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[Abstract] Objective: To study the distribution characteristics of mineral elements in Gastrodia elata
samples with different grades and specifications (variants) from diverse producing areas and their classification

and identification evidences. Method: Fourteen mineral elements in 31 batches of Gastrodia elata samples of
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different grades and specifications (variants) from diverse producing areas were determined by atomic
absorption spectrophotometry, Mo-Sb colorimetry, and curcumin colorimetry, and then subjected to correlation
analysis (CA), discriminant analysis (DA), and principal component analysis (PCA ). Result: The content of
K, N, and P in G. elata was the highest, enabling them to serve as the nutritional limiting factors affecting its
growth. The G. elata samples could be identified by the variation trend of elements (K>N>P>Mg>Ca>Fe>B>Zn>
Mn>Cu>Ni>Cr>Pb>Cd). The comparison of G. elata samples from multiple producing areas showed that G.
elata from Zhaotong has the highest P, Fe, and Cd content, that from Lijiang the highest K content, that form
Luotian the highest Zn and Cr content, and that from Jinzhai the highest Cu and Pb content. The content of Mg,
B, Pb, and Cr in G. elata f. elata was higher than that in G. elata f. glauca. It was found that the content of P,
Cu, and Cd in commercially available G. elata products gradually increased with the decrease in the commercial
grade, while that of Mg, Fe, B, and Ni mostly decreased. As revealed by CA, Fe was positively correlated with
Mg, Cr, and B. The producing areas of G. elata samples could be effectively identified by DA with Cd, Pb, Cr,
Cu, B, and Ni as the main variables, and the accuracy reached up to 85.71%. According to the PCA of mineral
elements in G. elata f. glauca from Zhaotong, Yunnan Province, Fe, Cr, Mg, Cd, P, Mn, B, Pb, and Cu
exerted a greater influence on G. elata. Conclusion: The determination of mineral elements in G. elata samples
contributes to identifying their authenticity and origin due to the easy operation, accurate results, and good
stability.

[Key words] Gastrodia elata; Gastrodia elata f. glauca; Gastrodia elata f. elata; specification;

grade; mineral elements; content characteristics
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Table 1 Sample information of Gastrodia elata

No. gt AR R RSB HVEAE B

1 ZEE BRAE —% 4 7 R AR

2 mEME BREE T4 5 7 R AR

30 ZMME BRI =% 6 7 R A

4 ZMEE RKEE R 6 7 1 SR 4

5 =ML LR —% 2 7 R A

6  mEHIL LR Y 3 7 H R AR

7 mMEIL LR =Y 6 7 Hb R 4R

8  mEENIL  LLRBE MUK 5 7 Hb R £

9 BHMRTT LR —% 4 7 H R AR

10 BUMRTT LR Y 1 7 Hb R 4R

11 SUNRTT R =% 4 7 R

12 BMRTr R 5 7 R A

13 MdEPH AR —% 4 77 MR AR

14 HdEP W LR 4% 3 77 H R AR

15 WdEE AR =% 3 7 MR AR

16 WdLB W LR gk 3 77 R

17 WILEE R —% 3 P

18 WdLEE KRR Y% 5 77 R B

19 WILEE KRR =% 3 77 R

20 WHEEA KR g 4 77 R

21 ERAEHE AR % 6 7 Hb R AR

22 EREHE ARKR % 4 77 R AR

23 EREHE AR =% 4 7 Hh R 4R

24 ERUEHE LR U 7 7 o R 4R

25 BRVEDUR ALK —% 2 7 R AR

26 BRVEDUR ALK T 3 7 R A

27 BRVEDUR AR =% 7 7 R AR

28 BRVEICR LRI g 4 7 R A

29 WJTIE LRI SR 4 iy AE Tt T 37 0 3K
30 PWITTIE AR gk 5 o5 AE Tt T 37 0 3K
31 WITIE BRHE gk 1 o5 AE T T 47 0 3K

TE AR 290 46

222 AU TAESM  RERHE A K, Ca, Mg, Fe,
Zn, Mn JC F R FH R 5 - R WU 43 't O B 3
FE L ALES TAE A% TAEXT LU 4.0 mA , FUHAT AL I
2.0 mA, 6% T8 0.2 nm, T & K 300 V, BRI
1.0 L-min", 28 S # 4.0 L min',

