain; it
seems to be related to emotional behavior.12 The odor mole-
cules of essential oils are transported to the brain by olfactory
sensory neurons in the nasal cavity. Thus, they stimulate
smell–memory work and influence memory, thoughts, and
emotions. Even a small amount of smell molecules taken by
respiration causes an indirect physical effect by activating
smell memory or by infiltrating the blood.13,14 The inhalation
of essential oils triggers an olfactory response that leads to
powerful mental and emotional behavioral changes, which
address the body, mind, and spirit for mental, emotional, and
physical wellness.15 Some studies have shown that aroma has
an important impact on attention level, cognitive performance,

creativity, mathematical success, writing skills, motor skills,
and increased perception and memory.16

The present study pays particular attention to the essential
oil petitgrain (Citrus aurantium ( fe); CA). CA belongs to a
large family, Rutaceae, members of which are cultivated
worldwide as fruit crops. Traditionally, populations in sev-
eral countries have relied on preparations obtained from
Citrus species to treat problems related to the nervous sys-
tem, especially symptoms of anxiety or insomnia.17 In folk
medicine, CA is used for the treatment of sunstroke and
gastrointestinal disturbances. It is also known to be a re-
laxant.18 Recently, some studies have shown that CA has
sedative and anxiolytic-like effects. Lehner et al. found
that CA reduced the anxiety levels of patients, specifically
women, when this oil was scattered in the lobby of a dental
office.19 Another study showed that CA (administered orally
and derived from the petals and stamens of petitgrain oil)
reduced the preoperative anxiety of patients scheduled for
elective minor surgery.20 CA has increasingly been used in
several studies, and its chemical components have been
described as linalool (20.2–27%), linalyl acetate (45–55%),
and myrcene (1.3–12.12%).21 Myrcene, a kind of mono-
terpene, is a component biologically active in the central
nervous system.17,21 The other main components—linalool
and linalyl acetate—have sedative effects.21,22

The absorption of essential oil via inhalation may affect
the autonomic nervous system (ANS) and induce the reac-
tion of the limbic system, hypothalamus, and hormone
system. It could affect both parts—the sympathetic nervous
system and the parasympathetic nervous system—which
function primarily in opposition to each other.6

Heart-rate variability (HRV) has become a popular re-
search tool because it reflects changes in the cardiac auto-
nomic regulation.23 Hence, HRV is considered as a window
to the ANS. HRV analysis is a valuable, simple, and non-
invasive method for analyzing the continuous changes in the
sympathetic–parasympathetic balance of the ANS. HRV
refers to the variation in the time interval between consec-
utive heartbeats (the RR interval), and when there is varia-
tion at rest, it can be interpreted as a sign of healthy cardiac
function.24 This analysis has been established during the
past few decades as a reliable tool to assess the status of the
cardiovascular autonomic function. Thus, it has been fre-
quently used in the analysis of physiological signals in
different clinical and functional conditions.25

Taking all this into account, the purpose of this study was
to analyze the efficacy of aromatherapy in improving work
performance and reducing the workplace stress. Specifi-
cally, the effects of smelling CA during a simulated com-
puter work session were examined to see if performance
time when typing on a keyboard improved. At the same
time, the possible effects of HRV and mood/anxiety state
questionnaires were analyzed to explain the results in terms
of sympathetic–parasympathetic balance, stress reduction,
and changes in arousal or attention level.

Material and Methods

Participants

The initial sample comprised 42 administrative university
workers (Mage = 42.21 years, standard deviation [SD] = 7.12;
10 male). All participants met the following inclusion
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criteria: (1) aged between 26 and 55 years; (2) no clinical
diagnosis of autonomic dysfunction; (3) no clinical diag-
nosis of respiratory, cardiovascular, endocrine, or systemic
disorder; and (4) no problems with olfactory function. All
participants consented to collaborate voluntarily and pro-
vided informed consent before participating in the study.
The ethics committee of the university approved the study in
advance.

