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ABSTRACT

Background: A set of logical criteria that can accurately identify and verify the cultivation region of raw materials is a critical tool
for the scientific management of traditional herbal medicine.

Methods and Results: Volatile compounds were obtained from 19 and 32 samples of Angelica gigas Nakai cultivated in Korea and
China, respectively, by using steam distillation extraction. The metabolites were identified using GC/MS by querying against the
NIST reference library. Data binning was performed to normalize the number of variables used in statistical analysis. Multivariate
statistical analyses, such as Principal Component Analysis (PCA), Partial Least Squares-Discriminant Analysis (PLS-DA), and
Orthogonal Partial Least Squares-Discriminant Analysis (OPLS-DA) were performed using the SIMCA-P software. Significant
variables with a Variable Importance in the Projection (VIP) score higher than 1.0 as obtained through OPLS-DA and those that
resulted in p-values less than 0.05 through one-way ANOVA were selected to verify the marker compounds. Among the 19 vari-
ables extracted, styrene, a-pinene, and B-terpinene were selected as markers to indicate the origin of 4. gigas.

Conclusions: The statistical model developed was suitable for determination of the geographical origin of 4. gigas. The cultivation
regions of six Korean and eight Chinese 4. gigas. samples were predicted using the established OPLS-DA model and it was con-
firmed that 13 of the 14 samples were accurately classified.

Key Words: Angelica gigas Nakai, Gas Chromatography-Mass Spectrometer, Metabolomics, Multivariate Statistical Analyses,
Orthogonal Partial Least Squares-Discriminant Analysis, Principal Component Analysis
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olfr= ARl g7 acle] trEEe] TS fEst A 7S ek AL wlg- AlEsith

o I Nge4E Yehled 2444 988 3 = 7] ul AL &} (metabolomics) Nuclear Magnetic Resonance

Tolt} (Lee et al, 2008; Zhang et al, 2010). H= A (NMR), Gas Chromatography-Mass Spectrometer (GC-MS),
o] SR 2 oI AE AT FE Az AR Liquid Chromatography-Mass Spectrometer (LC/MS) % Tt
7P Wl Abo] AlS|F o R EOE YO Hgl T & 71718 ARgste] Al el ERllshs At AR
T 9= A SeRE SR Sele e 5 AR & B9 B8k, vt 54 4 (multivariate data
EAAA ek AI7E S7FsPEA AplsTre] 732719 ¢ analysis)& ot Wl thAkAIS] HstE dAdhe wok=,
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5 %7}, Awe] 271708 Wtk ohe} wAEol
jre Rolel M S-8HT Ak
(Arbona et al, 2009; Claudino et al, 2012; De Vos et
al, 2007; Fiehn, 2002; Lindon et al, 2007; Yang et al,
2014).
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=
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mass spectras NIST librarye} B EO 2
7Fsek Axe] e, fFxAst #4 §lo
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T} (Fukusaki and Kobayashi, 2005; Kanani et al., 2008;
Kende er al, 2010). TAHAIS 7o) shel FAE £
(Principal Component Analysis, PCAY> Thia#F dlo|H7} 2t
e ARES AU FrskHA A2 SYHo|a A
T AR HFES AN oo AEE 22k &
© 3R] FAEE IR FEee FAIMelRL & 5
ATk AwREFH 422G HE (Orthogonal Partial Least Squares
Discriminant Analysis, OPLS-DA) classification E3] 3
Yolghs FEHHTE ot e 719k ZF dlolE <]
AlZbsls Sdiglelal At 7F 2pol7t e rREES 2
T A B S 7IHoEA, dEEE e gRd) vl
Z1osks W e 7g Agket Wolth (Bylesjo ef al,
2006; Hong, 2014; Westerhuis e al., 2010).
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Atk 7z} peake] mass spectrum pattern®] T&}e] NIST
libraryoll A AX3h= JES 71H3F AL gas chromatogram®]
peak intensity =412 S8l BTG ¥, 2 Ao tiste]
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Table 1. Collected regions and the number of samples of Angelica gigas.