K BE A & Ni, Cu, Cd, Cr, Pb T % % il 1 &
- WA OO0 BE I AL ES AR S T AR
ST HLIE 4.0 mA, TR 110 °C, JK AL E 700 °C,
JE AR EE 1 800 °C, Hif M By B RE L i M1 324 20 s,
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Table 2 Contents of mineral elements in Gastrodia elata from different origins and grades (x+s,n=3) pg-kg!
WHITR EITTE
No.
N P K Ca Mg Fe Cu
1 5765.38+1 039.90 1514.41£305.37 8 213.44+956.04 628.48+25.39 404.56+5.52 207.79+3.81 2.26+0.42
2 6 423.30+£799.85 1412.32+£315.15 9711.64+1 039.18  175.53+30.76 383.30+43.90 197.83£24.90 1.76+0.30
3 7 952.33+887.08 1712.35+462.74 9441.66+1 036.55  234.22+24.28 468.11+49.19 197.15+28.46 1.81+£0.30
4 8 725.67+364.05 1 814.74+295.11 11 263.16+£904.36 193.98+28.30 515.47+64.25 218.82+28.24 2.37+0.30
5 6417.75+615.75 1150.63£17.32 9352.46+77.98 396.67+16.25 825.76+4.28 196.39+0.74 0.94+0.25
6 6306.67+220.77 1362.09+165.63 9 793.44+885.18 230.13+33.29 465.06+27.40 173.04+4.82 1.60+0.25
7 6 898.92+1 307.13 1 633.68+182.64 9 722.36+462.32 141.93+28.31 457.10+30.60 131.17+£9.65 2.68+0.47
8 7 148.50+1 206.45 1775.90+116.07 10 120.714291.28 231.06+20.31 446.92+48.07 146.74+11.88 2.87+0.54
9 7 055.00+755.51 1270.54+266.26 7 854.11+1 489.66  252.93+42.69 532.32+31.73 205.39+8.73 1.47+0.43
10 5722.41+£28.41 1127.42£72.58 9303.37+148.28 354.56+9.77 379.41£10.21 103.374£2.28 1.69+0.07
11 6 488.88+520.31 1542.25+£93.14 8 424.57+460.81 327.16£13.62 558.83+32.31 133.14+24.32 1.73+0.44
12 7 727.30+£285.81 1426.60+298.73 8 051.40+340.07 581.02+127.05 395.79+29.30 135.17+£23.20 2.44+0.27
13 7 382.14£705.22 1537.10+47.59 8 170.64+1 530.09  248.28+35.61 698.10+£70.47 221.35+10.11 2.10+0.21
14 9 059.67+£902.17 955.30+88.75 7 653.46+227.66 196.45+24.69 517.03%17.21 176.95+3.88 1.66+0.29
15 8 478.50+339.47 1757.85+65.00 8 249.82+365.38 262.47+£27.95 657.31+£52.77 248.81+5.86 2.05+0.17
16 7 211.00+140.02 1436.49+138.97 7 523.90+732.00 128.26+15.24 355.79+79.88 101.09+6.55 2.44+0.29
17 8227.67+817.71 800.72+168.41 8 683.06+581.70 470.27+£3.06 583.82+37.79 159.88+9.18 2.45+1.02
18 9 029.60+557.71 1307.40+226.44 9 773.40+1 326.85  264.30+£64.99 360.41+£34.71 174.42+30.31 2.75+0.57
19 7 265.33+417.09 1322.92+58.53 9 809.71+£556.44 195.01£10.83 375.15+1.88 138.43+13.89 1.82+0.27
20 8 105.25+846.26 1579.22+57.58 9 340.25+940.86 189.78+21.61 428.39+27.42 194.90+8.76 2.52+0.25
21 7 167.33+412.81 1 054.83+£73.71 8 274.98+240.67 330.60+110.66 313.49+30.99 148.49+18.03 2.32+0.39
22 6 950.13+£647.07 1483.43£110.17 8452.73+743.12 258.68+35.38 499.04+16.85 197.53+8.37 2.45+0.47
23 6 834.88+436.34 1406.14+82.91 8 663.09+314.01 261.16+£26.24 346.90+27.92 160.53+11.54 2.66+0.15
24 7 831.00£575.87 1 604.95+142.80 9 720.87+555.36 307.03+44.53 439.43+21.14 207.39+£52.52 2.57+0.63
25 7 490.50+1 101.00 942.32+199.27 9076.18+171.97 330.93+18.47 780.15+43.38 225.54+6.82 1.18+0.29