Study design

A randomized controlled trial was used. The participants
were recruited from university administrative staff through
an institutional e-mail advertisement. All of them were used
to sitting and typing in front of a computer for most of the
working day. The participants were randomly assigned to
the aromatherapy group (AG) or the control group (CG), and
they were invited to participate in specific sessions for each
group on different days. They were not aware of which
group they were assigned to. Explanations were provided
regarding the nature and purpose of the study: to investigate
coping effects of plant fragrance on workplace stress. All
participants were asked not to consume any food or bever-
ages containing alcohol or caffeine after the evening of the
day preceding the experiment. They were also asked not to
do vigorous physical activity for 24 h before testing.

Aromatherapy and essential oils

The participants inhaled essential oils from four diffusers
that allowed the smell to be dispersed fully throughout the
room. Two kinds of oils were used, one for each group. The
AG inhaled petitgrain oil (CA; Italian, Production batch:
IF745, Neroly Co. Ltd, Hong Kong). The CA that was used
was 100% pure, and it was diluted to 2%. The predominant
constituents were linalyl acetate (45–55%), linalool (20–
27%), and myrcene (1.3–12.12%). The CG inhaled
sweet almond oil (Prunus dulcis, mill [PD]; American,
Production batch: YA637; Neroly Co. Ltd). The predomi-
nant constituents were palmitoleic acid (60–68%), linoleic
acid (17–30%), and palmitic acid (6–8%). PD is a vegetable
oil and has a neutral smell.

Questionnaires

This study used three cognitive instruments. The first was
a global ‘‘Feeling Scale,’’ asking ‘‘how do you feel today?’’
Participants had to choose one value on a 0–10 scale (where
0 = ‘‘very bad’’ and 10 = ‘‘very good’’). The second instru-
ment was a short version of the Profile of Mood States
(POMS).26 Fifteen items measure mood states by five scales:
the Tension scale, where the higher the score, the more tense
the subject is; the Depression scale, where the higher the
score, the more depressed the participant is; the Hostility
scale, where the higher the score, the more hostile the
subject feels toward others; the Vigor scale, a positive scale,
where the higher the score, the more energy the subject has;
and the Fatigue scale, where the higher the score, the more
tired the participant feels. All five scales contain three items
that are scored on a scale from 0 = ‘‘nothing’’ to 10 = ‘‘very
much.’’ The third instrument was the State–Trait Anxiety
Inventory (STAI),27 which was used to measure the partic-
ipants’ pre- and post-intervention cognitive anxiety. The

STAI scale comprises 20 items, and the participants were
asked to rate the intensity of each symptom on a scale
ranging from 0 = ‘‘not at all’’ to 3 = ‘‘very much,’’ resulting
in scores ranging from 0 to 60. The higher the score, the
more anxiety state the subject has.

HRV instruments

Participants’ session ratings of continuous heart rate (RR
or beat-to-beat cardiac intervals) were collected and ana-
lyzed with Fitlab� Team system (HealthSportLab.com,
Barcelona, Spain). This consists of an application that runs
in a mobile device (tablet or iPad) connected via Bluetooth
with several cardiac chest bands, and connected via wireless
with a remote server. The system allows synchronized re-
cordings of all participants in each session to be performed
and for the quality of data to be checked in real time. Par-
ticipants are asked to remain at rest in the same position
without speaking or making any movements, and HRV data
are registered continuously for 5 min of natural breathing.
This technology has been validated for detecting RR inter-
vals at rest.24

Procedure

The participants were randomly distributed into six ses-
sions (seven subjects each) on different days, three for the
AG and three for the CG. All sessions were performed in a
university computer classroom between 10:00am and
11:30am, and each participant attended a session only once.
When the participants arrived at the computer classroom,
they were asked to wear the cardiac chest band (Bluetooth
connected) and to rest in a sitting position in front of a
computer, as they would in their workplace. First, partici-
pants were required to fill out the STAI-State, POMS, and
the Feeling Scale questionnaires. Second, HRV-Pre was
tested for 5 min with the participants at rest (sitting, with the
eyes open, placing the hands on their knees, with no activity,
with natural breathing, and without speaking; see Fig. 1).
Third, at the end of HRV-Pretest, the oil diffusers were
switched on and remained operational throughout the ses-
sion with CA for the AG sessions and PD for the CG ses-
sions (Fig. 1A). At the same time, a researcher explained for
about 15 min how to complete a neutral computer task on a
specific Web site. This task was the same for all partici-
pants, and consisted of completing 10 standard forms. All
participants began to complete this task individually, typing
on their keyboard until they had finished it (step B–D in
Fig. 1). The single times (B–D) were different for all par-
ticipants, and were recorded on the Web site as ‘‘Perfor-
mance Time.’’ A period of 5 min-HRV (Fig. 1C) was
recorded at 20–25 min after the start of the inhalation period
(A).28 By 40 min after inhalation began (A), all participants
had finished their Web site task, and their HRV was re-
corded for a period of 5 min (POST; step D–E in Fig. 1),
under the same conditions as the HRV-Pretest. Finally,
participants were asked to fill out the POST questionnaires
(STAI-State, POMS, and the Feeling Scale).

