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Introduction: From previous studies, we hypothesized that olfactory exposure to b-caryophyllene stimulates
women’s libido. However, Japan’s sex culture is so closed that it is difficult to test this possibility without
accumulating scientific evidence. Therefore, it is necessary to measure the concentration of sex-related hormones
in saliva, an experimental technique that is relatively easy to obtain research permission, and to obtain a scientific
basis to convince ethics committee reviewers.

Aim: The aim of this study is to investigate whether b-caryophyllene increases salivary testosterone concen-
trations associated with libido and vaginal sensation during intercourse in women.

Methods: 19 women in the follicular phase of the menstrual cycle participated in the study. The subjects then
sat in front of the odor exposure device we had created. Each subject was exposed to dipropylene glycol for
20 minutes, followed by 3% b-caryophyllene for 20 minutes. Saliva was collected 4 times: before and after
control exposure, and before and after b-caryophyllene exposure.

Main Outcome Measure: Salivary testosterone and estrogen concentrations were measured with a competition ELISA.

Results: b-caryophyllene significantly increased the salivary concentration of testosterone (control vs b-car-
yophyllene; 0.97± 0.05 vs 1.13± 0.03, P¼ .00, 95% confidence interval of control: 0.84e1.09, 95% confidence
interval of b-caryophyllene: 1.04e1.20) but not estrogen (control vs b-caryophyllene; 1.05 ± 0.03 vs 1.07 ± 0.04,
P¼ .69, 95% confidence interval of control: 0.96e1.12, 95% confidence interval of b-caryophyllene: 0.98e1.15).

Strengths & Limitations: The personal preferences of the subjects and the order of exposure may have affected
the results.

Conclusion: b-caryophyllene may be a remedy with fewer side effects for women with decreased libido. We
believe that b-caryophyllene may be a remedy for women with decreased libido. However, this hypothesis must
be tested by further clinical studies. Wataru Tarumi, Kazuyuki Shinohara. Olfactory Exposure to b-Car-
yophyllene Increases Testosterone Levels in Women’s Saliva. J Sex Med 2020;8:525e531.

Copyright � 2020, The Authors. Published by Elsevier Inc. on behalf of the International Society for Sexual Medicine.
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INTRODUCTION

Cananga odorata, generally called ylang-ylang, is a fast-growing
tree that inhabits Asian countries such as the Philippines,
Malaysia, and Indonesia.1 This tree, well known for the pleasant
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fragrance of its flowers, was introduced into African and Amer-
ican countries, China, India, and Japan. The essential oil
extracted from ylang-ylang flowers is used widely, not only in the
food industry but also in the perfume industry and aroma-
therapy. Its safety in humans was approved by the Flavor and
Extract Manufacturers Association of the United States.1 In
Indonesia, ylang-ylang flowers are traditionally placed on the bed
of a newly married couple because ylang-ylang is believed to
alleviate sexual anxiety and to be associated with euphoria and
sexual behavior.1

b-Caryophyllene, a major volatile constituent of ylang-ylang,
accounts for 15.05e33.30% of ylang-ylang,2 and may confer
the anxiolytic potency long attributed to ylang-ylang in
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Indonesia, may be derived from this compound.3 Our previous
study showed that exposure of female rodents to b-caryophyllene
increased the lordosis quotient (Figure 1).4 Taking previous
studies into consideration, we hypothesized that the b-car-
yophyllene in ylang-ylang induces sexual behavior in humans
also. To reinforce the hypothesis, we examined changes in sali-
vary testosterone and estrogen concentrations in women exposed
to b-caryophyllene. Salivary hormone concentrations reflect
blood concentrations, and their measurement is often used for
easy detection of physiological phenomena.5e8

Testosterone concentration gradually decreases with aging in
women. Estrogen and progesterone concentrations rapidly
decrease just after menopause, around 50 years of age.9e11 Post-
menopausal women are likely to suffer from impaired genital
congestion and vaginal lubrication during sexual arousal, resulting
in vaginal atrophy and dyspareunia.12e14 Estrogen supplementa-
tion can alleviate these symptoms.15e19 However, estrogen itself
does not increase libido and frequency of coitus; testosterone,
instead, plays an important role in libido and vaginal sensation
during intercourse.20e22 Therefore, we thought that if olfactory
exposure of women to b-caryophyllene increased salivary testos-
terone concentration, this would indirectly support the hypothesis
that b-caryophyllene can induce female sexual behaviors.

