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Flavored Oil Components in the Leaves of Chrysanthemum zawadskii

Jeong-Mee Kim'
Dept. of Food & Nutrition, Graduate School of Yonsei University, Seoul 03722, Korea

ABSTRACT

This study was conducted to analyze the flavored oil components in the leaves of Chrysanthemum zawadskii. The flavored
oil components of Chrysanthemum zawadskii were found to contain alkanes, alkenes, alkynes, alcohols, aldehydes, ketones, fatty
acid esters and terpenoids. The peak area (%) of bicycloheptan-2-one was highest among the flavored oil components in the
leaves. As alkanes were determined terpan, decane, camphene, oxetane, oxtane, hexadecane and as alkenes detected butene,
cyclohexene, cycloundecene and octene. Also was detected as alcohols bormeol, cadinol, allospatulenol, isopulegol and cyclohexene-
1-methanol in its leaves. In addition, the leaves contained the ketones alcanfor (camphor) and B-thujone, as well as the esters
bicycloheptenol acetate, bornyl acetate, methylpropyl acetate and sabinyl acetate. Furthermore palmitic acid, methylpropionic
acid, methyl butenoic acid ester, bornyl isobutyrate and linoleic acid were found. The terpenoids from the leaves were identified
as eudesmene, cardinene, pinene, terpinene, thujanone, caryophyllene and chrysanthenone. Overall the leaves of Chrysanthemum
zawadskii contained many functional components including alcohols, aldehydes, ketones, carboxilic acids, and terpenoids as flavored
oil compounds.
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S 7 E BobA A kst A e A g A
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Aoll EAsh= P17t e A EERYH 57/, 75 42 5
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© ARl mFo R AFel EAlehH, x| A T
o] AFAoln® 1 AF7F HA] &2 AFolth

ek A E2E XEFEE BE] g4, Wekx, g
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k. 3k} A 5o B AT-2E Kim SJ 5(2014)] F= =2}
A =slel A ] AR AT 2 97 W 2-E(Cheng
W 5 2005), A2]24 AFCho YJ 2014) So| glont, o=
o] &7 A e mA e AU AR AR 24 dsiAE +
Aoz waA] g gk uehd 2 Apodes 74
o] e AR RS FES] 1 54 a1,

8 94 2Ys] PARE FENER

p

ol

o
Bz P

ey o

3

rr
=
N

[l
oo
2
FU

-
i)
P
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EohaTo] ¥ 100T = 2A1RF F1F 71EshaA =35t
A, grf Z2t~3eE 50 mL diethyl ether(Wako Pure Che-
mical, Osaka, Japan)S 7}3F & 50T water bath “gol|A] E33}
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Purpose SamplerZ HP 7890A(GC)%} HP 5975C Mass selec-
tive detector(HP 7890A GC/5975C MSD, MPS 2L-XT SPME
System, Agilent Technologies, Wilmington, DE, USA)E A&
slo] BA1849ith Z -8 S DB-5MS(50 m x 0.2 mm x 0.33 p
m, Agilent Technologies, Wilmington, DE, USA)E A3}
3, RELEE 40T 18 fAR -, £98 5C= 250T
7HA] s AIZ e, 250 Coll A 1583t FAIAIZA T FU 79
HAE719 5= 47 220C 9} 250TC, carrier gas= dES
AHEBIAAL, F4S | mL/min® e L Ff A
542 GOMS 48 F3lo] 7+ A% peake] Rl(retention

Table 1. Instrument and working conditions for prepa-
rative gas chromatography

Instrument GC-MSD-multi purpose sampler
Model 7890A(GC), 5975C(MSD), MPS 2L-XT SPME
Column DB-5MS capillary column (0.2 mm x 50 m)
Injection temp. 220C
Detector temp. 250C
Oven temp. 407TC(1)~250C(15)
Program rate 5C/min
Mode Splitless
Carrier gas He(1.0 mL/ min)
Detector MS 5975 C
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7] Z5F35PH % fr(essential oil) =& 3]EA]-F(volatile oil)
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E2 GC-MS system= ©]-8-3}o] MSDZY-E] mass spectrum
3 A3} % o)A alkaneT, alkene

