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FF i

T 26 OWEITERE FEEL, EFESSCR BT R SR FEATEICH N
LTV D, A EFEIDOD D VITIEFITH S, HRHESIZBWTH RE
RESICHW BTV e, AERENITR DO TERMLRE M & D4 E
(SRR . —fRRRICBAH SN D L 512 oTc, mIETIEEY ORS
AR A B S, TN EFH LSO/ NTS TROND K O
(2o,

ToREVI—m o TETe~T T E— (FERE MTbilTly ., Y
Ko O A B SRR A N R MBI R BRAVIZFE O B AL, TR DT ICHW BT
Wb, ITHETIE, &Y OABPNEIZOW TR T, & D5 FOR
HNIRERZTEELT 5 2 DO 6N TWD, S BITAMOP, AR, &2
72 & OVELHED BIERA D ONZWMHRRLRIERITKT DR 72 8o & 5 O
ZEDOHERNF NS Y,

YF ¥ F+X (Myrica gale var. tomentosa) 137V~ EEFOEZENMIART, I —
2y B RXOART U7 ALK OG0 LTV %, MR OTZRER
RFFEIE, BN BEATROCNRDEH Y . BT/ S < PRI INE—R A5 PR B
I THRIZDBDOITR DB D, 1TE AT, MEICRKERH D | READ
IR D, HEMEITERAL T, 4 AENBEM & 705, RIITIRIIRT/ha <,
RENNBROWE 25U L, FERITIE 3 E /NG L CRRICZR 2 >, &
A3 YFY I X (Myrica gale var. gale) 1%, &< 63 —R1 v /N T/HA—T L
LTHWLNTEY EESLBEOFR D TR SIS TEBEERH 5,
L LBETIE, BFRREOT-OFIHANHIR SN TS, TeosETIE, dbiE
DOHFRIRFOV v Y RS 2 < ORMICHAEL TR Y, fbhEdfy & LT
AL TWoHREimbd b, £70. TOREMDIZE AL ENENARST LY —
VSRR GRS ORGEXICIEE SN TEB Y, BEOED & & biIcEofEks
BMERIZH D Z &b, ZEOMBZELO0PRNETHDL, L LRELE
U, ABVEE NEAARCERERY O H O S HERIEIC K DY TF Y SR OLER K
B Lo 2 elc k0 Y, B e G IR e L CORSFIAR SRS
TW5,

UL, BREIZE D HIETHEY ZEIE S E 5 FIETIEE Y "ELT 5 &
WO RRER Y & DT8O, GC-MS 12 HAZE & ke 72 R HE 0 Al U 724G 4 it



L. B 4T o 7o 5, EEM T8 L, HAZE L MR B RIED TS
FRZZFECLLDOEA L TWDAREENRE W ERIER I NZ, by T Y
FTXEFGER S ORI EEN 2P 60023 5720, SPME 1EIZ K 0 sl e 217
Sl b A, AFRHIC LD ZLITRD HNT, FVIZHOWTHIREOR
Repol, ZOZENLYF Y XIIEBTRHHICEFKR R, FIATETHD
EBEZOLNT, S, 2D OEEEEZ DDA DEREZ LT 2 A,
TanN A=), TFL ) a— W HEGE R T U, A
—N—=F X RT =F T VAR DR, BT 2 iR ks
R B Y, SMEREY T X OMREMIC OV T, Sylvestere X° Popvici
e EOWMENRD Y FIRNAMER. FIEERAR S D Z ERRESN TN D 7,
Z 2 TAME T, AHARET R HOR OBIFR O T E S ITIER L, fhiH GBI
L DM O EFR Y OELE LY F Y& 2 8T 2 5 E R0 & R E
T5HLEHIT, TOLHME., FLEEMN R & ORI OV TRRET L7,



FTI1E YF Y I XOEFEERS DOEN

YFYFFIFRNGTEEAL, N—TRHEAIREDFEEE L THIFFTE 5,
ZIVETOMET, HAKE L OB R HREOR ML, FES TR —
BLTHEY., FERDICKERBEITRN L S50, IERIIC K275 E
o DEEN RO T/NSWZ ERNRBE SN, —FH, Tk TITlasESh
ToREE, RTHEAY THE SNTZ S DIZR> TS, BUEDHI T, 1
DOHFIETHMDOFHTERD BT ENFE LS ATHHTE S HEITRWZ b,
TR ST e MBRERI RT3 21213V < OO T HE TH B =3 ic oV T
T2 Z EMEE LV,

EE758 1% (Hydro distillation) (%, JREHZKFITIR L, ENEE KD DT
ARQATIMEL CHIESED &, AR E & bICHBMIERMR S D ERTHZ &%
FRLTEARRBETH D, KR EMAT 52 & T, KEFMERSIZHHE - flitk
THIENTED, ORFEWTHERITIETH D0, ZRBITRRDN D05,
& B HYE (SDE : Simultaneous Distillation Extraction) (%, K7Z&X7&H &
BRI 22 RIRFIZAT V) BRI @i I3 2 5iETH 5,
Likens-Nickerson D& 2 D Z O F{EIE, RN E N &b FElE
BODIREY S OFLZE OMHIZHE LT\ D, FIEF Tk, KEKE-
B RRRICEIRMBA SN D Z LD, i ZAb A BRI 5 72 O I IRAE TTT
biaLabH b, mEZEZRE Y (SAFE : Solvent Assisted Flavor Evaporation)
X, R OFEIR D ZNELHHETEHHD T, o) Lokl 2 A%
BHZIRE L CHER S 2 L TlE, 2ot arEEs AW TEEZE T
BRI DOHZHET DD TH D, AREBERE T, BEICEET 560
FF TSN TLE I D, ZOEBLHND Z & THEIZHES L2WEY)
DB TRy D LD IeBE SRS E T AN TED Y,

ARETIE, xR NETHEBRZHE L, Y v RMoOFEM72 5 &k
SIOFFNTZAT 5 LT, VT Y T FF LR T D oy DR E 2 iR AT,



18 Rt KOERS

1. #B - K

EHEE N ARG L 0 S SN Y Y S OMRIES | om® RIS
THW., FEMRY ORI 21T 072, A%/ —v (F5fk) . ~FH> (FF
) . VZFLT—T) vruaa AR -4 7 X 7 —E L Silica Gel 60
FE R RSO b D& T,

2. HERHY

100 g DA< NI Y FY¥ FFRMEELZ 7 T 2228 0 | 2000 ml OffiK %A
MMz CHRE Uiz, 2R L2, 77 AaNOEBREZRD H L, Bzl
[FEDYF VT FORBIEL AN T 28/F2 2 BE#R 0 IR U7, R
ERWmCERLL, B, BHOTHEICITELZTr~ U+ —4%— (AW) HiE
hEFRFICERE LT, BNl E~F VTS0 EAMRL, A7 e~ b7
T TR AANRY b A—H%— (GC-MS, Agilent Technologies 7890 A) % F\»
T Lize BT HIZ1E DB-WAX (0.25 mm i.d. X 30 m, J&FH/E 0.25 um) % VY,
EAREZ 1pl, FEAMREIX 250C, 7 7 AEREIX 60°CH 5 220°C % T 3°C/min
TS50 AR L=, 27V v M 10:1, FEEIZ 20 mUmin & L7z, BHHEES O
FIEIZOW T, RI (GC OAESHRERR) B L7 r~A47 1 22D & Hu
TTRBIZE > TTo T2, 2B, REINIZRITOET, TXTOE—7 HED
Nzt 4 2 E 9 E% TR L7 AR 5 D 72 OV TIE GC-MS I XL Y
ERmEITST,

3. Likens-nickerson & & % FH\ 7= 8f5e 28 B i HH

40 g DA N2 Y F Y X ORBEEL T F 2228 D | 700 ml DffiK %
ANz, Likens-nickerson L& (fil (LU ERTEL) 2 HWTHERE Lo, 1 RRIZRE L
Tete, 77 AANOEBEZRY B L, HZICFEO Y F Y FOmBEEL A
N T 2BEE#R IR U, 07T 1.1 LR ST GC-MS 1T &
LN EAT -T2,



4. Solvent-Assisted Flavor Evaporation (SAFE) & 4 F 7z

e L2 7K B A

RZBREE10g 2 100ml DY 7 v A2 U NRES 2, WEiERELE LT 1-4
787 —=ND10pug/ml 7 v X Z K E 2ml I L, —BEEER ., AKIC
TELZRVRE, Vr7aa XX U RIRE LT, ZOWIR%E . SAFE 2E5& (il
IEVERTRD) 2 VTR L (22 59 1 X107 Pa, SRR 35°C) | HERRK
DERRERERTHAILIZ 7 7 A aNIZE LTz, 5607 E&ERSIE= AL
—Z—TRM L., 1.1 EEROFEMNT GC-MS IZ LD 0T &1T- 7

5. AEDA (aroma extract dilution analysis) {51255 FEZE %5 HH O FHEE QDR E
HBAITAR ST T T 4= FANT 77 hARY—
(Gaschromatography-olfactometry : GC-O) (Z X 537217\, AEDA VEIZ LD

IR D L7l OB W IREDRIE ZIT - 72, FilE~F % T2 6%
ARUTCERZRHE L, ZnEfEe AR L T 128 (5B E T L7z, v
BN S DD 2~3 AD/SR T —TIZBWIRE 21T o7, I8V &k L
< 7p o T ARBlE 2 A REIE 123 U7z b O % FD(flavor dilution)fif & L TR L7,
223, FD I FICRTRIC LV RDTZ, GC-MS G 1.1 L RERIZAT 72,

FD fiff =2"" (n: A7 R [E1%0)



B2H MREBLUEE

1. ¥ F ¥ I F5FRS OREFEAIIFHT

YFYFREND 3O FIE TR A U7oER, BB Cldinlgse

300 g 2> HAETH 0.989 ¢ (U3 0.33%) | B Tk, #BEE40g 05 0.169 g
(I 0.42%) . SAFE @ EZE A X BEE 102 205 0131 g (I 1.3%) &%
NENGDLZENTET,

FHIETHE DN TFH TP OIFER S 2 GC-MS THOMr L, £D 7~ b7
Foz K11 128X 03 12, WESNEEDITR LIICE LD, BnE
T _RTOE =7 HEOFNIKN T D HEME DR TR L, ok, EH#AE
IZEDEONIEHICEA L TUIEMROH o2 ER LI (R 1.2) , KL
IZR VKBTS a0 2 L TE T,

