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Correlation between traits and quality of Gentianae Radix et Rhizoma based
on the theory of '"quality evaluation through morphological identification"
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Abstract:In order to explore the trait indicators to evaluate the quality of Gentianae Radix et Rhizoma, the correlation be-
tween Gentianae Radix et Rhizoma and the main active ingredients was explored. Vernier calipers, hardness testers , colorime-
ters, electronic tongues and high-performance liquid chromatography ( HPLC) were used to determine Gentianae Radix et
Rhizoma root length,apical diameter, middle diameter,terminal diameter,fibrous root number, hardness, surface section chro-
maticity value,bitterness value and the content of five iridoid terpenoids,and the correlation analysis,regression analysis and
principal component analysis (PCA) were carried out on the trait indexes and component contents. Orthogonal partial least
squares-discriminant analysis ( OPLS-DA) and cluster analysis. The results of SPSS 22.0 correlation showed that Gentianae
Radix et Rhizoma root length , hardness ,upper diameter, middle diameter,surface brightness L, , color difference value £ " ab,
and bitterness value were significantly correlated with the contents of loganic acid, swertiamarin and gentiopicroside in Genti-
anae Radix et Rhizoma,indicating that the longer the Gentianae Radix et Rhizoma root,the greater the hardness,the thicker

the diameter of the upper and middle ends,the lighter the epidermis and the more bitter the taste,the higher the contents of
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loganic acid, swertiamarin and gentiopicroside. The 32 batches of Gentianae Radix et Rhizoma were divided into three grades

by K-means clustering method ,and limited identification was achieved by OPLS-DA model,and there were significant differ-

ences in Gentianae Radix et Rhizoma content among the grades. The traits of Gentianae Radix et Rhizoma (root length , hard-

ness, tip diameter, middle diameter,surface brightness L, , color difference value E " ab, ,bitterness value) can be used as the

basis for evaluating the quality of Gentianae Radix et Rhizoma,and the traditional record of Gentianae Radix et Rhizoma " thick

roots, yellow or brownish-yellow, yellowish-white cross-section,and extremely bitter Gentianae Radix et Rhizoma" have been prov-

en. Therefore ,the quality of Gentianae Radix et Rhizoma can be judged according to its characteristics,which provides a basis and

theoretical basis for the establishment of objective and scientific evaluation of the quality of Gentianae Radix et Rhizoma.

Key words : Gentianae Radix et Rhizoma ;traits ;intrinsic content;quality evaluation through morphological identification ;cor-

relation
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Table 1  Source information of Gentianae Radix et Rhizoma
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Table 2 Appearance traits and hardness test results of Gentianae Radix et Rhizoma(; +s,n=3)

i 37 Toisi AR i FL AR st " PN
e g I Ei i EifE K fk ARSI
Hardness Tip diameter Mid-end ) .
No. . End diameter(mm)  Root length( mm) Number of fibrous roots
(N) (mm) diameter( mm)
NMGI 5.090 +0.351 1.510 £0.305 1.150 +£0.226 1.060 +0.212 82.850 £8.044 12 £3
NMG2 5.540 +0.090 1.690 +0.338 1.280 +0.319 0.940 +0.303 87.100 +26.945 10 £3
JL1 2.940 £0.266 1.020 £0.275 0.750 £0. 184 0.520 £0. 154 60.310 £15.677 8§ +2
JL2 6.990 £0. 125 1.910 £0.448 1.640 £0.410 1.430 £0.447 106.010 £40. 024 10 £3
JL3 7.370 £0.225 1.950 +0.597 1.790 £0. 546 1.610 £0.546 112. 830 £22.647 61
14 7.470 £0.211 1.970 £0.480 1.550 £0.392 1.230 £0.298 112.040 £26.411 7+3
JLS 8.700 +0. 197 2.150 £0.401 1.650 £0.324 1.210 £0.446 129.980 +26.790 15 +5
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2:5% 2 ( Continued Tab. 2)
BT gl Twdaas  ded | OUED i AL
No. () (mm) diameter( mm) End diameter(mm) Root length( mm) Number of fibrous roots

