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Abstract: The limbic system, supporting emotions, behavioral motivation, and memory, in the brain receives coming odor
before the sensory cortex. Therefore, certain odor can affect autonomic nerve system and physiological parameters due to
smell-induced activity in the limbic system. The purpose of this study focused was to investigate the influence of odor, taking
the level of arousal and valence into account, on autonomic nerve activities and physiological parameters. Eight healthy young
males (20.6 £ 0.5 yr), who gave a response of high arousal (6.8 + 0.5) and negative valence (1.5 + 0.8) to the odor of vinegar
(VNG), and an opposite response (arousal 2.3 £+ 0.8, valence 6.6 + 0.4) to the odor of orange (ORG), were selected as subjects.
Heart rate and its variability (HRV), and blood pressure (BP) were evaluated for the subjects who were quietly seated, wore a
plastic mask with a vapored odor-injection pipe, and breathed naturally the two aromas (VNG, and ORG). A no aroma
condition was also included in the test as a control. Repeated measures ANOVA with a Turkey post-hoc test revealed a
significant odor effect in the variables of HRV, and BP. VNG led to a higher ratio of low frequency /high frequency (LF/HF),
and lower HF compared to the control (p < 0.05, p < 0.05, respectively). VNG also had significantly higher diastolic and mean
BP than ORG (p < 0.05, p < 0.05, respectively). ORG, on the other hand, failed to show any significant odor effect on HRV
and BP variables. LF/HF can be a sympathetic nerve activity indicator while HF is known as a para-sympathetic nerve activity
indicator. Our results of breathing VNG thus suggests that odors causing negative valence and high arousal can facilitate
sympathetic nerve activity, and/or withdraw para-sympathetic nerve activity. A higher BP with VNG compared to ORG can
also be attributed to the effect of these autonomic nerve activities. Consider all the various factors together, it can be
concluded that some emotionally linked odors were strong enough to modulate autonomic nerve activities as well as the level
of BP in resting individuals.
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autonomic nerve system and physiological parameters due to
smell-induced activity in the limbic system. According to the
study of Nagai [1], which dealt with rats, reported that
sympathetic nerve activity was facilitated, and parasympathetic
activity was suppressed by citrus odor. The studies of Nagai
[1] and Nagai et al. [2] also reported that lavender odor caused
opposite effects on parasympathetic activity.

1. Introduction
1.1. Background of the Study

The limbic system, supporting emotions, behavioral
motivation, and memory, in the brain receives coming odor
before the sensory cortex. Therefore, certain odor can affect
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As for human studies, Haze et al. [3], reported that
fragrance inhalation of patchouli and rose oils caused
decrease in relative sympathetic activity, while Kanzaki [4]
reported rose like odor caused increase in overall autonomic
nerve activities. Yoshida and Saeki [5] reported that rosemary
transiently increase sympathetic nerve activity, while Kawai
[6] reported cineole, which is included in herbal essential oil
such as rosemary and eucalyptus, did not bring about any
changes in autonomic nerve activities. Thus, many studies
have been pursued to evaluate the effects of odor on
autonomic nerve activities, however, the results are not
always consistent due probably to differences in stimulation
methods and stimulation time among the studies. Therefore,
systematic studies are thought to be needed to investigate the
effects of odor on autonomic nerve activities.

Arousal and valence are proposed to represent
fundamental dimensions of emotion. So, arousal and valence
are other key issues to evaluate odor effects on autonomic
nerve activities. Mori et al. [7], who studied effects of
essential oil fragrances and preference on blood pressure
(BP) and heart rate (HR) in healthy human, reported that the
subjects with preference to lavender fragrance showed
decrease in diastolic BP while the subjects with negative
feeling to it showed increase in diastolic BP. They also
reported that the subjects did not show any changes in BP
and HR regardless of their preference to rosemary. Anderson
et al. [8] reported that amygdala in the limbic system may
represent pleasant and unpleasantness although intensity
(used as a surrogate to arousal) and valence are often strongly
associated in phenomenal experience such as odor, sound,
and visual image. Wintson [9] et al. reported that the
amygdala responds differentially to high (vs low) intensity
odor for pleasant and unpleasant smells but not for neutral
smell. They also mentioned that the amygdala codes neither
arousal nor valence per se, but a combination reflects the
overall value of a stimulus. So, we think that it is needed to
consider the combination of valence and arousal when we
investigate effects of odor on autonomic nerve activities.
Zamadzki et al. [10] reported that emotions with high arousal
and/or negative valence are associated with increase in BP,
whereas emotions with low arousal and/or positive valence
might be associated with dampening of BP.