26 6 874.50+612.98 1 146.49+14.43 8309.28+876.61 328.22+43.45 859.93+95.65 207.00+£2.93 1.30+0.13
27 7 177.50£1 173.45 1540.60+211.49 8919.73+871.88 277.22+61.35 573.66+£96.18 177.75+8.77 2.24+0.27
28 7 406.88+726.99 1450.20£193.18 9331.51+174.30 408.38+107.15 642.01£74.90 189.44+8.90 1.98+0.10
29 6 685.13+£662.84 1219.97+£273.95 8 824.01+419.67 321.12+56.34 525.71£108.80 133.19+12.94 1.93+0.48
30 6381.08+945.83 1205.80+152.73 8 981.73+429.66 205.14+61.03 502.81+48.24 172.87+5.66 1.95+0.29
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e Mn Zn B Ni cd Pb Cr
1 9.75+1.87 15.30+£2.54 19.46+0.57 2.26+0.26 0.35+0.05 0.01+0.01 1.26+0.15
2 11.25+5.01 18.00+2.05 18.67+£1.52 1.83+0.37 0.34+0.08 0.17+0.17 0.69+0.27
3 22.55+4.99 24.29+1.43 21.20+2.52 1.62+0.28 0.45+0.16 0.33+0.27 0.81£0.26
4 20.14+4.16 19.49+2.23 19.09+1.58 1.77+0.14 0.47+0.08 0.40+0.23 1.42+0.28
5 9.90+0.19 7.41+£0.51 23.64+1.26 1.59+0.26 0.07+0.00 0.01+0.01 2.29+0.60
6 9.27+0.80 11.34+0.80 20.36+2.26 0.66+£0.27 0.08+0.02 0.18+0.02 0.45+0.08
7 10.44+1.33 13.86+1.77 21.82+4.10 1.12+0.25 0.10+0.02 0.32+0.11 0.83+0.27
8 10.85+0.82 16.76+1.40 21.50+4.33 1.10+0.17 0.16+0.00 0.31+£0.07 0.73+£0.17
9 13.22+2.98 35.51+6.21 25.27+0.79 1.58+0.12 0.06+0.01 0.17+0.03 1.85+0.09
10 11.33+0.35 16.83+0.46 13.94+0.55 1.16£0.02 0.17+0.01 0.17+0.03 0.29+0.02
11 19.26+0.74 18.33+£2.63 15.73+£0.51 1.65+0.24 0.22+0.03 0.22+0.02 1.00+£0.04
12 36.61+£9.59 31.90+8.57 16.16+£1.23 1.62+0.12 0.30+0.06 0.51+£0.24 0.84+0.26
13 9.85+1.58 33.02+2.44 17.85+0.54 3.72+0.59 0.06+0.00 0.29+0.06 3.62+0.11
14 6.54+0.40 15.27+£2.20 26.49+0.63 2.08+0.12 0.11+£0.01 0.45+0.05 1.62+0.56
15 10.79+£2.13 39.56+4.05 21.61+£1.59 2.54+0.26 0.07+0.00 0.22+0.04 3.20+0.21
16 13.57+2.63 38.61+2.34 20.49+0.85 2.07+£0.06 0.12+0.01 0.39+0.02 0.62+0.36
17 12.08+1.17 9.81+1.57 19.87+1.62 1.74+0.09 0.04+0.00 0.18+0.05 2.38+0.05
18 12.19+1.30 13.61+£2.30 18.27+1.17 1.77+0.13 0.13+0.02 0.26+0.15 0.39+0.12
19 12.30+2.16 11.02+1.14 21.71£1.67 4.66+0.23 0.13+0.01 0.26+0.07 0.81£0.10
20 19.73+1.90 14.12+1.18 18.66+2.39 2.28+0.11 0.12+0.04 0.26+0.05 2.91+0.13
21 11.10+1.50 20.29+2.35 17.49+1.30 1.96+0.31 0.09+0.02 0.24+0.06 0.77+£0.32
22 10.51+1.54 18.40+3.72 21.16+2.76 1.97+0.49 0.10+£0.01 0.51+0.11 0.75+0.18
23 15.59+0.58 20.64+3.56 20.55+0.67 2.23+0.38 0.09+0.01 0.42+0.12 0.78+0.08
24 16.35+4.25 21.55+1.94 22.13+£2.26 2.10+0.66 0.11+£0.01 0.29+0.08 1.19+0.47
25 8.71+0.80 7.86+1.36 22.55+0.18 2.15+£0.10 0.05+0.01 0.21+0.01 3.93+0.14
26 10.07+0.81 7.39+2.32 29.88+0.29 1.74+0.08 0.04+0.01 0.26+0.09 2.62+0.04
27 16.01£1.83 13.45+1.51 19.86+2.24 1.96+0.27 0.08+0.00 0.25+£0.06 0.57+0.18
28 17.82+3.36 13.69+0.93 19.96+3.97 1.73+£0.22 0.09+0.01 0.22+0.05 0.83+0.25
29 14.99+3.62 12.07+1.80 15.30+0.65 1.58+0.24 0.14+0.04 0.29+0.06 0.89+0.43
30 17.57£2.90 12.23+3.87 16.07+1.35 1.90+0.33 0.10+0.02 0.29+0.04 0.88+0.30

