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Abstract: Objective To establish the physical, chemical, and taste fingerprints of 15 batches of the classic traditional Chinese
medicine formula Zhishi Xiebai Guizhi Decoction (ZXGD, 352 [ #:4%%) benchmark samples, as well as a method for determining
the content of three index components. Methods Fifteen batches of ZXGD benchmark samples were prepared. A physical fingerprint
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was constructed using six physical parameters: solid content rate, conductivity, refractive index, surface tension, density, and pH value.
Similarity evaluation, principal component analysis (PCA), and cluster analysis were employed for analytical evaluation of this physical
fingerprint. HPLC was used to establish the chemical fingerprint of ZXGD, followed by similarity evaluation of the chemical
fingerprint. Additionally, the contents of three index components (cinnamic acid, cinnamaldehyde, and synephrine) were determined
via HPLC. Electronic tongue technology was applied to analyze the taste of ZXGD, construct a taste radar chart, and generate a heatmap
to analyze the correlation between taste, chemical component contents, and physical properties. Results The similarity between the
physical fingerprint of each of the 15 batches of benchmark samples and the control fingerprint was greater than 0.9. Results of
hierarchical cluster analysis showed that the 15 batches of samples were clustered into two groups: one group included samples S1,
S6, S11, S12, and S15, while the remaining benchmark samples formed the other group. Cluster analysis based on the contents of the
three index components showed results consistent with those of the physical fingerprint analysis. The heatmap revealed that
cinnamaldehyde and synephrine were strongly correlated with bitterness, bitter aftertaste, saltiness, and alkaline bitter aftertaste (P <
0.05); pH value was significantly associated with sourness and richness; while synephrine exhibited correlation with electrical
conductivity, refractive index, and pH value. Conclusion There is a correlation among the physical, chemical and taste attributes of
ZXGD benchmark samples. The established “physical-chemical-sensory” multi-dimensional evaluation model can more
comprehensively reflect the overall quality, providing a scientific basis for the quality control of ZXGD benchmark samples and the
development of compound preparations.

Key words: Zhishi Xiebai Guizhi Decoction; physical fingerprint; chemical fingerprint; electronic tongue; quality control;
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S e (A KZ % ( Zhishi Xiebai Guizhi
Decoction, ZXGD) H H AT 51 (S FLERL ),
El: “RASEDUMG, JEANDYPY, #EET, HEkL—W,
JREESL—HM (). ERWR, BUKEF, Fe@ARsE.
JEAN, T, K, NiEd), BEE, IR =IR
AT AR JEAN FEA . AL RE S R AA
B BAATAAER . BRI, —RHTIRIT
Mg )42 5, BARZG 2R B, ZXGD EA R
OV, SR O DR ER, IR a7 O
Wi~ OB OIUESEEEGR, 7 TR, Hor
FERGIE . 2E I MONEERE . RS 2 BRZGM7E (HE 24
B 2025 SRR R R TER . PIFERR . A R A
B2 g gy, BAABUR . SEE AR E R,
IR ARAE AR EE AR Sy, HA R
O FHEAERIBL, S5 “47507 DI S o
fih, WOLFEIX 3 PR B R TR b o

AT, SENE. e faalEE i ZXGD &
— PPN R O, BRI RE T
B IR E Mg B d, IR B R 2= T )
VIR, TCIE AT ERAE 24 5207 170 1 o8l
HF 3 AR AL JE g A, S
IRy 2R Al [FIFEAEAE G PR R ), fEA 3
febrd, BFE (o) 54WHEFHEEHX; pH
EAREFIRERE, SEHTEEFEsh—M
Fri&s @A AR & & (solid content, SC)
e filFR B SO BT A I B SR bR, R

MR T e RETK I () RELT 25251
I RARTE, 163 (n) JRBE T 25 IR RE, 5055
)5 R AR — R s 0121,

[FI, % GURE VR AN T 3 W, RO
FINHFE, 245 B 7R Rt o B 10 sk DA K S
A2 B AR SRV A HT, R STIR R AIE S5 P B
PEL AR R DRI EDS), ECLTE R “ P -1k 2F-

7 ORI 2 QETEIN R 2R, S SRR L 1 T
—HE ST, AR OB RS EE .tk
TROEE . & 2 e ARSI S EIE A &,
EEZHEE RPN, RS, IRAMRMEEAERE
o B REAE, AR 2 5 R o s ) R — 3K
PEVEN KRS .