Based on previous studies, young healthy males, who gave
a response of high arousal and negative valence to the odor
of vinegar (VNG) and an opposite response to the odor of
orange (ORG), were selected as subjects in the present study.
The present study was designed to systematically investigate
the influence of odor, taking the level of arousal and valence
into account, on autonomic nerve activities and physiological
parameters such as HR, heart rate variability (HRV), BP, and
salivary amylase.

1.2. Research Hypotheses

1) VNG, which produces negative valence and high
arousal effects, enhances sympathetic activity and lowers
parasympathetic activity.

2) ORG@G, which produces positive valence and low arousal

effects, facilitates parasympathetic activity and lowers
sympathetic activity.

2. Methods

2.1. Subjects

Initially, forty healthy young males (20.6 £+ 0.5 yr)
participated in the present study and eight healthy young males
(20.1 + 0.8 yr) among them were selected as subjects after the
odor screening test. Before participating, the subjects were
informed of all experimental procedures, the possible risks, and
their voluntary withdrawal from the procedures at any time.
Formal consent was obtained, all procedures conformed to the
Declaration of Helsinki, and the protocol approved by the
Ethical Committee of Osaka Sangyo University.

2.2. Methods and Procedures

2.2.1. Odor Screening Tests

There were seven sets of odor stimulation device, each of
which consisted of a plastic mask with a vapored
odor-injection pipe, and an aroma diffuser connected to the
pipe. Each set of the device was used only for one odor.

The subjects quietly seated for five minutes, wore a plastic
mask with a vapored odor-injection pipe, and breathed
naturally an odor for ten seconds. Then, the subjects answered
subjective survey, which has seven scales, to a diffused odor to
assess arousal and valence to it (Figures 1 and 2). They
repeated this odor screening test for seven times with an
interval of two minutes to answer about all the seven odors
(vinegar, peppermint, eucalyptus, grapefruits, orange, myrrh,
and rosemary). The order of the odor screening tests was
randomly assigned. Subjects avoided strenuous exercise and
alcohol intake 24 hours prior to undertaking the screening
tests and did not consume any food and caffeine for at least 3
hours prior to the test. We have carried out the screening test to
select subjects who gave a response of high arousal and
negative valence to one odor, and an opposite response to the
other for the study. In addition, it was needed to obtain as
many subjects as possible. So, all the results of the screening
test were investigated to find out subjects who could fulfil the
requirements mentioned above.

As the results, eight healthy young males, who gave a response
of high arousal (6.8t 0.5) and negative valence (1.5 0.8) to
VNG, and an opposite response (arousal 2.3+ 0.8, valence 6.6+
0.4) to ORG, were selected as subjects by the screening tests.

Low High
| | | | | | |
[ [ | I [ [ [
1 2 3 4 5 6 7
Inactive Inattention Active
Unexcited Neutral Excited

Figure 1. The scale of arousal.

Low High
| | | | | | |
[ [ | | [ [ [
1 2 3 4 5 6 7
Unpleasant Inattention Pleasant
Dislike Neutral Like

Figure 2. The scale of valence.
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Blood pressure was measured at the last
minute of each HRV measuring.

HR and HRV were measured throughout

HRV measuring.
HRV measuring
with odor <VNG,
Rest Rest ORG, control>
(5min) (Imin) (5min)
i) 5 10 11 16 (min)

Figure 3. The schematic diagram of the present study.

2.2.2. Autonomic Nerve Activity Measurement

Autonomic nerve activities were estimated by HRV. The
subjects entered the laboratory at least twenty minutes prior to
the measurement to acclimatize the environment. The subject
sat quietly for five minutes and HRV was measured for five
minutes. After the measurement, the subjects rest for one
minute and HRV was measured again with odor (VNG, ORG)
for five minutes. A no aroma condition was also included in the
measurement as a control. The schematic diagram of the present
study is shown in Figure 3. HR and HRV were measured by a
pulse analyzer (TAS9VIEW, YKC Corporation, Tokyo, Japan)
during autonomic nerve activity measurement. BP was
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measured before and the last thirty seconds of the measurement
by an automatic BP manometer (HEM-6311, Omuron
Corporation, Kyoto, Japan). Salivary amylase was evaluated by
a salivary amylase monitor (CM-21, Nipro Corporation, Osaka,
Japan) before and after autonomic nerve activity measurement
for the subjects who were quietly seated. The odors were given
to the subjects by the same way as the screening tests.

