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Comparative Studies on the Discrimination of Angelicae Gigantis Radix by
Near-infrared Spectroscopy, Electronic Nose and
X-ray Fluorescence Spectrometry

Chang Hee Cho, Su Jung Kim* and Hyo Jin Kim**
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*National Agricultural Products Inspection Office, Seoul 150-043, Korea
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Abstracts — Angelicae gigantis radix is the root of the perennial plant, which belongs to the family Umbelliferae. However,
this herbal drug is represented quite different chemical components according to its different genus name, though other
herbal drugs (i.e. Leonuri Herba, Xanthii Fructus and so on) show similar constituents on the same name. The root of Angel-
ica gigas containing the coumarin compounds is commonly used in Korea, while Angelica sinensis and Angelica acutiloba
including phthalide compounds are used in China and Japan, respectively as Angelicae gigantis radix. In this paper, a near-
infrared spectroscopic method was developed to determine genus name of Angelica spp., especially A. gigas and A. sinensis
which are commonly misused in herbal markets. X-ray fluorescence spectrometry and electronic nose have been also
applied as nondestructive methods to discriminate A. gigas from A. sinensis according to their specific properties.

Keywords L] Angelica gigas, Angelica sinensis, near-infrared spectroscopy, X-ray fluorescence spectrometry, electronic
nose

T 5T B2 Ao T AMSIRA AT 1
| E718lgic), B-go] A £319] WTO 718]2 ¢

&
b 3ido

uhah Blgo] sejvet oo ze] Hese A7) gk
clgk2-

1

o}

F

:x:.E_,(U_,

i

g O & A =Hdck d Aok U AokAlal= o
A 7N A997:3)N 136 7Nt Al o] WA FAFE F
5% ARSI Qoml igtekd ostekgeh A 71(1999
378 EEo] AiEle] vk Urek=t A 137873 (1996
198 F22] Aok o AekAA|7} A= A FolA
%E AAET QP wE deE $MoR sk gl
M= FaIn 3okl (Feka) 200039 992 &
#ex gl g AAE FA8k o 37%2] AHES Holi 3
D a8y, ol FAAM A A FolME $Us FHol

] U: E \5
ol

s

ﬂﬁo{NJ,?,rLrﬂJ,ﬁiﬂjg;;

PR =fol B Fol AxlAR
(Azh 02-940-4525 (¥2) 02-943-9578
(E-mail) hyojkim@dongduk.ac.kr

161

Avt 71de] M2 23, 7]de] oy HAol v F 1

Z9] g5o] B Ao|th.Y Tt 4T FAUAS O]-rJ—’— N
 H7HE] AR Aok 14 9 ke AT AAs
golof strh= A A ojn] 2 ARE WFHNUS 1 F &
Aol 24 HAZ ARE A7 1 $2 oY oot vivt
2) 7 (Umbelliferae) 22 = shtQl GAE <x|3 olw, ek
59 @7 dEAQ] nyko 29 §5t, F3 AR o
e gkl F9 shelu 7ol MR Aoldt Zig ofe
2 ARE3sa vt ol digterdols B3 Angelica gigas
Nakai®) ¥2)72 Ao} glovt, Fxokdel= 4% A. sinensis
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E FEo] B, F2oE lEE F2o| Y& ux Qi) Eo
3 d7)7F glor e okt 2w 9uh) FARoE
gHrEol Qla b
decursinol, decursidin, nodakenin, o-pinene, limonene, [-
eudesmol, elemol 5¢| 3lom AT 75 248, 1A, A%, o]k,
HER E 9% X848, Srds, Alskg 59 okeabgo)
QolA sHkxlgeko g thgEm okl

UG+ FL S F2oA v el x5 di=
WEE (o] 10~25 cm)© F W a2 A~ zhalo|ct, 7
Ql W gahal skt o 3 {3ty Solgt WAt 913, e
5ol oizk 21, Folle ozt Wk TR 0= Jigustilide,
butylidenphthalide’5°) a1 B23# a2g, 2], 21732
_g_o] %E}_.IZ,B)

