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ABSTRACT

Comparison of Volatile Flavor Components

in Compositae Plants by GC-MS

Son, Ji Hyeon
Advisor : Prof. Kim, Kyong Su, Ph.D.
Department of Food and Nutrition

Graduate School of Chosun University

Compositae plants are widely distributed over the world, and about 920 genus,
20,000 species are known, and the number of compositae plants native of or
naturalized in Korea is about 300. Countries that eat compositae for food are
Korea, China and Japan, and they are known to be effective against colds,
stomaches, dizziness, high blood pressure and headaches, and anti—bacterial,
anti-cancer, and virus suppression. Various studies are being conducted on
compositae plants, including research on whitening cosmetics’ functionalities
using flowers, research on inhibitory effects of cancer cell proliferation, and
antioxidant effects of flower extracts.

Currently, Aster yomena (kitam). Honda, Aster tataricus Linne Fil, and
Chrysanthemum zawadskii Var. latilobum KITAMURA are called by the same
name because of their similar appearance and are difficult to distinguish unless
they are experts. Therefore, this study was intended to prepare an analytical
analysis method to provide basic data onto the volatile aromatic ingredients of
Aster yomena (kitam). Honda, Aster tataricus Linne Fil, and Chrysanthemum
zawadskii var. latilobum KITAMURA, which are the raw ingredients of

similar—looking foods.
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Among Compositae plants, moxibustion with the same order and an ant with a
different order is called ‘dulgukhwa’ because of its similar appearance. As the value
of natural and organic foods increases, the demand and production of various food
groups Increases, and Compositae plants are also in the spotlight in terms of
functionality. Therefore, in this study, we plan to conduct research to analyze the
volatile aromatic ingredients of Aster yomena, Aster tataricus, and Chrysanthemum
zawadskii, which are similar in appearance, and to provide them as data of volatile
aromatic ingredients.

The volatile aromatic component of Compositae plants was analyzed by GC-MS
using SDE and SPME extraction method. Separated volatile aromatic compounds
were established and sympathized with the retention index and quantified using
n-butylbenzenene added as an internal standard substance.

In SDE extraction, a total of 117, 115 and 120 volatile compounds were detected
in Aster yomena, Aster tataricus and Chrysanthemum zawadskii, individually,
whereas their total amount of volatile compounds were 2,199.49 mg/kg, 1,101.42
mg/kg and 6,682.62 mg/kg, respectively. In SPME extraction, a total of 63, 60 and
83 volatile compounds were detected in Aster yomena, Aster tataricus and
Chrysanthemum zawadskii, individually, whereas their total amount of volatile
compounds were 713.04 mg/kg, 357.60 mg/kg, 1,101.42 mg/kg and 4,476.31 mg/kg,
respectively.

As a result, there was not much difference between Aster yomena and Aster
tataricus, but Chrysanthemum zawadskii was found to have a difference in content
and composition with Campanulales. This study confirmed that the composition and
contents of the volatile flavor compounds vary between different extraction method.
There were also differences in the patterns of each functional group and terpene
type, and it is believed to be available as basic data for volatile aromatic

ingredients of Compositae plants.
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Table 1. Classification and photo of subject plants

Chrysanthemum
Aster yomena Aster tataricus zawadskii var.
(kitam). Honda Linne Fil latilobum
KITAMURA

Flower
Picture
Leaf
Order Asterales Asterales Campanulales
Family Asteraceae Asteraceae Asteraceae
Genus Aster Aster Dendranthema
Species yomena tataricus zawadskil
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2B ol (Aster yomena (kitam). Honda)e =3tdel] 3t ohdA
ofgafdtol = HeElol F7|7F dom WowA zolE °F 50 cmE AEH, o
oty vFHPeor rpEA w2 FU7F Aok =2 771040, dvii= 107119l
gom F=r T, A& B Aol sAe F3 Aol de EEFhH(Lee et al,
2018). WIZrelA  Hzw  wEHIGE),  AEETE W= (

<EZZES <B2H5H>, <EAefz>
2, s, ARRE, 2, olx R sja Sl ARSdTaL Y] EEo] Ut 5ol

AF AU 7159 FelH 7= g ek(Seo, 2019).
H A 2y, =2 Ay oz d43HWoo et al, 2008), &t &4 (Chon et al.,
2009), <+ o (Jung et al, 2005 Heo et al, 2007) 5 o8 Ag&A 7|5 sl
el wk 9lvl =3 DPPH(1,1-diphenyl-2-picrylhydrazyl radical), OH, % O
g 27 Adoa] &F Aol BF &2 EtOAc(Ethyl acetate) 4-¢ & oEH o7
gzt 2750 F7tsten, ols F3 &F-Aelrt Ast 2EHAE DAAA =
T e HA A EAM e eSS EITHKim et al, 2018). Kim(2014) 59
Ao A X Aol=  asteryomenin, 4-O-B-D-glucopyranoside-3-hydroxy methyl
benzoate, esculetin, isoquercitrin, caffeic acid % apigenin 52 &4 &2 (Kim et al,
2014)¢] 1= ow, iAol s FEEA G #H 2o xATHA
e FYE A A st As skt (Seo, 2019). EF A ik A

depd= Fdola Aid site T SRAcldA A A=vkael FFEol 457
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WY zhet, oldw, Zddgd H omwdel dAsA dAEHIE A
AHChoi et al, 2009). =7FEEAE=HF 7|55 A= AuFHEE o5&

AT ANwFH(Aster tataricus 1L.f), EWVH(Aster maackii

Regel),

WHIN #H (Aster koraiensis Nakai) 2 ZA70\v|FH (Aster tripolium L.) & 4&S2 EF

=8t A E(Aster)ol] SRS =55, 2020).
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,d
fot

2] Yol g%l e, pentapeptided = I

3+ pentapeptide ™= A, B, C

2 4

Atk 'l EeElE 8719 AelgA slgEZE shionene, epifriedelinol, quercetin,

kaempferol, scopoletin, emodin, aurantiamide acetate
1,7-Dihydroxy-6-methyl-anthraquinone”} &<1(Ng et al, 2003)¥ u}

terpenoid, saponins, coumarins, flavones, steroids % cyclopeptidesel] ¥3F

ol
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N
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P71oF So] ofAlE wWo] AMEHEdH B FEFE 2 triterpenoid ketone?l shionone,
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shionosides A-C & ©°] X115 I tH(Akihisa et al., 1998).
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AEe] WAl = ] 5AES fotstr] s s ZIAAERE 289 (gas
chromatography)t & &4 7] (mass ~ spectrometry)s 2] 7|74 o= 7] 4
A sFEEY 2, 74 2 FxZEA Y AESE 4ol sheekA H A
gy 7)o i3k 8184 fH7Zh(chemical senses)oZ  QlE] FIA QL wWH
ojEsHA]  we T fith AFoERYH WA AES Edste WHoew
AL T 57) 57 (steam distillation  extraction, SDE), Q2 (expression),
Sl == ¥ (solvent extractin), headspace™, A Y] 324 (solid-phase
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Bioprocessing, and Sustainability, 2007), &7] A&
EA s AY s AR ol&sty] 9% A wet AR = gtk 3
Fr)QRe] FHo deE FHIES YERRE JdE AR FE Eosie o)
7Hd Tast ARl wep A 2SS dEstoof dk(Song et al, 2000).

gulFE ol e wHow: gulsl ARAN FF 5ol AHdel o WA

AtH(Hong et al, 2018). & <A olA= LA I HEH FEW
SDEW 3, 718vEs AR&sA L
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A2 Azx R Y

A 1d AEARE R 77

A FIAE A4S fd AR FEo AREHE {718 mQl  diethylether,
npentane &< Fisher Scientific(Waltham, Massachusetts, U.S.A)lA HPLC
grade® 7% % wire spiral packed double FHF %X (Normshliff Geratebau,
Wertheim, Germany)= A</ A& AFSstATh T3 SHTE 182 MQ FFo2
A= F42 (Millipore  corporation, Bedford, Massachusetts, USA)olA & Milli
Q watht-Aers AREeAT 718 gE fa AHEE NaxSOs= 650T 9
slstRe A =AY Ef9lE ¥ desicatorel A WWgh & ALt RIFHS 9
n-alkane(Cs—Cq) 2} YiEgss4d=2 A5 = n-buthyl benzene<
Sigma-aldrichAHUSA) A F+43Fe] AFE-3FAtE. SPME absorption fiber assembly &=
Supelco Co., Ltd, (Bellefontem PA, USA)dA FU43te] ALE35HK
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A IR A 2 AR A4S 8 AR FFE(solid  phase
microextraction, SPME) module< sk GC e T} =%
Al 25 F 4 7] (multipurpose  autosampler, PAL system, AOC-6000, simadazu, Kyoto,
Japan)7} F-2dE JtxazeiE gy AR 71(GC-MS-QP2010Plus,  Shimadzu,
kyoto, Japan)& A}-&3F thH(Fig. 1).

Fig. 1. Instrument of Multi-Dimensional GC-MS
(GC-MS-QP2010Plus, Shimadzu, kyoto, Japan)
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=
FE=8& AERE ARESAY. B R FE2 Schultz S1977)9] el

FE4 AR AFEAS 98 100 mg/L n-butylbenzene 5 mLE FE& A&l #
bkl #5718 vl double distilling apparatus® A5 F 3+ n-pentane?} diethylether
38 ul(1:1, v/v) 100 mLE AF&3te] et sholl Al 3A17E &<k =319 tH(Fig. 2).
AEA 7l FE= F I 77189 E¥0l FF NaxSOE 7He 5 bAoA &

SR &S wAEe] S A s
U FEdE Y FNAEE w5

?l,

FEo] AAH F7]e B vigreux columneS AHE3sEe] oF 2 mL7MAl F

=
< Ny gas purges ©]&3] °F 05 mL7HA] FF3te] GC-MS TAAIE 2 A&tk
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(a) | (b)

Condensar

Extracting solvent

Saniple In waler

Fig. 2. Diagram of apparatus for Likens—Nickerson simultaneous distillation
extraction(SDE)(a) and vigreux type distillation column system(b) of volatile flavor

extract

_‘IO_
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2. Solid phase microextraction(SPME)el| ¢ 3t 3|ubA] 3F7| A H o] 25

oA e Fskat AEe] A I8 4 P ARe fibers
A8 Y&l SupelcorH(Supelco  Co., Ltd., Bellefonte, PA, USA)°lA
carboxen(CAR), divinylbenzene(DVB), polydimethylsiloxane(PDMS)E  ©] &3}
T eES vt g PR BAS $1g SPME FEH 7Hg Ak
fiber®= =<1¥ H=A4 fiberql PDMSE o]&3dto] Ao AR5ttt SPMEW &
o g3 A IR FE2 wAHIAI HHEAe] JivH % FEx AR 25
gS Zt7re] headspace vialel Heolw & UFExRTEHE 10000 mg/L  m-butyl
benzene 20 uLE 7}tk Headspace vials 80 + 2T =2 FA 3= 3 SPME
fiber7} vial®] septum= %3 ¢to =z 473 507k AH A plungerg E fibers

Hom yes: AT 5 AR siFiel HAISA sha 80T =xolA 5&3t

getd o 0% B wFAYE direct injection’d e ol§del FAwAHRS
B3

SRA A, P drHdEo] xFFE SPME fiberE injectore] FY3ste] 5
=

% gplitless modeol| 5] GC-MSE o]-g&3le] &3+t (Fig. 3).

_']‘]_
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Fig. 3. Procedure of solid phase microextraction(Zhang & Raftery, 2014)
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3. 3 PR BY 2 BAS 9% J7EH 24

A FAES B487] fEl AF8® GC-MS(gas chromatography-—mass

spectrometer)= QP-2010(Shimadzu, Kyoto, Japan) =2 S ©]£-3}$ S H, carrier gase

Ir

Heo % 0.8 mL/ming FA393 injectord =%+ 250C= AAsch AH2
7ZB-5MS(0.25 mm ID x 60 m L. 0.25 um film thickness, Pnenomenex, USA)E
Abgstd o &% FZ(temperature program)<  40TColAd 587 FA3 e
2C/min¢] £E2 220C7H <242 F 523t FAAR AL, 20T/ mine] HE=
280C7HA s2A1Z0 F 1023F FASRAT. GC Z2He 2=xdd o) Z2d
3dkAl VA S electron impact ionization(ED¥H 02 o] 2313913, ionization
voltageZ 70 eV, ion source &%+ 220CE AAsAct Az EA4LE mass spectrum
scan =2 EAEFe]l W9l 41-500 m/z2 A AL scan speedi= 1000 u/secoZ
A A3 2™ (Khan et al, 2015)(Table 2), SDEHol| &) =% A5& 1 uLE split
ratio 20:12 FY3s+9 a2, SPMEH 98] 3% A&+ splitless modeZ 4 3FA T}

_']3_
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Table 2. GC-MS conditions for identification of volatile flavor compounds

GC-MS

Column

Carrier gas

Gas flow

rate

Injector
Tonization

Ton source temp.

Interface temp.

Tonization

voltage

Mass range

Injection vol.

Mode

Temp. program

QP-2010 (Shimadzu, Kyoto, Japan)
ZB-5MS
025 mm I. D. x 60 m L., 0.25 um film thickness,
Phenomenex, USA)
He

0.8 mL/min

250C
Electron impact ionization(EI)

Total ionization chromatogram(TIC)
220°C

250C

70 eV

41 ~ 500 m/z

1.0 uL / split ratio 20:1, at SDE sample injection

splitless
Rate . . .
. , Temperature (C) Hold time (min)
(‘C/min)
0 40 5
2 220 5
20 280 10

Collection @ chosun

_']4_



4

Al 3

g

1.

o

717 9]

=
(¢}

A

GC-MSell 3 &&=
e

peak®] mass spectrum= ©|

13
of

s}

A

. M
parameter® 3+ 8749

ok, Holl Yeh= A

=
=]

-
S

I
T

ol

=5

Kovats RI

Collection @ chosun

w53 A2l 3]

3
A 4= (retention index, RI)

%-
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Table 3. Retention time of m—alkanes(Cg ~ Cy) for GC-MS retention index

NO RI" n-alkane Chemical name RT(min)”
1 800 CsHig n—Octane 15.34
2 900 CoHao n-Nonane 22.21
3 1000 CioH2 n-Decane 29.92
4 1100 CuHx n-Undecane 67.65
5 1200 Ci2Hos n-Dodecane 45.12
6 1300 CizHzs n-Tridecane 52.21
7 1400 CiaHzo n—Tetradecane 58.90
8 1500 CisHzz n—-Pentadecane 65.21
9 1600 CieHz n—Hexadecane 71.18
10 1700 Ci7Hss n—Heptadecane 76.82
11 1800 CigHag n-Octadecane 82.17
12 1900 CioHyo n~Nonadecane 87.25
13 2000 CaoHaz n-Eicosane 92.08
" RI : Retention index
? RT : Retention time
1.50{:1.000.000)
100] c20
075 o
am) G s o e c2 c13 e g
LTI
L

00

Fig. 4. GC-MS total ion chromatogram of n—alkane standard mixture(Cg ~ Cs)
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U Sy @14 Re) 4

GC-MSol| 93] #zd 39A 7| EL2 Total ionization chromatogram(TIC) Z¢

peak®] mass spectrum library software(NIST 14, WILEY 7, FENSC 2.0)¢} mass

spectral data book(Stephen, Abrahamson & Meclafferty, 1974)3}¢] 4 x] & F3Ake]

RI(The Sadtler standard gas chromatography retention index library, 1986)¢} W]l

=3 sAstAH

2. A PR AP

X1
Componentcontent (mg/kg of samples) = %

7} sampledl A n-butylbenzene®] peak area

A
B: }\]E—g] Oo}:<g)
C:

7} sampleol| Al 7} 3}3FE 9] peak area
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A1 d HEFAgele] A FVAEE

1. SDER el <3t iy &F714+

SDEF=H <& 3l gld Aol Iy AEES & 17Tz e
2,199.49 mg/kg o= S H ATt FFAolo A Fld g =] Herd A

+ hydrocarboni 48%, alcoholi 28%, aldehyde™ 20%, ketonew 8%, oxidew 8%,
esterit 4<& 2 miscellane® 2F°] FAE At #F7] FFHol WE peak area
hydrocarbon® 7} 40.68% = 7} =<ko ™ alcoholf 7} 23.73%, aldehyde¥ 7} 16.95%,
ketonei+ 7} 6.78%, oxideF7} 6.78%, ester+7} 3.39% 2 miscellane+ 1.69% <O 2
1 ¥ et

ZypAgolon g g FHon FAw U B

ol
o,

2 germacrene BE At &
peak areay 14.25%o°|H, =S 31345 mg/kgl® EA¥Art. Germacrene B
woodystil spicyd SAHCoE ¢l AHE U AE F stuE &€ vk AHClark,
Chamblee & Lacobucci, 1987). %54 o]o| germacrene B ©]9jol] =k &l A
germacrene D 13.35%(293.79 mg/kg), a-caryophyllene 10.70%(235.34 mg/kg), perilla
ketone  9.55%(210.08  mg/kg), (E)-B-caryophyllene  6.36%(140.03  mg/kg),
neophytadiene 5.25%(11552 mg/kg), (E)-2-hexenal 4.01%(88.17 mg/kg), B-elemene
3.12%(68.66 mg/kg), bicyclosesquiphellandren 2.85%(62.70 mg/kg), a-zingiberene
2.01%(44.30 mg/kg) 2 (E)-B-farnesene 2.00%(44.10 mg/kg) 5o = 3Hel¥ it}

i zgolo| A FelH terpenoidF 79202 AA|9 66.95%2 Ao, e
1,847.58 mg/kg°] 1 t}F. Monoterpene hydrocarboni 7} 7.59%(4.50 mg/kg), oxygenated

HE
rlo

monoterpeneF 7} 26.58%(266.40 mg/kg), sesquiterpene hydrocarbon¥ 7}
49.37%(1,441.23 mg/kg) L oxygenated sesquiterpene 7} 16.46%(135.45 mg/kg)E =}

_']8_
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A&kt &HEAoloA  Bel®l  monoterpene(Cy) hydrocarboni+i= B-pinene, «a
-pinene, B-myrcene, limonene, y-terpinene 2 a-terpinene°] A FH o z}zke] st
Zo 173 mg/kg, 0.94 mg/kg, 0.89 mg/kg, 0.59 mg/kg, 0.22 mg/kg 2 0.13 mg/kgo]
2t} B-pinenex a-pinene} HE|Z F X oA AAE pine oild ThEFo R EA 3=
Hhe of 9 Ao ko g EA i L& ArH(Al-Saidan et al., 2004).

Limonenes HMEHE3 dd 3IEZ wWFAHS 7IX = v ZA Exloln] iz A el

Ol

monoterpened & 3t} E d-limonene 2 1-limonene ¥ 7}A1 9] oA A A7} &4 3k},
D-& 9 4-F | Sdo® AAo g F54 wizol g, vl WA T
SpEI 2EARde de AFgE 3 dtH(Park, Ko & Kim, 2015). &3k limonene<
T, 9, R H o] QhAlFEol A ek A dAlek HX G A BEFol A ek 2akE

A=3 vl A Crowell et al, 1994). Oxygenated monoterpenet & 3Hel¥ 3}stE 2

(

o
O
(03

rr

perilla ketone, linalool, lavandulol, a-thujone, a-terpineol, eugenol, borneol,
(E)-carvone, (E)—-nerol, perilla aldehyde, terpinen—-4-ol, B-cyclocitral,
(Z)-2,3-pinanediol % (Z)-geraniol ]t} Z+Zhe] peak area™ 9.55%(210.08 mg/kg),
0.819%(17.80 mg/kg), 0.29%(6.39 mg/kg), 0.21%(4.58 mg/kg), 0.19%(4.21 mg/kg),
0.18%(4.06 mg/kg), 0.18%(3.96 mg/kg), 0.15%(3.22 mg/kg), 0.14%(3.11 mg/kg),
0.09%(1.98 mg/kg), 0.07%(1.62 mg/kg), 0.07 %(1.44 mg/kg), 0.05%(1.19 mg/kg) =
0.04%(0.85 mg/kg)= A=A}t HHE-Aolo A EQH oxygenated sesquiterpenei =
humulene epoxide 1II, caryophyllene oxide, isolongifolol, spathulenol, valerenol,
germacrene D-4-ol, (E)-nerolidol, a-cadinol, a-muurolene % gossonorol 5 2.2 22l
Atk 2] peak areat™ 1.41%(31.06 mg/kg), 0.96%(21.21 mg/kg), 0.90%(19.76
mg/kg), 0.61%(13.43 mg/kg), 0.55%(12.15 mg/kg), 0.54%(11.88 mg/kg), 0.46%(10.05
mg/kg), 0.21%(4.66 mg/kg), 0.20%(4.29 mg/kg) % 0.16%(3.57 mg/kg)= <= T},
Humulene epoxide= ©FA AZAA HS A o™, humulened 4+t Egolt)
I,0I 2 MmM3o] &A%, m-chloroperbenzoic acid¢t &7 Ak3lxo] 4z 5719
diepoxides (A-E) #H¢ A& ZAA 189 A A B CEZ AAH 3719
diepoxidesE ™, A9} B monoepoxides I,II 2] ¢l epoxide H©o] A= Ao =E
& ¥ 2 dtH(Peacock & Deinzer, 1989).

_']9_
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7} wo] 2% terpeneit ¢l sesquiterpene hydrocarbonf ¥ & 39F oW, dhEo
F 1,441.23 mg/kgo. & 3l ¥ At} Germacrene B7} 14.25%(313.45 mg/kg) & 7} =
2 ggFo]l Folxl o germacrene D, a-caryophyllene, (E)-B-caryophyllene, B
—-elemene, bicyclosesquiphellandrene, a-zingiberene, (E)-B-farnesene, y-elemene,
(E)-y-bhisabolene, B-cubebene <=2 & 3ttt Z+ZFe] peak areas= 13.35%(293.79
mg/kg), 10.70%(235.34 mg/kg), 6.36%(140.03 mg/kg), 3.12%(68.66 mg/kg),
2.85%(62.70 mg/kg), 2.01%(44.30 mg/kg), 2.00%(44.10 mg/kg), 1.82%(40.01 mg/kg),
1.43%(31.48 mg/kg) % 1.05%(23.02 mg/kg)ol 2t Bicyclosesquiphellandrene-&
Melanthera scandens Roberty 359 34 a7 4 2o A 1940%=2 744 =o o
stolsl Hl 9lth(Florence et al., 2011). a-zingiberenes A7 QU9 FQ8 3|utAl
FrEer A MEUHERE olFo] FdEHA e, Singhel(2008) A Fd &F

7143 AT A 930%9] o= FAFE I

tjo
ot
O:

>v
0\

_20_
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Aol A 28 FHE ALY P EE F 53T, RS 641.60 mg/kgS =
glEdrt. g sstEel e EFE hydrocarbonil 33F SR USE
o]Fow It} o7 glcoholi 8F, aldehyde 5%, ketoned 4%, oxided 2% %
miscellaneous  1E¢]  FAHYth FH(mg/ke)S AR A5 5
hydrocarbon# 7} 48857 mg/kgl & 7}4 W& e Ay Lo & oxide,

2 5835 mg/kg, 47.18 mg/kg, 42.65

(o

aldehyde, alcohol, ketone, miscellane 3}3t% <=

ZR-Aolo A w2 FHor Iy Ity g2 (E)-B-caryophyllenel =
A% peak areatE  16.88%°]W, sFEFe 10828 mg/kgo®  EAE At
(E)-B-caryophyllene(CisHos) 2 sesquiterpene hydrocarboni & 2] &of o] &3},
F2H 2d, Ay <, Ztolul WA Fo Fa 3w IFr)AdFolth. Musty, green,

<, st 2 FFAE

ot
2

spicy, woody, terpeny, fruity = sweetd =4S 7}AH
AA &Y Fol ¢#HA Utk Reddy, 2015). = AF-lA
B-caryophyllene®} caryophyllene oxide’} 32QEF o™, Choi(2018)2] A o]
A9 32 gr|A R %= caryophyllene alcohol¥ Tl &Eo] &elw At}
(E)-B-caryophyllene ©o]¢lo] thFe =z ¥ A2 bicyclosesquiphellandrene
9.229%(59.15 mg/kg), dihydroacetinolide 6.70%(43.01 mg/kg), a-caryophyllene
6.09%(39.07 mg/kg), 6-cadinene 5.81%(37.27 mg/kg), (E)-B-ionone 5.47%(35.07
mg/kg) % neophytadiene 5.41%(34.74 mg/kg) 5o 2 gl% gt}

rr

a¥, cis, trans®d 9

_2']_
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Zgolo A BlE  terpeneR i 4l1F o R HAY  77.36%(51953 mg/kg)E
2}A) 5 o™ sesquiterpene  hydrocarboni7F  26%F  63.41%(443.47  mg/kg),
oxygenated monoterpene’F 9% 21.95%(8.67 mg/kg), oxygenated monoterpenei7}
5% 12.20%(60.79 mg/kg), monoterpene hydrocarboni7} 1% 2.44%(6.60 mg/kg)<

Tog2 FAHAUY. EHHEAolo A EelH monoterpene hydrocarboniriE 1FS =

—

decanee] &dFdom L 660 mgkg(1l03%)o =  WwE g glako)
gelx 9tk Oxygenated monoterpenew = 9&°l™, &2 866 mgkgl=
gelzon, 4" SgEZE eugenol(1.96 mgkg), 35-octadien-2-one(1.77
mg/kg), B-cyclocitral(1.52 mg/kg), (E)-carvone(1.15 mg/kg), a-thujone(0.61 mg/kg),
lavandulol(0.60 mg/kg), (Z)-chrysanthenol(0.48 mg/kg), (Z)-2,3-pinanediol(0.32
mg/kg) 2 borneol(0.25 mg/kg)el B EHSTE B-cyclocitrale sweet, mild, green,
grassy, floral ¥ hayst 54 o= JFAHE T3 AMAE W=+ Cyanobacteria®)
AR oz oy vl dvh(Jittner, 1976). a-thujoneS mentholic, cedarleafe] E4S
7HA W Zzekg] o] g IR AR Eeld v dlth (Z)-chrysanthenol
a-thujone®t 37 SF-Aolel e =3tael A= AF AEAd FV|ERAAM =
gold vk ddow, Fdo Bud w3t A= AFAdEd vugds w FgHEel
=2 Aoz oy dti(Hong, 2002). Lavandulole Zhwit]e] F¥ Ay ow
floral, herbal % lemon®] E54& XYy Ad#goz 7HHwS 7Fetgs 1
ErE A SsirATTL deA FFAzE Wol 2ol JYTHKim et al,
2014). Borneol Chrysanthemum?; 2 Artemisia®s 319 WEAQA  3IFtA
g1t ew A WAEATT AAEIe  ATddA w3 AEe Fa IAEA
P71t ew RuHgon, WA FHFEFE AxEHol 7 durF ooy H
g Ao oz AxHa Yo dFAVF FE olFa Adrk Tg oFd Ao
715 7HAAL AEFe] SR JEA, T ASAdA 9 s T 9=

VCHFTEE, 2005).

kol 1l

;0
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Sesquiterpene hydrocarbonf+ 26522 44347 mg/kgd 7FY =& Steow
geolHon, FAHHE 33 EZE S-cadinene, y-elemene, y-cadinene, y-muurolene,
y—amorphene, B-copaene, a-cubebene, a-farnesene, B-elemene % germacrene B
5ol FAEAY. S-cadinene ‘Cade juniper’'®] olFelA FAHHEANSH, a-, B-, -,
§-d 9 olddAA=E A AuF F £ T oY A=Y Ao EdHd
Copaene a- % B-3 F7HA9 o|MdAAZR EASH, Copaifera langsdorfiidl ~|
Ae Y $AHHUAL a-copaene> LT A=A 7HE &3] AT E=F Ak
Aol HESF wgAolA FAst THE SR fFHEACl §le A=
gFol & 1 oH(Tiirkez, Celik & Togar, 2014). Elemenes UThF3h 2 EoA] AR = HA
SfER a-, B, y- 2 6-Fo] EAstaL A=Y x FT|et AN

vk o, 4, kAl 2 wEY AgAEZE AREEWH(Zhu et al, 2011).

Cubebene& a-, B-&o| &A3taL Piper cubeba®l Vvl A& 2% ™, mild,

HS

a9

N

waxy % woody® 54& ZHAth mE, aE Ahe fEHY HAwy FYRoR

de A glem, 5l

=
;qr
1<_>1‘_5
&
f
>
ofo
i
]
o
K
X
s
Y
do
SE
ko
o
i
=t
12
of

ojefE o g AMEE7|E= 3l Oxygenated sesquiterpene % 5HF o= 60.79
mg/kgel THFoz o, FAHE S3ELS  (E)-nerolidol, spathulenol,
caryophyllene oxide, salvial-4(14)-en-1-one % isolongifolole] =1= Ut} z}z}o)
sheke 059 me/kg, 24.18 mg/kg, 15.33 mg/kg, 642 mg/kg 2 14.27 mg/kgo]th.
Nerolidol> #}1e] W A E3 o ogald e dddia wo] XM cis %
trans@ o] 7+ 7HA o] AAA EAET. AA, A2, gpid, HE® 2
gl aetse] dEA g FrAR e R delA dow Ml FqFF 5 s
Funm Bol ARSI kst FeF B O A& YA Tleol dAgd W
2AtHChan et al, 2016). Spathulenol bicyclogermacreme®] &7] oA 2F3}E o
AREY Ae FAHF29 dHE FEEAA Hid oy tdst A= Fid
o=
o]

pad
g

stolw a1 9lal biter herbal flavor % earthy—aromatic odord] EA o =2 3+

}

ot
=
lfol'
m{m

7} 21 tH(Nascimento et al., 2018).

