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Spectroscopy and Spectral Analysis
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1.1 UEE5SH

Optima 8000 FLEHE & 5 B T 14 & 41 6354 (% [E Perkin
Elmer A7) ; TAES ¥ A 0.55 L - min ' JH45 2l
R 13KW, WIS HEE 0.2 L min !, BHKFE 15 L -

1

AR TOAFEN . VR WL MRS R 107 b 10 ) A TR
SR, L 18 AR . SR AR 2 B AL B v AL R A
58 BT J) [ S BF 90 03 8 5 389 0 4 AR R B 580 B 1 (As-
( Fisch. )
(Bge. ) Hsiao) ., BEFh = Hifg B W 1.
1.3 TYTRRER

FE B FREURE T 0. 200 g, B T SR DU 95 & 97 1R aBt T A O
IAGEER 10 mL, BB, 055 8 . BT RO A
A iS5 . T a5, ORI R BE S T IR 45 b i PG
e, BEEIEE 180 °C, Af[E] 1.5 h, FFEER, ¥ E 50 mL
AREMPER. RFH % E PE SR WA P FrIE, fF.
(7 2 [r) I o) 95 25 1A
1.4 HiEgE

tragalus membranaceus Bge. var. membranaceus

min ', #FEE 1.5 mL » min ', JH Execl Xt 4l i 472 2, SR A R 156 T X804 28 17 £ a
1.2 H& 53500 . R SPSS 22. 0 Xt B 4E i 17 WK 43 Hr. KA Origin
P T 18 NI MRS B TR KPS ] 77 4 58 7 38 FEE OO R & i AT A B
*x1 HERRXEHER 2 iR 54508
Table 1 The information of sample sites
B P R R 2303 4 HHR/m 2.1 TEREENELER
S BOAIE 1 2 e 4 35°59.529"  102°44.680" 2 346 AR S T B R R ML R A e A5 R, WLk 2,
Sz RAMEWHENTRK 0 36°1.410"  102°45.689" 2333 RN, 12 FICHLOT R A B R A K L (i ik 3
S3 RMALE ST RN 36°3. 903" 102°48. 938" 2455 9 598.620 mg » kg ', Al, Ca, Fe, Mg, Na. P J02 & it 4%
S4 R?FHE;E{?%ES‘FH 36"011.647” 102°38.527: 25118 2 i Cu, Mn, Srs Zn SE2E & BHEAG . Li T2 & BT, T
S5 A B A b 36°3. 903 102°48. 983" 2455 o . - :
S6 EHEALTS 36°46.631'  102°8.492' 2 742 HEAAT0.330 mg « ke T Cu JE T H G HOCE . HAEH #E
7 NN VIERL 35f 36°55. 609’ 102°0. 011" 2712 an R EE S AR 20 me - ket RRA 25 IUMLE .
S8 WHREITMEECEA  36°59.365°  101°55.125' 2 834 AR Z B ICE G RHAAEER, i Al TR AES
S9 LN Y RCEDNR ] 36°52. 241" 102°2.655' 2 670 AR A g S Y R g 42. 638 ~767.008 mg - kg ', Fe
S10 HHERE SR 36°11. 646" 102°38.527" 2971 TEE G EE N 14. 221 ~1 000. 230 mg « kg ', Na L& &
SI1T REMEKAS AAFIR  36°32.361"  102°42.443" 2765 i E N 6. 479~1 088. 654 mg « kg . 45 R LR[S H
L0 RSN T A TR RN TR 0
Sl4 EHAPBEOBEARER 36749, 205 101°30. 709" 2 714 %7 Eﬂﬁm%#ﬁ:ﬁmﬁﬁiﬁﬁ&, HOLH o o ) 2% 5
S15 W T 56°32. 815"  101°28.024 2 656 WRK, i Al TEARME 5 A XK EZE S EZ
SI6 MR FHEMTFWEITH  36°25.504'  101°36.785' 2 768 45.136~767.008 mg « kg™, H.W ELAY 22 52U R 42. 638~
SI7 WU E R S R 36°43.490"  101°11.270' 2706 160. 730 mg « kg ', A H Y 2 F 0 F JE 75. 795 ~289. 263
SI8 G EML S HEA 36°58.703"  101°47.151" 2779 mg « kg ' RWIE —E A AT BE B T A [R] A R A S it T
WREHTHELI TR G RN ESR.
2 RELRENELRRIELELHELE S
Table 2 Content and Similarity analysis of distribution characteristics of inorganic elements

