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Abstract: It is believed that traditional Korean medicines can be managed more scientifically through the development
of logical criteria to verify their region of cultivation, and that this could contribute to the advancement of the traditional
herbal medicine industry. This study attempted to determine such criteria for Sansuyu. The volatile compounds were
obtained from 20 samples of domestic Corni fructus (Sansuyu) and 45 samples of Chinese Sansuyu by steam
distillation. The metabolites were identified in the NIST Mass Spectral Library via the obtained gas chromatography/
mass spectrometer (GC/MS) data of 53 training samples. Data binning at 0.2 min intervals was performed to normalize
the number of variables used in the statistical analysis. Multivariate statistical analyses, such as principle 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 package. Significant variables with a variable
importance in the projection (VIP) score higher than 1.0 were obtained from OPLS-DA, and variables that resulted
in a p-value of less than 0.05 through one-way ANOVA were selected to verify the marker compounds. Finally, among
the 11 variables extracted, 1-ethylbutyl-hydroperoxide (9.089 min), nonadecane (20.170 min), butylated hydroxytoluene
(25.319 min), 5B,7BH,100-eudesm-11-en-1o-ol (25.921 min), 7,9-bis(2-methyl-2-propanyl)-1-oxaspiro[4.5]deca-6,9-
diene-2,8-dione (34.257 min), and 2-decyldodecyl-benzene (54.717 min) were selected as markers to indicate the origin
of Sansuyu. The statistical model developed was suitable for the determination of the geographical origin of Sansuyu.
The cultivation areas of four Korean and eight Chinese Sansuyu samples were predicted via the established OPLS-
DA model, and it was confirmed that 11 of the 12 samples were accurately classified.
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Table 1. Collected regions and the number of samples of
Sansuyu in Korea and China

Korea China
. Number of . Number of
Region Region
samples samples

Yangpyeong 11 (K1~K11) Sichuan 4(Cl, C39~41)

Icheon 2 (K12, K13) Shanxi 9 (C2~C5, C35~38, C43)
Gurye 4 (K14~K17)Henan 27 (C6~C30, C44~45)
Mungyeong 2 (K18~K19) Shaanxi 5 (C31~C34, C42)
Uiseong 1 (K20)

Total 20 Total 45
Heta Mg sz =3 Alws FATh

Table 19 VHERH whe} ZFo] =4k A el
(Gurye), 7] % &(Yangpyeong), 771 ©]Z (Icheon),
A& T Al(Mungyeong), 745 9] v (Uiseong) ol A
Z 2071 38, 542 AP A (Sichuan), 4t
*]%3 (Shanxi), 4341 7d (Shaanxi), 3F'2d(Henan) #| & o]
A 45 705 FH 8T o5 A8 F windo] &
H2 fall =2t 16 70, T4t 37 0] AIEE sy
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Vol. 29, No. 1, 2016

Atk FATF SEE 250 °CE AL BT F9
1:1) L3900, dY SX& 50 °ColA 4
minZt FAAIZ] F 5 °C/min= 280 °C7FA] &2]3L 10
minZt FA3 . o] E WEe 2UREE ARE-
3t EI (Electron Impact Ionization, 70.0 eV) WO 2
m/zgt 50~500 B 9E ZARIGTH 243 eaE
Zol7] Q& A FS B4 #Ae Y HEs
02 3] LI Y] A E A3t B8

24. Ho|g &M

GCMS #4115 F3ll 42 T A= NIST mass spectral
library¢] ®Hlo]¥] wlo]2~E o] &8sl AA&o] £
MS fragment Ygo] A3 EF=Z 579515 th(National
Institute of Standards and Technology, version 2008;
NIST Mass spectrometry Data Center: Gaitherburg, MD,
USA, 2008). 5AIgH4 243 $8l 2+ A=) TICE
FH U2 GC/MS Hl°]E|(Time vs Intensity)S ASC
Y2 lgete] A B (fesv)E A 8T 7
ARE Alole] EAlste AP eats EA S WMo
7] fl3l GCMS Hl°olEle] ¥ME 0.2 min