T DA IR 7 3l S5 9% 43 25 s, 1T JC 80 DX DY G £1 R BR (No.30) 5 DU 1T Je 4 X P9 £ 12 2R JBR (No.3 1) ¥ 8 45 I b 3L,
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CAnE VY S e ; ammiLRKKITR &
i 5, Min, Ni R Pb Ot 2 73 & i e IR 91 L 2 |l
KK Zn,Crom R P ¥ & Efm, K, Calt R P& =
A 5 22 B 4 %8 K FE Cu, Pb T £ - 44 & & it & . Mg,
Crot & 1 & A% BEPT 3Lh R R Mg, B L R -
¥, Cu, Zn, Cd Ut 3 & i Je il oK
T KR Ca B V-1 & 5 e i o AN [R] 7 1 KRR P
Ca,Pb M Crot R VB EBERLGIITFEL ;=M
W38 KPR Cd e R - 24 & 5 5 HAb A& 7 KRR 33 17
TE 2 5 A i 24 78 L (P<0.05) 3 BETE I 5 20 8 4

ERMKCuTTE P ERAEEZRAGITFE X
(P<0.05) ; #5162 W K JFE Ni, Zn F1 K JC = ¥ & &
Pl 5 = m B UL R BRAEAE 22 5 A geit 22 2 X (P<
0%%%@%@5%Mkﬁ%%nﬂKﬁ%¥ﬁ
HAAAE 22 R A Gt % 5 L (P<0.05) ;Mn AT K TR
%ﬂﬁ%ﬁ%%mﬁﬁﬁMﬁﬁ%%Wﬁﬁiﬁ
HEi2E 5 L (P<0.05), L3 3.
3.3 N [EIEEAR (AR A ) RS G KRR T 3R & L
BT AR (R KRR TR SRRk,
N,P,K,Ca,Fe,Cu,Mn, Zn,Ni fil Cd JC & 1 & K Jff
o 4R R, T Mg, B,Pb Ml Crot RAEZL KEEHP &
. AFRERRRY TR & B EHR N,
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Fig. 1 Distribution map of mineral elements in Gastrodia elata
x3 AEFHWIRKRTRTESEILER Gis)
Table 3 Comparison of mineral elements in Gastrodia elata from different origins (x+s) mg-kg
WERITHE IR
il
N P K Ca Mg Fe Cu
AHWGE 7216.67x1 360.63® 1 613.46£183.09° 9 657.48+£1253.39°  308.05+215.02°  442.86+60.34° 205.40£10.18*  2.05+0.31®
ZHEIL 6 692.96+397.87° 1 480.58+279.02° 9 747.24+£315.22*  249.95+£106.37* 548.71£184.85"  161.84+£28.80® 2.02+0.91®
B KTT 6 748.30+850.39° 1341.70£181.11* 8 408.36+641.85>  378.92+141.41*°  466.59+92.09 144.27+43.26°  1.83£0.42®
WALZ T 8032.83+885.40°  1421.69+338.66° 7 899.46£364.17°  208.87+60.77*°  557.06£154.98"  187.05£64.50® 2.06+0.32®
WILHE  8156.96+722.08° 1252.57£326.00° 9 401.61£524.36®  279.84+131.42* 436.94£102.18°  166.91+£23.81%®  2.39+0.40
R4 FE 7 195.84+44531° 1 387.34£236.29° 8 777.92+648.34  289.37+35.35*  399.72+84.98" 178.49+28.40®  2.50+0.15°
B R 7237.35+275.72®  1269.90£275.88* 8 909.18+434.45%¢  336.19+54.10*°  713.94£129.81°  199.93+20.88%®  1.68+0.52°
DU TE 6 995.56+1 146.54® 1 186.09+71.84*  8971.45+152.55®  258.57+63.37°  533.35+£52.42% 156.56£21.35%  2.06+0.31%
[ e S HEJEITR
7= b
Mn Zn B Ni Cd Pb Cr
= 15.92+6.37% 19.27+3.77% 19.61+1.11%¢ 1.87+0.27% 0.40+0.07* 0.23+0.17* 1.05+0.35°
RN 10.12+0.68° 12.34+3.96° 21.83+1.36% 1.12+0.38° 0.10+0.04¢ 0.21+0.14° 1.08+0.83°
pivlib N 20.11£11.51° 25.64+9.45% 17.7745.09% 1.50+0.23% 0.19+0.10° 0.27+0.16° 0.99+0.65°
WaL® m 10.1942.90° 31.62+11.27° 21.61+3.62% 2.60+0.78° 0.09+0.03¢ 0.34+0.10°  2.27+1.39®
WdvE & 14.08+3.77% 12.14%2.06° 19.63+1.55%¢ 2.61+1.39° 0.11+0.04> 0.24+0.04° 1.62+1.21°
3 € 13.39+3.01% 20.22+1.32% 20.3342.00%¢ 2.07+0.13% 0.10£0.01° 0.37+0.12° 0.87+0.21°
B 75 I 13.15%4.44% 10.60+3.44¢ 23.06+4.71° 1.90£0.20% 0.07+0.02¢ 0.2440.02° 1.99+1.582
PP RTH 17.40+2.67% 14.05+4.42¢ 16.20+1.16° 1.90+0.36% 0.12+0.03" 0.30+0.03° 1.00+0.31°