Korea China

Region No. of samples Region No. of samples
Bongwha 6 (K1 - K6) Yanbian (C1-C19
Yeongcheon 1 (K25) Tonghwa (C20 - C24)
Jecheon 4 (K7 - K10) Hunchun (C25 - C29)

Hongcheon 5 (K11 - K15) Baishan (C35)
Hamyang 9 (K16 - K24) Dandong (C30,C31)
Fushun (C38 - C40)
Gansu (C32 - C34)
Heilongjiang  (C36, C37)
Total 25 Total 40

(Angelica gigas Nakai)ZA] FYlsky
T g el gt
Z} ARl A& 719 AT
737 #zE RIS, Aujs7telA]
AE A FH3 Aom ik A3 25
3 40 FRoITh AR A5 Bsktat FHA,
AN, 2 FR-E, A FdellA s, S
ZAYAe] W (Yanbian), 3} (Tonghwa), &5 (Hunchun),
a2l H4E (Baishan), A4 ©-& (Dandong)d F<=
(Fushun), 744 (Gansu), 5734 (Heilongjiang)ollX 45
AT (Table 1). 15 A& 3 WA 1970, 542 32
el ARE EAste] yhHrde] gylol ARE-SIAL, B
ASS BHoZ it oll, =4t 719 AlEE ARS-3H
AR =S SHATh et (fungi) L9901 FAE AEE A

Slal 2 AZRAE 102 F3l AlE T 235

2. A79| F& U GC/MS ZMAZ| ZA|

Z}zre]l A ZE2HE ARE FEs7] A, 8 oA
(EDQM, 2015)° 71&]=o] Q= Clevenger-type apparatuss
o] 83l 57155 WS AFEIY (Clevenger, 1928; Ozek
et al., 2010). 7FF3] 71&std, 10g2] AlEC 250l Q] 557
FE 3L R0TCA 6AI7F B3 5715 ST SHEO]
3% oElZ (J.T. Baker, Philipsburg, NJ, USA) o]
SHHIEEF (Junsei, Tokyo, Japanys Ho] &gk &

3ty GC/MS EAHAIEZ ARSI

3. AP ¥ =A

Kim % (2006)¢] W 71%=2, AfAE 248 95k
Bruker 320-MS GC quadrupole mass spectrometer (Bruker,
Billerica, MA, USA)E AM&stlom AYL> HP-5MS
(B0m x 025 mm, film thickness 250 /m, Agilent, Santa Clara,
CA, USAYE AMESIGTE SNPIAIZ &= 99.999% HF7}
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olol] EAleke AP eAe BAsaL 74]-{@101] AR W
o] 5 Z°]7] S8l GC-MS tlo]Ele] M-S 0.2 min H2
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5. CHHgE SHRA

SIMCA-P, ver 11.0 software (Umetrics, Umea, Sweden)&
o] &3] chemometric method?! PCA, PLS-DA (Partial Least
Squares-Discriminant Analysis), OPLS-DA 4]-8- 5=3)3}9]t}.
2L E O tHAK S48

Lee 5 (2013)°] WS 7]%= OPLS-DA
VIP (Variable Importance in the Projection)s Ao <]
AE HFE FE39 VIPE F o] UHAS A
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SPSS 11.0 (SPSS Inc., Chicago, IL, USAYS ARE-3}4] one-

way ANOVA (analysis of variance)E F3t] p-value’}

0.05 "IVl WEE FE3h
Zot o o
1. AKISl 24 2 SH
Fig. 19] (A= =4t FEAAIES] tEAQI total ion
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chromatogram®|™, (B)= =4t F3HAAIES] thiE4?] TIC
S veRd Zlolrh sk B eAtE %719 ¥== NIST
mass spectra librarys ©]-8-3to] 54 g 725 TS Aot
GC/MS Ao =2 I TIC ¥ MS fragment FdS 7|22
NIST mass spectra library 8] THARA|S] AAdEA] o] &-olglTt,
g, St Sl e AlEe] 93 intensity2 GPdol
OE s Sete s g + Uk

Table 29} Table 3°l= 27} =it} T4k 319
GC/MS A0 Z2RE o/d== UIAAIE NIST mass spectra
library=4H 57438 A5 JeRHITE. 1-Benzyl-1,2,3-triazole,
2,6-dimethyl-1,3,6-heptatriene,  B-famesene,  4-terpinenol,
terpinolene, bicycloelemene, bicyclogermacrene, E,E-o-farnesene,
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B-myrcene, B-phellandrene, 8-3-carene, P-terpinene, dl-limonene,
ethyl linolenolate, guaiol, myrtanol, 2-methyloctane,
styrene 5o XSl Ak 457), TR 43709 TA7t
A=Ak it IR FHE tIAEIE bicyclo[3.1.1]
hept-3-en-2-one,4,6,6-trimethyl-,[ 1S-(1a,,23,501)], muskolactone,

hexanal,
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Fig. 1. Total ion chromatograms of volatile constituents of

extract of A. gigas cultivated in Korea (A) and
extract of A. gigas cultivated in China (B) obtained
by GC/MS El scan mode.
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Table 2. The list of identified metabolites from extract of A. gigas cultivated in Korea. NIST library-based putative identification of primary
metabolites analyzed by GC/MS.

