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Effects of Inhalation of

Essential Oils on Heart Rate Variability
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Abstract

This research aims to investigate the effects of inhalation of essential
oils including lavender, jasmine, chamomile, sandalwood, bergamot, and
linalyl acetate which is the main ingredient of bergamot, on the
autonomic nervous system. Parameters of Heart Rate Variability (HRV)
including heart rate, high frequency signal, low frequency signal, and low
to high frequency ratio were measured on 162 university students before
and after inhalation of the essential oils. Paired t-test was used to compare
pre- and post-test data. One-way Analysis of Covariance (ANCOVA)
using baseline data as the covariates and Analysis of Variance (ANOVA)
on mean percentage pre-post changes were used to compare the
differences between the five essential oil groups. P values less than 0.05
were considered statistically significant.

Results showed that the low to high frequency ratio was significantly
increased (P=0.048) after the inhalation of lavender essential oil,
indicating an activation of sympathetic nervous system. Natural-
logarithmic transformed high frequency signal was significantly increased
after the inhalation of chamomile (P<0.01), sandalwood (P=0.02), and
bergamot essential oils (P=0.037), indicating an activation of the
parasympathetic nervous system. A significant increase in the low to high
frequency ratio was observed after the inhalation of chamomile (P<0.01).

Therefore, inhalation of chamomile, sandalwood, and bergamot essential

il



oils could activate the parasympathetic nervous system leading to a
relaxation effect. Inhalation of jasmine essential oil led to a slight
increase in the natural-logarithm transformed low frequency signal but
the change was not statistically significant. Therefore, the
parasympathetic nervous system did not changed significantly with the
using of jasmine essential oil.

A significant increase in natural-logarithm transformed high
frequency signals (P<0.01), normalized high frequency signals (P<0.01),
and a decrease in normalized low frequency signals (P<0.01) after the
inhalation of linalyl acetate were observed. This indicated that the
inhalation of linalyl acetate could activate the parasympathetic nervous
system similar to the results observed from the inhalation of the bergamot
essential oil. Results from the one-way ANOVA indicated that lavender
and jasmine essential oils could activate the sympathetic nervous system
whereas chamomile and sandalwood essential oils could activate the
parasympathetic nervous system. Although Bergamot essential oils could
activate the sympathetic nervous system, the changes were not

statistically significant.

Key words : aromatherapy, essential oils, heart rate variability, autonomic

nervous system
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w2
ANS-Autonomic Nervous System
ECG-electrocardiogram

FFT-Fast Fourier Transformation
HF-High Frequency

HRV-Heart Rate Variability

LF-Low Frequency

RMSSD-the square Root of the Mean of the Sum of the Squares of
Differences between adjacent NN intervals

SDNN-Standard Deviation of all NN intervals

TP-Total Power

VLF-Very Low Frequency
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Figure 1-1 The tracing of an Electrocardiogram ( EKG ) (Wilmore, 1999)
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1-1 o FRR R S8z F R % &L § Fl( Task Force of the
European Society of Cardiology and the North American Society of
Pacing and Electrophysiology, 1996; Kuo et al., 1999)

Table 1-1 An Overview of the normal range and warning range of HRV

measurements
Measuremnt Parameter Normal Range Warning Range
. lower than 60 or higher than
HR(beat/min) 60-100
100
SDNN(ms) >30 lower than 30
RMSSD(ms) >20 lower than 20
nHF(nu) 30-55 lower than 20 or higher than 80
nLF(nu) 45-70 lower than 20 or higher than 80
lower than 1.5 or higher than
LF/HF 1.5-2.0

2.0

HR, heart rate; SDNN, standard deviation of all NN intervals; RMSSD,
the square root of the mean of the sum of the squares of differences
between adjacent NN intervals; nu, Normalized units; HF, high frequency;

LF, low frequency; LF/HF, LF/HF ratio.
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Structures Effects of stimulation

Pupil dilated
Slightly relaxed

Blood vessels in head  Vasoconstriction
Salivary glands Secretion inhibited

Iris muscle

Oral and nasal mucosa Mucus secretion inhibited
Skeletal blood vessels \asodilation

Heart Rate and force of contraction increased
Coronary arteries Vasodilation
Trachea and bronchi Bronchodilation
s Peristalsis reduced
tomach Sphincters closed
. Peri is and tone d d
Intestines Vasoconstriction
Liver Glycogen — glucose conversion increased
\ Spleen Contracted
{ Adrenal medulla Adrenaline and norad ine
secreted into blood
Large and small intestine Peristalsis reduced
Sphincters closed
Kidney Urine sacretion decreased
mesenteric Yy Bladder Smooth muscle wall relaxed
ganglion Sphincter closed

m M Sex organs and genitalia Generally vasoconstriction

Structures Effects of stimulation
Pupil constricted
Iris muscle Contracted
Lacrimal gland Tear secretion increased
Salivary glands: Saliva secretion increased
Submandibular
Sublingual
Parotid gland Saliva secretion increased
Heart Rate and force of contraction decreased
Coronary arteries Vasoconstriction

