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[ Abstract | Objective: To determine the inorganic elements of 20 batches of Fructus Arctii by microwave
digestion-ICP-AES. Method; Samples were digested by nitric acid and hydrogen peroxide. The content of 26
elements in Fructus Arctii was determined by ICP-AES, a blank experiment was made at the same time. Principal
component analysis (PCA) was used to evaluate the quality of different batches of Fructus Arctii. Result; Fructus
Arctii contained more than 12 inorganic elements and the content of six elements, including K, Al, Fe, S, Zn,
Cu was higher. PCA with four factors (F,, F,, F,, F,) selected could be used to evaluate the quality of Fructus
Arctii. The function was following F =0.298 74F, +0.257 56F, +0. 144 49F, +0. 135 19F,. The samples from
Zhejiang, Hebei and Jilin provinces were the top three which indicated the quality in those regions were better

based on inorganic elements. Conclusion: This method is fast, simple and accurate. All the results can provide a
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scientific basis for the quality analysis and comprehensive utilization of Fructus Arctii.
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438 AR AR A RO Y R SR R R SR T
BRRBR S, XA KRN T R Rt v
B p L U L g, B O i B A S R
TH I 2 T Ak, 2 IR 7 A0 B AR IR 0 Ji o | &
P s AR 25 B A B ST R B AR 3R T B P
B POBRAE D PR SR R

THLICEAE R AEYIRN G FERIE, 254
RN A 2 R AR S A A AR, TE4EFREAL
A IE 8 1) B 2 5 o A0 AR A5 55 ) ThI R 4 HL T B
VR T o H 2 25 B0 5 Ak 2 B £ B 4L 4% 1 B
[N, AN BT & A HLL A 56, B 5 EHLT &
T BESE 2 JC AL T R XHE R P 2 Y
TR, 25 BT Pk KA R LR B B T, ok
THETRITER AT EAMRE"  H ke dh
(8 Koot R B Rl 24 R X AN [ 7= b 4 35 7
B S HEAT 25 A B R4y M. TR, AR SR A ICP-
AES 75 XF 20 dit4-3% 1,26 oo R P17 AT .

1 MRl5FZE
L1 X3 WX-4000 ZI G 0 i R 40 ( LIz 58
A= HAR A R A ), 1309001 AU H - K- (3§
Z R R ER A BR A | ), iCAP-6300 Y Hi AR 5
SEB T R HEIEAY (£ E Thermo Fisher Scientific)
L2 R 0K T ERHER I He, K, S ik
JEH 1000 mg- L™ JRA L EARMEE W AL, As, B,
Ba, Be, Bi, Cd,Co, Cr, Cu, Fe, K, Li, Mn, Ni, Pb,
Sb, Sn, Sr, Ti, TI,V,Zn Gk EH 100 mg-L ™", ¥
T E T b v b s S R (BT 4l (it SR AR A
(Sr#rat) ¥ A rE s Ak 2R R A BRA | KON 25
Tk,
1.3 BESORE AR 20 #4323 TR A S EA
[ 4t X, 28 B o 2 24 K W o G U 2 o T A L
HLY) 4 3% Arcium lappa L ) T H BRI (R 1) .
F i 60 CHET Byt 40 H i, 25 H .

RSB FREURE SR 0.1 g T 58 DU S 2 445 14 1 e
RN 5 mL HNO,, 1 mL 30% H,0, , % 5
O %, 160 °C {543 8 min, T 3E THE & 200 °C , {5
FF 30 min, DKy 1 000 W, 774 i 56 & J5 , 1%
H LR E 50 mL B, L5 Tk B %08 35,
R AL 3 VA U T A R T A LR T
1.4 HUBHEG 58 7 K-8 7 & 41Otk (ICP-AES)
WMAE S BRI 1150 W, 2858 50 romin ',
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Fructus Arctii; inorganic elements; principal component analysis

B AR R 0.5 Leomin ™' SR IG5 R BERE 3 Y%L,
BE g 1] S 30 s,
x1 208 4EEFHERFKRE

No. iR, 45 No. R, #t= No. SR, Hit5

1 Hil(121101) 8 ZRJL(121101) || 15 PIZETH (120928)
2 AR (121119) 9 R (121101) || 16 ik (120901)
3 N4 (121115) || 10 pg)i[(120501) || 17 Hilr(121108)
4 T (121101) 11 4L (120755) 18 #HiM (121104)
5 WP (121101) || 12 T59(120102) || 19 #FHkk(120711)
6 Z#(201208) || 13 SN (121109) || 20 iPE(121106)