HhHEDEWIZ X RGOy % bl % & | [E42758 Tld limonene, cymene,
germacrone 73 EE %5 T, % DAl a-terpinolene, caryophyllene, §-cadinene,
selina-3,7(11)-dien, geraniol 33 JX 0N nerolidol 23 [RIE STz, T /XD T
T TN 39.84%, BAXT AN 2381% LD B T AN UHT
/% limonene, cymene, a-pinene 73 K& REIG & L7z, HifpiZAKREIETIL, HEE
A TIIELNRD > T2 B -myrcene 23 HE S 41, germacrone IXEHEAE LV
2T DI ENTE L, TARVEOEI S X EREAYE ERRRE CTH - 7253,
T NARCHOEIEITIRE B D 1,8-cineole 7 16.8% L i b %< 2 58,
K\ B-myrcene 8.64%. limonene 7.18% Coh > 7z, - T, HFAREEX, &
BIOBER DRV AE THEWINE THMZS DAL, MR b EERE & K&
RTINS DD, RN R D T E R Do Tn, EEZEZREE TlX. B-pinene
DRI 25% & EHEREOR SHEOEH R E 72> 7, limonene X° 1,8-cineole
BIEBMOMHEL Y bEL<. B TARUR % E LD | MO RIS & S
DHTEBbroT, B TP OLET B-pinene  (24.65%) | 1,8-cineole

(22.71%) . limonene (17.74%) . cymene (11.06%) DIEIZE < . Ao
ETHE LR & 1E B-pinene DN RES T ERDH DR LN E R oT,
o T, BRI RR D OREL B E T35 CIImBEZEERENANTHLZ &
BTz,

NS DR EIEEANEEY T Y L L TH D &, B-pinene & cymene
IAMEFEY T ¥ F FITILZENZEI 0.1-2.5%, 1-6% ToH D DK L, AbifiEEY



F X FFIUTEIEI 03-24.6%. 5.6-13.1% & ZRICER ST e, £,
B & A T 10%LL EOEIS % 5 72 germacrone 1d, ZMEPE TIIME
ORIBDOHZTH T Z b AHEEEOY T YT FORHEERES25 ',
—J7C. a-phellandrene, PB-elemene. caryophyllene [F4MEPEYF VI FI2£< &
F 4. ocimene, PB-phellandrene (XALVFEPE Tl SN Rd o7z, £72. SE
FEXYTYFTXTH, Aay TV RE, 7470 REBIOT 7 U HEITE
RPNZEELL LT TH D DT L, AN U PEIRMBOE L 0 S AR S8 H
%< o THEY | [BERRER EDOREEMNRERNIZ L > TEVWRHEND Z L3
WEIN TV b0z &Enn, MEEEY T Y FXOEML. SEE
YFYFFLIFHELLTW b D EEZ LD,



§ 11§31 §%§

L1 E#EARETEONEO 7 a~ N7 T A

r‘J.JJ_LJJA,J_'AJ,VL&

L] um“_u_u“ju_-_-puu

BonizBhorsa~ 7T A




0 VAGH SR 1 1000 Diea

BERRRRRRER RS

J;-lL ) Y R N

R I R TR TR T R T

1.3 BEZERETCEOLN-BHO 7o~ N7 T A




F 11 FHHIEC IV EONTAGHMOTGER S (%)

Constituent B e AR E 2R
a-pinene 4.28 2.88 3.54
B-pinene - 0.32 24.65
B-myrcene - 8.64 2.18
norbornane 0.02 - -
camphene 0.08 - -
a-phellandrene 1.29 0.99 -
3-carene 0.04 - -
a-terpinolene 0.41 - -
a-terpinene - 0.16 -
limonene 11.41 7.18 17.74
1,8-cineole 3.12 16.08 22.71
B-ocimene 0.03 - -
y-terpinene 0.61 1.26 4.21
styrene 0.16 - -
cymene 8.93 5.61 11.06
4-carene - 0.13 -
isoamyl isovalerate 0.36 0.19 -
cis-2-(2-phentenyl)furan 0.01 - -
methyl heptenone 0.23 - -
copaene 0.15 - -
benzaldehyde 0.16 0.30 -
B-vatirenene 0.27 - -
linalool 1.54 1.19 1.53
linalyl anthranilate 0.32 - -
trans-p-2-menthen-1-ol - 0.23 -
isobornyl acetate 0.14 - -
2-norborneol 0.02 - -
B-elemene 0.31 0.17 -
caryophyllene 0.33 - -

10



continued

terpinen-4-ol 0.71 2.51 2.14
isoledene 0.30 - -
y-elemene 0.94 0.50 1.25
ipsdienol - 0.17 -
d-cadinene 0.91 - -
a-terpinyl acetate - 2.71 -
a-terpineole - 1.64 1.21
B-selinene - 0.22 -
a-selinene - 1.38 -
cis-o-bergamotene - 1.83 2.95
carvotan acetone 0.26 - -
2-carene 1.17 - -
y-selinene 0.62 - -
geranyl acetate 2.15 - -
a-gurjunene 0.27 - -
selina-3,7(11)-dien 343 - -
geraniol 0.75 - -
benzyl pentanoate 0.78 0.82 -
dehydroaromadendrene tr - -
B-ionone 0.11 - -
nerolidol 3.37 - -
B-elemenone 1.51 0.67 1.17
germacrone 10.71 18.22 tr
cinnamyl 3-methylbutyrate 0.06 - -
farnesol 0.08 - -
Unidentified 36.07 23.51 2.10
Total 98.42 99.51 98.44
Monoterpenoids 37.14 49.18 90.97
Sesquiterpenoids 23.20 22.99 5.37
Others 2.01 3.83 0

11



# 1.2 GC-MS ([T X D FEMp oy OE R (EHZRETER)

Components (mg/g)
a-pinene 0.48
B-pinene 0.04
limonene 1.33
1,8-cineole 0.42
cymene 1.63
isoamyl isovalerate 0.85
linalool 0.73
terpinen-4-ol 3.60
nerolidol 0.90

12



2. AEDA JEIZ £ % BEE S P OREE K ORTE

YF Y REDTFERMS & FFET D722 GC-0 I XD &4T\ . AEDA
BEIZE T NZBWHRE ) ZRD7e (M 1.4) , PREFHE (tr) 12 3 TLE L,
RUPRDEOIRT XY LIEEFD  r26 3 THWT B —F LlDOEFY g 32 47
AifE CHED X 5 e F Y ZFFITEK L72, GC-MS 7 v~ K7 F LA)>5 | B-pinene

(FDfE 2, LLFIA L) | limonene (64) | 1,8-cineole (64) . cymene (2) . linalool

(128) . terpinene-4-ol (4) . PB-selinene (16) F5 KON B-elemenone (16) 723k
H &7z (3 1.3) o FD fElZ linalool 23 b <. KW T limonene, 1,8-cineole
D3E7N > 72, B-pinene I3 cut grass, limonene | green X° citrus, 1,8-cineole |%
eucalyptus, linalool X flowery 72 EDF VY Z &I+ 5 Z L nHik7z, LLEL D,
YT ¥ DFH L linalool D 7 = —7 /L limonene D k7 A 1,8-cineole M
2= VBRI L > TREMHT 5 TnWad Z R sz

Z I T, D 8 E GC-MS IZ K 2T K 0 &GS izpminEla o T
BELILEZA, YFYIFIFHLITIROR T, TobL, YTFY T XHFIC
BWTHMEEM DO = A FHEZWPE L2720 TIIFFEEZH LT 2 &
LN EDNTRIB S T,
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czm 8.00 m 000 1800 2000 2200 xm 2000 23000 3200 3400 3a00  ason .'n'n&".'n";.':"ﬂn;""."".'.'n&""
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b 16
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FD
[ .
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" limonene
linalool
Ll 28

1.4 o7 a~< 7T AL AEDA EDOREF
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# 1.3 AEDA {£ TGN S =ik

No. tr Compound Odor description falcjt[:rs
2 8.8 B-pinene green 2
6 11.6 limonene citrus 64
7 12.1 1,8-cineole eucalyptus 64
9 14.2 cymene citrus 2
13 254 linalool floral 128
17 279 terpinene-4-ol floral 4
23 32.5 B-selinene cut green glass 16
32 46.4 B-elemenone medicine-like 16

15



ERaR 0

YT YT FOUED S EHEIRE | AR 3 LU SAFE JAIZ & W RH A sl L
TR B RARERIZ AT LT, Z ORGSR, B TF L VIR T,
limonene, cymene, germacrone 7% =22/ 57 T £ DAl a-terpinolene, caryophyllene,
-cadinene, selina-3,7(11)-dien, geraniol 33 & O" nerolidol 23 [A € S 7z, — .
EHFE A RE R ORE T Tl EEZAR ORI T & 720> 7 B-myrcene
K> a-terpinylacetate Z i 5 Z £ 3 T& 7, & HIT,SAFE {EIZ KX A T,
B-pinene 73K 25% & . HEEZAKE DK SEOEFHE L 72 o7, limonene X°
1,8-cineole DENG M OHIEL Y HE <. T TARVEHEEDR I HET
LI ENTER, ZRODOEREINEEDYFv Ik & T2 &, A
1 CHEE SN2 ¥ F ¥ 71X limonene, cymene 35 &2 OY germacrone D& A FE A3
PO T Z END HIEIZ X > TIRIMOFTNIE R D Z LR S N7, £z,
AEDA {£|Z X - T, B-pinene, linalool, limonene, 1,8-cineole, cymene, terpinene-4-ol.,
B-selinene 33 & O B-elemenone @ 8 f/IZ L > TYF Y FXDFE Y OBFEIA
SNTWNDZ ERNRBEInT,
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FB2E YF YT XOGTEREOHEN

AIEEIZBWT, YF YT FXOHEEFRSZH 2 O ETHIME U, MR
Liz, —FH. WO GEFIL, H—DLAEMOERIHIZLVRESND O TR
<. ZREIALEMIZ I DR L > Tk &SNS, £Z2 T, AETIEYTF YT
FEOEFRIG LT, HrOESNED LS RES5Z2T500EHGNCT 5
ZEEAME Lz, BUEZORRMEL LS 5 FiEDO—>L LT AROMATCH
MHAWSATND 9,

AROMATCH & 1E, GC-O THWAMR T DRI, A=y 7 1 7R— T
REE AN 7 T A EB,E | GC THlESNT By &Y T Y I X¥&2IRE
52 ETIRAEEREERSED, Z2L T, TOHWEYF YT IFEXHEMOY
H e L, HWImsh R LOBFERER LT 2 HiETH D,