F3AE FAE A T8 E uy el AZo] 3~5 £7]
oj’doln Zo|7} 15~25 cm o|th B A ~Fzhdlo]y
MEFE 7] 712 9F0] Qlon gl 3l 50 A%t 3
Aoz Ty Zeixl 53 244 o] glon ERE 4
o] Hlm# Hslw PAF9 7o) FdAo|tt? 12|, AEH
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LC-MSE o8¢ FARF mueA? o] wusy glrk
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M

B AR\ M = A sinensis D A. gigas®) 7F A el A
gt 714E wEsh] A8l AAE d3o] ofd Hd E=
Zslel Aejellz vl olHA] FAle] ZHASH R AHE 7
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2 g3to] AEsHA A9 719E BRI 5 Qe S AT
vt S v S R H O 2 A S XM Y FEA 7] (X-ray
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A 71dEE A3l FAEAFHE 43 vlweinh 2A9A
F33 2 700~2500 nm(14,000~4,000 em™) o9 C-
H, O-H, N-H, S-H #-871¢] ¥gel &3 F3AE 53l
AHEHE Ak o]&= 1960 Wl % v H5FA Y Karl
Norrisell &3} sA=9 2848 Arlsl] MHLos 483t
H o]FRE 1980 W ol F t}F ¥ 3 A& A (multiple linear
regression), #4158 724 (partial least sqaures regression),
23 1-3] A% (principal component regression) $3 2 7|
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A =Y s S8 NEATAGETE AerE
8l 21= 970 A, 80 7N FHAE F 89 7Al] HEEFA
off &3]3 BT HEF W IS BEAE, o ok
A, A kAR FollM Fefslglan, 58] AR AR
o9 ks TIME FRsk] FuUAR] Al gigas 2298 2
AAre] A sinensis 99 HOF F 328 A AAE S

FAH z} AAEE A19EE food mixerell 247t ¥ 1 1} B
# & cyclone sample mill{UDY-Co, USA)Z 2 2} £23}51e]
20 S5t THAIA EMFAR AT

24707]

TEMEHEMY - L3 37 HAY EHE A9
reflectance modules &5 73 2 EFEA 7| (NIRS model
6500. FOSS-NIRSystems, USA)E ARE3HACE 22 948
21712 800~2500 nm HAHNA] 1 scan B 32 3], spectrum
2 2 um 7HF 0% AAE o HAl= 1 8F < 5 g2 ring
cup® F31d = HolHE At 4 dlolEl= WINISI
softwere(FOSS-NIRSystems, USA)Z 1 ZAE #4390t} o]
o] A gigas 229 A Z 152 A, A sinensis 99 A = 52 4L 2
2491 - ekl 74‘“7}4 S Y8l AR, 1 veR) A,
= A gigas 773, A. sinensis 47 & AMES19] validation® 2
Alatsich dio]8 &4 A calibration model& 2733171 93]
SNVistandard normal variate)®® 2 detrend®”Z data prep-
rocessing®ll Ag310d 717127 WHile| wlE AFEY WiIlE B
datyoh B3 wite R BAsks ws st 1 g

¥ 15473199k
XMEAEMY - Bu3lst 49 HAE X sé FEA71EX-
3500, Jordan Valley, USA)E ©| 43t I £ @dsd. &

28 19 A RAN 1919 5 g2 AGSISLE, of @9l A
22l2{Z2AL Tuble I+ 2t} glolg] 248 Ay 2ngs=
FEVE 5 94 4FE@ S, K Cael ko] st xpolE 23
ata1, 719 Tl Bod T4 FEE A gigas D A

Table I~ Conditions of X-ray fluorescence spectrometer for
discrimination of Angelica spp

Zmission current (UA) 400
“Joltage (kV) 8

Range (keV) 10
.time (sec) 100
Atmosphere vacuum
Tube Rh target
Collimate 2 mm
Thruput low
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Table II - Sample input conditions of electronic nose for discrimination
of Angelica spp

Sample preparation 10 min
Transfer delay 10 sec
Exposure time 2 min
Sample transfer 4 sec
System cleanup 10 min
Incubator temp. 50
Syringe temp. 50
Incubation time 10 min

sinensis®] YA FEO AIXE dolshs o Aoy
£ software(Exwin 2.0, USA)2] SLFP(standardless fundamental
parameters) A8 018310 4 9] ko] sk AlEE ¢
ATANIE 22 F A4 A4 st [‘]]O]Hi 71 9EE of
H3Flth

