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Table 1 Sample information of Gastrodia elata Bl.
LiE= EZ % T 3K/ m R SR W ]
Cities and Counties Towns Number Village Altitude/m Cultivation pattern Collect time
Ninggiang County  Yanzibian Town 1 Caojiagou Village 962. 1 Cultivation under forest 2020-10-04
3 Panjiaba Village 1 007.2 Cultivation under forest 2020-10-04
4 Xinchangjie Village 1 300. 0 Cultivation under forest 2020-11-10
5 Shenjiaping Village 1068.7 Cultivation under forest 2020-10-08
6 Jindongzi Village 630. 7 Cultivation under forest 2020-10-08
Da'an Town 7 Mandongzi Village 734.7 Cultivation under forest 2020-10-07
8 Tielugou Village 677.3 Greenhouse cultivation 2020-10-07
9 Longquan Village 895.0 Cultivation under forest 2020-10-07
E‘Jﬁfi“gg“‘““ 13 Wujiaba Village 850. 0 Cultivation under forest 2020-10-08
15 Dabahe Village 674.0 Cultivation under forest 2020-11-10
Shujiaba Town 16 Songshugou Village 1 050. 0 Cultivation under forest 2020-12-11
Taiyangling Town 18 Zhaojia Village 1063.7 Cultivation under forest 2020-10-09
19 Qinglinju Village 1083.3 Cultivation under forest 2020-10-09
20 Tangjiaying Village 1058.1 Cultivation under forest 2020-10-09
Juting Town 21 Longgangba Village 775.5 Flat ground cultivation 2020-10-07
22 Juting Village 960. 0 Cultivation under forest 2020-10-07
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Continued table

LiE= EZ £ R il 34K/ m R SR W )
Cities and Counties Towns Number Village Altitude/m Cultivation pattern Collect time
25 867.2 Cultivation under forest 2020-10-05
Tiesuoguan Town 30 Xiaogou Village 940.0 Cultivation under forest 2020-11-30
Mian County Xinpu Town mx-31 Yujiadong Village 910. 0 Cultivation under forest 2020-10-08
mx-32 Yujiahe Village 1 100. 0 Cultivation under forest 2020-11-30
%};i:r;ggouhe mx-33 Changgouhe Village 860. 0 Cultivation under forest 2020-11-30
Tonggousi Town mx-34 Liuba Village 780.0 Cultivation under forest 2020-11-30
Zhangjiahe Town mx-35 Bamiao Village 1 300. 0 Cultivation under forest 2020-11-30
Lueyang County Guo Town ly-36 890. 0 Cultivation under forest 2020-10-08
Xihuaiba Town ly-37 Dagou Village 1 050. 0 Cultivation under forest 2020-11-11
ly-38 Liangjiahe Village 1 089.0 Cultivation under forest 2020-11-11
’I;Isz)lvixianhe ly-39 Shizhuanggou Village 900. 0 Cultivation under forest 2020-11-11
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Table 2 Parameters of electronic nose

1 28

Condition Parameter
Sample bottle 20 mL
Sample weight 1.5¢
Time of shaking 20 min
Temperature of shaking 40 °C
Injection volume 1 000 pL.
Sample injection rate 125 pL/s
Sample injection time 13 s
FID gain 12
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s
Continued table
1 ZH
Condition Parameter
Initial temperature (Collecting trap) 40 C
Shunt 10 mL/min
Final temperature 240 C
Initial temperature (Column temperature) 50 C

3-250 C(21s)

Temperature programming

Acquisition time 110 s
Detector temperature 260 C
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Table 3 Standard curves of gastrodin and P -hydroxybenzylal-

cohol
AN
[ia<x’] w05 5 2 R? (pg/mL)
Components Regression equation Linear range/
(pg/mL)
Gastrodin v =620248x —472.2 1 0.026 5-0.132 5