_23_

Collection @ chosun



El

3. SDE % SPMEel ©& 34 &7 4% v

Zx Aol WA A7|JES SDE @ SPMEW| wet F3Est0] GC-MS=ZE #4] 3k

Table 491 Wetligith. SDEHIA eld A 7L F 1Tsez FF
219949 mg/kgollem, SPMEWHolA = 5H3Fox a2 64160 mgkgl =
AU T4 = 24 ol uigk FelA S Aot AdH Rev|EE
H s B kS u] SDEFEWolA 9 peak arear™ hydrocarbon (40.68%) > alcohol
(23.73%) > aldehyde (16.95%) > ketone (6.78%) > ester (3.39%) > miscellane
(169%)%] #HHS BAS™, SPMEFEHA A& hydrocarbon (62.26%) > alcohol
(15.09%) > aldehyde (9.43%) > ketone (7.55%) > oxide (3.77%) > miscellane
(1.89%) o= SJHAry. &HFAgolo] A Fa F7|E4ELS  terpenoidi =
SDE® A 9] peak areaw 66.95%, SPMEW A& 77.36%=% WEFSTE. SDEW ol A
7F =A ¥ terpenoidiFi  sesquiterpene hydrocarboni7F  49.37%(1,441.23
mg/kg)®  7FF =A #FFEow o ®  oxygenated monoterpene
26.58%(266.40 mg/kg), oxygenated sesquiterpened 16.46%(135.45 mg/kg) &
monoterpene hydrocarbon¥ 7.59%(4.50 mg/kg) o2 Felw gt SPMEWH ol A
T3k sesquiterpene  hydrocarbon7F  63.42%(443.49 mg/kg)Z 7S =4
FAEAo  oxygenated monoterpened  21.95%(8.67 mg/kg), oxygenated
sesquiterpenef 12.20%(60.79 mg/kg) 2 monoterpene hydrocarboni+ 2.44%(6.60

mg/kg) o2 YEET. SDE % SPMEWolA FEo= gdd Fao I

ofk

714 5L germacrene B, germacrene D, a-caryophyllene, B-caryophyllene,
neophytadiene, B-elemene, bicyclosesquiphellandrene, y-elemene, caryophyllene
oxide, S5-cadinene, 1solongifolol, (E)-B-ionene, a-farnesene, spathulenol,
(E)-nerolidol, y-muurolene, a—-amorphene, y—amorphene 2 dihydroacetinolide % 9|
ol H . SDEFEWAw &H 333E2Z+= bicyclosesquiphellandrene(2.85%),

a-zingiberene(2.01%), (E)-B-farnesene(2.00%), (E)-y-bisabolene(1.43%), humulene
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epoxide II(1.41%), isolongifolol(0.90%), valerenol(0.55%), germacrene D-4-01(0.54%),
valencene(0.50%), dihydroacetinolide(0.37%6), lavandulol(0.29%), &-amorphene(0.22%),
daucene(0.21%), a—thujone(0.21%), elemicin(0.14%), (E)-nerol(0.14%) Y
(E)-2-pentenal(0.10%)¢]  peak areawo® et SPMEFE&S %3
A o] of] A wk g s gHEo bicyclosesquiphellandrene(9.22%),
dihydroacetinolide(6.70%), caryophyllene oxide(2.39%), isolongifolol(2.22%),
3,5-octadien-2-one(0.28%), 1-dodecene(0.27%), germacrene B(0.16%),
elemicin(0.15%), B-elemene(0.14%), a—-thujone(0.10%), lavandulol(0.09%),
isogermacrene  D(0.09%),  (E)-nerolidol(0.09%),  (Z)-2,3-pinanediol(0.05%) %

5-methylundecane(0.04%) 5o & 22l % Slt},
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Collection @ chosun
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Fig. 5. GC-MS chromatogram of Aster yomena (kitam). Honda (a) SDE and (b) SPME
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Table 4. Volatile organic compounds identified in the Aster yomena (kitam). Honda

by two extraction methods (SDE and SPME)

Aster yomena (kitam). Honda

1 2) 3) 4) SDE SPME
NO RT RI Compound MW MF Amount Area Amount Area
(mg/kg) (%) (mg/kg) (%)
1 1018 729 2-Ethylfuran 9%  Cao  BOLE 190 E - -

2 1187 753 2-Methylbutan-1-0ol 88  CsHpOo 038 029 & - -

0.10 0.00
(E)-2-Methyl-2-buten 117 + 0.05 +

3 1220 758

al sl CGHO - Th00 000 ) )
4 1285 767 (E)-2-Pentenal g co  Alar 010 - -
5 1530 802 Hexanal 100 CHeO 0P8t 024 - -
6 1748 834 2,3-Heptanedione 128 CHeo: 008 E 000« - -
7 1763 836 Furfural 9%  CoHio. OfF 02 s - -
8 1885 853 (£)-2-Hexenal 98 Cowo SBLEE A0l s - -
9 2303 912 Methional 104 camos  0f0E 002 - -
10 2333 916 Sorbic aldehyde 9 cano 100E 00 < - -
11 2717 965 Benzaldehyde 106 CHo A% 02 16 x 026 <
12 2753 970 5-Methylfurfural 10 CHo: 098 E 001 - -
13 2824 979 [-Pinene 136 Colis 1050 098 : - -
14 2844 932 3-Octenol 128 CsHoo  Of9 001 - -
15 2888 988 2-Methyl-3-octanone 142 CoHi0 02 & O0L = - -
16 2916 991 Sulcatone 126 cstmao 090 000 08 k000 %
17 2938 994 2-Pentylfuran 138 CHuo 085 00 < - -
18 2997 995 [-Myrcene 136 CuoHis 0'68.%5 Ot?.%oi B B
19 2999 1000 Decane 142 colz 050t O O80T TR
20 3018 1005 1(52*2*(Z*Pentenyl)*fu 136 CsHrO 1.&%; 08(5)(;1 _ _
21 3107 1010 (B E)-24-Heptadienal 110 CHwo ~ 0Z0* 001 = - -
22 3133 1019 a-Terpinene 136 Cublis O3 F 001 - -
23 32.32 1032 Limonene 136 CioHis O'g%f Oggoi - -
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Table 4. Continued

Aster yomena (kitam). Honda

N , , SDE SPME

NO RT RI Compound MW MF Amount Area  Amount Area
(mg/kg) (%) (mg/kg) (%)
24 3373 1050 Phenmylacetaldehyde 120 Cao 200" Ogd* - -
ISS) 34.46 1059 n-Butylbenzene 134 CioH14 - - - -
95 3466 1062 y-Terpinene 136 Cots 022t 001 = - -
26 3515 1068 (E)-2-Octen-1-ol 128 Cgo 00t 002 %
27 3702 1090 35-Octadien-2-one 152 Cuo ~OFZ = O0L w177+ 028 %
98 37.83 1102 Linalool 154 Colso 1780+ 081 = -
29 3821 1107 Nonanal 142 CoHso POt 000w 20 e 000
30 3874 1115 a-Thujone 152 CoHieo 498 02Lw 00L& 048 %
31 3921 1121 2-Phenylethanol 122 G0 O e 002 % - -
32 3960 1126 (2)-2-Menthenol 154 coHso  0F2F OOL* - -
33 4110 1146 (2)-Verbenol 152 coso  OFpt O0L* - -
34 4125 1148 2-Phenylacetonitrile 117~ CapN 090 = 003 - -
35 4147 1151 Camphor 152 coso  OFpt 001
36 4168 1156 5-Methylundecane 170 Cutls 1005 09T = 086 = 004 =
37 4208 1159 (E2)-26-Nonadienal 138 GO Og= 091 = - -
38 4233 1163 (2)-Chrysanthenol 152 Cutlo O3t 02w 048 = 007
39 4253 1165 (E)-2-Nonenal 140 caeo 050 % 08 - -
40 4299 1172 Lavandulol 154 Cobso O 029 060 = 009 =
41 4308 1173 Borneol 154 Culso S0 018 025w 001 =
42 4389 1184 4-Terpineol 154 Coliso 192 00T = -
43 4458 1193 1-Dodecene 168 Cutly O3t 002 = OLTL= 027
44 4492 1197 a-Terpineol 154 cotiso 42U 019 = -
45 4601 1211 24-Dimethylundecane 184  Cutls  Of1 = 098 = 028 = 001 =
46 4636 1214 26-Dimethylundecane 184 ~ CiHs 205 0130 15T+ 021 =
47 4679 1224 Coumaran 120 Ccawo Vg5 02 e
48 4719 1229 B-Cyclocitral 152 Coleo pd)r 00T 102w 0%t %
- 28 -
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Table 4. Continued

Aster yomena (kitam). Honda

SDE SPME

NO RT"” RP Compound MW ME” Amount Area Amount Area
(mg/kg) (%)  (mg/kg) (%)
49 4748 1233 (2)-Geraniol 154 Colgo ot 008 = - -
50 4758 1234 (Z)-Carvone 150 CoHio S O LIS e 018
51 49.05 1255 Perilla ketone 166 CiHuOz 21998+ 950 * - -
52 4933 1259 (E)-Nerol 154 CoHsO  Siht 0l - -
53 4985 1267 ;CZe)tgt%hrysanthenyl 194 CisHisOz O.S%li Oé)%oi _ _
54 4997 1268 (E)-Myrtanol 154 CoHso OJT 002 - -
55 5107 1284 Perilla aldchyde 150 CuHiO et 009 - -
56 51.68 1293 Isobornyl acetate 196  Ci2H2002 150.52451 Og(l)li - -
57 5213 1297 a-Methylnaphtanlene 142 CuiHio Og%oi Ogéoi 0'&(5)(; O'(%Oi
58 5328 1316 (E)-Carveyl acetate 194  CizHisO2 4'(?,%; 0'02%)0i B B
59 5368 1322 4-Vinylguaiacol 150 Cobooe 2340 106 = - -
60 5390 1326 (2)-2,3-Pinanediol 170 CuHisOe 19, 0% 052 005 <
61 5443 1334 Silphiperfol-5-ene 204 CoHz 100t 0B E - -
62 5493 1341 Presiphiperfol-7-ene 204  CisHazi 1555 006 < - -
63 5517 1345 & Eiemene 204 Cotn 12 000 - -
64 5599 1357 a-Cubebene 204 CiHa  O0f3® 003 Adll =220
65 56.21 1360 a-Longipinene 204 CisHz 0'07_(2)1i Og(s)oi 1'&(2); Obl_goi
66 5662 1366 FEugenol 164 CuHeop A406® 018 196 031 <
67 5753 1380 a-Yalangene 204 CiHz 520t 05 98 140t
68 5785 1385 a-Copaene 204 CoHx 250+ O3 S8 062
69 5807 1388 Daucene o4 ot 400 021 - -
70 5875 1398 G-Cubebene 204 Cotn 02 105 - -
71 5883 1400 S-Elemene 204  Cit 0860+ 312+ 089 = 014
72 5983 1416 (2)-fCaryophyllene 204 CiHi 0o 002 = 018 & 008 =
- 29 -
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Table 4. Continued

Aster yomena (kitam). Honda

NO RT" RI Compound MW ME" AmouniDEArea Amoursf MEArea
(mg/kg) (%)  (mg/kg) (%)
73 6036 1424 - Ylangene 24 Gt ogot UI8 o 2le s 008
74 6082 1431 B-Caryophellene 204 CisH 1003 650 % 10828 = 1688 =
75 6120 1433 B-Copaene 24 CisHa 05 F 02 19385 20 -
76 6151 1442 y-Elemene 204 Cistly 000+ 125 203d s 31T
77 61.76 1446 Isogermacrene D 204 CisHoa4 16%; O()O_Z)oi Og(())li O'(S)goi
78 6232 1455 35-Cadinadiene 204 CoHu 90T 000 1231 102
79 6269 1461 (E)-(-Farnesene 204 CisHz 44(')'1700i 2‘8_8; - -
80 6285 1464 [-Sesquisabinene 204 Cistl 1339+ 06 = - -
81 63.03 1466 a-Caryophyllene 204 CisHo24 232%% * 100_7107i 39&37; 6'8?;
Q2 6358 1475 i(eZn)e*Muurola*Zl(lS),S*d 204 CrsHos 2,07.(7)4% Ot)l,(S)Oi 2209315i 3.6%;
83 6434 1487 Valencene 204 Co 1082+ 050 = - -
84 6436 1488 y-Muurolene 24 CisH 90 Od5 = 1880 201+
85 6475 1490 Germacrene D 204 Coln 29309 1335 = 02l s 001 =
86 6478 1494 y-Amorphene 24 CisH 5015 080 5 17805 20T -
87 6489 1496 (E)-B-Ionone 192 CuHxo 1703 080 = SROT = 57
88 6506 1499 a-Zingiberene 24 Gt M 20 - -
89 6550 1506 y-Cadinene 204 Gt A0 F 02l 1950 = 300+
90 6571 1511 Ig)é(éyclosesquiphellandr 204 CisHos 6207é)9i 2.5%.(5)54: 59(3.15)3i 9.()2%;
91 6588 1512 a-Farnesene 204 CisH  3LE 009 = 1291201 -
92 6609 1513 a-Muurolene 204 Cot A2 F 020 % ZLAT = 385
93 66.11 1516 B-Bisabolene 24 CisH 118" 008 = - -
94 6626 1518 & Amorphene 204 Coin  AT0F 052 % - -
95 6627 1519 (2)-y Bisabolene 204 CisHa 1070 % 049 2 - -
96 6670 1526 a-Amorphene 204 CoHn 90 0do = 2 = 09
97 67.18 1534 &Cadinene 204 CisH 198+ OZ0 5 STEE s S8
- 30 -
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Table 4. Continued

Aster yomena (kitam). Honda

N a SDE SPME
NO RT™ RI Compoind AT Ll Amount Area Amount Area
(mg/kg) (%) (mg/kg) (%)
98 6733 1537 (E£)-a-Bisabolene 204 Citln 1905 OOT = OO07 = OO =
99 6761 1541 (E)-y-Bisabolene 24 Cit  SLEE LA -
100 6809 1550 Dihydroacetinolide 180 CiHi0x 5995 057 = 4301 = 610 *
101 6834 1554 S-Calacorene 200  Collo  O9dt 02 250 & 040 *
102 6874 1560 Sesquirosefuran 204 Cotn Ol 00l = -
103 6888 1563 Elemicin 208 CiHu0s Sl Ol 098 = 015 =
104 69.28 1569 (E)-Nerolidol 220 Cityo 1000+ 046 = 050 = 009 =
105 6945 1572 Germacrene B 204 Cit S5 s 10D 016 =
106 7001 1582 Spathulenol 220 Coto 13 E 06l = 248 = 3T >
107 7047 1589 Germacrene D-4-ol 222 CiHxo 188 = 0505 -
108 7106 1509 Caryophyllencoxide 220 CisHu0 2121 % 096 % 1533 = 29 *
109 7168 1610 eSalvialfél(14)*en*1*0r1 290 CisH20 1,(?(7); O.()O,?)Oi 661%0 1.8(());
110 7224 1620 Isolongifolol 222 Cotxo 1§79 090 = 42T 222 -
111 7259 1627 Humulene epoxide I 220 CiH0 08 = Lals -
112 7300 1634 Alloaromadendrene ooy ¢y, 0 078 = 008 -
113 7387 1649 Gossonorol 218 Cotzo S90S Ol0 o -
114 7431 1657 a-Cadinol 222 Cilwo A9 F Ol -
115 7854 1734 Valerenol 220 Cito 1 098 E -
116 8231 1802 14-OH-6 Cadinene 220 Culao  Of3* O0%= - -
117 84.20 1821 Neophytadiene 278 C20H3s 11?‘2% * 5'02_%; 3407§15i 561 2)9
Total 208 = 10000 S 10000

RT Retention time, ? RI =

5)

IS = Internal standard

Data were reported by mean *

Collection @ chosun

Retention index,

» MW = Molecular weight, v

standard deviation (n=3); 0.00 = The value is less than 0.01
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MF = Molecular formula,



A2 AL Awy PR

1. SDEY el 9|3+ 32t 7| &

A e A 7|4 ES SDE W o® FE3dte] GC-MSE #eld Ax & 115
FTog e 110142 mg/kgoltt. A stdEe #-57]¥H A= hydrocarbon
57V 41%, alcohol® aldehydei 7} 275, ketonei 7} 12%, oxidei 7} 5%, ester %
miscellaneF7F 2% 02 A}t HAF7|HZ Z+Ze] peak areai= hydrocarbonF7}F
35.34% = 7F& ko™ alcohold} aldehyde 7t 23.28%, ketone7} 10.34%, oxideFr
7} 4.31%, ester & miscellane7F 1.72% o2 UERST