T 22 5 W AR A0 di /D W R 2 S e [l SRS [l /N 3 B 3R0R 22 5 e 24 T L(P<0.05) (R 4,57 ) .

K,Mg,Fe,Zn,B,Nifll CdJG &K & m7E 4 g ] 45 2

S hgeit

PV N
- =

SC;Pb A Crot 2 & B AE — 9 5 HAt

S5 GRE R R AFAE 25 58 BT 24 3 X (P<0.05) ; — 2
R MTT PR S REERLSEITFE L S5 =
Kb TR AFTE R A G E X (P<0.05); —
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KRR Cak R m 5 — RN 2ERA S
P12 8 L (P<0.05) ;Cu,Mn L& & &5 — 2 504
i A AE 25 A Ge i 243 L (P<0.05), Lk 4,5,

3.4

PN NIV S e T

% ] Person #H &
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x4 FEMR(ZE)RRTRTEIELE (G£5)
Table 4 Comparison of mineral elements in Gastrodia elata of different specifications (variation) (x+s) mg-kg!
WHITER TR
A%
N P K Ca Mg Fe Cu
5 RKE 7 426.41£1 268.24 1511.48+277.73 9551.71+1 110.93 298.47+£187.44 472.12+£83.74 196.60+21.56 2.12+0.31
ZI KR 7 268.41+828.76 1348.84+251.32 8 860.03+733.78 288.00+£100.53 519.33+£149.79 171.62+37.58 2.07+0.52
R ITT R FaETHE
FA%
Mn Zn B Ni Cd Pb Cr
PN 16.79+5.85 19.244+3.26 19.19+1.34 1.95+0.30 0.35+0.13 0.25+0.16 1.11+0.33
PN 13.69+5.77 18.20+9.62 20.31+3.62 1.94+0.79 0.11+0.06 0.28+0.11 1.42+1.07
x5 AEAERXRTRTEESEHE (L)
Table 5 Comparison of mineral elements in Gastrodia elata of different grades (x+s) mg-kg!
WRICE TR
49
N P K Ca Mg Fe Cu
—2  7052.54+1 044.65* 1208.21+314.57° 8 380.36+1 056.90* 374.73+143.44° 535.36+£179.24* 190.10+£31.55% 1.82+0.61°
Y 7329.29+1 255.38* 1 287.15+£238.92° 9 084.46+1 244.22* 248.29+63.11° 479.98+184.42° 181.16+£31.73 1.98+0.73%
=2 7205.86x1 059.79° 1534.49+293.08* 9 060.74+839.81° 248.85+70.59° 497.03£108.30* 164.41+£38.83 2.15+0.50
PUg%  7587.95£1010.16* 1544.94+278.57*° 9 440.87+1217.18*  284.54+148.93% 468.71+£89.76° 176.30+44.16° 2.39+0.49°
(e EaETR
£+
Mn Zn B Ni Cd Pb Cr
— 10.85+2.24° 20.68+10.75* 20.29+3.05° 2.19+0.77° 0.11+0.112 0.17+0.11° 2.04+1.12°
Y 10.38+2.32° 14.69+4.67* 21.10+4.78* 1.67+£0.31° 0.15+0.03% 0.29+0.16° 0.92+0.89°
=% 15.64+4.86% 18.35+8.02* 19.8243.29% 1.99+0.93% 0.17+0.15° 0.29+0.14° 0.99+0.72°
P 2% 19.2248.47% 20.29+8.69% 19.25+3.36% 1.82+0.47° 0.19+0.14* 0.33+0.16° 1.17+0.70°
B AT AR R B . A5 SR R W], KRR b Fe-Mg, Lo
P-Cd,Mn-Cd, Cu-Pb, Fe-Cr Al Mg-Cr JC & &t i &
iE #H 5 (P<0.01) ; P-Cu, P-Zn, N-Pb, K-Cd, B-Mg,
B-Fe, Mn-Pb fil B-Cr Jt % & ] & 1 4 3¢ (P<0.05) s
FW] KRR % 2 o0 2 & i T s AR A T R
e SR N T R B AR R A, A AE B TR WA
1M Mg-Cu JC % & I 3 1 A1 3¢ (P<0.01) , K-Zn Fl Foq0
Mn-B JC % £ B i 57 4 ¢ (P<0.05) , )R 2 TR Z
[i] FL A AR B B0 AR T, B o R A T R R
WA I 3 A 7T 36 ik 2 WA sl 4 L 2. F o