P-hydroxyben-

sylalcohol y =577347x — 17186 1

0.014 0-0.070 0
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Table 4 Gradient elution procedure

fif [8] / min LB A/ % T B/ %
Time/min Mobile phase A/ % Mobile phase B/ %
0-10 3-10 97 -90
10-15 10-12 90 - 88
15-25 12-18 88 - 82
25— 40 18 82
40 - 42 18-95 82-5
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Table 5 Standard curves of Parishin A, Parishin B, Parishin C,
Parishin E

p2:X i)
C H Regression R? K8 -
omponents equation Linear range/
4 (pg/mL)
Parishin A v =993498x + 10188 0.999 0.0485-10.2425
Parishin B vy =729616x — 18983 1.000 0.0325-0.1625
Parishin C  y =262075x +2174.6  0.997 0.0150-10.0750
Parishin E y =479631x —2687.7 1.000 0.0250-0.1250
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Fig.1 Shape indexes of G. elata Bl. in different regions
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Fig. 2 Number of whorl G. elata Bl. in different regions
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Table 6 Chromatic values of G. elata Bl. in different regions

X

Regions

L™ (D65 a” (D65) b (D65) E " (D65

ToRE
Ninggiang 79.56+0.63 2.68+0.15 16.44%0.28 81.31%0.60
County

JUR=Y
Mian 86.68+0.71 2.31£0.32 15.63%£1.48 85.57+2.89
County

[ RA0
Lueyang 81.54+3.90 2.09+£0.78 16.72%0.72 84.76+2.20
County
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Fig.3 Heat map of G. elata Bl. chromaticity values in

different regions
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Note: nq-1 represents Ningqiang County, mx-1 represents Mian
County, and ly-1 represents Lueyang County. 1,2,3,4 represent
4 chromatographic peaks respectively.
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Fig. 4 Electronic nose gas chromatograms of G. elata
BL from different regions
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Fig.5 Principal component analysis of the odor response

values of G. elata Bl. in different regions
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Fig. 6 Moisture and extract contents of G. Elata Bl. in

different regions
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Fig.7 Contents of two main chemical components of G.

elata Bl. in different regions
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Fig. 8 Components of Parishin E,B.C and A of G. elata
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BRSO (LT ca” b7 JET) s SR M N E 48
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Table 7 Standardized data of appearance traits and odor response values of G. elata Bl.