HRV analysis

RR intervals from 5 min periods were analyzed in ac-
cordance with the recommendations of the Task Force of the
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European Society of Cardiology and the North American
Society of Pacing and Electrophysiology.29 For the time-
domain analysis, the mean of RR intervals (RRmean), the
standard deviation of all RR intervals (SDNN), and the root
mean square of differences (RMSSD) of successive RR
intervals were calculated. For frequency domain analysis, all
RR series were resampled at 3 Hz using a cubic spline prior
to the HRV analysis. The power spectrum of the resampled
time series was estimated using a fast Fourier transform
algorithm after removing the mean of the time series and
multiplying the time series by a Hann window. The power
of the very low frequency band (VLF) was estimated by
integrating the power spectrum for frequencies <0.04 Hz.
Accordingly, the power of the low frequency (LF) band was
computed in the range 0.04–0.15 Hz, and the power of the
high frequency (HF) band was computed in the range 0.15–
0.4 Hz. Additional calculations included the LF/HF ratio,
LF, and HF values expressed in normalized units (LFnu and
HFnu).

Statistical analysis

Data are expressed as the mean – SD. One-way analysis of
variance (ANOVA) was used to detect possible differences
between the AG and the CG in all parameters and variables
of the study. An ANOVA according to a general linear
model (GLM) was performed to show HRV differences
between the two groups in terms of evolution throughout the
three HRV stages of the session (PRE, 20–25 min, and
POS). A power analysis was calculated (a = 0.05), and the
results ranged between 0.500 and 0.996 for the different
significant parameters. All calculations were performed
using the IBM SPSS Statistics for Mac OS v21 (IBM Corp.,
Armonk, NY). The significance threshold was set at
p < 0.05. Calculation of HRV parameters was carried out
with MATLAB.

Results

Among the 42 initial participants, five did not complete
the study because they showed too many artefacts in the
HRV recordings. In the AG, 20/21 participants completed
the study; in the CG, 17/21 participants completed the study.
There were no statistically significant differences between
the AG and the CG with regard to age (AG: 43.0 – 6.4 years
old; CG: 43.2 – 6.8 years old) or sex (AG: 20% male; CG:
31.6% male; see Table 1). No significant differences be-
tween the two groups were found for HRV control variables

such as taking medication, doing physical activity, and
drinking coffee.

The one-way ANOVA showed that the AG performed
faster than the CG did: the performance time for the AG was
17.35 – 3.13 min, and for the CG it was 19.63 – 3.87 min
( p = 0.05; see Table 1).

Table 2 shows the differences in the HRV parameters
between the two groups at baseline (PRE), at 20–25 min
from the start of the inhalation period, and after the inha-
lation period (POS). An ANOVA according to a GLM
showed differences between the two groups in terms of
evolution throughout of the three stages of the session (PRE,
20–25 min, and POS) for the following HRV spectral pa-
rameters: LF, such that AG showed a larger LF decrease
between PRE and 20–25 min than CG did, and CG showed a
larger LF increase between 20–25 min and POS than AG did
( p = 0.05; see Fig. 2A); HF, such that AG showed a larger
HF decrease between 20–25 min and POS than CG did, and
CG showed an HF increase at this stage ( p = 0.02; see
Fig. 2B). Figure 2C and D shows the differences between
groups with a trend to significance for HFnu ( p = 0.08) and
LFnu ( p = 0.08). The VLF parameter also showed a trend
toward statistical significance ( p = 0.058). GLM analysis
showed differences between the two groups for the time
domain HRV parameters: SDNN ( p = 0.05; Fig. 2E) and
RMSSD ( p = 0.019; Fig. 2F). There were no significant
differences between the two groups for the ratio LF/HF, RR
mean, and HR mean.

