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Abstract: Objective To comprehensively evaluate the quality of Glycyrrhiza uralensis Fisch. and Glycyrrhiza glabra L. and to
search for quality difference markers through chemometrics and to establish a rapid discriminant model for G. uralensis and G. glabra.
Methods HPLC fingerprint of Gancao (Glycyrrhizae Radix et Rhizoma) was established, and the common peak data were combined
with fuzzy matter element model and PLS-DA stoichiometric method to evaluate the quality and screen the markers of quality
difference. Based on the near infrared spectrum, different rapid discrimination models were established, and the best rapid
discrimination models were selected by comparison. Results The fuzzy matter element analysis showed that there were significant
differences between G. uralensis and G. glabra. The results of PLS-DA analysis showed that ammonium glycyrrhetate, liquiritigenin
and liquiritin were differential markers of G. uralensis and G. glabra. The decision tree discriminant model was established by SG pre-

processing and iPLS band screening, and the accuracy rate was 0.88, the accuracy was 0.88, and the F1 was 0.88. Conclusion There
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is a significant difference between G. uralensis and G. glabra. The discriminant model established by the near-infrared spectroscopy

provided an effective method for quickly distinguishing the two kinds of Glycyrrhizae Radix et Rhizoma, and helped to improve the

quality control of Glycyrrhizae Radix et Rhizoma.

Key words: Glycyrrhizae Radix et Rhizoma; fingerprinting; fuzzy matter-element model; chemometrics; rapid discriminant; liquiritin

apioside; liquiritin; isoliquiritin apioside; liquiritigenin; ammonium glycyrrhetate
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Table1 Sample information of Glycyrrhizae Radix et
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S14 R R RE-Far Wik~
S15 Fe HrERvE A AR B
S16 TR HE 3 9B T 5
S17 Fe R PR
S18 HRHE Framrg A AR
S19 HRHE Framrg A AR
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2 F& BT 10 000~4 000 cm ™!, 55 RT3 64

21 BiEEH

B4 . FXB-Y-328 XSelect CSH Cis (150
mmX4.6mm, 3.5 pm), i 30 C, AR 1
mL/min, MK 237 nm, #EFEE SpL. PLAKE
(A) -0.1%BEM (B) Sl Nm s, Beliikh
FEN 0~3min, 19%~22%A; 3~6min, 22%~
30% A; 6~9 min, 30%~36% A; 9~20 min, 36%~
51%A; 20~25min, 51%~63%A; 25~35min,
80% A
22 BIERHE
221 RENESIEHRTIS  RBERIE R,
HEE ., PR . TR R
ihiER, B 100mL &IiH, INHEEE, B
W, R, I EEREZIRE, WEHER 200
ug/mL. HEAF 20 ug/mL. AFEH EFF 99.78 png/mlL.
HHERREL 99.06 png/mL. o HHH 50 ug/mL (1)
TRA S R SRR

2.2.2 M TARRIH S HES RH AR, B
2102g, MEHE, BHEMY, KEINA 50mL

i, FoEpiE, AR 40 min, B4, FREHR
&, H070% T EEAN kAR B R, R, HRERUEM
VE B A W

23 FHEFER

231 ZIRIEEREL B 6 5% CHERERRED 1§
THRRECK, 7 B EER, gl fE b, i DLHAE
NS,

232 HEMRE BHEZLMHR, % “2227
TR 5 PAT I 6 A Vi, o e RE AT
W5 o THE 7 ANSEE WA IE AR 1) RSD 43514
3.04%- 0.48%- 0.64%- 0.96%- 0.85%- 1.49%. 1.08%.
233 WAL R ERIEE g (S2) W%
WS uL, ESERE 6 W, M. T T AN g
XHUETHIAR Y RSD 403N 3.56%- 0.56%- 0.01%-
1.26%. 2.09%- 0.67%. 1.73%.
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(S2) W AT 0. 4. 8. 120 16 20, 24 h 4T
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3.90%- 0.72%- 0.01%-2.58%- 2.71%- 1.99%- 1.95%.
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Fig. 1 Near-infrared spectra of 66 batches of Glycyrrhizae
Radix et Rhizoma
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A B X ] 5 804~6 101 cm™! Nk BB EL .
244 FHERREURFEARRIRIS  FIH PCA XHiE4L
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(2 etk e SURE AU A R GE (2012 FRO) K
PR, SR AR, BRS8N 0.1 min, DA
FESL ST HIFRSUEIE NS IR, REL 7 AL Ik
HEAT Mark VEDURC . FHALEE(E N 0.895~0.997, KM
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Fig. 2 HPLC fingerprints of 22 batches of Glycyrrhizae
Radix et Rhizoma
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PR HRCE, 3-HEES 4R R SHER: 6-HTERE.