PSZI.( (5111 ) m/z Identified metabolites g‘c igcrll
1 7.507 128  Nonane 99
2 8.655 136  a-Pinene 97
3 9.193 136 Camphene 99
4 10.138 136  B-Pinene 98
5 11.159 136  vy-Terpinene 95
6 11.724 134 o-Cymene 95
7 12.055 196  B-Terpinyl acetate 88
8 12.617 178  Bicyclo[3.3.1]hept-3-en, 4,6,6-trimethyl-2-vinyloxy 87
9 13.514 252 3-Methyl-2-butenoic acid, undec-10-enyl ester 89
10 13.907 192 3-Cyclohexen-1-ol, 5-methylene-6-(1-methylethenyl)-, acetate 84
11 14.163 154 Linalool 99
12 14.639 340  Hexanoic acid, 4-hexadecyl ester 82
13 14.970 154  2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, trans- 87
14 15.077 152 a-Campholene aldehyde 88
15 15.501 154  2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, cis- 90
16 15.649 152 Bicyclo[3.1.1]hept-3-en-2-ol, 4,6,6-trimethyl-,[15-(1a.,2B,50)] 89
17 15.729 172 Hexanoic acid, 2-methylpropyl ester 83
18 15.846 152 p-Mentha-1,5-dien-8-ol 93
19 16.232 150  2(10)-Pinen-3-one, (+/-)- 88
20 16.442 152 p-Mentha-1,5-dien-8-ol 85
21 16.753 150  p-Cymen-7-ol 95
22 16.929 150  p-Cymen-7-ol 83
23 17.188 152 Myrtenol 93
24 17.553 150  Bicyclo[3.1.1] hept-3-en-2-one, 4,6,6-trimethyl- 88
25 17.864 152 Carveol, trans- 95
26 18.595 150  2-Cyclohexen-1-one, 2-methyl-5-(1-methylethenyl)- 87
27 19.288 182  Bicyclo[2.2.1] heptan-2-ol, 7,7-dimethyl-, acetate 85
28 19.678 282  3-Methyl-2-butenoic acid, 2-tridecyl ester 89
29 19.795 182  Thujan-10-oic acid methyl ester, cis- 88
30 20.037 278  10-Heptadecen-8-ynoic acid, methyl ester, (E)- 83
31 20.847 182 Thujan-10-oic acid methyl ester, cis- 93
32 21.323 200 Isobutyl caprylate 89
33 22.423 196  Bicyclo[3.1.1]heptane-2-methanol, 6,6-dimethyl-, acetate 87
34 24.165 152 a-Campholine aldehyde 85
35 25.176 190  2-Butenoic acid, 3-methyl-, phenylmethyl ester 88
36 25.307 204  a-Muurolene 99
37 25.559 222 2H-3,9a-Methano-1-benzoxepin,octahydro-2,2,50,9-tetramethyl- [3R-(30, 5a,a, 90, 9ar)] 86
38 26.118 271 Spiro[3-phenyl-1,4,2dioxazolin-5,2-bornan] 88
39 26.518 222 3,7-Cyclodecadiene-1-methanol,a,a,4,8-tetrame(s-(Z,Z)] 83
40 27.236 220  (+) Spathulenol 90
41 27.342 286  Propanoic acid, 2-methyl-, 1-(1,1-dimethylethyl)-2-methyl-1,3-propanediyl ester 80
42 28.340 222 10-epi-y-Eudesmol 93
43 28.430 220  (-)-Spathulenol 88
44 28.899 222 Cubenol 95
45 29.082 222 B-Eudesmol 99
46 29.435 272 7-Heptadecene, 1-chloro- 89
47 30.756 240  Muskolactone 93
48 31.061 208  Benzene, 1,1'(1,2-cyclobutanediyl)bis-, cis- 87
49 45.814 456  Silane, dimethyldecyloxyhexadecyloxy- 99

*Full score at 100.
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Table 3. The list of identified metabolites from extract of A. gigas cultivated in China. NIST library-based putative identification of primary
metabolites analyzed by GC/MS.

