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(Development of analytical technologies for tracing the

geographical origin of Chinese cabbage)
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SUMMARY
I. Title
Development of a method for tracing the geographical origin of Chinese cabbage
II. Purposes

This study aims to establish a comprehensive method of distinguishing the
geographical origin of Chinese cabbage as recently, the Korean market has seen many
cases of Chinese cabbage (Brassica rapas sp. pekinensis) that have been imported from
China, yet are sold as a Korean product to illegally benefit from the price difference
between the two products.

II. Contents and Scope

This study includes the contents bellow:
1. Development of analytical methods for determining the geographical origin of Chinese
cabbage and Kimchi using trace elements and Sr isotopes
2. Development of analytical methods for determining the geographical origin of Chinese
cabbage and Kimchi using 1H NMR data
3. Development and application of electronic nose system to authenticity assessments of
chinese cabbage and kimchi

IV. Results

In this study, approximately 360 Chinese cabbage heads collected from Korea China
were subjected to multielement composition and strontium isotope ratio (¥Sr/*°Sr) analyses.
The ¥Sr/*Sr ratio differed, based on the geological characteristics of their district of
production. In addition, the content of many elements differed between cabbages from Korea
and China. In particular, the difference in the content of Sr and Ti alone and the
combination of Sr, Ca, and Mg allowed us to distinguish relatively well between Korea and
China as the country of origin. Statistical analyses of multiple elements were found to be
very effective in distinguishing the geographical origin of Chinese cabbages.

In this study, metabolomic analysis was performed to distinguish two cultivars of
cabbage grown in different geographical areas, Korea and China, using 1H NMR
spectroscopy coupled with multivariate statistical analysis. Orthogonal partial least square
(OPLS) analysis showed clear discrimination between extracts of cabbage grown in Korea
and China for two different cultivars (Chunmyeong and Chunjung).



To develop authenticity assessment systems for Chinese cabbages and kimchi,
EN-MS analyses were conducted. The MS profiles of Chinese cabbages and kimchi were
statistically analyzed using Discriminant Function Analysis (DFA) and Principal Components
Analysis (PCA). When Chinese cabbages were analyzed, they were completely separated
into two different groups according to their origins, Korea or China. For authenticity
assessment of kimchi, two different approaches for the sample preparation were chosen.
Kimchi was analyzed using EN-MS without pre-treatment or after cleaning and isolating
chinese cabbage from kimchi. Kimchi with no pre-treatment were classified and grouped as
their origins 100% accurate. Kimchi with pre-treatment, however, showed slightly decreased
percentage of grouping accuracy. The results imply that profiles of metabolites of Chinese
cabbages that were detected by EN-MS were greatly influenced by culture conditions such
as soil, rainfall, temperature, fertilizers, microorganisms, and bugs rather than genetic
backgrouds. The VOC profiles of chinese cabbages detected by EN-MS are statistically
significant to develop authenticity assessment system of chinese cabbage.
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Chemical process
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and weighed
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Nitric acid
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were digested at 200 °C forl day
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Evaporation and dry ‘
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=
=

Detectar

~ —_—
|5 - .
- %ﬁ | Quadrupcle L™
o 6 %
—

Dissolution
-

2y T N . - i
1™ 7, Acid treatment Microwave sys.
;\ Injection I
75 Ay
. Quadrpole r :
> '

Multichannel data 'n:::r:c:rn
‘acquisition system:
lons (electrical ——
pulses) -
MS Spectrum
3% 3-24. ICP-MSE o] &3+ &4 2% 325 &% vFHEL 24 BAE

[ 3-2-1] ICP-AES?] =4xA

R.F.Frequency 40.68 MHz

R.F. Power 1300 W
CoolantGasFlow 15 L/min
Auxiilary Gas Flow 0.2 L/min
Nebulizer Gas Flow 0.7 L/min
Nebulizer Burgener Micro-3
Spray Chamber Scott Type
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[E 3-22] ICP-MS9] Z3=z7

R.F.Frequency

R.F. Power
CoolantGasFlow
Auxiilary Gas Flow
Nebulizer Gas Flow
Sampler Cone
Skimmer Cone
Nebulizer

Spray Chamber

27.12 MHz
1200 W

13 L/min
0.9 L/min
0.92 L/min
Ni

Ni
Concentric

Cooled Cyclonic

> 7] A2 Zet2rt AFEA7|(MCICP-MS)E o] &3 94 &4
CMCICPMS : 2E2E7 Aol249] = 2 Bo9s 24 : 2o
€ olglsle HHEVAFEAVE ol&st FHdA HEE 4
Defining 3t ., Barth Guerd ’ Nu Plasma Collector

:u:-“’“d‘"‘ ‘;::::;‘;‘_’;9 3 Schematic (not to scale)
— :
— Y= -
- - Ej Filter

I
/\ .
Suppressor

BN N 2 e R

v nu mmstruments

L ] e i 1
GRS~ == g L T )
A e —
I
r
1=
I
4
=3
4
[
2 = : =]
o o
i~ L
e g e e
Cye h-‘ Mo O sige

& [reyae

E-foan (o

Ronee [2] I Display Field

I Use

I Plot Monitor

a3 3-2-6. MCIICP-MSe] ZHAZ7] F-2¢ 3= 2%

g ~EZF ("Sy"sr) T9d4 SHE AR F

1) FA71Y TAL9A EAS 93 FAAA

O WAZIY B9 E4S 93 A5 AAY 2 HPsse P AGA
O =72 AddTEe FHLAF L2 o 200 class o]5te] FEL {7
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a9 327 FALY

28 329, 33 84 AAFA

HlFAE @ EYAES AAE
A5 AL 2L AFAAFAA FEE 5 gle H
ok 80T <] dryovenoﬂfﬂ %‘rx AZE WFAE F Sr 594 BAS 98 oF 0552 A=

2 A HEE H

EGAE EF dryovenoﬂfﬂ Az & oF S0mge] AEE HEE Hel "3

AEE 2 HZE ¥ HNO; HF 28|31 HCO4 Aok 2 :1: 19 HEZ 5 mLe
He

AloFE B3 AlRE B F7& Z 21 hot plate?](2F 150 C8 E)o 4] overnight A
e AE7E €d3] 52 A FAsof stetl, ol €338 ZolA] goka =2 7
B3 b 52 BE Al or FEAT O E F AV dEY

GH8] 52 AEE A2 F o|2udFAE o83 2H steke s WES npro
3

Axd" A8 6N HC 23 mL A= AMEste] A=xA1Z1 #, 25N HC mL2 HF A=

>
oy

_16_



p—
N

O O 0 O O O

O 0 O O

2% 3-2-11. Hot plated A A5 Z
&A= FY

oS o2
o o
o ro
S
o
o
o
P
o
L
HE
hC)

2

me

oo o WM
i El
o
-
N
fr

9

N HCIZ ZHE 715 A 33 o] Aojlle 4oz AF
SN HClg FAL7] 5oz Ao &Eugko g ol 27 29 AL

=2
O
o
rlo
Noo RO
i
N
N
)
o
S
o}
=
o
@
=)
>
@)

e =
=
-+

o oy

B
o
il 9,

& backwashingo|2} st=H|, o] 22 WS F29 W%
FAYFEA AL F de 71E & AASH] AR
| A&k miE <] 25N HC

we = Az vl

HCl 16 mLE &

o= HCIOs 3 &g 73

12 4 ASAE BE FAE
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a7 3-2-12. ol 2ugx| HHY a9 3-2-13. AxH AEE loaderz

ol Aol LS AFEAIE o] g3 2EEF (S FAAL vE 57

Sr BQ4H] FHLE Fol2g AR A 7] (Thermal ionization mass spectrometer; TIMS;
2 ol

Foles AFEM7E 0|29 (ion source), AAFA (magnet), HZ7] (detector)@ o] F o]

]

o
%%ow-é geEd wEel olegel of@l el Aoz VEIR collimatere]

zt A& 7] ol B27] w&ol Almritt A=9 A7
£ 2Este focusing g —,—Jj

7hEE ol 2Hle HAAM-S 535 A mass to charge ratioo] wel zhr] 2 wbFo g2 3
Al

Y9 o]yl #Hdlo|x (faraday bucket)e] HZ7]o o8] =74

Olt

o8] el AZE7] (multi collector)E ©]-&3F FAIZAHWHESIL, 2+ A&7 AEFEES H
o=z FAQ AEE AL
Sr FdLs AFTE HIAA FHHsE dynamic mode® S H ™, F4F 100 HES

e EAF outlier® Wl BEFX 9 32 el

sogaed v Zine LT B By Dol Wil
A= AA L4 dEA velg=d|, o] dHEE (mass fractionation)o| 2} g
ol¢} Ze AHFEEL T2 A4 U TdL Ad AHEA EEAA = F i F
92 Aolel ¥ &S ol gald YRRy

=
4 NBS9S7E ZHSImEA FAZIY AolE elsiel, 71719 e

plsh

s

#7) KBSI®] NBS987 Z+ 0.710242£0.000003 (n=30, 20 SE)ol™, wi77t (background
value)2 0.Ing ©]3}

AlE #9] 2 AAY AL BT FHdl2 200 o5t HAZTE FAFHE FHAGANA
Folxon, 331 FRAAE T3 A 18 W o1 2TF FHFVF A ol &F

°|
=



7 3-2-14. Gol L3t ATE M) (VGE4-30) 13 3-2-15. A&

g & " ETL A
dol g dFR A7) o] 24
3. Ax 9 34
7t B5d4 9 A4 E o83 w3 Y2k wd
- gk wl ek B4 W Fel A SHE 2EEE Fd9L %o 54
AA] HE 2ERFE FH9A @l E AoVt (S

14
<H
- AR gl R Aol AREE ARl XS BNY BRAY 492
f

(Yucheon Group)o] £33 (Geological map of Korea, 1995)

0.730 0.722

a
0728{ @ (®)

0.726 - 0720+

0.724 1 0.718 -
5 0721 016
Q o720 + k= +
- + <
& =

»

& 5

0.712 1

0.718 1 —
0.716 1
0.714 4 rp _BL

‘ é 0.710 4=1 (n=14) (n=7) (n=21)(n=15)(” 9) (n?s)

0.710 (n=19) (n=18) 0.708
0.708 A

HH

(n=100) i (n=60)

T T
cabbage soil

Korea

0706 —T——T——T T T T T T T 1
! R

T
cabbage soil i ;
China Korea China

0.706

a3 3216, = FZo|A] AulE wlFA s Ysr/%Sr w9l Box plot, @ Gangwon
Province, @ North Gyeongsang Province, (3) South Gyeongsang Province, @
South Jeonla Province, & South Chungcheong Province, ® Qingzhou, @
Pingdu, Yantai, ® Dandong, Zhangjiakou
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- Qudez @R Ade gHe WS e ~ERF FAAE 24 07020706 e
(Faure and Powell, 1972)

- AAEE A9l Wt e sEE

o] Ao AW FFI RO Y

A

- HAGRTE RESE APEE GEAG

ko (0.708135-0.710774, % 0.709065)

- BASFVE 25 BAERE AT EFAAFAAY 2EEFE FoHA #2 olET 27
H =& EX (0.710009-0.712580, ¥+ 0.711309) =Y

- FREEANA AAT wiFIF HAHeR B oo bF 22 2ERF FAYL #gE e AL
2 ehd (0.711155-0.718979, 0.713714)

- FAEE 24, 23 dle FAY FEol S Atieta BaEo] glom FRd T
Hopgdo] ZAjH AA=T (Seosan Group)e] X3 (Geological map of Korea, 1995).

- 3T Hekgh 22 e Al Mol T =& 2EEFE F9d94L =4 (0.710-0.750)
S zZt= Ao ®E Biwo 9L (Fauree} Powell, 1971)

- FAHEE AG9] wFE o] AH AL IR BIFGEY T =& 2EEF FYA =
AL Hols Ao g HY

- @EAYge F2 FEb] st

QA BEXsln e Agolw (Wu et al, 2005), F7F
|

A Eo] X3l Yt AYY (Jiang et al,

o} 7H AFel A AFAG i Fe e Ao HFHT wiFET FE]

- 2EEF 9L 2L o83 AAbA] FEo oA AAEFH EAdo] FARE AHAY
oA A& A5 A Aakx] TR oyt dH A ¢ (Garcia-Ruiz et al., 2007).