Z T, ARETEYF Y I Ma 0w L, Bl & o, £/
DEMHMOFFLREIEDHZ LT, YF Y I XFOFMIHFGT D85 %M
LT AT EEEHE LT,

1 Rt K OERS

1. Bk - 3R
AR L7 U7 KV EE SN YTV e 2 fv o, RhiTE s
BIEZ X0 L, ~F 30T 50 5 IR L7k 2 GC-MS Tt Lz, 7o
FUEB L O OREFEIL, 81 ELFRKICT 72, BRIITE 1 F L RO
HDE W=,

2. K553 E & AT
2.1 U A7 NI T L3R O GC-MS Z3#r

NEE1Sem BES30em a2y /(& T 87 m~< MEIZS0g DY 7L (A
v 2 63~210 pm) ZA~FH O TIRRE L TRE L, ~F 2500 ml THZ
L 2 [EEE L CL S b 24T o 7, ZAUSHKEIH 1.0022 g 2% 5 ml TR
fELI=bDE~T v b LTz, WEEHRIZIA~FY >, V2 TF Lo —T LB LN A
J—=NEFRK 21 OEETHRE L, 2hb2 07 AICERL, Bonk-777

17



TarE I NRL—H—BIOERT ARG FCEME LS, BEYIIFNLER
AFH T 25 fFIZAIR L, GC-MS (2 L 7=,

22, %7 T a v OERESHME

SUBTNHT LGB L0EET T v ar 1~8 OEREMEIAZ, 20 XA
ORL (BHE104, LHE104) 2300 E LT To Tz, 7SR MTERERZ R
N, 5 EEERETYF Y I E OBELEEZTML Lz, B, BWickd
HaAr bR SET,

£21 K757 3 OEEEKDOES

TS50 9y 1 2 3 4 5 6 7 8
~F L (ml) 100 98 95 90 80 50 0 P
YEFALT—F/L (ml) 0 2 5 10 20 50 100 100 (mD)

18




3. IREERTIC L D007

AFYUTI06F, 25 BB IS0 IR LY F ¥4 1 ul & GC
HEAREE LTz, 77 A aNIZIEY TP FIE 10 g £33V F vk
T T 10 5. 25 £, 50 FRICAIR Lk &2 45 1AWz, GC EAGR
Bt 7 7 2 aNE B ORMIREROMAGDOE LR 22 IR L, £, vF¥
TG E ATV T 10 {4, 25 %, 50 AR L2 T, GC TA=v 7
4T %L, REEX P TITo 7o ERR & i L7z, EH L7277 0% Inert Cap
Pure (WAX) T, £ & « E1X 30 mx0.25 mmx0.25 pm, A DEE X 250°C,
77 JEEIE 60C~220C 3C/min) , A7V » FEIZ 10 1, #iEE (X 20 ml/min
L L7,

#22 REBFROMAEDOE

GC 10 {5 AR 25 fE AR 50 fi5 A BR
75 A=
10 {5 AR O X o
25 AR O O o
50 5 AR O O O

— * . T 2aNORBHEENEL . GC 1O OFEXIN R KR o 28 bE
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B2Hl MREBLUEE

1. K& D5y & FFH O T

MR OFER D% amE L, YFY T XHICEBIT DEERN T ORE 2 HEt
Lice YU BT N7 LENC L0 EA R OERL XL OEREFENS %
F231TR LT, BRIITZ T332 403608mg ElxcbE<, IRWTT T
Sa 578249 mg Th o7,

HT7T7 v aryOFMEEENIBIT LIZE A, 7T 7 v a v 1 3&RE
MIBTA SN AT, 21TV B E—VROH DR R, 3ITHEER, 413 70—
TIVIRER R, SITEERR, 6137 —F A7) — v TIIAKTH -T2, &
777 varEYFYIERBMOAWELLE L, FilE ORIEE A 5 B
L7chERZX 21 IR Lz, Aoy b T [HEERR s Foni-777
vay S BRLELERE N Tz, RWT, [Ta—=FLv7V—v] 0777
vare, [7o—F KRR BLO Ak 07727 var4b 70
NEIZ @ oTe, ZORRED . YF Vv FXFITEEHROFTWHE -2 L LT,
TN =727 =T VAR DFE D PRERRER L 70> T D Z L3 g
7o

LT KT T v a BT DLEWE GC-MS THHT L, & BILR
BT LT, ZTORE, YT Y FXEDOR—R LB 7T/ a5 Tk, FD
Ty 7 —=0NEL< . FERRYTFYIXICENEE XS5 B-elemenone &
germacrone MDA iZ, 1,8-cineole, B-ionone, cinnamyl acetate 2512 X U FERK S 41,
77733 6 Tl linalool X terpinene-4-ol, nerolidol, 77 7 L =3 > 7 TiX
citronellol, geraniol THE S TWz (£23) . —F, YF v FFHFITITLE
NEEBIELHFMEEEONDLN, KERTHOLNLT7 T 7 v allinzg
LD LT TE ot

20



23 U BTN T LA E XD ST B

ERERSY

YoOEEL IO

Fr. ~FHo g+
JxF LT —F )L (mg)

TR B XK

N
7

1 100 : 1 121.7

a-pinene
limonene
a-phellandrene
a-terpinolene
y-terpinene

selina-3,7(11)-diene

2 98 : 2 75.1

B-myrcene
limonene
cymene
y-elemene
a-farnesene

selina-3,7(11)-diene

3 95:5 27.6

y-elemene
elixene

cadaline

4 90 : 10 360.8

1,8-cineole
terpinyl acetate
geranyl acetate
benzyl isovalerate
B-elemenone

germacrone

5 80 : 20 249.0

1,8-cineole
carvotanacetone
-ionone

cinnamyl acetate

21



continued

5 80:20 B-elemenone
germacrone
linalool
terpinene-4-ol

6 50 : 50 126.0 Sabll’lyl acetate
nerolidol
farnesol
juniper camphor
a-terpineol

7 0: 100 111.8  citronellol
geraniol

8 AH ) =)L 153 —

_[%‘
|7
7
!
{159
VY
Fr. (No.)

22
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2. ¥YF YT IHFICBIT DEFELMD OKE
2.1 AROMATCH D& St D kidt

BEELIT DIREFERINCB T 282 HET 572012, FT oS 2 5
L7z, & DRGSR GC IEAGEA 10 AR & TR D3 b £ 0o 7o (R
24) . —h., 25 fEB I OS50 EAIROREHT, BT A THEES NI HFRS K E
ThHZEND BAFRTICBWTZEOREA RN T HZ LIXTE otz
Flo, YT Y XRERIERET L7 7 AaNORHEE L, 50 (FAR TR S
KaAMRELNT, LREICEY, BHEFEJORESRFE LT, GC HEAR
B2 10 A RO, 7 7 A 2Nzt 50 R RoEh a2 AN TU FoERE
1172,

22 FRWDOERE LOHH

SO 10 (BRI EZ A=y 7 407 L, TOREE 2.1 THiE L Sh-M
A HHE T AROMATCH ZAT o =B o A h &2l Lz (F2.5) , 59 sy
DS, 2D 5B 19 AMPMRAEIZ L VERT D0, FizlEm Iz, &
3.8 77 ® norbornane [X., IBEEEFERICRD EHWVWHHERTE, TOFEVIT=T8
Tholz, t 10.0 FOEFIREFTRU D E, v AF U TEHRICE HHEER
BB, LrL, FEDIEZ7e~ b7 A ETE—7 B ERTET, il
DEFEIIZE > TWVRVY, e 14.3 43D linalool oxide 1L, IRATFEUIR D &K
SRHAKDENE o7z, FRWVEERD t 21.4 57D cadinene 1L, IRABFRIZD
& LTRSS IR LT BDCE T LT, £72. 1 36.2 43 D cis-stilbene
DI FEAAEOBNG KEVRICEF LTz, ZOBWIYF v FiRiED
BWEELILTEY, YFY X oENGE LEIC, MUK b b FRK
DEBZONT, T YT 472 EFEY ZHT D t 31.8 53 D dehydroaromadendrene |3,
RAEFERATICBWC, Uy T 4 EOEMNRE R LTc, #ERE TOMRIZEN
T, YF YT XEFD key LG & R ST te 35.0 53D B-elemenone 1%, 1B
BRUTIe D LBEFROB W E o7, —J7, t40.1 57D germacrone I, 7B
DENRT v T 4 Tholz, IBRAEBFER T TIEY v T 4 D H D IHRE~ &
B LT,

U EDORERNG, Y F Y FXHFEIEFERRG ORETET Tl o DZH -
BN RIC L VR SN TS Z ERRO BN, £z, HIEOMKREGDE
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TEZ2DE, YFY I XEFON—2L0 s HEEE] OFMIL germacrone &
dehydroaromadendrene (Z 8% & Z A23KE <, linalool X° geraniol (2 X %7 v —
T IWVESCHRLASR, a-pinene (2K A7V — &SNS Z ENB 2 BT,
O, TR C S o 7z TR 72Uk ] 1. cadinene 35 X OF cis-stilbene
(R DEFDRICL D ZEBHBMNE 5Tz,
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# 2.4 GC IEANREN 10 SBHAREROEEEX Fa A b

tr Compound GC 10/ GC 10/ GC 10/
752310 752225 752250
3.0 a-pinene AR AR VAR
AR
3.8 norbornane =Tk =Tk =T
5.2 B-pinene T - SRR ER: R Ptk
6.0 limonene N Tk N Tk N TR
8.9 isoamyl isovalerate =K ESE
10.0 cis-2-pentenyl-furan ES HR
10.8 unidentified T
12.6 nonanal Po=—L B
14.3 linalool oxide JEk 5
15.6  benzaldehyde ALY R T A BB
16.4 ylangene KRR RABR KPRk
17.1 linalool 7 r—F Lk v hT A+ v hT A+
T a— Lk 7u—J )ik
18.2 bornyl acetate ¥ bk ¥ U kR ¥ Uk
19.0 terpinene-4-ol ER:S Tohk BN
20.3 y-elemene JEE RO R TEvYvs Ty
21.4 cadinene At g% L7k FERELL
22.4 (+)-2-carene IR =1
22.7 a-selinene E=—/L R SR E =L B
23.0 (+)-carvone ) o
AL R AL R
243 eremophilene NERF: -
26.2 a-gurjunene TR T T
26.3 B-damascenone U v AR UINEEF XS UINEEF X5
26.9 elixene Y — Ak A v b=k A2 bk
27.7 geraniol 7 u—7 Lk 7 a—7 VEk
28.2 unidentified ~ ~ Bk
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continued

