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Abstract

The purpose of this study was to investigate the volatile flavor compounds of Ligularia stenocephala and Ligularia fischeri, edible
wild plants. The volatile flavor compounds were isolated by the simultaneous distillation extraction method and analyzed by GC-MSD
(gas chromatography-mass selective detector). Forty-eight volatile flavor compounds were identified in the extracts from L.
stenocephala and the major compounds were sabinene, cis-ocimene, trans-caryophyllene, and [3-elemene. Fifty-one volatile flavor
compounds were identified in the extracts from L. fischeri and the major compounds were a-pinene, germacrene-D, trans-
caryophyllene, endo-1-bourbonanol and 1-limonene. The common volatile flavor compounds between two plants were trans-
caryophyllene, sabinene, [3-elemene and [B-cubebene etc. However, a-phellendrene and myrcene were identified in L. stenocephala,
but were not identified in L. fischeri. However a-pinene, germacrene-D and limonene were identified in L. fischeri but were not
identified in L. stenocephala.
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M =2 =3 (Ligularia fischeri Turczy= =8+}9] Al Z2 A LEHH|
o vlsf Qlo] ¥ A1, JERE &, 7, FU=, oA 5
EYU)Ligularia stenocephalay= e THCompositae)®] T 0.2 085 & TIEARl 4 & shjolet. o AHEAL

WAzEoRA 9 Hopo] BHe fARSHY M) Wb AS, AR, A9 BES AL Y BALTE TS
FHZIA AT ZEHE SUBHGDE Bk 2 A SFI /1Y vRstel MYs), W4 Fol B A=
Bl 271014 U 9S 34 QHle] BHo] Bjste] RE ofog solm RFolut HAF SoE Lt Urk L
dThs 542 A7 gtk 2RAE A48 2 oF8o] 20 A UkKim T 1996)

o, RS UEE Uiy A 44 WAL BB B 33 2320k Wt o] theF sl glo] ahi

ol 97)% gt 2gvle] BB anee g% ad 3 % FIF 28o] YoH(Nam § 2017), FuEY ;%,
(Debnath = = 2017), ;(]l:ﬂ—:']_ z;d O%XH B_J,}(Seo 2017), o]—l:l— :é:bg/k}/\ o—]xﬂ uﬂg)rq Aﬂ@w&g ouﬂ §3q. ﬁ] 7F n_ o}

Y BIK(Choi 5 2007), FAFS} I tyrosinase A& B7t Alzo] SAqA e} datt Sy A 5 BB ﬁﬂr [
Hatd AA ZF4A G3KRoh 5 2009) 5o] H11E Hf 3lom ol &2l A Ath(Ham 5 1998; Bae 5 2009; Kim 5 2011).
FddAd 9 23 auE zh= 529 34-dicaffeoylquinic ESE F3 o) 355 3,4-dicaffeoylquinic acid AJE-0] GHASH
acid®?} 3,5-dicaffeoylquinic acid 2] 915-(Yoon 5 2008) 5-°| 3= 58 7HE =A]o) oIt A 23K (Choi 5 2005)7}
ot orelA gk
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Qeler ke AR R P 7148 o A
TR R G AT(Song 5 1997), HLHER]
R 8714 Q7Sa Ty 2010) 5ol o, B 1 Fefel
B3] B394 B4 Q7(Choi HS 2019) o] glou, wehu]
5 ARl dig P14R A ofy REa Aol