Trachea and bronchi  Bronchoconstriction

Stomach Secretion of gastric juice and
peristalsis increased

Small intestine Digestion and absorption increased
Blood vessels dilated

Liver and gall bladder ~ Secretion of bile increased

Pancreas Secretion of pancreatic juice increased

Kidney Urine secretion increased

Small intestine Secretion of intestinal juice and
peristalsis increased

Large intestine Secretions and peristalsis increased
Sphincter relaxed

Bladder Muscle of wall contracted
Sphincters relaxed

Sex organs Male: erection

and genitalia Female: variable; depending

on stage in cycle

Bl2-1 paigigiine 2245 (A) 2B p# & (B) (Godfrey,
2004)
Figure 2-1 The sympathetic (A) and parasympathetic (B) divisions of the

autonomic nervous system.
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HECFRAROPEO T IS FHEFR S R E CHEE
FHEC AT RESF D g R g R TR
#r ° Rechlin, Weis £ Claus(1994)% 7 #77 > £ R R & 4 H v phi 3
MEH O wFRIRZFRAFHNRERFE L ERBY LA

PR R A SO T B e LRy S E N E

R B2IES R LT A R ¥ ARk o foRor i
PR R FRE R ARG R L F R

R R E R
(3) & it o FRE PP
P CFHEERET T AKEORRIL G F L MM
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BoA UE R M AT T ih A 3w o Sacki(2000)# AR L 1= 19-20 & i
BLEA e BRI H S A ERT AN 0 EFEREIRE
BREHF T AP DEIEE T AL IR o R F A P
X EE e K8 10 4 48k AT F A 4e 7% R R p g @ fie L
S A ML B EH S D B F ARG NI LSk e FHR
RN L RLAR RS LT ST R R ST R p ]

0 A 4w 4 7 53k

34ms?>}t = ] 4.2ms? »

Fulis

-

FHA S AR ETE > LF AR
S e A 0 RE S A BRI B R 4 e

P- B AR R Aie LHAE 10 AR EETLE > 4

Saeki % Shiohara(2001)#- 8 2 ¥ 4 jd 4 » & 4 F e 75
B AR CRRELAEI T RRER B R AW
fs > ‘]{‘{ﬁrﬁ T % (106£2.0 7] 100+£2.0 mmHg ) » iF:f o it A~

&

BISHE L ACETRR RO EA Y CFAHESF AR T 4
SRFFD  MBAR R AR 0 R AERIE Feng & - Saeki %

Shiohara(2001)4g ) » & » E & I {2 > T F HH5%k ~ & BT
AT BT NFOCARAGIEN A AEEL Y FHE R Y
A MBS R R 0 AT B AT A B R
Moo TRPIE R T M BT LA G R v A E AT
DIV =N B A S e S SR AL - LA IR O : O

(A ¥R

ARERWENG o p AR KRS F T A FlE TR Ttk

?ﬁ“ﬁ!

Ko

3]

BIRCY Sl -

*“5‘3

K,ért & & X W ¢t > Inoue, Kuroda, Sugimoto, Kakuda %

Fushiki(2003)#-~ = 384 B ¥ 5 5 F 4R 7 p 42 55 % e



T RRECTFHER RS FRATABESNREFIIEF A riih

$i’ﬁk&m¥?ﬁﬁé%u%~*ﬁ R B SR
;h!a’ét ; T8
BAERBREH e D REFF R ARDZZFRIR LEA GF o

S R T T L]

’1‘: éci\:‘ ’lfb'“%‘f"?:?épimﬂvé;%]zgﬂi

A
o
‘.3:
#
*’ét

‘\=“-

BT BT

\\\Xr
3

¥Hpisg g4 %2355 °

e

54 o

AP BRI LG vﬁ%a» G NG E AR E AR
%o i RERE - EFRIKLMRTIE - AZFHETRAR
(A2 k) ¥R M F40 KA A RFTH S 5 1L63MHz > fo 4~ 4 0
Sd RF A RTIMHITAEZL 0.5-6pum g sR ke o flped L4 5
A T e BN SRR R A - A WAy el % S(limbic
system) (8] 2-2) ( B] 2-3) (Chiras, 2005 ; Sherwood, 2003/2004) o #& 3%
i A BR LR ERH N IFER DA P KA AR B
(amygdala) e JZ &~ § » FEE P38 5 P P [ (septum pellucidum)
Jed2 i B~ PR el (e > 2003) © i 8 i@ (hippocampus) ¥ 1
DAk s el 0 ik KR A (B 2-4) (Clark, 2005) ©
FRAFKE A eV L RS 2 BRF A (VW ote L g F 2
Fo oo AetE M R S s B TR R TR B B A G R
# ¥ (Saeki, 2000; Saeki & Shiohara,2001) o
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Olfactory
bulb

Oltactory bulb

Afferent
nerve fibers
(olfactory
nerve)

Basal cell

Olfactory
receptor call

Olfactory
epithal]um‘]

(A) (B)

Oftfactory
hairs

Bl 22 (A) < Fehizi 2 (B) 12 (Chiras, 2005)
Figure 2-2 (A) Location and (B) enlargement of a portion of the mucosa

showing the structure of the olfactory receptors.
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R RE

(Olfactory bulb) (Olfactory tract)

ERARREENERES

—_— —
(Consclous perception and fine
Iy (Cortex)  iscrimination of smell)

\mm . ERR KA HORCERNG

(Limbic system) s Em
O G (Behavior reactions associated with
oo 0 feeding, mating, and direction orienting)

WROEEE BE Eone)

(Olfactory nerve fiber)

(Nasal cavity)

BRE S8R

(Olfactory receptor cell)

Bl 2-3 .4 @ £k 7 (Sherwood, 2003/2004)

Figure 2-3 The chemical pathway of smell
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Corpus callosum Thalamus

