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Abstract: Objective To establish fingerprint spectra for Bailangen (Isatidis Radix) slices and methods for determining representative
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component content. Developing a quality prediction system through mathematical modeling to investigate the patterns of quality
changes in Isatidis Radix during different fresh processing methods. Method Collecting fresh Isatidis Radix and preparing 15 batches
of Isatidis Radix slices by controlling drying methods, drying temperature, drying time, and water treatment duration. HPLC was used
to establish the fingerprint and calibrate the total peaks. Combining hierarchical cluster analysis (HCA), principal component analysis
(PCA), and orthogonal partial least squares discrimination analysis (OPLS-DA) to evaluate the quality of 15 batches of Isatidis Radix,
the analytic hierarchy process (AHP)-entropy weighting method was used to determine the weights of each indicator, and a
comprehensive score was calculated. Results HPLC fingerprints were established for 15 batches of Isatidis Radix, with a similarity
0f0.891 to 0.997 between each group. Eleven common peaks were calibrated, and four components were identified: uridine, guanosine,
(R,S)-goitrin, and adenosine. HCA analysis divided the samples into two clusters based on differences in the drying process; PCA
extracted three principal components, with a cumulative variance contribution rate of 83.973%; OPLS-DA analysis showed that (R,S)-
goitrin and guanosine may be important markers for distinguishing differences in the quality of Chinese herbal medicine slices; the
comprehensive score of the entropy weight method showed that the 60 ‘C drying for 5 h process had the highest score. Conclusion
Fingerprinting combined with chemical pattern recognition can distinguish Isatidis Radix slices prepared using different fresh

processing methods, screen for key factors affecting the quality of Isatidis Radix slices, and provide a reference for quality control and

evaluation of freshly processed fresh Isatidis Radix slices.
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RN ST IR, Peif 5 #E /K 4%
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BESH RS KEEE BV A ARSI,
BEJE V) 2~4 mm KIJEFr, T 60 CHUFEH 20 7 Jt il
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Table 1 Preparation and numbering of Isatidis Radix

samples

'S JUEp Y s b3 5 5
S1 G T S9 70 CHEF
S2 T S10 80 CHtT
S3 T S11 90 ‘CHLT
S4  JKALFEO min S12 60 CH:T3h
S5  JKALEE30 min S13 60 CHtF4 h
S6 40 CTHT S14 60 CHEF5 h
S7 50 ‘CHET S15 60 CHET6 h
S8 60 THET

2 FAEEHR

2.1 IRIERIELEERESL

211 BG4 MY ZORBAX Eclipse
XDB-Cig (250 mmX4.6 mm, 5um); LK NE)
(A, HECNRSIHE (B), BREEDENL: 0~3min,
3%B; 3~15min, 3%~6.5%B; 15~17 min, 6.5%~
7%B; 17~20min, 7%~8% B; 20~30min, 8%~
22% B;30~35 min, 22% B; /AR &4 0.8 mL/min;
Rl Ko 254 nm; FEIEN 30 °C A RN 10 ul.
2.1.2 B SIE TR B G ORE BRI AR B
MR 1.0g, BRKES, FH2EMA 50mL /K, K
SENRE, B 2h, AHERE, BXRERE, [
KA, #2254 0.45 pm FlFLIEBE)E
i, RIS,

2.1.3  JRA IR 2 iR FR HL
R,S)-H ik JRF . MR IRMEE, BT
I mL =, MAFBEHIECAERZIE, H11550

BIREHIM 011, 025 0.24. 0.38 mg/mL ¥
— X BRI RSSO IR A OE B, I
Wik, TCHISE (R,S)-T5 K 0.013 8 mg/mL. JRHE
0.012 5 mg/mL. Z1F 0.012 0 mg/mL. ARF 0.0190
mg/mL 7RG X BRI, & H .

2.1.4 REHEERK H “2.1.37 BURNWEA X
MVATR, 4% “2.1.17 TR i A SRR 6 IR,
DA 8 CRRTFY) S IR, 15 W25 LA 0 AH X AR
B2 B 18] 1) RSD /INT- 0.69%, A1 X6 I T AR ) RSD /)
T 0.75%.

2.1.5 EEMWRE 6 M [F—HARIERIK kR
(S5), #& “2.1.27 TR Jj ikl & ks, 1%
“2.1.17 U B g S AR I, DA 8 (IRED
YE NS MR, 15L& A WA Ok B 5 18] ) RSD
NT1.21%, AHXFIETRIAR ) RSD /M T 1.53%.