3.5 JLT Fisher & 14 oR 2501 KRR 7 b H1 51 43 A7
Fisher | 51| AT AR 5 € %0 43 JE A A (10 I o5 48 b5 44 2 1E
28 F) 3] o RS 3 Sk 6 AR 2 R L RO
ARG S B 265 . H Fisher F 51 2 A7 X
AR e M G R A RE

K JH SPSS 24.0 F A4 XF 8 4> 7= b 126 1 K R AE
wn #EAT Fisher F 51 43 87 , 43 5 8 57 8 4> 7= Hi[¥) Fisher
FI o 2 R B CHI M BERL ) o Y, s =—116.903+
0.002X,+0.010X,%+0.009X,+0.053X.,~0.003X,,,+0.114

N P K CaMgFe CuMnZn B Ni Cd Pb Cr
AH M 23 AT 45 R DA R 20 B, I 670R 56 1k 5 55 DA 15 5 01 €6 0
QSN DETN
B2 RBYRATELEBEXESN
Fig. 2 Correlation analysis of mineral element content in

Gastrodia elata

X, +2.076X,,~0.898.X,,+0.507.X,,+1.840X,+2.952X, .+

89.265X.,~1.813X,,-2.083X.; Y, 4 =—103.762+

0.002X,+0.012X,+0.010X,+0.054X.,+0.010X,,,+0.019.X, +
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4.922X.,-0.752X,,+0.225X,,+2.086X,+0.837.X,,~
11.077X.+14.388X,,~1.796X,; Yippry =—91.891+
0.003X,+0.005.X,+0.008.X,+0.058 X, +0.015X,,,+0.037X, +
0.863X.,-0.373X,,,+0.810X,,+1.669X,+3.215X,+
5.656X.,+9.191X,,-2.903X,; Yypwn =—106978+
0.004X,+0.005X,+0.007X,+0.047.X, +0.020X,,+0.038X, +
3.171X,,-0.964X,,+1.055X, +1.591X,+6.838X,,~
8.471X . +20.251X,,~1.805X.,; Yiypun =—102.887+
0.004X,+0.005.X,+0.009.X,+0.052X,,~0.007.X,, +0.035.X, +
4.450X,,-0.523X,,+0.118X,,+1.740X,+6.258 X~
16.732X,,+12.814X,,-0.879X,; Yyumoye =—101.612+
0.003X,+0.006X,+0.009X,+0.058X,,~0.001.X,, +0.070X, +
4.055X.,-0.708X,,,+0.475X, +1.819X,+4.720X,~
20.509X,+21.340X,,-2.841X0,; Yoy =—102.264+
0.003X,+0.007X,+0.009X,+0.053 X, +0.032.X,, +0.054X, +
3.641X.,-0.388X,,+0.199X,,+1.799X,+4.112X,,~
27.149X+16.167X,,~4.300X..; Yypyr =—81.554+
0.002X,+0.004.X,+0.009.X,+0.044X,,+0.023X,,+0.053X, +
3.567X.,—0.291X,,,+0.212.X,,+1.283X,+4.147X, -
20.539X,+14.161X,,~3.840X,,.