Cingulate
gyrus

Hippocampus

Olfactory f
bulb

Hypothalamus

Amygdala = :_ Dentate gyrus

gY ~ 48~ 75 49 M (Clark,

2005)
Figure 2-4 Structures within the limbic system are associated with

learning, emotional experience and behavior.
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2.3 e 4F e
A £ St 2 e ? FN ko RREPS A
GORARE SR SR B S AREBE S ZERAARARA %
fu B 5B~z & (Wildwood, 1996/2005) -
2.3.1 FAg i
Reioh 8 R F D 2 ke FH NS Y R S
o I AU LA R SR RRREME R R D

AR a3k AMBpHEB LS N/ Jork s E AT E o

PAET R S LT AT AR 2 R LR
F AT 5 B R ks B AU Ao it R EE
2330 P E iR
FI* b g o i®r > AR B R - BT o R R EAR M
-V A A G 0k 0 Bt MUUEE R A A

B - Rl e R

PP S RUR AT R ERA R RH A E g o 1R

5

’?é%ﬁéﬁﬁﬁwﬂﬁffh|zﬁ TR TV @ E N o T AT

F_L

B R R RNk L F e E

- T 2
Hfo gk RE

23.6 LTER - F i g E B
EEBA S RIS N R R F e e s § R
WR B F BReng Wi B3t ? colf > § /B4 FMpr> - 3 L

19



E 9 q:] L)—unb j‘g‘lﬁ ’3 /l %—%H’L hﬁjj}:g/é] /;%g‘ﬁg:h‘

o

s Ry
o

¥

G

&k

B

el

o=

4 2w v § w2

S EIAS TR AR AT TR LS LR

z B R a0 Ry A B8 E P £ 4% (Pierre Franchomme) s T o=t 2 -3y
APEA (452 02003) U CEE - A HREE Z2ESEE
Ho v E-RAE LN EE -2 IR HEA R T
- AR A EE T g hH - S0 R (R 2-5)

MTELEARE RS s P F B
241 F X cni B

FHE KR A ATHN AR KR LR REAT AT A

% w < ¢ & W] & Lavandula angustifolia ( # £ & 7 % ; # B & * ¥ ;
B I % & ¥ ) >~ Lavandula stoechas (/2 B & # % ) ~ Lavandula latifolia
(spike lavender) ~ Lavandula x intermedia > % |6/ g & % 4p 02
AR B LR EA S e AL N FRBE R F
(Cavanagh & Wilkinson, 2002) » % * £ Lavandula angustifolia 4p B
Y b o A9 B¢ * Lavandula latifolia » & * Z B~ 2 L R AR

Z o Z R ERSREZ (1,8-cineole) > ¥ * 3™t J§ (Buckle, 1999) » »
g s E g 23 A7 /R4 (Anderson, Lis-Balchin, & Kirk-Smith,
2000) » & 7 F 4 AL 50%E d FREETHE S 0 4ovk g (linalool) ¥
48%-52%H"_d Fg#p 474 o enfiqap o 4ot fak 4 fiq(linalyl acetate) ~ ¢
fe it 4 f(linalool) » # &k & B 2-3%nF 1t 4 3% L R o
R RS AR B R BT g E o AT H N LS

DAL F G RF P T T Ao, AR F
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= ——
(Esters)
(Aldehydes)
fid
( ketones )
X ot
?ﬁ P+ BER el H
JE E

(Sesqiterpenes)

SEk

( Aromatherapy,
Aldehydes )

EE 5

{ Monorerpenes )

Ei5R3
(Alcohols C10)

il

Phenols

N
~
fin
b
P

B 0%

B oE4= 0%

B 0%

B oE2EE s
B s EFLE03%

£t4 2.0%

Stimulating Balancing Relaxing

i W ¥ i ¢ 3 B Et17%

B 2-5 0 b ¢ 7 enis B 40 AU A 2 ehT & 2 ki B3 (4
w2 52003)

Figure 2-5 The component vs efficiency model was produced by

classified chemical ingredients of essential oils.
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AR ZEAS - 2T (B 2-6-A) #TiFw cne =5 A 1 FI4F B
PR BT B AR E G g%k (F2 0 2003)
242 AP B

N o B O B AR STONI STy & N SIS
TERY BN AWEF L ERL G AR R e B S
# (Citrus bergamia)#f jé Xk p — AE AN L B4 3t s &~ ot
£ # B & (Calabria) > * E A ¢ M TR EARDT AEE
(linalool) ~ & p&iT 4 fig(linalyl acetate) ~ # + 44 p fig (Bergapten) o & *
TEREPE IR B € G R fy Lk o B it F &
AETFIARDNBRE AL RO B 0@ G e Z B (Statti et al.,
2004) o & F Zorerid * i £ e 5 Citrus bergamia » 3B~ 2 5
Bebrik o HM LSO N EEER T AR LM AR A 433%
o feit A fa 0 26.4% & ¥ #(limonene) » 15.8% & 4 f% #7H = (Subra,
1997)» [ = & sie (23T HCA]D fadf A & 7% &% - % °U(H 2-6-B)>
MR G ON OB > B3 Bk ( 52, 2003) 0 B L b et
2 w4 Heod  o-1% fE(o-Pinene) ~ B-1% HE(B-Pinene) ~ y-fa i
(y-Terpinene) + @ % #f p iy % #F4£.4 -
243 ‘%{1‘% b il B A

KRBT m“{éﬁn‘%“ ;4 % Jasminum officinale » 3 B~ j %
BAREPE B e R IO AL & £d 70% % AR (cis-jasmone)
TR oMW P E S s S LA B R R RF T
e D ) AT AL R A e 20 (R 2-6-C) 0
Rl B¢ 75 d BT 0 & %flrcd (F02 0 2003) H4pend 4
% f% > & %% (Squalane) ~ & Bk -"F ;% -3- 2 % A fig (cis-3-hexenyl
acetate) ~ ¥t % 4 W fi= (p-cresol) & #TE = o
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i