Hat= dolH HF3Hbinning)E 3 331
& £ 4.00 minolA 4.19 min7FA] <] intenstity
to] A 28 HE(variable)?] 4.1 THEA L, 9]
S & 60 min7HA] F 285 7f e AE-E W

BN mlm
‘Hij w

i

Lot £
rd rg“_‘TLé
T o

i
ié o

25. CHHZ SAHIEAM

SIMCA-P, ver 11.0 software (Umetrics, Umea, Sweden,
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o
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Fig. 1. Total ion chromatograms of volatile constituents of (A) Korean Sansuyu extract, and (B) Chinese Sansuyu extracts

obtained by GC/MS EI scan mode.

Table 2. The list of identified metabolites from Korean Sansuyu. NIST library-based putative identification of primary

metabolites analyzed by GC/MS

Peak No. R.T.(min) m/z Identified metabolites
1 7.276 104  Styrene
2 8.311 120  Benzene, (1-methylethyl)-
3 20.010 298  2,6-Dimethyl-1,3,6-heptatriene
4 20.170 268  Nonadecane
5 25.226 366  Hexacosane
6 25.319 220  Butylated hydroxytoluene
7 25.920 222 5B,7BH,100-Eudesm-11-en-1a—ol
8 27.328 286  Propanoic acid, 2-methyl-1-(1,1-dimethylethyl)-2-methyl-1,3-propanediyl ester
9 27.621 366  Hexacosane
10 29.884 208  Cyclobutane, 1,3-diphenyl-, trans-
11 30.427 310  Benzene, [[[(phenylmethyl)sulfonyl]methyl]sulfonyl]
12 31.084 208  Benzene, 1,1°~(1,2-cyclobutanediyl)bis-, cis-
13 31.519 208  Naphthalene, 1,2,3,4-tetrahydro-1-phenyl-
14 43.760 390  rac-1,3,4,6-tetraphenylhexane
15 46.945 208  Cyclobutane, 1,3-diphenyl-, trans-
16 47.842 208  Naphthalene, 1,2,3,4-tetrahydro-1-phenyl-
17 59.050 298  Stearic acid hydrazide
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Table 3. The list of identified metabolites from Chinese Sansuyu. NIST library-based putative identification of primary
metabolites analyzed by GC/MS

Peak No.  R.T.(min) m/z Identified metabolites
1 7.310 104 Styrene
2 8.366 120 Benzene, (1-methylethyl)-
3 9.089 118 1-Ethylbutyl-hydroperoxide
4 20.170 268  Nonadecane
5 25319 220  Butylated hydroxytoluene
6 25.921 222 5B,7PH,10a-eudesm-11-en-1o—ol
7 27.287 220  Spathulenol
8 27.323 286  Propanoic acid, 2-methyl-1-(1,1-dimethylethyl)-2-methyl-1,3-propanediy! ester
9 28.352 222 Eudesmol
10 29.916 208  Benzene, 1,1’-(1,2-cyclobutanediyl)bis-, cis-
11 30.485 310  Benzene, [[[(phenylmethyl)sulfonyl]methyl]sulfonyl]
12 30.726 490 17-Pentatriacontene
13 30.792 338 Tetracosane
14 31.126 208  Benzene, 1,1’-(1,2-cyclobutanediyl)bis-, cis-
15 31.564 208  Naphthalene, 1,2,3,4-tetrahydro-1-phenyl-
16 34.257 276 7,9-Bis(2-methyl-2-propanyl)-1-oxaspiro[4,5]deca-6,9-diene-2,8-dione
17 35.232 334 1,2-Benzenedicarboxylic acid, butyl octyl ester
18 35332 256  Hexadecanoic acid
19 46.991 208 [2.2]Paracyclophane
20 47.884 208  Naphthalene, 1,2,3,4-tetrahydro-1-phenyl-
21 48.095 208  Naphthalene, 1,2,3,4-tetrahydro-1-phenyl-
22 54.717 386  2-Decyldodecyl-benzene
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Fig. 2. OPLS-DA score plots of volatile metabolites that identified by GC/MS. Sansuyu samples from Korea and China are
represented with a AK, and BC, respectively. OPLS-DA; Orthogonal Partial Least Squares Discriminant Analysis.
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Fig. 3. Plot of variable importance in the projection from

Var D (Primary)

the OPLS-DA of volatile metabolites that identified by GC/MS

of Sansuyu. OPLS-DA; Orthogonal Partial Least Squares Discriminant Analysis.