Readers may wonder why we did not directly assess the fre-
quency of female sexual behavior. The reason is that human
Figure 1. b-Caryophyllene induces sexual behavior (lordosis) in
female rodents. The lordosis quotient is calculated as the rate of
lordosis in female rodents O the number of mountings by male
rodents � 100. This figure is adapted from our previous review
paper submitted to the Japanese Journal of Taste and Smell
Research (in Japanese).
sexual behavior is one of the least studied fields in biological,
psychological, and sociological research: its negative image makes
researchers hesitant to study it, thus preventing the development
of this field.23 Being affected by social environment, human
sexual behavior and awareness reflect regional sexual culture.
Large-scale changes in cultural and ethical backgrounds in recent
years have increased openness, creating opportunities to study
human sexual behavior if enough evidence can be gathered.24e28

In this context, before planning a clinical study of the association
between b-caryophyllene and female sexual behavior, we
designed this study to obtain scientific evidence sufficient for
conducting the clinical study.
MATERIALS AND METHODS

Subjects
19 women (mean ¼ 23.47 years, SD ¼ 3.76) in the follicular

phase of the menstrual cycle (within 5 to 10 days of the onset of
menstruation) participated in the study. We determined this
number from the results of our previous study, in which the
scent of jasmine absolute increased the salivary testosterone
concentration the most among essential oils (control vs jasmine
absolute; 1.00 ± 0.22 vs 1.15 ± 0.13; data are means ± standard
deviations. P < .05). In the R Commander interface for R
statistical software, we entered the difference in the mean values
between the 2 groups (0.15), the standard deviation common to
the 2 groups (0.22), the a error (0.05), and the power (0.80) to
determine the subject number as 19. No subjects were taking
any regular medication or suffering from any mental disorders or
gynecological disease. None of the women were smokers or
taking the pill, and their BMI was between 20e24. Also, no one
was attending the hospital for diabetes, high blood pressure, or
sexual dysfunction. We asked the subjects to self-report the
beginning of menstruation and to use an ovulation detection kit
to confirm that they had a normal menstrual cycle
(28e35 days). After explaining the objectives of the experiment
to each subject, we obtained written informed consent from all
subjects. The study was performed according to the Helsinki
Declaration. This study was approved by the Ethics Committee
of the Nagasaki University School of Medicine (approval num-
ber 13121970).
Chemicals and Apparatus for Odorant Exposure
We used an apparatus for odorant exposure that had been used

in a previous study.7 It consists of an air pump, a flow meter, a
glass bottle, a silicone tube, and a glass funnel. The bottle was
filled with 15 mL of 3% b-caryophyllene (Sigma Aldrich, MO)
or solvent (dipropylene glycol) as a control. The exposure con-
centration of 3% was selected because of its lack of toxicity and
skin irritation.29 The flow rate was set at 2.0 L/min with a flow
meter. Air was sent to the bottle, and then airflow from the bottle
was delivered through the silicone tube close to the subjects’
nostrils. The glass funnel was used to reduce the airflow stress
that subjects might experience during the experiment.
Sex Med 2020;8:525e531



Figure 2. Schematic representation of the odor exposure schedule.
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Procedure
We asked each subject to rinse her mouth on arrival at the lab-

oratory and then rest for 30 min to stabilize intraoral hormone
concentrations. Each subjectwas then exposed to dipropylene glycol
for 20 min, followed by 3% b-caryophyllene for 20 min. Saliva was
collected 4 times: before and after control exposure, and before and
after b-caryophyllene exposure. The odor exposure schedule is
shown in Figure 2. The saliva was stored at �80�C until analysis.
Measures of Salivary Testosterone and Estrogen
Concentrations
Saliva samples were completely thawed and then centrifuged

at 1,500 � g for 15 min at room temperature. Salivary testos-
terone and estrogen concentrations were measured with a
competition ELISA kit (Salimetrics LLC, Carlsbad, CA, USA)
according to the protocol recommended by the manufacturer.
For testosterone, the intra-assay coefficient of variation was
1.6%, and the sensitivity was 0.67 pg/mL. For estrogen, the
intra-assay coefficient of variation was 2.1%, and the sensitivity
was 0.1 pg/mL.
Analysis
Hormones are secreted according to the circadian rhythm.30