1 {UEEHH
11 435

SA402B Plus-EX U HL 775, HA Insent A H];
Waters €2695 T = R0 AH i A%, 32 [E Waters A ]
DDS-307A BUHLFRAL, AR RHA AR A
PRATE]; WAY-2W ZURT DL, A e
LAUBE R AT QBZY B R 414 H shR H 5k 711,
WA ES AR A F]; Seven Direct SD20 pH it
AL204 BUHFArHT KT CREFE 0.1 mg). XP6 HLF
DR CHERE 1.0 mg), M #-FER 24088 (b
) BIRAF]; TGI6MW M & R E il g0, HiF
RPE A AR 28 %A PR A 7] s DHG-9145A B R AAE AT
FEFE . HWS26 R HiIE IR K 4R, i —1ERMEA



PER 2026E3H B57% B 6 Chinese Traditional and Herbal Drugs 2026 March Vol. 57 No. 6

* 2077 »

BHRAF]; Milli-Q 4K, f#[E Merck A F .
1.2 A5

SRR T F T (IS 111574-202106, 5 &4
$943%). ARZARm (iS5 112090-202201, i
34899.9%) . BEAML (H5 111530-202315,
R 97.6%) Bk AT (5 111857-202305,
JRESH99.6%) R (k5 110721-202220,
JREEL97.2%) MR H (45 110722-202417,
JRES L 96.1%) WHERR (k'S 110786-202305,
JRE 4 99.8% ) JEAME (b5 110729-202316,
R4 99.2%) FEANE (iS5 110730-202416,
JRESTEL 99.8% ) R (k5 110710-202424,
R 99.2%) F Mk (b5 110727-202110,
JR 5340 99.8%), H B 5 2 A E B TR . U
FREE gt 4l L SRR = AR AR A s BEER
IR S UKIEIR . SALE oA al, [E254E
2R FEBR AT, + e R A e, b
MR T AR R A IR AR KSR = A
A,

ZXGD 1 5 BRI R 15 MR, 'S
K fE B IR 1. SEIGHT 2 ARsE . JE AN, 2
. Bk NS TRH2RE K2 R 2 5 B v 2 B¢
TRFH BV R BIR S8, RSN EH R
INTRARAFEWNERRE Citrus aurantium L. [ FoaR 5545 Fh
T e e B, BEAN A AR ZFRHK 2= 8 9 E b
Magnolia officinalis Rehd. et Wils. ) 1T F . B
KB R, #HEENE AR A REY MR R Allium
macrostemon Bge. [\ =25 , FER R R Y
W Cinnamomum cassia Presl B ERAy, NN
B P R AE MR B AE W) RE &% Trichosanthes  kirilowii
Maxim. [ AR . SR 253555 (R EZ
B 2025 FERRTHLE -

F1 ZXGD & 15 tAM IR RS R=HER
Table 1 Number and origin information of 15 batches of

each herbal decoction piece of ZXGD prescription

2 REEHR
2.1 ZXGD EEHmaHlE

FREUAR SR B 55.20 g+ JEAMR A 55.20 g5 Sk
1000mL, K 20 min 25 5 4 S0k kB RT
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Table 2 Information of mixed batch of 15 batches of

ZXGD benchmark samples
ZXGD eI
SEAERES  Blsz EAN R MR RE
S1 ZS-15 HP-10 XB-05 GZ-10 GL-09
S2 ZS-01 HP-07 XB-14 GZ-11 GL-10
S3 ZS-13  HP-03 XB-13 GZ-13 GL-04
S4 ZS-06 HP-06 XB-04 GZ-01 GL-05
S5 ZS-08 HP-14 XB-03 GZ-07 GL-13
S6 ZS-05 HP-13 XB-01 GZ-15 GL-14
S7 Z5-04 HP-02 XB-07 GZ-08 GL-06
S8 ZS-11  HP-05 XB-08 GZ-04 GL-02
S9 ZS-02 HP-04 XB-02 GZ-02 GL-07
S10 ZS-12  HP-09 XB-12 GZ-12 GL-08
S11 ZS-03 HP-08 XB-15 GZ-06 GL-11
S12 ZS-07 HP-11 XB-09 GZ-05 GL-15
S13 ZS-09 HP-01 XB-06 GZ-09 GL-03
S14 ZS-10  HP-12  XB-10 GZ-03 GL-01
S15 ZS-14 HP-15 XB-11 GZ-14 GL-12
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3 ZXGD EEH MRS MR
Table 3 Test results of physical parameters of ZXGD

benchmark samples

4 ZXGD HEEHRREBIEMMERENEREE LT E
Table 4 Standardized conversion method of ZXGD

benchmark sample extract physical parameters

o/ v/ p/
(N (gmL P

1.3515 40.14 1.03 4.72
13540 43.21 1.03 4.71
1.3555 42.00 1.02 4.53
1.3530 41.90 1.03 4.72
1.3530 42.65 1.03 4.89
1.3515 43.25 1.03 4.87
1.3555 42.13 1.02 4.66
1.3550 42.17 1.03 4.76
1.3550 41.73 1.05 4.63
1.3535 40.76 1.05 4.64
1.3505 42.80 1.05 4.84
1.3510 42.83 1.05 4.90
1.3545 41.12 1.02 4.62
1.3525 41.85 1.02 4.64
1.3555 42.65 1.02 4.87