LNQY1 5.510 £0.099 1.620 £0.340 1.200 +0.235 0.820 +0.241 88.620 £11.306 82
LNQY2 4.990 +0. 121 1.500 £0.308 1.230 £0.272 0.950 +0.227 81.320 £5.845 51
LNQY3 4.610 £0.228 1.510 £0.400 1.360 +0.330 1.210 £0.245 81.350 +11.017 8+2
LNQY4 4.410 £0. 193 1.470 £0.416 1.090 +£0.315 0.780 +0.267 78.430 £7.952 11 £2
LNQYS 8.510 £0.086 2.070 £0.451 1.650 +0.429 1.320 +0.374 123.160 +24.056 7+2
LNQY6 6.570 £0.067 1.860 +0.420 1.410 £0.300 1.160 £0.250 99.000 +6.459 61
LNQY7 6.730 £0.129 1.860 +0.235 1.590 +0. 254 1.210 £0.277 97.730 +11.346 20 3
LNQY8 9.050 £0.323 2.180 £0.582 1.530 £0.410 1.110 £0.362 125.440 +26.590 13 2
LNQY9 6.490 £0.251 1.710 £0.392 1.280 +0.329 0.950 £0.257 99.380 +5.939 10 +2
LNQY10 5.590 £0.079 1.680 +0.331 1.400 +0.252 1.120 +£0.233 91.690 +£9.302 15 2
LNQY11 6.510 £0.076 1.700 £0.458 1.220 £0.379 0.920 +£0.319 97.220 +£6.051 91
LNXBI 8.210 £0.201 1.960 +0.392 1.500 +0.331 1.100 £0.247 117.520 £10.329 8+1
LNXB2 6.670 £0.062 1.860 +0.443 1.300 +0. 307 0.940 £0.254 99.680 +14.118 11 +3
LNXB3 3.620 £0.082 1.330 £0.268 1.140 +0.306 0.970 £0.215 67.030 +4.586 82
JL6 6.860 +0.121 1.910 £0.488 1.50 £0.385 1.250 +0.377 102.940 +15.037 10 2
LNAS 4.360 £0.103 1.470 £0.289 1.300 +£0.279 1.130 £0.259 78.010 +7.845 83
LNDG 5.650 £0.251 1.700 £0.410 1.300 +0.356 0.960 +0.300 87.380 £8.255 9+3
LNKD1 4.580 +0.079 1.490 £0.359 1.140 +£0.293 0.880 +0.263 81.010 £7.637 82
LNKD2 4.200 £0.193 1.420 +£0.346 1.140 +£0.325 0.910 £0.331 78.430 +£6.442 81
LNQY12 3.600 £0.085 1.270 £0.239 1.130 +0.235 0.990 +0. 266 66.710 +£3.860 7+3
LNQY13 3.540 £0.094 1.090 £0.369 0.930 £0.318 0.740 +0.299 65.100 £2.914 7+£3
LNXB4 3.740 £0. 184 1.310 £0.251 1.160 +0.223 1.010 £0.220 69.300 +£5.211 7+3
LNTL1 3.530 £0.051 1.080 +0.306 0.940 +£0.290 0.760 £0.266 64.120 £3.704 7+2
LNTL2 4.200 +£0. 103 1.390 £0.287 1.240 £0.288 1.10 £0.310 78.270 +4.438 81
LNDL 3.610 +0.090 1.310 £0.222 0.940 +£0. 148 0.690 +£0.129 67.180 +3.317 7+2
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%3 EEBERNER(x+s,n=3)

Table 3  Gentianae Radix et Rhizoma color detection results(; +s,n=3)

e i Surface W Tf Section
No. L af by E* ab, L af by E* ab,
NMGI 68.190 £0.433  6.840 £0.433 15.880 £0.535 70.350 £0.458 81.090 +0.475 4.750£0.922 12.030+0.272  82.110 £0.462
NMG2 69.210 £0.278  6.250 £0.278 15.050 £0.456 71.100=0.291 80.650 +0.675 4.780 £0.765 11.940£0.33  81.670 +0.386
JLI 62.890 £0.779 6.800 £0.779 12.360 £0.176 64.450 +0.418 80.670 £0.458 4.740+0.411 12.140 +0.491  81.720 +0.657
2 73.890 £0.879 5.620£0.879 14.330 £0.269 75.4800.983 79.390 +0.711 4.880 0.177 12.260+0.934  80.480 0.474
Ji3 74.500 £0.165 4.690 +0.165 11.630 £0.107 75.550 +0.273 80.120 +0.182 4.810+0.519 11.930 £0.252  81.150 +0.274
14 74.550 £0.204 5.120 +0.204 12.720 £0.315 75.800 +0.832 81.300£0.405 4.680 £0.975 12.170 £0.265  82.340 +0.431
Js 75.520 £0.189 13.440 +0.189 25.510 +0.164 80.8400.245 82.820+0.199 4.780 £0.435 12.440+0.201  83.890 +0.234
LNQY1 67.880 £0.869 7.600 £0.869 17.460 +0.177 70.500 £0.181 82.830 +0.409 4.800£0.557 11.910=0.216 83.820 =0.283
LNQY2 66.620 £0.389 9.490 £0.389 17.470 £0.475 69.520 £0.267 80.510 +0.377 4.940 £0.628 12.470=0.436  81.620 0.433
LNQY3 63.320 £0.308  9.480 £0.298 22.050 +0.143 67.720 £0.361 82.280 +0.577 4.680+0.272 12.400 +0.411  83.340 +0.279
LNQY4 64.430 £0.283  8.300+0.283 18.690 +0.251 67.600=0.599 81.180 +0.378 4.780£0.522 12.370+0.354  82.880 +0.354
LNQY5 78.470 £0.367 5.350 £0.316 12.590 £0.466 79.650 £0.352 81.140 +0.393 4.740 £0.463 11.810=0.415  82.130 £0.333
LNQY6 71.520 £0.369 6.700 +0.369 16.580 £0.218 73.720 +0.276 80.670 +0.285 4.570+0.529 11.860 +0.613  81.670 £0.426
LNQY7 71.580 £0.488 8.740 £0.483 19.970 +0.464 74.830 £0.835 80.020 +0.506 4.810+0.593 11.930£0.497  81.050 £0.342
LNQYS 80.600 +0.175 7.580 £0.175 16.540 £0.505 82.630 £0.333 80.590 +0.338 4.700 +0.471 12.000 £0.701  81.610 +0.453

