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Discrimination of Geographical Origin for Herbal Medicine by Mineral
Content Analysis with Energy Dispersive X-Ray Fluorescence Spectrometer
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Abstract

In this study, the macrominera content ratios of four herba medicine samples(Saposhnikoviae Radix, Bupleuri

Radix, Cnidii Rhizoma, and Astragali Radix) were analyzed to discriminate their geographical origins using an energy-
dispersive x-ray fluorescence (EDXRF) technique. EDXRF is a rapid, non-destructive, and multi-elemental analysis
technique. Initialy, samples of both domestic and imported herbal medicines were pulverized, and then their macrominera
contents, including P, S, K, and Ca, were andyzed using EDXRF. For the discrimination of their geographica origins,
canonicd discriminant analysis was carried out based on the estimated macrominera relative content ratios of the samples.
According to the results, the discrimination accuracies were as follows: 93.3% for Saposhnikoviae Radix, 95.7% for
Bupleuri Radix, 98.8% for Cnidii Rhizoma, and 87.5% for Astragali Radix. Overal, the results imply that this technique
could be used as a standard method, to discriminate their geographical origins between domestic and imported herba

medicines.
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718EE EHsle] Akt ity IS AES v Ti4).
22 5] A4k R o v A 7] F (capillary eectro-
phoresis, CE) ©]-&3gt =it} =4t IAEel tigh d4kA]
B (5), FEZAFSetznt Y& R34 (inductively coupled
plasma - atomic emisson spectroscopy, ICP-AES)S ©] &3t 7]
ol g Ya AR B3 Chemomericss o831 ez <]
dakx] v A6 ATk

U Seko] tidt Ay gkl SR, 7154
Az} A@E oFE)ggo] A3 APt FE o|FL 9o

A 2AFEH 715s 2dse I GaEA A9H HY
A7l Sl S F= F1E g AFs 4 dheF
8552 F71&E FHgol #AS AF(7-8), AT YRR B F
718 kAt #AgE A9 UAF BE =4E e E o
o g gk Zloli, YA kAot F71A TS wlas] A4t
A WEE AT A7e meg Agelth &, FULt Al
o] ol FUIstAA JARFHEA (1001 FEEEAT 2
2 FaldE B4 A3 AFA)7F A Sl

2 Aol A8-¥ EDXRF(energy dispersive x-ray fluorescence

Yectrometer)= T2 FEEEN(12), FEAEEN (), AEANE
ZAEAN(14), AR, 78, L9AE 59 FHESS 9% B
Al Tl =2 AREEY gtom, HZole EXRRIED AR Al
FA] X (RoHS: redtriction of the use of certain hazardous sub-
sances) AldA T At 84 f3 B A x Bol A8E
3 Qo R oluel RF HdEelA <l R S (15), AW AN
A 2994 19 Ca £4(16), AlHEE ZEFOA V, Fe N,
Cu, Zn, Mo, Pb 72 thd4e] BX4(17), +/E ASE A8
AFANM P S C, K, Ca Fe Zn] A& B42 53 2237
(18), Urticae dicico L. Spinacia oleracea L.°I4 K, Ca Cl¢]
Z4(19) T vt HoollX EDXRFE AREEH A7t Shdsict,

X MY 2ASRE o83 WA XS AR
ATt B Sl ¥ X-AS ol&sle WHOE HAYRAS

Apgolth. e, ob47kA] EDXRFE o881 Fatsh 4]
A geple) B0 el vlas) QA B e A7
@ Akl giglth THnE B AT 484 gkt A%
Aol FEHClE AuA EF, #ei, 715 Sol wek T
714 el Ael7t Sirke el A2bele] EDXRFE ol 85

of =akzh At debafe] o 7717 (macrominerd) FEv]E

AlE Z=d|

el FEEe gere] ] A FURE ¥ashe
I F 5% B 5 5 ¥¥(Sposhnikoviae divaricata
Schiskin), Al & (Bupleurum falcatum Linne), 3 -g(Cnidium offici-
nale Makino), 37](Asragalus membranaceus Bunge) 4522
Ao R BT AliEe Ax F8 o] AR} FEAES
FHLE 20060d% 1ol YT FA SIS A EEMN =
HEEEEAE Y ANEATL0AM AFRSk 2 FhA L
714, 7, 5, ALt 5 76 A9 F 078
o FUA AR F dRE T @A FHEIE A g
Suel FUH A B FRAN fEEE AlEE FF
stal, 1 FRHAGEE 715