48-52%
Eer| i i E
T K TH
5 (5
(A) (B)
iz
i i i 1
7K i 7K i
(5 15
(©) (D)
53
gerl B i w
TH 7K i
(5
5
(E) (F)

B 2-6 (AVE 25 ~ (B)* <4 ~ (O)FF ~ (D)4 F ~ (B4 # =
(F)e pai 4 faeh [ & & kit ) 83 (502 > 2003)
Figure 2-6 Ingredient-efficacy model : (A)lavender, (B) bergamot,

(C)jasmine, (D)chamomile, (E)sandalwood and (F) linalyl acetate

23



244 FH FHEnit F e
*F BT Y A M 2 25 X4 § Chamomile Anthemis
nobilis » X B2 j2 5 Z4giE > H 1V Fwm L7500 4F 0 ik T 42k
SRR AR E AT - %'U(B2-6-D) FI4EB Y % 4 Kor o
5 Eock (525 2003) 0 Heend foi i R AE 4
fit (Carvone) ~ % 4 f%(Carveol) & #7 /e = o
A F R B E A A AL ok o T AR 5 PR
BV 4 i eAE # A (Wheatley, 2005) o 24 & & 4 458 | ek e &
i 77 245 B (flavonoid) » % ¥ 3f ~(apigenin) § &2 % ¥ 5
benzodiazepine 4% F W% & > @ F 4r 5 U#F R K (Avallone, Zanoli
& Corsi, 1996) -
245 @A @ it B B
WA H DD B A5 Ba X484 A K p Santalum ( Santalaceae )
Bt B PR OT RS H o BA A CBAR TR T - AR
Bt o SEARAMA A KRR NA S ERL ) (d d
2006) R4 M A HE L B L FEEA LS S AT Y B (4
W x5 2003) AFHEATR* g 4 4 5 Santalum album 0 B~

‘s&

iE G EAEE R T AL AR B ML R AN =
% 'UL(B] 2-6-E ) M &R ¥ 5 ¥4 gﬁ;"r’%‘“i'ﬁ%”@%ﬁﬂff}é(i

A 5 2003)e B oW e Ao A amd 50-70% 184 A% (santalol » %
/ & Z-alpha santalol 4= Z-beta santalol *—*’L’rﬁ&%‘ (Howes, Simmonds, &
Kite, 2004) » # &=~ 3 4 ¥ fiF(geraniol) ~ 4 F f#(citronellol) ~
7 f% (terpineol) ~ & & 4 fF (Carvone) % o
2.4.6 v Faih A figchit B B

LR A s B AR~ E I Y s o md R F LA
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THZA R - AR HRATR Y ¢ FILF g 5 Fluka45980 2 peit 4
fa 4.3mL i3>t Fluka 75348 #{f# (Olive o0il)5.7mL # o i* & & & &
BifmM FIRFAEDH & TR ook AT ML
A% - % UR 2-6-F) MR I RET o RITA R LT R
Poork (£3525203)  FIHEREATHMY FTAME ¢ Bk
By wHRBSL ES gl 19 A8 ERBL? ER T T

z

4

R

\

& @ m(Jager, 1992) > RFI¥ it 2 e ARG s i®* > A ARE
7 42# i¥(Re et al., 2000; Tisserand & Balacs, 1995) -
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31 FERRFBEFAL A

AT EEEMS ECRRE PR B AABEE e F R
B2 ARBM > 2 TR BE A~ a s it BB o FB R 2 Ao AT
THFCEREVARLR R B LR RAAATHERE w5 ¥
BRMEHR S AL RUSEFAT AR 1048 R tac 3 %R R
AATHERIS A ah e B EE R O MR W R %ﬂﬁﬂ* =¥
AP iR L AR K R A

FF o MR E S B EE MAR/BAE S L E

&

I ’f\."mi"’” 7}’7 ’

%

AT RET SIS NI R AR e BITA iy S
s fg e FP R gl er i 2 M RGE- Henp A A SRS

PHETER o B REREATERE R -

32 FArH% > e gy
32.1 =544
AFETHELAERRE P EVEANs ELA S B %
A ERER e
(1) 1925 fh & d2 g e~ B 4 o
(2) RBFE -~ BHAY S arim o
(3) A EBELH@GI L ¥ 5 2HEH)-
(4) mpEm LRy -
(5) R 4E A v BB iak s o
Flo X RRE2RIELTATRRPILERET AR 2G
9 (exclusion criteria) © & % ® b ~ % fu F A Gm %~ AR

_—

EFG R (FIRER R ES S B RFEN S F
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L N AR T R P RIPS _F T
TEHE B R RBE A BB R R LR AT 4R B
SRR RGBT s e BB Lo F o doise
322 RIEZHPEREKHA
(1) = F%ERAIT
<I>w F %R L 47k  Medicore BEM-5000 PLUS 4] » s 45 % -
1) P2 472
s T REARBREE Y TP RR ARG L EF)
PR oEEs Y R R PN R R ERL AR ¥
SEHEFS AL BT S fodias 1R o
2) MF AT
B 4740 peid & 4] E 4 4% (Fast Fourier Transformation ; FFT)
e R = 2 SO 3 (power spectral density analysis) e 47 5 4 47 4p
i & 45 1 SO 3 % (LF)~ % 41 # 2 (HF)~ & (SO # % (VLF)~ 5,7 % (TP)
% % HE /% #7745 v¢ (LF/HF Ratio)d # -
<2> x &zt Terumop & n B2+ » ESP-4014] » p ~ %] o
<3> & - 9752t Tanita "7 R £ 4 > TBF-531A 4] > p A% o
<4> 474 4 of 7% % : Shinmed 424 A 75 B - SW965 4] » ~ 4
<5> 3k B3+ ! Tenmars > TM-204 3| » #iz3% » 5 %% o
323 ¥4 it
AR L AR Y ek AR - 3 RO IR (S4) R
o
(1) & # % # o (Lavandula latifolia) » 4§ i& ¢ % lavender -