- &3l 2EEF FUAYA 2L A Eo] A Y9 AATH EAL adz gt &
HA olA QAR FRo) F8351A4 o]&FH (Capo et al, 1998; Beard and Johnson, 2000;

- HFe] AR BEHE % ZAF A FAAE o] d SAo] Z JEhd, A Hez Ze 7
BEE AYoA AtEH HjFo|xgt 2ZEEF FALA Fhol AolE Hole A2 A= HE
Ade] EAE A wygst slez A

- ol AFAHoq A wiotr]e] FAtAFIE FEA FEsk= (Geological map of Korea, 1995)
St o] Bz AujE wiFe AW LR g FUF HA 22 de =
o FHIGES HepgdE X FoA AujE wjFET 2EEFE FYL 2ol FHlo] ¥
ZAIE BY FAS



CFEEAA 2L Fol Lot 9450 A% Hetoz wid ARL Holme ol
=242 olgale] 949 FE oo 9% A4x THo| HFsETin LA g (Aryama

- 4] EF4F (alkaline earth metal)Sl Ca$} Mg, 223 Sr QA4S o] &3te] 7 TA|3
A B Fhat wj FoF S wjF0F vlad 2 FEES B o UM
- 14947 (lithophile elements)Sl Sr, Mg 28] 3 Ti-g 7 0|88t A3 ZHAAME 3t

Rig

Ak FFN W E TR,
500 500 -
® Korea @ Korea
China ] China
400 400 -
g 300 < g’ 300
& = o =
E _ E
o L —
2004 & & 200
w04 HE e
™ L ]
0 0.2 0.4 0.6 0.8 [
Mg/Ca

a3y 3-2-17. 3t=3} FoA AFHE wF<e Sr FF vs. Mg/Ca H] (a), Sr T3 vs. Ti FH
(b)
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AF w57} Ca, Mg, Na, Mn, Cu, Sr, Al, Fe, Ba, S, Co, Cr, Li, Ni, Ti, V, Zr 59 94
A B EET O L fs0] §HE BAL.

53], Ca, Mg, Na, Fe, Sr, Ba, Li, Ti, Zr& =4l ¥
Mn, Cu, Al, Co, Cr, Ni, V, S2 <7t o] &2 3o 23X & B4

fE2o YAEdA FI4be] dx4 Boh =2 A4 FFS Hole Axes 2 K P,
Zno| A= wite] EHE Bl

Ksh P& 3343 @24bo] ul&abAu @2abe] o o ¥& 2EE B

Zne F Q4R MR FT Aolg Bl (FFAko

A
2
=
mlo o
2
ol
i
flo
)
o
f
B
lo
£

Hir
o

(a)

60 =

1000*Sr/Mg
3
I

20 - _|_ J_

24
(b)
20 -

16 o

12 =

1000*Sr/K

Korea Gh'ina
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(a)

()

)

g
2+
=]
° =, ——
Korea China
-

Y
i

bl
H

EGY 2557 S A A8 kil 43 A Qo] 94 24 270 A
ol 5ojx $2 (Kabata-Pendias and Pendias, 1984;

i rlo Jm o off
X,
4

T2 HeT

T

ol AuE A9 7
o

Aol

o 851

lg-x]

0] o
AT

(b)

(h)

(k)

==

i

M, FE S, EY o9 2 EY
A7 gz 94 BA AyzRE TAE

(Suhaj and Korenovska, 2005).

Korea

Kment et al., 2005; Coetzee et al., 2005).
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[# 3-2-3]

Independent 7-test statistics for unequal variance for multielements of cabbage samples
collected from Korea (#=219) and China (#=144). In the parenthesis are standard deviations.

Element Korea China Levene's test f-test
F P t df p

TS /%8S 0.71345 (+0.0042) 0.71100(£0.0012) 97.65 =0.0001 8.14 273.59 | <0.0001
Ca 7568 (13204) 22.554(x15801) 443.03 =0.0001 11.:23 150.77 | <0.0001
Mg 2113.8(£746.8) 2827.1(x1311.6) 90.37 =0.0001 5.93 204.38 | <0.0001
Na 1695.5(+1762.6) 11079.0(£9582.8) 156.54 | <0.0001 11.62 149.39 | <0.0001
K 32.555(x£13669) 25,140(x11169) 24.05 =0.0001 5.66 344.31 | <0.0001
Mn 30.39(+24.24) 55.02{*£55.52) 62.04 =10.0001 5.02 179.25 | <0.0001
Cu 3.99(+£1.42) 3.87 (£2.54) 3.39 0.07 0.53 361 0.607
Sr 19.71 (£16.06) 103.96(+£74.93) 282.15 =0.0001 | 13.29 151.68 | <0.0001
Al 188.4 (£632.9) 373.8(£1000.7) 3.61 0.004 1.98 218.22 0.049
Fe 47.92 (+23.03) 78.25 (+33.88) 45.60 =0.0001 9.41 229.25 | <0.0001
Ba 5.72 (+4.90) 17.35(+£12.18) 173.98 | <0.0001 | 10.89 173.78 | <0.0001
P 6496.0(+1201.3) 5922.2(+1506.7) 4.71 0.03 3.84 257.97 | <0.0001
s 6060.0(£1163.0) 7306.0(+26.6) 98.73 =0.0001 5.45 181.71 | <0.0001
Co 0.14 (+0.15) 0.17 (0.12) 0.31 0.58 1.83 361 0.077
Cr 0.26 (£1.08) 0.18(x0.17) 7.32 0.007 1.03 232.59 0.307
L 0.03 (£0.14) 0.59 (£0.81) 177.94 | <0.0001 8.33 149.04 | <0.0001
Ni 0.64 (£0.89) 0.86 (£0.56) 4.23 0.04 2.93 360.22 0.004
Ih] 0.25(+0.56) 1.38 (+1.19) 83.60 =0.0001 9.43 134.52 | <0.0001
v 0.14(£0.18) 0.32 (£0.27) 10.11 0.002 5.94 124.41 | <0.0001
Zn 46.86(+25.62) 26.45(£8.87) 26.62 <0.0001 | 10.84 289.99 | <0.0001
r 0.41(£1.93) 0.69 (£2.95) 3.96 0.047 1.03 223.13 0.3067

ol AT AFME F=4E wjFok T v F Apolel ztolE

T YAYEFTSF
s
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Korea

China

300 400 500 600 700 800 900 1000

Dissimilarity

a3 3-2-18. =4ty F=4F v F9] Dendrogram. 9F7He] F3 o] Linkage 294 H Y

Al

ol g5t FAEAE 4

o

Hj 3 AlRoA dojxl 2EEF Fd4s) tsdd 24 Ay
A3

EA A8 = XLSTAT-pro, version 13.2.1.0 (Addinsoft, New York, NY, USA)Z ©]&3}3 <.
= Fol A AFT oF 3604709 wjF A5 g A AF T (agglomerative
hierarchical clustering)oll 2|3+ A E % (dendrogram)E o]-&3}e] =4ty FZ4ke] 2ol
sl s.

St=3 ZZFo A AQFH3 vlFA| Bl ek A HH EA (linear discriminant analysis)ell T F
™S 2 B 2%, 4 AR, AgEE Rl # He AL B de

i
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Observations (axes F1 and F2: 87.15 %)
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oI =30
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[ 3-24] =3} FFodA 8] AR GeA M2 dAfAPdE F EHo|= TFirst four
discriminant function axes
, DF AXIS
Country Region 1 5 3 i
Korea Gangwon Cr ¥s1/%sr, Al
North Gyeongsang K., Co, Zn
South Chungcheong K. Co,Zn Al
South Gyeongsang K. Cr, Zn Al
South Jeonla K, Co, Zn 8gr/%%sr, Al
China Yantai Fe, Ba, S Al
Zhangjiakou Na, Fe, Li, S. Ba Fe,Na,V P PV
Pingdu Na, Mn, Fe, Ba, S, Cr Fe,Na,V P BV
Qingzhou Na, Mn, Fe, Ba, P, Cr Fe.Na,V P PV
Dandong K. S 87G1/%0sr
Eigen value 46.68 5.65 2.99 2.28
Discrimination (%) 78.92 9.55 5.05 3.82
Cumulative (%) 78.92 88.48 93.53 97.34
S BRA HFO FRE HE ARS oA Zze 94 mE b 2L ARBAE B
FE Q45E BEFF ah (1, 2 3, H2A ANRAL. o|2H 2] AWz A=
AT FFAE Abolo] JUBAZ Holt 94FS AWE 5 U
[£ 3-2-5] s=4ta S04 w39 = H(confusion matrix)& ©]-8-3 wAAF A7 T3S
Qto]l =7} w2} F 3k (cross-validation values)
.fmm Eorez China Tatal %% comrect C E.'I.‘I:I.'Fi:i-ﬂ'}
Lt Bo sif1omn
China 38(36) 24 &0 9667 (93.33)
Korea 00y 100(100) 100 100 (100)
Total 38(36) 102{104) 1&0 9B.73 (57.50)
L& (€] SC S 57 P Q Y il D
G 87 Ly LD 060 L) o0 o) Oy OOy O 11 TIT3(6364) 484
NG (1) 62(62) 000y O O00) 000p O 000y OO O 63 9B41(FE4l) 436
5C 0 L T oM 0 00y o O oy 0 8 87.50 (25) 416
5G OO o) O 4 O O o O Oy o0 4 100 (50) 3.77
5] 34 0 Of4) I 10(4) 0C0) OG0y O(0) O(0) M0y 14 TL43(2835T)  -4.33
P Y] GO0y 000y 000 000 1315y gDy O 000y OO 15 100 (100) 13.81
Q 0@} O O0) 00y O(0) Oy 21¢21) 0(0) O(0)  O(D) 100 (100) 8.66
¥ @) O 00) O 00 o0 o) TE) 00 X3 9 TIT8(666T)  -0.55
z 0@ 00y 00 0 D) O o) 00 S o0 3 100 (80} 11.19
D 3600 oy 000y 001y 100y 00O o Ofly oDy S8 10 S0 (80} -0.31
Total 12(14) 64(67) B(7) 5(5) 12(8) 15(0) 21(22) 7(7) S5(4) 11(11) 160 92.50 (81.88)

NG: North Gyeongsang;, SG: South Gyeongsang; SC:

South Chungcheong; SJ: South Jeonla;

G: Gangwon; Z: Zhangjiakou; P: Pingdu; Q: Qingzhou; Y: Yantai; D: Dandong,.

- BIPH FIY 7 ﬂﬁ% EREE

(confusion matrix)Z A} Y ERH
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(th) AlE HA 2] (Sample preparation)
A3t AES QA BE AR st FY

BAE AAY7 FAT 288 o] R0l shobst aeh. AAe WEe vhey
WEI ol 4B ¥ AFL vlF FEHE Yol ol

ot
oL
it
o,
s
lo
+
X
fru
A
o
flle
A
o M

(th) 1H NMR 43 (1H NMR Experiment)

2HYEARN A NMR 24 71718 o) 8alAw, 49 79 ZEol we} LCMS
U GC-MS 24 71715 &4 AHEE & vk NMR dgels Alge] o] mf¢ A Fas
2k, A3 sequencest A7) Z7(locking & shimming)-S )
S} mRRZIAIR BEE AR oA L3 Hetry ge A"EIe Ao theko] FoJsfof 3t

.

~—

(@) Ak =2 atda (Metabolic profiling)

NMREZHE ozl ~HEddA 2t tarde] 4z 94 248 Asid A7te A
59 v WYREH vz "L VIELEs HAAY FEE SAHIY. FE Chenomx
NMR Suite software (Chenomx Inc. Edmonton, Canada)®] librarye} 2D AHEZH £,

spiking 241 52 Eole] Hrh AUE AP AA L4 AR

o

o Al G Tl ARZ RS wEel, thas

Z= SAEA ] aFHT
T2 AT 2T YA "I E AHEY] 95t FAAEEA(PCA)Z ZHEA Fol o
Folxth EAEALS SIMCA-P'version12.0 (UmetricsAB,Umea,Sweden) Z2 18L& E3) o]F
SEI= S
(8} vlo]lemlA HHE (Biological conclusion)
AEEA7 71 TAEHE A EUHE T8 tAA EEES oln] wEd FE2
Hel 718 & 7|49 E st d4Hd E2E

A HES 2ot AR T AT A8A B
o %17 Wase =2t
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I3 3-3-1. NMRE o] &3l 4

3. 24 Wy

Sample
collection

Sample preparation

1H-NMR
Experiment

Metabolic
profiling

Data analysis
(multivariate
statistics )

Biological
conclusion

@ i3 A|E9] 50mgS 1.5ml EP tubeo] <71t}
@ TZ&7](homogenizer)2 A|EE-S 347t}

Q@ T

Q@ HjF4] g0l FE3

@ 13000rpm, 1083t

oz},
%29 5 =% 2238 0% sHFoh
7 ANRYE st B2 6

NMR £4-& 3.

