FIRF=WRFSE5TF % Nat Prod Res Dev 201729 :1534-1541 1572

X E%S:1001-6880(2017)9-1535-08

dRERFRELHNTEBRERAR

BEFE,ZRXT,E R, EWE,Z M
HR T EE25 K, 221 730000

@ F R ICP-MS JUSE AR A RARFREZLEC H 13 FCHLITER & &, IF oA HOAUAEE , R AN ) A R AR BRETTC AR
ZI[] As \Pb B Al Ti,Ga,Ba JUR & L E P25 (P >0.05) , Hg Be Mo JUE & H Ml B & P22 55 (P<
0.01), V.Ce Sron#g & H B EM 2R (P <0.05) s L KAFMR S Hg, Mo & 1 2 MIfFEM B35 AR Ry 5.V
TR Z AR R FERIEAC KR, 5 B & 2 AR 35 1 UM OCC R A RARR 5 He & 8 Z [RIfF7RER
A5 A, 5 Hg JLER |V JLR IS i Z A7 AE Fisher AL PEFI 30 pR#C &, Hg Mo Ced B 255 [l A K AFBR T
FAFEMETTR , AT R RAE T AR AR AR BRZL P B 1 22 Sk o WFS0 4l R HAB R 22 454 25 HTAE W) B 2R
KAEBRFN K MR RIS E

KRR 2070 A AR B JOHLIT R A

FE 4525 R284 LERFRIRAG : A DOI:10. 16333/.1001-6880.2017.9.014

Correlations between Inorganic Elements Content
and Growth Ages of Hedysari Radix

QIANG Zheng-ze LI Cheng-yi* , WANG Yan;WANG Ming-wei, LI Shuo
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Abstract: To analyze the law of 13 inorganic elements of Hedysari Radix in different growth ages by ICP-MS. The result
showed that the contents of As,Pb,B,Al,Ti,Ga and Ba were no significant difference (P >0.05) ,the contents of Hg,
Be and Mo were significant difference (P <0.01 ) ;the contents of V,Ce and Sr were obviously difference (P <0.05).
The result of correlation analysis showed.that growth ages of Hedysari Radix had significantly negative correlation with
Hg and Mo contents and had significantly. positive correlation with V contents and had significantly negative correlation
with B contents. There were the_linear regression relationship between the contents of inorganic elements and growth a-
ges , there were the linear discriminant function of Fisher between the contents of Hg and V and growth ages. Hg, Mo, Ce
and B were the characteristie trace elements of Hedysari Radix. The inorganic elements characterized the differences of
the quality of samples with(different growth ages. Our results provided a reference for identifying the growth ages of other
leguminous medicinal plants and studying relationships with inorganic elements and growth ages.
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1.1 kiR

2013 4F 10 J RAE HOM & ©KHR X 55 B AT
AAAERRBR IR L0 AR A (BRI , & Tl B 25 Ko
T 24 M S 3 2R L LA S E , W S RHEY 27
F 8 Hedysarum polybotrys Hand. -Mazz. BT 1248 ,
SPE N T IE T, %5 .

1 HRER
Table 1 ~ The information“of samples
F il g HRARRR GE HfE G323 AR A
Samples Producing area Growth ages Longitude latitude Altitude Sample types

S, RIS A 1 E105°02/07.15”  N33°30'37.87" 1451.1 e

S, BT A IR T R 1 E105206'57.92" N33°28'28.45" 1899. 6 b

S, AR ZE S R A 1 B105°06'41.15"  N33°28'50.33" 1844.3 e

S, FHRES I £ AR B B A 1 E105°1004. 94" N33°20740.42" 1619.7 b

Ss BARERI & T LY AT £T 7 1 E105°10'54.13”  N33°20'50. 06" 1839.9 Hod

Se 5 B B R BHAR B 2 £104°33'43.77"  N33°57'46.70" 2494. 8 ds

S HE B S % R R 2 £104°33'39.38"  N34°03'04.16" 1997. 1 e

Sg R S 2 E105°0824. 11"  N33°28'17.20" 2115.9 s

S = B B4R 2 LEISR 3 E104°27'43.93”  N34°03'48.97" 2332.1 ks

Sio B RERS R 4 E104°16'54.59"  N34°17'39.69" 2452.7 b
Si 2% B ELRg B A R ) 6 £104°33'45.31"  N33°57'46.73" 2485.4 s