There are no differences in the questionnaires scorings
between the two groups in terms of evolution from before
(PRE) to after (POST) the session. However, there were
significant differences for all participants, not group de-
pending, between PRE and POST for the STAI ( p < 0.001),

FIG. 1. Experimental procedures and data collection. Before: State–Trait Anxiety Inventory (STAI) and Profile of Mood
States (POMS) questionnaires. PRE: 5 min HRV-Pretest. (A) Inhalation beginning. (B) Computer task beginning. (C) 5 min
HRV ‘‘20–25 min’’ test. (D) Computer task finishing (individual ‘‘Performance Time’’). POST: 5 min HRV Post-Test (step
D–E). After: STAI and POMS.

Table 1. Sex (%), Age, and Performance

Time (M – SD) for the Two Groups

Variable
Control group

(n = 17)
Aroma group

(n = 20) p-Value

Age (years) 43.21 – 6.80 43.00 – 6.44 NS

Sex
Male 31.6% 20% NS
Female 68.4% 80%

Performance
time (min)

19.63 – 3.87 17.35 – 3.13 0.05

NS, no significance.
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Tension ( p < 0.001), and Vigour ( p < 0.015) scales. In all
cases, the participants showed a decrease from PRE to POST.

Discussion

This study confirms the importance of aromatherapy as a
way to improve quality of life and performance in the
workplace. Inhaling CA in a simulated computer work
session improved the performance time when typing at a
keyboard, and it also produced some changes in HRV. Thus,
the AG (inhaling CA) finished the task >2 min before the
CG (inhaling PD), when doing the same task, which con-

sisted of completing specific web forms. With the aid of the
HRV analysis, this result can be explained by a combination
of reducing the stress level and increasing the attention level
of the participants.

A very common workplace task in all the world was
chosen for this study. Typing with a keyboard in front of a
computer for a full workday is a usual task in many jobs
such as university staff, bank staff, or administrative staff in
any company. The participants in this study were adminis-
trative university staff, and a non-specialized computer task
was chosen: to complete a limited number of questionnaires
and self-reports about the participant’s own lifestyle. Thus,

Table 2. HRV Parameters (M – SD) in the Three HRV Session Recordings

(PRE, 20–25 Min, and POST) for the Two Groups

HRV parameter Control group (n = 17) Aroma group (n = 20) Total (n = 37) p-Value

RRmean (ms)
PRE 854.64 – 118.91 870.10 – 92.10 863.00 – 104.03 <0.001
20–25 min 865.35 – 114.52 884.85 – 107.01 875.89 – 109.40
POST 896.88 – 112.69 907.35 – 103.02 902.54 – 106.17a

HR (bpm)
PRE 71.50 – 9.73 69.70 – 7.65 70.58 – 8.59b <0.001
20–25 min 69.41 – 7.99 67.83 – 7.65 68.60 – 7.76
POST 67.77 – 8.09 66.89 – 7.27 67.32 – 7.59

SDNN (ms)
PRE 45.64 – 14.19 54.10 – 21.76* 50.21 – 18.91 0.05
20–25 min 50.47 – 16.88 48.45 – 16.84* 49.37 – 16.65
POST 57.76 – 22.40 56.90 – 23.96 57.29 – 22.94

RMSSD (ms)
PRE 26.58 – 8.50 33.30 – 17.90* 30.21 – 14.59 0.02
20–25 min 31.23 – 8.37 32.65 – 21.07* 32.00 – 16.31
POST 32.94 – 11.96 32.20 – 13.67 32.54 – 12.74

LF/HF (ratio)
PRE 4.17 – 4.21 4.36 – 5.48 4.27 – 4.87 NS
20–25 min 5.53 – 6.04 3.04 – 2.49 4.18 – 4.59
POST 5.73 – 7.12 3.45 – 1.88 4.50 – 5.07

LF (ms2)
PRE 1013.05 – 1036.89 1222.05 – 1426.21* 1126.02 – 1250.01 0.05
20–25 min 990.94 – 731.01 739.15 – 605.55* 854.83 – 668.74
POST 1514.35 – 1695.93 1025.20 – 737.48* 1249.94 – 275.31