LNQY9 70.440 £0.175 8.570 £0.175 17.470 +0.245 73.080 +0.236 81.610+0.217 4.980 +0.466 12.790 +0.377  82.760 +0.392
LNQY10 69.620 +0.384 7.680 £0.384 16.590 +0.154 71.980 +0.326 80.430 £0.288 4.980 +0.613 12.400 +0.357  81.530 +0.429

LNQY11 71.370 +0.675 8.000 £0.675 15.660 £0.584 73.510 +0.199 79.900 £0.483 4.760 +0.244 12.030 +0.298  80.940 +0.217

LNXB1 76.420 +0.199 4.610 £0.219 11.610 +0.281 77.430 +0.422 80.160 +0.298 4.850 +0.229 12.240 +0.254  81.230 +0. 189
LNXB2 73.360 £0.333  5.560 £0.333  12.480 +0.277 74.620 +0.301 82.330 £0.304 4.690 +£0.704 11.310+0.427  83.240 +0.455
LNXB3 63.900 +0.543  8.530 £0.543 14.070 +£0.283 65.980 +0.344 81.940 +0.723 4.740 £0.224 11.510 +0.431  82.880 +0.639

JL6 74.270 £0.352  5.510 £0.352 12.480 +0.332 75.510 +0.313 81.360 +0.333 4.690 +0.546 12.120 +0.451  82.390 +0.375
LNAS 65.280 +0.191 6.860 £0.191 16.230 +£0.233 67.610 +0.634 80.950 £0.686 4.700 +£0.586 12.110+0.193  81.990 +0.283
LNDG 70.300 £0.422  4.760 £0.422 12.260 +0.438 71.520 +0.617 80.350 £0.492 4.760 +£0.749 11.800 +0.269  81.350 +0.385
LNKDI1 65.420 £0.331  7.350 £0.331 15.690 +0.371 67.680 +0.612 80.030 +0.438 4.850 +0.986 12.060 +0.225  81.080 +0.426

LNKD2 65.620 +0.943  6.010 £0.943  13.150 £0.255 67.190 +0.256 80.750 +0.918 4.920 +0.524 12.110+0.199  81.800 +0.616
LNQY12 56.990 +0.631 11.260 £0.631 18.260 +£0.244 60.890 +0.228 79.910 £0.366 4.850 +0.054 12.140 +0.183  80.970 +0.432

LNQY13 62.410 £0. 111 7.530 £0.111  16.450 +0.369 64.980 +0.265 82.070 +0.248 4.690 +0.472 12.140 +0.215  83.100 +0.586

LNXB4 63.540 £0.297 8.350 £0.297 18.410 +0.483 66.880 +0.219 81.690 +0.333 4.690 +0.248 12.100 +0.282  82.710 +0.535
LNTLI 62.390 +0.237  6.500 £0.276  15.520 +0.277 64.620 +0.235 80.500 £0.179 4.840 +0.724 12.190 +0.259  81.560 +0.362
LNTI2 65.730 +£0.391 5.370 £0.391 11.750 £0.112 66.990 +0.373 79.660 £0.292 4.620 +0.184 11.640 +0.098  80.640 +0. 122
LNDL 62.260 +0.882 10.290 +0.882 18.440 +0.775 65.740 +0.211 79.890 +0.622 4.730 +0.539 11.990 +0.278  80.920 +0.343
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4 REBRRERNEER (x20,0=3)
Table 4 Determination results of bitterness of Gentianae Radix et Rhizoma extract(x +s,n=3)
EEEN T \IE” e il IE]I] e ”AHAEHA
% vk AUREIR ) ok AUREE g vk AURIEIDR
. Bitter . Bitter . Bitter
No. Bitterness No. Bitterness No. Bitterness
aftertaste aftertaste aftertaste
NMG1 5.800 £0.020 -0.560 +-0.024| LNQYS5 7.110 £0.020 -0.610 +0.000 LNAS 5.550 +£0.000 -0.540 +-0.032
NMG2 5.970 £0.092 -0.570 £-0.019|| LNQY6 6.140 £0.023 -0.590 +-0.021 LNDG 6.040 £0.034 -0.580 +-0.041
JL1 5.150 £0.021 -0.490 +-0.011 LNQY7 6.410 £0.030 -0.590 +-0.021 LNKD1 5.590 £0.020 -0.540 £-0.021
J12 6.780 £0.020 -0.590 +-0.029|| LNQYS8 7.200 £0.040 -0.630 +-0.033|| LNKD2 5.540 +£0.036 -0.530 £-0.041
JL3 6.940 £0.010 -0.590 +-0.021 LNQY9 6.060 £0.028 -0.580 +-0.025|| LNQYI2 5.260 +0.026 -0.520 £-0.016
JI4 6.970 £0.000 -0.600 +-0.034|| LNQY10 5.980 +0.028 -0.580 +-0.038| LNQY13 5.220 £0.015 -0.520 £-0.023
JLS 7.170 £0.000 -0.610 +0.000|| LNQY1l  6.070 £0.005 -0.580 +-0.024|| LNXB4 5.460 +0.023 -0.530 £-0.021
LNQY1 5.870 £0.020 -0.560 +-0.044|| LNXBI 7.050 £0.035 -0.610 +-0.051 LNTL1 5.210 £0.021 -0.500 +-0.027
LNQY2 5.740 £0.055 0.560 +-0.025 LNXB2  6.200 £0.0430 -0.590 +-0.022 LNTIL2 5.490 £0.029 -0.530 £-0.011
LNQY3 5.630 £0.026 -0.550 +-0.023|| LNXB3 5.430 £0.034 -0.530 +-0.018 LNDL 5.400 £0.025 -0.520 £-0.036
LNQY4 5.580 £0.032 -0.540 +-0.007 JL6 6.690 £0.025 -0.590 +-0.061
A 4
1
3
2 5
I T T T T T T
0 5 10 15 20 25 30
fif 18] Time (min)
B 4
1
3
5 3
A A s
6 I5 lb 1I5 ZIO 2‘5 3b
fif 8] Time (min)
B 1 3 (A) R#m(B)# HPLC E
Fig. 1 HPLC chromatograms of reference( A) and sample (B)