Sp, e E e 8 £104°30'59.59"  N33°49'10.87" 1427.5 A

1.2 {38 LR R 3 B ol v SR VR B R 1 Ry 0 B

HLJRHEAS 25 2 F B AL (1CP-Ms) ([ 7205
ELAN DRC-e) ,SB450300 %Y Fi A (AL 5% 11 [E 35
TCRRAITET ) (1012 Y H BfE I 5 XA (-
BRI BRST A ) L VPH-1-5T AU 47K il & &R 48
(#1t5-.7061205) . BS 224-HI 40 #1 K- (AL R FE L H]
Wil RGA RA ) o 5250 BT 5 50 55 B AL
i, FH AT S IR VR R IR 1 24 h, J5 A ROK (78
PR Pk i, 50 CHET4
1.3 iRXF

As.Pb B . Hg Be Al . Ti.V Ga,Ba. Ce. Sr Mo 5
W (M 1000 wg/mL) B0 T 15 5847 (5 8 s K

ai,
2 HFEEHER

2.1 #HRAE

AN[AAE R AT BR 2T EERE AR B 7 75 S 25 IR B i
TR R AL B E A,
2.2 ICP-MS fUE &4

S, & S, 4L AL As AL Ti Pb B Hg. Be.
V.Ga Ba Ce Sr }z Mo JUE &t 2 77 ik ¥R F L
JERF A A5 B TS 1k (ICP-Ms ) |, £ J0 R I 26 L
#2,
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Table 2 The measurement conditions and standard curve

Rl DI ST

PRope e EAAE B BESIE  RFIE

ST 3 TR R Pulse Nebulizer  Analog  TORBEI o RF L
Elements D.thcnon .Plasma voltage flow voltage RPq‘ air flow power L1ne:ar
of element flow r'ate V) (L/min) V) (mL/min) (L/min) (W) equation
mass (L/min)

As 74.922 15 950 8 -1900 0.25 1.2 1100 y-=286.52x
Pb 207.977 15 950 8 -1900 0.25 1.2 1100 y'=2069. 89x
Hg 201.971 15 950 8 -1900 0.25 1.2 1100 ¥=297.366x
Be 9.012 15 950 8 -1900 0.25 1.2 1100 y=71.8548x
B 11.009 15 950 8 -1900 0.25 1.2 1100 y =47/404x
Al 26.982 15 950 8 -1900 0.25 1.2 1100 y =885.183x
Ti 46.952 15 950 8 -1900 0.25 1.2 1100 y =136.072x
\Y 50.944 15 950 8 -1900 0.25 1.2 1100 y =1866.47x
Ga 68.9257 15 950 8 -1900 0.25 12 1100 y =1439.04x
Ba 137.905 15 950 8 -1900 0.25 1.2 1100 y =3094. 4x
Ce 139.905 15 950 8 -1900 0.25 1.2 1100 y =3527.84x
Sr 87.9056 15 950 8 -1900 0:25 1.2 1100 y =3043.83x
Mo 97.9055 15 950 8 -1900 0.25 1.2 1100 y =712.886x

FE AL AT AN [ AR FRZL FERE it 4538 2 W45 F A58 I Uy 5 i W B2, e Il iig %68 92. 0712%
HEATINRE , AR AT RIIR n =2, 25 R LK 3 ) ~104.6504% ,RSD fH 4 0.5% ~2.9% , 1§ & 5%
CLEERE S STOTAT 6 00 80T AR T RS g LU 285K,

£3 OFNTRSBUEER (n=2, x ,me/kg)
Table 3  The content of\13 inorganic-€lements of Hedysari Radix(n =2, x ,mg/ke)

Elements ( mg/kg)