¥, alkyne¥, alcohol¥F, aldehyde¥, ketoneF, fatty acid ester
T, terpenoid i+ 9] F-fdwol AT FEx Aol &
fr A& 5 7HE Bl $HrE 22 bicycloheptan-2-one © = Z-
9.69%%1.°.™, borneol F& % 8.28% -5 o] GC peak T2
H2 52 H[&S 2pR|ate] ti324Q] & Ao s Y
%t} Bicycloheptan-2-one2 =8}3lof| EAdl= JHEOZ =
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oJok8F FENe] O 2 refreshing EXE U= 5 A2
de] AbgEh et 23ket w4 A= 28 AEERE, 7]
WA A" ZH7E QoA 53] 247] Al FdsAY
ofo 7 ARgal7| & shH, W 7]5e] B/ds), atsl 218 of
3k w3 ix] §37F 9 THReineccius G 2006).

AW Bkl A2 U oxabicyclo octane(terpan)
o] 7.04%, decane®] 4.92 area%= o] ZHZE L, camphene
(bicycloheptane)©] 1.32%, oxetane(0.33%), octane(0.15%), cy-
clohexasiloxane(0.10%), pentadecane¥} hexadecane®= A% &+
H5lo] 2AATK(Table 2). Terpan(p-#lg, 1,8-diol)2 H<13}7}
SUHRERe] A &oll 5o slen, de] A EA | EEst=
Ao g et 22 Jajet A=4Ql nte g 2sheh w4 A}
= 28, 718 HEol| AgEe] vk A3 W cam-
phene& AH=He] Y= wF TR TR LAFE S5
o] FAG A A Ee] HelEy] Tl I Hol e F
Aol S WA Ve 3 ARA A m2ukel, 2

oA oF AAEE R

Table 2. Alkanes, alkenes and alkyne in the leaf of Chry-
santhemum zawadskii

Flavor compounds RT" Area %
2-Oxabicyclo-octane (Terpan) 18.270 7.04
Decane 36.214 4.92
Bicycloheptane (Camphene) 15.200 1.32
Oxetane 36.580 0.33
Cyclohexane 28.873 0.30
Octane 37.095 0.15
Cyclohexasiloxane 25.617 0.10
Cycloheptasiloxane 30.057 0.09
Pentadecane 31.350 0.05
Heptane 42.726 0.05
Hexadecane 45.444 0.02
2-Butene 4.119 1.18
Cyclohexene 19.729 0.70
Cycloundecene 31.179 0.56
Dodecatriene 30.235 0.16
Cycloundecatriene 30.853 0.15
Octene 16.702 0.13
4-Hexadecen-6-yne 33.994 0.55

D RT: Retention time (min).
2 Area %: Peak area relative to the total peak area %.

2+, Aokt AUERe) Blolu Q7IA] foll = EA)
st & &) Aid® Fa3s BiE ARk, Fitksl avt
7F AtKSell C 2006).