(2) % 1” fi# 4 (Jasminum officinale) » 4 id % % jasmine °
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(3) ¥4 § 44 (Anthemis nobilis) » ¥ i % % chamomile -
(4) 18 % # ¥ (Santalum album) » 4 i@ % % sandalwood -
(5) & 7 (Citrus bergamia) » 4 i % % bergamot °
(6) ¢ pain % fig (Fluka 75348 Olive oil 5.7 mL + Fluka 45980 Linalyl
acetate 4.3 mL) °
RGPS R EAFEA AN ARER (10448) 0 R
FE (0.ISE) i » AR F A He> 38 X R4661ux 0 7

B3 438247 3 2% iy PN iE (79 5 o

3.3 3 3m

AT R 94 E 129 27 P2 95&3 TRHFEF -
3.3.1 &iE B %

ER A EFRRZF RN LR E TSI R o<
BARMI B2 EPFAL P R B Fiad 2@k
L Oz )

332 P31 AR

R B T A Y - AR AN AREY R
E 224 L EE S BT R A (B A Z e F gl o

AP AT ARETHRT 0 ¢ LBFIEREK HEY DL YRR
BEREER S BRES R~ 80 F2nmER (0152 ) (10
A4 ) o

FRFKFEF LT R (B B A0 0 3 3 24
T2 ) FHD 10 AAFEFE I LE 0 F AT BRI
L2 R CFRREAITREFT S AP o >R 2 ehle ] A p
PGB A FE RIS E BRI g Y o2 18
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BAZ R F B R RR B FFINA0 24 0 E4r ¢ 4o 18mL e
ok E fade i o BEiTA fg 0.15mL > ¥ A 2 F = 10 A4 Bis
RF S AR -

PR LIRPIE D EE AL ER Ay B AR
5 hielicdy > MR o 2R LAp iR BT o & RplFEpE
FEo M T AARERERIE
O KPPl EL IR B AR e v R PR 0 X

hox AR X A o
[ ) —‘ia‘ﬁ%vﬁiﬁ Mo AR R RIREE -

@ SpRImITERL 10 A4 o
® RIEFER ﬁiﬁ%btwp¢ P& BHR RE A A

Gdp o HAE o A F LR

Rl FEDF F o TROR T RERE > 47 BieplE

£

4t

Bro BAoe St WL T (v LB BEFEN o

ﬂi@ﬁ%\ﬁ

KBRS TR 0 - b4k 0 €% SPSS/PC 10.0 %
FUHEFFTHRONIT AP - FHREEY T32E + £¥ K AL (mean+
SD)RkZ7F o d o FRRDEH o Aot B~ MMEHF ~ BHHF
EEF A G AR HRBEEE D AFEK(IDE BFRF A4 0 5 R
FARF PR AERERL AT EF P FHLET D foqin
PRI EL F A G F R R R R Riolicdy o R P enT
PE RPN A RHRADPAEPI BLTIEEZF LR &% et
At TV RT ERHS EF LTS AR R H TS N A
(ANCOVA) » 4 Sidak ¥ etk T > &5 T fatfid e B = (2 p[RI £ F A
FRH AL FRF PR R FRRERTRE T (BRE-
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PIE)HRIE ) TA%) £ &% 73 %8 87 (ANOVA) >
Sidak % 15 %0 P -] > 0.05 Ak 5 F 53 thd & o
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3.5 %l%ﬂ%iﬁL%i

WeAT I BRIENANIEREERAZ > ko B 3-1 -

S A R

!

| HELRERATHAAET

2 N BEmEAE

A 4
e
AR A R LB B

l

BRI ALK L1048

BITH BRIEER
BT 2RELRERRY
WA B B L BS

A 4

TSR R AR E (A

}

& S RN R iy
BF3R 47 : SDNN, RMSSD
A& o4 HF, LF. VLF, TP& LF/HFtu4a

B 3-1 EEinizE

Figure 3-1. Experimental procedure
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22 >
+ T

41 FLHEHEARTH
AP AR 162 A 0 HP T 44 4~ A 1184

1
k|
o+
e
=

4o 4-1 -

#%-%;@fi«ﬁ#@‘ié%%ﬁ%A&# 27 A 2P FH 9 A A 8
AL TioE#sE 28410 o T3BEF L 163+£8cm TI3BFEE 5 58
+ 11 kg 355 48 77 £ 45 #ic (Body Mass Index, BMI > ¥ 48 " £ 45 #c >
HlEg 3 Vi e (2 ’T)%J‘U!@r'g(;}’é )enT 2 ) §_ 22+ 4 kg/m? >
#7577 (Body Fat) 3 25+ 10 % » * 32{c 45/ (SBP) 3 112 + 14 mmHg -
I 354758 B (DBP) 5 72 + 7 mmHg