No- As Pb Hg Be B Al Ti A% Ga Ba Ce Sr Mo

S, 0.875 0.900 0. 066 0.025 13.120 752.400 16.805 2.165 0.840 19.935 0.905 255.880 36.210
S, 0.580 1.295 0.065 0.013 16.105 514.575 8.920 2.005 1.295 39.115 0.405 168. 600 12.580
S5 0. 605 0.950 0.053 0.025 20.055 773.060 16.325 2.520 0. 605 11.285 0. 895 92. 800 24.990
Sy 0.590 1.085 0.040 0.023 18.330 725.995 13.855 2.435 0.565 10. 815 0.815 103.360 11.515
Ss 0. 660 1.820 0.035 0.025 18.835 681.320 17.400 2.530 0.620 12.455 0.875 50.365 21.175
S¢ 0:670 0.995 0.010 0.033 12.580 505.950 11.525 3.125 0.530 7.735 0. 805 45.295 1.925
S, 0.360 1.135 0.008 0.028 14.430 383.375 6.460 2.765 0.440 7.570 0.655 30.995 3.780
Sg 0.935 1.080 0.026 0.037 15.815 847.040 16.470 2.815 0.690 15.150 1.255 34.755 5.895
Sy 0.725 0.795 0.010 0.017 15.980 430.780 12.065 2.870 0.725 18.520 0.475 74.620 5.190
Sio 0.675 1.435 0.022 0.036 15.875 1061.375 20.360 3.125 0.680 11.900 1.530 48.505 4.440
Sy 0.520 1.105 0.007 0.017 17.190 540.825 10.025 1.915 0.575 11.150 0.360 56.175 1.685
S 0.635 1.335 0.002 0.025 12.785 567.510 9.850 2.880 0.555 8.910 0. 605 93.730 1.590

2.3 HIEAIE SPSS 21. 0 4 {4 xF %5 4 1t 17 2 5 3 7 22 0 A

ALLECAE AL AN R AE AR R & 13 MPGHLOCER & Spearman A5Gk 70 A 24 1] U5 70 A AL 20 A e
OB THIT R 5 A KRR B, R W4,
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2.3.1

PR FE AL

PAAS R A R AFBR Sy 9 48 8, oL R & & 5
i, R SPSS 21. 0 Bk kAT B 207 22 0 #r, 46
SRR 4, KBS AR R AR FRELECRE i 22 [18] As\Pb\

s

A

B.Al.Ti.Ga,Ba J0 &
0.05) ,Hg . Be Mo TG &

G A

e

*

HER(P >

0.01),
0.05),

V.Ce.Sr JLER & &

R4 BREREFESWER

Table 4 The results of single factors analysis of variance

=)

g AW R EFEE S (P <
HEBFWES (P <

JLE kil df ¥or F sfe.
Element Sum of square Mean square
As 0.048 5 0.010 0.272 0.923
Pb 0.559 5 0.112 1.039 0.425
Hg 0.010 5 0.002 16.517 0.000
Be 0.001 5 0.000 9.215 0.000
B 57.871 5 11.574 1. 145 0.373
Al 517984.997 5 103596. 999 20577 0.063
Ti 186.247 5 37.249 2.098 0.113
v 3.062 5 0.612 3.859 0.015
Ga 0.264 5 0. 053 1.147 0.372
Ba 422.350 5 84.470 1.224 0.338
Ce 1.811 5 0.362 7.985 0.000
Sr 42511.090 5 8502.218 2.962 0.040
Mo 1869. 010 5 373.802 8.065 0.000
2.3.2 Spearman A8 % M 5 H7 PR 53R 5r TCHLIT R & i Z (W) A7 7 S 2 R o 25 1 IE
XPLLEARKAER S 13 F AR & midkfr  HOCE AR, S TTHLT R & & Z A 1A