B ClL.Jezsik C2.4tzH C3.8f®|  C4. T ) C6:15 s WEfl  C7.17 s WE(H  C8:18 s WEH C9:24 s WEfH
Sample Cl:Length C2:Thick C3:Fresh  C4:Dry C5:a C6:15 s C7:17 s C8:18 s €9:24 s
of tuber of tuber weight weight intensity intensity intensity intensity
1 - 0. 457 0.216 - 0. 485 -0.332 0.778 -0.961 -1.196 - 0. 645 -1.168
3 -1.224 -1.297 -1.611 —1.477 1.293 -0.605 -0.858 -0.509 -0.514
4 - 0. 430 1.689 0.918 0. 803 -0.902 1.728 0. 544 -0.145 2.117
5 -1.161 -1.332 -1.680 -1.371 1. 087 0.413 0.811 -0.334 -1.005
6 —1.424 -0.493 -0.679 -0.129 - 0. 959 -1.067 -1.110 -0.681 -1.004
7 0.563 -0.410 - 0. 456 - 0. 430 0. 755 -0.168 - 0. 485 -0.413 1.218
8 0.216 -0.848 -0.785 -0.973 0. 047 0.719 -0.938 -0.556 0.013
9 -0.315 -2.053 -1.506 -1.185 0. 607 0. 554 0. 085 - 0.422 1.165
13 -2.187 0.748 0.729 0.571 -0.285 0.392 0.163 - 0. 429 1.213
15 -0.057 -0.500 - 0. 269 -0.605 -0.868 1.622 0.202 -0.192 -0.066
16 0.616 - 0. 840 - 0. 694 -0.754 0. 047 0.612 0.123 -0.292 -0.307
18 -0.294 -0.209 -0.362 -0.372 -0.079 0. 582 3.681 -0.193 1.165
19 -0.273 0.494 0.410 0.336 1.487 -0.481 —0.643 -0.500 -0.812
20 0. 794 0.725 0.743 1.717 0. 767 -0.507 0.191 -0.555 0.410
21 2.146 0.914 0. 953 1.154 0.778 -0.671 -0.971 - 0. 690 0. 099
22 1.257 -0.209 -0.083 - 0.494 0.161 -1.390 -0.634 -0.661 -1.075
25 -1.587 -1.557 -1.052 -0.927 -0.719 0. 802 0. 285 0.729 -1.043
30 -0.316 -0.418 -1.004 -1.049 0.127 2. 630 -0.025 -0.621 -0.791
mx-31 0.348 0.417 0.953 0.768 -0.186 -0.763 -0.882 -0.341 - 0. 409
mx-32 0. 024 0. 046 0.515 0.232 -0.110 -1.127 -0.578 -0.677 -0.938
mx-33 0.169 0. 630 0. 602 0. 389 -0.281 -0.534 0. 365 -0.397 - 0. 403
mx-34 0. 005 0.375 0.712 0.167 -2.004 0.638 1.195 0.161 0.497
mx-35 0.164 0.276 0.412 0. 066 -1.169 -1.361 0. 752 1.359 1.417
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RITMLE. HF PCA-KEM TOPSIS ZHIN B RN ERER D SEESIFNMHR

B Cl. 2K C2.BZEMl C3.fiff C4. T C6:15 s WEfH C7.17 sWEfH C8.18 s WEfH C9:24 s UE(H
S “”1 Cl:Length C2:Thick C3:Fresh C4:Dry C5:a " C6:15 s C7:17 s C8:18 s C9:24 s
ampile of tuber of tuber weight weight intensity intensity intensity intensity
ly-36 -0.194 -0.375 —-0.209 —0.602 2. 459 0.411 0. 825 1.903 1.914
1y-37 1. 696 1. 851 2.012 2.100 -0.216 —0.008 0. 336 3.223 —0.956
1y-38 1.496 2.029 2.151 2.239 -1.154 —-0.761 —-0.290 -0.275 -0.572
1ly-39 0. 427 0.130 —-0.235 0.158 —1.459 —0.699 —0.949 2.156 —0.164

®8 REUFHRIRENEIE

Table 8 Standardized data of chemical composition of G. elata Bl.

