“64 - PED 2026E1 8 B57% H 1 Chinese Traditional and Herbal Drugs 2026 January Vol. 57 No. 1

AT HPLC IUESL A K RRRBIR S M E R E N S TBR AR
BRI

REFH, WEE! A A2, A W, RS, FE? ZFEY WRR RTE?, RIFRTP Y
L VLVEREEZ R 2%, 1TV & 330004

2. VLVEREEZ RS, DR ZHIRIZE WE A=, YLV ME 330004

3. MR REA N, 1175 mMal 210023

4. JLAPERZRFEMEERL, 1L EE 330006

# E: BB E3L4MH Angelicae Sinensis Radix J 47 HPLC 8 8C W, HE & Z ogih- 4 A fle &0 e i 70 24 )38
RAEWF AN, NUHFEWPNIRMESE. Fi& KA HPLC yE# A 0 Rl Y Hse s, FlleHd 5-5%
FJLHE (5-hydroxymethylfurfural, 5-HMF). ZRJER. FEEE. FIZEER. BEANBRSE. KHB 4GRSO RE
VM RGTHARUE, A5 A AT A AR, DURIRTE & AT S G VTR v Faas, 128 2 25017 (hierarchical
cluster analysis, HCA). {743 #7 (principal component analysis, PCA) A 1EAZ fiif /N —-Fe-H) 5734 (orthogonal partial least
squares-discriminant analysis, OPLS-DA), P 4N AT G AEME % 7, FHRAFEERMERT . SR #5727 10 #tik
A SRIE 209 HPLC 4840, Hp A adtkre 17 11 AMEE g, WY IEEE T 12 M EEEE, 4. T3 iEs0EEM
A >0.960, L2 IR % R0 12 (BEARNEE). 7. 11. 6 51§ (FIZHER) WAL R M 24 & Bl 5 i £ 71
PrEW. SEMESEREY, MAEKEHAR S-HMF 55y, BIEEEE. SRR FREERS & RBARM TR, SEARNEE
ROy o R AEEME R LI i @I A K AT SR SU R K 2 iy B eI E VAR . TR, AT AR A K M AR
BEEHI MG R RS %,

KRR MH; WHIH; HPLC; $RSUENE; (h2EihE; SRR SRR &R PR, EANES FET;
JERELHT ERO 0T IR s Z3e- A5 4 B

FESHES: R283.6 NHRFRERE: A NEHS: 0253 - 2670(2026)01 - 0064 - 09

DOI: 10.7501/5.issn.0253-2670.2026.01.008

Quality evaluation of Angelicae Sinensis Radix before and after wine processing
based on HPLC fingerprints combined with chemical pattern recognition and
multi-component quantification

ZHAO Meixi!, YAO Xuelian!, YANG Ming?, ZHU Jing', LU Tulin?>, GUAN Yongmei?, LAN Zhihui*, LIU

Leling?, ZHAO Zibo?, ZANG Zhenzhong?

1. School of Pharmacy, Jiangxi University of Chinese Medicine, Nanchang 330004, China

2. Key Laboratory of Modern Traditional Chinese Medicine Preparation, Ministry of Education, Jiangxi University of Traditional
Chinese Medicine, Nanchang 330004, China

3. College of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China

4. The Affiliated Hospital of Jiangxi University of Traditional Chinese Medicine, Nanchang 330006, China

Abstract: Objective To establish HPLC fingerprint profiles of raw Danggui (4Angelicae Sinensis Radix, ASR) and ASR processed
with wine, and to study the changes in chemical components before and after wine processing by combining multivariate statistical

analysis and quantitative determination, providing a reference for the quality evaluation of ASR. Methods HPLC was used to establish
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the fingerprint profiles of raw ASR and ASR processed with wine, and the contents of 5-hydroxymethylfurfural (5-HMF), chlorogenic
acid, vanillin, ferulic acid, and ligustilide were determined. The similarity of the profiles was calculated using the Chinese herbal
medicine chromatographic fingerprint similarity evaluation system. Common peaks were calibrated, identified, and assigned.. The peak
areas of the common peaks before and after wine processing were used as indicators. Hierarchical cluster analysis (HCA), principal
component analysis (PCA), and orthogonal partial least squares-discriminant analysis (OPLS-DA) were employed to evaluate the
intrinsic quality differences between raw and wine-processed ASR and identify the main differential components. Results HPLC
fingerprint profiles of ten batches of raw ASR and ASR processed with wine were established. A total of 11 common peaks were
identified in raw ASR and 12 common peaks were calibrated in ASR processed with wine. The similarity of the profiles was greater
than 0.960. Chemical pattern recognition indicated that peaks 12 (ligustilide), 7, 11, and 6 (ferulic acid) might be the markers of the
quality differences before and after wine processing. The content determination results showed that S-HMF was newly generated after
wine processing, while the contents of ferulic acid, chlorogenic acid, and vanillin slightly decreased, and the content of ligustilide
increased. Conclusion The established fingerprint profiles and multi-component quantitative determination methods for ASR before
and after wine processing are stable and reliable, providing a reference for the quality control, comprehensive utilization, and clinical
application of ASR and ASR processed with wine.