TS NEE AR B Ag 45°C €Az
A 28070t AL, AFE ARESt] 2 A ], food
mixer(FM-681C, Han-il Co, Seoul, Koreg) 2 13 #3, cydone
sample mill(UDYCo, Fort Collins, Colorado, USA)E 23} -3}
o #43kgt & 100 mesh o|3ke] BEE Ve, o] EE AR
£ sample cup(double open-ended 30.9x24 mm, Chemplex
Industries INC, Pdm City, Florida, USA)ol| E&wmjt}h 13] 4
Al 3 g2 A #(BdanceE1D120, Ohaus Co., Pine Brook, New
Jrsey, USA)SH] X-d &S 93t AlEE THESHL

=

EDXRF £4

B Ao A3 EDXRF= EX-3500 model(Jordan Valey
Applied Radiation Inc, Austin, Texas, USA)o|x A&o) A}&-3h
13} X412 Rh taget tube2FH AA0o™ S-Li detectors AHE-
AL 4o AR Yae] B4 XAS Kodle AEgth
F5¥ EDXRFO| 24 %712 Table 137 3ttt

=4
21 5o] g B3 A (essantid dements)= U @
221 C H, O, N, S P K, Ca Mge w&a?l Fe C, B,
Mn, Zn, Cu, MoZ T4 =] Utk o] Fox FPEAE B3
=2k YA eFRlol] FEoE HEH = 2
2 A99ith 1 olfe delE BEY, 2 ol S 4
3 AFPAE vEs gt FUsES §EinE Ui
AR B} shex|e] F7 3
HEY 715, 37 5 Al 300 we} kel S5
F719% A& Zpol7t 7] o
2

A o] we TkRsde

e

Table 1. Summary of the conditions of EDXRF about each herbal medicines

Parameters Analytica conditions
X-ray tube Rh - target
Beam path Vacuum
Detector Si(Li)
Spectrum analysis MCA (2048 channel)
Resolution 140+10¢eV at 5.9 keV
Acquistiontime 100 sec

Voltage, Current

Saposhnikoviae Radix 9 kV-300 uA, Bupleuri Radix 7 kV-600 A, Cnidii Rhizoma 8 kV-500 pA, Astragali Radix, 9 kV-350 pA
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=273 UNISTAT 45(Unigat Ltd, London, UK)S]l multivariate
andlyss= canonicd discriminant andysiss ©]-&ste] EARAS
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CHe 2718 &

b upEe] P e 617-16.27% WA Ha 12.67(+2.07)
%, St 453-12.74% oA W+ 751(1195)%, K= 5448

iy

gopale] 714 434 212 137

o

67.82% W ]oIA B+t 60.21(+3.15)%, Ca= 17.92-23.83% H <]l
A i 1961+1.2)%E YER) K>Ca>P>S 22 FHo] =94
S wEe p oghgko] 4001380% HWHolA HIE
9.72(+1.80)% R o™, S= 7.352055% WA HIE 2066
(#5.91)%eIA 3L, KE 39.12-58.28% H9lolA ¥ 50.29(+5.16)%,
Ca= 14.55-4381% B394 Ht 19.33(6.07)% T2 veh
K>SCaoP A2 XS & 5 AT 4 43ed= P K
ko] ikl sl EA EAENL S= FdatelA B
on Cao Hadde 4kt Fdate]l A FARHAT
NZEE BA3 A3 FA4Re Prh 505-14.12% Wl Ha
891(+2.61)%, S= 3.74-12.68% HelolA i 6.42(12.13)%, K&
40.79-50.81%08 S10l1A H 50.18(H4.32)%=E 7P = RS B
RoW, Ca= 242541429 1o Ho 34.48(+5.38)% o)At}
F4F A oM K>CaP>S A2 o] YERsTh FU4t Al
M= P7l 218-649%A Ht 435(1.11)%, Sk 4.80-
30.86% 9ol Hit 12.16(+6.16)%, KE 31.68-48.66% *H 1l
A B 4A340(AT2)%IL Ca= 29.63-52.91% HlolA B 3
2ol 40.09(#4.95)%F =4 A% 3] Ket Ca Alole] FraEkxt
7 AR K>Ca>SP AR 58 S et 4t Az
ol P K o] $atnn) Egkon S9} Cas 94t =
AtETE 22 ghEks Bt
Age Fate] 744 P gk 656-11.75% HYolA HE 871
(+0.86)%313. S= 543-1847% W olA Het 7.04(x190)%, K
She 44871.46% H oA Ho 6591(+385)%H o™ Cas=
16.23-24.90% oA Hi 1833(*158)%= UEh K>Ca>P>S
AR F2 S Bk vha] At A3 pEe 934
133996 S0l FHd 11.05(:0.91)%, S= 10.33-16.47% 3 9]0l A]
it 13.79(*1.38)%, KE 4652-5575% W $lolA H 5148
(+2.99)%, Ca:= 19.02-30.35% HelollA ¥ 23.69(+3.25)% 3F
S el K>CaSP 48 BAth A7 2443 K g
& TN =A UERReH B S, Cas FAtNA SR
2 %S et 7] A F4telA Pe 11.88-
21.17% " 9)ollA it 1552(#2.23)%0]% 3. S= 8.20-39.00%
oA g 17.38(34.45)%, K 38.53-60.62% H 9ol H
54.74(+4.02)%, Ca= 8.40-20.28% oA B 12.36(+2.69)%
£ Ul K>SP>Ca M2 22 S Yepinh #3943
71 P &3] 101519.09% HL A Hd 14.20(+2.98)%, S
£ 14.20-41.97% HH N Hat 25.59(+10.24)%E, K= 34.02-
555200 W lollA it 45.16(+5.84)%, Ca= 9.24-2657% H <ol