P’\ejzk (E]'I;) m/z Identified metabolites fZ‘ cigcrl:‘
1 4.572 100 Hexanal 88
2 6.417 128 Octane, 2-methyl- 86
3 6.628 122 2,6-Dimethyl-1,3,6-heptatriene 83
4 7.276 104  Styrene 95
5 7.569 128 Nonane 99
6 8.838 136 a-Pinene 95
7 9.256 136 Camphene 95
8 9.859 136 B-Terpinene 90
9 10.273 136 B-Pinene 89
10 10.763 136 B-Myrcene 88
11 11.263 136 &-3-Carene 85
12 11.732 134  o0-Cymene 83
13 11.870 136 dl-Limonene 95
14 11.991 136 B-Phellandrene 91
15 12.436 136 trans-B-Ocimene 90
16 12.839 136 vy-Terpinene 91
17 13.736 136 o-Terpinolene 89
18 14.191 154 Linalool 98
19 14.767 340 Hexanoic acid, 4-hexadecyl ester 88
20 14.981 154  2-Cyclohexen-1-ol,1-methyl-4-(1-methylethyl)-, trans- 89
21 15.509 154  2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, cis- 85
22 15.740 172 Hexanoic acid, 2-methylpropy! ester 89
23 16.779 154 4-terpinenol 95
24 16.955 150 p-Cymen-7-ol 92
25 17.275 154 Myrtanol 93
26 18.762 152  p-Mentha-1(7),8-dien-2-ol, trans- 84
27 19.872 182  Thujan-10-oic acid methyl ester, cis- 88
28 19.872 204 Bicycloelemene 95
29 22.442 196 Bicyclo[3.1.1]heptane-2-methanol, 6,6-dimethyl-, acetate 86
30 24.091 204 B-Farnesene 96
31 24.198 308 Ethyl linolenolate 93
32 24.198 204 Bicyclogermacrene 83
33 25.344 204  o-Muurolene 99
34 25.406 204 E,E-a-Farnesene 95
35 26.559 222 3,7-Cyclodecadiene-1-methanol, o, c,4,8-tetramels-(Z,Z)] 89
36 27.418 220 Spathulenol 91
37 27.718 222 Guaiol 95
38 28.367 222 10-epi-y-eudesmol 93
39 29.282 222 a-Eudesmol 95
40 30.462 159 1-Benzyl-1,2,3-triazole 84
41 30.735 240 Oxacyclotetradecane-2,11-dione, 13-methyl- 80
42 31.088 208 Benzene, 1,1'-(1,2-cyclobutanediyl)bis-, cis- 82
43 32.648 240  Selina-4 o,11-diol 81

*Full score at 100.

myrtenol, cubenol, frans-carveol 52 H|E3t 2270 SleHE a-faresene, guaiol, myrtanol 5 237] 31HE, 283l F Al
o, T4t HFH A= B-phellandrene, P-terpinene, E.E- g2 EFA F4% A= camphene, p-cymen-7-ol, o-
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Fig. 2. OPLS-DA score plots of volatile metabolites from
extract of A. gigas that identified by GC/MS. A. gigas
samples from Korea and China are represented with a A
K, and BC, respectively. OPLS-DA; Orthogonal Partial
Least Squares Discriminant Analysis.

muurolene, nonane, o-pinene, y-terpinene 5 2371 3FFHEolTh
shd, Ut Fge] 1803 200 3 F+= p-mentha-1,5-dien-8-
ol, 213} 2281 3| == p-cymen-7-ol, 20813} 319 I I= cis-
thujan-10-oic acid methyl ester? ZFz} 2%8 RToA HEE9)
om FdI FFEZ FHEHAT (Table 2, 3). Silane,
dimethyldecyloxyhexadecyloxy-= E4FolA 2FE E2=
F4¥Eh 3H4, Kim 5 2006y #FH 3d AEQ o-
pinene, limonene, B-eudesmol, elemol 58 H 3} oH o=
2 =] grA 54 Aokl oyt YX|skat. ek 3
AL FAESZ= decursin, decursinol 5
o] BRI EAT (Kim et al, 2006).