Analytical Science & Technology



Discrimination model of cultivation area of Corni Fructus using a GC-MS-Based metabolomics approach

Table 4. The list of marker metabolites to discriminate between Korean and Chinese origins

Variable Marker compound name (R.T) Mass fragments
9.1 1-Ethylbutyl-hydroperoxide (9.089 min) 43,85,118
20.1 Nonadecane (20.170 min) 43,57,71,183,268
253 Butylated hydroxytoluene (25.319 min) 41,57,105,145,177,205,220
25.9 5B,7BH,100-Eudesm-11-en-1a-ol (25.921 min) 57,222
26.1 unknown
26.5 unknown
28.3 unknown
28.9 unknown
30.7 unknown
343 7,9-Bis(2-methyl-2-propanyl)-1-oxaspiro[4.5 |deca-6,9-diene-2,8-dione (34.257 min)  57,91,175,205,261,276
54.7 2-Decyldodecyl-benzene (54.717 min) 39,65,91,117,178,208
(A)
Hit#:1 Entry:56018 Library:NIST08.LIB
SI:76 Formula:C15H240 CAS:128-37-0 MolWeight:220 RetIndex:1668

CompName:Butylated Hydroxytoluene $$ Phenol, 2,6-bis(1,1-dimethylethyl)-4-methyl- $$ p-Cresol, 2,6-di-tert-butyl- $$ Advastab 401 $$ Antioxida
100
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g st s et
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Hit#:4 Entry:22625 Library:NIST0Ss.LIB
SI:96 Formula:C19H40 CAS:629-92-5 MolWeight:268 RetIndex:1910
Comp :Nonad $$ n-Nonad $$
100 .
43 7
- 85 RV T T e e g
4
21 T ‘13 127141155 169 183 197 211 225 268
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Hit#:1 Entry:94973 Library:NIST08.LIB
SI:86 Formula:C17H2403 CAS:82304-66-3 MolWeight:276 RetIndex:2081

CompName:7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione $$ 1-Oxa-spiro[4.5]deca-6,9-diene-2,8-dione, 7,9-di-tert-butyl- $$ 7.9-Di-tert-l
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Fig. 4. El-mass spectra of representative marker metabolites. (A) Butylated hydroxytoluene, (B) Nonadecane, (C) 7,9-Bis(2-
methyl-2-propanyl)-1-oxaspiro[4.5]deca-6,9-diene-2,8-dione were identified from NIST mass spectral library.

7¥o], VIPS} SPSSE &l TAld &5 §94 d= 7,9-bis(2-methyl-2-propanyl)- 1-oxaspiro[4.5]deca-6,9-diene-
WHEE T GC/MS NIST 2heolBeg] g8 53 & 2,8-dione, 2-decyldodecyl-benzene &2 F 6 7FX] ] =}
AE A& 1-ethylbutyl-hydroperoxide, nonadecane, 7l A E €& 7 ATk Fig 490 o] AE 5

butylated hydroxytoluene, 58,78H,10a-Eudesm-11-en-1ai-ol,

NIST o] E &2 25§

Vol. 29, No. 1, 2016

AL putylated hydroxytoluene,



8 Jae-Yoon Leem

15000000000

10000000000 1

5000000000 T

aK10

toPS[1]

4C25

4C8
aC15

AK13

-5000000000 T
aK18

-10000000000 T

-15000000000

-4000000000 -2000000000

0 2000000000 4000000000

tPS[1)

Fig. 5. Predicted score scatter plot of blind samples of Sansuyu on OPLS-DA model. Sansuyu samples from Korea are represented
with a AK, samples China from with AC. OPLS-DA; Orthogonal Partial Least Squares Discriminant Analysis.
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