2-celery sugar glycyrrhizin; 3-glycyrrhizin; 4-celery sugar isoglycyrrhizin;

5-glycyrrhizin; 6-ammonium glycyrrhetinic acid.

3 xIRRIESEE
Fig. 3 Reference peak fingerprint
®2 22 HHHEMREEIFN

Table 2 Evaluation of similarity of 22 batches of
Glycyrrhizae Radix et Rhizoma

#ts HRBAE #5 HHAE
S1 0.959 S12 0.932
S2 0.979 S13 0.973
S3 0.996 S14 0.895
S4 0.972 S15 0.975
S5 0.983 S16 0.969
S6 0.947 S17 0.985
S7 0.922 S18 0.981
S8 0.997 S19 0.971
S9 0.986 S20 0.965
S10 0.997 S21 0.982
S11 0.988 S22 0.905

3.2 EHMHITRBEGA TN

A A BBV T T, RIS ST X
MEASL P WA > 2 WL S I 5% A U XA 0 B A
B, K 22 fiH R 7 Mg A EdE (R 3) X
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Poc. SIS AXWFRIR.
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X A | BN TRARIIIAME, Di N5 @ BT FRAR I 7
ZE, 8N i VN TRAR IS e R AL, Wi NEE | DUTEA FERR
HIRLE, pH NMGILRE .

AN A SR H B AR AR 2 R ] 4 P, DL
7 AN I AN PR R AR LA T AR R R AT
BRI e, 25 RN, SR H M S h R H R
FATER 2 5. R SPSS Statistics 26 H1 LK 7
ZONE Z B 22, SRR, ShiRH
FAHDCR B HEAEREEZESR, PEDT 0.05,
33 RN TEFIHISTHT (partial least squares
discriminant analysis, PLS-DA) §fi&ZEFHrE54)

N T B X SRS RURH R, R
Zitt, FHRA R 2 A2 R &Y, XA RE
ff) PLS-DA . #ZIEFI HE v 2 H, DIHEFREL
BRI 7 N LE RS R Y A8 s, & 57 PLS-DA
R, ik 5 foR. BAESHON R2x=0.692,
R?y=0.875, 0*=0.755, B2, WNEES R
U, A5 E B M (variable importance in projection
scores, VIP) 7E PLS-DA H H - T-PFAfr, AR 43211
DURRFREE, 4 VIP>1 UEAE 2 mbn iy, HHZ
M VIP WK 6, Lkt 3 MRS, 26
(VIP=1.28). W5 (VIP=1.17). I§ 3 (VIP=1.04),
Sy N TR . H B TR, R 3
BT AE 2 FhEE R H R [AAFE R 2 5 o

NP IR B LA, G E A 200 YK
XA AR BEAT IR, SR 7 s, R2. Q2 1A
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Table 3 Common peak area of 22 batches of Glycyrrhizae Radix et Rhizoma

e FERT VEE T AR
7 i 1 FrpEH e 7 HEH FrRE H A HER HE R

S1 29 349 187 421 312633 48 718 17 114 222932 12672
S2 41071 261 458 282 657 90 781 29 425 338 841 46 090
S3 36 906 130 654 217 691 43099 14982 280 380 39 876
S4 22252 106 292 209 819 42312 29135 157775 12771
S5 28 198 146 901 160 096 53716 35040 212249 30783
S6 54112 169 791 448 756 57 556 35129 269 502 23 145
S7 34 851 180 939 113 677 63 989 12 090 166 793 26 899
S8 44 450 133 532 199 845 42510 21 694 243242 40 141
S9 51 596 165 906 202292 60 085 23 008 224 874 39 545
S10 44 143 105 944 226 036 36 248 20 623 241227 36 296
S11 51002 176 792 218 611 64 067 19 852 243 986 41741
S12 41 094 86 520 384 385 26 198 39 198 231362 11214
S13 55301 123 748 329192 48 511 21720 291 399 26 118
S14 38407 70 024 588 324 38255 50 246 305 414 12 874
S15 53 652 351458 176 960 110 956 28 801 420 241 88 460
S16 110 538 120 706 128 518 301 967 60 852 498 305 131262
S17 106 619 103 426 297 995 131 872 38 571 516368 113 146
S18 91070 138 850 325486 124 859 39976 490192 121 134
S19 92 064 144 664 298 698 127 630 42 460 481 400 129 978
S20 85621 97 675 204 989 88333 41780 377 501 85481
S21 87 086 111 932 246 875 127 061 56 946 474 839 115 048
S22 78 170 129 947 287912 121 667 31444 460 821 106 918