283 1-octen-3-ol ~ B
29.0  benzyl isovalerate 5 i
30.3 B-ionone oo Ak HWT AR 7 0—F Lk
W o b Ak
31.8 dehydro aromadendrene Ty o HEK T 1 i WD T HOF
K K
34.0 nerolidol Herh 5L MR - TR
35.0 B-elemenone kR kR AL 5
36.2 cis-stilbene L7k L7k Lk -
AN
36.5 unidentified PAENE - A= F=—
36.9 unidentified AN RRE K RROF AL
E=—/L R E=—/L 5
37.5 (+)-calaren v gk AR Y — AR
38.0 unidentified NG AN
38.1 2-methoxy-4-vinylphenol GNP 2 AR e X
H ity L
38.5 unidentified vy T 1
39.1 methyl hexadecanoate FUSINES AR SR
40.1 germacrone Vw7 ARk Vv T A T T A R AR
41.8 unidentified JFREER B
42.5 y-selinene UINEEF X5
44.0 2,3-dihydrobenzofuran N
473 unidentified LA RN
48.1 unidentified N=7 N=F R=F
48.2 unidentified B R TR TR
GIRETES
48.9 unidentified CNVENS:: TA=IZ =D
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# 2.5 BT TOREEFEXRDMER

tr Compound GC 10 i GC10 15 /
(R=v717) 77 A3 50 %
(AROMATCH)
3.0 a-pinene [ FRARER
3.8 norbornane =Tk
4.5 a-phellandrene kR
52 B-pinene Tk - #RR ik
6.0 limonene T A+ N Ik
Fgk - o~y TR
6.5 1,8-cineole JEELR
8.9 isoamyl isovalerate Tk ==K KR
10.0  cis-2-pentenyl-furan AR AR
10.8  unidentified HE
12.6  nonanal T+ 3ERE E=—/L R
E=—/L 5"
13.5  styrene LR
T=<lv7
14.3 linalool oxide R ZKAR
15.6  benzaldehyde FhEZERR - ALV
N A DR
16.4  ylangene KRR ENLES
17.1 linalool v hI A+ v hT A+
7 u—7 )k 7 ua— 7 )Lk
18.2 bornyl acetate = Uk F = Uk
19.0 terpinene-4-ol kR kR
19.8 tricyclene 7 n—7 Lk
20.3 v-elemene T=~xUvr
21.4 cadinene AR L7 - R
22.4 (+)-2-carene LB RR
227  a-selinene HEL - E=— B RO E=— LR
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continued

23.0  (+)-carvone i Fhk B R
E=—/L &

24.3 eremophilene NNV S
26.2 a-gurjunene TR TR
26.3 B-damascenone U r T8 U T
26.9 elixene 7Y = A VR

AV b —VEE
277  geraniol 7 n—7 Lk 7 n—7 Lk
27.8 unidentified BHEREK
28.2 unidentified ~ Bk ~ Bk
28.3 1-octen-3-ol ~ Bk
29.0  benzyl isovalerate JRRER iz
30.3 [-ionone 7 u—7 Lk 7 a—7 )Lk
HW©T I AR HOT A
31.8 dehydroaromadendrene T o PR VT A REK
34.0  nerolidol FEE R MEM B - TR
35.0 B-elemenone FEERR HFER
36.2 cis-stilbene TFE Bk A=
K 7Ehk
36.5 unidentified E=— LR E=— LK
36.9 unidentified ¥ T AWEK HK
E=—/L 5 E=—/L 5
37.5 (+)-calaren 7Y —vF Y — Ak
38.1 2-methoxy-4-vinylphenol AN A=
H bR B UYE
38.5 unidentified AR - LR AR -
39.1 methyl hexadecanoate AE VG FAE 35
LR
40.1 germacrone IR T YT ERE - U v T (kR
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contunued

41.0 juniper camphor N=ThRE=— LR

41.8 unidentified JRAR JRAR
42.5 y-selinene N—TFE HW D o=k
44.0 2,3-dihydrobenzofuran U VYT 1k ASIVE
457 benzophenone 2

48.1 unidentified N=Fhk N= Tk
48.2 unidentified T=vUv7r TRk
48.9 unidentified RN T = R A=
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ERaR 0

YFYIXHEMEL VDTN T A a~w N T T7 =20 oE L, &7
T v arOFREBET oIEME ST L. YF YT FOFERMEZ MR L
oo BREHMEIZL > TYF Y FEREDHEUELHE LA, [UyT
1D HLHEER AR aeF-O277 7 aryrTrbm<<. TOFMIT
B-elemenone, germacrone 33 X OF 1,8-cineole ZF I T 5 EHEER S U7z, IRV T,

(Ta—=IN7 ) =) X TR OFREFRT L7772 a  THIEFR
& ORI E < | linalool, terpinene-4-ol, nerolidol, geraniol %7327 5l &
Bz b,

—J. ML OGNS TR OFVIIEDT T 7 v a ITHIELED
ZEMTERIpoTe, £ T, BEFERG OFFMR B 2~ 72012, vF
YT FERIPIC GC THEESNT-BFXST ZIREG L TENEN DR & MR L
oo TORER. U T KO H HHEERL) OFFIL germacrone (THIK L
dehydroaromadendrene (Z & V) #4590 X 41, linalool <° geraniol IZ X > T7 @ —F /L
JESCALZR I, a-pinene (2K VD 7Y — OGRS ND Z EBH BN E RS T,
SHlZ, 777 varTIHELLNRN > K7ZHEIL, cadinene 38 X O
cis-stilbene DEFNZ LV FAEL TWDHZ ERWBMNE R oT,
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T I3IE YFY XYV r7¥—a PR

YF YL, EROHEICB N TR AEASCTEER NS 5 LA S
TWo, = FH, "=7LLTONMbLH Y, AL RMREIZY 77 B —
a2 HE LTRSSV,

B OHITZEDIEMA =X LG, FY ORGP EEAKRITIEN L TA
COIHMR L, FOBREEZT U TREHET 22 & THEL 208 - AR
ROTOIZHFTERDIENTE D, VI 78— a HIROBGEE kS L
Tk, DEEICG 2 EERD-007 /7 — FlE<e, AR ~DE
B W5 DR EDORIE, AR ERGEST 2720 OMERT X7 —E0 =
VT —VRE ., PR AR 2 A R D T2 8D 0 iR i e SO I
IRERFETFLND,

ARG TIEY T R o LER - A2 PRZN R % | Profile of Mood States  (POMS)
Z&k D7 v — i, HERRK T X T —EHIE R L O Near-Infrared Spectroscopy
(NIRS) {2 & 2o RIEHEE AV, — KA ) 7 78—y a VR %
BTHEVDONTNE IR H—7p L b tkid 52 & THFt L7,

B 1 AR K UER

1. #Ukk L OGAEE

BASH L7 o7 KV EE SN YTV gL iz, 702 —fE
MBLOe =X~ —EHIEAEFROLOZHW, A ViEERE, 78 b
U = F IR LSO b 02 Az, MoORIEIEE 1 ZELRBEOL O
Z Tz,

2. BT

FEIXER R L DL, W4 em ES30ecm a2 v V&0 T L7
B~ MEFIZ100g DT U AFAL (A v a 63210 pm) Z~F 4 THEE LT
FHL LT, ~FH2 500 ml TH T A% 2 FeH LT, FHi{LE T -7, ZhiC
FEIH 20g Z2~FH o smlEBLIZbDE~ T o b UTc, BRI A~F 4|
VEFNT—T VB LUAY ) — N EROEETRA L CHE L, JIEIC 100 m]
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TOTHEHL, 777 varvi~le &5 (R31) . fRohik7 77y av%
TR —Z =B LOER T A F TR L7z, R chch~%4
TH L., GC-MS THH L7z, &I 1 EEREE Lz, Zhbohn
5. BRI TYF Y IFENECONIZT T 7 a4, 9, 11, 13 2K
B LTHWE,

#3.1 KT7T77 2 arDEBEROEE (%)

Fr. 12 3.4 56 78 910 11-12 13-14 1516
A H
~F 100 98 95 90 80 50
J —JL
T F )L
B 0 2 5 10 20 50 100 100
T—7 )b

3. POMS % 72 DERRY R R O Bk

POMS & H AGE R No.850 (& 5) OBEMMZMEH Lz, & T, 65 H
HOEMIZOWT 150%57]) ICL2E%E% 5 ik (0= £o7=< ko,
1=V LboTe, 2= FbEbHoTz, 3= R0 bHoT=, 4= EFITEZIHo
72) HERARIC L RO 7Z, F£HEAORIZEIL, POMS O SEHEICHEkSE
6 REZEOMGRICE LD, ERICLY THA (Z2EYHE 5088 L
EEITR LTI b S5 m) IR Lc, 7 d o XU 2 —Eih (1%
W) . A Y EERE (1%EE) « YF Y6 R - 10%IR1K « 2%I1K)
N, B 2T BN Z2VRIB L | D MR S AE K 30 RO
EHICEMAKICEIE L T b ol

4, MER T X 7 —BREIZL DA N LA EFHH

HER T X 7 —BIZL DA ML ADHEX, =7 m kRSt oS ST EE
MR 7 R 7 —F¥E=F—] THIEL, Ziu, HWERFho7 I 7 —E 3Rk
MICEENTWD a2-7 B804 = T 2= V-HT77 NET ) VL~ /b b
A FEIKGR L, AT 5L 2-7nnd4-=ba 7= ) —LORE (EE) %
YlbFar=> b+ (K& 470nm @ light-emitting diode (LED ) & &% 1)
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T 20 PMEMIE L, ZDOKKNEOEL 2 FERIEMEMEICERT 5 E2FBE L
T, HEERFPOT I 7 —BIEEEERT 5, ETHEHT v 72 EFTICHA LK
RERFAERE, ZOF v 7o T HRLMIIARIRITHEA L T, K 60 BRI ER S
NOMER T DT 7 —BiEME (KU ZHi05 . JIERROHEIL, 0-30 KU/
DA RVRIR L34S KUNIZA FLARRH D 46-60 KU/ IZA R L ZAH D |
61 KU/ LA RIZA R UARDR D HDH, L7020 200 KU/ £ THIEFRETH 5,
TV, RUT 4 TR E LTI R F R (R X OV 1%E1K)
n—X~ U —k gl (R XN 1% EK) « 207 1« 7kRE LT, 01% 1V
BB AT Uz, P Fv - 0RME R OV 10%, 5%, 2% 2 ]
B LT, 72, YF Y MBS Fr4, 9, 11, 32 10K LZLDOEH
AV