Mol A 71 =2 oz g% IEA AT y-amorpheneo 2 Ao 4
peak area¥™ 37.18%°]™, 3dHEFS 40971 mg/kgl®E EAE Al y-amorphene
Mentha spicata®l AFAEANA 021%= &2dw np glom XoF wkska| 9 HFZ7|
ARl gl 7]st= Aoz I A vt (Moosavy, Esmaeili & Mostafavi, 2013).
AuFel #EAd P Ed A y-amorphene o€l thEF  Fold  AHES

neophytadiene, (E)-2-hexenal, bicyclogermacrene, B-caryophyllene, perilla ketone,

=

2-ethylfuran, (Z)-3-hexene-1-ol, phytone, y—cadinene, khusinol a2l
savial-4(14)-en-1-onelo. 2 1=l th. 2+7e] peak areat™ 28.41%(313.03 mg/kg),
4.03%(44.43 mg/kg), 3.05%(33.65 mg/kg), 2.85%(25.14 mg/kg), 2.28%(25.14 mg/kg),
2.15%(23.70 mg/kg), 1.68%(18.48 mg/kg), 1.44%(15.37 mg/kg), 1.35%(14.84 mg/kg),
0.94%(10.40 mg/kg) 2 0.92%(10.17 mg/kg) = &1 = AT}

_32_
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MulF e kA 31 E = terpeneFE E 62508 HA peak area®l 53.91%E

666.40 mg/kgo] =¢l¥ At} Sesquiterpene hydrocarbon¥ 7} 589.68 mg/kg o & 7}

Hir

rlo

skafolgl o, oxygenated sesquiterpenei+7F  40.35 mg/kg, oxygenated
monoterpeneF 7} 33.71 mg/kg, monoterpene hydrocarbon7} 2.66 mg/kg®] draFo =
yebstth ZinFH oA #<9l® monoterpene hydrocarbonii= B-myrcene, a-pinene,
(E)-2-pentenylfuran % decane®| 1o Z+ZFe] peak areat™ 0.14%(1.49 mg/ke),
0.04%(0.47 mg/kg), 0.04%(0.44 mg/kg) 2 0.022(0.25 mg/kg)°] A t}. 2-pentenylfuran
= trans@ ¥ cis@B Y] F ol AAR A, tiFRe WA FrHdEeE e
v 9t (Chang et al, 1983). Oxygenated monoterpene®.Z perilla ketone©]
2.28%(25.14 mg/kg)®Z 7FE =L peak area® UEFW oW,  B-cyclocitral,
dehydroelsholtzia ketone, eugenol, 2,2-dimethyl-34-octadienal, a-terpineol %
safranale] ¥E o]t 7ol e 195 mg/kg, 1.87 mg/kg, 1.18 mg/kg, 0.97
mg/kg 2 0.89 mg/kgl 2 2% ATt Eugenold FMoA ¢ w=@Ao] o]2+= o}

2k frolow Ao FH FAROR SuA dov, FAZ, B, g

14
o

it

7] 2 gy #E HuwE vk dth(lLeem et al, 2011). Safranale AR3Z @hof A
¥ 771 SFFEZ Crocus sativus® 9 FAlsolw, Apxgre] 7|5 F2 99
st Aol & Aol EAH F AdEAR AMRHI Jdon GABA(Y
—aminobutyric acid)a F&AANA = s 2AF YD 2ATH A GA X

=25 7}z tH(Hosseinzadeh & Sadeghnia, 2005).

A

F-l

_33_
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RolFH oA &% oxygenated sesquiterpenei+ = khusinol®] 0.94%(10.40 mg/kg)2
2 7V =A ¥ o salvial-4(14)-en-1-one, cubebol, cadin-4-en-10-ol, «a
—costol, epicubenol, viridiflorol ¥ 14-OH-6-cadinene 5] &<l lth. Z17}9] peak
areat™ 0.92%(10.17 mg/kg), 0.68%(7.49 mg/kg), 0.322%(3.48 mg/kg), 0.20%(2.19
mg/kg), 0.16%(1.76 mg/kg), 0.10%(1.13 mg/kg) 2 0.10%(1.05 mg/kg)c o2 %

21th. Khusinole Q% A &<l Vetiveria zizaniodes, L. B2l ¢] 3utAd 3F7)1 A4

HE
HU

sA® vk 2low, sweet, woody, mustys o] SO &5, Ald, EE U T S
of Alg#th(Rao et al, 1963). Costol Costuss; Y2 9o Aoz 3y
alcohol2  Zingiber®} H]=:3 3¢S 7Hth(Bawdekar, Kelkar & Bhattacharyya.,
1967). Epicubenol sesquiterpene alcohol® CadinaneZ:ol <38t 3gEolw, Iz
del B3E YEtHIL cubeb ol ot THE A& FEEIAAME FA4E v dd
(Cane & Tandon, 1995). Sesquiterpene hydrocarbon&+  y-amorphene,
bicyclogermacrene, B-caryophellene, y—cadinene, B-sesquisabinene, §-cadinene % B
—cubebene o] gelwdrt. z+z}e] peak arear 37.18%(409.71 mg/kg), 3.05%(33.65
mg/kg), 2.85%(31.39 mg/kg), 1.35%(14.84 mg/kg), 0.75%(827 mg/kg), 0.67%(7.40
mg/kg) 2 0.56%(6.14 mg/kg)Z &<1¥ At} Bicyclogermacrenes 2 74 o414 <
Ao Al HAFE thEAQ  sesquiterpene = ledene, viridiflorol, palestrol %
spathulenol®} &7 WAL 3+ meroterpenoidi % psiguadial A, C 2 D 34
o] terpene AEC®E 84 YEFAHTran & cramer, 2014). B-sesquisabinenes =
3 A& F el Centratherum punctatum A9 A AEANAE 530%= 3Held

v}l 21tk (Ogunwande, Olawore & Usman, 2005).

_34_
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2. SPMEW el o3 9y 3714

A

SPMEWY el olsf &Qld 7ivFe] A IridES & 57FelH, 2 332.83
mg/kgl 2 AT JulFHelA Fdd Fwd &r]AdES hydrocarboniF 7t
315 (564.39%) 0.2 71 =& peak area® el ow 1 th& o 2 aldehydedt 7t
12&(21.05%), alcoholF7F 7% (12.28%), ketonew 7} 5&(8.77%), oxideR 7} 1&(1.75%)
2 miscellane® 7} 15(1.75%)°] A=At Z2be] k2 1768 mg/kg, 39.96
mg/kg, 81.45 mg/kg, 28.26 mg/kg, 0.82 mg/kg ¥ 5.53 mg/kge]t}.

SPME®R S &3 e AvAYg Fo Iy U4 ES spathulenol,

>

(E)-B-ionone, B-caryophyllene, a-caryophyllene, germacrene D, neophytadiene,

salvial-4(14)-en-1-one, (Z)-muurola-4(15),5-diene = %  geranyl acetones o=

1% 1o Spathulenole 20.21%(67.28 mg/kg)e] peak area@ 7julF oA 7}

= gelEd o, z+7 2544 mg/kg, 22.27 mg/kg, 21.70 mg/kg, 21.11 mg/kg, 18.78

mg/kg, 10.80 mg/kg, 9.85 mg/kg 2 9.66 mg/kg £ 2 AU 3+ Choi(Choi,

2012)¢] 7w o FA] SRl EMoHE= Ao R spathulenol?]
=

stakol 7bg =82S Felslgith. Iononed rose ketone 3FeE 3y WH3IE B ol

J\Ot'

9lo ™  damascone® damascenone®= X33t} a-iononed B-ionones A H|ZE
g71e] EAoln gzl o R E ALEH 3 53] B-ionone UlH o FLEUb
SEo e Estar Ao ARE EFE G oAd e do FRlE = ofmwt
3} E- o)t} (Leffingwell, 2005). Carotene, a-carotene, B-carotene, y-carotene,
xanthophyll, B-cryxanthin < X5 B-iononel® WALE <+ JQom =X FEY
tiAkell 93] retinol? retinal® W= 5 o] wIEW A Ao ThEsi,
B-iononel 2 WAL 4= §lE carotenoidE retinol® WEE S glo] HElW A9
skl o]  glth(Eslava, Alvarez & Cerda-olmedo, 1974)(Fig. 6). Germacrene D=
sesquiterpene .2 A-E7} B aE a1 =, A D7 71 @Wol EA5ta A AES
AYE Aoz d#A Atk Setzer(2008)2] Aol A germacrene D7 2} E-ol A

2o gesquiterpenoid 3HEEC] 7|WES AlFEE A AFAAL selstodrh

o~
T
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T3 germacrene D7} AFA Zwdlo] A cadinane, amorphane % muurolane® &=

Q15 o,

2

ot

He= A

ot

a-carotene

S

10-apo-f-10'-carotenal a-ionone

Carotenoid dioxygenase

O e

i O + i = = = M.O

B-ionone C1l4-dialdehyde

Fig. 6. Biosynthesis of the ionones
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A A A FelE terpenoidiE 4ETO0 R HAAY 59.65%S AAsR o, TS
239.35 mg/kg %  monoterpehe hydrocarbonF7} 5.88%(5.14 mg/kg), oxygenated
monoterpenei+ 7} 14.71%(6.85 mg/kg), sesquiterpene hydrocarbon®7} 67.65%(139.92
mg/kg)®  7FE Ho] Folxlom oxygenated sesquiterpenei /b 11.76%(87.44
mg/kg)Z A=At v A 1% monoterpene hydrocarbon¥+ B-myrcene
2 decane°] TAHEY oW, ZFzZFe] peak arear 0.12%(0.40 mg/kg), 1.42%(4.74
mg/kg) 2 elE A}t B-myrceneS A3 O 7 F-FE limonene E y-terpinene}

e WAz glo] s adk= "ojxy, g7 TolM A FE AFelA

>
i)

A}8-31#] @il geraniol, citral, citronellol, citronellal, nerol, methol 2 linalool

AzE7] Ad A SR £2, 10 mekg ol 4 ERIME

ol
tjo

sweet-balsamic—herbaceous®} citrusye] 53 S 713t} Oxygenated monoterpenei =
citronellal,  (Z)-chrysanthenol, (E)-pyran linalool oxide, B-cyclocitral %
dehydroelsholtzia ketone®] A EAom™ 2z}zte] peak areat 0.11%(0.36 mg/kg),
0.05%(0.18 mg/kg), 0.25%(0.82 mg/kg), 0.35%(1.16 mg/kg) =2 1.30%(4.34
mg/kg) o2 &1 Qlth Citronellal> F3xF¢] Aol 553 A& F& FAs=

terpenoid 3}3HE % lemon, green, rose, citrus peel, fatty % fruity2] SA4S 7FAH,

gaetel G BER AEIAS W A9, I % WAL B} Qe Aom

e
i)
2
X0,
=
T
Q
=]
g2
=
(@)
(@]
o
@
3
N}
(]
—
J
S
|
e
<
S
Q)
=]
=
=R
o]
<}
@)
a3
(o
@)
rr
=
Q
=
=N
=
Jm
o,
)
H

B-cyclocitral 3}eo] 544 o] o 7|ofst= Aoz dEA I sweet, mild,
green, grassy, floral % Thayst EAES ZFHt(Lee, 2001). Sesquiterpene
hydrocarboni+ 7Hu]& oA 67.65%(139.92 mg/kg)e] peak area® 7Hd F:gkow
B-caryophyllene, a-caryophyllene, germacrene D, y-cadinene, Y-muurolene,
a-muurolene, y-amorphene, a-cubebene, B-copaene 2 a-copaenes©] F A ¥ ACt.
Z+zo] ke 2227 mg/kg, 21.70 mg/keg, 21.11 mg/kg, 869 mg/ke, 857 mg/ke,
8.11 mg/kg, 7.89 mg/kg, 6.89 mg/kg, 6.41 mg/kg = 4.00 mg/kg O = Folw gt
Oxygenated sesquiterpeneyr+ (Z)—nerolidol, viridiflorol, spathulenol 2
salvial-4(14)-en-1-one®] &A% o™, pear areat= 27 1.82%(6.07 mg/kg),

0.99%(3.30 mg/kg), 20.21%(67.28 mg/kg) B 3.24%(10.80 mg/kg)® FQIE ATt
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Viridiflorol= sesquiterpenoid® sweet % greenst 54 7w, Adyto] et

A4S B d77F 118E vk dvk(reland et al, 2002).

_38_
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3. SDE 3 SPMEWel o3 $'&¢A 714+ vl

MuAe] SDE % SPMEHo=zZ F&F % GC-MS& 43 A3 total ion
chromatogram(TIC)+= Fig. 79 YeERA L, =47 a2 Table 59 ERJATH

SDEFEHel  weh gld A VRS F 16T es R 110142
mg/kgol o™, SPMEM A= 57F 0% e 332.83 mg/kgl = w489 3=

A el ok Aol USlHh #evIEE vusEgks W v
SDEFZ=Hol A peak areat™ hydrocarbon (35.34%) > alcohol, aldehyde (23.28%) >
ketone (10.34%) > oxide (4.31%) > ester, miscellane (1.72%) o2 2l FH o,
SPMEFZ% ol A+ hydrocarbon (54.39%) > aldehyde (21.05%) > alcohol (12.28%)
> ketone (8.77%) > oxide, miscellane (1.75%) <=°. 2 €S &l 7fn# <]
3k 7)1 AE F terpenoidi¢] peak area™ SDE ¥ SPMEWolA 7z}z} 5391,
59.65% 5 =}Ast9dth. SDEHOE F3% & =AHH terpenoided F sesquiterpene
hydrocarbon® 7} 51.61%(589.68 mg/kg)® 7Fd =A HA-HFASH, oxygenated
monoterpened 22.58%(33.71 mg/kg), oxygenated sesquiterpened 19.35%/(40.35
mg/kg) 2 monoterpene hydrocarbon® 6.45%(2.66 mg/kg) o ®E  FolH i)
SPME®W YA %  sesquiterpene hydrocarbon7} 67.65%(139.92 mg/kg)=Z 7+
=kom, oxygenated monoterpene+ 14.71%(6.85 mg/kg), oxygenated
sesquiterpene¥ 11.76%(87.44 mg/kg) L monoterpene hydrocarbon¥ 5.88%(5.14
mg/kg) o2 g1

SDE ¥ SPMEHAAM F&Foz dd Fa 34 IF7|-dFE OS2+ y-amorphene,
neophytadiene, (E)-2-hexenal, B-caryophellene, phytone, y—cadinene,
salvial-4(14)-en-1-one, S5-cadinene, geranyl acetone, y-muurolene,
(E,E)-2,4-heptadienal, B-copaene, (E)-B-ionene, 2,6-dimethylcyclohexanol, octanal,
nonanal, B-cyclocitral, 2-phenylethanol & dehydroelsholtzia ketone %] 2<% At}
7ha] 3 < SDEW ol 4| g+ gkeld sgE> bicyclogermacrene(3.05%),

(Z)-3-hexene-1-0l1(1.68%), phytone(1.44%), khusinol(0.94%), cubebol(0.68%), geranyl
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acetone(0.51%), pentanal(0.45%), octanal(0.25%), a-costol(0.20%), dehydroelsholtzia
ketone(0.17%), (E,E)-3,5-octadien-2-one(0.12%),  2,6,11-trimethyldodecane(0.10%),
2,2-dimethyl-3,4-octadienal(6.09%), B-cyclohomocitral(0.07%) T2z A=A}
SPME HolAwt A= 313ES  geranyl acetone(2.90%), (Z)-nerolidol(1.82%),
methylethylmaleimide(1.66%), dehydroelsholtzia ketone(1.30%),
m-Di-tert-butylbenzene(1.26%), (E,E)-3,5-octadien-2-one(0.86%),
2,6,11-trimethyldodecane(0.81%), 2,6-dimethylcyclohexanol(0.75%), phytone(0.30%),
(E)-pyran linalool oxide(0.25%), 2,5-dimethylphenol(0.16%) 2 cedrene(0.22%) 5o 2
el ¥ At
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Fig. 7. GC-MS chromatogram of Aster tataricus Linne Fil.
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Table 5. Volatile organic compounds identified in the Aster tataricus Linne Fil. by

two extraction methods (SDE and SPME)

Aster tataricus Linne Fil.