TE: 1. SRR ;2. 6'-0-B-D- A A AR SR AR 47 5 3. S0 5 301 3 4. Je w1955, P34 . Note: 1. Loganic acid;2.6'-0-8-D-

Glucosylgentiopicroside ;3. Swertiamarin ;4. Gentiopicroside ;5. Sweroside.

2.4 RHEIRGEERIEERSESENE

2.4.1 &5t
WatersSymmetry 4, 3% £+ ( 250

pm) ; LSHAH : I (A) 0. 2% BRI (B) BRI Uk

Jii (0 ~5 min,20% —30% A;5 ~12 min,30% A;12

mm X 4.6 mm,5

~32 min,30% ~40% K K : 240 nm; ARFR 4
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0.8 mL/min; #1if#:25 C;#FHEiE:5 pl, 7EL AT
SR AR IR A X R SRR e e T DL 1
2.4.2 RS R &

FRIBCES o HR i i, R B RO, 0 i) FH Y s i
il ik 1 mL &4 D812 0. 50 mg,6'-0-B-D-4ij %)
BEEIRIAFETT 0. 05 mg fE 5 3% 11 0. 10 mg, &
SH 0.01 mg, JEAHRFH 1,00 mg AR G XF HR A %
W IRAT, 28 0.22 wm GFLUE RS, IREL U8, RIAS, ff
e 4 CRIVKFE T, 2 H o
2.4.3 AR SIER &

BORMRZG R KR (i 80 HIfi)0.5 g M BFRAE ,

B 50 mL HIEHEIE D, in A EEES I 20 mL, FR
i, R 30 min, Ve 5 AR, FH HH BV W AR
SRR RS, U8, ISR IE M 28 0. 22 pm TEAL
TB R U8 J VA At i I VAR
2.4.4 KMBFEER

3 I OR TRMARTR 5 AN Xk BE G i 25 7 T, FH
PS5 Ff AR R L A © AN [) Jo i Wk 38 1) R B VA«
FE OSSR I R, DT HE A I o B VAR B () SRy A A
b, WETAR Cy ) s b, 4T [T L0 31, 4531 5 A4S
B R (IR S) .

RS BULAYHERESH

Table 5 Linear parameters for each compound

W LHE 1 .
Ingredient Range of linearity ( wg/mL) Regression equation

LERAFR Loganic acid 12.50 ~500. 00 y=5.476 x 10° x-9 778.2 0.999 6
6'-0-B-D-ATATH I T I 5 - ‘

6'-0-8-D-Glucosylgentiopicroside 1.25 ~5.00 y=4.128 x10° x + 974.7 0.999 6
%S Swertiamarin 2.50 ~100. 00 y =4.703 x 10°x460. 8 0.999 7
W HEEH Gentiopicroside 25.00 ~ 1 000.00 y=6.232 x 10 x-10 264.9 0.999 8
1% FFF Sweroside 0.25 ~10.00 y=1.446 x107 x + 508.0 0.999 8

2.4.5 WEBERE

WA — O RE S, 32, 4. 37 Wy Bkl 4%, IR TE
LA NTEFEFMTN LM AE 6 K. 45 oI AH
o 0 TET AR 1R AR oF B8 7 i 22 (relative standard devia-
tion, RSD) ¥ < 3. 0% , #H %} 1% ¥ B[] iy RSD
<1.0% ,UFBASEHRG 2 B R AT o
2.4.6 HBEMHIXE