Therefore, the variation in baseline hormone concentrations
(testosterone; means ¼ 97.6 pg/ml, range ¼ 59.1e125.9 pg/ml,
SD ¼ 25.2 pg/ml, estrogen; means ¼ 2.07 pg/ml,
range ¼ 1.2e3.2 pg/ml, SD ¼ 0.6 pg/ml) is greater between
subjects. To minimize the impact of rhythm and variance of data
on the results, we determined the rate of change in salivary
testosterone and estrogen concentrations as the concentration
after exposure to the odor divided by that before exposure. To
show the effect of b-caryophyllene on salivary testosterone and
estrogen concentrations, we compared the rates of change of
concentrations between the control and b-caryophyllene groups.
The quantitative values are expressed as means ± standard errors.
Statistical analysis was performed using paired t-tests between
groups, and significant difference was set at P < .05.
RESULTS

Exposure of women in the follicular phase of the menstrual
cycle to b-caryophyllene significantly increased the salivary
Sex Med 2020;8:525e531
concentration of testosterone (control vs b-caryophyllene;
0.97 ± 0.05 vs 1.13 ± 0.03; data are means ± standard errors.
P ¼ .00, t ¼ �3.25, 95% confidence interval of the control:
0.84e1.09, 95% confidence interval of b-caryophyllene:
1.04e1.20) but not estrogen (control vs b-caryophyllene;
1.05 ± 0.03 vs 1.07 ± 0.04; data are means ± standard errors.
P ¼ .69, t ¼ �0.40, 95% confidence interval of the control:
0.96e1.12, 95% confidence interval of b-caryophyllene:
0.98e1.15) (Figure 3).
DISCUSSION

Exposure to b-caryophyllene increased the salivary testos-
terone concentration in women. Testosterone is a hormone
produced mainly in the gonads, and its increase is associated with
an increase in human sexual desire.20e22 Indonesian folklore tells
us that ylang-ylang, which contains up to 33% b-caryophyllene,
is associated with euphoria and sexual behavior.1 We intend to
conduct a study to test this folklore and conducted this pre-
liminary study in preparation. The results of this study will
provide scientific significance to our future study “Induction of
human sexual behavior by b-caryophyllene.”

Previous studies show regulation of the reproductive endocrine
system by olfactory stimulation. For example, female scent in-
creases the salivary testosterone concentration in men.31

Women’s tears contain a chemical that reduces sexual arousal
and salivary testosterone concentration in men.32 Salivary es-
trogen and cortisol concentrations and anxiety in women are
regulated by saffron odor.33 These physiological responses occur
within 20 min after olfactory stimulation. The present study
aimed to explore the feasibility of our future study to verify the
relationship between b-caryophyllene and human sexual
behavior. Therefore, the time from exposure to b-caryophyllene
to the expression of the physiological response can be meaningful
information for developing an experimental protocol of a clinical
study. The salivary testosterone concentration increased within
20 min after olfactory stimulation in the present study, as with
the previous studies. This is a valid result in the context of the
previous studies.

In the previous paragraphs, we discussed the possibility that
olfactory stimulation increases testosterone in human saliva
within 20 minutes. However, we have not been able to examine



Figure 3. Effect of b-caryophyllene on salivary testosterone and estrogen concentrations in women. Concentrations are presented as the
rate of change (concentration after exposure O concentration before exposure). Data are means ± standard errors. Statistical analysis was
performed using paired t-tests between groups, with significance at P < .05.
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how long this olfactory stimuluseinduced increase in testos-
terone is sustained. There is a previous study that provides useful
information in testing this issue: Cerda-Molina et al reported
that the increase in salivary testosterone levels in men who
smelled the external genitalia of women during the ovulatory
period persisted for more than 60 minutes.34 Therefore, it is
possible that the effect of b-caryophyllene we reported may also
persist for about 60 minutes. Also, we have not examined what
the physiological implications of increased testosterone are. We
believe that olfactory exposure to b-caryophyllene increases
testosterone levels in women and activates libido. However, the
present results are insufficient and premature to write a conclu-
sion on these issues.

Although we assumed that testosterone is associated with hu-
man sexual behavior, we need to verify our results carefully when
designing a clinical study, as b-caryophyllene may affect mental
and physiological functions via other mechanisms. For example,
we did not examine hormone kinetics other than testosterone and
estrogen. Furthermore, b-caryophyllene may affect the function
of the central nervous system, independent of its endocrine
function.35 To verify these 2 physiological functions separately,
we will first need to conduct basic in vitro or animal experiments.