2.1.6 FoEtEiAL BOBGEARA R (S5), 1%
“2.2.17 WURJERI S AR IE, 2RlfE 0y 2.

4. 8. 12, 24h#% “2.1.17 T N O3 & AEHERERG I,
DU 8 (IR 1EASHRIE, 1HESILH IR
{REFI ) RSD /NT 1.34%, AFXFIEHEI AR RSD
INF2.72%

2.1.7 FRGUENE R KABRUEE TR B 15 #EAREE
IREES AR, 3% “2.1.27 TR J7 v 4 A T
F “2.1.17 TR EE AR EREI E il sk el ]

¥15 HHBCEREER G SN (P ailEa
BRI SR R 5 (2012 fROY , SRA A%
., WEBAIE A 0.3 min, 2% SR IE K& fAikIg)t
BeACERf5 , Az b & e s s (B 1). 15 #itdk
BRI NI HIE 11 A, Sl E e A 6 I8
TR MO AR K BRI B B % PR VR i (1 2)),
FRNH A 4 Mg, BRRRE (3 5018, 51 (5
T (RS)-HIKE (750, i (8 Fi%), H
o DU BA I IR] A 27.839 min Y 8 50§ (IRH) 1N
SR,

EZRIN)

SR TR SUEIE, 19 H S BOERRAE R S A
TE AL AN S5 S (3R 2D, 15 SUABCEARARLE J
0.891~0.997, Z5HEMH, 15 HAREHFE AL
B, ARARSUETE 73 s TG AR O B Ak
Jo3 & B PEAT o
2.2 EFEEIRA
2.2.1 5T (hierarchical cluster analysis, HCA)
DL 15 AR s AL LA I i AR 800, 52
F SPSS 27.0 #Ai47 534, Origin (2022 b)) 1
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Fig.1 HPLC and reference chromatograms (R) of 15 batches of Isatidis Radix prepared using different fresh processing

methods
A 3 5 7 8
f
B 2 3, 5 II| 7 | 8
& 1 M | i 4 6 &Y fl 9 10 11
C
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t/min

3R 5-9F; 7-R.S)-HIKE: 8-t .

3-uridine; 5-guanosine; 7-(R,S)-goitrin; 8-adenosine.

B2 RAMNBRRR A HARRE B) RAMXIE (C) & HPLC &

Fig.2 HPLC chromatograms of mixed reference solution (A), test sample solution (B), and negative control (C)

215 HARIER IR F RS EIEAR BT Ft 7 AR B MR R i 2, Horp 40 O
Table 2 Similarity evaluation of fingerprint spectra for 15 FSHTF-IREEAEAL, FILER—,; MEETE
batches of Inardhs Radix BETHE, RESRSEIBIALL, ST 55 S8 EHE
Lk FLE L RS % SIORISIREHE, RAASO R, HRE
Sl 0.975 S9 0.995 \ =
- 0563 o oo 9L P 796 T 5 SRR AR P S
3 0.891 S11 0.944 fh; S12. S13 F1S14. S15 AHE 435, (HBHA PE 3
$4 0.992 S12 0.987 INEHRIE, RYPETREIZESR (3~6h) MR
" il o oo aﬁm—a#—mﬁﬁ R S4 7SS Eﬁ%iii&, L
S8 0.988 2.2.2 H‘Sﬁiﬁﬁﬂﬁ (prinmpal component analysis,

PCA) B 15 HEARIEAR A A 11 AN S I g
K, PP BRECEE Oy B AR R A IR 457, SR SN SIMIC 14.1 #1 SPSS 27.0 #ft, #H4T
X 15 HUEE T EET R, SHIREHRE. B3 PCA, SERILE 4, 15 HEERIINARLE 95%BAS X
AR, RSN 2 25: S1~S3 fl S6 K N—2K, [E) P, A AN [ Ak 2R 7 2] & A AR TR TR 247
S4~S5. S7~S15 FHN—K. WETA 40 CIRIEME xR, TH$I§%7§£§H&THI TR 2 R 2 R
TRAN—H, BEERREEEN, JeE AT B, JLUCR R ], a5 R pr s Lok
HTHERE, REAMETSHBTHEX S, SEHART  A—%.
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Fig.3 Cluster heatmap of 15 batches of Isatidis Radix prepared using different fresh processing methods
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,——— DA) it OPLS-DA #t— it xf 15 LA

0
{[1]
R%{1]1=0.533 R’{2]=0.183 Ellipse:Hotelling’s 77 (95%)