EX “?%Tﬁiéi’éﬁiﬁ&ﬁti&' 32 4 HP F 12 A~ & 20
Ao TiaEde L 2042 ko T3P F L 160+10cm: TIFEE L 57
:|:10kg’—"Di'—:lf/@?fjﬁ_#%ﬁxz‘?\Zl:tSkg/mZ’%"'”q’gﬁp 22+8% > L
iélﬂ'(i{ﬁ‘@ %107 £ 14 mmHg ~ T 35475& & 5 69 £ 8 mmHg -

XA FHOXFE AR 27 A B9 T T A A 20
Ao TimEdhh 214 ko> THmE 3 L 164£8cm THEME L 5T
ilOkg’J—'i’££”§§%’f§_:}%§x{21¢4kg/m2’%3’95’97‘5?;\ 25+8% > T
i’—::ﬂ’v:i{'ﬁ@ %109 + 12 mmHg ~ T 35473 & % 65+ 6 mmHg -

SR L FF A S 260 4 0 2P T 6 4 A 20

A TmEdrs 2144 Ko THEF L 162+9cm TIHRE L 55
+9kg FHLM TR H A 21£3 > Wk s 27+£5% Ty
& 5113+ 12 mmHg ~ 35473 & 570 £+ 7 mmHg -

Fex I XEE Ak 26 A0 AP T 8 A A I8
A TEmERL L 2245 Ko THEF L 1639 cem TIBRE L 5T

Lllkg T30 MR 4 A 21 t4kg/m? o R s s 25£5% &
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% 4-1 22 AR %RFATHEH R DA LT (0=162)

Table 4.1 Basic information of subjects (n=162)

Items Lavender Jasmine Chamomile = Sandlwood Bergamot  Linayl acetate
(n=27) (n=32) (n=27) (n=26) (n=26) (n=24)
Age (yr) 28+ 10 20+ 2 21+ 4 21+ 4 22+ 5 21+ 4
Body weight (kg) 58+ 11 57+ 10 57+ 10 55+ 9 57+ 11 57+ 11
Height (cm) 163+ 8 160+ 10 164+ 8 162+ 9 163+ 9 161+ 7
BMI(kg/m”) 2+ 4 21+ 5 21+ 4 21+ 3 21+ 4 224+ 4
Body Fat (%) 25+ 10 22+ 8 25+ 8 27+ 5 25+ 5 30+ 6
SBP(beat/min) 112+ 14 107+ 14 109+ 12 113+ 12 111+ 13 107+ 14
DBP(beat/min) 72+ 7 69+ 8 65+ 6 70+ 7 69+ 10 69+ 6
Sex (man/ woman) 9/ 18 12 / 20 7/ 20 6 / 20 8 / 18 2/ 22

Values are mean+SD for age, body weight, height and BMI, body mass index; SBP, systolic blood pressure; DBP,

diastolic blood pressure;
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Pfc s 5 113 £ 13 mmHg ~ 39473 K 5 69 + 10 mmHg -

B e B o R Ak 24 Ao B T2 A A 2D
Ao TiaEds i 21+4 ko TmEg i 161+7cms T8 E L 57
:lzllkg’ii®£’§§?§#ﬁ§{{22i4kg/m2’W”q’gﬁp 30£6% > L
2R 5 107 £ 14 mmHg ~ 394755 & 5 69 £ 6 mmHg -

SEETS 0 162 X R TR 2 R AT ¥ hE R

]

Rig sl ¥ hde Rl s 30 0 30 Mk Gk ;’;gﬁiﬁvifa@g
L P TR #fmgja[—f]p\ S E SV ié;é?‘fi e

Fooo MAFI62 ¢ > & F T 118 i A ME S .
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42 FRAJra s r DEHLBH T RAA RIS

AR L AT Y E o (SR R R E iy Ao £ 4297
oo XFEF R 104480 kR 50.15SmLE 2 I A4 18 0 MR/ B AR
Fob g p| T 3% 1.740.9 0 MHAE/B A FL SR TR 22412 PiE L
0.048 (P<0.05) > &gor Mg/ Zag s S0t + 2 B Rp e M2h 5 &
Hapenfeyp ¢ sl o

RET L AR R E R R (SRS 5B R e £ 4.3
oo FeX R oM (8 e R T o pra R 395 81110k /4 0 T

o e is BT 355 79.549.3% /4 o PR

%0.006 (P<0.01) > & T2
CEPET R L RFRAI AR O BRIFIMRHRBOREA AL
F oo B AR U £ w0 0|30 5 47.4420.0(ms) 0 &+ F s B B Hp i g
W £ 18R 95 55.5219.4 ms > PiE % 0.000 (P<0.01) > &7 &+ <
RS E gL A B AR AR K o i B R BT e
52714120 i B 5 PP H BT 55 7.6£0.8 > PiE 5 0.023(P<0.05) >
BMraagrtd  EHFHRAILA o

AFE G TR EY HoM S SRl %R P E edpdo A 44 97
T oo R EY F N X ;éﬁ » T iaws gl p| T L 77.016.4 /A
T ias pris BT 5 75.046.7 /4 o P & 5 0.001 (P<0.01) > &7
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Table 4-2 Comparison of time and frequency domain of HRV

measurements after inhaling lavender essential oil

Lavender(n=27)

Items Pre-test Post-test P value

Time domain measures

Mean HR 78.7+ 8.4 77.4+9.3 0.074
SDNN(ms) 472+ 143 52.3+204 0.085
RMSSD(ms) 29.0+ 104 342+ 184 0.268
Frequency domain measures
TP(ms?) 1554 £ 750 3049 + 2499