T M HIRN R VRIE & F Y PMIER SN TRAERE 30 IR 7214 (2 HE
W7 X7 —BRIE 2 Fh L7,

5. IR EIZ LD Y 7 78— 3 VR ORKE

JIb4 LI G L VL R R ARk R 2 & = & 35 (kU4 4E Dynasense
R ARV RAMR AR b A a B — (NIRS) ¥E% Az, JIETHAIE
VLPFC (MEAMAIRTEARTEF) & L7z, [EBR 10-20 {42 X D VLPFC 288D 72 L,
RIEEY DO 2L & i DT b ~F 7 v B EOZ L Aloxy-Hb] & L TE=4 —
L7co 20 RAETHED B4 5~7 e fipd & Ui, HEa R Ro et ikie 3 €
=X EEE T TR E RS L, BREHBAL D 3 em BNV EAL TR S V7o ok
ERENTTHZ LIk, BEA~TZ v U KUOBBEL~NE T 1 e O&AL
BT AEETH DL, MBFD LW E=ITHZ LT, BFEb~ET R
B OBEOHIC ED LD BREARBN DD EHRTo, Fio, TRIMRARY
F a2 23— (NIRS) 1Z/EATMIEEIOEENINEZ OB OBEFEE & iz
R BHFE~T 7 o RO b E e 5 & snd Y ETRE T,
PG — 2 JERIBEREDS 3 ecm O A, B BB 25 mm B2 L Sivd, fMRI I
EER L~/ B 2L TS & S5 05, NIRS FBF{E~E/ o
VERESTHZ Lk DH, NIRSERTiE., Mk ks W25 OISR {b~E
JuaberOFNEIVETH D, £/, VLPFC 20 M3 EEE 10-20 $£IT-O0
TLAFICREH LTz,
@  JEMEDHIEEOR B A E Y BT O < IEHE TOR S &5
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DD 50% DALEIZE Z AT %

OORERHTEM S B 10% I 24T 5

BEE D@7 @ ) O OREE £ TR

AR U 72 MR 28 5 BES 10% SR 2401 5
EO-Q@-AHO®%zES L OFHHIL. W 20%ICHI 24T %

©@ e 6 0 O

P TTA EREERO b D& WA, AREERE LCTER L = U8 b
UxFz i, EBX, Lk (rest) %30 B, £0%Y 71430 0/
L2372, BE DY > 7 2l CTRAE DAL, U TILICe0 B L
RF 2 5% 1T 72, EBRIZFR O THVWDO Z 6 R WERETITV., #BREIxy 77—
Y Zip D, WEFITHE Y MIFINTCHAERLZ TR L L
2o B, RET 4 THBTHL IR X —BLPn—X~ I —DFY 2T
& DR IR LT
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B2 BRBIUEBE

1. POMS |ZX DY T ¥ FXHFO LB RO RKEE
POMS |ZDEAI R AR D 72D, FRkx iR CIE S0, 2R HRE ST
W5 e POMS D 6 REIX, UTOZtaRTLEEanTnD, ik -
RERE (T-A) 1%, [&B¥E0 205 . TREE] REQHEENLRY
BRIEBLORLZEART, 50 HEHIAALRE (D) 1L, (@5 5o/ 7L
DEAMNPGRY | BEEREELEO I SEEERT, BY - BERE (A-H)
X, &2 . T CEEELZS L] REDEANLRD, &Y LhFE~D
MEZRT, EXRE (V) X, WEXEETLH) 2EOHANLRY, oK
S, BEK, EHEEL, MO OORE L ORICADOHENRD 5D,
FRE (F) X, <ok 325) REOHEENLRY, BEGER, IE/HKT
ERLUIGEKNRE L ORICAOMHEBEN® 5, IRELRNE (C) 1%, TEEMNEELT 2 )
RECHEBEMNLRY M, BB HETEET, NEK USOEBIZOWT
X, EIMEVIZ LRy - G BAFZRIRBEICH 5 2 & 2T, B T FAIC
W%, WERDOEME A5 Z2& T, HFVEMS I LICL 2B REDEIEE
Ko, TORRERK VIR LT, RERTIX, VI7EB—Ta VOIREAT
AGRUH—%ROTF 4T aryha—n e L2 XI5 T7ar br—C
ITERE D ThHLHA YV EEBERH W, XX —OfRREZRDL L. TARER
By, Moo, B EWolt A N ADREXA Y EERRICHERT 5 &K
okogﬁ NER) OREIZEN-ST-Z D, TRV E—F AV EB D
TRORBIE DB o722 L B2 R LTV D, YT PRI OV TH
LEL THo2) ZBRNT IR F—LRIOBMEZ R LT, 15 >) 129
WTEI 2ol D, YTFYFXHFELERI LT, KA - BUEREHAEL
EBZLI, EREDTEOLT IR E — L IILHN RO BOM TN R &
BN, £, ZOGMRITHEMOREICL > TERR->TEY | 10%HEKT
X, IERLSDIEE TN — L0 IRETH - 72,
W, EWZRESY - B Z R THIES LT, BER) Ao 5 REE A5
L. ZO&F»6 BER) RESREZSIWZAETH 5 Total Mood Disturbance
(TMD) bHEM L (F32) . ZOfEF, BWZEXS - a%@ﬁﬁ&_k
BT 0 ZORERNS, YV T RO 10%IEIEIT T N0 F—IZRNT
K7 BIE ORI ZR LTV Z ENBD b,
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PLEXY, ¥FPIFXOFEFIFIANORGREEEY 7 v 7 A5 ED
HDHZENHLNERD ZOREITHHOEEIZL > TERERDZ ENREX
i,

B R
2
0
-2
AL B0 iR
—S s — (1%)
AV E L (0.1%)
it (UG )
=5 (10% )
o3 S )
R
X 3.1 %Y TRy RIEZE &
32 £Y 7O TMD B L UOFE D K515 O L&
TMD RIERT S OB &
T E Al 230.9 -
TR S — 165.0 -65.9
R I R 197.5 -33.7
KT 10%7577 189.1 -41.8
FE T 2% IR 197.9 -33.0
AV EER 192.5 -38.4
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2. MER T X 7 —BHEIT L DA b LA EFHH

AWFFETIE, BFY ZRSAIBOME T 2 7 —BIEMEE2 T2 Z &gk,
A N L AMEAOBIR RO EE HH L2, WEERT 27— ORISIZ30 05 14
BETAEL, MHNICHIETELZ NG, AL RAY—F—& LTEERR
BRICHWDON TS FIETH D), F O RN H%OGHAE S F Y 2181 < Hj
GEHEFRE) OFHAEZSI< Z & TELEEZRD, TOEEZA NV AL LTH
ML, BB32IER LT, IR F—n—XA~ U —DREB LN 1%EK, YT
YR O, 10%IEHE ., S%IRIH TA M LV AEIX~A F AL IR oTz, — )5,
Y F VI FREMO2%IRE TIZA L AENEL A Y EHER L FRETH- 1=,
AIEOERICB N T, YPFYTFOFHFICL > TADORGRBEEN Y T > 7 A
THI R LT, TOMRIL, WHWFR, REMRERDOA R LA~ —0—
THOHIEERT 2T —COENL LWL o7z,

A EHE R
2 s K — 0L% vogpgx YFYI¥
g, g Fite T %
_2 ) SN M — I '\7%;7‘#‘
- 1% b
4
P e T

1%

32 MERT X7 —ERENSHEIEH LAY TR b2 h
AL AE
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3. NIRS % V7= o i i 3

ZHETICE Y OMMIEZCIZ RIET RIS E VLA TV RN, 22
T, FTRPRVEFEV LENTVNE IR A =B —RAv ) —2RIT 47
G, RERERAINDIARRELTOA YV ERBERTT 1 7515 L LTH
ExEIT-oT,

ZORER, K 33IRLTEL 2T, T —BLe—X~< U —0 1% RK
IENE 7 0 B AR E DL Aoxy-Hb] M3~ A F A L 72 0 Z2E 0 B0 TR
ENic, —HT, IXUF—, m—Av Y —DFIKRB IS VEFBILT T R
DEME L 72 o7 Z EMORBBEITHEFERAN A ONTL, TN —DTEL
45T 5 linalool B LN — X~ U —DFHEES T 5 1,8-cineole 1R HEEH
EREOLORELH LN Y RO X O REOVIERE TR AT O 2 & TAE
DEIICERBIEAEZRT LD EEZ NS,

ZO XD EHENLREBEEMNIREIC L > TEMT 5 2 &R ST,
P, RiReFY TMMKENZ(LT D 2 EDNHERTE 2D, Y I vk
ZABRMOREICHMLMELZEZA, ETOREIZEBWDTEHDENRD
iz (X3.4)  JFES RS LR ZR L, BT S%IEIE,. 10%R1E, 2%
RONEE 7272, 2 DBWVOIR ST JFHR Tl =4 A BNV E R T DIBE |,
S5%HIE TRW=AA LK CDIRE] | 10%KRIT T FY¥F*0F0 &5
TXDHI|E | 2% R T=FADBHENEEEHEE] Tholz,
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& 0.004 1 .
| = o0 TR — =AY —

@ 0 19

ﬁ o 1% %
I 4_:[g: 0002 | AV E R
%7 ;<>w -0.004 - —I— 0.1%
O
] -0.006 - 717
¢ -0.008 -

0,01 -

33 R (TRHF— e m—=X=xU—) | BR (Y EER)
Y DR

A 0.012 -

0.01 -

0.008 -

E=ga

0.006 -

0.004 -

0002 1 TR — m— R — YFYIE K K bRl
1% 1% R 10% 5% 2%

AV EHRR
00027 0.1%

-0.004 - + —1— I
-0.006 +

-0.008 -

Oxy-HbFH X (au)

S Sl P

-0.01 -

X34 R, REARFY EYF Y REMOKBEICBIT S
R A LLi
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4. V7 78— a VRICEHEG T D{LE W O

YFY TR DOY 7 78— a VR ZMAT 5725, POMS, MEET I
7 —PBHIE. NIRS [T X DMt EREZIT o728 2 A, HihEB L%
HIRBR L FRNRDNRBO bTe, £ T, BEIRICFEGT DD Z2RET
LI, FMAEZE L, ZOHhs | HigiHli TY F v FENE L 67 Fr.
4. 9. 11, 13 ZHWTLEEFNRZ R LTz, 45 Fr. ZIRET0 10%9RIZ iR
L, BBRE SRR L 2 A, R I 7 —BHETIE Fr.4, 9, 111260
TAPMLVRER~YAFTRERY NIRS TEETHOT T 7 v a UITBWNTAE
7 a e AHRHEE DAL Aloxy-Hb] B3~ A F A L7 ~72 (K3.5,3.6) , HTH.
Fr4 BL O ITEWEHNRN R ONTIZIZD, ZD2O5DT T 7 v a /D0
C=F A FHEORELIToT2E 25, Frd Tid limonene (¥~ 7 A%k FD fH
4) | y-elemene (FEHEAE: 16) @ 2 %57, Fr.9 TIX germacrone (/v Wtk: 64) |
B-elemenone (/> J1£k: 8) | isoamylisovalerate (#k5:16) @ 3 plsr N FHEFE
K LTRRES Tz, Lo T, Y F YT X HBEOLFMRITIZIZI NS DAL
SIBEE LTV D ATREME S R ST,
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ARV AHE

-6

-8

Fr.13

Y FY ¥
KW i Frd Fr.9 Fr.11

X 3.5 ¥ (FiK) &% 7973 OERT 27 —PHlE
LB AL RE

5 -0.001
o -0.002
= .0.003
-0.004
-0.005

Oxy-HbFH %I (a.