2ol A% T4E BRSPS A U
Faz 5 orelaz A7t B AP T Aok ol9t B
dojol ok SuARN 2% ool FRad
(Kim HK 20092} A< 71879 TS EHLlee &
2017), APHRE] W AEE A Aol Hofditiar
H 1 EJATHKim MR 2005). o]#3F 75482 AY L U= 7
g 7S Al gt W, Bs2d] mEtA e 2}
o|F Ho|=t|, o]= o HE I} Aul T o] FrAE &
S AFH(Lee T 1995), kA Al A A} S Ajul] A< 9
F71480) ¥ AT (Hyun 5 200401 4= e 9L,

oehA & AFolA s e uEolA HFEH= AdE 5
Ligularia°] £5h= L2¥]9F FFE steam-distillation©] 2]
3l ®BFH o] 9J8f =3t TS volatile flavor compoundsE -4
S1, % AbAe] F7lol Bolsl FR W14l Hols
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1. Al
H Ao AMe-H L2 (Ligularia stenocephalay= 73 L=
AT EHE 1A ARG 2B A T A

=]
Al 1B HE AABIIL -70C] YEao] HystdA et
A7 AR B A 7E ARSIt 25 1 E42 950
ARESE WE B EEZ 2 = nonadecane AME-51% 11, Sigma-
Aldrich Co.(St. Louis, USA) A& AF&-35}91t}
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1) IIMR F&

P HES A&, 7157 (steam-distillation method)©]]
9] 8| 3Z3}%ITH(Nickerson & Likens 1966). 5, A& 100 g&
3 L flasko]] Y3 S/ 1 L, YHHEFEEE (nonadecane)y2 7}
oto] & 5315t tF-2- ether(J.T.Baker, Mexico)S 70 mLo]| 14
2t A% FFHAA f4L 3 F 945} Kudema Danish
FAE olgalel BEA g ALTIAE AHgstol
By g 250 uL7HA] B&5te] Bado] ARSI}

S
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B
o

2) B7IMEO| A
F29 F0Y PR FFEALS GCMSD(Hewlets

Packard, G1800B GCD, Agilent Technologies Inc., CA, USAYS
AR5}, Columne HP-5(0.25%300 mm, 250 pm, Agilent
Co., CA, USAYE ARESI3ITH 2% T2 40TCof|A] 3&
2 FAGE o 3C/mine] HE2 240 C7HA] AF5A17]aL o] %
587F f-A5F3 . Injection W detector 2=+ 242 250C,
280CE AASIH AL, carrier gasZ+ He gass 5 0.8 mL/min
07 ARESIA AlRe 1 uLE Yol o™, splitless mode
2 BA3519t GC-MSDe] B4 AL electron multiplier
voltageE- 1600 eVE s}tk 3y F7|d& e Lim &
(2016)2] ®Hgo| A2} Zo] R EZEZ S| peak arca®?} 57
A F7172 peak area®] BHlEE AJTHZQI S
AtEst ) o] W) WHEHEFEZE nonadecane(10 mg/kg)S
AREFloH, 15 HAH| 9} SFH] O] A= 10l 7}
Astait. S 7188 5782 S8l GC chromatogram
o UEF retention time2 &+Q15}1L retention index(RI)E A
AFSA 1 mass spectrumE GC-MSD2] Wiley 275L data baseS
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Al 2EH|eF oy T3] T FTEES steam
distillation®. 2 &3} GC-MSDE &3 EAHLS 4
chromatogram2 Fig. 1, Fig. 29} Zow, YREE EZO
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A E SEES Table 1, Table 29} ZTh
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Table 10412} Zro] oA = 48%2] WA 714
2ol AEH U F8 U FVIHE == BterpineneO]
84.6 mgkgO &2 71 =4 Y} Oo™, 11 th3-2 sabinene
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Fig. 1. Gas chromatogram of Ligularia stenocephala.
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Table 1. Volatile flavor compounds identified in Ligularia