. JEHE/(mg - kg™ 1)

ke Al Ca Cu Fe K Li Mg Mn Na P Sr Zn B
S1 53.554 1473.385 2.726  58.329 10 129.895 0.164 1526.010 16.923 399.122 3 689.234 8.874  19.401  0.999
S2  45.136 1972.498 6.280  31.212 10 274.420 0.335 1 645.543 14.711 181.844 3 583.634 10.721  24.344  0.999
S3 767.008 1459.625 10.987 585.672 9 590.545 0.705 1477.150 20.771 132.679 2 537.084 13.330  17.081  0.996
S4 0 194.991 1608.063 4.235 128.889 11 390.195 0.454 1 865.978 25.757 296.662 3471.934 11.666  29.025  0.999
S5 123.102 2321.005 8.051 103.681 11873.720 0.493 2 075.090 20.987  44.877 3150.884 31.179  23.795  0.997
S6  159.851 1982.613 4.462 149.786 11 651.295 0.351 1 523.383 18.475 159.519 3 554.609 10.708  19.252  0.999
S7  78.623 1469.978 1.282  97.484 10 292.445 0.143 1293.393 12.233 126.052 3 547.834 10.080  17.103  0.999
S8 42.638 1041.565 2.793  14.221 9472.020 0.177 1267.178 15.018 175.857 3 271.184 7.329  19.258  0.998
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S9  160.730 1447.715 3.487 104. 643 7 944.620 0.257 1 155.073 12.559 314.229 3 130.859 6.792 17.244  0.998
S10 87.460 1 367.350 4.795 50.23110 209.870 0.252 1 444.358 19.651 219.899 4 141.609 9.239 28.556  0.997
S11  333.953 1 260.468 0.341 385.06010 299.370 0.390 1 347.123 14.545 55.314 3 715.559 7.915 17.958  0.998
S12 610.366 4 831.645 6.517 1 000.230 4 564.670 0.740 1 884.963 26.190 1 088.654 1 360.957 20.725 14.253  0.797
S13  338.381 991.815 1.098  404.92210 656.320 0.389 1193.960 15.368 6.479 3163.059 6.685 16.518  0.996
S14 75.795 1 463.480 1.430 71.350 8 796.220 0.155 1 246.320 12.477 233.427 3 254.309 8.539 14.500  0.999
S15  155.733 1355.583 3.439  220.939 7 812.270 0.223 1102.255 10.845 422.612 2 969.584 7.098 22.614  0.999
S16  289.263 1 215.330 6.745  274.63211 090.395 0.249 1427.845 15.078 178.907 3 797.609 8.163 25.085  0.998
S17 71.928 1437.955 3.528 48.635 8 582.045 0.208 1573.518 13.299 — 2476.034 15.625 18.872  0.998
S18  256.991 1 484.575 3.142  321.590 8 144.848 0.263 1279.733 13.435 283.121 2 890.546 7.580 19.294  0.999
Y{E 213.639 1676.925 4.185  225.084 9 598.620 0.330 1462.715 16.573 239.053 3 205.918 11.236 20. 231 1

2.2 EHERLINTREYLELENET

MR TC R M E 551, fidk i 12 Fh 3t A TR (Al Ca, Cu,
Fe, K, Li, Mg, Mn, Na, P, Sr fl Zn) @ 7.5 & # & LAHLIG
REHRIEFR B, A La, D iR, HEPF S TR S ERA
25 5%, AR5 3 5 501 ok AR op w] AR 4 50 2R 43 A R AR il 2R 1y AR Ak

AT S0 . AR AR SRR T R (R 2 Z R BUR.
BRARHR X AL & ARG A 1 S12 FILEE(E 0. 797, Hogry™
HH GRS BT 0. 9960 B 52 B I T HLIC R 45 8UR
AL T 38 B AR B2 454
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Fig. 1 Distribution characteristic map of mineral elements (a) and reference characueristic map (b)

2.3 RHEEXNTEERS HTREFHES TN

F2 B 3 AT SR P A 2 1) SR KRR 2 A AR R AT 45 B A AT
PRI H — S R E 1 25 8 B R AR Tk T L T W 4 1 48 A
SRR AR, B —FhE A B W 0 LT
J5 ik, XA ) XA 2 5T R B A 0 ik R A S PR N A
5, R RIEF X 18 A iy 52 W LA T R b 17 &
AT PR >, 2R TERR >80% A& % .
i 3 A 24 1 Ry 2 5Tk 3Rk 81. 420, REUEICE 12 Fh
THICE R M A= ZE T EELIICEMER. Ca,
Fe, Li, P S — T Mo G AR AR TTH R, H2ETTH%E N
48.87% 5 % EM/r MR EITTHE R K, Mg, Zn, J 25Tk %
H21.73%; HEEMASNTILEE AL Ca, Na, Jy 2510k
Ry 10.82% . KW, AW Z M ITTRFRELET . Hik
A% Ca, Fe, Li, P, K, Mg, Zn, AL, Na & S %K 6 7= 1
S NERERIRREICE,

M 3 A, R TR E F AT Y, NEHLCE
U, HIBRESHERHEESE —, B amam)l s
VERK . TR g I TWe B M A, n] 0B B B 52t 2 EE 1Y 45

G PR . R S WA L B B I P R R A HE
BEERT, T HA R A = A G HE R RS U B ROR BN 4
A0 52 B B R T 25 SRR K. Rl B £ 1 B A B R
He2 55 00 (HHORAE S R — A R IR RE B k52
WEEN RS, AR5,
2.4 REHW