B[R] —HERE S, 32, 4. 37 W)y gkl 4%, I 7
“2.4. 17 EAFEAAE T 43 BIAE 0.2 .4 .8.12 .24 h AT
IIHT o B AR XTI AL RSD 2 <2.0% , A%
FREZ a4 RSD 4 < 1.5% ,iiF KL S 7E 24 h &
EPE R AT
2.4.7 THEMBRXE

R[] —HERE S 6 0y, #5624, 37 Ty il 4, If:
TE“2. 4. 17 A TE A T #1700 Mo 45 B3 AH T 06
AL RSD #4 < 2. 0% , 0 X 44 B4 i) (8] () RSD #4
<1.0% ,UEWIZ ik EEER 4T
2.4.8 AekEEpk RXEE

K B PRI A5 i e IR 25 0K 6 0y, R0
0.10 g, B4 AN H B R \6"-0-B-D-4 %) I 3

TR RS SR e I AR 2 SRR

T HE2. 4. 37 J7 s A A Il e g Ak
VSR, A 2. 4. 17 g SRR I, 3530 A [l i
R, BRI IR S BRI ISR AE 98.00% ~
100.2% ,RSD ¥J7£ 1.5% ~2.3% 2 i,
2.4.9 FswmlE

U HERE G Ak 32 4t #52. 4. 37 15 7 i il 45t
PRI, 7672, 4. 17 B354 T e, THR e I
BT R (IR 6) o 32 A B a] LIS i 5
Fh AR I T A G o b T2 A R R
iR R, JLS 1 6'-0-B-D-4) 25 W 1 g JIE vy AR 2
S & i , LNQYS (9 g IR 5 i fi e, JLL
MR ST & e . A7 ML 6-0-B-D-4 %) b
T N R A 34 S 2R AU . &
JIERE it e 5 B Je Tk T 28 A3 A A I 2500
LNQYS8 15 Fj ki & B, o 154. 787 mg/g, 1M
JLL ()5 B i B A I, A 47. 823 mg/g, W[
AR R A A K R RS A2 o3 3 1 P R
A A,
2.5 HEXMESH

S HH SPSS 22.0 F1 Origin 2022 #5445 Jg AN
PER B IR DL KAk 2% B A3 & BEE AT RE DG T 43
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x6 ARFREBHEREBSEE(n = 3)

Table 6 Component content of Gentianae Radix et Rhizoma from different production areas ( n = 3)

& Content(mg/g)

s 6'-0-8-D-
No. LR kLR A IR T Je R TS M
Loganic acid 6'-0-3-D- Swertiamarin Gentiopicroside Sweroside Total content

Glucosylgentiopicroside

NMG1 17.992 3.199 6.169 64.687 0.344 92.392
NMG2 19.895 1.910 6.194 67.914 0.438 96.350

JL1 11.916 1.535 2.110 23.154 9.107 47.823

JI2 42.873 4.749 8.653 90.523 1.007 147.805

JI3 15.955 5.99%4 9.838 90.568 0. 609 122.964

JIA4 27.459 1.467 8.015 94.375 0.447 131.764

JL5 10.035 9.644 10.138 101.520 0.372 131.710
LNQY1 25.339 2.295 5.493 65.561 0.256 98.944
LNQY2 26.564 1.861 5.601 63.346 0.270 97.642
LNQY3 17.031 2.640 4.612 58.074 0.295 82.652
LNQY4 9.060 3.428 4.886 55.119 0.174 72.667
LNQY5 31.061 1.620 9.309 101.178 0.310 143.477
LNQY6 17.626 4.004 6.133 73.372 0.512 101. 647
LNQY7 15.685 1.736 6.239 74.874 0.332 98. 866
LNQY8 40.045 1.629 8.973 103.614 0.526 154.787
LNQY9 21.278 3.236 7.659 72.601 0.550 105.323
LNQY10 15.836 2.810 6.127 69.915 0.352 95.040
LNQY11 19. 181 1.886 6.344 72.805 0.275 100. 491
LNXBI 36.788 1.221 8.485 95.429 0.555 142.479
LNXB2 18.440 2.244 6.571 74.397 0.371 102.023
LNXB3 21.199 0.834 4.367 49.069 0.219 75.688

JL6 19.383 4.663 8.279 89.823 0.235 122.383
LNAS 21.619 2.819 5.500 54.906 0.287 85.131
LNDG 15.745 7.246 6.882 71.091 0.218 101.182
LNKD1 19. 841 3.842 6.061 57.69%4 0.387 87.824
LNKD2 15.206 5.755 6.139 53.609 0. 806 81.515
LNQY12 18.624 3.977 5.196 42.099 0.452 70.347
LNQY13 10. 641 4.721 3.545 32.960 0.170 52.038
LNXB4 13.599 3.138 4.935 49.899 0.293 71.865
LNTL1 16.113 3.971 2.767 25.314 0.393 48.558
LNTL2 26.634 7.762 5.857 52.293 0.318 92.864
LNDL 15.020 1.599 4.258 47.811 0.106 68.793