-0.006
-0.007

Y F
Kl 5 Frd Fr.11 Fr.13

0- l l |

X 3.6 ¥l (FiR) &% 777 arD~Er/nre
FH XTI
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FL
YFYFXOFENETDHI T 78— a URICHONT, LEAZIE A
POMS Gl C, APRBREZMER T X 7 — 8B LR ART hr X ae—

(NIRS) 2 & 2 BMifift H Ofg R b~E 7 1 B U AHRHREEZA L ORIEIZ K 0 T
L7z, POMS iHliiC L V. Y F V¥ FFOHFFIZANDEIEITR L TL#HIRET
FTEDBBO LI, EOHRIIT RN F —DIERE G525 & 5 I ZFhR & 1%
By [z bENELIREEZ D EZEZ LN, RIZ, ANV AT—
N—THDHHERT I T7—BLHELIEZE A, KK, 10%., S5%IEEOY T
FRHAZRSZ LT, 7I7—BOHRWEITHAD Lz, REROBGITMKIMmITTIZ
BWTHALIL, YTV IR LVZERES o7,

U EDRERNS, YFYFFOFEVICIZV F7E—va R Robd 2 &N
HoENERolcled, ZOMRICEHELET LY TF YT XFOEIDEHRE LT,
Z DOfER. limonene, - elemene % FE AR T 5 Fr.4 1 L O B-elemenone,
germacrone, isoamyl isovalerate & FE &R LT 5 Fr9 n, o777 3 X
DH~NEZ B EHHRHRENBD LTz Z EnD, YT Y HEFEOLEFNRIC
XIS OGRS L TWD AR E X T,
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FAE Y YT XTOREEHN

Ferx OATETIE, BRUZ-D72 03 2 30 & 2O J7iE T & 2 WITERE S
o, BibThiuImeiz X v 852 R
L. BEANC L 0 EEBIRAZ TE 2R VIEE T 2 HIENER LIV, FHELTIEN
JGHIE LTIy (NI FXUZEEFEBR=AT V) NLHINS, UL,
IAEOREFEEFII D, HEEITHEWIROR S L0 b2 eEoH R4 BT
HEMIZH Y RIKHEKOBLIEH RS BTN D,

R E TIZ, VYFY T XRHOGERELRIH L, ZOKEEELTY Z77
=g VIIRIZOWTKREEL T& T2, —F, Y FYFFITEROMIEIZ L -
THRILSCHEIER O H D Z ERHLMMCEN TS, ELIT, PiEEMEITE
WMTERBE LS 4FD 7T MG I 2EH G S 7,

77 LRI RIT NS OO AT D RN ZIT. RIRH RO IE
ELTHIATEDREMEZ A LTV D,

Z I TARETIE, YF Y FFRMOMEEHEICOWTHFER S ZFEL, &

SITERBEIEIC W TELE LT,

1 Rt K OERS

LAk« 3K

YF Y XBEL AV, BEEABICE s TEONTEN, 23k e L,
RYT 473y b r—/WZiE, 100 ug/ml T~ > (FOEHEE TRRAS
) | 3.0mgml A=V AT T A (FI T AL AR 2V,
Sabouraud Dextrose Broth £%#1{% Becton, Dickinson @ & @, DMSO 5 X 8
Mueller-Hinton Broth 55 #1 % Bd R b F Rt & D % v 72, limonene, thymol |
o~terpineol, geraniol 33 & O nerolidol (LA EHISE T EMAStED H D% e,
BRI Staphylococcus aureus (NRIC 1135) ZfEH L7z, foORIEILHE 1 F LA
HRObDEMHEH LT,
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2.V AT NT T BT K D RS

NEE1.Sem £ 30cm 22y 7 fF& W7 L7 v~ MEIZ Silica Gel 60 (spherical
63-210 um) 15g Z~FH o TRE L CHRE L, ZIUTHEM 0.5 g #~F ¥
SmlZEMELI-b DA~ LT, BWHHRIIA~FY L, Vo Frz—T LB
FORAZ ) —)VREF 41 OFETHE L,

2.1 GC-MS |Z X B FHERRSy DAT
PLEER GRS N E5ICEH SNHIEME 2512012, GC-MS
WZX DN EATo T2, O SRIFIEEFE 1 EE R E Lo,

F 4.1 BWEER O

Fr. N 0 AV JTF LT —F )L AR ) —)L
(No.) e (1) (1) (1)
1 100 % ~F 100 0 0
2 98 Y%~ 98 2 0
3 95 Y%~ 95 5 0
4 90 % ~FH 90 10 0
5 50 Y%~ 50 50 0
6 100 %> = F )L

I 0 100 0
7 100 % A X /J—)b 0 0 100

3K E X O D HUEEH]

3.1 X=X —F ¢ A7 IR L D HUEEARER

LW A —B&HIY | Sta. aureus % YPD RIEESHIC CTHijEG &R L=, HED
BRI A 1 ml =y X F o —T 1 -7, Zivai LB (15,000 rpm, 2 47)
L. EBAEET, EBAEKEZ 1 ml 12 THON L EE (15,000 rpm, 2 47)
L7z, ZO#HEEZ 2 ERR IR L7, I 500 pl OBHERKEIN 2 TRA L
T E R ES-, 2z 2 100 B, YT E# 7 L— b Bic8® A Lz, ~—%
—7 4 A2 (FILTER PAPER, 6 mm Ef#¢, ADVANTEC 1) ([ZRY T 47 a3
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FE—LBIOI TNz 200 TOBREEL, ZNEZEKRPEBM S NTFEXR
B RICEE, 37C, 1 HREEER LIk, N— =T 4 A7 OV IZTEH
IEMORE S EFHIIL 7,

3.2 H/NVEBIERE (MIC) ORIE

2.1.0B Y IZHIE R LA HERORERKZ 1lml =y N F a—TITHlo Tz,
IaEmLayEE (15,000 pm, 2 4y) LC, EEAZEC, AHANEKEZ 1 ml
Mz T, HFOuELIEE (15000 pm, 2 57) Lo, ZOEMEL 2 FEREVIRLTC
%, WIROWE L~ 7 77— T » FEBEARERE S 0.5 (1.0%%E Y 7 2 00.05
ml & 1L.0%HifE 9.95 ml ZIRG Licb D) &, ~7 77 —7 v NEEEERE S
1 (1.0%HEALSY 74 0.1 ml & 1.0%6EE 9.9 ml RS L7 b D) @ 660 nm (235
T AR E OO OMEIZ /2D X D ICARBEKEHNTHRE L, ~1 7
77 L — kD7 = /L Mueller-Hinton Broth 531 150 pl & 5> 7L 50 ul 2z
Too F%E 2 HETOIERAIR L, & Z~EiRE 5 pl 301 X AW ORGRIEE T
16-20 FFRES#E L=, v 7V OREEIL 125,000 ppm 7> 5 61 ppm D 12 B &
L. WD 2/ NMEBILRE (MIC) %k, ok, o7 Lok
1 50% DMSO T 50 5K L= b D% iz, IWEEOPUETEE DA 4 J E
9572 50% DMSO @ MIC & iHllE L7=,

4K O PR E O RFE

4.1 Hik~D Gl

150 mg DIEKRIZ 0.02M U iR AR K 4.2 ml & | limonene, thymol,
o-terpineol, geraniol 35X X nerolidol ® 1M * ¥ / — /LI GKIEFE 02 M 1k
BW 20% A X —VEIR) & 42ml ARG L, IRE HE# (30C,2h) L
7co control [ZIXA %/ — )V & NZ T,

4.2 HREIAEE A T V= 2T Ak

Ichihara B D GIEICHE L TIT- 72 %%, 722 b | 8538 & 5% D45 Bl (2,500 rpm,
10 min) L., {LEMREEAKEZGT-, TAIZ2.5ml ~FH & 035ml 1M K
At TN AR ) —EINZ 2 L EAS Lz, ZHUCEEZ 37.5 ul
Iz, w057 (3,000 rpm, 5 min) L7z, ~FH U@L 1.0 ml O#IK THSE L.
e = A7 V& 157=,
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43 GC |2 X 258

EIRNE R A F /LT 25 V% GC (Agilent 7890 A) THMr L7z, &fhE LT
717 A% DB-23(0.25 mmx60 m, FEE 0.15 um) Z WV FEA DRI 250C
717 MR 50C T 1 AR L 175C £ T25C/min THIE L.230C *
T 4C/min THIEL T 14 HRFFLI, A7 Y v FUVAT iEIX 1 ml/min &
L7, FERGEEDIRIE X FAME £E¥E S 2 2, 228, RIE S V2L imfs e
I E o> THEE (%) ZHEME L,

4.4 EARETHME (SEM) (IZ X 581%

3.1 CRBRICIREER T, TOBRERT L2041 L RBRICEEZ LM
L72. LA nerolidol & geraniol Z Wz, £z, (LEMEKE DDV I
A K ) —/V% control [ZHWZ, ZHUHDEKIT, BAEZITVSEM IZX 5
Bl 2T T2,