Table 2. Summary of analytical resultsfor herbal medicines (%, dry base)
Name of Geographi- Content of analytical dements?

herbal medicines cal origin (n)” P Range [ Range K Range Ca Range

Saposhnikoviae  DOMestic(39) 1267(+2.07) 6.17-1627 751(+1.95) 4531274 60.21(+315) 54.48-67.82 19.61(+122) 17.92-2383

Radix Imported(36) 9.72(+1.86) 4.00-13.80 20.66(+5.91)
Domestic(28) 8.91(+2.61) 505-14.12 642(+2.13)

Bupleuri Radix
Imported(42) 4.35(x1.11) 2.186.49 12.16(+6.16)
o Domestic(42) 8.71(+0.86) 6.56-11.75 7.04(+1.90)
Cnidii Rhizoma
Imported(40) 11.05(x0.91) 9.34-13.39 13.79(+1.38)
o Domestic(40) 15.52(+2.23) 11.88-21.17 17.38(+4.45)
Astragali Radix

Imported(40) 14.20(+2.98) 10.15-19.09 25.59(+10.24)

7.35-29.55 50.29(1+5.16) 39.12-58.28 19.33(+6.07) 14.55-43.81
3741268 50.18(+4.32) 40.79-59.81 34.48(+5.38) 24.25-41.42
4.80-30.86 43.40(+4.72) 31.68-48.66 40.09(+4.95) 29.63-52.91
543-1847 65.91(+3.85) 44.87-71.46 18.33(+1.58) 16.23-24.90
10.33-16.47 51.48(x2.99) 46.52-55.75 23.69(+3.25) 19.02-30.35
820-39.00 54.74(+4.02) 3853-60.62 12.36(+2.69) 8.40-20.28
14.20-41.97 45.16(+5.84) 34.02-5552 15.05(+4.29) 9.24-26.57

YNumber of samples.
IMean(Standard Deviation).
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Canonical discriminant analysis
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Fig. 1. Comparison of discriminant scores between domestic
and imported Saposhnikoviae Radix.

Canonical discriminant analysis
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Fig. 2. Comparison of discriminant scores between domestic
and imported Bupleuri Radix.
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Fig. 3. Comparison of discriminant scores between domestic
and imported Cnidii Rhizoma.
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o Bls] =LA Ur o P AR 2 3jo] §lo] kS 3t
S 2

o] ¥4 Axh= AFH 38 WHE A3 HFx|ola Mdst
7} R7)de) gk wEu| 2 Uehd Aalolti(Table 2).

CHHY HEEME S8 SRl ik EHE

UNISTATE ©]&-3 multivaiae andysisz canonicd discrimi-
nant andysiss AAlste] AAA WE JhsAES AR Y8l &
2l ok 14| SR AApe SHHSEEHS)R AL
€ okl =4k 1 group FUARS 2 groupe] AR R
eIt e AR F 2] s o= Hx A5

Canonical discriminant analysis
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Fig. 4. Comparison of discriminant scores between domestic
and imported Astragali Radix.
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Table 3. Summary of analytical resultsfor discriminant analyses
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Discriminant results

Sample Geographical origin No. of sample Domesic Imported Correctly classified(%o)
Saposhnikoviae Radix ?rg;“oig ig 359 ; 933
Bupleuri Radix ?rg;)nofelg 4212 %5 jz 95.7
Cridii Rhizoma ?rg;“oig jg ‘;l 410 98.8
Astragali Radix ?rg;“of; g 3: ;4 875
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