. . § SDE SPME
NO RT" RI Compound MW MF Amount Area Amount Area

(mg/kg) (%)  (mg/kg) (%)
1 1003 727 Pentanal & G A% 0 - -
2 1018 729 2-Ethylfuran % G0 B0E 2l5s - -
3 1179 752 3-Methyl-1-butanol 88 CiHp0 098 OOL= - -
4 1345 776 1-Pentanol 8  CHpo 007 006 - -
5 1365 779 2-Pentenol 8 CGHO 15, i - -
6 1530 802 Hexanal 100 CHpo °%E 0512 - -
7 1763 836 Furfural 9% CiLo, 00 08 * - -
8 1885 853 (E)-2-Hexenal 98 CHo hr ABs 88 150
9 1906 856 (2)3-Hexene-l-ol 100 CiHpo 18485 168= - -
10 1991 868 (F)-2-Hexenol 100 G0 Of0F 006 - -
11 2004 870 Hexanol 102 cH.O 205 0B - -
12 2234 903 (2)-4-Heptenal 12 GHpo O3 0 -
13 2247 905 Heptanal 14 cHwo 200 018 - -
14 2303 912 Methional 104 cHos  Of5r 00l - -
15 2333 916 Sorbic aldehyde % cao 08t 0 - -
16 2683 961 (E)-2-Heptenal 12 GHpo O0FF 002 0ot 00l
17 2717 965 Benzaldehyde 106 CHoO 19l Ol Lo o=
18 2781 973 Heptanol 116 GHiO 0'01,80i O'é)%)oi - -
19 2799 976 ;L*Methylcyclohexanon 112 CoH1,O O.()?%li 0.8(5)(;! B _
20 2886 987 2,3-Octanedione 142 o, Oght 0% - -
21 2916 991 Sulcatone 126 o OF7 003 089 = 018 <
22 2938 994 2-Pentylfuran 138 G0 250 0 - -
23 2997 995 [-Myrcene 136 CioHis 1'6%; O'ol,goi 0'51.8; 0'ol.%oi
24 2999 1000 Decane 142 CioHz 0'&%& O'(?,%)oi 4'&); lé%zi

ii RT = Retention time, ?RI = Retention index, ¥ MW = Molecular weight, Y MF = Molecular formula,
“ IS = Internal standard
Data were reported by mean #* standard deviation (n=3); 0.00 = The value is less than 0.01
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Table 5. Continued

Aster tataricus Linne Fil.

1) 2) 3) 4) SDE SPME
NO RT RI Compound LI ME Amount Area  Amount Area
(mg/kg) (%)  (mg/kg) (%)
25 30.17 1004 (E)-2-pentenylfuran 136 CioHis 0.44 0.04 - -
% 3031 1006 Octanal 128 CHiO 271 0.25 0.40 0.12
27 31.07 1010 (£ E)-24-Heptadienal 110 C7H100 3.94 0.36 2.28 0.69
28 32.30 1031 2,6-Dimethylnonane 156 C11Hoy 0.19 0.02 0.52 0.16
29 3292 1039 Benzyl alcohol 108 CGHo 26t 02T E - -
30 3373 1050 Phenylacetaldehyde 120  CsH:O 200" 020% - -
1S” 3446 1059 n-Butylbenzene 134 CyHu - - - -
31 3476 1063 (E)-2-Octenal 126 cano P 0\ - -
32 3493 1065 Citronellal 154 CoHo 08t 00w 040 & Ol =
33 3557 1073 Acetophenone 120 CsHsO O'(%Oi 0.00 - -
34 3584 1076 éﬁf,eE)—S,B—Octadien—Z— 124 CeHpO 1,&8; O.()l%oi 263.%; oggli
35 3767 1100 32 Dimethvl=3d-octa 45 ¢ p0 097 % 009 = - -
36 37.83 1102 Linalool 154 CoHgO Ogxt 0o -
37 3821 1107 Nonanal 142 CHg0 g0t 0B e 200 062
38 3859 1113 O MethylmSotheptadie oy cgy,0 098 = 001 = - -
39 3865 1114 r21,0617Dimethylcyclohexa 128 Cal1O 3,63.5(5)545 Og(())oi 2.(&)5.8; Oggli
40 3921 1121 2-Phenylethanol 122 GHeo 19 Ol7e Ldne O
41 4193 1157 25-Dimethylphenol 122 G0 g9 00w 077 = 028
42 4208 1159 (E.2)-26-Nonadienal 138 CeHn0 Oz 003 = 05 007
43 4233 1163 (2)-Chrysanthenol 152 oo 0F0 0% 018 008 =
44 4253 1165 (E)-2-Nonenal 140 CeHgo 09t 09w 080 000 =
45 4296 1171 4-Ethylbenzaldehyde 134 CoHO 00" 097 * - -
46 4389 1182 ?}éle*Dimethylbenzaldeh 134 CoH10 Og%oir Oggoi B B
47 4434 1185 (()gi)&ePyran linalool 170 CioHyOs O'()l.(())Oi Og(l)oi O'(?.(Z)oi Og%oi
48 4449 1192 p-Cymen-8-ol 15 Coo 090" 0L - -
49 4492 1197 a-Terpineol 154 CoHs0 08" 0% - -

5)

Data were reported by mean * standard deviation (n=3); 0.00 = The value is less than 0.01
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" RT = Retention time, “"RI = Retention index, 7" MW = Molecular weight, Y MF = Molecular formula,
IS = Internal standard



Table 5. Continued

Aster tataricus Linne Fil.

NO RT" RP Compound Mw?  MF” AmoujDE Area Amouif MEArea

(mg/kg) (%) (mg/kg) (%)
50 45.03 1199 Dodecane 170 CioHos ng)oi O'(()),(Z)Oir 7.(9.?; 2.01.%);
51 4561 1207 Safranal 150 CgHuO  O95F 0B - -
52 4636 1214 26 Dimethylundecane 184 CiHys 090 008 = 100 & 050 =
53 4679 1224 Coumaran 120 cgo 09 008 s - -
54 4719 1229 G-Cyclocitral 152 CoHiO ooyt a5t 108 055 =
55 4789 1239 (A3 -Hexemylisovale 1oy ¢ 0, 0585 003 % -
56 4798 1240 Methylethylmaleimide 139 C/HNO, 091 * 006 < 558 & 166
57 4905 1255 Perilla ketone 166 ColuO: L= 287 - -
58 49.78 1266 B-Cyclohomocitral 166  CuHisO O'(?_(l)li ng)oi - -
59 5063 1278 pp Ditertbuibenze oo ey, 000 O0% N ok
60 5097 1283 a-Ethylidene 46 Culo O3 00 = - -
61 51.07 1284 Perilla aldehyde 150 CioH14O O&Z)Oi O‘é)_%oi - N
62 5120 1287 251 Trimethyldodec gy ¢y, 1025 010 268 = 081+
63 51.68 1293 Isobornyl acetate 196 Ci2H2002 Og(%oi Og%oi - B
64 5218 1300 Tridecane 184 Cutls 00 005 %0t Y0
65 52.38 1303 Indole 17 N 190 04 - -
66 5288 1310 Dehvdroelsholtzia ygy  ¢y,0, 1875 Ol7 = 48l = 140 =
67 53.68 1322 4-Vinylguaiacol 150 CgH100: 5'(?.?); ()'()5.%)11r - a
68 5599 1357 a-Cubebene 204 CisHa 0'01.(5)0ir Ogéoi 6'5?; 2&%;
69 5621 1360 a-Longipinene 204 CpHy 0Z3r 002 088 010
70 5662 1366 Eugenol 164 CioH1202 1'&%5 O'()l,<1)(>i - -
71 5730 1377 Cedrene 204 Cila U550 0Tz 082k
72 5753 1380 a-Yalangene 204 Cully  O5p O 191 008
73 5785 1385 a-Copaene 204 CuHa 15t Odt AW 180
74 5851 139 G-Bourbonene 204 Cilly 299 0207 - -

5)

Data were reported by mean * standard deviation (n=3); 0.00 = The value is less than 0.01
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UV RT = Retention time, ?RI = Retention index, ¥ MW = Molecular weight, Y MF = Molecular formula,
IS = Internal standard



Table 5. Continued

Aster tataricus Linne Fil.

1 2) 3) 4) LD SPME
NO RT  RI Compound MW MF Amount Area Amount Area
(mg/kg) (%) (mg/kg) (%)
75 5875 1398 S-Cubebene 204 Gl %3100 0% - -
76 6013 1420 a-Gurjunene 24 CiHy 082 007 - -
77 6036 1424 G- Ylangene 204 CpHy 093+ 00005z 040
78 6082 1431 G-Caryophellene 204 Cily  OET 2B Al 609
79 6120 1433 S-Copaene 204 CpHy oot 08l 6l s 192
80 6123 1438 ()-a Bergamotene 204  CiHy ~ OJ9f 00l 081 009
81 6151 1442 y-Elemene 204 Cplly  00p 000 31w 091
82 6208 1451 9-Epicaryophyllene 204 Cpbly 202+ 024 - -
83 6238 145 Alloaromadendrene 204  CiHy 053 % 008 < - -
84 6252 1458 Geranyl acetone 194  CyisH20O 5'06&; 0'05}); 9'(??; 2'09(());
85 6285 1464 [-Sesquisabinene 204 Cu 8L 0 - -
86 6303 1466 a-Caryophyllene 204  CuoHy 087+ 006w 2LT0 = 652
87 6358 1475 i(eZn)e*1\/qu1roler4(15),5*(1 204 CHo 0-(%21’ 08801' 9&?; 2'09%;
88 64.36 1488 y-Muurolene 204 CisHa 4’(%%5 0'03,?)1i Sng 2%5
89 6475 1490 Germacrene D 204 CiHy S, O 2Ll 68t
90 6478 1494 y-Amorphene 204 CpHpy AL+ STIBw TEG 28T
91 6489 1496 (£)-B-lonone 192 CuHy0 St OFL e Z2ale T e
92 6550 1506 y-Cadinene 204 CgHy WASLT 18 869 & 26l
93 6570 1509 Bicyclogermacrene 204 CiHy O30t 32 - -
94 66.09 1513 a-Muurolene 204 CisHz O'(?,Z)oi O’(%oi 8'01&; Zégf
9 6627 1519 (2)-y-Bisabolene 204 Cpily O 00de 087 s 0L
96 66.70 1526 a-Amorphene 204 CisHa ng)li Og(g)oi I&ggi Og%f
97 6679 1528 Cubebol 222 Citlno  T9E 088 = - -
98 6718 1534 &Cadinene 204  Cply o, 06T = 200 062 :
99 68.34 1554 B-Calacorene 200 CisHx 0,5;'(5); Oggoi 1&8; Oggli
100 6851 1557 a-Calacorene 200 Ci5Hzo Og?éf O'é)%oi B B

5)

Data were reported by mean * standard deviation (n=3); 0.00 = The value is less than 0.01
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""RT = Retention time, “ RI = Retention index, 7 MW = Molecular weight, Y MF = Molecular formula,
IS = Internal standard



Table 5. Continued

Aster tataricus Linne Fil.

SDE SPME
NO RT" RI’ Compound MW ME” Amount Area  Amount Area
(mg/kg) (%)  (mg/kg) (%)
101 6863 1559 (2)-Nerolidol 222 Culyo O006F 00L& BT £ T8 T
102 6945 1572 Germacrene B 24 Cplly 53 058 ¢
103 69.75 1577 Viridiflorol 222 Cutlxo T3t Od9s 30 OB
104 7001 1582 Spathulenol 20 Citho 10" 0dg e 67 202 =
105 7106 1599 Caryophylleneoxide 220 Cplbi0  O50" OB
106 7168 1610 SAVial-AADenloon oy ¢y 10175 0925 1080 5 324 s
107 7354 1643 Epicubenol 222 Citlo 1705 040 - -
108 7431 1657 a-Cadinol 222 Cills0 g8t 052 F - -
109 7660 1698 Khusinol 220 Ciih,0 1GA0= 091 - -
110 7951 1752 B-Acoradienol 220 Cabo  Of8 002 = - -
111 8129 1785 a-Costol 220 Calhbo 205t 90 - -
112 8231 1802 14-OH-§Cadinene 220 Cilh,0 105" 0107 - -
113 8420 1821 Neophytadiene 2718 Cully olg08 * 2L x 18I8 2 561
114 8457 1825 Phytone 268 Cillyo 10t IALe TOLE 050
Total HOLZ = 10000 283 100,00

RT Retention time,

IS = Internal standard
Data were reported by mean * standard deviation (n=3); 0.00 = The value is less than 0.01
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" RI = Retention index, &
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MW = Molecular weight, Y

MF = Molecular formula,



A3 A FAZe AW PR

TAZzAA FdE I FFES F 120502 FF2 6,682.62 mg/kgel TV
53ttt gld FHg sgEe] #E7EEE alcoholF7F 41F 22 7 F%
om I v 0 F = hydrocarboni 38%, aldehyde& 13%, ketone¥ 11%, oxided 10
=, esterit 6% % miscellanef 15°] &AH A #57] peak areat™ alcoholFF 7}
34.17% = 71 Eol F2 WA FrIAHEER FAH Ao, hydrocarboni 31.67%,
aldehyde® 10.83%, ketonew 9.17%, oxided 8.33%, esteri+ 5.00% = miscellane¥
0.83% <o & e

TAZY O AR T MY =2 FHeE Y F¥ELS y-muurolene S =
38.85%2] peak areas H} oW HLS 259599 mgkgl ® FAHEUL. Yo w W
o] Shf¥ AEL y-amorphene 870%(581.16 mg/kg), y-eudesmol 6.30%(421.15
mg/kg), (Z)-inalool 3,7-oxide 4.94%(329.90 mg/kg), B-gurjunene 4.40%(294.36
mg/kg), salvial-4(14)-en-1-one  3.22%(215.21 mg/kg), caryophyllene oxide
3.05%(203.75 mg/kg), &-cadinene 2.90%(194.03 mg/kg), (E)-a-caryophyllene
252%(168.19 mg/kg) % ylangenol 2.43%(162.06 mg/kg) o= FHdT. y
-muurolene Cadinene® °|A @A F sty 2 Ardisia brevicaulis®] 3373 7173 &
ol A 14.23%(Pu, Yuan & Tang, 2009), Michelia floribunda oA %= 12.04%= &<l
# 8} Ad(Jiang et al., 2001).
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(ol