Formal consent has been obtained by all subjects. All
procedures have been conformed to the Declaration of
Helsinki, and the protocol approved by the Ethical Committee
of Osaka Aoyama University. Subjects avoided strenuous
exercise and consumption of alcoholic beverages for at least
24 hours and did not consume any food or caffeine for at least
3 hours prior to undertaking each test procedure. Room
temperature and humidity were kept constant throughout the
testing at 25+1°C and 50+5%, respectively.

2.2.3. Data Analysis

To examine the hypotheses, one-way repeated measures
ANOVA, followed by a Turkey post-hoc test was performed
on each of the parameters of autonomic nerve activity
estimated from HR, HRV, BP, and salivary amylase measures.
For all statistical measures, significance was established at the
0.05 level of probability.

Table 1. The effects of odors on autonomic nerve activities and blood pressure.

Variables Odors
Control Orange Vinegar
bef. inhale (bpm) 76.5+£10.2 73.4+11.6 73.0+12.8
HR after inhale (bpm) 75.5+11.0 72.8+£11.9 75.1£13.8
A (bpm) -1.0+1.4 -0.6+1.1 2.1+2.6
bef. inhale 2.2+1.4 1.4£1.2 0.9+0.5
LF/HF ratio after inhale 2.0+2.0 1.9+2.1 1.7+0.9
A -0.2+1.5 0.5¢1.1 0.8+0.8
bef. inhale 35.9+11.5 48.5+17.2 54.6+12.1
HF norm after inhale 43.7£19.6 42.2+15.2 39.9+14.6
A 7.8+12.0%** -6.3£11.8 -14.7£12.4%*
bef. Inhale (mmHg) 125.1+13.9 131.1+£9.8 126.1£11.1
SBP after inhale (mmHg) 133.0£15.2 134.1£16.6 136.8+15.9
A (mmHg) 7.945.4 3.0£9.3 10.247.5
bef. Inhale (mmHg) 76.0+9.3 77.1+10.6 77.6+13.4
DBP after inhale (mmHg) 79.1+11.7 76.9+10.7 86.4+12.7
A (mmHg) 3.1+4.5 -0.2+6.8* 8.8+6.5%
bef. Inhale (mmHg) 92.4+9.9 95.1+8.9 94.0+12.0
MBP after inhale (mmHg) 97.1£12.5 96.0+10.1 103.2+13.1
A (mmHg) 4.7+£3.8 0.9+£5.3%* 9.2+6.6*
bef. inhale (KIU/L) 19.3+16.4 18.3+14.5 16.4+£2.6
Salivary amylase after inhale (KIU/L) 19.5+16.5 24.9+17.3 21.1£54
A (KIU/L) 0.3£10.1 6.6+ 11.7 9.2+3.6

n=8, *p<0.05, **p<0.01,

CONTROL: without odor inhalation, ORG: orange odor inhalation, VNG: vinegar odor inhalation.

HF change for VNG were significantly higher than that for the control (22.5, p<0.01). DBP change for VNG was significantly higher than that for ORG (9.1

mmHg, p<0.05) and MBP change for VNG was significantly higher than that for ORG (8.3 mmHg, p<0.05).
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3. Results

The ANOVA showed that there was a main effect of odor
in LF/HF change ratio [F(2, 14) =4.35, p<0.05]. Turkey
post-hoc revealed that LF/HF change ratio for VNG was 7.7
fold higher than that for the control (p<0.05). The change
ratio = (post-value - pre-value) / pre-value * 100. The
ANOVA also showed that there was a main effect of odor in
HF change [F(2, 14) = 7.12, p<0.01] and HF change ratio
[F(2, 14) = 5.96, p < 0.01]. Turkey post-hoc revealed that
HF change and HF change ratio for VNG were significantly
higher (22.6 and 46.3%) than those for the control (p<0.01,
p<0.01, respectively).

There was a main effect of odor in diastolic BP change
[F(2, 14) =4.52, p<0.05] and its change ratio [F(2, 14) =
4.36, p < 0.05]. Turkey post-hoc revealed that diastolic BP
change and its change ratio for VNG were significantly
higher (9.1 mmHg and 11.9 %) than those for ORG (p<0.05,
p<0.05, respectively). The ANOVA further showed that
there was a main effect of odor in mean BP change [F(2, 14)
=4.88, p<0.01] and its change ratio [F(2, 14) = 4.83,
p<0.05]. Turkey post-hoc revealed that mean BP change
and its change ratio for VNG was significantly higher (8.3
mmHg and 9.1%) than those for ORG (p<0.05, p<0.05,
respectively).