B H 17 A PEIRE bR A Ao & B3R AR 5 A Origin (bR, RIRERER . nl R AR ML EARF5 b 5 £ 22
2022 4T Pearson FHICHEIIHT, G5 RILAE 2, Hoh 2L PR Z LA — @ BAHOCHE . ShERTFIR & it
ORREARS, O AERGARSE, FOCHEBE 2, BT WOk BERE T BAR | vpom AR RIS RITIEE L]
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FEAZEAE E + aby, BRRFIEMC(P <0.01), 5K
Uiy HARFILL M o) BEFIEMHK(P <0.05) 55
S H S R R T B P AR AR S
BAR R GREIE L MR E™ ab, AR
IEASE(P <0.01) 5 Jp I & B 1 v bR B 32 | T
Sy ELAR P AR ORI AR RS R L A
O2AH £ ab, BB FIEAHC(P <0.01) ; B
PR IR A S HF A fg BE vy 3K = sl oy 5 4 5
R [ R 22 1 . 2 DAH 26 (P < 0..01) 5 1] 6-0-B-D-4j

g WA D JIEL i R O S i S e PR R AR B Y
TG 3 3 MO s ZFAR B 5 1k 2 iy 35 4 22 () A JC
WS, iRl UL, R BRI THU ELAS | i
EAR AR AR MR GRWUIE L MEZEEE ab,
s AT LR 7R T JIE v I B R 98 28 3 R
JERRE AR i AE—RE AT, B R (E ORI
S P S A S AR AR R | R R | 3 T
IR, S R R A5 2 35 R he R e 5
i, T e IE B R A

. .
® 00000000
. »
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o

B2 EB&EREXESHRE

Fig.2 Heat map of correlation analysis of Gentianae Radix et Rhizoma indicators

H:*P<0.05;"*P<0.01,

2.6 [EFSH

SR BT 4 SR R, AR PEARSE AR 5 A R dk
PR ZAHA R O T 2B S AL
ZIA A SC R AT LA ED BRIV IR B 252 1 e E
o B AR, 2 DLRIR A B v R B T
e B R AR R R L R 22
{6 E" ab, AL RE, R ] SPSS 22.0 R #E47 819
ST, B M AT 22 AT G R LR 7 K 8 Bk
HRR 5 A S H R B AR Dy AR B, v Al
JE T FLAS | P i ELAR ORI AR AR R
LY G E™ ab, 5351 R RAS BRI, R 4351
0.940.0.931.0. 973 .0. 837 .0. 600 ,0. 941 .0. 879 Fi
0. 914 BLHA IR BEE | Tt FLA% | P AR R U 1L
e R RIWIE LT M@ £ ab, 735 H

94.00% . 93.10% . 97.30% . 83.70% . 60.00% .
94.10% 87.90% 91. 40% % 5| Th i F¥ IR Ji5 oF 3 0
TR I 1 X =M BUS o s . 5 22704
SRARHT R BE R T EAR | P B R B
K KRB L MEEE B ab, RIL F 5
5]k 146,061, 125.759  337. 644 47.796 ,13.997 |
149. 513 68. 019 98.725,P =0(P <0.05) , fif L)1
BRATIR R 2F 01 e IR A ) 1 8 U S it
ERAHEEWN, BBEE IR AR 9, G
W7 RA B, K, IR A T
Ui ELAR s ELAR AR LA RIS GRTEIE L
E2E E" ab, PEARFEFR AT LA S B S R R S5 3
WA AR S, AT DU PR | BN JE A
AR AR .
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®7T RBEZMHRERERICZS (0 = 32)

Table 7 Summary of index models of Gentianae Radix et Rhizoma traits (n = 32)

ezt R R, mil‘*/ﬂﬁi?é%
Index v Standard error of estimate
F0E Bitterness 0.940 .934 0.167 22
T8 ¥ Hardness 0.931 .924 0.477 51
Tois H 4% Tip diameter 0.973 .970 0.054 03
i B 4% Mid-end diameter 0.837 .819 0.103 08
K E 4% End diameter 0. 600 .557 0.148 62
#4 Root length 0.941 .935 4.924 88
L 0.879 . 866 2.028 49
E* ab, 0.914 .904 1.618 46
F8 RIEZEHRHFEST
Table 8 Analysis of variance of Gentianae Radix et Rhizoma indexes
5 b A Rl A ¥y F p
Index Model Sum of squares  Degree of freedom  Mean square

0k Bitterness a1 12.253 3 4.084 146. 061 <0.005
B2 0.783 28 0.028 - -
it 13.035 31 - - -

T8 i Hardness a1 86.024 3 28.675 125.759 <0.005
B 6.384 28 0.228 - -
Bt 92.408 31 - - _

T E A% Tip diameter EE| 2.957 3 0.986 337. 644 <0.005
B2 0.082 28 0.003 - -
Mt 3.039 31 - - -