In total power 7.2+0.5 7.5+ 1.0 0.091
LF power(ms®) 556.8 + 324.1 8923+ 691.4

In LF power 6.1+ 0.6 55+1.0 0.820
HF power(ms?) 301.6+ 177.3 333.7+ 207.4

In HF power 5.5+0.7 55+0.7 0.544
nLF(nu) 62.6+ 15.6 67.2+15.1 0.106
nHF(nu) 374+ 15.6 32.8+ 15.1 0.106
LF/HF power 1.7+ 0.9 22+1.2 0.048

Values are Mean + Standard Deviation for HR, heart rate; SDNN,
standard deviation of all NN intervals; RMSSD, the square root of the
mean of the sum of the squares of differences between adjacent NN
intervals; TP, total power; In, logarithmic units; HF, high frequency; LF,
low frequency; LF/HF, LF/HF ratio.
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Table 4-3 Comparison of time and frequency domain of HRV

measurements after inhaling jasmine essential oil

Jasmine(n=232)

Items Pre-test Post-test P value

Time domain measures

Mean HR 81.1+10.0 79.5+9.3 <0.01
SDNN(ms) 47.4+ 20.0 555+ 194 <0.01
r-MSSD(ms) 31.5+ 184 33.8+17.2 0.161
Frequency domain measures
TP(ms?) 1787 + 1388 2850 + 2356

In total power 71+1.2 7.6+ 0.8 0.023
LF power(ms®) 585.7+ 432.8 718.3 + 450.0

In LF power 6.1+ 0.7 6.3+ 0.7 0.134
HF power(ms?) 425.7+ 605.3 411.6 + 465.3

In HF power 54+09 5.6+0.9 0.131
nLF(nu) 67.5+13.5 69.0+ 14.2 0.517
nHF(nu) 325+ 13.5 31.0+ 14.2 0.517
LF/HF power 24+ 1.6 27+ 14 0.270

See Table 4-2 for abbreviations.
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Table 4-4 Comparison of time and frequency domain of HRV

measurements after inhaling chamomile essential oil

Chamomile(n=27)

[tems Pre-test Post-test P value

Time domain measures
Mean HR 77.0+ 6.4 75.0+ 6.7 <0.01
SDNN(ms) 50.7+ 15.5 55.9+20.4 0.085
RMSSD(ms) 39.1+ 14.7 43.1+17.5 0.023
Frequency domain measures
TP(ms?) 2461+ 1781 2542 + 1858

In total power 7.5+ 0.7 7.6+ 0.7 0.497
LF power(ms®) 813.2+ 562.0 918.7+ 881.4

In LF power 6.4+ 0.7 6.5+ 0.8 0.850
HF power(ms”) 351.9+ 216.6 567.4+ 471.6

In HF power 5.6£0.7 6.0+ 0.8 <0.01
nLF(nu) 68.3+ 12.6 63.1+15.0 0.058
nHF(nu) 31.7+ 12.6 369+ 15.0 0.058
LF/HF power 27+1.6 2.0+ 1.1 <0.01

See Table 4-2 for abbreviations.
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Table 4-5 Comparison of time and frequency domain of HRV

measurements after inhaling sandalwood essential oil

Sandalwood(n=26)

Items Pre-test Post-test P value

Time domain measures

Mean HR 80.6+ 7.6 784+ 7.2 <0.01
SDNN(ms) 458+ 11.8 483+ 114 0.085
r-MSSD(ms) 314+ 114 379+ 153 0.018
Frequency domain measures
TP(ms?) 1877 + 1264 2404 + 1729

In total power 7.3+ 0.7 7.5+ 0.6 0.088
LF power(ms®) 641.0 + 463.6 634.7 + 308.4

In LF power 6.2+ 0.7 6.3+ 0.6 0.293
HF power(ms?) 388.1+ 288.6 516.1 +374.8

In HF power 5609 59+£0.8 0.020
nLF(nu) 63.0+ 18.0 61.1+15.8 0.410
nHF(nu) 37.0+ 18.0 389+ 15.8 0.413
LF/HF power 26+ 1.8 20+ 1.2 0.011

See Table 4-2 for abbreviations.
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Table 4-6 Comparison of time and frequency domain of HRV

measurements after inhaling bergamot essential oil

Bergamot(n=26)

Items Pre-test Post-test P value

Time domain measures

Mean HR 82.6+ 10.0 78.6+9.2 <0.01
SDNN(ms) 49.6+ 17.4 50.8+ 16.6 0.651
r-MSSD(ms) 29.0+ 10.9 33.6+ 11.8 <0.01
Frequency domain measures
TP(ms?) 2102 + 1624 2037 + 1482

In total power 7.4+0.8 7.4+ 0.6 0.692
LF power(ms®) 537.4+ 375.9 657.8 + 441.8

In LF power 6.2+ 0.7 6.1+ 0.7 0.305
HF power(ms?) 322.0+ 289.6 374.6 + 292.0

In HF power 53+£1.0 5.6+0.7 0.037
nLF(nu) 64.8+ 16.9 60.2 + 16.7 0.117
nHF(nu) 352+ 16.9 39.8+ 16.7 0.119
LF/HF power 25+20 2.1+1.6 0.339

See Table 4-2 for abbreviations.
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Table 4-7 Comparison of time and frequency domain of HRV
measurements after inhaling linalyl acetate
Linalyl acetate(n=24)
[tems Pre-test Post-test P value

Time domain measures
Mean HR 80.4+ 9.6 772+ 7.8 <0.01
SDNN(ms) 45.6 £18.2 50.0£18.2 0.126
r-MSSD(ms) 35.5+21.6 32.1+10.2 0.025
Frequency domain measures
TP(ms?) 2019 + 1961 1604 + 677

In total power 7.1+ 0.8 7.3+0.5 0.170
LF power(ms®) 579.8 + 340.6 648.7 + 495.7

In LF power 6.1+ 0.7 6.1+ 0.6 0.960
HF power(ms”) 312.6 £259.4 523.3+494.6

In HF power 53+ 1.1 5.8 1.1 <0.01
nLF(nu) 69.4 +13.8 60.5+21.0 <0.01
nHF(nu) 30.6+13.8 39.5+21.0 <0.01
LF/HF power 2.8+ 1.7 22+1.8 0.313

See Table 4-2 for abbreviations.
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Table 4.8 The comparison of least square means between five groups of subjects.

