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Correlation between traits and quality of Gentianae Radix et
Rhizoma based on the theory of ""quality evaluation through

morphological identification"
LIU Jia-yi!, YIN Hai-bo!*, WANG Dan', DU Jun-nan'?, LIU Shi-hui!, LUO Jia-yi',
YE Qiu-ju', JIN Bing-gian'
1School of Pharmacy, Liaoning University of Traditional Chinese Medicine, Dalian 116100, China; *School of
Xinglin, Liaoning University of Traditional Chinese Medicine, Shengyang 110167, China

Abstract:In order to explore the trait indicators to evaluate the quality of Gentianae Radix et Rhizoma, the



correlation between Gentianae Radix et Rhizoma and the main active ingredients was explored. Vernier calipers,
hardness testers, colorimeters, 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 chromaticity 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"1, color difference value E*ab; and bitterness value
were significantly correlated with the contents of loganic acid, swertiamarin and gentiopicroside in Gentianae
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 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 differences in Gentianae Radix et Rhizoma content among the grades.The traits
of Gentianae Radix et Rhizoma (root length, hardness, tip diameter, middle diameter, surface brightness L"1, color
difference value E"aby, 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 proven. 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; correlation
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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 ( x s, n=3)

", WE S DORER PR eI ek Nunfffimus

No. Hardness Tip diameter ~ Mid-end diameter End diameter Root length oots
(ND (mm) (mm) (mm) (mm)

(%
NMG1 5.090+0.351  1.51040.305 1.150+0.226 1.060+0.212 82.850+8.044 1243
NMG2 5.54040.090  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 6£1
JL4 7.470+0.211  1.970+0.480 1.550+0.392 1.230+0.298 112.040+26.411 7+3
JL5 8.700+0.197  2.15040.401 1.650+0.324 1.210+0.446 129.980+26.790 15£5
LNQY1  5.510+0.099  1.620+0.340 1.200+0.235 0.820+0.241 88.620+11.306 8+2
LNQY2  4.990+0.121  1.500+0.308 1.230+0.272 0.950+0.227 81.320+5.845 5+1
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+7.952 112
LNQY5  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 6+1
LNQY?7 6.730+£0.129  1.860+0.235 1.590+0.254 1.210+0.277 97.730+11.346 2043
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+5.939 102
LNQY10 5.590+0.079  1.680+0.331 1.400+0.252 1.120+0.233 91.690+9.302 15+2
LNQYI11 6.510£0.076  1.700+0.458 1.220+0.379 0.920+0.319 97.220+6.051 9+1
LNXB1 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 8+2
JL6 6.860+0.121  1.910+0.488 1.50+0.385 1.250+0.377 102.940+15.037 102
LNAS 4360+0.103  1.470+0.289 1.300+0.279 1.130+0.259 78.010+7.845 8+3
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 8+2
LNKD2  4.200+0.193  1.420+0.346 1.140+0.325 0.910+0.331 78.430+6.442 8+1
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 8+1
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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pRFE - . R AR HAZEME Eab (E'ab= (L2+a™>+5") 2)

32 ANFEHU AL A FE L1 N 56.09~80.60, ZLEAH a*i A 4.69~3.44, FEOH b1 A
11.63~25.51, (A 228 E"abi 4 6.45~82.63; Wil B L7204 79.39~82.83, ZLt4ft a™> 7y 4.57~4.98,
FOAE ' N 11.82~12.79, BZE{H E*aby v 80.48~83.89. 7E 32 A= Hke i, LNQYS fH
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Table 3 Gentianae Radix et Rhizoma color detection results ( x+s, n=3)

- R W i
Surface Section
No.
L a’ b E"ab, L a* b* E"ab,
NMGl 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
JL1 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
JL2 73.890+0.879  5.620+0.879  14.330+0.269  75.480+0.983  79.390+0.711 4.880+0.177 12.260+0.934  80.480+0.474
JL3 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
JL4 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
JLS 75.520+0.189  13.440+0.189 25.510+0.164 80.840+0.245 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+0.398  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+0.488  19.970+0.464 74.830+0.835 80.020+0.596 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 8.060+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
LNXBI  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
LNKDI  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
LNTL1 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