Spearman FH IS T, G IR ILAR 5 ABLZL E&ik@ KRKRERKEE , ERKERY Hg Mo & & Z[HFF
RS EKEREENTENEXLELER
Table"5 " The results of correlation between growth ages and inorganic elements
No. nx As Pb Hg Be B Al Ti \4 Ga Ba Ce Sr Mo
nx 1.000
As -0.061  1.000
Pb 0.135° -0.128 ' 1.000
Hg -0.867** 0.177 ©-0.119. 1.000
Be 0.131 0.184 0.039 -0.136 1.000
B 0.475* -0.013° 0.047 0.468* -0.113 1.000
Al 0.137 0.454* 0.149 0.334 0.223 0.170 1.000
Ti 0.233 0.372 0.017 0.387 0.461* 0.179 0.563** 1.000
V. 0.605"" 0.106 0.090 -0.637"*0.551** 0.363 0.063 0.160 1.000
Ga -0.235 0.437* 0.025 0.562** -0.251 0.089 0.240 0.352 -0.280 1.000
Ba 0.352 0.462* -0.047 0.599** -0.398 0.169 0.251 0.281 -0.040570.934** 1.000
Ce 0.246  0.347 0.091 0.329 0.794** 0.124 0.572*70.828** 0.258 0.106 0.014 1.000
Sr 0.397 0.121 0.134 0.544**-0.610"* 0.233 0.117 0.027 -0.549** 0.507 " 0.497* -0.232 1.000
Mo 0.830** 0.262 0.173 0.920"* -0.108 0.551"* 0.294 0.455* 0.584770.528"*0.597** 0.385 0.488* 1.000

TEARKARR cnx; " R P <0.05 ({7KF; " FIR P <0.01 K-,
*P<0.05; **P<0.0l.

Note ; Growth ages:nx;
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TER S 25 0 TR DG OC && , AH G R B3 ) R -0. 867 .-
0.880; 5 V & it Z [ AAZE M b 2 i IEAH DG OC & L A
KFRECH0.605; 5 B & 1 Z [ fF7E 0 2 19 B AH ¢
KZR KR BCR0. 475, [AlEF & A [F JCER Z 4]
WAFTEARRIFREE AR DG OC R, HE L S TEHLoT
R, K ICER Z BT e A EA BAE A .
2.3.3 &K Hw)a 5

FHRE AT R, H o TR 5 AEKAERZ
[EFFPEAI DG R, R DA AR AR A R A% f:, TEALoT
RO HAR R, SR BE B 0y < B 287 i, A AT R
ARFERS W ITRE N — LR EH . PLY
FoRERAFIR B EA T RNICER Hg Fomoh X, 1
TR N Y =4.613-67.976X, (R* =0.476,P =
0.014 <0.05) 7 #En] 1, Hg TR & i 54 KA IR
ZFELE R, T Hg i X S5O EA
KAEBR Z ] R A A R, iX 5 Spearman A 5143
Bt 25 R e —30m) .
2.3.4 AR HHF

TEL M B 43 B Atk L, >R FH 0 51 43 A ko
TUARARKFREGLIITTRN LR, RIL AR
AERR 55 TEHLIC R Z [BIFELE Fisher B2 F151 X
BRAL, Y, VY, Y5 Y, Y Y iR AR 24
A3 AEAE 4 A6 A 8 AR X XS G R
Hg Je&E .|V U R MY & & (H AR 5 ) Fisher 26 P
) 2 PR (o 2 RO I T

Y, =-192.842 +1844.463 X, +123.091.X,

Y, =-199.287 +1675/179 X, +127.696 X,
Y, =-188.407 +1606. 354 X, +124.224 X,
Y, = -241. 488+ 1876.367.X, +140. 496 X,
Y, =-85:479'+1078:848 X, +83.177 X,

Y, =-177.159 4+ 1511428 X, +120.523 X,

N Hg oo R, V T2 & & A Lk
Fisher W20 5 CpR %, THE 04543, LA R H)
ST EERE AR IR
2.3)5 BFHH

LA R 5 2% (Spearman AHOCHE 2RI |
FIBHTLE SR, & Hg . Be Mo Sr.V .Ce B JTH
S A RAERZ RAFTERR R . A THE—2 011
MLTR 54 KFERZ B R, L Hg Be Mo Sr,
V.Ce B 78 s, >R FH BB 3 B i A RO [] A= AR
FRACE , 20 R FH 2 b, e ok LA
Kaiser HrifE b1 \ESSHERG 15, e % 1E 4 WGk AU Ik
S0, KOM 43t 0 0. 434 <0. 5, Bartlett BRIE £&: 56 P