Key words: Angelicae Sinensis Radix; Angelicae Sinensis Radix processed with wine; HPLC; fingerprint; chemometrics; 5-

hydroxymethylfurfural; chlorogenic acid; vanillin; ferulic acid; ligustilide; quality evaluation; hierarchical cluster analysis; principal

component analysis; orthogonal partial least squares-discriminant analysis
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Table 1 Information of ASR sample sources
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Fig. 1 Appearance of ASR slices before and after wine processing
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Fig.2 HPLC chromatograms of ASR processed with wine
test solution (A), raw ASR test solution (B), mixed reference

substance solution (C), and blank solvent (D)
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Fig. 3 HPLC fingerprints of ten batches of raw ASR (S1—
S10) and ASR processed with wine (J1—J10) and their
reference fingerprints (SR, JR)
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Fig. 4 HPLC chromatogram of mixed reference substance

solution
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Table 2 Eigenvalues and variance contribution rates of

principal components

LA EE 5 E SRR % R TR %

1 5.727 47.726 47.726
2 2.450 20.416 68.142
3 2.085 17.373 85.515
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Table 3 Principal component factor loading matrix

AR BT
WS TR TRy ERONVET EROY B ERT
1 2 3 1 2 3

1 —0329 -0.519 —0.282| 7 -0.333 0.925 0.082
2 0796 —0.448 0.157| 8 —0.272 0936 0.054
3 -0.129 —-0.038 0.832| 9 0.196 0.099 0.917
4 —0.276 0907 —0.025| 10 0.889 —0.264 —0.168
5 -0.304 0.145 0.860| 11  0.932 —0.266 0.008
6 0975 0.000 —0.015| 12 0.900 —0.109 —0.257
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Fig.7 OPLS-DA score plot (A), VIP plot (B), and 200
permutation test results of model (C) for raw ASR and ASR

processed with wine
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0.9998, ZEPEVEF 78.10~781.00 ug/mL; 25 F &I
FX R RE R R RAF, R2ITE 0.999 LA b
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R TR, PTRERR . BEAS N IR &4 )
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i o3 270 £ RSD {H 43 114 0.49%+0.94% 1.49%-
1.85%- 0.81%, HI/NTF 2.0%, 45 REHZTEER
PER 4.

2.9.5 JNFEEISCRIRIE  HUAE 40 (S1) R4
AD SRS 6 4, B 04 g AN S
FE i R85 B B A G ) S B, R “2.47 T

NOTVER A TR, F IR 227 TN Ak AR
HRENGE, THEARIA YA SRERR . AR, i
BRIR  BEAS Y R~ 3 A RIS 2R 23331 9 104.77%
99.95%. 104.61%- 97.45%, RSD 435K 2.49%.

3.69%- 1.73%. 1.20%; 52499 5S-HMF. £¢JR R
T, FTERIR . B A N R RTS8 DO (Rl e 2243 1)
N 98.92%-+ 105.77%- 102.74%- 101.95%-+ 99.84%,
RSD 4314 2.55%- 2.15%- 1.86%- 2.26%- 1.02%,
g R R Z I LM AT

2.9.6 FESEEIE  H 10 #EAE 4 K 10 HEE X
AR, %8 “2.47 TUR 72 ol i Vs, 1%
M8 €227 TRt SRR T, SRR, R
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R4 10 {HEZHAK 10 HBELAFRP RTINS E
MELR
Table 4 Determination results of index components in 10

batches of raw ASR and 10 batches of ASR wine samples

JiEE > #/(mg-g ™)

N
T TAME Em BUR AR A
S1 - 0.508 0.037 0.479 4.038
S2 - 0.383 0.030 0.397 3.956
S3 - 0.449 0.020 0.542 5.148
S4 - 0.418 0.031 0.413 3.687
S5 - 0.383 0.018 0.582 8.583
S6 — 0.428 0.016 0.583 11.870
S7 — 0.417 0.014 0.624 11.415
S8 - 0.438 0.021 1.248 14.694
S9 - 0.214 0.013 0.735 10.458
S10 - 0.238 0.015 0.558 6.191

B 0.017 0.557 0.033 0.433 5.426
12 0.017 0.401 0.025 0.295 3.539
J3 0.016 0.325 0.018 0.412 6.238
J4 0.016 0.312 0.030 0.289 3.805
J5 0.014 0.320 0.016 0.439 8.862

J6 0.020 0.381 0.015 0.567 11.643
7 0.017 0.391 0.015 0.539 10.906
J8 0.016 0.279 0.017 1.078 14.965
J9 0.017 0.192 0.013 0.569 10.136

J10 0.016 0.281 0.013 0.563 7.653

“—” means not checked out.
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