[E 3-3-1] Hi 5 A

22 Q8K Ar

A2 AFH methanol-D4¢} 0.2M phosphate buffer (D-O containing 0.05%
DSS)2 119 H &=

0042 F3 5mm NMR tubed] &7

A9 - %%_ IE (m) | 9897 50 | 497 254F (mm)
=4 ) | ¥4 )
A7, S 10 10 1325 8.7 576
Ha, gk 10 10 559 11.2 1340
4. 23 2 34
w30l 72 EZo] w2 A9 839 NMR ~HEHS B3] 99 gL Aus
Aot E-2 2HEHA 34ppme] BFIE BiEo| 7 B2, IgEE AU
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O]% iﬁﬂ' ?l’%ﬂ'g J‘l:‘ =
Chenomx NMR Suite 6.0, 600MHz (pH6.0-8.0)o =& 3=
43te] 'H NMR 23 EH]

BEoA] wekE 72

= U

EAS

ks

28071 oA

DERSIRES

bt
bl holuaiz e o
oF 26702 &<l HTE. 2 F, Sugar F /< sucrose (6

3.40, 3.50, 3.60, 3.70, 3.80, 4.00, 4.20 and 5.40 ppm), glucose (5 3.20, 3.40, 3.50, 4.70 and 5.20

ppm), fructose(5 351, 3.55, 3.66, 3.68, 3.7, 3.82, 3.85, 3.94,

4.02, 4.07 ppm)=

g ak9t.

X3, phenylacetate (6 3.54, 7.33, 7.39 ppm), phenylalanine (5 3.08, 3.28, 3.99, 7.33, 7.39

ppm)¥ Z2 HERE
acid= HZFHUY. guanosine, (§ 5.95, 839 ppm),
= 249 WaE WA )L Fokel P28 B,

@ 'H NMR spectrum

A 4—aminobutyrate
unknown

aspartate,

succinate\\¢itrate

phenylalanine, phenylacetate, tryptophan

formate tyrosine
fumarate
Lt 1
77| IR . 15 T T T I
glucose, fructose pucrose

& |
asparagine

lmalate

inosine, guanosine

fffff R | l

unknown

_citrate
succinate

phenylalanine, phenylacetate, tryptophan

valine
leucine
formate ltyrosinc Fsoleucine
fumarate |
D glucose, fructose sucrose .
| |O*phosp ocholine
acetate

asparagine

aspartate

malate

inosine
tryptophan (8 7.19, 7.27, 7.54, 7.72 ppm) 5 £ulo|7] (2HiTiE EAS

acetate
/ alanine

lactate, threonine

valine
leucine

| O-—phosphocholine
unknown

glutamine, glutamate
proline
methylsuccinate

4—aminobutyrate

alanine
lactate, threonine

methylsuccinate

glutamine, glutamate

isoleucine
| DSS

U

. . . proline
inosine, guanosine
L “l
U T S ,__,)L)_‘._Ls M }L\AA,__L
T T | T I T T T
8 7 6 5 4 2 1 0

I3 3-3-2. | NMR =HEHH W A:F

%%

ppm

=4 #74, D

A=t 2wl isoleucine (5 1.02, 1.25, 146, 1.97, 3.95 ppm),
leucien (6 0.97, 1.72, 1.74, 1.77, 3.73 ppm), valine (§ 1.0, 1.05, 2.27, 3.6 ppm)3} Z&
(6 6.09, 822, 8.36
Al ¥

amino

ppm),
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@ ws9] 435 PCA, PLS-DA, OPLS-DA score plot

vjF2] NMR 2HEHSE SIMCA P+125 o]&3}e] PCA (Principle Component
Analysis), PLS-DA(Partial Least Square Discriminant Analysis), OPLS-DA(Orthogonal
PLS-DA) score plotE2 213t PCA score plotolAd PCl1Eo 2 F=4t7 dh=tako] e
ojxl= Z& B 4 Ui, PLS-DASt OPLS-DACA © ®WatsiA &0 k. PLS-DA score
plotdl M= PCIHS FAHLE T34 &4 2 /i AES Adstn FE<] HAH T34,
o

53 F34 25 BT wste] AESY WAL A Uehgnh W B3N 33
Aol st Tl o F BAHE Aol FAHAL tAE BFRcks QA webd o
I oA Agol vehdct.

>
=]

L
e
a0

0
0 -0.
ER
0.4 0.
B -0
>
X 02 g
o B -
I\- w
N~ —_
< 00 4 0.4
o~ X
i) 2
o

1.0 -0.8 -0.6 -0.4 02 0.0 0.2 0.4 0.6 0.8 1.0
PC1 (47%)

a8 333, vl FFo w2 YAAE PCA 2D (A), 3D (B) score plot. red: F=4F

black:Z=4F 3, green: 3+=AF 9 blue: =4 3
g

A
ol

PC2 (10.1%)

02 00 02 04 O
-0 08 06 04 02 00 02 04 06 08 10
PC1 (46.8%) "
[

3% 334 wWjF EFF W2 948 PLS-DA(F}), OPLS-DA(%). red: F=4+ &1

o
T w
black:Z =2t &7, green: &=t £% blue: &=t &4

7

@ W% 4789 NMR 2928 73 24
NMRZHH ot wl% 4 259 2 ~HEWL heatmapo 2 Uz, 224

2 WA Susel thedt 2o ARE BT 299 A3 2A F AX gz 2ol
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Urozle AL B 4 Ytk 959 A8 HEE 5319 EFHU= YAAE FRo] HE A
o] FoHY AHEHES FEloa T Jalx] FHo| 7lssitl AMEZ o w7l HBoO 1
E7F Aidezg =& FE Ynlsta, 25 FEL ez v IS ondt. &
AR 7-8ppm F7F, 1-2ppmTF3ho] dkmAbel] Hlste Ha o FEVF E(kA, sS4t & BEE
@-4ppm)oll A AHH o2 Edth HZY T BHAA Fxste] FEAb HlEt © £ ¥
dol FAFol AEE T Aol &2 AHES & F A3, oA #19 PCA, PLS-DA,

OPLS-DA ZAztsl dxjslt). wets, EFHos QAo 9sle] o & Edo] w1, dAkxd
2~HEG o o] FlFItt.

a9 3-35. wjF 4259 NMR £
A&, JGs=at £, CMK:

1=
(m

i
tlo

535 2R E A3 heatmap (xZF2 ppm, CMC: 5=
F=ak 29, JK3=2 =3
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S 00 0O & Q. o005
o
02 0 -0.00 v 12 i w
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0.05 China | fumarate / L
. g
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henyl te, phen i citrate
06 015 pheny pheny
tryptophan succinatd a{
020 acetate
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China 030 Korea
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0.25
04
—_ 0.20
5
o 02 o u U 0.15
9‘_, -
0.10
8 0.0 = T 0 8
o OoOg O 0.05
02 i -0.00 - e —— +
China T r
04 0.05 fumarate /‘/
240 lJtyrosine 4-am|nobutyrat-e
06 . succinate
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tryptop_han
08 06 04 02 00 02 04 06 08 [ 200 400 600 800 1000 1200 1400 1600
PC1 (39.3%) Number of variables

a3 3-3-6. vl FFE YAk PCA score plot (A,C)F} loading line plot (B, D) (AB:&H,
A

o] AAA] wE EAL AHEy] ste], FXEE UFolx EAS &gtk
PCARE o] 7} F%Fo] wel NMR 2= EF SRt F FF HF PCl & FHOE
We % TREE Aol FAHAT. ¥ PCA 2HE Rgho] 0.79, Q'gkol 0692 E& FA A
9494 BYT, rrkA 2 4 PCA I R'go] 069, Q'gkol 0512 #HuTt 23 1
e $A8 BRAT, A f4¢ G 20| 23 vt FFAke] WA A 1}
Ebta, whEo] &9 FIike] WA 5

loading plotell Al @4kA] ol o}
glucose, sucrose, fructose$} 2L THR7F =g, FTT4AH2 phenylacetate, phenylalanine,
tryptophan¥} 22 #Hd 79} 4-aminobutyrate, citrate, acetates o] =4th FHE mlz7Ix 2,
SZ Ao A sucrose’} =T, EZA A HYEE7F =9l valine, isoleucine, leucine® &

obul Y AU HoR FRANA ¥L BASe] Bol YEhuTh

i
[>
1%,
[m
o,
Am
o,
i
oY,
e

(o3
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A B
40 China 0.40 +Glutamine
sFumarate
3.0
sAspartate
030 | Glytamate
20 Proline Asparagine s Isoletuclne
3 020 -Phosphocholine ucginate,, *
S A‘%Lfano ho Citrate‘Acetate
in 10 Valine
N o~ 010 IYIethyIsucc Formate
-~ (&) M rY
S 0.0 o Sucrose Phenylaanme@ABA
-0.00
Tyrqgsine
o 1.0 sFructose y (i_eucme
-0.10
2.0
-0.20
3.0
0.30 +Glucose
020 015 -0.10 -0.05 -000 005 010 0.5 0.20
C D PC1
040 sAspartate
030 +Asparagine sMethylsuccinate
Inosine .
0.20 Ggl ma eh holi ‘ Valine
- - osphocholine
N3 (§| rﬁme Phenylaceiat .
o 010 sProline Trypt eucine
o " ,_.Guanosine Cltra}_g -'I-Xlr osine:
Z ] Sucrose hen apinets
o o 000 Acetate
o Fumarate;
-0.10 Succinate
sFormate
0.20
+Malate
0.30
Fructose
. +Glucose
0.40
41109 8 -7 6 5432401234526 78911 025 020 015 -0.10 -005 -0.00 005 010 015 020 025
PC1 (52.9%) PC1

a9 337 w3 ol FAH A EAES A% EA PCA score plot (A,Q)¥ loading
)

3] AAbA] #Eo] TREE ¥ A EAEY EXE EY] $I5t9 Chenomx=Z
2I9e ot &l 8 A 240] ®H oF 207kA] S sEHELE PCATZHE SISt
JEgEA PCA 2L 99 R'go]0.86, Q'3k0l0.64, 732 R'3°]0.79, Q’ge]0572 ]9
AA 29 EY PCARHAED 27 U2 FAZE UehAT. o] EdoA miirix 2 PClE
& FAo=m g FRol & FYrh loading score plotd| 4] 2 BEAE ] 78”_50” ‘3—-_} T U=

b, &3] &4 vt © &3 ol RHT. oA loading line plotel A " AAH,
FF9} glutamate, glutamine, guanosine, inosine §& $t=2tolA =1, HEF ‘;-< olm| = Ak
T2 FTEAA =t &4 PCA RHoAe g ©E ZAUE JEuEH,

glucose, inosine, aspartate, malate, fuctose7} F-&o] & IE= EHEZ =Nt} sucrosel}

Adfe 2L BASL 4 Qudd mel B4R A YEyo.

formate,
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® BAH fol4e HE A BASY 3F 24

GABA Acetate Asparagine Glutamate
30004 10000 6000 60004 .
o® M "
. 9000 I . v
. . y
20001 <= P s000{ o 40001 a-:v— 40001 o %v
oo L " & B, v
B A v
1000{ % 7000 —$—' [l N 2000 ?— == v 2000 . = x vY
: 000 °° —t ° o t % =
CMC CMK cIJC CJK CMC CMK cJc ClK CMC CMK cJC CJK CMC CMK CIC CJK
Guanosine Isoleucine Leucine O-phosphocholine
800~ 15004 3000+ 2500+
v = -
600 v o N 2000-] _ﬁ_ ey
N == ™ ' e B PO
ool - S5 = N % - . -
- s0{ o0 _m % 10004 el 1000 e
200+ - * Aaa
A v 00
1 = ‘ - Rt S
% CMC CMK cJCc CIK CMC CMK clJc CJK CMC CMK cJC CJK CMC CMK cCJC CJK
E Phenylacetate Phenylalanine Proline Succinate
20004 2500 10000 4000+
3 - . y ]
15004 20004 . A 8000 o v ; 30004
1500-] 6000-] % ‘a._.— tudeg
rooo{ <E- ‘ -+ + : ey
ee® At 10001 "o 4000 " 4 - °e - _:‘é o
. % ° &4 i ® ﬂ_ Ax ey
8007 a AR v, 500{ e A 2000 o _Aaf_—:_ 1000 vy
a + - T T T T
CMC CMK CJC CJK CMC CMK CJC CJK CMC CMK CJC CJK CMC CMK CJC CJK
Sucrose Tryptophan Tyrosine Valine
6000+ 800+ 20004 2500+
- e ' 2000
s00{ °° ‘ 1500 AL, 7 eee
4000+ v é AR % E‘ 1500
Asa
-h;E- o e R =+ 10 e +oood ,i., =
A M L] 4
2000 n v AN v ® A Asa v
. 200 - v 500 500 —#— ‘E—'
Lo —_ i - P . H
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A fFads vdeidle 259 AF vu OMCEI4A &