Az BMY - Egler 39 HAE AR T (e-Nose5000,
Neotronics Scientific Ltd., UK.)*®] & g3te] BAz1810H 1

3 oF 1 g8 AEE ARSIt o] Wl HAl= 1 4% 3 g&
FHslod 1 g¥& MEFS £ 9848S FAFE 3] e 8

BTt F-290f] ARE-st AlME= conducting polymer sensor type

1270(401, 478, 459, 463, 460, 298, 462, 458, 461, 483, 297,

464), metal oxide sensor 87)0]n] 7]17]1ZA-& Table 19} 29

. Z AMZRE A9 28 chazREAEAHE ] shuel J

Z=9h8 24 (canonical discriminant analysis)® 0 2 83319 o

o]2 3%t softwarer= UNISTAT(Neotronics Scientific Ltd.,
K2 AHg3ksict
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Fig. 1 — The typical raw NIR (near infrared spectroscopy) spectra of

Angelica gigas and A. sinensis. Each spectrum is an average
of 229 and 99 spectra, respectively.
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Fig. 2 — The second derivative NIR spectra of Angelica gigas and A.
sinensis. Each spectrum is an average of 229 and 99 spectra,
respectively.
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el eyt AFEHolr}, o] AHERX & = QIRo] 7714
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Fig. 3 - Specific range between Angelica gigas and A. sinensis on the
second derivative NIR spectrum, in the range of 1438 to
1824 nm(A), and 2076 to 2456 nm(B). Each spectrum is an
average of 229 and 99 spectra, respectively.

NIR AF|ER]9] o]z} vl Fig. 29} o 4z
A. gigas & A. sinensis7+2) FE BEE F AU
o]& Fig. 30l 2MA|3] A 1438~1824 nm(Fig. 3(A)) X
2076~2456 nm(Fig. 3B))ellA doldt Fg Holw Hte]
92 R 99ollM el -CH, -NH, -OH z:87]29] £2jx%5 o
14 =]2] 1} overtone bande|™, FA+= o)1 x] 2] combination
bandZ WERATE 53] A sinensisoll LAY T QU= A gigas
el 54 FelaE Idd 4 vl 1438~1824 nm BH A
= 1690, 1757 nmolA] protein, 1580 nmol A starch, 1722,
1760 nm2] oil, 1585 nm?] cellulose 3! 1687 nm®] sugar ¥
Z E 4= 9]9W, 2076~2456 nm ¥ F 2420 nm] protein,
2370 nm®) starch, 2306, 2380 nm2] oil, 2370 nm<] cellulose

W2 5 PRE U wol PAAL Y-S & F AP olg)
Ze vl 98 Aeang AR sl 4B YR
on B Aol ded AARAoRE J8E 43 2y

o] Fgsto] thHE (multi-variate) 3]HE4S 331t thi
2 1A (multivariate calibration)oll= AR A 2 78 A
Hol o A= dIE §5d 71719 AZE AF A¢
T 59E o)8dhs Wholn, $Aks o e AR T o
F 23R F AMER) TE F402 dojzl 5% ARE o]
L3l OE vl NgES w5 A4ske Wiolth & a7
o= A= B AT MPLSR(modified partial least squares
regression) B2 o451 calibration modeld sttt 2
< THYM EFEAH o] 20| PLS(partial least
squares) A S AElER e vl stH] oS TS T
71713} e) viEbdsl, 1he A8 e Ak 5] kS #HAg)
& = 9tk 53] MPLSE %2 AAA] cross validationS:
Pato] A factor MO E over fittings X5k A8
S $0iF7] ol o] MPLSE4)S o] &3l At 53, 7]
RAF00E Brls) At 44 X4e8E

L0 At e

PN
T

Ly
a

b 7 B3¢ # A3t SEC(standard error of
calibration) ! SEP(standard error of prediction). .2 &<13}51
o}, AA AR A gigas 1523, A. sinensis 5285 529 A
B3} calibration modelS 233ttt 12k B 23} w]E o=

Table III - Results of each calibration equation by modified partial
least squares regression with NIRS for discrimination of
Angelica spp