45 TIHY T+ AT 7 X —BIEMRIE

4121 THELNEZEREY v E Lz, @078 (1,500 rpm, 5 min) 217
W, EBBEY VT 4 )L — (starlab scientific) IZXVIEE LT, TART
vt A TM ALP (FEhisk TS 2 A0 UEEORIEEZT1T > 72, 96 X
~Af a7 b—hF (4 UFEASH) ICHER 20 wl (ZFEEREER 100 pl &0
Z. 37C. 15 A vFaX—F L, BUMFIIK 80u ZMNZ 7=, AEIL~
A r7a7L— R ) —=F—% M, MR EE LR/ & B 2 B
FTHLTNVI) T4 AT 7 X —EBIEHRZHIE LT,

4.6 R E

LW ALER U 7= AR BV i D E BT LAQUA twin (RS AR RUERT)
ZHAWTHIE LTz, [REEOEKEE DY 7 L % bead beater (Z & > T 5 min X
10 [E] (4,600 rpm) ffcHE L, HEFRZRE LT,
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4.7 ¥l ORIE

96 X UV ~A/uZA4 27—k (M—%FT7 4 v x—P AT 1474
v 7 RS ITAb S B AR 200 ul T EL, v A4 7 L— |k
U—&—% HAWTHIE LTz, [REROEERIEE DY 7L % bead beater (Z & > T
5minX5 [E3 L5 minX 10 [8] (4,600 rpm) fEHE L., EERAZ T L,

B2H BRBIOEL

1. Kl oHEERIC G- % oy DR E

YFYFXOEILVEMZMI L, Sta. aureus (2313 DHUEEMH 272 L
WO UBTNTT LTHE LIz, 72BE#EOIEIT 0.3 g, IR 65%TdH o7,
"BoNnNlzTo07 572 a & HAWT Sta. aureus \ZxF T DHERABREZ1T > 72,
TORR, Fr2, 4, 5BLV6 THEIFEANDIL, & <IZFrS5 & Fr.6 OIEMER
Mo 7s (£42) . £ T HUEEREZ AT S Fr.ad GC-MS (T L, Alacs
HILEMESHT L, TOMRERA3ICE LD, B, FxOMFZEIZLD T
TIZHEEH O STV % limonene, 1,8-cineole, thymol, geranyl acetate,
linalool, terpinene-4-ol 35 X TF a-terpineole 72 &' ™ 12 4y & #RF Tox L 4047 &
DD HDIZONWTHHEAREZIT o7& ZA T SITERNED bl (&
4.4) ,

Dorman & Deans [ZIE/SVVHLUE A ~7 ML ARFTT 2 2 & T HEMICEENT
WD IEFEMER Y OPLEEIC DWW TE R LTE Y *, thymol, a-terpineol,
terpinene-4-ol 72 & DOFE / T )V D Sta. aureus \ZxF T DMK A HE L TWD,
7277 T % thymol 3 & OF a-terpineol 23FRWVHIETEME A R E WO MiE L H Y 990,
Y FY T XD Sta. aureus \ZHT DHEMEIZZ O 2 N RESELELTWD &
Bz b,

Z ZCOHEERH OB W & A 41TV % limonene, thymol, geraniol, nerolidol
B L W a-terpineol D 5 Al DEEESLZHWT MIC ZHIE L7 (F44) . 2D
fEFL. o-terpineol ® MIC 3<0.0156 mg/ml & HAK <. RUWT 0.35 mg/ml O

thymol. 0.5 mg/ml @ geraniol, 1.0 mg/ml @ nerolidol, 1.68 mg/ml @® limonene @
NETdH -7z,
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F42 F£T7T7 7 arOlE, WERE L OPIE R R

Fr. & (mg) == (%) HrhE  (mm)
1 5.0 0.9 -
2 34.0 6.8 1
3 3.0 0.5 -
4 54.0 10.8 1
5 100.0 20.0 3
6 47.0 9.3 3
7 84.0 16.7 -

F43 K757 3D GC-MS HSHriE R

limonene
cymene
p-myrcene

selina-3,7(11)-
dien

a-pherandrene

v-elemene
p-panasinsene

p-cadinene

y-terpinene

y-cadinene

p-elemene
B-guaiene
caryophyllene
o-terpinene

p-pherandrene

2.94

2.82
2.35
131

1.22

1.21

0.97
0.94
0.93
0.57
0.47

germacrone
1,8-cineole
terpinyl acetate

geranyl acetate

benzyl
isovalerate

p-elemenone
octadecane

isopenthyl-
isovalerate

p-elemene
p-panasinsene

isobornyl acetate

bornyl acetate

40.75
7.57
6.36
6.24

3.92

3.90
3.19
2.04
1.80

1.55

1.15
0.56

germacrone
nerolidol
1,8-cineole

geranyl acetate

p-elemenone

linalool
carvacrol

terpinene-4-ol

terpinyl acetate

benzyl
isovalerate

benzaldehyde

p-ionone

KA FHIIHUEEM A HE ST DK

48

26.49
6.91
5.35
3.02

1.84

1.37

1.33

1.13

0.88

0.51

0.41
0.34

nerolidol
linalool
terpinene-4-ol

a-terpineol

geraniol
agarospirol
hedycaryol
borneol
p-guaiene
(+)-4-calarene

farnesol

thymol

9.41
6.53
2.32
2.25

2.08

1.96

0.78

0.71

0.50

0.45

0.42
0.20



# 4.4 Sta. aureus 23X D B EF RS OHUEIEM

Compound BHLIE 7 -2 MIC Compound BEL 1k 7 o1 MIC
(mm) (mg/ml) (mm) (mg/ml)

thymol >10 0.35 geraniol 8 0.50

B-pinene X - a-terpineol 1 < 0.02

nerolidol 4 1.00 a-terpinene X -

1,8-cineole X - terpinolene X -

terpinyl X - terpinene-4-ol | < 1 -

acetate

limonene <1 1.68 linalool <1 -

— 1 RIRE

I ~A 3 :MIC 1.25 ppm
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2. Sta. aureus \ZXFT 2K OPUREEHELE

FERE I DA KT HHE DO A I = X AT LD S TN T &
b, ARETIIWL 22O FEgrZ 8 U TERBEIEO M 237,

9. IETEA 2~ BRIC W T Sta. aureus D3FEERIT ED L 9 7e i BAk %
T TNDDONEMERT D720, SEMIZE > THIKOFR I Z B2 L7, geraniol
F L W nerolidol % S SH7-HE 2K 4.1 & 4.2 17T, EIRORICK X 72
BEH L WVIEIERITRO b o Tz, £ 2T, HiREBEOREGED~—7 —
ERBT NI T H AT 7 X —BIEREZHE L& Z A, BRI EGE LT
HEITR b2 o7 (K43) , BERICEBWTHHEERENRD bIR)
ST EMn (FERAM) | BMZEAT 27 VB, Sta. aureus DIZREIC
IIREREEL RISV ERHALNE R ST,

DiPasqua 51, HBHIZEH SN TINARUHERT =/ — )VIEDNE RO ffp R
(Zx UCHEA L, IR &2 25 SE D LME LT D ¥, 22T, S
aureus |ZHTHE CHUETEME 2 R LI /L&MW EH & T 0, 4. 8 L OENIR2
FHACAHE LTz, 2 TORBXITIBWT, KR o & Iz fafnishms o
FIE S EEIN L 7225 control & ALBRIX DRIZAME/R TR D B> 72 (£ 4.5)
Burt HI%, KR DI T o 2 7o OMBE~ER L9 < REaffENE2
DEIRITHELE RIFT EME L TOWER 2 Foxr OEBREE R TIXT A20=
7 = ) = )VEOERIZ XD NENFE O ZAITERD b o7,

WIZ, [FEROFEHI 31T 2 260 nm (Z351F DWOLERIE 21TV L&A EH
SHTLERB L O 4 FFEOIEEOHEB 2 X 5 (R Lc, ZORER, £2To
IbEMEAER S E 52 & TEMED EANEO L, 2, BEmBOEIRSS
IR LTV Z LA ER LTV, Helander b1, 7 EHOLEW A E
ats 2 L CHIREOFBMER LRT 2 LM LT02 %, LiznisT,
limonene, geraniol, nerolidol 35 &2 O a-terpineol |& Sta.aureus OFIEIZ/EA L.
ZiatEE LA S TEBOREZHET 2 2 &L THEMEZ R~ T EHER I T,
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bl
3.00um

S4800-1794 1.0kV x80.1k SEM) ' S500nm

4.1 Sta. aureus \Z geraniol % 4 FER/EH & #72% D
2 (L) BIUHEEESS (F) © SEM i

51



S4800-1794 1.0kV x15.0k SEM)

S4800-1794 1.0kV x80.3k SEM)

4.2 Sta. aureus |Z nerolidol % 4 BE/ER ¥ 7% D
2K (F) BIXOHEEHRS (F)
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0.12 -

e —

@ 0.08 -
& .
fact! @m==control
@===]imonene
@Sgeraniol
0.04 -
thymol
@ cinnamaldehyde
0 ' ‘
0 4 8

BERE (h)

X 4.3 SACAWHEREOT VDY 7 4 A7 7 2 —BiEMEO R ZL
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# 4.5 ALEWILELE AR O REIIAR B D RERF AL

FFfE (h) 0 4 8

fafn (%) 30.7 32.7 58.6
control

Aeafn (%) 69.3 67.3 41.4

, faFn (%) 38.1 38.9 472
limonene

Aeafn (%) 61.9 61.1 52.8

, faFn (%) 34.4 38.9 472
geraniol

Aeafn (%) 65.6 61.1 56.8

. faFn (%) 33.9 39.5 34.5
nerolidol

Aeafn (%) 66.1 60.5 65.5

, faFn (%) 32.2 37.9 29.8
a-terpineol

Aeafn (%) 67.8 62.1 70.2
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0.8 7

0.7 -
E @==limonene
=
o “==geraniol
o)
a thymol
8 @==perolidol

@==q-terpineol

0 R (h) 4
4.4 FALEVE DO RZER B DO 2 AL,
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Ee:s)

YTV T XOWREMEEZH LT 5720, lERBREZITo72 & 2 A, il 4
fE$  (Staphylococcus aureus. Bacillus subtilis, Saccharomyces cerevisiae %3 X T
Candida albicans) D3t L CHEFEHIRD bz, £2 T, iEEHZ B
IO EREET D72 VA7V GE L, R LI-E 25, limonene,
geraniol, linalool Z & de 7 B DNFE ST, T DX 5 G H S LR IER %
AT A, WIEROMIR T ORI 2 A8 S &5 L MENH o272, Sta.
aureus |Z limonene, thymol, geraniol, nerolidol, a-terpineol Z{Ef =+, HALER
FLER DT 24T - 7o, BAFNENIIE DN TR ST b DD, SEM IZ K 5 Bl%%
TIIRERBEN RSN o T, MORENLEIEROBE L RGET 272012
1T o 728 ERRAE T, thymol 23 5%DEER FHZ/R L, EEEOHIE TILS
AT R TUITHEINDAR D iz, 2L ORERNG, YFYFXohEERIX
P OFGERTICEDEDTHY | Z4UT SEM TBIZEEN D L ) M RE 70l
BT BRRAmE S ¥ X5 2WEM 2852 5 2 TW L aTREMERE 2
b,
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W ¥h