W3 AR Yol Sl tAA BAS F 4 A4Ad B 3% 5= wast BAA &
AL He EAET YUY 4 EZES Mann-Whitney H|AEZE E3lo pgho] BF
0.05¢tel =2 ZIrt Z=Z&FHUY. GABA, acetate, isoleucine, leucine, phenylacetate,
phenylalanine, succinate, tryptophan, tyrosine, valine2 Z=4bollA =931, asparagine,

F5 weh gAEA]
T Zpol7b FAth

glutamate, guanosine, proline, sucrose= 3FZAb A =ttt 2 BEZAE

L= o
=2 _
o FE A7t e ASE U3, A2 250 2ol st BAS B

2|

T 2 #F94E AAr] fAsiA B B2 wF AREE F7F 245t

H Ao AFRE AR IFARE 24170, EZAHS 121702 & 3627] 0]
123 F A=t SHE 532olA 7 Fol A=A, T4 FE ALY

2 ol A, A4, Bedd Tl FE AuHAYG 2P F 3

HA A2 x4ty F34 AR ST BYs A, gE
=]

st AR Hg7E A9 Tl ol At BT
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[E 3-3-2] vl AlE A

43 SET AME TS x| =
e olf =5 2 o= = £ ERET
e 108 LR E S R EE
SET 1
=1 A} 75 ME M7 NS e B E
S sz
o =&
SHa A 20
SET 2 ;
==t
. 2 OrAY S h =2, ZH T,
SET 3
ShZ= AbSH &=
==t 29 e e
A
]
04
° ® so 1
as .o.,'..' . : . ;| R¥%=0.85
0 R // Q?=0.75
Ul -
i C
HEY, TS

R2X=0.64
. " Q?=0.82

1615 1.4 1312 111 10 09 08 07 -06 05 04 03 -02 01 00 01 02 03 04 05 06 07 08 08 10 11 12 02 01 00
) Lyl

I3 3-39. w5 fAkx] @ 271 A3 NMR ~HEF PCA, PLS-DA, OPLS-DA score plot

F 362719 H]F A5 NMR ~HERJS o]&3t PCA, PLS-DA, OPLS-DA 24 Zz}
olth. kA 40749 ATAY AR @A, PCIEE FH0E I T340 AR 1}
FIAE A& & F Yok PCA Bl R'gho] 085 Qgol0752 && Wolw, T34 4
2k7F st 2 e outlier®s FIEGEH, FE A @solA AuiE wiFEclAuh
PLS-DASE OPLS-DASIME £ F3ibe] B 2ol & Hgth dihxoz Iz

e 2o THE ISR
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Rkt
ARSI A P ' 5

AA Zt7] e e AYER o5& B W olHe 4
®5& HPLC, GC, GC/MS 59 117 2
Aol wet ZYe wAlsteiol & ek ofye} 4 7hA] o€ peak T V1T EdE AF

st717F 94 &t} (Rock £ 291, 2008

=
o3l
e
il
o
ofo
ol
L
£
[0
-
ol
L
H

(RN
2
M
=]
ox,
lo
)
2
[0
-
ol
L
=

~—

ozt ZAIE WAL F J= WHA SR dA=E o]de A & F U oA
2 A 7I5E 100% watd FE gARL AMgstaatste AlAe] o 21E A o3
AT FAeHAl Frl= 2ol vgd + Utk AAE= F8E7] el headspacedte] F71&4
of ¥hgste 9 3y AAMES FHE AA Vs 72t dem, Azto] TE WA
o] B2 FriEA el v kot IFto] & £ gle SEEHoxE whEgit
olgl3t MAtZ= HLHLATE thtaiH, Lol Age A AEIIF Thsst] A @G0l
BAEE FHdo] gtk (Wilson & Baietto, 2009).

Al A AAze F2 54 =243 Z9ste ZAAVIY AR/ ¥} & HESke
AgA Q] A olATtA Q&= Mass spectrometert A5t 24F AES BAFHoz F
& T A Alzdo] AEHAS. olHF AAA-MS A27e] FPLS A5 HHH z2ad
< 8ol BAHLE AYstrlel F& AFH ARE vl FFstux A&EsH d& F
Ath= Holtk (Perez Pavon 2] 5%, 2006; Peris & Escuder-Gilbert, 2009). % 3-4-1o] HX}=
-MS Al 2"& o] &3 7]EY] AFES HYsUTh

9= | A= AT B Az ¥ FuEd
FEI AZg AT "
T o T b | T
2000 | $& S e oz SPME-MS |PLS, PCA Marsili, 2000
PCA
4 [e]
2002 | <& TMA %A SHS-MS  |Unvariate Ampuero 9] 4]
Lo 2002
calibration
003 | gwz | HoTrihoroanisole g e prs Marti 9 591, 2003
e |
Univariate Perez Pavon 94 ¢l
4 e B ; o
2004 | 7hEd MTBE €% <= SH5-MS calibration 2004
2004 A}t Al#te] §E7]3 o= | SPME-MS |PCA, PLS Sevels 9] 591, 2004
o _]:y__‘%_ _ .
2005 { - | F%9 %4 A= 9% | SHSMS PLS Marti €] 4¢1, 2005
'E'.u_
3 ) - Sanchez 9] 409
- B3lEs o9y =X - hnd
2005 | o " SN g ) SHS-MS |PLS 2005

B dFoME 292 SMart Nose SA AFe] HAxz AR A A 2" (Eelctronic
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Nose-Mass Spectrometry)2 ©]-&3}o] w9} 7=
B 29 3418 B ATo4 8% dAa 2

.

Brain Thinking Identification
Osttasimnt | | sgnacomparison_
Chemicals, VOC's Raw data Statistical calculation Discrimination,
Recognition
2 generation — P
(SMart Nose®) = _\‘.@

o
) hn
1= generation m . :.--.

Chemical sensors

JW. Gardner &P.M. Bartlett, "Electronic Moses®, Oxford Science Publications {1995}

a9 341 AAm AFEAALA 9. QA 53 @A AAstE BT A A
Az7h Sy BAY 2AF BE Zade A45d BAR 24 9 2
HqYdel B4 2R A AR ARHE AFAHE 53 FRe B4W gA

SMartNose®analyzer:

Automatic sampler
Mass Spectrometer

(headspace)

Injector
«(patented)

Oven with
Agitation

Dedicated software:
| on-line and off-line
easurements, PCA,

Samples in vials with
magnetic septum

closure

Automatic sampler
control panel

1% 3-4-2. SMart Nose analyzer®] 7%, H|m & AR A3 FR2 FAEO ¢le.
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19 3-4-29} o] SMart Nose A= A|AElS v|wd 7rdstA FAE S ot A
o] FH = wl st B4 A7t Blw A grol 208 o|3te] AlFte] AQECh wjFe} e
Mg AgolEs ANEE ol43ER AE AAI} Ba flo] W AN FolgEe 2
2} 10-160 amu HL| oA S5t of] 28 3437 Zo] o] Hxe FHZ THAY
E-05- lon Current [A]
E-06
E-07
E-08]
E-09-]
E-10 i
E-11- ‘ |
e il =
£-13- NI H H
1 20 30 50 ﬁu T100 110 120 130 140 150 160
Mass [amul
a9 34-3. AAZ A|2EE o] &3 7] AR FH o (FF4F wlF).
ES
(HAR)
L 2 A7
AN o 108
| e A 5
xR =M
gldA MEo| 0|2 ZyAHE | 9202
(ion fragment) H&k 24
SAHHE
SPSS & BAZEOYSE =2 0|8}
0|23t H|o|H &4
x| EiE
2% 344 AT AFEAVE ol8F wjFel HEAH AR BA Py 2 90X BEyd

qiel lee 9o I8 3440l vehideh 2™ = 5 %ol Al
5o AAz 28FH= Aol wl¢ Fgoum F4 84 7k0] 4
, AAHE AYSe] YE 72354t B AT AE SMart Nose7} A|F3}
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& ol&ste] FAEAS s, F o AAT FAEHE S5t SPSSE ©]
J

= i
&5t HolE 24 mz Adsid.

Zrzte] AlEE 10 mLe viale] ¥ th8 PTFR/Silicone Magnetic cap 2.2 crimping
ste] FH]ste] 90TCoIAl 350 rpmez 10837F gk ﬂ%&ﬁﬁ ATd #7718 E(VOC,
Volatile Organic Compounds)e] Z d@HAlg = QT & =319t INDEx(Inside Needle
Dynamic Extraction) needle vial W&o Y& & 103] syrmgeJ plungerES SEAIA A=
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2ade WEL AL FAHLE AHEstd Zze AMAEAHE AdET. HA
Discriminant Function Analysis (DFA) WS o] &38le] £} 10-160 amu FE5 E 3o u}
2} SAEAS FHstAT o] & SPSSE o] -&35te] Discriminant 48 A A5t

7 1233 % v QAR 2 A

A
I3 3-4-67 o] DFA

A3t A A=Ak A9 100% 2E7F He AE &
AT g AT FIAY A AEFH EAo] =A] GA YEHCU st=ake] He A Y
el 2 §Xo] g4 U2 AL & F Uk AXZm AFENVE iy BERS SHse
AolBg FFL B2 AuEE, 2 FAAT X T ZA I4TFS & F S AR 4
AET. wElA oty T XYEE MEEo] EREHE AL Z A9 AugAEL vy
Ao 2 i = 9ot ZToFAE ST vnF HE Yo AEE AHSH U =
Wl F=9 Hx= A5 YERA ekttt
DF& 2 200 iterationg - Baw data
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DF& 1

T3 dake olg-so] SPSS 180 FA WINAE ol gslo] E4e FYstHTE 10-160
amudl] &8s 2HE AFHAR FHS dojxl AHE-HS A7 EEXFEE SPSS B
zzajozg AN AEEAELR EASAT (E 34-2).
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[E 342] 2t w3 AZe) WA= £4 Ao SPSSE ol8F A WEEH
Actual group 12 F=4HE, 02 T4k one
] . Discriminant
Highest Group Second Highest Group
Case Actual Scores
Number Group predicted P(G=g | P(G=g | .
Group Function 1
group D=d) D=d)

1 0 0 1.000 1 .000 3.781
2 0 0 1.000 1 .000 3.597
3 0 0 1.000 1 .000 3.763
4 0 0 1.000 1 .000 3.389
5 0 0 1.000 1 .000 3.381
6 0 0 1.000 1 .000 4.004
7 0 0 1.000 1 .000 4.362
8 0 0 1.000 1 .000 3.308
9 0 0 1.000 1 .000 2.040
10 0 0 1.000 1 .000 3.191
11 0 0 1.000 1 .000 3.334
12 0 0 1.000 1 .000 2.255
13 0 0 1.000 1 .000 2.337
14 0 0 1.000 1 .000 1.911
15 0 0 1.000 1 .000 3.325
16 0 0 .999 1 .001 1.839
17 0 0 .998 1 .002 1.576
18 0 0 .966 1 .034 911
19 0 0 1.000 1 .000 3.605
20 0 0 1.000 1 .000 3.229
21 0 0 1.000 1 .000 2.316
22 0 0 1.000 1 .000 4.675
23 0 0 .999 1 .001 1.660
24 0 0 1.000 1 .000 2.023
25 0 0 1.000 1 .000 2.086
26 0 0 976 1 .024 .995
27 0 0 .999 1 .001 1.853
28 0 0 1.000 1 .000 3.710
29 0 0 1.000 1 .000 2.797
30 0 0 1.000 1 .000 3.558
31 0 0 1.000 1 .000 2.890
32 0 0 .990 1 .010 1.188
33 0 0 1.000 1 .000 3.368
34 0 0 .959 1 .041 871
35 0 0 .534 1 466 194
36 0 0 .994 1 .006 1.309
37 0 0 1.000 1 .000 2.098
38 0 0 1.000 1 .000 2.009
39 0 0 .998 1 .002 1.567
40 0 0 .859 1 141 .568
41 0 0 .997 1 .003 1.450
42 0 0 .994 1 .006 1.324
43 0 0 1.000 1 .000 4.004
44 0 0 1.000 1 .000 3.242
45 0 0 1.000 1 .000 3.346
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[£ 3-4-2] A<