Items Lavender Jasmine Chamomile Sandalwood Bergamot ANCOVA
P value

Time domain measures
Mean HR 78.7+3.1 78.6+ 3.1 77.7+3.1 78.0+ 3.1 76.4+3.1 0.074
SDNN(ms) 52.3+12.0 55.5+12.0 559+ 12.0 48.1+12.0 50.8+12.0 0.208
r-MSSD(ms) 30.5+8.7 33.3+8.7 43.1+8.9 35.4+8.7 33.6+8.7 0.657
Frequency domain measures
TP(ms?) 2800 + 1804 2850+ 1796 2542 + 1805 2211+ 1794 1820+ 1797

In total power 7.6+0.7 7.7+0.7 7.5+0.7 7.5+0.7 7.3+0.7 0.091
LF power(ms’) 888.4+£491.7 654.4 +490.2 885.6 £ 498.1 634.7+489.9 613.9+491.0

In LF power 6.4+0.6 6.3+£0.6 6.3+£0.6 6.3+0.6 6.3+0.6 0.820
HF power(ms®) 310.0+491.7 410.5+517.7 567.4+530.9 484.3 +500.0 374.2+491.0

In HF power 5.6+£0.5 57+0.5 5.9+0.5 5.8+0.5 5.8+£0.5 0.544
nLF(nu) 69.0+11.7 67.5+11.7 61.2+11.7 62.6+11.7 60.5+11.7 0.029
nHF(nu) 32.8+11.7 31.1+11.7 369+ 11.7 389+ 11.7 39.8+ 11.7 0.030
LF/HF power 22+10.3 2.7+12.0 2.0+10.9 20+11.3 2.1+10.9 0.016

Values are least square meanstSD; ANCOVA, analysis of covariance; See Table 4-2 for other abbreviations.
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Table 4.9 The comparison of percentage changes between five groups of subjects.

Items Lavender Jasmine Chamomile Sandalwood Bergamot ANOVA
P value

Time domain
A Mean HR(%) -1.6=* 4.1 -1.8+3.7 2.7+ 3.6 2.6+ 4.1 47+ 4 0.049
ASDNN(%) 10.8+ 30.4 22.4+29.8 114+ 27.6 6.2+ 23.5 6+ 24.5 0.159
Ar-MSSD(%) 10.7+ 39.1 11.3+£23.5 144+ 28.6 149+ 25.1 21.5+ 27.6 0.724
Frequency domain
ATP(%) 80.8+ 143.8 3103.2+ 16639 37.8+ 89.9 41.5+ 844 55+ 44 0.551
ALF(ms*)(%) 80.9+ 155.5 49+ 97.6 29.5+ 91.9 33.2+ 84.3 346+ 84.1 0.471
AHF(ms®)(%) 16.6 = 53 31.2+68.4 49.7+ 72.6 464+ 71.9 70.7+ 116.2 0.196
AnLF(nu)(%) 11+ 289 3+20.8 -6.4+ 22.1 0.3+ 25.6 -53+21.6 0.074
AnHF (nu)(%) -4+ 523 4+41.6 24.1+ 41.7 14.7+ 35.5 409+ 119 0.116
ALF/HF (%) 52.5+92.7 37.6 + 88.8 -15.5+ 48.3 -1.7+ 58.8 24+ 67.7 <0.01

See Table 4-2 for other abbreviations. P<0.05 significantly different; ANOVA, analysis of variance.

47



P=0.047

AmHR
(%)

-10

lavender jasmine chamomile sandalwood bergamot

Bl4-1 T 22 FITooptel iR agnt i

Figure 4-1 The mean heart rate differences between five essential oils
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Figure 4-2 The LF/HF differences between five essential oils
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Table 4-10 The comparison of least square means between bergamot and

linalyl acetate of subjects.

Items Bergamot Linalyl acetate ANCOVA
P value

Time domain measures
Mean HR 77.84+ 3.3 78.2+ 3.3 0.700
SDNN(ms) 50.6+ 12.2 50.0+ 12.0 0.562
RMSSD(ms) 33.6+ 7.2 32.1+ 7.2 0.762
Frequency domain measures
TP(ms®) 1820+ 761 1604+ 799

In total power 7.3+ 04 7.4+ 0.4 0.520
LF power(ms®) 614.0+ 325.7 563.9+ 325.8

In LF power 6.2+ 0.6 6.1+ 0.6 0.607
HF power(ms®) 3742+ 263.8 523.3+ 263.8

In HF power 5.7+ 0.5 5.8+ 0.5 0.383
nLF(nu) 60.2+ 14.5 60.5+ 14.5 0.427
nHF(nu) 39.8+ 14.5 39.5+ 14.5 0.425
LF/HF power 22+ 1.5 23+ 1.5 0.881

Values are least square means+SD; ANCOVA, analysis of covariance;

p<0.05 significantly different. See Table 4-2 for other abbreviations.
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