TAZe LA 3AE = terpeneF T 870 ®  HA peak aread T250% =
6,574.08 mg/kge]l ¥ Yo oxygenated monoterpene®]  peak  area’}
45.98%(648.19 mg/kg)Z 714 =0 sesquiterpene hydrocarboni+ 32.18%(4,443.76
mg/kg), oxygenated sesquiterpene 13.79%(1,475.10 mg/kg) %  monoterpene
hydrocarbon$ 8.05%(7.03 mg/kg) «=C 2 et 8 2o A 2¢l¥ monoterpene
hydrocarbon® & p-cymene, a-pinene, y-terpinene, a-terpinene, decane, camphene %
a-phellandrene©. & Z}7Fe] peak area: 0.03%(2.05 mg/kg), 0.03%(1.67 mg/kg),
0.029%(1.34 mg/kg), 0.01%(0.83 mg/kg), 0.012%6(0.59 mg/kg), 0.01%(0.47 mg/kg) =L
0.00%(0.08 mg/kg)= 0= Att. P-cymenes thyme®l 7Thymus vulgaris L.2] W3
Al A e w 23.00%9 FEFoR Fld vk 9lew(Poulose & Croteau,
1978), vFd 2 Uol A carvacrol, thymol, estragol ¥ linalool®} $t7] Aol o)
B g vl lth(Bagamboula, Uyttendaele & Debevere, 2004). Terpinene> t 3% %<l
monoterpene o oty E 5 oA AAA o, B-, y-, 6-Fo] EA 3,
cardamom(FEtlettaria cardamomum)® marjoram(Origanum majorana)®l WE A<l oF
714 # o]t} (Eggersdofer, 2005). Oxygenated monoterpenei % (Z)-linalool 3,7-oxide,
(Z)-anhydrolinalool oxide, (E)-linalool 3,7-oxide, borneol, (Z)-linalool oxide,
camphor, 4-terpineol, thymol, pinocarveol, (Z)-chrysanthenyl acetate, perilla ketone
2 (Z)-verbenole] FAHATE. ZAHzHe] IS 32990 mg/kg, 93.25 mg/kg, 53.79
meg/kg, 22.72 mg/kg, 18.63 mg/kg, 17.40 mg/kg, 16.74 mg/kg, 10.36 mg/kg, 9.85
mg/kg, 9.65 mg/kg, 7.81 mg/kg L 6.67 mg/kg 2 &2 JERYTE Camphor:s WakA
o] 9l B A wi Ralow malolo] Fubyd 5 E R Wol Holyn, wal Z=ulg

2 R E Ho 20%E Ffokal vk E3 1,8-cineole, borneol ¥ thujone
7 A FIdEZ=ZE g2ld vl JtHEhrnhofer-Ressler et al., 2013).
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TH %9 oxygenated sesquiterpeneiZ y—eudesmol®] 6.30%(421.15 mg/kg) = 7+
=0 peak areas F¢lE P o, salvial-4(14)-en-1-one°] 3.22%(215.21 mg/kg),
caryophyllene oxide 3.05%(203.75 mg/kg), ylangenol 2.43%(162.06 mg/kg), a—cadinol
1.67%(111.64 mg/kg), spathulenol 1.48%(9891 mg/kg), intermedeol 1.19%5(79.34
mg/kg), cubenol 0.97%(65.04 mg/kg) ¥ muurola—4,10(14)-dien-1-B-ol 0.75%(49.97
mg/kg)e]l FE o]2th. Eudesmol sweet 2 woodyd E4S 717 sesquiterpene
alcoholF 2 Atractylodes lanceadl Xl &2 A4 E vl o IANAET Ao =&
S FE ARow HHE v Y (Tsuneki et al, 2005). Ylangenols thiE %<l
sesquiterpenoid 5% 3dtY =  Brachylaena hutchinsiiVieira, Himejuma & Kubo,
191)%  Laggera pterodonta(Gu et al., 2014)¢] AFAAFEo=z golw n v}
Sesquiterpene hydrocarbon® % y-muurolene®| peak area 38.85%(2,595.99 mg/kg)=
712 =4 F}AdFR e, y-amorphene, B-gurjunene, &-cadinene, (E)-a
-caryophyllene, y-cadinene, a-copaene % cadina-3,5-diene 5o 2 &lw . 7z}
9] peak areat™ 8.70%(581.16 mg/kg), 4.40%(294.36 mg/kg), 2.90%(194.03 mg/kg),
2.52%(168.19 mg/kg), 1.52%(101.48 mg/kg), 1.05%(70.09 mg/kg) = 0.96%(63.96
mg/kg)E o 2 VERGETH
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2. SPMEW el 93k 94 74 &

TAZNA He 5A4YE A FARLE F 713F o0 FHFS 4333.04 mg/kgl =
gelE it 571 2+ hydrocarboni+7F 29€ S 2 peak areat™ 39.73% = 714 =7
[e3]

Hoem,  alcoholF7F 20522 27.40%, aldehyder7F 9% o= 12.33%,

[-‘O

ketone® 7} 7F 0.2 959%, esteriF7F 452 548% % oxideR 7} 4F 02 548%
o7 solyrt. 77 S peak area®t FU3dFA hydrocarbon7F 2,419.61
mg/kg S 2 7} =9k alcoholi 1,140.62 mg/kg, ketoned 374.42mg/kg, oxideF
320.43 mg/kg, esteri+ 67.76 mg/kg 2 aldehydei 10.20 mg/kgo = 1% )t}
SPME FEwWeo=z 3ld Fdx9 F8 34 F7-dE2 hydrocarboniF<!
y—amorphene®] peak area 1363%= 7}% Ztow e 59072 mg/kg®
gkl 5] ¢l Hydrocarbon = B-gurjunene(5.98%), §—cadinene(3.96%),
y-muurolene(3.76%), y-cadinene(3.46%), a-muurolene(3.18%)% <o 2 UEFsET}
Alcohol# & spathulenol(9.27%), ylangenol(5.22%), y—eudesnol(4.00%),
(Z)-chrysanthenol(2.63%) el viridiflorol(2.24%) s ol ketone =
savial-4(14)-en-1-one(5.50%), 2,2,6-trimethyl-3-keto-6-vinyltetrahydropyran(1.69%),
(Z)-carvone(0.69%), perilla ketone(0.29%), camphor(0.19) 2L lavender
lactone(0.16%) % °] &JAHH At} OxideH & (Z)-linalool 3,7-oxide(6.07%), (E)-linalool
3,7-0xide(0.92%), (Z)-linalool oxide(0.34%) % (E)-linalool furanoxide(0.07%)<=°]™,
esteri+= (Z)-chrysanthenyl acetate(0.81%5), (E)-linalool oxide acetate(0.38%),
(E)-chrysanthenyl acetate(0.37%) % (E)-carveyl acetate(0.01%)% 22 2H2lF i)
Aldehyde &+  nonanal®] 0.07%(3.18 mg/kg)S 2  2-hexenal, benzaldehyde,

B-cyclocitral, safranal @ cumaldehydes & o w2 3¢5 Qi)
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TAZ I I 7HE & IS B y-amorphened FEAEE
20| Piper amalago(Piperaceae)®] F% 3|24 F7|HJES=E p-cymene %
(E)-methyl geranate?} &7 <ld wF Qlom E A3 FAxe] FWHA
G702 p-cymene A &l Qth(da Silva Mota et al., 2013). TS =,

&

Hn:

= O
s 2 W

3T

ot
tlo

Hel 3}3-EL2  spathulenol, (Z)-linalool 3,7-oxide, [B-gurjunene,
salvial-4(14)en-1-one, ylangenolsol™, Z+7F 9.27%(401.56 mg/kg), 6.07%(263.21
mg/kg), 5.98%(259.22 mg/kg), 550%(238.34 mg/kg), H 5.22%(226.06 mg/kg)T o=
stolm e, A% Al &) oA linalool®] o2] FEfel (Z)-linalool oxide,
(E)-linalool furanoxide, (E)-linalool 3,7-oxide, (Z)-linalool 3,7-oxide % (E)-linalool
oxide acetate®] 3}3&Eo] o, Zzte] ke 1465 mg/kg, 2.84 mg/kg,
39.72 mg/kg, 26321 mg/kg % 1655 mg/kgo® FR1E Tt Linalool % linalool
oxide= muscat, sweet, green, floral, lemon, parsley, lavender % fruity3d SA<
7FA Y linalool& QAo WAFE terpenoid®] 3dvE Wl E7FE3 hdlviel 2o
A& Hddoz =gl 3 linalool % linalool oxide il

THAGA N wE olehzE FIUE o] wHAGA B FuPNAAE ™St
S AAATIY 25 NESstet 2Ef s @3t EiS FtH(Hoferl, Krist &
Buchbauer, 2006). B-gurjunene< <4H(In et al, 2008), A7 (Kim et al, 1994)<]

A U)ol s ElE vl 9loew, green, earthy ¥ animalicst 54-& 7HX )

_5']_
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TFAzA  FeE  terpenoidi= 59F  80.82%2 peak area® sesquiterpene
hydrocarbon® 7} 23% 2,395.90 mg/kg(3898%)°o. = 7} =9o™  oxygenated
sesquiterpene 7% 1,208.13 mg/kg(11.86%), oxygenated monoterpenes+ 24% 613.86
mg/kg(40.68%) = monoterpene hydrocarbon® 5% 1521 mg/kg(847%)0. =
stoly el FAEZxoA  &2%¥  monoterpene hydrocarbonf+ decane, a-pinene,
p-cymene, camphene % a-phellandrene®]$1 o™, zt7ho] &aF2 555 mg/kg, 4.23
mg/kg, 394 mg/kg, 103 mg/kg 2 046 mg/kgoltt a-pinenex AU
mzutg] o] oA oA Fao IEA FrIHESR ARHH, AHEo FAEE

28 89 €49 04% Axe =& "33t monoterpenedF E A HEEE Ao

Hﬂ

ez vk T3S terpeny, fruity, sweet, green, woody, pine, citrus 2 lime2
Ex o7 linalool® A dddx 2 AEAZ AEFFLoreto et al, 1996).
P-cymene oFgt 3HFH ot A S-A Y #Eo &F7|7F iAol HhE ol
& S LAY carvacrol®] I EIE FUMANATHE AT AU HaEa
AT (Lee, 2015). Oxygenated monoterpene+ = (Z)-linalool 3,7-oxide,
(Z)-chrysanthenol, 2,2,6-trimethyl-3-keto-6-vinyltetrahydropyran, (E)-linalool
3,7-oxide, (Z)-carvone, (Z)-linalool oxide, perilla ketone, (E)-ascaridol glycol %
borneols ol e, z+zte] shae 26321 mg/kg, 11393 mg/kg, 73.32 mg/kg, 39.72
mg/kg, 29.76 mg/kg, 14.65 mg/kg, 1257 mg/kg, 11.04 mg/keg 2 1049 mg/kgs o 2
gtol w2t} Carvone #stolA A A9 terpenoidAdl A AEOZ F F/H EA
TZE 7ML 9dew, S-(+)-carvone 7l & ¢l o] (caraway)de] 1™, R-(-)carvone
2y olHlE  gFo] i}l Carvone basil leaves, herbal, sweaty, spicy % fenneldt
EAoln Menta spicata L. A9 + A4 AEo=zZ AF 9 Fx FHelA
AR E AL FEE FAd R FEgdAo] e Aoe® Husa dtH(Song, 2016).
Perilla ketonee < terpenoid® 7
T E dom, Abkol WIZFSHA whEel= FAol Aot 54N Fa A

G714 Reln] SRS A% Mool EAFEY AY BTAAE S4o] dE Aow

it
]
ol
k)
C\Tl)
T
uu)
B
>
|y
o
st
e
K
ACH
ot
o
fru

ot 2] 9l tH(Brenner, 1993). AscaridolS monotepenoid® EHF5HE HAA 73 EE

st Aol FHEel Yor, B 2t WAsh o] v A AR e AR
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71 At e viRA 2 EorA st stEEAY frlAtew At FHkEhy)
ok =g, "o UF F el boldo®l 5AS ubs AAsH, WA A Ao
3 HdE HAste FBAAY dowm AEHIE
3FcH(Small, 2006). ©] 213+ monoterpene = TFE 3A F7]| A Bo H]8] E<tA o]

=l =7 A AEe A AU wZEe AstA7I7IE @H(Jung, Shin &

rid

Heo, 2014). T4 %9] sesquiterpene hydrocarboni+ y-amorphene, B-gurjunene,
§—-cadinene, y-muurolene, y-cadinene, a-muurolene, (Z)-muurola-4(15),5-diene,
B-copaene, (E)-a-caryophyllene, B-cubebene, cadina-3,5-diene, a-cubebene %
a-copaenes &% Z+7Fo] dFaFS 590.72 mg/kg, 259.22 mg/kg, 171.68 mg/kg, 162.82
mg/kg, 149.86 mg/kg, 137.93 mg/kg, 130.59 mg/kg, 130.48 mg/kg, 112.68 mg/kg,
107.86 mg/kg, 83.35 mg/kg, 7344 mg/kg % 6255 mg/kgToZ A AT}
Copaene2 o-8d % pB-Bo=x FEAStaL Copaifera langsdorfii® WSolA o] 5 o]
e E Sl ew, @A, Frotul, pufof 9 gaiel e wj vkt A EEel EEH
9 tH(Nishida et al, 2000). Oxygenated sesquiterpenew+  spathulenol,
salvial-4(14)-en-1-one, ylangenol, y—eudesmol, viridiflorol,
muurola—4,10(14)-dien-1-beta-ol 2 intermedeol 5 2.2 Z}7Zte] shake 401.56 mg/ke,
23834 mg/kg, 226.06 mg/kg, 173.12 mg/kg, 97.22 mg/kg, 4157 mg/kg 2 30.26

mg/kg o & g1 ¥ QT
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3. SDE 3 SPMEWel o3 $'&¢A 7143 vl

THx25H SDE ¥ SPME 5% % GC-MS&Z #4% Zi} total ion chromato-
gram(TIC)= Fig. 8o YeAx, w489 3sd&Ee =43 FF2> Table 69
UEtileh. SDE 21 SPMER®l wel & 5 steldl pEaxo vy LS
SDEWHo|A & 12022 352 668262 mg/kg, SPMEHAA F 73Fo= gFe
4333.04 mg/kglo 2 FolFdr) #F7|EE vuE HAS u, SDEFE=HNA peak
areax alcohol (34.17%) > hydrocarbon (31.67%) > aldehyde (10.83%) > ketone
(9.17%) > oxide (833) > ester (5.00%) > miscellane (0.83%)=0]AoH,
SPMEFZ% 9l A+ hydrocarbon (39.73%) > alcohol (27.40%) > aldehyde (12.33%)
> ketone (9.59%) > ester, oxide (548%)2] o=z FoAFArt. FAxo 32A
P71 FE  terpenoiditE  SDEW A 7250%, SPMEWlA 80.82%% =
stoly A}t SDEF=S F3 2% terpenoided % oxygenated monoterpenei 7}
45.98%(648.19 mg/kg)= 714 =& peak areas YEFWH O, sesquiterpene hydro-
carbon 32.18%(4,443.76 mg/kg), oxygenated sesquiterpenei 13.79%(1,475.10
mg/kg), monoterpene hydrocarboni 8.05%(7.03 mg/kg)s=o 2 &21%tt. SPMEW
3 oxygenated monoterpenei+7} 40.68%(613.86 mg/kg)Z 7HE E=A FAEU LT,
sesquiterpene hydrocarbon® 38.98%(2,395.90 mg/kg), oxygenated sesquiterpene+
1.869%(1,208.13 mg/kg) Z monoterpene hydrocarbon¥ 8.47%(1521 mg/kg) O =
1=t SDE % SPMEWeA FF oz gy Fdxe F2 3 Fr4des
y-muurolene, y-amorphene, gossonorol, (Z)-linalool 3,7-oxide, B-gurjunene, sal-
vial-4(14)-en—-1-one, &-cadinene, a-caryophyllene, ylangenol, y—cadinene, spathule—
nol, intermedeol, a-copaene, 3,5-cadinadiene, (Z)-muurola-4(15),5-diene, B-copaene,
(E)-linalool 3,7-oxide, muurola—-4,10(14)-dien-1-B-ol, B-cubebene, a-muurolene, vir-
idiflorol, a-longipinene % borneol S°] AEAT. SDEFEHA AT &l
3352 (Z)-linalool  3,7-oxide(4.94%), B-gurjunene(4.40%), ylangenol(2.43%),
(Z)-anhydrolinalool oxide B(93.25%), intermedeol(1.19%), (E)-linalool 3,7-ox-
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ide(53.79%), muurola—-4,10(14)-dien—1-3-01(0.75%), gleenol(0.39%), (Z)-linalool ox-
1de(0.28%), (E)-cadina-1,4-diene(0.26%), thymol(0.16%), pinocarveol(0.15%),
(E)-chrysanthenyl acetate(0.14%), (Z)-muurola-3,5-diene(0.14%), lavender lac-
tone(0.13%), isopulegyl acetate(0.12%) S o= 2elw vt SPMEFEHoAur =45

332 (Z)-linalool 3,7-oxide(6.07%), B-gurjunene(5.98%), ylangenol(5.22%), gos—

sonorol(4.00%), B-cubebene(2.49%), 2,2,6-trimethyl-3-keto—-6-vinyl-
tetrahydropyran(1.69%), muurola-4,10(14)-dien-1-3-01(0.96%), (E)-linalool 3,7-ox-
1de(0.92%), (E)-cadina-1,4-diene(0.88%), (Z)-muurola-3,5-diene(0.83%),

(Z)-chrysanthenyl acetate(0.81%), intermedeol(0.70%), (E)-linalool oxide ace-
tate(0.38%), (E)-chrysanthenyl acetate(0.37%) S22 54 %At}
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Fig. 8. GC-MS chromatogram of Chrysanthemum zawadskii var. latilobum KITAMURA (a) SDE and (b) SPME
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Table 6. Volatile organic compounds identified in the Chrysanthemum zawadskil

var. latilobum KITAMURA by two extraction methods (SDE and SPME)

Chrysanthemum zawadskil var.