] . Discriminant
Highest Group Second Highest Group
Case Actual Scores
Number Group predicted P(G=g | P(G=g | .
Group Function 1
group D=d) D=d)

46 0 0 .995 1 .005 1.356
47 0 0 1.000 1 .000 1.876
48 0 0 .998 1 .002 1.529
49 0 0 1.000 1 .000 3.236
50 0 0 .989 1 011 1.178
51 0 0 1.000 1 .000 2.118
52 0 0 1.000 1 .000 3.029
53 0 0 .865 1 135 578
54 0 0 .999 1 .001 1.669
55 0 0 1.000 1 .000 2.781
56 0 0 .999 1 .001 1.789
57 0 0 .998 1 .002 1.520
58 1 1 1.000 0 .000 —2.712
59 1 1 1.000 0 .000 —2.031
60 1 1 1.000 0 .000 —1.900
61 1 1 1.000 0 .000 —3.415
62 1 1 1.000 0 .000 —1.993
63 1 1 1.000 0 .000 —2.108
64 1 1 1.000 0 .000 —2.434
65 1 1 1.000 0 .000 —2.157
66 1 1 1.000 0 .000 —2.179
67 1 1 .999 0 .001 —1.503
68 1 1 .998 0 .002 —-1.194
69 1 1 .980 0 .020 —=.701
70 1 1 1.000 0 .000 —3.705
71 1 1 1.000 0 .000 —2.389
72 1 1 1.000 0 .000 —1.986
73 1 1 1.000 0 .000 —2.438
74 1 1 1.000 0 .000 —3.155
75 1 1 1.000 0 .000 —2.878
76 1 1 1.000 0 .000 —3.263
77 1 1 1.000 0 .000 —3.221
78 1 1 1.000 0 .000 —3.925
79 1 1 .999 0 .001 —1.376
80 1 1 1.000 0 .000 —2.302
81 1 1 1.000 0 .000 —1.586
82 1 1 .998 0 .002 —1.204
83 1 1 .988 0 012 —.821
84 1 1 .993 0 .007 —.931
85 1 1 1.000 0 .000 —3.162
86 1 1 1.000 0 .000 —2.918
87 1 1 1.000 0 .000 —1.562
88 1 1 1.000 0 .000 —1.815
89 1 1 1.000 0 .000 —2.005
90 1 1 .948 0 .052 —.485
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[£ 3-4-2] A<

] . Discriminant
Highest Group Second Highest Group
Case Actual Scores
Number Group predicted P(G=g | P(G=g | _
Group Function 1
group D=d) D=d)
91 1 1 1.000 0 .000 —2.586
92 1 1 1.000 0 .000 —3.320
93 1 1 1.000 0 .000 —1.896
94 1 1 1.000 0 .000 —2.124
95 1 1 .998 0 .002 —1.241
96 1 1 1.000 0 .000 —2.805
97 1 1 1.000 0 .000 —3.038
98 1 1 1.000 0 .000 —2.307
99 1 1 1.000 0 .000 —2.412
100 1 1 1.000 0 .000 —4.497
101 1 1 1.000 0 .000 —3.591
102 1 1 1.000 0 .000 —-3.077
103 1 1 978 0 .022 —.687
104 1 1 .988 0 012 —.822
105 1 1 .998 0 .002 —1.196
106 1 1 .991 0 .009 —.880
107 1 1 1.000 0 .000 —2.162
108 1 1 1.000 0 .000 —2.285
109 1 1 1.000 0 .000 —-2.070
110 1 1 1.000 0 .000 —2.027
111 1 1 1.000 0 .000 —2.455
112 1 1 .999 0 .001 —1.432
113 1 1 1.000 0 .000 —2.290
114 1 1 1.000 0 .000 —2.010
115 1 1 1.000 0 .000 —-1.775
116 1 1 1.000 0 .000 —1.632
117 1 1 1.000 0 .000 —2.185
118 1 1 .996 0 .004 —1.076
119 1 1 .861 0 .139 —.243
120 1 1 .984 0 .016 —.758
121 1 1 1.000 0 .000 —2.924
122 1 1 .997 0 .003 —1.115
123 1 1 .956 0 .044 —.524
AL B F2A FE 343 Bas) doln 18 YRNE FEHE 15O
2 FEFEgen x4k s 4 98] 2EEHo We EelY 25 s34 €A
B8 zEs: O2FoE RYHAT. BFW 23 WF AFHEIS AFDE 30 amu *
1.961 * €9 + (-2.262) ottt stZujFo T4 FAZEE 08750 SZu|FE -1.492%9 T o]
H o= =

o]§ste F=T F=o AMAE B|ESIGTE o] BWEH B4 Ak HlF 66F R
(100%) st=mitoz I o™ FH4 vl F 57F F 565 (9 2%) FIez B o}‘}iE}
meEtA] ARG o] &3 T FEE A HoA AAE wlFo} oA AAE wFE B

=8 9% o4 FI=E Vel (£ 34-3).
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A el s =AY wj S 427) ek T4t WS 29 FRE AIRR St AAE AREA
718 ol&3ste £4& STt otef 27 3-4-87 o] SMart Noseol Al AF3te 24 =
EOWE ol 8T wjF A E4A, F=akdt T4 BF 100% B £ He A=
et @4t AlRs SREEES w3 FAX 7§°J obat, &7 SANAM ARAHAE
Stlal T=ae Wk, 3F, &5, A SAAA ARE FHMH Ao Fe o T
el A7 B FL AgelA AdEEHoU dl“?%i THRAEG TS ZatEo] vEbd
S ¢ 5 Atk FFAY A HEAGY 28 AR (pd2)elE tFEE ANESe] WS F
& T EEHE Ao eyt
TAZES Fxdm T wFe FAE BRCA Fad IRy dEe EAFLS
134.00, 132.00, 136.00 amu 5 < He=2 UEpTh (F 344). F2 120-140 amu Atele] s
] ﬂrﬂrg —“‘%TEr X =& HAF=S Yehlii= A& & 5 AUtk DFAY R2 g3 F @t= X
3-4-3¢] ®A| BUth & BAF et BEY Fxe I A F7F vUR BeRE o

2 ¥A 6}21 ookt

[% 3-44] £4 o] &% Mgty DFAS R2 g3t T gt

Variable name ) )
R F DFA R F

(amu)

134.00% 0.974 234.22 DFA1 0.985 425.64
132.00 0.9724 223.50 DFA2 0.835 31.97
136.00 0.970 201.67 DFA3 0.778 22.23
131.00 0.966 178.09 DFA4 0.759 19.98
128.00 0.958 145.89 DFA5 0.645 11.49

LS SRl g EAERE-
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DFAZ 200 iterations - Standardized by 0 data.
2.0E-014
K28-1
K941
K6-1
10601 KI0R-1 Ki-¥1
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-2.0E-014
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-2.0E-01 -1.0E-01 T 1.0E-M
DFA1
DFA 3 . 200 iterations - Standardized by 0 data
4.0E-01 :
k31-1
k32-1
k331
2.0E-01
K3 #pdd2-2-1
KEKEZ4-1
DLOE+00 === == === mmmmmmmm e oo EE?:J--KQ-J-KES-J --------------------
% 351
k.26-1 K11
K25-1 K34-1
K27-1 K11-1
k.
k.36-1 F16-1
-2.0E-01 4
-2.DIIE-D1 ‘I.DIIE-D‘I
DF& 1
. .. . . . - = . - u
2% 3-4-8. Discrimination Function Analysis (DFA)E ©]&3F =4tz S vjFo B &
(7}) DFA13} DFA2Z o|&3lo] 23190 s E&Hsl9m (W)= DFA1T DFA3S
=] le) ~ T 2. T
o]&3tA 5. B Y ZAAAE T AlEE 39k G

o] Ztzt EdE o EF 877
o] &gko]l FAH oW HA AZ] = 297 4.
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123hd 59} w37} A 2 DFA BAM7 293 A7 o] &5ta] SPSS 180 E4 7]
a8tk 10-160 amuoﬂ &5l BEFL Xé—’FDHi =% 3}"4
[e]

o o
41 FAE ol T 3asel AT ERIGS. BE4

~HE P
H3tgich 2+ AR e 7 k2
= =% A9 QY 43 2oz A0 Hol 100%9 AT

42 A B} FRA W)E 29 A
2 920 ¥e & 5 AT

a9 349 ZF 129 Discriminant function score 19 W& A|5¢] EXTE }ehj
= F=AHETro] ofvel Fa4b wiFE vl F& Held AEsA EH e AE E
Atk 3 0 @A B AGdA WFE AARPomE B S A4 ol Aulg
9 o7} EHE EAE R AAEHAT, B A7 4 ZAdAe F= vjF= v

o L BEEXEE YEhy

T e A E PR
of B P wWFe EF, B4, AW 2AY, LEE TEo|L

re e - glemz Hd PFE AT F O FHE T BA 7
A

[£ 345] 2 w3 4Fo Ax=m 24
2

AT}o] SPSSE o] &3 Ui WHEAM A}
Actual group 1 3t=4HE, =2

g oo

T
T

Highest Group
P(D>d | G=g) Squared
Case Actual Predicted P(G=g | Mahalanobis
Number Group Group D df D=d) Distance to

Centroid
1 1 1 0.26 1 1 1.269
2 1 1 0.895 1 1 0.017
3 1 1 0.916 1 1 0.011
4 1 1 0.862 1 1 0.03
5 1 1 0.116 1 1 2.477
6 1 1 0.777 1 1 0.08

7 1 1 0.317 1 1 1
8 1 1 0.776 1 1 0.081
9 1 1 0.506 1 1 0.442
10 1 1 0.904 1 1 0.015
11 1 1 0.813 1 1 0.056
12 1 1 0.299 1 1 1.079
13 1 1 0.266 1 1 1.237
14 1 1 0.573 1 1 0.317
15 1 1 0.244 1 1 1.36
16 1 1 0.257 1 1 1.287
17 1 1 0.236 1 1 1.405
18 1 1 0.649 1 1 0.207
19 1 1 0.775 1 1 0.082
20 1 1 0.035 1 1 4.426
21 1 1 0.488 1 1 0.48
22 1 1 0.45 1 1 0.569
23 1 1 0.304 1 1 1.057
24 1 1 0.935 1 1 0.007
25 1 1 0.764 1 1 0.09
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[£ 345] A&
Highest Grou
P(D>d | G=g) Squared
Case Actual Predicted P(G=g | Mahalanobis
Number Group Group p df D=d) Distance to
Centroid
26 1 1 0.751 1 1 0.101
27 1 1 0.196 1 1 1.669
28 1 1 0.089 1 1 2.885
29 1 1 0.071 1 1 3.258
30 1 1 0.789 1 1 0.071
31 1 1 0.892 1 1 0.019
32 1 1 0.549 1 1 0.359
33 1 1 0.209 1 1 1.581
34 1 1 0.29 1 1 1.122
35 1 1 0.952 1 1 0.004
36 1 1 0.553 1 1 0.352
37 1 1 0.851 1 1 0.035
38 1 1 0.675 1 1 0.176
39 1 1 0.176 1 1 1.831
40 1 1 0.292 1 1 1.111
11 1 1 0416 1 1 0.661
42 1 1 0.769 1 1 0.086
43 2 2 0.334 1 1 0.933
4 2 2 0.327 1 1 0.962
45 2 2 0.775 1 1 0.082
46 2 2 0.042 1 1 4125
47 2 2 0.768 1 1 0.087
48 2 2 0.35 1 1 0.873
49 2 2 0.758 1 1 0.095
50 2 2 0.092 1 1 2.837
51 2 2 0.55 1 1 0.358
52 2 2 0.949 1 1 0.004
53 2 2 0.064 1 1 3421
54 2 2 0.804 1 1 0.062
55 2 2 0.056 1 1 3.665
56 2 2 0.139 1 1 2.189
57 2 2 0.034 1 1 449
58 2 2 0.944 1 1 0.005
59 2 2 0.2 1 1 1.641
60 2 2 0.599 1 1 0.277
61 2 2 0.234 1 1 1.413
62 2 2 0.882 1 1 0.022
63 2 2 0.51 1 1 0.434
64 2 2 0.066 1 1 3.377
65 2 2 0.856 1 1 0.033
66 2 2 0.196 1 1 1.673
67 2 2 0.549 1 1 0.359
68 2 2 0.933 1 1 0.007
69 2 2 0.563 1 1 0.335
70 2 2 041 1 1 0.679
71 2 2 0.691 1 1 0.158
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Canonical Discriminant Function 1
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Classification Results™®

Predicted Group Total
Authenticity Membership
Korea China

Count Ko.rea 42 0 42
Original China 0 29 29
% Korea 100.0 .0 100.0
China .0 100.0 100.0
Count Korea 42 0 42
Cross-— China 0 29 29
validated® % Korea 100.0 .0 100.0
0 China .0 100.0] 100.0

a. Cross validation is done only for those cases in the
analysis. In cross validation, each case is classified by the
functions derived from all cases other than that case.

b. 100.0% of original grouped cases correctly classified.
c. 100.0% of cross—validated grouped cases correctly
classified.