A _C10:7K 5k C11: RHBREH gg_’;i%ffyff CI3: A E Cl4: LA B CL5: LA C C16: LA A
Sample  C10:Moisture  Cl1:Gastrodin =" ) HETPH C13:Parishin E C14;Parishin B C15;Parishin C  C16Parishin A
1 - 0.263 - 0.238 -0.226 1.224 0.096 0.613 - 0.249
3 -0.927 -0.073 -0.921 -0.771 -0.279 - 0.269 = 0.800
4 0.135 0.503 -0.921 -0.396 -1.855 -1.351 -1.401
5 0.907 1.902 0.468 1.367 2.314 2.959 2.878
6 - 0.642 ~0.814 ~0.782 1.176 -0.985 ~0.657 ~0.822
7 1.517 0.338 - 0.087 -0.031 0.323 0.364 0.025
8 - 0.459 -0.485 - 0.643 0.469 - 0.559 -0.561 0.138
9 -1.798 0.421 0.329 0.486 1.569 1.191 1.617
13 -1.235 0.091 ~0.365 1.062 0.930 0.747 0. 654
15 ~0.890 2.807 -1.198 -0.229 - 0.391 - 0.552 -0.196
16 -1.310 -0.402 -0.782 -0.841 0.551 0.258 0. 624
18 - 0.840 - 0.238 0.746 -0.977 0.610 0.475 0.373
19 -0.505 0.174 0.468 -0.170 0.645 1.747 -0.796
20 0.490 - 0.402 0.190 0.414 1.239 0.998 1.070
21 1.929 0.009 0.051 2.363 - 0.255 -0.181 -0.216
22 1.140 0.585 -0.226 -1.323 0.748 0.610 0.181
25 -0.866 -0.402 -0.782 -0.688 0.335 0.086 0.087
30 -0.127 2.231 -0.087 -0.952 -0.056 -0.056 - 0.252
mx-31 ~1.299 ~0.814 0.468 0.248 0.236 0.019 1.358
mx-32 -0.131 -0.978 0.885 0.982 -0.769 -1.033 -0.811
mx-33 0.902 - 0.814 0.746 0.231 - 0.652 - 0.860 - 0.583
mx-34 1.095 -0.731 0.329 -1.364 -0.598 -0.689 0.346
mx-35 0.912 ~1.472 3.801 -1.681 -0.948 -1.183 - 0.499
1y-36 - 0.266 -1.143 1.023 -0.416 -1.836 -1.269 -1.725
ly-37 0.400 0.503 -0.921 0.938 0.470 0.087 0. 687
1y-38 1.056 -0.731 -0.782 0.089 0.692 -0.184 -0.237
1y-39 1.076 0.174 -0.782 -1.208 -1.576 -1.311 -1.451
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XF 4% 1 48 bR B BE AT KMO F1 Bartlett ;46 ,
KMO {84 0. 586>>0. 5, P<C0. 05, it B B4 i B o
TERAS . k9 s, B 6 A~ Ers, B

x99 KERETFMEFHNBEENERTEZRTEHE
Table 9 Eigenvalues and cumulative variance contribution rates

of G. elata Bl. quality evaluation indicators

HOTETURAI ) 82, 4150 AT ARFATIG  wwn  wen  PRREENC mp
B S M 10 TR LA ERS T IER, oo sieron OPlned  Comulatve variance
Ye2E R T T TALA L B0K DRSS 1 2 T4 1 PP R——— g
AR 5 B 5 B TR 4 ) yon s o o
T B AR 2 A E R AR EVBLCLA S ) . 12102 55,120
e i P LR B AF 2 B T 550 3 A R 1 e e s
WA M 7 280 A7 (L8 A, o S OWR TR 15 35 4 A B ; - - s 2o oss
I3 R R RR 2R AT B R, S MO KRR I 55 5 4 ; o o 457 . 115
R K G 8RR (LR S MK AR TR T 5 6
A P (AT (K s M R
F10 EHAESTEMESR EHEFHTER
Table 10 Factor loading matrix of principal components on each evaluation index
WA R AR Fa 1 FEW 2 Fa 3 EW 4 FEW 5 F o 6
Evaluation Principal Principal Principal Principal Principal Principal
index component 1 component 2 component 3 component 4 component 5 component 6
C1 0.564 0.413 0.074 0. 047 0.437 0.222
C2 0.824 0. 340 0.163 0.227 -0.195 0.067
C3 0. 841 0.371 0.212 0.139 -0.209 - 0.046
C4 0.781 0.499 0.168 0.142 —0.236 —0.039
C5 -0.407 0.196 -0.100 -0.393 -0.052 0.698
C6 —0.380 —0.368 0.359 0.652 —0.106 0. 226
c7 —0.064 —0.288 0. 856 —0.023 —0. 050 —0.056
C8 0.421 -0.251 0. 250 0. 066 0.263 0.012
C9 0.186 —0.459 0.531 —0.145 —0.305 0.393
C10 0.531 0.268 0.061 -0.057 0.581 0.217
C11 —-0.493 0.127 0.114 0. 655 0.295 0. 261
C12 0.171 -0.149 0.39 - 0.760 0.115 0.005
C13 -0.070 0.643 -0.257 -0.014 —-0.424 0.284
C14 -0.572 0. 687 0. 342 —0.063 0.036 —0.163
C15 - 0.657 0.632 0. 256 -0.107 0.034 0.017
C16 —0.533 0.567 0. 445 —0.037 0. 025 —0.239