Pt B 4% Mid-end diameter mYE| 1.524 3 0.508 47.796 <0.005
Bk 2% 0.298 28 0.011 - _
it 1.821 31 - - -

F 42 End diameter 5] 0.928 3 0.309 13.997 <0.005
B2 0.618 28 0.022 - -
it 1.546 31 - - -

K Root length EIE] 10 879. 046 3 3 626.349 149.513 <0.005
5% 2% 679.123 28 24.254 - -
Mt 11 558.17 31 - - -

L} BLE] 839. 644 3 279.881 68.019 <0.005
k2% 115.214 28 4.115 - _
it 954. 858 31 - - -

E* ab, 5| 775. 805 3 258. 602 98.725 <0.005
5% 2% 73.343 28 2.619 - -
it 849. 148 31 - - -
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Table 9  Regression equation for different traits of Gentianae Radix et Rhizoma

izt
Index

1577 7%

Regression equations

TR Bitterness
fifi i Hardness
T A% Tip diameter
H1i B 42 Mid-end diameter
A i B 4% End diameter
HR K Root length
L
E* ab,

Y, =4.061 +0.001X, +0.012X, +0.028X,
Y, =0.513-0. 003X, -0. 085X, +0. 085X,

¥, =0.702-0.003X,-0.025X, +0.017X,

¥, =0.595-0.001X, +0.043X, +0.007X,
Y5 =0.465 +0.001X, +0.088X,

Y, =31.987-0.083X, +0.918X, +0.805X,
Y, =52.937 +0.023X,-0. 638X, +0.291X,
Y, =56.364-0.033X,-0. 808X, +0.307X,

TE Xy SRR S A X, R S 1 A s Xy e 1 B

Note: X, : Content of loganic acid;X, : Content of swertiamarin; X5 ; Content of gentiopicroside.

2.7 ERSMERZRER/NFE-FIHSH

F I o3 BT R — b e M B R =AY 3 B O L T
JER] REH U8 B LA B A5 B Ry ke B A BOLA
BRI A B b R i 3R DR R AL 3K B R A
FE o o TR = i IR AE , B A 56 40 #r
BERGRLE A 11 FhE8 AR 2EAT 325053 93 B (principal
component analysis , PCA ) Fl11F 3¢ {is f /N — 3 125 5]
4387 (orthogonal partial least squares-discriminant a-
nalysis, OPLS-DA ) , PCA 2552 /R 2 A~ £ om0
FRUT 2 TTHREN 96. 40% , ] LIKs 32 it e IHAE
g0 3 44 (LA 3), A ah LNQYS | JLS | LNQYS
LNXB1 JI4 JIL3 JI2 J16 i—2&, LNQY7 ,LNXB2
LNQY6 . LNQY11 . LNQY9 . LNDG . LNQY10 . LNQY1
NMGI \LNQY2 Jy—2, HAl )3 1 75—,

Sy ¥ i 2PN [ 7 e R ) AR AR 2 S M
BB e IR 225 S 5 A SIMCA 14 1 B i A7

6

OPLS-DA, #5537, A J5 L RE X SRS 45 R it
133053, 923 32 HE T IRFE AL 032, ELAR R R 4F
SrFTAe BB E (AnE 4) o Hg 9 s b 19248 i
5 B E 4> ¥ (variable important in projection,
VIP)EB R T 1, AN [a] 7= b e JH ) 22 5 P de b, a0
&5, VIP g4 BN K B/INIT A - e I8 35 1 (mg/
g) > Wk > MR > T B AR > ERE > R 22l
E" ab, > REWIEME L] > 381 (mg/g) >
i HAR o UL DR AR 0] 43 e B 1Y B L SR A, 7
gt R A L R E E AR AR, e
Yo e R R EEN R,
2.8 RESW

MAHICAE 3 Hr 485 R AT LU Y, 67 -0-B-D-4 % 1l
B R R S i 5 e A LRI |
PLRG R A 25 R, BB 4% 7 b Je JIH 67-0-
B-D-F1 Al L R R 2 S B e e W 2

PC2 (8.8%)

[S)

PC1 (87.6%)

B3 PCAGHE
Fig. 3 PCA score plot



Vol. 36 XIMENR S BT RIS B BS 0 e IR IR 5 5 A S R o 2099
| I}
51 e S I | L
T OI—_ginovs | [
1.5 OINXBI
-] INQY2
INTL2@ @ @LNYI
0.5 oL LN;“ [NDL  @LNXB3 _[NKDI = OLNQYS
g 0 Ouov OO NQve oy
- @LNQY13 LNXB4 @ NMGI@ OLNXB2
051 @ k2 OLNQYS - @UNDG @inoYs gy
4 L0 INQYIO  @INgY?
15+
oL
2 e E——— | ][,
25
10 § 6 4 2 0 2 4 6 $
i
ROX[1] = 0849 R2X[2] = 0.0657 Ellipse: Hotelling's T2 (95%)