J (%)) 2 dTe wE Aow dA Y=

HAAIE AT B BASALS b BEE & don, AR B4 B A, 3
4%, SEE BE UAE 8% 5 A9Y 4% £ v 2 93 wE Aoz de
A gtk adEe B Aol Avksh gol BT wlFeh FZ wiFe] Axm AFEA
237k Jgs 28 B & JE Aotk BE Z sivitk /¥ 547 2L GF 29S| g
4 5 geng AMdEs} e ARE dHelHst 380z Az 538 & JEAE
AstA e 7oz R gor ALHoz HolHE FFH U Axm AR
e uFE BE 4% FB9 444 2 54 249 a3 We] ¥ £ L Aoz ARE
o).
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a9 3-5-1.
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Canonical Discriminant Function 1

authen = korea
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et =4t vl 43 FRE EA

Classification Results™®

Predicted Group
Authenticity Membership Total
Korea China

Count Ko.rea 36 7 43

Original China 3 26 29
% Korea 83.7 16.3 100.0
China 10.3 89.7 100.0

Count Ko.rea 36 7 43

Cross- China 3 26 29
validated? % Korea 83.7 16.3 100.0
China 10.3 89.7 100.0

a. Cross validation is done only for those cases in the analysis. In
cross validation, each case is classified by the functions derived from

all cases other than that case.

b. 86.1% of original grouped cases correctly classified.

c. 86.1% of cross—validated grouped cases correctly classified.
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A6 A Felol-Ag A NREFFEAFTIR)IS o] §3 wjFo 9
AA Ay A

'

Aold BFHE JHABART 7 3] AL g Ex9 5 A o] 5t
= 3F9 HEE S A5 SA4E EAMske ZI7lolth A9 ERHLe o573 229
Tx &2, 54 3ehg 52 §4 vhgo BgEE 9 vk A S AT, TAZETY AF
2 A 4% 2AY HAHEFEA 2 & 54 5 o8 2 Jdv (2™ 1).
Absorbance / %
0
£0-
M CH;CH,CH,CO,H
| " < A carboxylic acid shows :
L\ . G oy browi o abot 3400 e
100 T 0H1 CI:I T C=O T T T
o Rt I S
O3 3-6-1. Hod BEFFT B9 o (http://www.chem.ucalgary.ca/courses/350).
Fold-HE Hojd EFHFT-IR)S 1950 d el EolA 23 st ~AHERHS &
Z3517) 9% oz JiEE ASR olF A EFH S&st FH2 AT Hol FFst
T AHE A A2HEYS AdS 5 A HIUT o] WY EALS S ATEe] gol @At
el o §HE SHo] 7leslEE 2 @9 kg S5 F3 T o8] JHEsith
= Holth. ® 32 FE9 ARE =2 ¥y HEER FHo| Jhesta AR dAE Fo
da glomz Ry WA 59 H7 glvh miAe 2 1A, dAA F o' dde AR
g SA o] 7hEslER s T/ AEC AEo] Jledtths FHeol & FH ot
AR FT-IR2 NMR 53 374 E49 F=x F4oh} £X 4 Fo @3] o] &5
ATt o EA] FxU AT 54 dFe EEola, HAZde FT-LIRE o|&35ty %
E9] thARAl A (Metabolomics)oll &-&stAY, ZHE AEFS F4 AAF Fo= o]&siEe o
T7F A= o}t (Shuaev et al, 2008; Goodacre et al. 2007). ZHE9] thAA S FF 3ol
st wHeo g Z2udy) e AL SFTOE FHI tofd #olFEe AP S vlust
=H w¢ F8&3% WRol B £ derEg (I¥ 3-6-2), ol 3 thAMAISte] FEEA gl=T
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< f71 H7I=EY Bz o2 £ JAen (Smidt & Meissl, 2007), Blo]Quj2o] W =
A Sol= o] &= 4 At} (Grube et al., 2006).
a Plantmaterials A b
e | . -4
l 1 Metabolome pipelines l $
3 | Iﬁlﬁfﬁ 4 F‘QIW
Sample extraction and pretreatment
E = E E E | E | E E 3
[Data acquisition
| - | b | I - | | E - | m | b |
Data processing and peak annotation
] E E =
Retrleval
b Metabolome data l
AifERtoin
TricifHax-Aha
Chrigeasriok CHHEkC-Pen isamar #1
-4 o 'ﬁ::'“m o Chrysasriol Ca3-C-Panisomar 52
p’éhlg‘ wnx‘-kha SchaftiZide ismar £1
s @Bianine — _ﬁ_w::r.f» (03 isomer 2
Glycarel ;’ id g acid
Erfihtital Cistin (& Shikifats l(id ;:.?ﬁlum
Fzura Anthianilate
’g”' yeclcia-E2 )
Tatradgagoic acid ‘i?-uuc
i md LindISiE acid
@_&’ m..o.. nd A ss1ms
far .,.@Dm@upmm o it % E'! 2 55731.25%1 G
@ LA o h1!|1L 2oPC 523TAG 13T, STAGWJAG
Hicktmnta - T £2:4TAG 54T
Nicotinic aid-Hax Aal (a%@.ﬁl(a‘:ﬁﬁ 515@ %Rw
Nlcnnm(ltﬁnnvmwtl Pantigiiine o - 4
- B 2t Key
@nm“u pmmsm,@hn | Ocrrsl::lmothjkﬂloumnol ;ECC;’:‘SS
Putigzinefl-oniihine G uru@pmlin. ;EE:S
@ ccand
l CEMS
| Functional genomics and systems biology ‘
o =1 o = = e
a9 362 N54AAE, A28 AES 59 B 223 w9 tAASe FTIR, NMR

H
LC-MS, GC-MS $€ o83l d78 +8% 1 5 t@e] AES olgale] 2go
z7¢ AAHor 29F 4+ It FLRS ol$ §8% 24 w0y o (2

Saito & Matsuda, 2010).

AADE o &% By BA LML T FHL AT AN, ARe] 7}
A RE FHRASC] @ WMol 249 5 grks wAol vk Tl BakAW, Aze 74 A
2, w4, 94 5 1EA BAe 23EA gEut delth SN FLIRS A8E S¥d
A glol ASEE AR A(R) ARl FF Pl 9T F2E, 2HA ¥e
22 2AYADE Aeol FesttE FHol Utk B ATNME ARz AFRAIE olf
& A 249 BEE BYY F UE 2AWE 234 FTIRS olg3to] wFe e
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FT-IR 7|7| &4

e
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o1

0

o0 30 300 M 2000 100 100 0

!

SPSS 180 2 0|88 EA = A

‘_

HiZ 0| QIARK| T HA

+

2% 3-63. FTIRE 0|43 wj2s] 944 24 Q79 g 52E,

A4, bt B4 Sl S dhxA Wl F 43F 9 T HWE, FF, T, A
A FRE 29F 0 T UFE AEE AT wlFo uEE & HGH AFHst EF
AZE 3t 2 F% 18& AAsHTE o] & HAF YAME &3ty 779 FHZ TE
Atk 7tEZ AZE AEE 7t2xH 2 ZF 850 um Z7]9] meshz AA 4= 7] o5ty 7tE
T AEsle] 24 o] 8. A5 B4 JlFe] FHE o|FofFon 5 A=
312 ¢gkth. FT-IR 7]7]% ©]= Bio-Rad A}l9] FIS-175CE o] &35te] =A35}¢t}.

FT-IR 2~HEH9 E74 EAML SPSS 180 E4 I A= o] &35¥ ).

Zzte] AlmE 23] 4 EdHow Fulale BAL ASdom FY AR T 19
Egste] £40) ol &aterh. WA FTIR ~HES ol 29 3-640] eSS HF

NBEE B24 226 A glo] AAHoE §43 F8L Yepjad. B4 el e
AAA ol wg fAEG oY Tl FEE B ARAAE BAE YERE, of
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2 gy o ([

SPSS 18.0 BA HIIAE ©]&F
A W Fek T v Fe BEEE 7 5
TAbe] BE7F & O B4ME gEHZ Jelgth #E 24 Z2
2 90% 7HFY] BEER wEEo] dhmate] XV 2
A} T2k BodlE ]

oy It

23 Az A% B st
A2 HAHlE IR 44A 54 EEAT EY, AL, 4%, 4% LE 4
WA B WE S TS axol oshel e Witk oled tAA B4 Feues
gol F4 B $YFol BAFoR Bl g FlE wF ABo| FAHoE )
S fASERE A BAH Aok A SHel wgsHEz A4 FHe T A=
2 5 Qe Aol FIIRE o83 $AME £47 AEE Zvsn & A7 BE AL
s 24Y % Qou, 5o FHZ ARE FHs] APy £om ARE ARz 12
A% 07t e 4 Uk wEE 4¥e B weW 4P oAE Folm Ao 4=
83 Suaty Adda) ICP-MS He Hed & gt 2440 9 & 9g Aoz 7y
st}

# 3-6-1. FT-IRS ©| &3 =4t w0k =41 v 2

Classification Results™®

Predicted Group Total
Authenticity Membership
Korea China

Count Ko.rea 40 3 43

Original China 3 26 29
% Ko.rea 93.0 7.0 100.0

China 10.3 89.7 100.0

Count quea 40 3 43

Cross—validat china 8 21 29
ed % Korea 93.0 7.0 100.0
China 27.6 72.4 100.0

a. Cross validation is done only for those cases in the
analysis. In cross validation, each case is classified by the
functions derived from all cases other than that case.

b. 91.7% of original grouped cases correctly classified.

c. 84.7% of cross-validated grouped cases correctly classified.
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Canonical Discriminant Function 1

authen = korea

Mean = -1.31
Std. Dev. = 0.754
L M=43
12.57
10.0-
7.5
5.0
2.5
oo T 1 T T
-50 -25 0.0 25 5.0
Canonical Discriminant Function 1
authen = china
67 ] Mean = 1.94
Std. Dev. =1.283
M=29
P .
. _ -
3= — =
.
1- H ] A‘ H
Y T T 1
-50 25 oo 25 5.0

g9 FARANL ol§F 7 a9
PEE; () 2N 65 2R PEE T 2E7 Q¥ A
e AES 4
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9t (Moreda-Pifeiro et al,, 2003, Taylor et al., 2003;
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T 9= #Ho|t} (Barbaste et al, 2002). B FH|E AlE&
ZFE A 7] (MC-ICP-MS; Neptune, Thermo Finnigan, Bremen,
Germany)E ©|&3ste 2EEF FHdL ¥E A5t ZAFEE (mass fractionation)
865r/885r=0.11942 R A3 th. NBS 987 (US. National Bureau of Standards)e] =77k
0.710242+0.000003 (N=30, 20SE)e]™, v} 7}k (background value)2 0.1ng ©]s}o|t}.

KR
) .
KR
) .