LNTL2

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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Table 4 Determination results of bitterness of Gentianae Radix et Rhizoma extract ( x+s, n=3)

. NS . NG . EUNEITS

s ek , i ek , i s ,
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 LNKDI1 5.590+0.020  -0.540+-0.021

JL2 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 LNQY12 5.260+0.026 -0.520+-0.016

JL4 6.970+0.000 -0.600+-0.034 LNQYI10  5.980+0.028  -0.580+-0.038 LNQY13 5.220+0.015 -0.520+-0.023

JL5 7.170+£0.000  -0.610+0.000 LNQY11 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 LNXB1 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 LNTL2 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

2.4 BN IGERTE 2R 7 2 ENE

2.4.1 &t &4



WatersSymmetry 434 (250 mmx4.6 mm, 5um) ; JBEIAH: HFEE (A) -0.2%WEER %
W (B) , FEEWEAL (0~5min, 20%—30% A; 5~12 min, 30% A; 12~32 min, 30%~40%%:
MPA: 240 nm; AR E: 0.8 mL/min; AHi: 25°C; #FFfmE: SpL. fEMEEEAFT,

FITAR T 506 HEE iy SR i PR €83 T L

Bl1 xts (A RFS (B) K HPLC B
Fig. 1 HPLC chromatograms of reference(A) and sample (B)
V1 AR 2. 60D AR IR, 3. MR, 4. RIS, 5. A

Note: 1. Loganic acid; 2. 6'-O--D-Glucosylgentiopicroside; 3. Swertiamarin; 4. Gentiopicroside; 5. Sweroside.
2.4.2 X PR Sh ik 6 H &

FRELE X IR SIS &, AEAE, 00 H R AR SR 1| mL & S ERR 0.50 mg,
6'-O-f-D-71 %] Hli B AH T 0.05 mg J& 4 55 1 0.10 mg, 751 0.01 mg, FIHE T 1.00
mg VRGN R VA, TRAD, T 0.22 pm TALUEMEE, EXERIEMR, BIAR, GELETE 4 °CHIUKAE
H, & H.

2.4.3 IR S IR R 89 &

BURRRZG MR A (i 80 HIfD 0.5, K#FrE, B 50 mL HEHMIMET, N HF R
W20 mL, FOEE, @SR 30 min, JBOAEIRE, FHFEEEBNE R E, 5, 8
Ib, EERUETRZR 0.22 pm SRAL PRI 38 5 1 R B A

244 ZMEEER



T3 B EUAN TR AR 5 A 0F 8 i 25 VA VAL, Y PP I A O A R A B 6 AN R B ik P P 2R
G AL TGN, DX R EIRE o) AR, WM ) NHPARER, i

ATENEALEE, 4325 ANEETRE (R 5D .
RS5 FUEMMEESH

Table 5 Linear parameters for each compound

D% 2 EVEpy R
Ingredient Range of linearity (pg/mL) Regression equation
AL TFRZ Loganic acid 12.50~500.00 y=5.476x105x - 9 778.2 0.999 6
6'-O-p-D-Fi] % B 2= J I o5
P 1.25~5.00 y=4.128x10° x + 974.7 0.999 6
B Swertiamarin 2.50~100.00 y=4.703%x10% - 460.8 0.999 7
TeNHE T Gentiopicroside 25.00~1 000.00 y=6.232x10° x - 10 264.9 0.999 8
WA AT Sweroside 0.25~10.00 y=1.446x107 x + 508.0 0.999 8

2.4.5 45 X

HUE —HERE i, 4% “2.4.37 TUVERIA, JFAE “2.4.17 G %MA T, EEIE 6 K. &
84 W A U T R ORI K B B 22 Crelative standard deviation, RSD) #<3.0%, HIX} ¥
5 1) (1) RSD 341<1.0%, UE B 38 K5 % B R4 o
2.4.6 A2 R X I