Our results reveal that b-caryophyllene increased the testos-
terone concentration, which was associated with female sexual
behavior. Our previous study showed that it promoted sexual
behavior in female rodents. Sexual behavior in humans and ro-
dents may not be supported by the same molecular basis.
Nevertheless, these results suggest that b-caryophyllene can work
as an aphrodisiac-like pheromone, common to humans and an-
imals. We believe that b-caryophyllene will help solve the issue of
sexless marriage in humans and increase populations of rare an-
imals by induction of mating behavior.
In recent years, salivary biomarkers have been increasingly
used in studies related to human behavior and health assess-
ment.36,37 Monitoring biomarkers in saliva has distinct advan-
tages over monitoring biomarkers in other biological fluids
(urine, serum, plasma). For example, saliva sampling is relatively
noninvasive and allows the collection of samples in infants,
children, and the elderly. In addition, estrogen and testosterone
concentrations in saliva accurately reflect the concentration of
those hormones in the blood.38e45 During a woman’s menstrual
cycle, blood estrogen concentrations show 2 peaks; these 2 peaks
can likewise be detected by measuring estrogen concentrations
secreted in saliva.38 In addition, previous studies have shown that
salivary testosterone concentrations may be a biomarker that
functions equivalently to free testosterone concentrations in
serum.39e45 Furthermore, unless visibly contaminated with
blood, human saliva is not considered a class II biohazard and
provides administrative and safety benefits to researchers and
institutions.37 For more than one reason, we used saliva samples
to facilitate the detection of biological phenomena.

In 2019, a meta-analysis of testosterone therapy for hypoactive
sexual desire disorder (HSDD) in menopausal women was
conducted, and a position statement was made in response.46

These are important steps toward the development of effective
treatment strategies for HSDD in women. We believe that
b-caryophyllene will help develop this therapeutic strategy.
However, the participants in this study may have a different
biological basis compared with those on testosterone therapy.
This is because the participants in this study were health subjects.
Therefore, it is difficult to determine whether b-caryophyllene is
effective in the treatment of HSDD; the effects of b-car-
yophyllene on HSDD will need to be tested in further clinical
studies. At that time, to test the characteristics of b-caryophyllene
Sex Med 2020;8:525e531
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on HSDD, we will evaluate its effects not only by blood hor-
mones but also by psychological questionnaires such as the Fe-
male Sexual Function Index and the Female Sexual Distress
Scale-Revised.

In women, the clitoris and vagina are important organs for
physiological sexual function.47 Sexual arousal is characterized by
a subjective sense of sexual arousal and pleasure accompanied by
vascular congestion of the pelvis, lubrication of the vagina, and
swelling of the external genitalia.48 Sexual arousal in women is
mediated by a combination of vasoconstriction and neuromus-
cular events.47 This event indicates an erection of the clitoris, and
it requires relaxation of the clitoral smooth muscle.49 In recent
years, attention has been focused on the hormonal control
mechanisms that control the proper function of the clitoris.
Testosterone and estrogen were reported to control the relaxing
function and the contractile function of the clitoris, respec-
tively.50 A study showed that b-caryophyllene increased testos-
terone in women. Considering these results and previous studies
in an integrated manner, b-caryophyllene may also act on the
erectile mechanism of the female clitoris. This suggests that
b-caryophyllene may be a simple treatment for menopausal
women to enjoy their sex lives, considering that the amount of
circulating testosterone in menopausal women is less than half
that of premenopausal women.9,10

This study has limitations regarding experimental methods
that should be taken into consideration in future studies. For
example, the inherent aromas of b-caryophyllene and dipropy-
lene glycol prevented us from conducting a blinded study.
Preference for odors varies among individuals. Although prefer-
ence is usually developed through past experience and learning, it
is also affected by variations within olfactory receptor genes.51

Therefore, the personal preferences of the subjects may have
affected the results. In addition, the subjects were always exposed
to the control odor first, followed by b-caryophyllene, to prevent
any persistent effects of the essential oil from affecting the results
of the control; therefore, the order of exposure may have affected
the results. To apply these results to future studies of human
sexual behavior, these limitations need to be addressed.

In conclusion, this study showed that b-caryophyllene
increased the salivary testosterone concentration in women. We
do not yet fully understand the meaning of these results; how-
ever, in consideration of previous studies, olfactory stimulation
with b-caryophyllene may be useful in understanding female
sexual behavior and awareness.
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