A LA b 0 5 R R R R, 14 B R T R A B,
H Cd,Pb,Cr,Cu,B Fl NiJt % H Fisher } 51 08 £k 9
LA B R KRR M A ) o B R

I FH Fisher J] 51 b8 0T 126 15 K BRFE & 7 Ho 1F
AR 2 IR 56 v, 126 03 FF i A 18 ) 1 45
) B AR IE B K RN 85.71%, WK 6. K 1 =/
IV 36 it 7 b R ) Ry e B 4 B 5 2 M 5 P T LR
7 b Al ) A B LR 5K S 0y BN R O RE 43 T A
BRI W R A2 W) ot % 3 il de
P 5 7 1 A ) A W L B B R 28 1 4 2 5 K 2 3 TH
AU H B A i A RO 2 e 2 S BT U s 1
T4 TR A R 2 T TN VT 5 B 400 B T DU R
FEHL A AL B R ZE S5 )N )T T,
3.6 AN[R] 7 b RS (AR A ) G R RET T R E
LAY T (PCA)  PCAFE Ry 5 7 20 B A, B E M
BRE R A o 38 O A AL T B AR (R AR SR
G b 22 S, T RUAR U AL B 1Y AR G AR B T T 5 AR
O 1 R AIE 1) o R AR (BRI R 3 SRR e &
LAY A B TS B S I 25 A R AU 4y il 25 A
o AT HEFR PR

HRE AN ) 7= RBR A e 2 & | RS R Y
RIRA™ T T 28 AH G o B 45 1, 5 B O 1 3 1k 25 5+
KA XM 550 E K% P, Mg, Fe,Cu,Mn,B,Cd,Pb
Hl Cr 76 2 Kl 2F 47 b AL AL B, R FH SPSS 24.0 %K
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R6 RKH RTELEF A S
Table 6  Discriminant analysis of combination of mineral

elements in Gastrodia elata 1oy

T

P =R ZE s wdE Wb e pews ) &
Wl W kO B OEE 4% Wb o

~MMEE 20 0 0 0 0 1 0 0 21
ZEWI 0 14 0 0 0 0 2 0 16
SEMKIT 0 0 9 2 0 1 0 2 14
15| 7 ] 0 0 10 1 2 0 0 13
BdEE o 0 0 0 13 1 1 0 15
YHWEE 0 1 0 0 0 20 0 0 21
BemEh 0 0 0 0 1 112 216
mMATIE 0 0 0 0 0 0 0 10 10

PEHEAT F2 B4 A B, o RS A PE AR 50 (KMO) oy
0.642>0.600, P<0.050, i /& F 543 Hr 1k o %
Sy HTH T 34 E R IR K T 1, B sk
ik 69.145% , Al A Z2 80 A5 B kot BT 3 3=
WAy AT AT, WA T

£7 ERAWAEEEEIRSNBEERFTRE

Table 7 Eigenvalues and contribution rates of the principal

components after rotation in the analysis of Gastrodia elata

oy AR W ETURE/% RPUr TR R %
F, 3.470 38.556 38.556
F, 1.619 17.994 56.549
Fy 1.134 12.596 69.145

B F o E B2 N H AT RS R
W TN A R A LA R, LR 8 A5 OR
/N, Fe, Cr fl Mg o 2 XF £ W20 1A W5 19 1F 6 fr
Cd,PHIMnIt R 2 FEM A2 ELIENF, HB
TG X RS 2 A B9 Y 3% 5 7 Pb A Cu o R A 4%
fif PR -8 0043 3 TR R S % FE 4 3 5 i A K
B4R AIE 1) B, 38 B L O 28 6 BRI 52 I 4K o

AR AN (] 77 i AR (22 B ) 25 2% KRR Y 3
AR RS o, R ACE REOT AW 2R A
g3, W3R 9. BUEE B HE FL 7 25 BTk 1 KN,
B4 £ WM s kR 5 34 F 0 B B TR 2
P & A A A S A R I B R A
Jn A5 A& RBRFE S I 2R G 1550 FL KRG A F=
0.557 6F,+0.260 2F,+0.182 2F, , 1343 45 5 B~ L i
77X 2 T T T 7 R RR AR A 43 AR v PP L
JIT 72 20 R R — S e A5 A d 5 B ) B A 8
Ab F A H— 5 KRS o3 B T g .
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x8 KRB EMSEFRTHREHEFHETER
Table 8 Factor load matrix of each component in Gastrodia elata

after rotation transformation

) Wix
JLE
F, F, Fy

Fe 0.855 0.239 -0.146
Cr 0.799 -0.161 -0.176
Mg 0.753 -0.226 -0.337
B 0.673 -0.365 0.109
cd -0.192 0.857 -0.079
P 0.141 0.727 0.355
Mn -0.227 0.615 0.254
Pb -0.068 0.079 0.852
Cu -0.317 0.218 0.746