7 WRIL(121101) 14 BJpYT(121105)

2 #R5i4te

2.1 Pk Al Nk AR M
SR RN e AT B 48, & U R b i e
R ECH 0.998 1 ~0.999 9, KW IZ Jy i ¢
F R4, W E JC R MRS % A A MY RSD 43 il
Y 0.114 4% ~2.931% F11.354% ~3.861% , [ i
REETE 91.3% ~105.4% ,RSD 1.3% ~4.8% , %
W12 07 R AT .

2.2 FEMIMGEZSR 7 LR AR IR B R
FHFRUERT M E R E S P e R S & B R WK 2, b
BORIR = M4 35 e R A & B, KR AL 5
B A IRk 1 491.1,1 581.7 pg-g ', Hih
ZERL(121101) BES K & (1 900.7 wg-g '),
B BT VT (121105) £ 5 (382.3 pgeg™' ) ;i /i
(120101 ) FE fy AL & B i (3 285.0 pg-g '), ik
NN ST (120928 ) B & (488.8 pgeg™') . Fe F3y
E N & ,B, Ba, Cr, Mn, Sn, Ti, Cu,Zn & &
A X% 4% , Be, Bi, Co, Li, Ni, Sh, Sr, T1,V K&
o BRI, AR = 1R 35 7 A KA %
JUER S, H 4 B AE LRI B 42 )8 Pbo

2.3 4T IHICEK FEAHCESHT SR SPSS
19.0 B A XF 5 JC & 6l i 47 42 ¢ 2% 40 A, ok H
Spearman S AHOC RBOE , Gt 45 R Wk 3, MOC
R AT R, 4R35 TR oA 17 X oo R SR B 3 E
FHOE (P <0.01), P X} o0 % AL & 3 1EAH ¢ (P <
0.05) , 7 3 th T 2 18] H A A H P [\, 42 i W die iy
2.4 A4BEFTIHICE EWF I MEGE IR N
WEFEAS[R] 77 b 2 3% 14 5 op & A JC R 19 40 A LA