P4 e
Gentiopicroside

Bitterness

4 OPLS-DA B4 HE
Fig. 4 OPLS-DA score plot
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(13 T 14 Eby
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5 OPLS-DA Z£R# VIP
Fig. 5 VIP plot of OPLS-DA

Mid-end diameter

AR
End diameter

LR

Loganic acid

Bl KT SPSS 22.0 Z3Hr K 32 Hit e IR S WL
PEIRAE B Y OR(EL  SHERTF IR i A e
JRSEHE S AR AR O R AR A5, 47 K-l R )
#r,32 SEIEARRE S oy =2 ok 8 — 2K 25%

(84) , Jy AR A, — 300 34% (11 4>) , g 45 i,
38% FH = (13 40)  J&m T F 2 dh, AL MR
10, =R ADN G A5 B ISR 11, B R &
ARS8 A RIS LI

F 10 RRERESH

Table 10  Gentianae Radix et Rhizoma cluster analysis

A5k —% —% =%

Variable Class | Class 1I Class 1l
I Bitterness 6.990 6.030 5.420
fifi Bf Hardness(N) 7.900 5.940 3.920
Th3H B 4% Tip diameter( mm) 2.010 1.700 1.320
13 4% Mid-end diameter( mm) 1.600 1.310 1. 100
K42 End diameter( mm) 1.280 1.000 0.900
i Root length( mm) 116.2 92.00 71.94
L 76.03 70.01 63.40
E* ab, 77.86 72.25 66.03
LEFFHA Loganic acid(mg/g) 27.950 19.417 16.654
J 23R H Swertiamarin (mg/g) 8.962 6.310 4.633
JENRFFH Gentiopicroside ( mg/g) 95.879 70.051 46.308
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Table 11  Gentianae Radix et Rhizoma cluster member information
% 25 R i Bl i
No. Class Distance No. Class Distance
LNQYS8 1 18.326 LNQY1 2 8.669
JLS 1 23.511 NMGI1 2 11.056
LNQYS5 1 9.764 LNQY2 2 15.183
LNXBI1 1 8.982 LNQY3 3 15.188
Ji4 1 5.259 LNKDI 3 15.211
JL3 1 13.877 LNQY4 3 13.466
JL2 1 19. 164 LNAS 3 11.938
JL6 1 17.240 LNKD2 3 10.304
LNQY7 2 8.951 LNTL2 3 13.545
LNXB2 2 9.818 LNXB4 3 5.487
LNQY6 2 8.260 LNXB3 3 7.269
LNQY11 2 6.221 LNDL 3 5.412
LNQY9 2 8.214 LNQY12 3 10.810
LNDG 2 6.075 LNQY13 3 16.269
LNQY10 2 3.652 LNTL1 3 22.561
NMG2 2 5.560 JL1 3 26.539

3 itieE%it

2 2 I D s R Y SO S, X
25 1y B A S 4 ) — BUR R AL G o SRR
ZHER, bR N 5 2R [ 19 25 W) AL
FRZNS 24 B A R X SR SRR AR
NIy b XA AR G 25 S e P R AR
FIWr b2y o 5 AR, HPIRIE R R S 24
bR AN 2501 AL G075, HoA W AT
PR ARR . (500 BRI 2504 i B S 50 )
(LR A2 bA Rt %) roxd T B A3 S < AR A%
R, 1< 2% BT, AR A PR, TS, B (0 el
fak, AN ZE B, R v A (P 2 D
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o, B, S i, Wt A 21 @b IR,
FHrP 2% 5 A4 ) ! e i e N < R, 5 4 T
W T - 3H B AR B (O sR B AR (0, RAR R
SURHES, bk, BREE Y . DURASHLR, 28 (0 S g
OF T, NI, AT 508 e ARSI ARG br 5 3
FALS AT S AR ORI, SRR, T ARHGHOR |
R Tt ELAR | AP AR R ELARABOR | 2 i 1
B T IREDROR , FC T R R g OF S A AR AR

HE UG, X5 RSO, R B iR 5
B R H O R A S 0 S BRI — B th
e R] T AR AR R ARG | AR | R LA R
S AR AR AL P LA DA 290 2 000 =5 B R A A
ST AR AR & A HE b, 2E— 2B PR T B
o RN URBORR | L R 1 2
WL EAR SR R B, IX R RE S AR AL B AR AR
A Ko

ARSI AR it 375K A T RELA 77 XA 7
MRINSES 3 0. I b, KB AR
R 2 HA IR, RO R
TR, AT AR 2508 R B (0 P BRI . T
Wb, AT B SRR el 2 — RIS B el K
TR bR, 150 I sk b IXC 9 e LS B A 5 oK E1
Sty M DX AE Al LR AR I R 35 i 45 2R 2 B A A
S T RBIRIGR A, MO TR R 0 T e
PR e =S REER T A A, AL T4 A
[el 7= X e R AT AE 22 57, 3 T R SARKG B 2B
RIFAFEVIMC . 45 MRS 5 SR HdE, A
Oy e RS R PR A | T P g AR i AR AORL
AR T ( B , JU) AR 8 2 3 1
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