[e]

coumarin 5%

2. 2 SHIRMS Sof T

PCA, PLS-DA, OPLS-DA 59| thHa} SAEAES A%
& 2 Ay}, PCA & 27 ol =it Jgiet e &
=3F FAGA7E SR 2 SRlols AdsA 2UTH (data
not shown). PLS-DASIAE PCAoA Hoh= 2F7k 7A=Q)
A9, Z1zF 7Re] WA ek 3o St AT F
HEol A 2d gyol= AstA FUTh (data not
shown). Fig. 20 YRt nke} o], OPLS-DACIA= =4t
A} T2t AP BE AETF FHEA 4 #

| Ol'm
tlo

i

\=]

ZlEglom, wehx] OPLS-DAE ol&ate] el 1] 3
W mds Saiglth 3, PCAE PSS o835k

A FHRL oL 2 FYEE olgle] A4 L T3
W, PLSE SYUFRY ohe F5WE BAY 1

Holo] ALe WS 2L 0| olgal AL Faue

L

pu
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PCARTIE= PLSOIA U% 7dd A#4E 48
OPLS-DAT= 33 Hlo|g¢} HlolEe] 54 A4, 4
A o g &3k=Ae] RS ABATE 3] A
o] sfUE, o] W F e tidd 2Eke] Aolvt
A WA So] wEe] YeER S dloly YLD sl gz
A DA} AR O 2F7Re] d3E HolE A dold
= o} (Bylesjo et al, 2006; Wiklund et al., 2008). 3HH,
Tianniam & 2008y UJFF (4ngelica acutiloba)®] B, -
7143k} opm| At 58 GC-TOF MSE #4]&13 PCAZS £3t

o=
AR FE RS BT &, R 4 AR ZEE 7Y
H3x Aol wel PCA score
=

it yo,
O

Tl -

=B

>

3 Ao 1, 23} thAFEZ 9]
o] Zholl ztol7} BRIl o™ FEe] folid-e AABI.

3. ALK TE 0B AR

WA AL} =t APAE S F e v
AHNE HES] 98] OPLS-DA EAo2XE Adojxl VIP
score’t 1.0 ©)7Fo 2 Fojido] = WM (variable)s A3}
3OS A AxE a2 Tl FEeAPE 1.0 HERl
AL 23190} (Fig. 3). VIP plote F 288 U¥A sh=d)
719E & Aol wet BFET. 2213 one-way ANOVAS
55t p-value7t 0.05 PIRRI HPES F53 23}, W 4.1
(4.00 min - 4.19 min), 4.9 (4.80 min-4.99 min), 9.1 (9.00 min -
9.19min), 13.5 (13.40 min- 13.59 min) ¥+ 5 F9J94 J=
W (977F e =91tk Table 40 VERA v} 7o), vIPS}
SPSSE Fdll sAld FEE Fod e MFE T GOMS
NIST library B8 53l 58% A& styrene (7.19 min),
a-pinene (8.95 min), P-terpinene (9.86 min)CZ ZF 3 7}A
o] wiA drAE A& & AT (Table 4). 3HH, Kim &
2011y =Fuiiat FdHE AlE2 'H NMR3} UPLC-MSE
&8st 12} 9 23} AAIE AT

4. URINRO| HE
o4t o] Sy

OPLS-DA I R4 HIPr-=

U2 Agsisitt. olv] A E

A FF B

o T4t OhE TANER Aol £57] SRE A Y
3 285 GOMSE A3t o] of 24 oAM= 2]
= goje] oy T 53 WEE At L
A3k, Fig. 4004 EH= vieh o] & 1409 A8 5 St
N N85 ALskal 13719] AE7F AEF Hem Fos

= 93%°|Att
ool AxE F3s| BH, GC/MS
Agr 71HS AMEste] SHeke] bk dhird
]

W S FRAsE FF AL B 488
5 9le Zolw, Uo7t T doke] i wimde 8
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Fig. 3. Plot of variable importance in the projection from the
OPLS-DA of volatile metabolites that identified by GC/
MS of A. gigas. OPLS-DA; Orthogonal Partial Least
Squares Discriminant Analysis.

Table 4. The list of marker metabolite to discriminate between A.
gigas cultivated in Korean and in Chinese.

Variable Marker compound name (R.T.) Mass fragments

7.1 Styrene (7.19 min) 39,51,63,78,104
8.9 o-Pinene (8.95 min) 41,77,93,105,121,136
9.9 B-Terpinene (9.86 min) 39,77,93,108,121,136
200000

200000 ’ N3

-200000 -100000 0

tPS[1]

-300000 100000 200000 300000

Fig. 4. Predicted score scatter I)Iot of blind samples of A.
gigas on OPLS-DA model. A. gi$a5 samples from Korea
are represented with a A K, samples from China with a &
C, samples. OPLS-DA; Orthogonal Partial Least Squares
Discriminant Analysis.
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