Y ” . " Jatilobum KITAMURA
NO RT RI Compound MW MF SDE SPME
Amount Area  Amount Area

(mg/kg) (%) (mg/kg) (%)

1 1018 729 2-Ethylfuran % CHo oo 00 E -

2 1187 753 2-Methylbutan-1-ol 88  C:HpO  O02* 000 - -
3 1365 779 2-Pentenol 8 CHoO 5,0 000 - -
4 1530 802 Hexanal 100 CHpo 18 003 - -
5 1763 836 Furfural % CHoO, [P0, 0% -

6 1885 853 (E)-2-Hexenal 98 CHwo Oz 001w 190 s 008 %
7 2004 870 Hexanol 102 cHuo %18 000 -

8 2091 883 2-Butylfuran 124 CHpo  FLS 0 0% - -
9 2247 905 Heptanal - cmo %8 000 - -
10 2333 916 Sorbic aldehyde 9% cano O s 001 % - -
11 2483 935 a-Pinene 136 Colye 190 098 Asd s 000
12 2601 950 Camphene 136 CuHy 00 OOl 103 % 002
13 2663 958 2-Methyl-6-heptanone 128 CsHiO  O5." 0.0 - -
14 2683 961 (£)-2-Heptenal 12 cHeo OB 000 092 000
15 2717 965 Benzaldehyde 06 cao 097 OO lex s 004 %
16 2823 980 (£)-2-Heptenol 1 cHo 02 000 2957 0%
17 2844 982 3-Octenol 128 G0 20N G0 - -
18 29.16 991 Sulcatone 126 Cao SR 000w A 012 %
19 2935 993 Dehydrocineole 152 CoHwo 255 001 * - -
20 2956 996 Mesitylene 120 CHe %N 000 - -
21 2999 1000 Decane 142 CgHp Op9F 00Lw oo 043 %
92 3074 1011 a-Phellandrene 136 CoHy 005 F 000 09+ OO %
23 3107 1010 (EE-24-Heptadienal 110  CHo ~ ho,5 0925 0d0 = 00 %
24 3133 1019 a Terpinene 136 CoHy S0 001 ® - -
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Table 6. Continued

Chrysanthemum zawadskil var.
Jatilobum KITAMURA

NO RTY RP Compound MW?  MF? SDE SPME
Amount Area Amount Area
(mg/kg) (%) (mg/kg) (%)
26 3220 1030 (E)-28Menthadienol 152  CiHiO 20" 0.00 - -
27 3256 1035 1,8-Cineole 154 CoHz0 Jpoct  Oghr Adt s 000 =
98 3292 1039 Benzyl alcohol 08 CHo 10 002 - -
29 3343 1046 Lavender lactone 126 G0, o090 OB 7o s 007 %
30 3373 1050 Phenylacetaldehyde 120  CaL0 1y * OF0 = - -
1S 3446 1059 n-Butylbenzene 134 Cl0H14 - - -
31 3466 1062 y-Terpinene 136 CuHis g o2 - -
32 3540 1071 (2)-Sabinene hydrate 154 CHwO g0 " 0917 - -
33 3574 1075 (2)-Linalool oxide 170 Cl0, 1808+ 028 1400 = 03 =
34 3596 1078 (E)-Rose oxide 151 Colw0 930" 000 - -
35 3673 1088 (L) Linaltool gy oo, O3 g0 28+ 007
36 3750 1098 (E)-Sabinene hydrate 154 CyllO  190,° 092+ 300 & 009 %
37 3783 1102 Linalool 154 GO 50" 00 - -
38 3821 1107 Nonanal 142 G0 P9t Ogpe 3as e 007
30 3843 111 (Z) Anhvdrolinalool ygp ¢ y0 9825 = L0 = - -
40 3865 1114 26 Dimethyleyelohexa og  cyy0 3585 008 = - -
A1 3883 1116 §§6;E;ﬁeegrklasg;§;é§; 168 Colo, 08 ® OO T332 169 x
42 3921 1121 2-Phenylethanol 122 o 0B o000 2% 000 %
43 3960 1126 (2)-2-Menthenol 154 Colo 190 0%2r - -
44 3998 1131 Chrysanthenone 150 CoHo 1Pl 002 - -
45 4024 1132 a-Campholenal 152 Coto 007 010 0l s 001 =
46 4043 1135 (E)-Chrysanthenol 152 Colo  U35," 000 g6 008 %
47 4073 1141 (E)-Verbenol 152 Colgo  Jha.r 000 = - -
48 4100 1145 Pinocarveol 152 CyHpo a9t Olos 314 e 007
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Table 6. Continued

Chrysanthemum zawadskil var.
Jatilobum KITAMURA

NO RT" RP Compound MW?  MF? SDE SPME
Amount Area  Amount Area
(mg/kg) (%) (mg/kg) (%)
49 4110 1146 (2)-Verbenol 152 CioHiO 6§Z1i 0.0180i - -
50 4147 1151 Camphor 152 CuHgo 151+ 020 8405 019 =
51 4253 1165 (E)-2-Nonenal 140 Cogo 087 010w 11898 e 263 -
52 4308 1173 Borneol 154 CuHzo 240 080+ 1049 = 02d =
53 4323 1175 (H)-Linalool 37-oxide 170 CyHy0, e * 080 = 3078 = 092 =
54 4370 1181 (2)-Linalool 37-oxide 170 CyHy0, 92990 = 494> 2632l = 607 =
55 4389 1184 4-Terpineol 154 CoHgo 1G0LT O 7o s 008 %
141+ 002 +
56 4449 1192 p-Cymen-8-ol 150  CuHuo it % - -
57 4492 1197 a Terpineol 151 CyHo 151 002 089 & 001 =
58 4503 1199 Dodecane 170 Coly 4525 007w 851w 020 %
59 4539 1204 Myrtenol 152 CyoHis0 1-02%2* O-OO(Z)Oi - -
60 4561 1207 Safranal 150 CoHyo AT 007w 093 & 002 %
61 4613 1213 (E)-Piperitol 154 CioHuO o.(%; o.(%oi -
62 4679 1224 Coumaran 120 CyHsO 250751 * Og%f - -
63 4694 1226 (E)-Carveol 152 Cotlo 0085 000 090 OOL®
64 4719 1229 B-Cyclocitral 152 Colld0  Sggs 0% Lse 0% e
65 47338 1232 Ascaridole 168 CioHiOs 0-01%0* 0.00 - -
66 4758 1234 (2)-Carvone 150 CgHuo 9Lt OO e 20 = 060 =
(E)-Chrysanthenyl 9.65 + 014 £+ 1588 + 037 +
67 4800 1241 ‘iote 194 Celi0: - “p75 0.00 0.25 0.01
68 4857 1249 Cumaldehyde 148 CoHpo OF9 OOl 060 = 00 =
69 4905 1255 Perilla ketone 166 CuHi0, (or,t Ol 1257w 029
(Z)-Chrysanthenyl 965 + 014 £ 3505+ 081 *
70 4985 1267 iate 194 CeliO: “p75 0.00 055 0.01
71 5018 1271 (B)-Ascaridol glycol 170 Cglls0, 50,7  O92= 1LOL= 020 =
(E)-Linalool oxide ace 154+ 002+ 1655+ 038 +
72 50.51 1276 tate 212 C12HZOOB 0.02 0.00 0.26 0.01
824 + 012 +
73 5158 1291 Isopulegyl acetate 196 Ci2HO2 013 0.00
74 5198 1296 Thymol 150 CgHuo 14307 016 T = 010
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Table 6. Continued

Chrysanthemum zawadskil var.
latilobum KITAMURA

NO RT” RP Compound MW”  MF? SDE SPME
Amount Area  Amount Area
(mg/kg) (%)  (mg/kg) (%)
75 5238 1303 Indole 17 ceN 2L 001 - -
76 5267 1307 Carvacrol 150 Colhuo  1E3," 02 - -
77 5328 1316 (E)-Carveyl acetate 194 CoHz0, O09," o000 02 00l
78 5389 1325 a-Terpinyl acetate 196 CulloO» g0, opo’ - -
79 55.15 1344 Bicycloelemene 24 G (55 OdLF - -
80 5599 1357 a-Cubebene 24 Gy S8t Odd s wAle L0
81 5621 1360 a-Longipinene 24 Gy B0+ 042 = 38085 078
82 5662 1366 Eugenol 164 CgHpo, V@bt OOl 027 00 =
83 5753 1380 a-Yalangene 204 Gty 0" 010 1LoB = 027
84 5785 1385 a-Copaene 24 Gty 0% IS e GAe0 s LA
85 5851 1395 B-Bourbonene 204 Cptly 150+ 019 - -
8 5875 1398 G-Cubebene 204 Citly Mt 007 = 10780+ 29 =
87 5883 1400 G-Elemene 24 City Rt 092 F - -
88 5011 1404 (2)-Muurola-35-diene 204  Cislli 9= Uagy. pmyt 083
89 5941 1409 (2)-Jasmone 164 Cuto 8L 098 - -
90 5958 1411 (2)-Thujopsene 204 Gl 0025 000 38 007 =
91 60.13 1420 a-Gurjunene 24 Gl Tgpt VR - -
92 6036 1424 G- Ylangene 204 Cpll, 1183 e 018 1732 040 =
93 6091 1429 G-Gurjunene 204 Cplly 29330+ Ad0E 2922 08
94 6120 1433 G-Copaene 204 Gty OfH o 086 = 13048 = 301+
95 6121 1437 Aromadendrene 204 Colly  Tpl,t 092 - -
96 6208 1451 O-Epicaryophyllene 204 Cpthy 0.5 09T = 612 04 =
97 6232 1455 35-Cadinadiene 204 Cpty 0550 096 % 833w 10
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Table 6. Continued

Chrysanthemum zawadskil var.
Jatilobum KITAMURA

NO RTY RP Compound Mw?  MF? SDE SPME
Amount Area Amount Area
(mg/kg) (%) (mg/kg) (%)
08 6238 145 Alloaromadendrene 204  CisHn 1555~ g8 4%s  O1L=
99 6303 1466 a-Caryophyllene 204 Cilly 19513+ 2oz = 11268 %260 -
100 G358 1475 (A Mwroad195d oy oy, 696+ 096 ¢ 13059+ 301 s
101 6436 1483 y-Muurolene 204 Ciy 200 SRS 16282 % S0
102 6478 1494 y-Amorphene 204 Gy Op10 810 5 99072 1860 2
103 6550 1506 y-Cadinene 204 Cpll, (O3A8 Loz 14980 % 340
104 6583 1512 a Farnesene O N TR, Y (R Th
105 6609 1513 a-Muurolene 204 Cuty 5, 090 = 13798 318
106 67.18 1534 & Cadinene 204 Cpll, 19303+ 290 % 17168 = 300+
107 6786 1546 (E)-Cadina-ld-diene 204  Cislly 1= 026 37907 088 *
108 6834 1554 B-Calacorene 200  Cilly  Ppogt 099 sLEw 0
109 6928 1569 (£)-Nerolidol 222 Cily0 1500+ 0197 - -
110 69.75 1577 Viridiflorol 222 CuHxo oLt 0 s 9722w zed s
111 7001 1582 Spathulenol 220 Cpilo B E L8 s A0LO0 w927+
112 7052 1590 Gleenol 222 Cilho Gl 040 - -
113 7106 1599 Caryophyllencoxide 220 CiH,0 20305+ 308+ -
14 7168 1610 eSalvialfél(14)*en*1*0r1 920 CalO 21%%5 + 3.()2%); 23%%4% * 5.(.?(())9i
115 7354 1643 Epicubenol 22 Cilo B0L* 097 - -
116 73.87 1649 Gossonorol 218 Cillpo A2p13 % 650 % 17312+ 400 >
117 7431 1657 a-Cadinol 222 Citlyo HSGLE LOT - -
118 7499 1669 Ylangenol 220 Cilh,o 10590+ 243 & 22006 & 522k
119 7559 1680 Intermedeol 222 Cily0 Lt LIOs 3020= 000 *
120 7571 1682 ﬁ%%rf)é?*él,lO(lél)*dien 920 CpHnO 4902.)977i 0.07811 41(3.5676i 03(6)2i
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Al 42 =Ea g A FIAEE vl

_—

o
(0
o

S35 A= HRAgol, AvA % PRz Hu4 F)4ES SDEPOR F
GC-MSZ 418 A3 &RAoles F 117522 32 219949 mg/kg, 7H7]3

< 110142 mg/kg 2 FAEAzxE F 1205°0=E TR 668

NI
o

ofy
=
ofN
o
offl it
i
o

AE9th. SPMEHOoZ F% 3 23Aoldir H4H g2
5302 e 64160 mg/kg, MVHAE F 57FoR TS 33283 mgkes 2

THZE F BT FHFS 433304 mgkgo® AL A4S 7t

of

FEoA H= SDEFE4We 4% v sdes ud AP £ ded &
Aol E=F SPMEFE= #Rld gtghEc Hs v AT F718vWE
AREEEAl Al A2 ¥ AJERE SPMEFEWS ol&3dte] GC-MS® #A4 8 l<

ol &= SDECIA &l¥ 33Es T v 408 5 dATh

SDEF&WSE %3l &5Aol¢t 7iv]# = hydrocarboni7F 242 1,564.17 mg/kg,
856.30 mg/kgl® 7HE =4 FAHASH, FAZo|AME=  alcoholF7F  1,166.94
mg/kgo 2 FHAHdT HHAge], JFH R FEE SPMEFEWOlA  EF
hydrocarbon# 7} Z}2} 48857 mg/kg, 176.80 mg/kg 2 2419.61 mg/kgo. 2 7F3 =4
A=At SDEFEWelAl alcohol®] 4-¢ TFHZx7F 34.17%%] peak area® 7}
om, & Aol7t 2373%, MuHAZE 2328% o= FAFHUTE  Aldehydew
el A7 2328%, H&FAol 1695%, TAEZ 1083%°lANom, esteri= T A ZO A
5.00%, Z5-Ao] 339%, HuFHAA  1.72%%  FelE Attt Hydrocarboni
ool FfuFH A ZHz; 40.68%, 35.34%E 7HE =S peak areaZ UEFW oW
TAZNME 3167%2  UETE  KetoneFi  ZHvlF oA 1034% 2 =gkow,
TAZzAA 833%, &FAoldlA 6.78%cINoM, oxideF= THZE, HHAo] °
Al A zhzE 833%, 6.78% 2 431%= A=t 71k 3HE <2 miscellane
Aol ArF B FAZAM JHE A" FAdEHAeW, A 1.69%, 1.72% =

I:lH

)

0.83% = &elwdrt. SPMEFEWHoIA alcohol> Aol 7inz = 74 X0l A
Z+7y 15.09%, 12.28%, 27.40%= YEF S aldehydef v 9.43%, 21.05%, 12.33%=
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I ¥tk Estere] 4% &Aool inHolM s FAH A Fton, 7 FolAt
12.33%(10.20 mg/kg)= &1% vt Hydrocarbonf= Aol /MuF 2 4 Zof A
7Hd =2 peak area® ZH7b 62.26%, 54.38% X 39.73%= UEISESW, ketoned
Zkzy 755%, 877%, 9.59%, oxideF+ 3.77%, 1.75%, 548%= AU
Miscellaneous=  &H-Aolek  ZhnF ARt SAHAL 2424 1.89%, 1.75%=
sk tH(Fig. 9).