WUF] — R, 4% “2.4.37 TUTUER %, JRAE “2.4.17 GO0 AI7E 00 2, 4L 8.
12, 24 h AT /00T & o AU T AR 1 RSD ¥<2.0%, AR {4 B4 B[] ) RSD #4<1.5%,
UEBARE L AE 24 h AR e ME R AT
247 £ 8 ik

B —HERE D 6 4, 4% “2.4.37 WUGVEM %, JFTE “2.4.17 WEEFAF FUAT 0. %
J 5y FERT U T AR ¥) RSD 41<2.0%, A OR BY B[R] f¥] RSD $5<1.0%, 1iF 8% 07 ik SV R 4 .
2.4.8 hokf ELICE X I

RO A& R R R A 6 4y, B4 0.10 g, AR X BN B4R TR | 6'-O--D-
B RN . R S AT MR RS IR S, 4% “2.4.37 JEHI N
B ISR IG RS, KA “2.4.17 GRS SARRIN, THEOINRE IR . 45 BOR & gy
PRI INEE [N AE 98.00%~100.2%, RSD ¥ITE 1.5%~2.3%2 [,
2.4.9 # 5ol 2

BORERE G 32 4k, $% “2.4.37 WU & AT, 76 “2.4.17 GBIk NIlE,
THBI RS ERE (R 6D o 32 ANF=Hidynl IR H 5 Fh s AR Bk Ak &4 .

Horb JL2 M SRR S B, JLS [ 6'-O-p-D-H1 % W 3 g JE % 1 AV o S 1 5 i



LNQY8 e H e H & & fsm, JL1 KR R EH & ik &7 M 6'-0-p-D- % bi 5w iH
MR S S R AR & e IBRE S b 5 RRER IR IR 2 i s R R 2,
LNQYS8 ' 5 Flisr & B de i, N 154.787 mg/g, 1 JL1 [ 5 Rl B8 ERAK, 1A 47.823

mg/go A AR I AERIRBEAN R T L Ty Tt oNCh
# 6 FREK IR RS SR (n=3)

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

& Content (mg/g)

42 o SopDEER . o
No. TR e TS T Gentiopicros T BSESA
Loganic acid  6'-O-f-D-Glucosyl ~ Swertiamarin ) Sweroside Total content
gentiopicroside ide

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
JL2 42.873 4.749 8.653 90.523 1.007 147.805
JL3 15.955 5.994 9.838 90.568 0.609 122.964
JL4 27.459 1.467 8.015 94.375 0.447 131.764
JLS 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
LNQYS5 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 57.694 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

2.5 IR M

K H] SPSS 22.0 il Origin 2022 FAFXS HHAMMR . B 27k DL KAl 27 B o) &5 Bt
ATARSCIES BT, #4517 MERFEAF RIS & & F8 AR 3N Origin 2022 #EAT Pearson AHJGHESy
B, ZRIE 2, HhaaREIEM, BEMRERAME, MR EE, HamE,
TR o TR AR SMLPEIR AR AR 5 R BEE M o 2 1) B — B ARG . DR HTR & & 5 Wk
TR Tl LA Ao ELA S ARG RIMBARE L) A Z2(E E*aby 2T IEMHE (P<0.0D),
SR EAEMO O o RRFEILHX (P<0.05) ; BANGEF SRS ER. WE. Tk
- PR EAR . K EAR R, RMAREE LY MEZE Eaby 2R E IEHER (P<0.0D) ;
JENRE T B Gk, SR, T ELAR. P EAS. AN ELAR. R R L e
{H E*aby 2R EAC (P<0.01) 5 HEHWR. J55F 3 B AR w1 X = Fh sy & 833
SR I AR 35 U DC (P<0.01) & T 6-0-p-D-HI & HEH IR & AR T R &2 5
JENBMARFEFR 32 T0 A OCE : AURSCER 502 o & e (a8 0 B Rt . ftbml I,
ORI, TURER. himER. KMEAE. REK. R L G EE Eab firm]
LRI Sk 7R T IR i TR IR 5 28 3 A A 1 Bl oy o FE— S AR BEBE RO
T ho . R BEASEOR . MUK BRIEEET . RIMBEBK, DT, B KA
TR B R, U R R

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

e *P<<0.05; **P<0.01.