FER SC/% B
(mS-cm™)

S1  10.62 5.71
S2 12.02 6.23
S3 1258 5.99
S4  10.72 6.47
S5 11.38 6.11
S6 10.76 5.53
S7 11.30 5.84
S8 1230 6.24
S9  12.08 6.46
S10 11.42 5.80
S11 10.80 5.51
S12 10.68 5.53
S13 11.80 6.44
S14 11.16 6.22
S15 11.72 5.51

(3) #oE () RHITCEAGIAT ZXGD
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Table 5 Standardized values of physical parameters of
ZXGD benchmark samples

Fef SC o n y p pH{E

S1 531 571 67575 401 6.87 4.72
S2 6.01 623 67700 432 6.87 4.71
S3 629 599 67775 420 6.80 4.53
S4 536 647 67650 419 6.87 4.72
S5 569 6.11 67650 427 6.87 4.89
S6 538 553 67575 433 6.87 4.87
S7 565 584 67775 421 6.80 4.66
S8 6.15 624 67750 422 6.87 4.76
S9 6.04 646 67750 417 7.00 4.63
S10 571 580 6.7675 4.08 7.00 4.64
S11 540 551 67525 428 7.00 4.84
S12 534 553 67550 428  7.00 4.90
S13 590 644 67725 411 6.80 4.62
S14 558 622 6.7625 419  6.80 4.64
S15 586 551 67775 427 6.80 4.87
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M1 C(hierarchical cluster analysis, HCA) A3 {447
M1 (principal component analysis, PCA)

(1) HCA: {§i[f] SPSS 27 #fFHEAT HCA, 455H
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HEFE R N 2 2%, P ST, S6. S11. S12. S15 %
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(2) PCA: f#F SPSS 27 #4547 KMO
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Fig. 1 Superimposed physical fingerprint of 15 batches of
ZXGD benchmark samples and control physical fingerprint
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Fig.5 HPLC superposition diagram and control fingerprint of 15 batches of ZXGD benchmark samples
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6 SRAXMBREAR (A) & ZXGD HEEH#RERZER
(B) B HPLC
Fig. 6 HPLC of mixed reference substances solution (A)

and ZXGD benchmark sample test solution (B)

UKBSER | mL, A/KIEMEHMRER 1000 mL); 554
VeMt: 0~30 min, 50%HEE; A 30 C; AR
& 1.0 mL/min; AP 275 nm; FEAEE 10 pl.

(2) WHERR: B354 Symbolic Spire SP-Cis £
(250 mm X 4.6 mm, 5um); JisIHHA ZHE-0.05%7
BRI 25 WeMt: 0~30min, 28%ZM; R
25 C; ARFUME 1.0 mL/min; K19 K 285 nm;
HEFEEE 10 pl.

(3) HEREE: iy Kromasil 100-5-Cis
(250 mmX 4.6 mm, 5um); IR LHE-K; 5E
Velt: 0~30min, 26%Z1E; HE 35 C; BN E
1.0 mL/min; Y%K 290 nm; AR 10 pL.
242 HEAMEREES B2 R ZXGD £
WERESL, $227, BB 2mL BT E.08 %, 12000
r/min B0 5 min (BS0344208 10em), B FIEH,
RP AR T VA
2.4.3 X SRR A

(1) FE3hbR: FEEFRE 3 xS
IS 3 AR 201.06 ug/mL [ #
5], RS ARG R A TR

AnwHHE

N

&,
W,

rel=]
e o
=]
2}

6 15 Ht ZXGD E i s EEAAIE
Table 6 Fingerprint similarity of 15 batches of ZXGD benchmark samples