B4 15 HIRERERERSFHE

Fig. 4 Principal component scores for 15 batches of Isatidis
Radix

DL 15 fEBREEAR TR 11 AN H AU AR &, ff
F SPSS 27.0 i@t BEAEAN AT 00T, SRR
KT 1 EERAENY, 13 2IHEAR R FRG S LA
WERRFAEAE, W 3. ERST 1| M ETERE RN
50.535%, TEMRFLTIEL. 20 3 URE). 4. 5 (5

*®3 HEERGETE

Table 3 Eigenvalues and variance contribution rates

ERsr RAEE T ETTERER % RRUTETTRRE %
1 5.859 50.535 50.535
2 2010 20518 71.536
3 1.368 12.921 83.973

J 2 R DTHER R R 15 B ARFE

a1 ML g S SIMCA 14.1 #ffbdr, 3t

1T OPLS-DA &AL 4T, FFHAMHENR 4. &5

MrAE A3 . BB 5 TS0, OPLS-DA 453 5
F=4 BEFEREER

Table 4 Factor loading matrix

" F RS TTERE
1 2 3
1 0.703 —0.525 —-0.258
2 0.929 -0.184 0.206
SR 0.874 0.145 0.125
4 0.539 0.425 —0.554
54 0.953 -0.063 0.167
6 0.912 0.181 -0.138
(R.S)-HH 0.274 -0.798 0.018
JiREr 0.930 0.110 0.195
9 -0.216 0.783 0311
10 0.842 0.442 -0.079
11 0.108 -0.070 0.865
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Fig.5 OPLS-DA score plot for 15 batches of Isatidis Radix
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A W5, A o Has RO 0 e E
PE. S12. S13 Fl S14. S15 FEA &SI B R N
WA, T30 I JA T 1) i 52 M S AR Py o 8 P O
Kz —.

3k — 20 K 6 A TR P A P R RE A 2 (R ) %
S, Xt OPLS-DA HERIEEIT T 200 YA B #e
fa%: (permutation test), Z5HRUWIE 6 Fin. 40HT i
N, WA EFRTTEAR R2 MIRELRL TN AE 11 02 KT
JRIGBA N R, RIPZBE TS WSS, g
ATEE, ATAE AN R SN T 7 v ) 4 RO AR AR TR F
B AL B AR T v

Ap & H B PE 5 (variable importance in
projection, VIP) {EA1E ik 22 F Ak & 4 (1) =5 B4
o FCHIE iy 0 2L [A) 22 S (0] 5 i 2 5k I 35 015,
it — 25 ik 5| AR AR i 2 TR 2 S PR bR 7 A
B4y, FET RS VIP 80K (- 7)), LLVIP
H>1 NiEEE, miEss 3 MEE, MNEEMK

Fig. 6 Replacement test results
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Fig.7 VIP values of all peaks in OPLS-DA model
WRIHEF V& T[(R,S)-T5 AT V& 2 CRIRIND. &
5 (5, PLERSr 2 R BB B AR 5 & 72 e 1 bR 2
Yoy, FEMGERR BTE TR RS T E AR .
23 4 TBEYRSTHERNE

2.3.1 A mEl S [ “2.1.27 i,
2.3.2 WS PIHS [ “2.1.37 T,
233 @ik [ “2.1.17 TiaiEgt,
234 LMERRFEHE FEFEWH “2.137 DUNRESA

X G BRRGE B, R A TR RO B R B )R B Rt
MRV, % “2.1.17 BUR 3SRk ile, i
SEIET AL . DAETAR (V) XHRERE (X)) #H74
PERNA, SB2RS R bREri 2k, S8 %k 5, wf
3% B3 A 78 B VU RN A PRG3R R I

235 FEEEERE H “2.1.37 TR A IR AR
W, 42117 TR g S RESLEERENE 6 Ik,
SRR B, RS)-FHKE BRHIER, TH5E%

RS ORERT 4 MRSMEAGIE. BXRE. LMER

Table S Regression equations, correlation coefficients, and linear ranges for four components in Isatidis Radix

D% [ )= 7 7% r 2R MY Bl /(ug-mL ™)
JREF Y=11 130 X—2 814.2 0.999 8 1.07~275.00
B Y=15 004 X—4 990.2 0.999 1 0.90~28.75
(R.S)-HicHF Y=33 404 X—24 888 0.999 6 2.93~375.00
323 Y=16 753 X—21 666 0.999 7 0.96~490.00
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B4 RSD 73508 2.21%- 1.72%- 1.52%- 1.67%.
23.6 HEEMAK FEERBUE RS (S5 R
WK, % “2.1.27 BUR L FATHI% 6 (it
RV, F% “2.1.17 TR B A T e, dsk
PRE B (RS)-HKHE. IREER, tHE R
58 RSD 435N 1.91% 1.30%-. 1.30%. 1.07%.
2.3.7 FREtEiE HORIER AR (S6) &
&, % “2.1.17 BURNAREZAS AT 0. 20 4. 8.
12, 24 h FEFEDNE , DR IRE . B, (R,S)-HikH
PRI T AL, 115 RSD {H 5 A 2.55%. 2.38%-
2.68%- 1.52%.