A AEC 2 2-butene©] 1.18 area%= 7Y o] Y]
o, cyclohexene(0.70%), cycloundecene(0.56%) 2! octene
= AEHALE €71 JECS 2= hexadecen-6-yne®] 0.55% $F
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borneol(3.03%), borneol(2.00%), cadinol(2.38%), allospathule-
nol(2.05%), cyclohexen-1-methanol(1.32%), cyclohexene-1-ol
(0.84%), myrtenol(0.70%), cyclohexene-1-t-verbenol(0.61%),
thujenol(0.23%), t-carveol(0.23%) %= 2% gH+5 o] UK Ta-
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Table 3. Alcohols, aldehydes and ketones in the leaves gt e E e BEE sPsEelY gk, AEANTA 9
of Chrysanthemum zawadskii A8 2 AL E o) A Ao Gol A AZzEH AL -3
Flavor compounds RT"  Area %" o] dnbdelt, FZell= A g el ofa) A€ 4,
1,7,7-Trimethyl-exo-Isoborneol 23.100 325 A7} F7elth. d-borneol FREERIIA AEH = Dryo-
balanops aromatica®l 2] “Jel 2 EgF o] UFE Ha|se]
Bicyclo[2.2.1]heptane-2-o0l (endo-Borneol) 23.237 3.03 SZae Ao, da 1A AG FoE oM EAF o ~E 2
2,7,7-Trimethylbicyclo-borneol 23345  2.00 ZA)511, Iborneol-S Blumea balsamifera(-£-x)%)9} 2 %5
(-Cadiol 3555 238 o sl gtk A Zkel P AR 24 2 A
(—)-Allospathulenol 34188 2.05 WA o7 oA &3 AFeA = borneolo] =3t 2 E9]
Trifluoroacetyl-isopulegol 2819 131 To gEen HustsithPark JA 2008; Byun YH 2007).
Cyclohexen-1-methanol S Ex-EH| 234 dF 22 %131y
3-Cyclohexene-1-methanol 23683 132 oﬂy el Ao h%ﬂr—“riwﬂ %xﬂj};%ﬂ?_& o j;j
& Viridiflorol 36.363 093 1+ A 5-o]t}. Verbenol A&} Boswellia carteri 7711 d-
Cyclohexene-1-ol (Terpineol) 23.385  0.84 A7} ZA8H, &5 FEHA] EE ALE, a- pinene?]
Bicyclo[3.1.1]hept-2-ene-2-methanol (—)- 23763 070 54k verbenone] ol o3l 27l19] o] dA 7} A4S
Myrtenol Ht} Cyclohexene-1-0l2 p-HE F=A2 -9} -4 25
Trimethyl-3-cyclohexene-1-carbaldehyde( —)- 21640 061 o8] 71K AH & FgaEHo] doeH, o, B-, y-Ale IS
frans-Verbenol o] gz ALHn A T ARed, euA e, A
4-Isopropyl-1-methyl-2-cyclohexen-1-ol 21.245 0.3 £, &Y AH 5o YA BExHol 93, F9, F2d 5 A
(Thujenol stol Ale] g7] Ji Folw TFw] otk Eat AshE
trans-(+)-Carveol 24215  0.23 getEEo] A& T Q23 HEo R 7|odlE|, A=
3a,6-Methano-3-inden-5-ol 23.443 0.17 FHd o] up gk ol vhA, Foko|u A3 FFo] YAz}
4-(1-methylethyl)-benzyl alcohol 27236 005 e ASARl = FH 2 1A Frl(Lee HS & Nagy S
Cyclohex-1-ene-4-carboxaldehyde 21.514 0.94 1996). ol= 3 7l F2AM B Awol 2af=lol 47]
A del T F2o GpAnel B Awe ANE)E
3-Cyclohexene-1-carboxaldehyde 21.640  0.88 STH(Haleva-Toledo E = 1999). 21403+ F1-2.9] hexenol &
Isocyclocitral 21.600  0.18 leaf alcoholo] B Ba]$n, T30 =3} g S9] g
Valerenal 38268  0.11 3 R ow BuFHAtHRyu KH 5 2012).
cis-Eudesma-6-en-12-al 38.829  0.09 ehd, ©ag7E Ao 3ol g dHS =ERFEE cyclo-

hexene-4-carboxaldehyde”} 0.94% = 71 o] HE% 1, 3-
cyclohexene-1-carboxaldehyde = 0.88% &% 912, isocy-
20788 7.00 clocitral(0.18%), valerenal(0.11%), cis-eudesma-6-en-12-al(0.09