HF (ms2)
PRE 258.52 – 156.12 498.30 – 560.25* 388.13 – 437.22 0.02
20–25 min 266.58 – 165.24 576.45 – 1066.77* 434.08 – 798.28
POST 346.29 – 218.50 393.15 – 367.22* 371.62 – 304.88

VLF (ms2)
PRE 779.00 – 652.38 1258.25 – 1052.01c 1038.05 – 12.08 0.058
20–25 min 1167.76 – 986.78 932.75 – 663.68c 1040.73 – 824.22
POST 1815.76 – 1949.89 1957.55 – 2182.60 1892.40 – 2051.62

LFnu (%)
PRE 71.11 – 15.42 69.50 – 17.92 70.24 – 16.61 0.08
20–25 min 74.64 – 14.81 66.20 – 18.26c 70.08 – 17.08
POST 70.94 – 20.81 73.10 – 11.88 72.10 – 16.37

HFnu (%)
PRE 28.22 – 15.42 30.50 – 17.92 29.75 – 16.61 0.08
20–25 min 25.35 – 14.81 33.80 – 18.26c 29.91 – 17.08
POST 29.05 – 20.81 26.90 – 11.85 27.89 – 16.37

aTotal differences for all sample: POST > PRE.
bTotal differences for all sample: PRE > POST.
cTrend to significant differences between the two groups.
*Significant differences between the two groups.
HRV, heart-rate variability; HR, heart rate; SDNN, standard deviation of all RR intervals; RMSSD, root mean square of differences of

successive RR intervals; LF, low frequency; HF, high frequency; NS, no significance; VLF, very low frequency.

218 HUANG AND CAPDEVILA



there were no right or wrong answers, and all participants
knew the answers. The best performance required thinking of
the answers quickly and typing fast on the keyboard. All items
had to be completed, after which the participant was asked to
click on the last option of ‘‘Save.’’ An individualized report
was provided to all participants about their lifestyle, and all of
them completed the items with coherent answers. The par-
ticipants were randomly assigned to two groups, so that they
were balanced in terms of mental and typing agility. Hence,
under these conditions, the performance improvement of the
AG group (>2 min faster than the CG) must be attributed to
the aromatherapy effects (inhaling CA).

The problem of job-related stress is currently increasing and
is potentially affecting employee performance and personal
health.30 Studies have been carried out about relieving men-
tal load in the workplace through strategies such as analyz-
ing exercise effects on autonomic balance,25 or the effects of
aromatherapy in alleviating work-related stress.31 A growing
number of studies have described the efficacy of aromatherapy
in this field.32 However, few studies have examined the effects
of aromatherapy directly on work performance through the
autonomic balance. This study has contributed to this by using
HRV analysis to explain the performance improvement in the
AG by stress reduction due to the effect of aromatherapy.

This stress reduction could be explained by a specific effect
on the ANS. For this purpose, this study analyzed HRV in
three 5 min periods: before inhalation, 20 min after inhalation
began, and after the inhalation period. The main HRV find-

ings reveal significant differences between both groups in
HF- and LF-related parameters. These indexes have been
used to reflect primarily sympathetic and parasympathetic
influences.33 The larger LF decrease between PRE and 20–
25 min in the AG could be explained by a specific effect of
inhaling CA reducing the sympathetic activity during the task
performance. Otherwise, the sympathetic effect could be ef-
fective during the last session period, where the CG shows a
larger LF than the AG did. In this last session period (between
20–25 min and POST), the parasympathetic activity (showed
by HF) is different in both groups. This same trend can be
seen for the standardized parameters. Thus, the most im-
portant aromatherapy effect is the increase in parasympa-
thetic activity (HF and HFnu increases) for the AG between
PRE and 20–25 min, combined with a decline in sympa-
thetic activity (LF and LFnu decreases) for this group in the
same period. These changes could produce a sympathetic/
parasympathetic balance of the ANS, improving attention
control and facilitating performance. In addition, the signif-
icant decrease of the SDNN parameter in the AG during the
task (PRE and 20–25 min) means less cardiac variability than
the CG, and could be interpreted as an increase in arousal.
This higher arousal could enable the AG to pay more attention
to the task, thereby improving performance. Thus, inhaling
CA could improve the mental and emotional condition in
terms of attentiveness and alertness.