2.6 ElYAS#
FHS M A BT 45 R, RIHMER IR 5H R 2B 4y 2 R B M et A T 3E— 2508t

MR T2 (B ORR, ABFFLLL DR RR . A 1. T A A&, 20 LAERYR
bREER, MR, WM E A, B, RMEA. R, R LY REEE Eab A
AR, SRHI SPSS 22.0 FRAFFEATIRIE ST, FIASHI AT Z g R IR 7. £ 8. DT
MR BT S RORIB ST N B AR R, k. B, TUmER. PIRER. KmER. R
Koo RIMWIEE L A ZEE Emaby 70 A/ E RS RIS, R2 730550059 0.940. 0.931. 0.973. 0.837.
0.600. 0.941. 0.879 1 0.914, BLWITTOR, M. TUmEAR. FimEE. AimEA. K,
RIMWARE L A ZE{E E aby 51 94.00%. 93.00%- 97.30%- 83.70%- 60.00%- 94.10%-
87.90%. 91.40%% B AR L 4 S35 1 A S IH w5 B X = A0 RS B2 . 7 2204
CERLRE, Tk, MR, TR EAR . R ELR. AR ERS. IR RIMRE LY M2 Eab
(KISRAE FE S BI04 146.061. 125.759, 337.644. 47.796. 13.997. 149.513. 68.019. 98.725,
P=0 (P<<0.05) . FTUATHERFER . FR2f3ias i, T H R mA RSt R B %
F. FRIEAGFHLCA MR 9, R EIE ARG BEME. B, R SR, T
HAR. TumEAS. AR EAA. R R LY A ZE(H Eab) YR TR T LU B S B
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Table 7 Summary of index models of Gentianae Radix et Rhizoma traits (n = 32)

L e Ros? bR 2%
Index ) Standard error of estimate
Tk Bitterness 0.940 0.934 0.167 22
f#iJ&f Hardness 0.931 0.924 0.477 51
T3 E.4% Tip diameter 0.973 0.970 0.054 03
3 B 4% Mid-end diameter 0.837 0.819 0.103 08
K E 4% End diameter 0.600 0.557 0.148 62
K Root length 0.941 0.935 4.924 88
L' 0.879 0.866 2.028 49
E'ab, 0.914 0.904 1.618 46

R 8 R AR E ST

Table 8 Analysis of variance of Gentianae Radix et Rhizoma indexes

~ W ) ¥
$5 k7 Hi FHA I . . ,
ean
Index Model Sum of squares Df:,grge of
cedom square
. EE 12.253 3 4.084 146.061 <0.005
TR X
, W 0.783 28 0.028 - -
Bitterness .
it 13.035 31 - - -
EE 86.024 3 28.675 125.759 <0.005
figf Ji X
k2= 6.384 28 0.228 - -
Hardness o
it 92.408 31 - i, _
e EE 2.957 3 0.986 337.644 <0.005
T B A% \
k2= 0.082 28 0.003 - -
Tip diameter 0.
it 3.039 31 - - -
3 B4R EYE 1.524 3 0.508 47.796 <0.005
Mid-end B2 0.298 28 0.011 - -
diameter Bt 1.821 31 - - -
e EE 0.928 3 0.309 13.997 <0.005
R BAR \
k2= 0.618 28 0.022 - -
End diameter o
it 1.546 31 - - -
EE 10 879.046 3 3626349  149.513 <0.005
K Root X
Bk 7 679.123 28 24.254 - -
length 0.
Bt 11558.17 31 - - -
EE 839.644 3 279.881 68.019 <0.005
LY k2= 115.214 28 4.115 - -
Mt 954.858 31 - - -
EE 775.805 3 258.602 98.725 <0.005
E'ab, Bk ZE 73.343 28 2.619 - -
Bt 849.148 31 - - -