{5 0.000 <0.05, FF & N Foirag 2K, fElE
BUAY )7 25 BTk 32 6, AT A AR IR T = A
By, B = A B AR R T BIRE AN
92.543% T 7.497% (58, H. =4 F W AME Y
KF 1, AT DAE AR EAR A K ARBR LT LT E
(15 B F2 1, AT AR R e AL X AR [R) A K A PR
EANE N ip iU} /N TS R = i IO 7 N i o s B
RRETFE Tt 119 5% M) JE8 5%, Ji8 2 i o0 L B LR 7. LA
TR A KA BRZT FERE b 255 A5 00 BCHE 22 bl o
R A KA BR LT B A T i i . AR KA RR LT
B A R I, RS R A AR AT BR 210 o 2 1)
45 A5 , 2% I I 2 T AT PR A 200 156 I f i
H S R 10 07 25 UK A AL R AL, TN R AR
AR R 21 B it 19 25 5 4 (y) .y = 0. 483F, +
0.274F, +0. 168F4, A H TR0 HAXF, = X
b X; (b WP A5 R A 1 47 5 § B0 R 8, S0
RIS X, TR ERE) AR KA R EHEA
FASYHE e 8, % BLLLHLIC R AN 38 bR T
PrRIRI A K AEBR A L1 BT B, ST (—4FAE ) BEdh AT
B HE S S —  HAb— AR A R S HES 4 A o —
S0 BN S -E A P X A AR AT RERE i T
TR 22 50 53 DA 21 SRR S B HE & M 80 T 56
JNCEB U, U 37 DX AF AR 21 FERE A 1) T A7 AR
25 5P s AR T A S TR HE AL B T AR AR AT
BT EHER S = NAEA A AR AT R i i
SRR B U R R AR BR A 4T i
FELEZE S o RS 40 BT i T 1 6 2 AT i 48. 332
% W TTRR SRR F T2 — 4, 27. 409 % 1 5Tk R
T 2 B4, 16. 802 % 1 BTk R K H T4 3
FRGY , G5 A B R T 22 156 DR 28 A 4 B e 2 O )
GERFT R 1 ENS T ITE Hg Mo X551 &
BT P TTRRER K 26 2 RS Ce X4 2 F 501
TURREE K 56 3 AL B X5 3 J2 o ) TT ik 4
K, it Hg Mo Ce \B JTE AR AL KARRR LT F AR
fEPEITTE .

3 HitE4it

AR ST A 7 AN [F] A A A BRET ECAE R Y As |
Al.Ti .Pb B . Hg.Be.V.Ga ,Ba,Ce St & Mo JLZ
S, JFRTEEE AT B R T 22 3 A R DGR BIFSE
2 e T2 B TR Bt B VTN A B e o 57 N
WA A KRR S AT R R, TR I
FRIF A R AR AR BR B 21 SR BT i, WAL iy it it
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Table 6  Characteristic roots and contribution rate of principle components

IR FAIE(E PP I7 AEA TG I R A
o Initial eigenvalue Extraction squared sum Rotation squared sum
ngredients I 2 P % 2 P % 2
’l?ota] Variance Cumulative 'IE‘lntal Variance Cumulative 'l?ntal Variance Cumulative
(%) (%) (%) (%) (%) (%)
1 3.383 48.332 48.332 3.383 48.332 48.332 2.823 40.335 40.335
2 1.919 27.409 75.741 1.919 27.409 75.741 2.399 34.266 74.601
3 1.176 16. 802 92.543 1.176 16.802 92.543 1.256 17.942 92543
RT  EERSER
Table 7 Rotation component matrix
A% Ingredients
Elements
1 2 3
Hg 0.932 -0.046 0.231
Be 0.172 0.948 0.124
B 0.104 -0.081 0.985
\Y 0.525 0. 693 -0.260
Ce 0.139 0.959 0.114
Sr 0.878 -0.299 -0.328
Mo 0.921 0.044 0.170
#8 #RHERES
Table 8 » The total score and ranking of samples
N ks
nples AR Common factor s T4
Growth agé Score(y) Quality ranking
F1 F2 F3
S 1 2.454 0.099 -1.411 0.975 1
S, 1 0.940 -1.447 0. 064 0.046 7
S3 1 0.769 0.319 1.575 0.724 2
Sy 1 0.243 0. 148 0.842 0.218 6
Ss 1 0.186 0.201 1.308 0.365 4
Se 2 -0.279 1.356 0.214 0.273 5
S, 2 0.794 0.595 -1.233 -0.428 8
Sg 2 -0.880 0. 060 0.424 -0.513 9
Sy 3 0.774 -0.835 0.151 -0.628 10
Sio 4 0.296 1.809 0.121 0.373 3
Si 6 0. 845 -1.570 0.616 -0.735 12
Sy, 8 0.724 -0.319 -1.393 -0.671 11
PR S AL R B Pb B Al Ti Ga,Ba R &R R EMESF (P >