Terpenetv A% 2 Y ®Belgriz Hdgs 9 AAaFolA 2
sgEe BEAZE "W, daE, AE, ddstels 2 a2 99 FRAZMA EFE

Terpene¥+ isoprene 9]¢ <ol we} isoprene ©97F 17091 3> hemiterpene(Cs),

)
rr

M

o

270e1 AL monoterpene(Cyy), 37091 AL sesquiterpene(Cis), 47091 AL

diterpene(Cy), 67091 H 2 triterpene(Csy), 870Q1 A2 tetraterpene(Cy), 1071 ©]73<1

Lo

AL polyterpenee]2taL  3tH(Bohlmann, Meyer-Gauen & Croteau, 1998). 4%
Aol = monoterpene® sesquiterpene 3}3tEo] 4l Aol FE o|FH, o=
71Tl xS WFEdE Hol ARl B3 e Aew deA dvhH(Kwon,
2003). SDEFZMlA S5F-Ao], /MuF 3 FdxddA & terpenewe 2 F
9%, 62% 2 JrFoldoew, TS 184758 mg/kg, 66640 mg/kg 2L 6,574.08
mg/kge® FAHAY. SPMEFEWolAE &5-Ao], And 2 FEzdA ZH2
A%, 34F 9L 59Foldoen, T2 51959 mg/kg, 23935 mg/kg % 4,233.10
mg/kgo 2 FelFr}. &RAolo] SDEFZEo|A terpene 3}FE-S  sesquiterpene
hydrocarbon7} 49.37%(1,441.23 mg/kg)® peak area’} 7F& ®HFom oxygenated
monoterpeneF 7} 26.58%(266.40 mg/kg), oxygenated sesquiterpenei+7} 16.46%(135.45
mg/kg), monoterpene  hydrocarboni7F  7.59%(4.50 mg/kg)= 1A
SPMEFZWl A 2] terpene 3= sesquiterpene hydrocarboni7} 63.41%(443.47
mg/kg)=  7FE =2 peak area® UEIRSH|  oxygenated monoterpeneit 7t
21.95%(8.67 mg/kg), oxygenated sesquiterpenei7F 12.20%(60.79 mg/kg) 2
monoterpene hydrocarboni+= 2.44%(6.60 mg/kg) 2 &l = ).
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/in13 2] SDEFZ9AM = sesquiterpene hydrocarbon7F 51.61%(589.68 mg/kg)=
7H =A #FeEoew,  oxygenated monoterpene 7t 22.58%(33.71 mg/kg),
oxygenated sesquiterpenei+7} 19.35%(40.35 mg/kg), monoterpene hydrocarbon¥7}
6.45%(2.66 mg/kg)® F<lE At SPMEFZo| A% sesquiterpene hydrocarbonF7}
67.65%(139.92 mg/kg)®  =A  FAHASM,  oxygenated monoterpenedt 7t
14.71%(6.85 mg/kg), oxygenated sesquiterpenei’}  11.76%(87.44 mg/kg),
monoterpene hydrocarbon7} 5.88%(5.14 mg/kg)= el wArt. Fd%x= SDE %
SPMEFZ&% X594 oxygenated monoterpenei7} Z+ZF 45.98%(648.19 mg/ke),
40.68%(613.86 mg/kg)® 7 =%om™  sesquiterpene  hydrocarbon7F
32.18%(4,443.76 mg/kg), 38.98%(2,395.90 mg/kg), oxygenated sesquiterpene7}
13.79%(1.475.10 mg/kg), 11.86%(1,208.13 mg/kg), monoterpene hydrocarbon¥ 7}
8.05%(7.03 mg/kg), 8.47%(15.21 mg/kg)= 1= I th(Fig. 10).

SDEFZ"olA monoterpene hydrocarbonfi+ Td%7F 805%% 7FF =koH
2ol 7} 759%, WH7 6.45%= S E Stk Oxygenated monoterpenei
TAZA  4598%(648.19 mg/ke)® 7P E=A FAHEew,  &3Ago]s}
26.58%(266.40 mg/kg), NvH 7} 2258%(33.71 mg/kg)= &%t} Sesquiterpene
hydrocarbonf+ 5 o]7F 49.37%(1,441.23 mg/kg)® 7FF =okom, 7in|F ol A
51.61%(589.68 mg/kg), T zxolA 32.18%(4,443.76 mg/kg)= YE}SEIL, oxygenated
sesquiterpenef= W FH A 19.35%(40.35 mg/kg), HEFAolodlA  16.46%(135.45
mg/kg), TAZo|A 13.79%(1,475.10 mg/kg)=Z A= AT HHFAPo] H Jfn|H e
SPMEZF%09l 4  sesquiterpene hydrocarbon®7} 2zt 63.41%(443.47 mg/kg),
67.65%(139.92 mg/kg)® 7FF =& peak area® UEW oW, oxygenated
monoterpenef7F 21.95%(8.67 mg/kg), 14.71%(6.85 mg/kg)® el oz
oxygenated sesquiterpenei+7F 12.20%(60.79 mg/kg), 11.76%(87.44 mg/kg)=
221 %91 31, monoterpene hydrocarbon®7F 2.44%(6.60 mg/kg), 5.88%(5.14 mg/kg)=
velbgth, FE X9 E= oxygenated monoterpene 7t 40.68%(613.86 mg/kg)® 7+
E=o ™ sesquiterpene hydrocarboniF7}  38.98%(2,395.90 mg/kg), oxygenated

sesquiterpene 7} 11.86%(1,208.13 mg/kg) ¥  monoterpene  hydrocarbonF 7}
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8.47%(15.21 mg/kg) = &2 = At}
SDE F=& &3l sty A& &5Ao] /v E FHxA F5Ho= 2

o

A
sjarA] &) AE o0 F = sulcatone, decane, nonanal, B-cyclocitral, &-cadinene,
(Z)-muurola-4(15),5-diene, y-cadinene, y-muurolene, y-amorphene, a-cubebene,
B-calacorene ¥ a-longipinene 5o & FClE At XRAole} fu|F Q]
TUg 5 3, How g FUIAEY Aot AA FRAT FEHE9
=Eo R setEe A Tl Aolrb AT HA stgtEo kA =
o] A% &RAolrtt oF 3ul, JfulFH K= oF 6u] o]ie AolE T 4

2l

=
ART. SPME FE& s 540, 7/Hn3 R FExoN FgEHom 2l

—copaene,

gukd | E o0 2= Benzaldehyde, sulcatone, decane, nonanal, B-cyclocitral,
a-cubebene, a-longipinene, a-yalangene, a-copaene, -ylangene, [(-copaene,
a-caryophyllene, (Z)-muurola-4(15),5-diene, y-muurolene, y—-amorphene, y—cadinene,
a-muurolene, 6&-cadinene, [B-calacorene, spathulenol % salvial-4(14)-en-1-oneZ®

FAHANeH, SDEFEH I L3 sFEEo] QAT Ho] & FHxe] A4
SDEFZ=® 3 vizt7hA = &40l Bl 7 F el nle] B2 stteEse] T4 ¥Aom,
iAol o] of 6ul, hnH ] oF 1389 shetEo] FlH AT
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5000.00

=AY SDE
4500.00 £ =
4000.00 BAY_SPME
500,00 ‘AT _SDE
3000.00
500,00 mAT_SPME
2000.00 = CZ_SDE
AE000 de mCZ SPME
1000.00 '-' o

500.00,1-~ - ____ - S

300.00% ;- e
250.00
200.00
150.00
100.00 ‘ ‘
50.00
600 I ll. B2 I.II L) I II" ebef cda

Amount (mg/kg)

_l'i

Sample name Akobol  Alebyde  Ester H"""‘ "D Ketone Wlctintes
GAY.SDE 15645 139 2090 156417 24439 6839 380
WAY_SPME 4265 4718 0.00 8857 391 58.35 0.94

AT_SDE 6987 s339 066 85630 8460 4.96 211
AT SPME §1.45 39.96 0.00 176.80 18.16 0.52 553
sCZ _SDE 1166.94 MM 3182 4456.12 162.14 T18.65 191
WCZ_PME 114062 1020 6776 21961 37442 32043 0.00

Sample name

Fig. 9. Comparison of functional group among the AY = (Aster yomena (kitam).
Honda), AT = (Aster tataricus Linne Fil) and CZ = (Chrysanthemum zawadskii
var. Jatilobum KITAMURA) by two extraction methods (SDE and SPME)
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=AY _SDE

4600.00
4100.00 =AY SPME
3600.00 HAT SDE
3100.00 AT _SPME
B 2600.00 = CZ_SDE
Eu S i ®CZ_SPME
B 1600.00 d
E 1100.00 i 2
600.00 & b c
E 100.00 - -, S ll i mhi - e M
100.00 &~ [ [T R | e O et IJl L=
75.00 a
50.00 b o
25.00 Nidig et I I
0.00 1 |-. = AEY |
Monoterpens Oxvygenated Sesquiterpene Oxvgenated
ple name hyvdrocarbons monoterpenes hydrocarbons sesquiterpenes
EAY SDE 450 26640 144123 13545
=AY SPME 6.60 867 443 47 60.79
EAT SDE 266 3371 58068 40.33
AT 8PME .14 633 13992 87.44
BCZ SDE 7.03 64319 444576 147510
= CZ_SPME 15.21 613.36 239590 1208.13

Sample name

Fig. 10. Comparison of terpene group among the AY = (Aster yomena (Kkitam).
Honda), AT = (Aster tataricus Linne Fil) and CZ = (Chrysanthemum zawadskii
var. Jatilobum KITAMURA) by two extraction methods (SDE and SPME)
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=3} (Compositae) 2 &2 2 AA de ¥ty 8yl T 2 dEgA A%

=< Flel wel AedAel ek dlew =skat Ao Ae AA7eA
A dAdel wek AFE o FA = g
&

iy F7142S SDE 2 SPMEWH o2 %33 GC-MSE o] &3ke] Folatazt
sdth A RS FEHI) 8 HAel, AMA R TARE FHEE 33

SDE F&H oz &XAoldry FTAHHE IJIgES F 1175z F#S 219949
mg/kg, /MPHAE &= 115F2 2 1,10142 mg/kg, ¥ FAxE £ 120802 3z
663262 mg/kg® 7tF = oz 1890 #5571 FHEHS HUS o

stolslgl o, -8 %= alcohol 77t 34.17% % 714 =55 <1t} Terpenef ==
23 2ol9l Jhu|FH ol A sesquiterpene hydrcarbon7} ZFzZb 49.37%, 5161%%E ==&
peak areaZ &Helslglom, T4 %o A= oxgenated monoterpenei7F 45.98% % A
¥ k. SPME F&WHo=m &RAo], JiuH B FdxolA dd F3FES F
53%, 57 %2 73Fo = zZtzhe]l &2 64160 mg/kg, 332.83 mg/kg ¥ 4,333.04
mg/kgl 2 SIEHAT, &Aool JinH H FH x| A EF hydrocarbonit 7t ZHzt
62.26%(488.57 mg/kg), 54.39%(176.80 mg/kg) % 39.73%(2,419.61 mg/kg)Z ¥ peak

areas U5

=

N

o2,
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Terpenef 2= &Aool Jiw|F oA sesquiterpene  hydrocarbon7F - ZHz}
63.41%(443.47 mg/kg), 67.65%(139.92 mg/keg)E EAFRon FHZIM=
oxygenated monoterpenei 7} 40.68%(613.86 mg/kg) = &2l ] 21t}

SDEF%& 3l %540, vz @ TAzel 04 RN BF 58

)

gole 3}3HE 2 sulcatone, decane, nonanal, B-cyclocitral, §—cadinene, (Z)-muurola-
4(15),5-diene, y-cadinene, y-muurolene, y—amorphene, a-cubebene, a-copaene, B-cal
acorene ¥ a-longipinene 5o % F2lF At EH-Aolo vt FdE 3HEZE bic
yclosesquiphellandrene(2.85%), a-zingiberene(2.01%), (E)-B-farnesene(2.00%), (E)-y—
bisabolene(1.43%), humulene epoxide II(1.41%) % isolongifolol(0.90%)% el o™ 7}
1] o A= bicyclogermacrene(3.05%), (Z)-3-hexene-1-0l(1.68%), phytone(1.44%), kh
usinol(0.94%), cubebol(0.68%), geranyl acetone(0.51%), pentanal(0.45%) % octanal(0.2
5%)% o], A x| (Z)-linalool 3,7-oxide(4.94%), B-gurjunene(4.40%), ylangen
0l(2.43%), (Z)—anhydrolinalool oxide B(93.25%), intermedeol(1.19%) % (E)-linalool 3,
7-oxide(53.79%) 5 °] El= vt ®Bot rAHE L A&g EA o] 7hed SPMEW o=
TEow QA Aol JhwH B FHxe Y P E S =2+ Benzaldehyde,
sulcatone, decane, nonanal, B-cyclocitral, a—cubebene, a-longipinene, a-yalangene, a
—-copaene, B-ylangene, B-copaene, a-caryophyllene, (Z)-muurola-4(15),5-diene, y-mu
urolene % y-amorphenes &2 A FH T} &Aool Agt gQle 313HE-2 bicyclos
esquiphellandrene(9.22%), dihydroacetinolide(6.70%), caryophyllene oxide(2.39%), isolo
ngifolol(2.22%), 3,5-octadien-2-one(0.28%) % 1-dodecene(0.27%)5 °1™, 773 ol A
+ geranyl acetone(2.90%), (Z)-nerolidol(1.82%), methylethylmaleimide(1.66%), dehyd
roelsholtzia ketone(1.30%), m-Di-tert-butylbenzene(1.26%) %2 (E,E)-3,5-octadien-2-0
ne(0.86%)%s, TAZxAA = (Z)-linalool 3,7-oxide(6.07%), B-gurjunene(5.98%), ylange
nol(5.22%), gossonorol(4.00%), B-cubebene(2.49%), 2,2,6-trimethyl-3-keto—-6-vinyltetr
ahydropyran(1.69%), muurola-4,10(14)-dien-1-B-01(0.96%), (E)-linalool 3,7-oxide(0.9
2%) %2 (E)-cadina-1,4-diene(0.88%)% . & 3+l =] ¢jt}.
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