R 9 BEARMERIERE HGE



Table 9 Regression equation for different traits of Gentianae Radix et Rhizoma

Eiztan EEpiyt
Index Regression equations
T Bitterness Y1=4.061+0.001X;+0.012.X>+0.028 X3
fifif¥ Hardness ¥>=0.513-0.003X;-0.085X>+0.085.X;
T5i%% BL4% Tip diameter ¥3=0.702-0.003X1-0.025X>+0.017.X;
Ff 3 B.42 Mid-end diameter ¥4=0.595-0.001.X,+0.043.X>+0.007.X;
A3t EL4% End diameter ¥5=0.465+0.001.X;+0.088X>
2K Root length Y6=31.987-0.083.X,+0.918X>+0.805.X3
L Y7=52.937+0.023X-0.638X>+0.291.X;
E*ab, Y5=56.364-0.033X,-0.808X,+0.307.X;

E: X BETREE; b BEIFRERTESE; 6 BEEES

fEm

Note: X;: Content of loganic acid; X: Content of swertiamarin; X3: Content of gentiopicroside.
2.7 ER A FIERZ RER N ZFE-FIBI D

R AT A — PO I B AR AT Tk, ER T REHLOR B LA B (S B BRk b,
DA BB AL AR AR R SR A B AL, SA B 4E H 07, O THRTOA A = 1 g
HERFAE, KEAH S 4h ORI B 1 11 PR EAT 05 53 HT (principal component analysis,
PCA) FIEAI R f/s —Feik-F 517341 C(orthogonal partial least squares-discriminant analysis,
OPLS-DA) . PCA R EIRHT 2 D E R RARTT Z5THRE Y 96.40%, 7 LK 32 ke iH
FESAY N3 LK 3) , FEf LNQYS. JLS. LNQYS. LNXBI. JL4. JL3. JL2. JL6 N
—3, LNQY7. LNXB2. LNQY6. LNQY11. LNQY9. LNDG. LNQY10. LNQY1. NMGI.
LNQY2 ~N—2, HARLFAH—K.

N T kSR TS [F) 7 R I R ARAAE 22 e Ve AR AR, B ORISR A 3N SIMCA 14.1 K
P T OPLS-DA. 45 R R, ZMEAL 7 VARER S A AT R 4, S0 32 S IR 1
a2, BMREERLE, HERECE A4 o K 9 RSN A R BT
(variable important in projection, VIP) {HIJ KT 1, JNAE MR ) 2 7 e br, @il 5.
VIP A% MK NFFE A : ARTEH (mg/g) > T8 h > MR > T B 4% > B FE > 1 4 72
il E* aby >R L > EEH (mg/lg) >Fum BRI R I R ) 5
HESRbR, (BB LY R R EE R R, A R R R R E
FHHE.
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R B LA WRABL A 35 ORI, Ui % = MR 6'-O-B-D-1 5 Wl J5k i AF 7 5 R g oF
SHSEBRAWEZEN. KA SPSS 22.0 i, 4 32 L AH RSN PERE . BEE
R DARTFIR . T SRR RUR I & B AE 0 RS R AR, AT K- 0 REAT,
32 HEIREAE e o N =2, HARE—325% (8 ) , N RS, =8N 34% (11145,
AREER, 38%ANE=I (134, BT RS, BREGRNE 100 =AKHIRBEHMA