stenocephala
Retention L
No.  time Volatile compounds stenocephala
(min) (mg/kg)
1 7.79  2-Hexenal 0.30
| 2 798  3-Hexen-1-ol 1.11
' 3 822  1-Methyl-2-pentyl-cyclopropane 0.22
| 4 9.78  a-Thujene 0.37
: 5 10.01  a-Pipene 11.70
. 6 1207 Sabinene 5427
Fig. 2. Gas chromatogram of Ligularia fischeri. 7 13.03  Myrcene 9.24
8 13.52  a-Phellandrene 10.93
- 9 15.28  [3-Terpinene 84.60
(54.27 mg/kg), cis-ocimene(31.35 mg/kg), trans-caryophyllene(22.59 10 1539  Cis-Ocimene 3125
mgkg)2] =02 VBT 11 Qo= B-elemene(17.28 mg/ke)Tt 11 1569 Benzenacetaldehyde 0.32
208 Y= allo-ocimene(12.75 mg/kg) 5°] A=At 12 15.86  Trans-B-Ocimene 3.64
T o] 29 /AR Z 7P ko] £O Boterpinene 13 17.55 a-Terpigolene 1.79
o 7 tjeo s to| AZH sabi oA o5t Aoe 5 14 1990  Allo-Ocimene 12.75
= = | m= Sabihene TER A= 15 2030  2,6-Dimethyl-2,4,6-octatriene 2.09
AEH}. a-Terpinene WEXEQ] 9 H&F StH=EA & 16 2207 3-Cyclohexen-1-ol 423
3l9] Q8 ARSI E(Lee 5 2007)0]™, sageQ} 2L 3 H 4] 17 2242  4-Isopropyl-2-cyclohexene-1-one 1.57
EoA] 28 §7]420F B T(Oh & Whang 2003)8 H 9] 18 23.09 (E)-1-(p-Methoxyphenyl)-2-methoxye 0.67
N _ 19 2694 Exobornyl acetate 0.03
TF. Yang KWQ014)= 2523 X odldedel 345 & 20 2918  y-Elemene 114
TIE et = G594 AES y-terpinene(24.66%)2al B 21 2933  [-Selinene 0.38
73t v} 9tk B Aslof|A] @ ofo] AZE sabinene 22 3125 Berkheyaradulen 2.45
monoterpene®] v, £F5-0] 8 P12 F shol7l o 2431 ;32 %ﬂ:fl(l}jgophyllene gig

th. Ryu 52019y AF=+9] -84 Eo] 335 sabineneo] 33.16  B-Cubebene 1.74

N
(93}

S5 JAok= a9E BRvkal B sk vE Qi 26 3372 y-Cadinene 0.45
Cis-ocimene monoterpenes®] 3+ FH=ZA, H &, stets zg ;igg f;—Humgl;ne f :3
: rans-[3-Farnesene .

o] u| A& uro] Lo otk 1 = o
= b%ﬁ H 01‘ 3H-E o] A‘fh— LI (Yoo 5 2004)% R 29 3543  1234.4a5.68a-Octahydronaphthalene  19.73
o, AT B YEE FurEAE GEEY FE=E 30  35.63  Eremophilene 2.51
ol 85 =15 3k9] Lirsea cubeba B-8-/38 Zol| Al ocimene 31 3597 a-Bergamotene 6.65
= — & 32 36.27 Germacrene A 1.33

sleFo] 7}AF wkolo i glaimlo] E-A(Wane = 1999)0] H 17
ol 7H waten, dad ]OE g(Wang 5 1999091 B 5 15 EFo-Famesene 246
= H} QIt}. Trans- caryophyllene sesquiterpenes O 2 4], AS}H 34  37.18 [B-Sesquiphellandrene 758
of 93t NIZ=A tsto] BS a3/} Q30| B il (Hong 35 3735 Oxacyclotridec-10-en-2-one 1.16
SH 2006)%¥ ®} QIth. B-Elemene ESHS|A] elemenes(a-, 3-, 36 3879  Nerolidol 5.04
- 37  39.27 Caryophyllene oxide 0.87