Bicyclo-heptan-2-one (Alcanfor, Camphor) 22.115 9.69

Isopropyl-4-methylbicyclo-hexan-3-one (f3-

Thujone)

opy0] THeE Ao = L LB EE 4R, JAEF

Cycloheptanone 22.653 1.22 %) _] n‘ir /:\ HERIE <E ] ‘]_ - . =5
_ St B GRS FW W2 27 vl

a-Cyperon (Eudesma-4,11-dien-3-one) 37.988 1.20 o]~z % 29It} ValerenalS #8137} Zo|L} olo] A& olo]
Ethanone 26.195 043 SheE JRo =z opd odZo] Algh) &4 Ao 2 HE] b
cis-Isopiperitenone 25726 023 ol o= AFA] e S/ EIE 7 AR 3F
Bicyclohexene-2-one (Umbellolone) 24.547 0.27 5% AR th(Reineccius G 2006). A= A&, AHP]E,

2B T3 I s Fo3 FEE E APA Eld
ketoneF= bicycloheptan-2-one(9.69%)-2 alcanfor(6.66%)<}
camphor(3.03%)7} gHr=o] A2, B-thujone(7.00%), cy-
Cycloheptadiene-1-one (Eucarvone) 38354 014 cloheptanone(1.22%), a-cyperon(1.20%), ethanone(0.43%), um-

bellolone(0.27%), verbenone(0.22%), chrysanthenone(0.15%), eu-

ble 3). A% o] et A4 22 borneol F&alar ¢k carvone(0.14%) F°] HEEATHTable 3). 3o T2 A

Bicyclo-[3.1.1]Theptene-2-one (Verbenone) 24.083 0.22
Heptene-6-one (Chrysanthenone) 26.996 0.15
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B Foll Il pinened] A 4tstE PPHE A
mbAZx g RISk A frell EAls, HAEv mlEd 22
WANE W 7o £88 QA2 F7] FollA] Al&s] 2
sted o] Fth Chrysanthenone =8} 2ol EA8}h=
] AA 2 7 EAE Jlen, e E Aot &
2} Zieria smithii -l £X¥ A} FA3}t}. Eucarvone
-2yl AvF EAjets REHZAA AR Ao Al
S vl =gk WAy onxﬂo]‘:]' e e st &t
= Y& Aol vl Bo] el e, 1 FFE
300F ool =H, O]i—rﬂ FEHE 7IEE 74 ol
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2Efdefo}, Bapd, dA|gjo} FellA] v, olut 7R E
z7] 2250 o D}(Seu C 2006).
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TAZx Ao e HsE
UElstt). 3] bicycloheptenol acetate(0.63%), bornyl acetate
(0.61%)7} Bl o] {50 2™, methyl propyl acetate
(0.36%), sabinyl acetate(0.23%), methyl butenoic acid ester
(0 15%) % =5 A tHTable 4). | 2~EF+= carbone 2F2} &

ZENE AE e FR7F B st FRE M 5
5—’3‘5} 3}gHEo|t}. Methyl acetater IRINE S AJAT7]
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Qx| 94X Fxr} vrom ZlA] ko g gt o] 9 th(Ko-
yasako A & Bernhand RA 1983; Callegjon RM 5 2008). <A

Aol EAlske £943 22 A& s 7R e
bornyl acetate, =T} 2] F2 AJE-2] sabinyl ace-
tate 5-°] == AT}, Sabinyl acetate= WHE|HE, w1, 3k

] FHrEo] slom, dX|Fo dHld J3Fs Fe sler 1
= K Fournier G 5 1993). A|HFAFO 2= palmitic acid7}
0.53%= 71 2ol g% %1, methylpropionic acid(0.23%),

methylbutenoic acid ester(0.15%), isopropyl-hexadecatrienoate

v} 91t} Umbellolone-
ol 30~40% =R

o]
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B 5 HuA Bol] &hd Aew
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FolAlo} B EE e

(0.05%), bornyl isobutyrate(0.05%), linoleic acid(0.03%)%= 4
=5t} EpoxideF = caryophyllene oxide(5.45%), hydroca-
ryophyllene oxide(0.25%), isoaromadendren epoxide(0.20%)7}
-axo] 22T} Caryophyllene oxide:= 4% ¥3+sl =3}a}

2] 5| 3FF-¥ caryophyllene®] AH3}E 2 B 2314 ©H3l44
= A g7 g 28wl b—_otq A3 ] ol o
E, o 22 B SAle|= FHrt HE FRE 9]
3]%-chOh MH & Whang HJ 2003).