X, S5 < GBI i -TCP-AES Bk XA [F] 7= 3 28 35 7 AT R 4041 5 3P

R2 0GB FHERBEBTESM

G/ gy
No.
Al B Ba Be Bi Co Cr Fe K Li Mn Pb S Sb Sn Sr Ti TI Cu V Zn
1 1919.4 16.2 7.9 nd nd nd 80 629.7 15185 nd 39.9 0.1 2679.3 nd 6.9 nd 25.3 nd 22.6 nd 48.6
2 1068.1 25.0 8.4 nd nd nd 7.3 375.2 1880.9 nd 31.9 0.2 2376.8 nd 0.2 nd 13.6 nd 18.7 nd 41.0
3 2684.7 12.7 12.3 nd nd nd 7.3 1162.7 1789.4 nd 42.0 1.6 2555.7 nd nd nd 15.7 nd 21.3 nd 45.0
4 1769.1 12.811.0 nd nd nd 8.8 566.9 1900.7 nd 42.1 0.6 2687.1 =nd nd nd 26.8 nd 20.4 nd 47.4
5 1103.0 12.9 6.8 nd nd nd 5.3 2861 1590.1 nd 33.1 0.4 2783.3 nd 150 nd 8.7 nd 24.1 nd 49.4
6 1005.9 14.0 8.9 nd nd nd 4.9 249.1 1867.9 nd 34.0 2 639.8 nd 12.7 nd 8.3 nd 20.0 nd 52.8
7 2664.4 14.3 11.2 nd nd nd 9.8 1383.2 1675.8 nd 59.6 1 3232.7 nd 2.8 nd 68.8 nd 25.5 nd 62.8
8 1192.3 12.7 7.3 nd nd nd 8.7 374.5 1614.8 nd 37.7 3 2 902.7 nd 7.5 nd 11.4 nd 24.7 nd 54.2
9 3285.0 12.415.5 nd nd nd 12.1 1151.6 1706.8 nd 49.5 1 2 593.7 nd 7.4 nd 50.4 nd 22.0 nd 54.2
10 819.6 7.7 8.9 nd nd nd 3.7 184.6 1188.3 nd 31.0 nd 2640.9 nd 11.5 nd 7 nd 21.7 nd 55.2
11 1926.6 6.416.4 nd nd nd 8.6 691.8 588.0 nd 114.3 1.4 2748.2 nd 17.2 nd 23.3 nd 22.4 nd 60.8
12 650.3 13.8 3.9 nd nd nd 3.9 142.2 13352 nd 32.0 1.1 28654 nd 9.0 nd 2.2 nd 25.4 nd 52.4
13 20755 9.716.7 nd nd nd 7.9 737.3 1089.3 nd 91.3 1.3 3157.5 nd 3.2 nd 28.4 nd 21.1 nd 57.7
14 1255.2 2.227.6 nd nd nd 10.5 503.5 382.3 nd 103.4 nd 2 869.5 nd 10.0 nd 16.2 nd 15.7 nd 41.9
15 488.8 17.5 4.4 nd nd nd 0.9 1550 1920.7 nd 41.6 nd 3240.8 =nd 1.6 nd 3.2 nd 27.1 0.7 42.9
16 1370.7 8.7 10.4 nd nd nd 5.8 446.1 1100.1 nd 41.9 nd 3002.1 nd nd nd 18.1 nd 24.5 nd 37.6
17 1007.0 15.5 7.4 nd nd nd 4.6 2038 1678.5 nd 30.0 6 2608.0 nd 28.6 nd 6.0 nd 21.7 nd 50.7
18 1139.5 24.1 8.0 nd nd nd 5.5 248.5 1836.1 nd 34.2 4 2730.0 nd 7.7 nd 6.8 =nd 20.7 nd 48. 1
19 2561.9 11.7 16.3 nd nd nd 9.3 811.9 16831 nd 49.9 9 2 963.7 nd 16,4 nd 35.2 nd 23.2 nd 49.2
20 1647.1 9.8 14.2 nd nd nd 5.6 453.7 1476.1 nd 44.5 3 2725.3 nd 10.0 nd 14.8 nd 25.7 nd 56.1
o HERF AR Lind AR K
F3 TEMEXERESH
TE Al B Ba Cr Cu Fe K Mn Ni S Zn Ti Zn
Al 1. 000
B 0. 139 1. 000
Ba 0.715% -0.682%) 1. 000
Cr 0.803%) -0.322 0.657%) 1..000
Fe 0.970% -0.318 0.748%) 0.827% 1..000
K -0.123 0.7202)  -0.347 -0.120 -0.098 1. 000
Mn 0.747%  —0.548" 0.818% 0.726% 0.7682)  -0.311 1. 000
Pb 0.208 0. 105 0. 087 0. 051 0.112 0. 181 0.018 1. 000
S 0. 009 -0.199 0. 032 0. 090 0.017 -0.316 0.427 -0.132 1. 000
Sn -0.241 -0.213 0.014 -0.180 -0.272 -0.319  -0.130 0.427  -0.070 1. 000
Ti 0.899%) -0.365 0.732% 0. 8632 0.9292)  -0.158 0.7622) -0.032 0.138  -0.265 1. 000
Cu -0.023 0. 026 -0.337 -0.177 -0.083 -0.132 0. 047 0.012  -0.534") -0.010  -0.060 1. 000
Zn 0.229 -0.263 0.216 0. 095 0. 194 -0.340 0. 220 0.374 0. 108 0. 429 0.207 0. 291 1. 000

.Y P<0.05;2P<0.01,
XHSCHEAT G 07 | IR 4 AN I T AR 5. WRTCAT JTIL A8 R B B AT 1 ~3 (i,
R 445 i 4 BT P R GF (8 J 6 F S R R TEHLIC R % 3 3 A7 M 2 35 TR B b IR
T ERARACTESZ RS G5 L4 4, 4 AL BT R,