- 1 8- O AE oA E IF Zro U=

¥~ lﬂb_- S-clemency2: 41 & 1‘7< 3719 2 = 1S W 38 4032 Oplopenone 195
™, et &A= FE=0 e d=(Edris AE 2009) 39 4050 B-Maaliene 037
0 22] QuIOM 9] Z4] 91| AIHGuan 5 2014) S A% 40 4115 Calarene 0.85
gorrom offA Qth E3F we ko ofx|wlt o 41 4249  Selina-3,7(11)-diene 22.92
Azl o 1_ o] = QA 42 5032  Liguhodgsonal 3.74
phellandrene] HZ&% 31 9., o]+ Eucalyptus 0il®] FQ A& 43 5075 Nonadecanc 10.00
O 2 A Zhang 5(2017)9] AFNA] Penicillium cyclopiumto]l 44 5144 Methyl hexadecanoic acid 0.29
3t 3k EA4o] Y= Aoz By v} 9t} 45 5291  Hexadecanoic acid 0.53
46  55.03 Muscopyridine 0.09
- Sl = o 47  56.62  9,12-Octadecadienoic acid 0.28
. &Fe YN S$U|ME 48  56.85 9,12,15-Octadecatrienoic acid 1.03
Table 20|42} Zo] FF A= 51%9] 34 F7|AE 49  67.83 Tetracosane 0.39
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Table 2. Volatile flavor compounds identified in Ligularia

o] 9 Z20] MY B AR H|W

fischeri
Retention L.
No. time Volatile compounds fischeri
(min) (mg/kg)
1 10.01 a-Pipene 27.32
2 12.07 Sabinene 8.24
3 1445 o-Pinene 74.63
4 1492  1-Methyl-4-(2-methylethyl)-benzene (p-cymene) 4.16
5 1520 1-Limonene 9.40
6 1539 Cis-Ocimene 0.32
7 15.69 Benzenacetaldehyde 1.04
8 15.86  Trans-3-Ocimene 0.53
9 1623 a-Thujene 2.78
10 16.66  Trans-Sabinene hydrate 0.08
11 17.55 a-Terpinolene 2.78
12 18.14 Cis-Sabinene hydrate 0.03
13 1827 Linalool 0.19
14 19.18  1-Terpineol 0.29
15 19.54  Neo-allo-Ocimene 0.12
16 20.76  2,6-Nonadienal 0.04
17 21.81  4-Terpineol 0.55
18 2451  1-Isopropyl-2-methoxy-4-methylbenzene 0.09
19 2466 Z-3-Hexenyl isopentanoate 0.42
20 29.12  Bicycloelemene 4.39
21  29.53  a-Cubebene 0.33
22 30.65 a-Copaene 0.53
23 3145 [3-Elemene 2.74
24 3296 Trans-Caryophyllene 25.35
25 33.16 [3-Cubebene 5.73
26 34.07 a-Humulene 6.14
27 3593 Germacrene-D 54.01
28 3632 a-Muurolene 243
29 36.73 4-Methyl-2,6-bis(1,1-dimethylethyl)phenol 3.09
30 3725 6-Cadinene 9.60
1,2,4a,5,6,8a-Hexahydro-4,7-dimethyl-
31 37.56 1(1-Methylethyl)-naphthalene 1.29
32 39.44  Endo-1-bourbonanol 22.78
33 39.79  Viridiflorol 1.51
34  40.66 (3-Patchoulene 0.48
35 4473 Mintsulfide 0.40
36 46.27 Tetradecanoic acid 0.13
37 4745 Fukinanolid 0.13
38 4833 Phytol 0.54
39 50.75 Nonadecane 10.00
40 51.27 Methyl palmitate 0.11
41 5246 Butyl phthalate 1.14
42 5291 Hexadecanoic acid 6.65
43 5645 Methyl 11,14-octadecadienoic acid 0.21
44 56.68 Methyl 9,12,15-octadecatrienoic acid 0.60
45 58.84  9,12,15-Octadecatrien-1-ol 8.07
46 6142  6-Angeloyloxy-1,10-epoxy-euryopsin 0.18
47 6235 Tricosane 0.36
48 64.68 5-Eicosene 0.27
49 65.03 Cyclopentadecane 0.22
50 67.65 Eicosane 0.26
51 6899 Isooctyl phthalate 2.86
52 71.69  Pristane 0.43
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o] A&Hth. F2 L PV HES A EH, a-pinene
(74.63 mg/kg), germacrene-D(54.01 mg/kg)7} W =9k o
I T2 27 a-pipene(27.32 mg/kg), trans-caryophyllene(25.35
mg/kg), endo-1-bourbonanol(22.78 mg/kg)2] £~0. &2 §gFo] =
At 1 Qo % 1-limonene, S-cadinene 50| AHAEE| T
Monoterpeneo]] S| B35H= a-pinene B2 Al Eof gHo=
4R % Shfolct. ZULITY 28 HGAE pincne
Qi) 71918 £4ozue YIS BEsh, 9147
Lo =22X7]= FiKLee GY 20127 B 1€ B} Qlr}. o-9F
B- 2% Fsaaw e, I+t FAE)E 95 A% 5 %
HASH ok A _&J}(Salehi 5 20197} Rt FFH 9} 5t
2F5oll et Han 5(2010)9] A7-d& AFolA F A
7 25 78 A YR limonene] 2 AHoME HEH
Ao 18] E2 A= ofY Ut BHH Han 5:(2010)2] 4
04011/‘1 T HAZ =7 YeEPgE a-pinened & AFo| A=
=7 AE5 Y. Kang SI(2010)= AU P. densiflora 7
-,Qr*é—‘._— Lol A a-pinene(12.05%)2} sesquiterpene®l  trans-
caryophyllene, endo-1-bourbonanol, 2|1l germacrene-D7} 5+
8 FRAEolgon, FE2EA FHaTE UEiita B
g HE Qlek 2 A9ofl E4% FF oA % a-pinene, trans-
caryophyllene, endo-1-bourbonanol, 12|11 germacrene-D7} 7
SH U= A2 o H79 E44 ASS A e I
o] & Aolztal sl Hr}. Germacrene THF3E F2] A&
of A =™, sesquiterpenes O 24 AF, T|AYEIA 59
FIH(Yang 5 20057} ek L&A Ik Choi HS(2020)9] &
ToA FHe HaAAECR HEH virdiflorol, y-muurolene,
limonene @ caryophyllene AJ&-0] & A3 oAz FQlEg O
1}, longiverbenone2 £ AFoAE AEE R A9ttt o]=
HAsh Qo] Bofolit )%, Az, BoRe 22
upy 5o Rpolo] 7|Qlske A0 AzhEr,