Tz S g-/E HEZ23 A AJE-C 2= piperitone(1.40%),
B-eudesmene(1.16%), a-pinene(0.86%), S-cardinene(0.87%), r-
terpinene(0.74%), B-caryophyllene(0.56%), thujanone (0.53%),
B-pinene(0.53%)°] -2 HOZ UEFSTHTable 5). HAE
< B B3, 7 Fa3 gikras Ha2de
2 terpenoidst} isoprenoids 2= E2]-+THMann J 5 1995).
Piperitone-> H7}2] =8 & Aol w5kl EAl5t=
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Table 4. Esters, fatty acids, and epoxides in the leaf of
Chrysanthemum zawadskii

Flavor compounds RT."” Area %”
Bicyclohepten-4-ol, 2,6,6,-trimethyl acetate 24.364 0.63
Bogliifrllezclz;ca;ec e(t]ai’»tiec)ycloheptan-Z—ol, 1,7,7- 26.017 0.61
1-(4-Isopropylphenyl)-2-methylpropyl acetate 39.802 0.36
Sabinyl acetate 25.937 0.23
Tolyl acetate 38.760 0.12
Hexadecanoic acid (Palmitic acid) 41.793 0.53
3-(2-I'sopr0‘pyl-5-methylphenyl)-2-methylpropi 37,032 0.3

onic acid
3-Methyl-2-butenoic acid ester 32.340 0.15
i-Propyl 6,9,12-hexadecatrienoate 44.545 0.05
Bornyl isobutyrate 29.542 0.05
Linoleic acid 44.396 0.03
Caryophyllene oxide 34.343 5.45
Hydrocaryophyllene epoxide 37.290 0.25
Isoaromadendrene epoxide 33.765 0.20

D RT: Retention time (min).
? Area %: Peak area relative to the total peak area %.



27(6): 676 ~683 (2017) TAZ Qo W] AR Ae 681

Table 5. Terpenoids and miscellaneous compounds in the
leaf of Chrysanthemum zawadskii

Volatile compounds RT." Area %”
Piperitone 25.394 1.40
Eudesma-4(14),11-diene (3-Eudesmene) 36.311 1.16
6-Cadinene 32.260 0.87
a-Pinene 14.658 0.86
y-Terpinene 18.871 0.74
7-Ethyl-1,4-dimethyl-camazulene 37.690 0.73
B-Caryophyllene 29.943 0.56
3-Thujanone, (1S,4R,5R)-3-isothujone 21.051 0.53
-Pinene 16.233 0.53
Valencene 35.304 0.48
Salvial-4-en-1-one 34.452 0.45
Chrysanthenone 26.996 0.43
Copaene 28.604 0.31
Menthofuran 40.895 0.30
Ledol 34.709 0.23
cis-Sabinene hydrate 19.340 0.23
Isocaryophyllene 29.456 0.21
cis-Calamenene 32.409 0.21
Alloaromadendrene 30.967 0.19
Trimethyl-dodecatrien-3-ol 33.141 0.14
Menthatriene 30.469 0.14
Nerolidol 33.141 0.14
Eucarvone 38.354 0.14
a-Calacorene 32.941 0.10
Eicosane 42.428 0.07

Y RT: Retention time (min).
2 Area %: Peak area relative to the total peak area %.
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-] camphor, chrysanthenol, a-thujone, 1,8-cineol, camphene
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