RE M —Fh B AN T 25 R IR 07 i . LA ) i%
vk WA BES TR UEN] . R SPSS X R [\ 77 #b 52 iy 9 8 TG HL
TCEBITHEARGERE N, SRIE 2, JEKIEE K 4
o, S12 Mgl SRy —25 5 S3 HLpl IRy — 25 S4, S5 ORI S6 gl
Bk —2%; S8, S9, S14, S15, S17 Ml S18 HH—2,; S1, 97,
S10, S11, S2, S13 H1 S16 %R —2%, MR PE B H 8 if (&
3). WN=KRIE, ML EFR S, S2, S4. S5, S6, S7. S10.
S11, S13 1 S16; 45 %% S3. S8, S9. Sl4, Sl5, S17 A
S18; ¥ m s S12, EERMFE —~RMFEHEELH TR S
TR B, N —E N ERAE, TR Y
K T 2R A HOR R G
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Table 3 Comprehensive evaluation of Astragalus membrana-
ceus from different habitats
FE s HE T
4 F LA HET
7 - o o F0 Y
S1 4.097 0. 200 3. 154 2. 387 5
S2 1. 996 4.958 2. 259 2. 297 6
S3 —12.871 0.603 —12.036 —7.461 17
S4 —2.731 10. 094 0. 605 0.924 11
S5 —7.492 14. 482 2. 801 —0.211 15
S6 0.758 3.237 —1.128 0.952 10
S7 7.012 —2.939 1. 025 2. 899 2
S8 6.522 —2.378 1. 149 2.795 3
S9 3. 407 —6.661 0.773 0. 301 13
S10 4. 730 6.025 1. 101 3. 740 1
S11 3.047 —3.004 —4.984 0. 297 14
S12 —30.721 —7.905 5.482 —16.138 18
S13 2.764 —4. 565 —6.737 —0. 370 16
S14 5. 600 —6.329 2.127 1.592 8
S15 3.475 —6.576 1.743 0. 458 12
S16 2.902 3. 385 —3.696 1. 754 7
S17 1. 906 —0.837 3.249 1.101 9
S18 5.598 —1.792 3.111 2.683 4
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Fig. 2 Genealogy diagram of cluster analysis
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A Comparative Study of Inorganic Elements in Cultivativing Astragalus
Membranaceus From Different Habitats

WANG Ling-ling" 7, WANG Bo" **, XIONG Feng" **, YANG Lu-cun" *, LI Jing-jing', XIAO Yuan-ming' **,
ZHOU Guo-ying'* **

1. Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810008, China

2. Key Laboratory of Tibetan Medicine Research, Chinese Academy of Sciences, Xining 810008, China

3. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China

4. College of Life Sciences, Qinghai Normal University, Xining 810008, China

Abstract Mineral elements are closely related to the efficacy of traditional Chinese medicine. They affect the synthesis of
secondary metabolites by regulating the activities of various enzymes in the secondary metabolism pathway, which is an
indispensable characteristic parameter for the quality control of traditional Chinese medicine. In order to effectively identify the
quality differences of Astragalus membranaceus, the characteristic elements of Astragalus membranaceus and their relationship
with the region were found out. The species and contents of mineral elements in Astragalus membranaceus {from different areas in
Qinghai Province were determined by ICP-OES. The data were analyzed by cluster analysis and principal component analysis
(PCA) with SPSS 22. 0 and R package respectively. 12 kinds of elements in Astragalus membranaceus were determined. The
results of PCA showed that Ca, Fe, Li, P, K, Mg, Zn, AL, Na were characteristic elements of Astragalus membranaceus ; the
clustering analysis results showed that the types and contents of mineral elements in the samples were related to the producing
area. When the Euclidean distance was 8, the samples could be clustered into three categories: S12 was clustered into one group,
S1, S2, S4, S5, S6, S7, S10, S11, S13, S16 could be clustered into one category, the other samples were in one group.
Combining with the distribution map of ArcGIS, the relationship between producing area and its quality can be seen more
intuitively. In addition, the distribution characteristics of inorganic elements in Astragalus membranaceus were established. The
similarity of the characteristics of inorganic elements in Astragalus membranaceus from different areas was more than 0. 996.
Therefore, the fingerprint can be used to identify and analyze Astragalus membranaceus from different areas. From the results of
PCA of element content, the quality of Astragalus membranaceus produced in S10 (Naka village, Donggou Township, Huzhu
county) was the best, the total factor score F was the highest, followed by S7 and S8, which showed that the quality of
Astragalus membranaceus in Huzhu county was good. The results show that Astragalus membranaceus is rich in mineral
elements, and its content is affected by the place of production. Paying attention to the content and types of elements in the

medicinal materials is a supplementary explanation of the pharmacological components and can further reveal the quality from the
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perspective of elements. The results provide a reference basis for the development and utilization of resources and quality

identification of Astragalus membranaceus and provide a guarantee for quality and safety control it.

Keywords Astragalus membranaceus ; Inorganic elements; Principal component analysis (PCA) ; Cluster analysis; ICP-OES
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