DFES R R IR K AR BRLT BERE SL 2] A, 0.05) , Heg, Be, Mo J5 % &5 ik FLi i 1k %2 5 (P <
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0.01), V.Ce.Sr LR & HARBEME2ZER (P <
0.05) , J5PA ] g & 21 Fe A A i B bk AN ) TE AL
JUER MM EAT 22 7 . 2 AERARRR 5353 oL
JCER & it Z AL S 25 mlob k2 0% TR DG Bl 67 A DG
KA ERAEIR Y Hg, Mo & Z [ £ 7E MK i 25 1Y 17
PHICICER, 5V & Z ) A7 A 3 1 IR AH GG
#,5 B &8 EAATE R E WA R, #4rTC
PICRZ BB ATEA KRR, Hg TR G REAEK
ERZ AL C R LA RK RS Hg oo .
V JCE I 22 A7 AE Fisher 230 51 2 s 506
F,Al3E L Fisher 02k M) 551 X pR BRI 21 B A=
KARRR , 25 R 7R Hg JUR AT AR LL AR K
ERRAVRFIE LT 22—, BIF ST 45 Ry HAL SR 2 4R 4
2 MY R AE R AERR DN SRS . FRATT T i3
HYH TR R R R AR R 20 sl
B2 , 52 3 SCHERR IR BE DR =y ) W s 4 ], Herp vy
2 5 DR R A T R A B I AR 1k — A TR
ARFRSTHITER  THLITER 5 IHIC R A E
RAERHLIRA 75 T i — D IRABSE .

AT S5 R IL K W], Hg Mo, Ce | B JL RS
A KARBRAT EERFIEME T R, LLEHLIT B8 b
PP AS [ A A A FRET FC 1 o £ i) 0F 0 JEL B el 1A
A A= R AEBR 2T R i i =2 ] 1Y 22 Pk o 2L HIEHLIT
R FEORIE T 149, B HE 44 1) 25 5 0k T R e - 0
PN [ 3 Y, HAAAIL I 202 2 pE ik
Mz —

2015 AR [ 2 3i) BE SR 2 AR A B
M PR 5 me/ke, AT 2 me/kg, KA
f3at 0.2 mg/kg, AMFTE HAN[E] A AR BRET ECRE i
ok i K {E N 0.066 = 0005 me/ ke, 5%y K {H N
1. 820 + 0. 665 mg/ke, i K {E & 0.935 + 0.007
mg/ kg A E IR B, AR AR RAERLLE T B 4
J& JEZR A BRI AR T 2015 R EE 25 ) 1Y
PUE M, DU 8 /KPR, ANl A AR IR £
B LA HA R AR KA R LD i A 2
FESHI o WA ST 2 LR A H H R A B X K
B L ZT BTG 19 7= B3 s SRR, A R % X
CLRCAE AR DL 3 4F 9, PR AR R A
DAL ECHE it P B S I AR R R W S 20
SRR IR I AL R R A RARBR, R 1 AR ER
2 AR LT R R A A O E 2 ) B
R A SRR 25 R A5 3L, 1075 5 DA IR AR b
AP i PR RS R bR 0 BT B VAN 4 R

FFXTHG AR SCLARAT A 2 S e JE LT R
FERR AN T AN R A A IR A 20 R i, D 25 40
B ZE B PP R R A S L B AR S B B i 2
PR R

S 30k
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