2.3.8  JNFEEISCRIRIE L 6 4 ELANE A B B AR
WEHRIR (S5), FEHE, 70 AN S FE i sy
T EUTAHSE IR, 1% “2.1.17 TUN @i
HFEIN G, IR B, RS)-HIKE. Rt
AR, TFE 4 FhEk s (77 35 A 1R 43 51
100.8%-97.6%-+100.1%-98.5%, RSD 43 5|4 2.31%-
0.45%- 1.56%- 1.23%.

239 FEMEEIE REEFRE 1S #BERB R,
F2 “2.1.27 DUR kb FEIE T, % “2.1.17 TR
kSRR 2, R T R R . .
RS- IKEFBE )& &, SR NEK 6. Z5HEH,
RS)-EHEMEERE (FREZH) 2025 R
JE, (RS)-H KA B 77 4E 0.390 6~0.989 3 mg/g,
JRE RN TE (S3); JREF. 1. IRiF
Jii B4y H05r WIAE 0.256 7~1.383 9 mg/g. 0.1714~
0.824 6 mg/g. 0.5760~1.2319mg/g, T AR[FEhEE
M TS 4 FhEcr & B R A BOREE o

24 ERHPMEENE

Z8 (P EZG L) 2025 IR B TR Al E
EICR GRS GEI 2201) BEATIE, I 45%
LR IRIOE R, 4RI 6.

HHK 6 45 SR 1, AN [F M) 7 2] & B AR
MERIEIR MY S BT S (P E 25 2025 Ak
FIHLE . B AR BEIR HAITE 35.112 1%~43.810 6%
W, LL60 CHET4h (S13) Hk.

*6 WMIERPEAEIENE 4 MERSHEENE

Table 6 Content determination of alcohol-soluble extractives and four components in Isatidis Radix

5 B EIR Y/ % JRIF/(mg-g™") B4 /(mg-g™") (R,S)-EHHF/(mg-g™") WRE/(mg g ™)
S1 35.112'1 0.3856 0.1911 04125 0.6857
S2 37.5104 0.5292 0.188 5 0.390 6 0.749 5
S3 39.692 0 0.256 7 0.174 7 0.9893 0.576 0
S4 42.124 9 0.748 5 0.3613 0.7953 0.881 7
S5 40.017 3 1.175 4 0.3229 0.952 4 0.840 4
S6 38.182 8 0.9512 0.224 7 0.429 4 0.678 9
S7 38.964 2 0.775 4 0.302 5 0.424 1 0.767 1
S8 40.530 8 0.8192 04120 0.903 1 0.948 5
S9 394308 0.920 7 0.4503 0.618 1 0.9573
S10 39.1135 0.9527 0.505 1 0.678 6 1.040 3
S11 36.124 8 1.383 9 0.7413 0.473 2 1.2319
S12 42.399 2 1.086 8 0.802 6 0.803 3 1.177 7
S13 438106 1.1213 0.824 6 0.742 4 1.162 7
S14 39.0239 1.099 4 0.529 6 09793 1.007 8
S15 41.2957 0.936 4 0.5136 0.705 7 0.952 1

25 BRABEGEFNEEIEH A

251 RIROPEERCE RS CKIRE . SE
(RS)- A BB ARV R Y E N R & VP 4R
b, BESLACSCRHRT: (RS- MR T AR
7r s REBCEARAAE A R EER &1, t2
(R ZgL) 2025 SR ARVE IR AR ME— R PRk AR
51, W HAREE L IR SE AR A% R0

R HPUREM EEEERSSy, FHAMES 2 00,
RV T BRI & Bk, S HHE R
—hll, Bk 5 AMEFR A 3 DNEIR, HEMEHK
F/MRIHR,S)- 5 K> PR = S =l > B
MR Y, WA 7. FERER— B IR T Cl=
0.024. —#MEEEH] CR=0.021, /T 0.10, FH
Fabn s LLE R AR R G 2, AUE R E0R RS,
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Table 7 Priority judgment matrix and weight coefficients for indicator components of Isatidis Radix