FRAK 11, HEIOREMEM S & H R ORI,
10 MBS

Table 10 Gentianae Radix et Rhizoma cluster analysis

3 —% e S
Variable Class 1 Class 11 Class III
Tk Bitterness 6.990 6.030 5.420
f# ¥ Hardness (N) 7.900 5.940 3.920
THid B 4% Tip diameter (mm) 2.010 1.700 1.320
13 H.4% Mid-end diameter (mm) 1.600 1.310 1.100
¥ 4% End diameter (mm) 1.280 1.000 0.900
R4 Root length (mm) 116.2 92.00 71.94
L' 76.03 70.01 63.40
E’aby 77.86 72.25 66.03
AR Loganic acid (mg/g) 27.950 19.417 16.654
KT Swertiamarin (mg/g) 8.962 6.310 4.633
JENETEE Gentiopicroside (mg/g) 95.879 70.051 46.308

R1 RERERRARE L

Table 11 Gentianae Radix et Rhizoma cluster member information

TR B S TR el S
No. Class Distance No. Class Distance
LNQY8 1 18.326 LNQY1 2 8.669
JLS 1 23.511 NMGl 2 11.056
LNQY5 1 9.764 LNQY2 2 15.183
LNXBI 1 8.982 LNQY3 3 15.188
JL4 1 5.259 LNKDI1 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
LNQY®6 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
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HREGH 5 IS AR 3 SR (0 SCAG TS 55, X P 24 B F) e T o B R — B L R R L
SRV 2 2, Wt RIS . I LI5S R 250 B0, R 2oxt i 24 i AR i . X e
SN B DL 25 (K SN S oy by SXAE AR G P 25 SRR AR AR AT A2 I P 24 R ) T B
o “HRPRWL R RN Ey . PN M R ST, BAEM. FE. RIEREE
Mo (500 BRE 2R I )Y USL (AR 2B T A A ) UOIH R SR B IR itk Dy -
MRERRMPE, KB, R EAMLL, FisE, MEOmEER, AR, WileE . (b
ZiMEAN SR CORBERIRIE: JURE 2T 20 %, KRERFEMEG, FiE, Sk, Bima
HEO/NAL R, ORI SE Ra) PO a8 e, S3rikr, Wik
H, pfmatearEiit, RO ERCRHES], A, REE . DR, Btk
WERE . B, ABTTOR AN IR bR 5 B2 B & AR . 85 RR Y,
TERHARARRL . MK T A, P EA . K EAMAK, R, R, H
IR R S B A IR & B, X5 WREHR, R A GER e,
DR H N IME S LI SR B — B, i, AR, R, BimEA. PinE

~ AR ELAR AN WRAE W] DA E N AI20 TN S B IR 528 i AR I o 1 5 B da b, 2
PP RH R . EXEERURECE T, o S B A, AR ORE ],
XATRE SRR RS,

ARG S NERE fh AR B B = XL T SRR SE = 0. BRI, KL
TR S R A B AR R, IR, RTIC RRFE, ATVE A 254 BT R
G HFIRIRFAE . 6T 0, ARWFTCHSEIRFE R o, 28— RIS AORE AL KA 2R H H AR,
P S X R RE BT SR A 5 R 1 A 58 ot e DX PO ot L PR B o 5 R 5 2R S B A A 5 — 2
IFREE R, MR BE T 10T R = RIS R oA, WL T4
WA X I JE BB R AP AE 22 57, X W] BE SRS R . AE KBRS UK . 2 G PRIRES R
5 SeI0 R, DOV . BERGEOR . TR i R B . AR R E
e, MJRRHAE R o 827 300 FOA S AR IR o Sl sy, R RIHRH & B ok, g ss
FRAH MG IR Uk, 7T BURYE UL SRR 1D HEN e IE i =l oy 1035 &, PR JefH
ahli. WS XM ER S, (HibTREARRD, JREHEE ST R,

FURT, R RERE 0 28 7 e )2 B AR DR i B v o B J A B ORAIE M AR P 24
7R SRR ENEVEIR S B PR B S AN OCEE, A AT DRGSR ARG PSR 4R
PRPIWT I B, ARG S I R S e I AR i T S ORI . TR . R, 45R
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