R 11 Jros , 4 2 Aar 2 B0 DL R Rf A AR 119 °F
T AR L A5 B 32 %A R AE [ 2 48 A 2 A R B LU R
ey N o), 22) T, IR 1S 3 o A

F e t bomeee = 0.268 X C1 + 0.391 X C2 +
0.399% C3 + 0.370 X C4 — 0.193 X C5 — 0. 180 X

C6— 0.030x C7 + 0.200 X C8 + 0.088 X C9 +
0.252XC10 - 0.234 X C11 +0.081 X C12 - 0. 033 X
C13-0.272XC14 - 0. 312X C15—-0. 253 X C16,

(2)
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Table 11 Eigenvectors of principal components

RITME. HF PCA-KEM TOPSIS ZEHIN P RFEMNERER D SEESIENMHAR

PR bR TR 5 Ay ik X T

Koy HF

Bvawaton — Shapeand - GRETEET (IEIE e taor Watercoment (BT
index biomass factors factor
C1 0. 268 0. 242 0.053 0.036 0.411 0.218
C2 0.391 0.199 0.117 0.173 -0.184 0. 066
C3 0.399 0.217 0.152 0.106 -0.197 -0.045
C4 0.370 0. 292 0.121 0.108 -0.222 -0.039
C5 -0.193 0.115 -0.072 -0.299 —0.049 0. 686
C6 -0.180 -0.215 0. 258 0. 496 -0.100 0.223
c7 -0.030 -0.169 0.615 -0.017 - 0. 047 -0.055
C8 0. 200 -0.147 0. 180 0.051 0.248 0.012
C9 0.088 - 0. 269 0. 381 -0.110 -0.287 0.387
C10 0. 252 0.157 0. 044 -0.043 0. 547 0.214
C11 -0.234 0.075 0. 082 0. 499 0.278 0. 257
C12 0. 081 -0.087 0. 280 -0.579 0.108 0. 005
C13 -0.033 0.376 -0.185 -0.011 -0.399 0. 280
Cl4 -0.272 0. 402 0. 246 -0.048 0. 034 -0.161
C15 -0.312 0. 370 0.184 -0.082 0.032 0.016
C16 -0.253 0.332 0. 320 -0.028 0. 024 -0.235
2.5.2 JA TOPSIS % x13 ZEBIHAE
ﬁﬁgj‘kﬁ*lﬁi[w] T A A AR (32 12), 45 Table 13 Ranking of comprehensive scores
& DPS Geit#fF 947 TOPSIS 43 B, ok, i ¢ 1A A p-  MuBa AR
Sample i3 anking
T T A5 2 TR0 TR TR K B T owes  oome  oama -
FIRFEAR XS PR S RS R, R 13 NI AR, 5 01073 0.0576 03494 95
AT B 5 L B L BRI A A o ooms  ouers 0661 .
R 12 WAURERS EHRE 5 0.080 8 0.097 5 0.546 6 7
Table 12 Entropy method weights of principal matrix 6 0.129 6 0. 045 4 0.259 5 97
N o
IPﬁr%ﬁiiEf - %ii% % 7 0.063 0 0.100 0 0.613 3 2
component Entropy factor Weight/ % 8 0.094 2 0.067 2 0.416 2 18
Shape and biomass 9 0.089 6 0.073 8 0.451 7 13
factors 0-9675 0-032% 19.85 13 0.095 1 0.074 2 0.438 5 15
Parishin factors 0.954 0 0.046 0 19. 64 15 0.085 5 0.081 0 0. 486 4 10
Odor factor 0.957 8 0.042 2 18.02 16 0.103 4 0.061 3 0.372 2 23
Gastrodin factor 0.970 4 0.029 6 12.61 18 0.096 7 0.083 7 0.464 1 12
Water content factor ~ 0.974 7 0.025 3 10. 81 19 0.079 5 0.084 2 0.514 4 9
Color factor 0.941 2 0.058 8 25.07 20 0.072 4 0.097 3 0.573 5 5