0.9 7 1

08 m2

0.7 1 2

« 0.6 1 T 1 3 »3810622
3 0357 T s4 8 &5)351%g21es16

04 N g 0 7 %_59@13-:514 S17aegyg

03 1 : 1 4 ST SI8 esis

02 % 056

g'l ] | . 2 82

B R I 3
-8 —6 —4 -2 0 2 4 6
B4 FRZRHEMIEEE pH; 1]

. R%=0.692 R%=0.875 (%=0.775
Fig. 4 Euclid approach degree pH;for Glycyrrhizae Radix & a ¢

et Rhizoma from different origins -4 R E; 26 R,

1-G. uralensis; 2-G. glabra.
VALR AR 73 M 0.397.-0.267, ¥1/NF IR 4A{E R,

N He e o N5 = ~ ,‘E
E BB AR E AT HE El5 TREEEHZ PLS-DA 54E

3.4 FLTAMREERRIHER] Fig.5 PLS-DA sfcores (;)i be)C);rrh‘izfze Radix et Rhizoma
- e \ e N rom different origins
BOMITERI G AR, S H RN K H #

BAFE R ZE S, PLS-DA 25 R WRH T HE MR . 28, WRFE —MOHr U ik T RS 2 M i H A s
HER. HEHEAEMNE AR EER. Hit, MR 7. HHT, SEZLAMETE S5 & R AR N ] T
NORBEZG I SR E BOT R B Tt P 2 e s gy th, JRSRSER PR S, BT B A
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Fig. 6
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Fig. 7 PLS-DA model displacement test

A SZFEIFEML (support vector machine, SVMD,
YK M 7% (decision tree, DT), Ab2 Uik
(bayesian model, NBM), BENLARM % (random
forset, RF) %,

SVM & — R4 B 2 2] U5 i Bt 3t 4T — e
SRRINT X Gy e, Hh SR Fadont 2 ST FE A
SR AR B ORI BRI P 112224 DT & —FhHIREE 1),

FERR LR Bl 3 2T S, RIAR T . PO a
FET R, BT AR E B AA T R, TR
PSR AR R B B E R, A BT AR ARAE 1 H)
ESRIEE T M E A, T SR TE 2 A E AR
PER IR P SR 45 B2, NBM 2 L7 432
fif R 2 SR . 5T B R IE T T
EHE . TERAE H R, AN &85 1 JE YRR AE A
HAST, AKX R ARFE K & 1 2 AR A A B
37, HAAHSRERS 8 RF v A2 44 AR R 2D T
FotZot AR R FH BN LI 7 S — N, AR R
VI ZRIEIARRL, DA NI BB R T 2 55
RARN, ARSI, 4 PRSI E WK 4.

ARFFREETIRAAM N, Fdid b, Rk
P B 6 S A [F AR AL, DAAERAZE  RER 2
F1 3 MEAIRARVPAN FUI R ERE, Jl I X He ik
HEEERI R, o, MERR SR N TN IERREA
SFEARRILLE], HERZR OGRS Z N T
FATEREARRZER T, SEBRONIEFEARRILLE], K55
FRBRLT o F1 kST S AERR 2 A T35 2
TR GERA, T —MPs s, B
gk Fngk 5 s

SR A RE S HOG LT, RS R EIR
DT BAYH RF BRI, MEIEEA 1. HER 2
A1, F1ON 1. MREESS R B R, DT ALK R
0.88. HEFIE A 0.88, F1 7 0.88, FAIBURRL,
RF BRI 2, SVM BRI R i 72 . SVM AR
ROR B 22, XA TR T IR A =R,
K FFEARER D SG BA IERRME S MIER, iPLS
BEBRIE LR TG &, &5 7B R (g

R4 AMRABSHRE
Table 4 Hyperparameter setting table of four models

R RS 24
CART  WWE KRR 10, HTI5 s KEER 50, M7 s/ MEARECY 1, W SR s NEARECH
RF T A BRI E N 11, LA IRy 200, BRETTN 1
SVM B PREON linear, 1R RBON scale, GRMEETIN 1, HRERIETY 1000
NBM Jel A w4, oy 1
#*5 FIFREELR
Table 5 Comparison of rapid discriminant models
o VI R
Rt T FL TS T TS L
DT 1.00 1.00 1.00 0.88 0.88 0.92
RF 1.00 1.00 1.00 0.63 0.63 0.83
SVM 0.53 0.53 0.37 0.50 0.50 0.33
NBM 0.94 0.94 0.95 0.50 0.50 0.43
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