4 it 5%it

KRB, hA M E&A 80 ot
LU BUOCER & iR e b 24 JE O AT P ) )
Feml, S 25 B R AR E DU DDA DG,
KItREABEMWIEH,Fe,Mn, Zn fil Cu %58 it
JCE B B A Y A A gy, B g
& PUEA LR AT e, hAM T R R &
it BB L © R T 2 b TR AN Y B AR
B 2022 AR T A T AN [R) 7 s RRL A (AR ) A2
KRR 14 Fg™ 5T T R % 5 25 I KRR BT OC R 43
A1 B, KR T BT e &R & & A8 Al # O KSN>P>
Mg>Ca>Fe>B>Zn>Mn>Cu>Ni>Cr>Pb>Cd, "] I F
SO KRR 245 AF o AN [ 7 1l KRR A & A P, Ca, Pb Al
Crom R VPH oI EEER , KW KT P, Ca,
Pb fl Crot & & 5 77 b OG5

38 2 A M A B & B, KRR Hh AN [R5 0T FR A
A B3 [ W WS A5 0 i AR R ) il 3 A [l 4R
Ko 36 25 R AN [ 7 b 33 126 £y KRR AR A Y
18 433 B b 45 40, BA 8 Cd, Pb, Cr, Cu, B HINiJL & N
YRR TR . F L8 AT
UINE e TN L B TRE N 35 S LS N 7N
[F] KL A (A2 A9) TR B 4 ) B R T A LA IR 58 T 1
Hb IR AR A 0 BT O B A5 G A 4 B i 3
AR HEAT X 3, S0 B3 M DX KRR Y D 48
Sl T AN R 7 b IR RR A R IR R A =X
T AN TR A A 2 T M DX RR i 22 R SRV i ik
M X 55 B R LL R R, I DA AR AR X o R ORR , 4R
o RNAE T 4K 300 m A2 A 1Y K R 5 T 48 B4 2E
DXCRR 22 06 T H, Rk Oy =X AR FloRE 4R by
AT TR 500 m DA b DX 2o e I X LUAR R

R FREFHAMAE(ER)EZRXRT ALTRERS RESTEN
=

Table 9 Main components of mineral elements and
comprehensive evaluation score table of Gastrodia elata from

different origins and specifications ( variation)

No. F 55 F, 145 FA45y Ziafa Hor
1 -0.107 0.747 -2.161 -0.200 15
2 -0.533 0.323 -1.839 -0.448 19
3 -1.507 2.400 -1.291 -0.326 16
4 -1.748 3.279 -0.605 -0.414 17
5 4.017 -0.458 -1.604 2.002 3
6 0.509 -1.100 -0.649 0.230 9
7 -1.089 -0.425 1.276 -0.522 22
8 ~1.491 0.338 1.077 -0.756 25
9 2.101 -0.034 -0.066 0.841 6

10 -1.293 -2.641 -1.767 -1.684 30
11 -1.047 -0.129 -1.514 -0.594 23
12 ~3.830 1.125 0.127 -1.748 31
13 1.939 1.328 0.523 1.736 5
14 1.590 -0.937 1.696 0.718 7
15 2206 2.166 0.413 1.997 4
16 -1.904 -1.286 1.116 -1.328 29
17 1275 -1.647 0.377 0.339 8
18 -1.360 -0.755 0311 -0.956 28
19 -0.426 -1.163 -0.007 -0.481 21

20 -0.337 1.264 0.323 0.132 11

21 -0.917 -1.987 -0.052 -0.668 24

22 -0.624 0.494 1.980 0.074 12

23 -1.604 -0.335 1.615 -0.822 26

24 -0.459 1.008 0.876 -0.020 13

25 4337 0.091 -0.143 2.624 1

26 4207 0.424 0.998 2.486 2
27 -0.286 0.091 0.160 -0.190 14
28 0.343 0.297 -0.298 0.150 10
29 -0.833 -1.284 -0.648 -0.897 27
30 -0.511 -0.790 -0.541 -0.432 18
31 -0.617 -0.402 0.319 -0.449 20

P 2 BRI RO R AIZ T AR BE R R A R E A,
DA R 1 JCHE T 5 100 25 A VT 3 X 22 AR 20 KRR
FofAe ik B P R AN B 0P S BT R B O RR 2R
W B UE g R OR LB = AGE R R il
PREHE T o DI, AT s R R BT R & RS
i A K AR 32 3088 A5 1R il 5 X il
Ti ik B R BE— PR TE o TR A B 5T R] g AN (]
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