T 26 OWEITERE MEEL, EFESSCR BT E SR FEATEICHN
BTN D, AEENENITRDIZON TEIMSO R AR E D5 B FRDN L)
0, —REIZBFHESND L5102 o7z, FLTIEE VD ORI L THRRER)
MPREISH, ZREAH LSO MATL TROND X )IThoTz, F
o, TV OEBFNRIZONTORFIMIGE HITDIL, H 2O FEIMITeER
ZIEMHEALT 2 2 B OLNT WD, S OIZAMOR, RN, 4F 470 & Orghf
PEDRIERTE O ORISR T DR EV o Z 5 OWFZED IR
Rz s,

AL TIE, AFAHAER TCHL YT Y XOFEERICER Lic, ZOMHEY
%, kI —u y RIZBNWTA—T7RE— L OF D 1T & L THW LI Fisk
N5 HDOO, BUCTIIFIMIZHIRA S5, LarL, ©2ETIEILEmE THA
L. & OIZAWESIARSERBR G2 X 0 ZERIC K EHIH T & 2803 S
el einh, Bl BEER E LTI SN TWD, £ 2 TARIFZETIE, Mk
R R OFER DO FRATIER U, FH T O EFRS OMEREIIRIT & &b
2 FY T XHFLFELT T 2 5B ZRE LI, ETIEYTF Y FFOHERK
DEENTT D120, Y F YT FHENLKELEE ., Btz LU SAFE £
KO EHE U, FERD 2@ LT, T ORER, KRS KYE TH
S AL HEHTCIL, limonene, cymene, germacrone 723 FEEEKS CTh -7z, Hii A
EHROREH Tl KEKAE DOEINTH LR Do T2 B-myrcene X°
o-terpinylacetate Zffifi 55 Z L3 CT& 72, — T, SAFE{E X DR Ti,
B-pinene 34 25% & . KAKAEE ORI SEOEHEE /2> 7ML, limonene <X°
1,8-cineole DENE MU ORHTEL Y L E <, T TARVEENRLISHET D
ZENTEZ, ZNOLORERITANEED Y F vkl & 13820 | Hilkiz X
S THMOFRRIE LD Z LR INT, /2. AEDAJEIZ K> TYF v
XORAEDEFY MR T 5 FE B e pky & Rd7- & T A, B-pinene, linalool,
limonene, 1,8-cineole, cymene, terpinene-4-ol, B-selinene 33 X U B-elemenone @ 8
o7 ISR E ST,

ZIT, YFY T XEEREOMIT 21T o720, YFYFEmes Vs
NHTHra< T TT74—ICXVFEL, %7772 a rOFHEMRT %
{CEW % i Lz, £301E, BREsHIIIZ L > TYF v a5 & OFELUE 2 1
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ELEZA Uy T4 EOHLIER) FXaeR>7 77 a s Tikb M
PUERE <. £ DOFE X B-elemenone, germacrone 33 L U8 1,8-cineole Z¢ 2 FH 3K~
HEHEE I N, RNT, [7a—F 17— X AR oFHEzET
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Summary

Studies on aroma constituents in Myrica gale var. tomentosa

The relationship between mankind and flavor and fragrance has been kept
important from ancient time when flavor and fragrance played important roles in
religious ceremony. According to the development of human society, the importance of
the relation spread widely in our dairy life, such as food and cosmetics. In modern
society, many people suffer from stress caused by business and strain in daily life.
Many goods and services for relaxation to heal stress and strain are widely spread in
developed countries. Lavender oil and other essential oils known as relaxing effecters
are utilized in popular cosmetics and foods. In Europe, aromatherapy has been applied
for medical purpose, and many herbal oils have been used and their physiological and
pharmacological effects were recognized traditionally and experientally. Recently,
many studies on effects of flavor and fragrance on physiology of human were reported
such as activation of immunological or endocrine system. And further investigations on
the psychology and physiology and relation between flavor (or fragrance) and excitation
and relaxation of human must be needed.

Mpyrica gale and other members of the Myricaceae plant family are aromatic
shrubs, and were used in traditional medicine in Northern Europe and North America.
The dried leaves of M. gale var. gale are also used as a flavoring agent for beer, and a
perfuming agent for linen. Moreover, dried leaves and fruits are used as a spice for
soups and stews. However, the commercial applications of Myrica gale var. gale have
not spread to Northern Europe and America, because of the lack of available resources.
In Asia, M. gale var. tomentosa grows in the wild, in the marshes in Japan, especially in
Hokkaido, the northern island of Japan. Commercial use of M. gale var. tomentosa in
Japan has also not been available. Recently, our research collaborators developed a
mass propagation system of M. gale var. tomentosa by using a shoot tip culture
technique. This tissue culture system is ideal for propagating plants with genetic
homogeneity. Using our method, 2 hundred million seedlings can be obtained from one
seedling in one year. Therefore, M. gale var. tomentosa is expected to become a new

resource owing to its aromatic and medicinal characteristics.
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1. Aroma characteristics of M. gale var. tomentosa

The essential oil of M. gale var. tomentosa was prepared by hydrodistillation
(HD), continues distillation (CD) and high solvent assisted flavor evaporation (SAFE)
from dried leaves, and were analyzed by Gas chromatography-Mass spectrometry
(GC-MS) for comprehension aroma constituents in M. gale var. tomentosa exhaustively.
The yields by HD and SAFE were 0.32% (0.989g/300g dried leaves) and 0.42%
(0.169g/40g), respectively. In the essential oil prepared by HD, limonene, cymene and
germacrone were identified as major constituents. In the essential oil prepared by CD,
-myrcen and a-terpineyl acetate, which were not detected in the SD oil, were identified.
In the essential oil prepared by SAFE, B-pinene content was about 5 times more than
HD oil, and the contents of limonene and 1,8-cineole were higher than those in the oil
of HD and CD. SAFE method was shown to extract monoterpenes effectively.
Comparison of the aroma constituents in the oil of M. gale var. tomentosa and the oils
of foreign Myrica gale and related plants, the constituents and their compositions were
different each others, and there must be regional difference in the flavors of oils

obtained from these plants.

2. Aroma characteristics of M. gale var. tomentosa by mixed aroma experiment

The fractions of the oil of were obtained by chromatography on silica gel, and
the aroma characteristic of M. gale var. tomentosa was clarified by the sensory analysis
to determined the notes of the fractions and by GC-MS analysis. The similaritiy of the
note of each fraction to that of the essential oil was tested by the sensory analysis, and
the fraction having "woody and medicine like" note showed the highest similarity to the
essential oil. The note of the fraction was assumed to be due to P-elemenone,
germacrone and 1,8-cineole. The fraction having "floral green and brown red tea like"
flavor also showed high similarity, and linalool, terpinene-4-ol, nerolidol and geraniol
were assumed to be responsible to for the flavor. However, there was no fraction having
"saliva like" note that was experienced in the essential oil of M. gale var. tomentosa.

Then, mixed aroma experiments (AROMATCH) were performed to investigate
precise roles of aroma constituents. The olfactometric analysis of the constituents in the
presence of the flavor of essential oil revealed that "woody and medicine like" flavor

was based on germacrone and was enhanced by dehydroaromadendrene. The flavor of
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"floral and green" was based on linalool and geraniol, and the flavor of "green" was
shown to be enhanced by a-pinene. The flavor of "saliva like" was detected by

modulation of cadinene and cis-stilbene with other constituents.

3. Relaxation effects of the essential oil of M. gale var. tomentosa

The effects of the essential oil of M. gale var. tomentosa were tested by
psychological and physiological experiments using lavender oil as relaxation standard,
rosemary oil as wakefulness standard and isovaleric acid as food malodor. The
experiments were composed of near-infrared spectroscopy (NIRS) monitoring the
change of the amounts of oxygenated hemoglobin in brain, measuring the activities of
saliva a-amylase and profile of mood status (POMS) test that represens psychological
status. The essential oil of M. gale var. tomentosa exhibited relaxation effects in these
three tests, and the fractions containing characteristic aroma constituents also exhibited
the effects. In NIRS tests, the fraction containing (-elemenone and germacrone
exhibited remarkable relaxation effects among fractions, these compound must be
responsible for the relaxation effects of M. gale var. tomentosa. The ten times diluted oil
exhibited notable relaxation effect in Saliva a-amylase test and POMS test that are

known to response quickly by aroma.

4. Antimicrobial activities of the essential oil of M. gale var. tomentosa
Antimicrobial activities of the essential oil of M. gale var. tomentosa were
demonstrated against Staphylococcus arueus, Bacillus subltilis Saccharomyces
cerevisiae and Candida albicans. Chromatographic fractionation of the oil on silica gel
resulted in the identification of limonen, geraniol, linalool and other 9 constituents were
identified as responsible constituents in the oil. Then, the effects of limonene, thymol,
geraniol, nerolidol, and a-terpineol on the ratio of fatty acids were tested. The increases
of saturated fatty acids were observed, but apparent damages of cell membrane were not
observed by SEM. The increase of electron conductivities of culture medium of Sta.
aureus was observed by addition of thymol, and the increases of the amounts nucleic
acid were detected by addition of all 5 aroma constituents. The aroma constituents in the
essential oil of M. gale var. tomentosa must be responsible for antimicrobial activities.
The effects were assumed to be due to under microscopic damage on cell membrane

such as leakage of nucleic acids, but not heavy damage observed by microscope.
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In conclusion, the keynote of the aroma of M. gale var. tomentosa is "woody
and medicine like" due to germacrone and dehydroanromadendren, and the aroma is
also composed of additional notes of "floral green", "red tea like" and "saliva like". The
relaxation effects of the essential oil were revealed for the first time by three deferent
experiments, POMS, saliva amylase test and NIRS spectroscopy. The fraction
containing germacrone was shown to be responsible to the relaxation effects. These
characteristics of the essential oil of M. gale var. tomentosa must be beneficial for the

development of cosmetics, food additives and other applications.
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