_ (U R

febr - — gy NS VAT

fit R T PR AAL %
RS- IKF 1 4 4 4 5 49.650
PR 1/4 1 1 1 3 14.746
5 1/4 1 1 1 3 14.746
Jiz5E] 1/4 1 1 1 3 14.746
B PR A 1/5 1/3 1/3 1/3 1 6.112

252 WBGETFERCE R HUE AT bR dE AL AT
—ARARFROOY, RS (AN AR e R BO AT B .
PRE . B (RS)-H KA IR RIS R )
IR R E04r 508 0.127 08+ 0.306 46, 0.270 48
0.161 89, 0.134 08,
253 HAERERNITE ABESTE. ZUREN
B, RHJUAPERSEES EAE (W) 5EUAE
(W) FEATRRERO, DAY st 2 R 45 2.
P EAARHIRE . S (RS)-HIKE I E R
HEIR VI E A BUE 2055079 0.081 37, 0.196 23+
0.583 15, 0.103 66 1 0.035 59.
254 EEEG T ZMEEE WA L mAuE
(linear weighted sum method, LWSM) HAG 57 &
BT PR @R R, R R
GRS IFRE I > MmO BUE & IR R,
A EE TR . B SR A B E TSP
oy, e HTIREN 60 °C, HET IR 5h 4
i, RN 8, JFLERYORSEIRANR, Z5ask
(G SV 1Y cvei e 2 e
*8 WMNARBAEREETES
Table 8 Entropy weight coefficient method and

comprehensive scoring

% P4 % )
S1 0.052 S9 0.431
S2 0.061 S10 0.521
S3 0.602 S11 0.440
S4 0.563 S12 0.777
S5 0.719 S13 0.729
S6 0.132 S14 0.823
S7 0.154 S15 0.543
S8 0.692

3 i
ghE (FPEZ ) 2025 FERROCHRARIER2T], 52

I T R EE-0.02% SRR /K IR (7 & 93). HIEE-/K .
CNE-HRRKIS AR RS T R Geiiik, FExt
TAIFHELE . AR, PR E . ST, &

J&i AR - AR shAR A s 254 RTINS A 1)
PRUUTNEIAT S, AFEREIAT. PRI A, $EHY
JE, BRI R MK IR S AR E RS,
PR (rREZGH) 2025 SRR AR R ORI 125

ASLIGFESL T 15 HEAFGE SN T 74 1
RIEAR HPLC fagu &, 193] 11 AN ILAEIHRRIA
HHE A 4 4, fH OPLS-DA 4p#r4t B8 g 2 Ck
RO S () g 7[(R.S)-HIKEF X 75 A
IFi) 2 i ) o) % ) B AR T o 22 S 11 B A S
57

BEE TR E TS, (RS- kAR 1 & & R ILE
ThE GRS AR S, 72 60 CIABIIEME; PR
L MR ESEZERR T HERENAESEES
TR, FE R A RS A K A FE IR R R
R, MR, ZERES TS NI FEH, A
MR S R L o S5, A R A
AN fif, IX AT REAIAR B R A K 2 A Wik 3
HIH K, H A5 AL 5 SCHR PO i 3R A 1ot 7%
— 329300, [ A LR T v, R R
T LR IS, &2 TR RIS,
H S35 S11 MESCH 0.695, #E—L i ERS
B SRR AT

HCA. PCA il OPLS-DA #5558, ANFETHTT
AR B SR T IREAS AR 70 B B[R] A 52 0
BENE, VT 2R B REAR R (R
AEA FFAEM: A FETEEI T 2 PR AR
T — e )z a2, (H B HORE R I AT
TR s AHEEZ R, AKARBERRS (RIS 5 oA 5
Wil g/ )s, PRGEAVEGAEA R BT & B s, nf
DA5 7K AR 3B [ AR R F TR B R )N o

CHp 25 802025 A2 RR A ARCEAR R 1) ZER R
“BREAT, Be, EE, UIER, TR, ARtk
Git-p T N M, TR TR G B 32 R IR L
K, GaUEeE, Juk s a e SRR,
REMTRERAE TRIE S, Lo, kT
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B BRI R LA R TR . A TR ST 2,

AR T AL T R AR B R, A

TR T RRE, YO AR e 4% . At Fuisit

BT 2R S0 2 22T 3 TR L BRI Ak

BT (R0 S M ) AR RS AR O B2 2, AR

Bk R S AR B, RN 7 38 SR

JRESWECKIIR R, Ak — P R E

eI () T 2SR E RS E
FBAR PIAVHHFAREEF R TR
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