The study also analyzed the cognitive levels of anxiety
and mood state as stress symptoms. However, no differences

FIG. 2. Comparison of HRV
parameters during the inhalation
period between the two groups at
baseline (PRE), at the 20–25 min
period, and after the inhalation
period (POST). (A) Low frequency
(LF) band; (B) high frequency (HF)
band; (C) LF values expressed in
normalized units (LFnu; *p = 0.08);
(D) HF values expressed in nor-
malized units (HFnu; *p = 0.08);
(E) standard deviation of all RR
intervals (SDNN); (F) root mean
square of differences of successive
RR intervals (RMSSD).
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were found between the two groups. Significant differences
were found for all participants for anxiety scores (STAI) and
psychological tension (POMS). They showed less anxiety
values after the session, but these global results were ex-
pected because they had just performed a theoretical stressful
task. More than one aromatherapy session may be needed to
obtain more cognitive anxiety reduction in the AG. What is
the mechanism of action underlying the performance im-
provement effect of inhaling CA? Aromatherapy could drive
ANS activity toward a balanced state.6 This balance could be
explained by the combined action of CA’s main components.
Some of these components have a sedative effect, such as
linalyl acetate and linalool, which could induce changes on
the parasympathetic activity.22 In line with this, Kuroda et al.
found that HF power increased more significantly at 21 min
after 6 min of olfactory stimulation with linalool.34 In a
similar vein, the present study found changes at 20–25 min
after starting the inhalation period. Thus, CA seems to have
an increasing effect on parasympathetic activity in the AG
(HF and HFnu), which was clearly higher at the end of the
session (POST). Meanwhile, the CG decreased HF and HFnu
values in the POST period. Myrcene is another component in
CA that could have some activation effects by stimulating the
sympathetic activity.15 Myrcene, a kind of monoterpene (1.3–
2.12%), could possibly be related to the release of norepi-
nephrine, a neurotransmitter linked with the sympathetic
activity stimulation.6 This could help to explain the increase
in arousal levels in the AG. Similar results have been found
with inhaling pepper oil, which induced an increase in
adrenaline concentration, while inhalation of rose oil de-
creased the adrenaline level. The same stimulating effects of
essential oils on sympathetic and parasympathetic activity
have been reported, for example estragon oil or grapefruit oil.
These essential oils, like pepper oil, consist of components
such as limonene, pinene, or methyl chavicol, which possibly
mediate the stimulating effect on sympathetic activity. Fur-
thermore, alcohol such citronellol, geraniol, nerol, and
patchouli alcohol were detected in rose oil and patchouli oil,
which induced inhibition of parasympathetic activity.35

The olfactory system interactions could be another mech-
anism of action to explain the effects of CA through an in-
teraction with central nervous system structures (e.g.,
hypothalamic, limbic, thalamic), which control the level of
autonomic and behavioral arousal.9 The olfactory neuroanat-
omy is intertwined, via extensive reciprocal axonal connec-
tions, with primary emotion areas, including the amygdala,
hippocampus, and orbitofrontal cortex and other parts of the
limbic system. The odor molecules of essential oils are
transmitted to the brain by olfactory sensory neurons in the
nasal cavity. Thus, they stimulate smell–memory work and
influence memory, thoughts, and emotions.36 Further studies
are needed to evaluate the olfactory system interactions and
another possible action mechanisms underlying the workplace
stress and performance improvement effect of aromatherapy.

Conclusion

This study confirms that aromatherapy (inhaling petit-
grain essential oil) can improve performance in the work-
place. The most important aromatherapy effect was the
increased parasympathetic activity for the AG between PRE
and 20–25 min period, combined with a decline in sympa-

thetic activity for this group in the same period. These
changes could produce a sympathetic/parasympathetic bal-
ance of the ANS, improving attention control and facilitat-
ing performance. This balance could be explained by a
combined action of the petitgrain main components (such as
linalyl acetate, linalool, or myrcene). On the one hand, some
of these components have sedative effects, which could
induce changes on the parasympathetic activity. On the
other hand, other components could have some activation
effects by stimulating the sympathetic activity. The final
effect could be an improvement of the mental and emotional
condition by a combination of reducing the stress level and
increasing the arousal level of the participants in terms of
attentiveness and alertness.
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