4 ANERIEAEYS > 1, PiBHRT 4 AN eSS 4R 38 7 K F4 RNTERERREFREERAEREKE %
AP R AR bR bR A L4 D T R T RHIE(H r & Bk R 22 TR
BRIk 83. 6% , BEf% % WL 1Y J 0L 4 3% + IN 7R it &, 3.884 29.874 29.874
ORI 4 A TR BT b Lhas E o T 3.348 25.756 55.63
G507 2 TR TR AL Z BUMIN 43 8 45 A 4 35 T R 1878 14.449 70.078
I TEHLTE 2 5 F A3 40 F (F = 0.298 74F, + 1.757 13.519 83.597

0.257 56F, +0.144 49F, +0.135 19F,) , L TF

i
BB R AR I 2 (F) R e o T

e
FETHILHICK L K, Al, Fe, S, Zn Fll Cu
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5 20 fESSESTH f)S 1 Ph X A 9 B B 4G S IE 8 i A BEAE B
AT N AR 5 E AR A AN IE AR BRAE Y R,
e P Py RRARNTE SR S SRR I R A
T 2149 —0.283 1990  —0.20%  0.816 : PRI I A 8 24 AL 8 T x4 3% - A R 09 B R R A
11 0182  1.973 0.30  0.902 0.728 2 R
19 1.08  -0.168 0.058 1.948  0.553 3 K FE WL o Ak XA TR S b B LT R i
13 0.561 1.229  0.756  -0.383  0.542 4 AT 43T B B 2 9 14 FpOICHLIT 48 bn i1k 4
9 2,061  -0.322 -0.545 0.051  0.461 5 R | T e TR o B R = WL - 9 13 )
14 —0.245 2.876 -1.620  —0.746  0.333 6 TTHR R (L5 A VEM PR B AL ) 02 2845 BT T UG Bk
20 -0.158  0.137 0.601  0.708  0.171 7 Pt RS, sk 7 A ZE G IR0 O ik R N R B e
§ -0.193  -0.287 0.633  0.350  0.007 8 B AEARALEE 19 ] 8, AP &5 R A B WA IE . %
3 0.964 -0.615 -0.885 -0.723 -0.096 9 WO 45 R0 O R 88 T K B 2245 5 I LU BE A0 T L 3R
I 033 -0.486 -0.246  -0.468 -0.125 10 [F) 7™ Ml 24 3% - 47 25 B PF A, S A TH R OU DA 4R
17 -0.933  -0.502 -0.595  2.375 -0.173 11 3 T B B A 25 R

16  -0.508 0.399 0.514 -1.535 -0.182 12

4 0.510 -0.468 -0.699 -0.875 -0.188 13
10 -1.143 0.430  0.024 0.141 -0.208 14
5 -0.796 -0.234  0.314 0.190 -0.227 15
12 -1.248 -0.201 0.945 -0.016 -0.290 16
6 -0.656 -0.428 -0.613 0.525 -0.324 17
18  -0.446 -1.087 -0.710 0.311 -0.474 18
15 -1.383 -0.670 1.738 -1.308 -0.512 19
2 -0.136 -1.291 -1.961 -1.153 -0.812 20

HeHFSmE L,
SHREOVFER . FE M K AP0 Na, fif i 8 & 5K,
(7] I KT 200 i PR 9 9 3 B B B, R AR AN R Y
(BT, 25 A R R R A, IR R
Bl - 147, K5 R e 5 A 5 T B MR P R AE
AT o BRI 5 i e 40 i v R Al W A Tl R A
e 0K ek AP it ) K P 7 DR B 200 i ) e
Bij 1 MR B4R B i B e 2 5 A S v R AR
M Cu B EMER & Cu 198 S LY B AL B 7 7E T
CLARMD, JTFIUE K i 41 2009, ML Dl S AL ) B A
e, T S P Al I T T A ORI A
AR, X 54025 T HA M, bUE AR
AT a. Cr2RB RS 5N E R EEICR,
S A P ) 2 T DAL 3 ) R B AL R 20, Bk Cr T

SRR ZE AL A A B R , X 5 455 7 HA %
MUBAPE FIARAT & o 47 2R, i oo 3R AU 5 0 IR

' B St BE DL AR 1 V) 06 AR MK A B A AT YOG
FELEE T AR SR % AE 28 R K
Pl TG, X B 1 5 3 Ak 1) 7 2 B I 4 o
{ELAS T8 B 9 AE 20 Hib 4R 32 7 FE v 354 T )
KRER S, k24 HEEE Pb, K&
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