Type of Equation R¥ SEC(%)” SEP(%)°
log(1/R) 0.952 8.618 9.510
1st derivative log(1/R) 0.963 6.113 8.242
2st derivative log(1/R) 0.959 7.025 8.790

ACorrelation coefficient
YStandard error of calibration
9Standard error of prediction

J. Pharm. Soc. Korea
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Table IV —Results of discrimination of Angelica spp. using near
infrared spectroscopy

A. gigas A sinensis Total

Sample no.
77 47 124
. A. gigas 77 0 77
Resut A. sinensis 0 47 47
Discrimination ratio 100%

Table V - Results of discrimination of Angelica spp. by X-ray
fluorescence spectrometry with S element

A gigas A sinensis  Total

Sample no.
229 99 328
Resut A gigas 229 5 234
A. sinensis 0 94 94
Discrimination ratio 98.5%

Axe #YE o F AHE vjwst AL Table M} o] 13}
o5k HolEloA ok 8%2] SEPE UeRfitt o] Zakas &
AR 253 98 YR ANEA A gigas 778, A sinensis 47
BE 4o E MPLSe &gt b8 ) Table IVOlA & 5=
0] L00%2] 719 WEEE VRISt

XMEZEMI|E 0188 B4 - Aokl 44 EZn &
doll w2} xS ghgo] e BAE vehT . ol
¢ & olgsid B AelMs A F Fegol A
He 2 P9 ARX8= B S, K, CaZ Ut E 2579} kS
Ao A nlwshdel et 44 FEEYE I1Ess)
o B9 2% 719 WEsIS) o] 4 YA WAIE A gigas
229 ¥ 2 A, sinensis 99 7 Z7}9] 94 $FS B35 d9 B
S, K, Ca 4 F S Aol 1 3o Alo|& Jeli. Fig. 4
£ 1B K7} 65.99%(+ 7.39)2 7 B8k, Ca 16.34%(2.20),
S 9.87%(=6.76), P 7.81%(+1.02) <=9 =k vERI=d) 4|
A4 5 A gigast SO FER|BO| 5~7%°11, A sinensisc 9

£

g

+~P —S =K =Ca |

Concentration (%)

Sample no.

Fig. 4 - Concentration profile of four elements (B S, K and Ca)
obtained from 328 samples of Angelica spp. using X-ray
fluorescence spectroscopy.
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Angelica sinensis

Angelica gigas

Concentration of S (%)

Sample no.

Fig. 5 — Pattern analysis of S element for discrimination of Angelica
spp. using X-ray fluorescence spectroscopy.

Table VI - Results of discrimination of Angelica spp. by electronic

nose
A. gigas A. sinensis Total
Sample no.
687 297 984
A. gigas 673 66 739
Result . .

WA sinensis 14 231 245

Discrimination ratio 91.9%

Table VII-Comparison of results of discrimination ratio for
Angelica spp

Instruments NIRS XRF
Discrimination ratio (%) 100 98.5 919

e-Nose

~30%% el 8%2 7|F0o8 FE dEo] HAHEE o]
£ ol&3t 7| d¥He] rted AS & 4 AUt Table VIeIA
HEo] S g 8% V|Fo R 7|9S HE A3 A gigast
AR} 229 A BF BEF7) 715318 A sinensiss A3 99
3 Z 94 FHo| A sinensisE. BE) 985%2] FERATE
ERIiT

XS 0I88H By - 2 deMe Al dist 22+ 20
N8 AR Ax7E Holes 7HEE shte] HEoR AE 8
A3t 7 2ol g oA A B4 skl FEwrE SRl
LERASITE oleidt A71R-EEE ol 83t A gigas 229 HE
7}z 3 AA O F vro] 687 HE, A sinensisc 99 B 747}
307 o] 297 A WRRAs A} 1 7] sl
Table VI 20| A. gigast= 673 & BT, A sinensisc
231 A& W8] 91.9%2) WEE-S Vehigith

2 B

FAl diste] vizka] A BAur
FEAYH W Ax3E FHEsie] AR EEEE ulw B
A3} Table VI o] 2F 90% o4 wE8S
E3] NIRSE 100%= A7H] W9 F 7H 2 J9=g v
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