7L 594 E ol &3 AR d4A Al

H2)9 44 BAT 2ERF w994 H9 24 Z2FE 7 14 AAso BAZ
o ST A XA ] dakR] HEZ Aol S-S & & AT olF Y4 E
FAAA 53] A4t S35 AR Abeld] FE%E Aol Hole YAES AdEste Z |4t
A ¥H 2 box-and-whisker 2o 24 JeER ST} (Fig. 4-1-1).

A4 A Ax}, K, Na, Ca, Ba, Sr, Zn, Li, Sc, Cs 59 A2 EdA FFZakm E2Ak
Atolefl FE3 Aol7t e& B F AUAAT (Fig. 1). o|F 94E 9olE Mg, Fe, Mn, As, Rb,
Cd, Pbe] YAENAME P2kx] HE vlu|dt Zo|E BHYo; adoz AASA= &kt o
g zpole A AR AR & AR A dae] FR Wt AR 8 EHE Ho F
Atk F, AR & AANAME K, ZnolA F=ito] FoAE Brd FFo] & e B,
Uz 945 (Ca, Sr, Li, S¢, C)ollAe withe] AdE Btk 53], tF-22 disddA &
T A BEF AL AR A G2 AR v dae EFo] YolAe A= b
2 Ca, Ba, Sr, ZnolA= A2 HR|ofA e P9 F&Fo] HS ZolAe SHS HA T3

.

3 Sré] FFo]l F GAEA Atole] FSiFE AolE Ho Fon, FU|ERAA 2L
HAZ (YZYEF F5)° &5t= Mg, Ca, Sr3t 22 QoS0 F AAHA Atolol] vl T2
ol & He AL B F Atk AA= BT AEE AFAA wE] A= HFolEE 234H<
2L wAlskE Zlseol vrEAl Fasith tys] alo A ZAidAM HH, Egd #EdE
IHLLEANA 2 d4bx] ' F3E XpolE Hola Utk o3 IAHALE FlA 53
F718 %9 IAZo] &3t K¢t Li, 28l HAZo| &8s Cast Sr& o] &3 =43 2 A]
=4t T4 AATE B T TRl He AL B 5 UM (Fig 4-1-2)

Z
L m¢ ¥tz delA o (Garcia-Ruiz et al, 2007). $-2 2
Ao A F=akat SIAE HA Afolo] FEF Aol AT F
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LA BlolME AL Zfol7t ¢l
28 & & Uk T4 YAV FFAF A E 2ESE BodL A7 E o He W
Aol QiAo mEk Z2A FEe| FHAE &t ol#F A= oA

o [e]

ditf oz ~EEF TH94 ve Ao XS
49 24¢ adz dgdtan deA o] TAH 4F
At (Almeida and Vasconcelos, 2001; Barbaste et al, 2002; Kawasaki et al.,, 2002; Fortunato
et al., 2004; Swoboda et al.,, 2008; Rummenl et al,, 2010; Susanne et al., 2010). %2 ¢] 7 =]
3 ~2EEEF 5994 9]¢ AT}E Faure (1986)71 AAIZE Aol 2RE FoA] ARG Qo
HIFsl= 2EEF UYL 3o EXE Bt} B oyl Oda et al. (2001)7} Kawasaki

o

3} =
HE olf® o B ez AT, AAgH o2 H=3 &
Holz A AollA 2tEd viF7t AX Y FH QER o|&Ho 7 Ax| HE FEo] FE0]
o HA AT F4t AR BT H|% 2EE2F YA FE Holv Aoz dAddHt
E3 2EER w994 ZHAERH Ao FAES AAZ AR HA @i 2R
A% AR Atole]l A9 zbol7} fleS o ATl (Fig. 4-1-3), o|2H AR & Zo] F&
FabEo] 23E 7 AFY A olE3 BAEES 2EEF w949 v BE3 9T
S FA o AF FARQ wF 2EZ2F YA vl A /Y 2 9T wer
= AL 4 F Itk o83 EAL Brunner et al. (2010)8] AFAHE H|EE EHS B
TR 2EEF 7994 242 A g8 S A e Aoz YEgen, o
g XzoqAE FHAINTH FEAHE AXA] F2 A= A I 2EEFE DL Ao
o= ztol7l gIATh (Fortunato et al., 2004). o] 9]¢ EA ZAyes ~EEF F¥94
HE o] &% dabx] FEe oA H7tE FAERE A3 IS wiAA71 7] sl "HAFA
ol5& AASA ¢ AR o]&F F U= TS B F= Z2F{en & + Utk

OFdALE o83 TA &4 7IH2 oln B2 dFEA 4F9 diAE AHs=
o fgsHA AAEe] Frh (Kmet et al, 2005; Ariyama et al, 2007; Giacomo et al., 2007;
Gonzalvez et al., 2009; Fabani et al., 2010). Z+ @4F=] Alo]o] Ato]gt z}to]E Ho|= (p value
<0.05) 9AES At FAEAE st AAG B4 Aot &2 o Zrh

A F3HA] e F4tat T4t AR Atoldfl zteo]lE Hole 137 94F (K, Ca, Mg,
Fe, Mn, Sr, Zn, Ti, Li, Sc, As, Cd, Pb)=} #-& ZAR|AA Z} Q2bx] ALold] zpo]E Hols ¢
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2% 4-1-2. TAZ(K and Li) and ITIA (Ca and Sr)dl Z38}=

A P
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E 410 828 A F2 A AH AW AF Fo 44 BA A (dry weight

basis)

Elem erts Eorea (=15 China (n=1d

(mgkg D Iin Iulax Aove 2D Ilin Tl s Ae 2D

wwashed  Hmekd
K 20840 34321 26223 3754 12686 22667 17088 3017
Ca 2974 5461 3097 Ti6 39812 7191 5626 1034
Mgz 1568 3281 2182 542 1361 2113 1723 15
Fe 315 619 408 76 512 1200 683 léa
Mn 202 147 111 238 247 327 158 T
St 111 754 230 158 232 g6.0 40.7 111
Zn 170 53 a4 229 12.5 233 16.8 348
Li 0119 0sn 0316 0.236 0.33% 0.813 0.490 0.123
Se 0.004 0070 oots 0.0té 0.016 0.062 0.033 0.012
&g 0.279 2.08 0618 0.450 0.033 0.752 0.325 0.173
d 0.047 0338 003 0.077 0.073 0.410 0.170 0.093
Eh 0.003 0113 003z 0.028 0.060 0.177 0.102 0.034
Ti 0.056 1.11 0.35 035 0912 393 1.08 1.02

o Py 070962 071283 071069 000101 070924 071100 071051 0.000 56

washed  mchi

K 11730 24234 16729 3264 5244 13479 905 2783
Ca 3634 7312 5648 1173 5057 11573 TO63 1541
Mg 1573 3668 2170 575 1418 2078 la22 181
Fe 402 1016 566 160 349 2166 1047 473
Mn 395 143 g.03 315 474 4410 189 125
St 144 596 I5E 134 455 123 TET 223
Zn 128 372 EE 457 181 303 243 51
Li 0.069 0453 0179 0.106 0.156 0.505 0.273 0.108
s 0.001 0.oo0g 0.o0s 0.002 0.004 0.031 0.0135 0.00g
&3 0.147 0.538 0309 0.129 0.092 0.344 0.177 0.07
d 0.038 004 00356 0014 0.0g1 0.529 0.237 0.137
b 0oLy 0123 0060 0.038 0.063 0614 0.236 0.148
M 0.256 1.16 0629 0.285 0.379 1.73 1.23 0.462
e 0.001 0008 0004 0.002 0.009 0.39% 0.070 0.103
Eb 362 a1 E .66 426 594 290 132 .63

T 070977 071418 071097 000127 070921 071693 071100 0.001%87

n=rmumber of smaple analysed

a0 represents standard deviation

&11 the elemerts are presented only powalue<005,

p-value  represerts correlation analysis between Korea and China samples using t-test
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¥ 4-1-2. ZAXe] PCA EAd] o] % variables.

Vasiables Factor Fartor Factor ¥ ariabise Factor Factor Factoe
1 2 3 1 2 3
wwashed mmckhi washed Mmell
kE -0.68 012 0.4z K -0.70 0.58 -0.02
Ca 0.58 032 -0.27 Ca 0.45 -0.36 029
Mz -0.22 0.13 089 I ES -0.21 0.72 0.1a
Fe 0.70 0.40 -0.20 Fe 0.90 -0.18 -0.20
Iin 0.11 D18 -0.49 Iin 0.a5 0.0z 035
=t Das 0.44 028 ot 0.66 -0.40 00g
Zn -0.71 003 0.10 o 0.19 0.81 -0.0s
Li 019 081 00g Li 0.09 -0.01 079
S 025 083 028 = 0.82 -0.22 029
X -0.68 D55 006 b -0.30 D.635 -0.04
cd -0.01 DAz 056 cd 0.49 -0.48 0232
Fh 0.57 0.a4 -0.22 Fh 0.87 -0.17 -0.04
Ti 0.75 036 -0.1a Hi 0.59 -0.07 0355
e 0.80 0.02 -0.01
Eh -0.13 -0.33 o082
Eigetrralue 536 108 1.41 Eigetrvalue 6.36 2.06 1.47
Proportion (%) 41.2 152 108 Proportion (%) 424 13.7 0z
Accumulative Accumulative
I — 41.2 56.4 a7 3 ——— 42 4 56.1 6359

EBold represents significant higher than 0.70.
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A 2 A AR E o] &3 AR ALA A

1. A2 g
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st=712) 46709} F3 A 49NE AAHLE AHESHY dde] B e dHEH A
ok ddg Aol AXNE B9, EHE JFFE= 500mg¥  e-tubed] ®H2 F 02M
phosphate buffer in D20O(containing0.05%DSS)¢} methanol-d4& 1:1 v &2 Y&

o 2 4 F 2LuE 208 B Aok 22]a 13000rpmellA 108 Ft 94 E2gh
Az e NMR tubed] 600ul. &71 & 600 MHz Varian NMRZ o] &3} 2519t}

2. A5 A

Chenomx NMR Suite 5.1 software & A}-83}9] baseline distortions¥} phaseE
corrected 3} T} Spectra= DSS(0.5mM)E EFEZZ 3.2 ™, methanol 3.28-3.3346E- peak
47551065 At 0.0016 = 7]Z binningS 3}t binning 3§+ data= MATLAB(R2008a,
The Mathworks, Inc.,, Natick, MA)S Al&sle] BZE 2HEHS align 33Tt SIMCA
P+12.0(Umertrics AB, Umed, Sweden)& ©]-&3le] PCAE 3t 2z} 2§ 7ol o] U= tiAL

g 23t

1) %d A NMR spectrum
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methanol acetate lactate

A ~pminabuty rate
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A
Y
X ethanaol
kY
A, |s.|r.4:_-l,\1.i:
|\
qu 5 | |
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|rl|LI.'-L suc anmite

B [ ]

citrate, malate, asgarate
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O™ 4215 oFgo] Eol Ae AR g "HERoe|tt. Chenomxg ©]-&3}
metaboliteE- targeted profiling =343t Z3} F-714H671), °oFr|=2H971), BF(B7H) 2 el o &
EA671)S 2tk f7]4 v A lactate(1.328,4.046), acetate(1.95), malate(2.355, 2.66
§ 4.268), succinate(2.396)¢} 3 EAQl mannitol(3.665, 3.728, 3.795, 3.846), citrate(2.4865, 2.686)
7} yEH Y. olniesbe valine(1.05, 1.056, 2288, 3.616), leucine(0.975, 1.75, 3.736),
isoleucine(0.95 6, 1.02 §, 1.24 §, 146 §, 1.976, 3.665), alanine(1.476, 3.86), glutamine(2.1265,
2446, 3.736, 3416, 4.086), glutamate(2.378, 2.138, 3.736), proline(2.06, 2.346, 3.3365, 3.416, 4.08
§), aspirate(2.635, 2.85, 3.898), asparagines(2.805, 2.925, 4.05, 6.95, 7.68)c] UEIYT. T
Glucose(3.26, 3.376, 3.476, 3.765, 3.85, 3.8765, 4.585, 5.186), sucrose(3.436, 3.536, 3.658, 3.86,
3.885, 4.026, 4.1785, 5.46), fructose(3.525, 3.695, 3.85, 3.945, 4.025, 4.086)F zrorar, 1 Hho
ethanol(1.185, 3.636), 4-aminobutyrate(1.96, 2.296, 3.06), O-phosphocholine(3.26, 3.596, 4.166),
methanol(3.356), fumarate(6.516), formate(8.466)-2 2Fokt}.