Contrary to our expectation, the odor effects on salivary
amylase and HR did not reach the level of significance. All the
results are shown in Table 1.

4. Discussion

The increase in LF/HF ratio component for vinegar was
significantly higher than that for the control (Figure 4) and the
decrease ratio in HF component for the vinegar was also
significantly larger than that for the control (Figure 5).
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Figure 4. The effects of odors on sympathetic activities (LH/HF change
ratio).

The change ratio = (post-value - pre-value) / pre-value * 100. CONTROL:
without odor inhalation, ORG: orange odor inhalation, VNG: vinegar odor
inhalation. LF/HF is known as a sympathetic nerve activity indicator. There
was a main effect of odor in LF/HF change ratio (p<0.05). Turkey post-hoc
revealed that LF/HF change ratio for VNG was higher than that for the
control (p<0.05).
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Figure 5. The effects of odors on para-sympathetic activities (HF norm
change ratio).

The change ratio = (post-value - pre-value) / pre-value * 100. CONTROL:
without odor inhalation, ORG: orange odor inhalation, VNG: vinegar odor
inhalation. HF is known as a para-sympathetic nerve activity indicator. There
was a main effect of odor in HF change ratio (p < 0.05) and Turkey post-hoc
revealed that HF change and HF change ratio for VNG were significantly
higher than that for the control (p<0.01).
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Figure 6. The effects of odors on DBP change ratio.

The change ratio = (post-value - pre-value) / pre-value * 100. CONTROL:
without odor inhalation, ORG: orange odor inhalation, VNG: vinegar odor
inhalation. There was a main effect of odor in diastolic blood pressure
change ratio (p < 0.05). Turkey post-hoc revealed that diastolic blood
pressure change ratio for VNG were significantly higher than that for ORG
(p<0.05).
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Figure 7. The effects of odors on MBP change ratio.

The change ratio = (post-value - pre-value) / pre-value * 100. CONTROL:
without odor inhalation, ORG: orange odor inhalation, VNG: vinegar odor
inhalation. There was a main effect of odor in mean blood pressure change
ratio (p<0.05). Turkey post-hoc revealed that mean blood pressure change
ratio for VNG was significantly higher than those for ORG (p<0.05).
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LF/HF component is known as an indicator of sympathetic
nerve activity and HF component is known as that of
parasympathetic nerve activity [11, 12]. To date, it is assumed
that VNG, where subjects had shown negative valence and
high arousal, caused activation of sympathetic nerve activity
and/or withdrawal of parasympathetic nerve activity. And thus,
the VNG showed significant increase in LF/HF and decrease
in HF components when it was compared to the control
condition.

The change ratio of diastolic and mean BP for VNG was
significantly higher than those for ORG (Figures 6 and 7). It
is known that activation of sympathetic nerve activity
causes vasoconstriction and it may consequently cause the
diastolic BP increase [13]. In addition, it is said that
presentation of unpleasant odor causes increase in
autonomic arousal [8, 14]. Furthermore, Carlson [15]
reported that both negative and positive smell evoked
changes in resting state brain networks when it is
compared to the no-odor condition. Thus, we assume that
VNG, where the subjects had shown negative valence and
high arousal, has brought about increase in diastolic and
mean BP when it was compared to ORG, where the subjects
had shown low arousal and positive valence.

Contrary to our second hypothesis, neither the LF/HF
change ratio nor the HF norm change ratio revealed a
significant difference between ORG and the control. These
results were not consistent with previous study [16] which
dealt with another citrus called fruit-yuzu. Possible reasons
are as following. An arousal lowering (calming) effect of
ORG might be less than we commonly believed. And/or the
concentration of orange odor might be too low to affect
autonomic nerve activities as threshold values are
significantly influenced by concentration [17].

5. Conclusion

Breathing VNG suggests that odors causing negative
valence and high arousal can facilitate sympathetic nerve
activity, and/or withdraw para-sympathetic nerve activity. A
higher BP with VNG compared to ORG can also be attributed
to the effect of these autonomic nerve activities. Consider all
the various factors together, it can be concluded that some
emotionally linked odors were strong enough to modulate
autonomic nerve activities as well as the level of BP in resting
individuals. It is thought to be of interest if the future study is
directed to the investigation of odor effects on muscle
responses which would relate to autonomic nerve activities.
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