EIJ

m g

3. 2ol U T3 FUN MR HT
zgulol 230] A4 PIGRORA B AN B
507 HEH HEL2 a-pipene, sabinene, cis-ocimene, trans-3-
ocimene, a-terpinolene, 3-elemene, trans-caryophyllene, [3-cubebene,

a-humulene S-0]3it}.

2o 4 FUEAR Yol Lo Belemence B
] H|3} 68 AE =4 el O™, sabinened} cis-ocimene $F
= =510l Blsf 5~108 o]4 A UEHgT. Sabinene= tF
kel

oh?_ A129] AR/d=olA AEE= monoterpene S 24|, &
dZ=aute} Fgo] A ATy} B B Qltk(Cao 5 2018).

3} % 8 YH(Fernandes 5 2007) 8.5t ofy gt t] 9] &
d &4 digt B35 87K (Chang 5 2013)7F B trans-
caryophylleneo] = 4AHf &% HEEHJoW, LEH](22.59
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mg/kg)@} F5(25.25 mgkg) F A BF o ohiohe A
O & UEIGTE Caryophyllene pseudomonas aeruginosaS}
bacillus subtilis®l| T3t Bo]7| A 535t A 7K(Sabulal 5
2006)7} H1l¥ H} Q1O9W, a-pinene, B-myrcene L2 3-
caryophyllene 5-0] 8 FIAFERI Az HRAEANA %
3t P EHBae SM 20097} HIEQITh 29 A=<l
Artemisia vulgaris L.2] A7 (Malik 5 2019)°f| 4] = caryophyllene
(37.45%), germacrene D(16.17%), humulene(13.66%) 2] &
[AEE S FEEOA Aot € 580] ¥4 A axt
7F &0l HiE e