2) 237 AN FAE BA

2]

Mumber of vanables

O3 422, kg ZAA] LAAE PCA score plot(a)@} loading line plot(b)

I3 4-22= NMR 2~HEHOS ZHE spectral binning3dt 7S o]8&3sle] FAHEEA]
(PCA:principle component analysis)= 3+ Zloltf. FA 7ML F3dle] outlier(C
2}),KR19,KR22) S 7HZ3T xﬂﬂ/\]giu} HZo g0 7t 9% 4L siro] My
R 7] 943l score plotg T3 Ao [ 155 7 ]—i—oi T AR 4R IF
A= AL FAtAnh ol F7 - AR 2F Froll Zpol7b v tiAMA E-ol 93]
Folx|= Aot o] U= thALA = z} 15171 913l loading plot& 433} At}

F714F F lactate, acetates F= HAET T= HAdAN 52 FFLE UEoH,
T}2 $-7]4F citrate, mannitol, malates &= XK E]— St 2o A =& oz e
FL glucose’} S AA BT FZAXNA =L o 2 JEMF T, sucrose, fructosed F=
1A BT} k= AR A =2 FHFoz VeI O}U Ak glutamate, glutamineo] 3=+ %
A Bt} S AR A =& FHS H I, valine, leucine, isoleucine, alanine, aspatate2 3h

AANA =2 FHFS VERET

Ethanol, 4—am1nobutyrate, methanol= = 7] Ho} = ZAAA =

H2.™, O-phosphocholine, fumarate= £= AXHT 3= LR A =& FHFo

r°"

oy

H
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B
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P W
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3) % 37 P 2L U=

71 =

A2 Mg AL 2

10?

4
Loading plotoﬂzﬂ OE 7F o ]Ur-‘: q]/\}xﬂg A é}oc] Two-sample T-testZ 3} 4l
S gdstdnh {714 %é‘ Foll 4 malate(P value<0.0005)% F= HAAHT F=H X7}
She#o] =L Ad dE fFostgtt. adlnr B EFZAAE glucose(P  value<0.0001)¢}
sucrose(P value<0.0001) %to] —.‘1’—4 Aol 9le Ao =2 yeytth glucoses IFHAET FF
AAANA B A g e AR Vel T, sucroses 3T ZAAAA B A g
Je Aoz el

ol st M= valine(P  value<0.0001), isoleucine(P value<0.0001), glutamate(P
value<0.0001)7t &% PA7F % PARG =4 FHsm 9o B stk 3 ol
methanol(P value<0.0001)= F= A7} © &/7F =% ™, Fumarate(P value<0.0001)= 3+
= A2t o 7t =%
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methanol

A, i P, lactate

d-aminobuly rate

Asparagine

|
alanineg
| | ethanol

— iy IUmUL

fructose, sucrose, mannitol, glucose

O=phosphocholine

glucose SUCCinate

citrate, malate, asparate
pluturllinu.l glutamate
\I\ lin F

| profine valine
[ leucine
| II'. isoleucine

Formate SUCTOSE
fumaraie

i ' ik |

T T T T T
9 8 7 6 5 4 3 2

] =
Fde Mold Al e ~HEFelH, ChenomxE o] 5] HAAE

qe NS THG AW fASA dEwET ehe 1,
lactate(1.325,4.046), acetate(1.96), malate(2.356, 2.666 4.266), succinate(2.396), mannitol(3.666,
3.728, 3.796, 3.846), citrate(2.485, 2.686)7} U ENGTE ofnmAbe E 971E zkgton, valine(1.0
6, 1.056, 2.286, 3.616), leucine(0.976, 1.76, 3.736), isoleucine(0.95 6, 1.02 6, 1.24 &, 1.46 6, 1.97
6, 3.666), alanine(1.478, 3.86), glutamine(2.128, 2.446, 3.736, 3.416, 4.086), glutamate(2.376,
2136, 3.736), proline(2.06, 2346, 3.335, 3416, 4.085), aspirate(2.635, 286, 3.896),
asparagines(2.805, 2.928, 4.05, 6.96, 7.66)¢|t}.

T2 Glucose(3.26, 3.376, 3476, 3.75, 3.85, 3.875, 4.586, 5.186), sucrose(3.436, 3.536,
3.658, 3.85, 3.885, 4.028, 4.1765, 5.46), fructose(3.526, 3.695, 3.85, 3.946, 4.026, 4.085)= ZrokTh.
ol9lo = Hlof ethanol(1.185, 3.638), 4-aminobutyrate(1.96, 2.296, 3.06), O-phosphocholine(3.26,
3.596, 4.166), methanol(3.356), fumarate(6.5165), formate(8.466)E 2t}
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Mumber of variables

O3 4-2-5. oFd AAZE AR AARE PCA score plot(a)Z}t loading line plot(b)

o =2 AR ZL o2 binningdt Ho|EHE o] &5t FAHE 4L AT
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K 5
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Score plotell A F ZEo] U AA e EZL F3l7] ¢18] loading plots
loading plot Z3l= g &2 HAX < FAHA e T

8712 2o A= lactate, acetates ZZ A7} 3= AXRT © Zo| &3t U,
citrate, mannitol, malate= 3P X7l F= AARY ¥ o] Tt JAT. Fo F¢
sucrose$} fructose= SIZAA7F EIZ ARG ¥ ®o] FFalr AU, glucose= Z
27} =2 AR} § 2ol dgstm Yt

olmi=4te]l 739 glutamates} glutamine= FF7 A7} =ZAXEL} §3Fo] =& AS
2 ey e ™, valine, leucine, isoleucine, alanine, aspatate= % =7 XK.t} ]
o] =& Ao w Yeyt. 2 ¥+¢] Ethanol, 4-aminobutyrate, methanoli= ]
AR 7F o #ol T/t %2, O-phosphocholine®} fumaratew F= AXEG =7
27 o el & Aoz e
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DF& 2 200 iterations - Raw data
4.0E-01
2.0E-01
o - :
C‘%jﬁ -2 CEl !
Ty 5 1 AR - - = ... <2 O R -
o Cone % T ER
C2-3 5
e 5
C7-3 :
20E-011 ;
T ; T
20EO1 0.0E+00 2 0E-01
DF& 1
DFAJ 200 iterations - Raw data
20601 K2
K1-3
K23 K1-1
%8s qomett
K6-2 K6-1
K241
€43 K3-1
2617 e
CTV% ; 5 C21 84 o 2]
0, i %
CxB29-1 K7-2
0E01 C53
C8-3 e c2-3
(]4_) -20E-01
%@ D‘E'm 0.0E+00 ZB‘E'DW
DFA1
% 4-3-3. Discrimination Function Analysis (DFA)E ©|&3F 3t=4t 712 39FFo FIAE
TH EF FASE AASA &2 #A). 7H= DFA1¥} DFA2E o]&3}
dHo 2 ZTH3F}I (W)= DFA1Z} DFA3E o|&39 2.

_85_



China

Authenticity

Korea

157
124

el

3T

Discrimination function L&}

h )

R

KR
P

A

123711 ¢]

3

1)-

~NH
ol

]

1A

Al A

o= 100%

® lo a8 28lo a2
o |RBSE®8|ES
3 = =
= o oN

53| 8| El° 8= <

~H

Ar

4

72l e e e
Hlo o
%BON & 2e

2 g ©le g|lg S|lg ©

T |8 &g g8 g & &

b= S olS oS ol O

5 O MU MU MU X

s

=]

<

o

%
%

o 2 Bk

<]

-

T
o

iz
o
[n}

_z_l

p—

°
i

N
™

e
1o

Wy
™

pig
T

X
~_

N

A9 3

o

il

_86_



I3 2-50 A

T

T

ol A]

~—
o

oF

el

0

il
R

0

_Lmo

2-20] YERA AT

-
it

2-63}

A ANAE &

O

=

SPSS 18.0

90% olste] Ho=g E |tk

=
2T

=4

o

gHo=

o

=

H

shel 47}

2 AER

2.0E-01

200 iterationz . Baw dat=

K1-1

13

L
KE-3

5

R

ChE
<A

K1-2

<A TR,
K- Rpka-3

0.0E+00

4

02-3

&
DFA& 1

-2
CB-1

CB-2
C3:1
Ci-
cr-2
£33
cs¥t®

C8-3
C?-3
-2.0E-01

CB-3

DFA 2

2.0E-01 4
(I e e e e e b e e
-2.0E-01

2% 4-3-5. Discrimination Function Analysis (DFA)E ©]

e AgEg vehigenz b

B
R

_87_



50

Korea
25

oo

Authenticity

-25

China

L. sl

-50

129

109
&
4
(W)

el

A=

A

Discrimination function 2}
ZAAE 2.

=
=4 25 100% g

e

i

=R

A% 100% =&/ HAI=EE

=

[e]

1

kel
pa

R lo a8 2o a8
=] =]
AR REINSS] ewinsy ESERA O] s
©
] <t oo
51”2 5| Fe
N2
©
Slo 218 9y nI2 R
E[8 ~|S &R o|g o
v
2 g 86 8le ©C ©
= S O 9lg 9 9
E= S oS ol.g o5 O
S O MU MU MO X
<
-
3
<
H
T

3 8817} w)

=

=

S}

S

719l o]

A1
Al

Atk Ak &

31

_88_

12!
2

gl

A

=

=

o] 387 7177

=
T

Al 2k
Holth. 7]

<]

-




ol
~

bt $eluets

=)

A =7t A

EK

AFHALEZ AA

A

SE

wK

a3 4-4-19
A2 gleo]l TAA

AHQ BEEES

%l
= HiA

AA A AT

kis

F71 <

=)

/6]'

)

el

i3/ %]

)
o
_-_l_ ——— —
ool
R ox
S oD
ny oK <d
< K&

Tl
—

ICP-MS £

-

<

Of
mi0 X1
ou IH

B
op) 0

oF oK

SA=

A8

wK

on

a9 4-4-1. ICP-MS

_89_



Aol AHEE AlEs wjF B4 BEF WUIFoH o] F IA=ike 116F, TS
31 F oItk AR Aeolls T4 41 T3 F=4F 9T F 11052 453
AR FHlE v 2ol § 4

g oIS AFsA FEE AAst £} k. £ 5 g& 105 TollA
C

A L =
F 550 CollA 54zt slgtstsith. S3ke A|8el 12 N HCl# 33 S/ 112 237 &9
S 5 me 2] hot plated]l s #o E&stal, 33 FHFE 25 mE B0 Fujsdnh. A

A9 gF-E ICP-MS (ELAN DTC 1, Perkin-Elmer Instruments, Shelton, USA)2 £ 43} %t}
ICP-MS 24 272 ofg] F¢} Zrh

¥ 4-4-1. ICP-MS9] 4 =7

RF power (W) 1400
Cooling gas flow rate (1 min™") 15
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o E99409) GANE o] galel SPSS 180 FA WA BAL £
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Home About TRACE Contact us Sitermap
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Source : FoodProductionDaily.com
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How to verify the authenticity of food ?
Food Authenticity

Labelling issues are of increasing concern as the European consumer becomes more
discerning about food purchases. The information on a label, related to the claims made of
that product, i1s generally limted to compositional and nutrition data. Many labelling claims
that relate to perceived added wvalue are rarely supported by analytical data, leaving
regulators to rely solely on paper auditing procedures to monitor compliance. This is
particularly important with the growth and promotion of “added wvalue” regional foods such as
those produced under “Organic” and “Designated Origin” labels. TRACE will address this
deficiency by supplying analytical specifications for labelling issues relating to food origin,
especially in areas that currently rely mainly on a written specification e.g. geographical
origin and production origin. TRACE will develop generic low cost analytical tools that for use
in the traceability infrastructure for verifying 3 types of origin: geographical origin, production
origin and species origin.

To verify the food origin, different methods can be used:

Tr lemen nd i meth
Rapid and profiling methods
Molecular biolo methods
Chemometrics

TRACE key outputs: verifying origin

s f__—_I_

» Determining geographical
origin
— providing objective evidence on geographical
origin to industry to assure the consumer
« Food assurance systems
— Characterising foods through
spectroscopic fingerprinting
- Methods for species/variety ia

— Honey, cereal, meat

— Generic methods for plant species L
— Molecular database of methods and sequences -

» & 2] 2Z} "Trace the origin of food (TRACE)“S 718 %<
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