I AR E,2023 ££,30 %, 5 6 #§ Guangxi Sciences,2023,Vol.30 No.6

ESE
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He - . HXEE 4K

Sample TIE CI Ranking
21 0.057 6 0.122 5 0.680 2 1
22 0.096 4 0.076 4 0.442 0 14
25 0.129 2 0.048 2 0.2719 26
30 0.079 4 0.085 6 0.518 5 8

mx-31 0.111 6 0.067 0 0.375 3 22

mx-32 0.106 0 0.061 2 0.365 8 24

mx-33 0.092 9 0.070 9 0.433 0 16

mx-34 0.115 3 0.071 7 0.383 4 21

mx-35 0.114 8 0.072 5 0.387 1 19

1y-36 0.080 9 0.119 4 0.596 1 3
ly-37 0.071 5 0.103 7 0.592 0 4
ly-38 0.099 1 0.088 9 0.473 0 11
ly-39 0.107 8 0.067 1 0.3837 20

Note:“D + ” defines the distance between the i-th evaluation object
and the maximum value, “D — ”defines the distance between the i-th

evaluation object and the minimum value.
A \A
3 iig
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Comprehensive Evaluation of Appearance Traits and Component
Contents of Gastrodia elata Bl. Hanzhong based on PCA-entropy
Weight TOPSIS Method

ZHANG Yuanfan', WANG Shangtao' , MO Ke',QIN Mengyuan',ZHAO Shengbo®,LI Juyan®,
ZHANG Wei',ZHANG Zilong' ,SUN Zhirong' " "

(1. School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing, 102488, China; 2. Ningqiang Tianma Re-
search Institution Limited Liability Company. Hanzhong,Shaanxi,724400,China;3. Science and Technology Development Center,
Ninggiang County Development and Reform Bureau, Hanzhong, Shaanxi, 724400, China;4. Ninggiang County Traditional Chinese
Medicine Industry Development Center, Hanzhong, Shaanxi, 724400, China)

Abstract:In order to explore the important indexes of Gastrodia elata Bl. for quality evaluation,the appear-
ance trait,odor,color, water content, extract and main effective components of 27 samples of G. elata were
determined and integrated by Principal ComponentAnalysis (PCA) combined with entropy weight Technique
for Order Preference by Similarity to an Ideal Solution (TOPSIS) method. The results showed that there
were some differences in tuber diameter, whorl number, fresh weight, dry weight, color brightness and total
chromaticity of G. elata Bl. between Ninggiang County, Lueyang County and Mian County. The content of
water and extract was the highest in Lueyang County. The total content of gastrodin and P-hydroxybenzylal-
cohol in Ninggiang County is the highest,and the content of gastrodin and P-hydroxybenzylalcohol in Mian
county was similar. Moreover, the proportion of component content is significantly different from that in oth-
er counties. In addition,the content of Parishin was the highest in Ningqiang County. According to the PCA-
entropy weight TOPSIS method, Ningqgiang county and Lueyang County ranked top,and the factors of color,
Parishin and odor in each index were heavily weighted. Therefore, the color, odor and Parishin component
content should be paid attention to in the quality evaluation.

Key words: Hanzhong; Gastrodia elata Bl. ; electronic nose; colorimeter; Principal Component Analysis
(PCA) ;entropy weight Technique for Order Preference by Similarity to an Ideal Solution (TOPSIS) meth-

od;effective constituent
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