3ot S FF A T2 Fo] HEE B-cubebene
BF 2 AYoAE g 33 BF FAEEeH, 13
o] A% 3 A= § =4 HEEHUH

Monoterpene®]| Go}H 7HAIEQ] autophagys LO.F] O
EH THA| 2 F4E 2AAISt= BIH(Hsieh 5 2015)7F ATkl
B39 aphellandrene> ZZEH|AT ERIE It EFH
coriander G| A 71 @o] HEE B-sesquipellandrene©]
LEH| ANt BEE AW, ligulariadl &5t AE0lA T
& T ABYUEERHRE W LA sesquiterpenesF2
eremophilene(CsHay) = LEH] AT HEE U ThHHou 5 2014).

W F3olA B2 ol AEF a-pinene, germacrene-D,
endo-1-bourbonanol 52 XM= AEEHA] LgUTH &
5] FF9 ARELRE A limonene> H3 9] Z-f-ollRt
AEEAL, FLEH]f A= HEEA LA Han 5(2010)2]
=3t e FF e LA PR AolA F AR B
5 D-limoneneo] 7Hg W2 FE-S 22|51 0H, £ 43
S E oA HEE pinene Ad&0] £ AAoA= F
FollA gt &= FLIH|oA= HEEHA gdth a%0]7]
L SR 29k U= §-cadinene™} mintsulfideT &3 of| At
A&E ATt ZF o)A wo] HE= a-pinene, germacrene-D,
trans-caryophyllene, limonene 5= Cho 5(1999)9] & ¥
FEEA EA4E E4T fARE 8 PR RE A
e AL 2 % 99Tk £ Song & Kwon(1990)2. UL}
OJ|A] limonene, germacrene D, B-pinene 5-9] 3|4 F7|AE
ol Bol AZFIt Bgh v ok, B U
Apgt WO 8 712 202 FEo| of2le Aol Azt 4
AR ol AR BIAR FAS B Aol7t e
Aog we

ool Aste Feoid Sk wavlel A B4
29 v W m, a-pinene, germacrene-D, endo-1-bourbonanol};
2208 U&= S-cadinene, limonene2 Z|4F A&E 9l om, vt

so za

[

[e]
T
Al

==

H allo-ocimene, a-phellandrene, myrcene FE=E
o Mgt ERI=|QI}. o] 23t AxfofA] & wf HFo] FAFEA|
ehe 2ok ZEHle) fy PR o R 55

OOk Oi
i |

2|9t ZFHE steam distillationo]] 23+ & T G
GCDol ofgt W7 42l B4l Ashe e} 2
W]} P4 AR F 4850] AEHAOH, o I
A §F7|AJE-L B-terpinene, sabinene, cis-ocimene, trans-caryo-
phyllene, B-elemene 5°]31tt FF 9 F7|AEL 5159 A
Fo| gel=lor, 9 3] F7|/dES a-pinene, ger-
macrene-D, trans- caryophyllene, limonene 50| tt. &3 <} &
gH|9] ] )RS HlWE o, a-pinene, germa-
crene-D, endo-1-bourbonanol¥} limonene, 27 U= S-cadinene
2 ZH9 Aot A& Ut ¥HA allo-ocimene, a-phellan-
drene, myrcene 5= LEH| FEENAT HEE A ol
B9l ol FAFSHL Z2 &l STATE F5{F 2LEH|
9] 3 F7Id o] A4S ted & o AR, A
£ Bl Aol Stk LEH|of tigh /g Aol
g AGs BES AHolBR o]of gt ¥ @ dArt F
astelet AzHEn,
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