oy LR
i S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 R
S1 1.000 0.999 0.998 0.977 0.986 0974 0.976 0.995 0.996 0.999 0.999 0.992 0.985 1.000 1.000 0.998
S2 0.999 1.000 0998 0.974 0984 0.971 0.973 0.996 0.996 0.999 0.999 0.990 0.983 0.999 0.999 0.997
S3 0.998 0.998 1.000 0.968 0.978 0.964 0.967 0.996 0.993 0.998 0.996 0.985 0.977 0.997 0.997 0.993
S4 0977 0.974 0968 1.000 0.992 0.999 0.999 0.969 0978 0.972 0.978 0.995 0.994 0.980 0.980 0.989
S5 0986 0.984 0978 0.992 1.000 0.992 0.992 0.984 0.992 0.983 0.988 0.996 0.993 0.988 0.988 0.994
S6 0974 0.971 0964 0.999 0.992 1.000 0.998 0.965 0975 0.968 0.975 0.993 0.994 0976 0.976 0.986
S7 0976 0.973 0967 0.999 0.992 0.998 1.000 0.968 0978 0.972 0978 0.994 0.996 0.978 0.979 0.988
S8 0.995 0.996 0996 0.969 0984 0.965 0.968 1.000 0.997 0.996 0.995 0.986 0.976 0.996 0.995 0.993
S9 0.996 0.996 0.993 0.978 0992 0.975 0978 0.997 1.000 0.996 0.997 0.992 0.986 0.997 0.997 0.997
S10  0.999 0.999 0.998 0972 0.983 0968 0.972 0.996 0.996 1.000 0.999 0.989 0.982 0.999 0.999 0.996
S11 0.999 0.999 0.996 0978 0.988 0.975 0.978 0.995 0.997 0.999 1.000 0.993 0.987 0.999 1.000 0.998
S12° 0.992 0990 0.985 0.995 0.996 0.993 0.994 0986 0.992 0989 0.993 1.000 0.995 0.994 0.994 0.998
S13  0.985 0983 0.977 0994 0.993 0994 0.996 0976 0.986 0.982 0.987 0.995 1.000 0.986 0.988 0.993
S14  1.000 0.999 0.997 0980 0.988 0976 0.978 0.996 0.997 0.999 0.999 0.994 0.986 1.000 0.999 0.998
S15 1.000 0.999 0.997 0980 0.988 0976 0.979 0.995 0.997 0.999 1.000 0.994 0.988 0.999 1.000 0.998
R 0.998 0.997 0993 0.989 0994 0.986 0.988 0.993 0.997 0.996 0.998 0.998 0.993 0.998 0.998 1.000
(2) AHEERR: FEEMERWAERRIIRAE R, I 50%CEEH| S H R B 182.37 ng/mL X} IR A&
PRI B & PURERR 83.12 pg/mL BOXTRESIAWR, $2 W, BRET, BIAS RDRERE X IR VAR
57, BP1S R FR G R TR 244 LMHERARFKE B “2.437 TN RS
(3) FERZIE: MR CER I SR, I BORSRRE, $ZIR “2.4.17 TR G 24 e A
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JREWRE TR, DURERE AR AR (X0, 1
A ALER (YD) BATZRYERNE, 151103777255 3
N IRAR Y=4 631564 X+328 748, R2=0.9998, £
PEJEHE 3.14~201.06 pg/mL; KIEERR Y=64 288 733
X+5279,R*=0.999 9, ZPEJEHl 1.30~83.12 pg/mL;
FERZ S Y=112 813 X+11 977, R*=0.999 9, ik
il 3.80~182.37 pg/mL.
245 FEEEHEE B “243 (1) (2) D7 TR
il % B FRR VAR, IR “2.4.1 (1) (2D (3)” T
NSRRI 6 IR, ME TR, THE I
THIAR ) RSD {8 7350l 93 JE K 0.26% IEERR 0.96%
FERZIE 0.21%, S5 REBINZATHG LRI
2.4.6 FaEME%EE L ZXGD HAEFEM (S1), %
8 “2.4.27 TR J7 A & A I, FHEIR “2.4.1
(1) (2) (37 TR a2k, A RlfEdI#5)E 0. 2.
4, 6. 8. 12, 24 h FFE AT, MEUERAR, THES
i) RSD fH 73 5 N Ak 0.70% . WHEER
0.74%- TR 0.68%, 25 R R MR MIFIRIE 24 h
W E M R AT
247 BEEMWRE HFE—{ ZXGD HH#EFE M
(SD), %M “2.4.2” WL PATHI% 6 kil i
W, TE “2.4.1 (1) (2) (3)” TR il 2 3k RE
M, RS TR G TR, THEAS S8R
SRS RSD 43 AAE 30K 0.55%. AIEERR
0.64% 1 JZ 1% 0.59%, 45 KR\ &I EHE SR
2.4.8 INFEREIGEE S K% 8 IO E 18 hR Ak
e BRI (SO 94, 7 3 4,
R AR B ARBTEIREE AR SN o
MRS PORERR . R RIS HE AR, I8 “2.4.27 T
ORGSR, I “2.4.1 (1) (2) (3)”
T BB S A HERE b, TR SR AR PR IO ]
W N 97.04%, RSD N 1.58%; WAERR I T inkf
[FISC% N 102.80%, RSD A 2.58%; FERZ B I°F-1)
JEEEIUR Ky 98.02%, RSD A 1.85%.
249 FEREENE  B1S it ZXGD FEHEFEN,
M “2.4.27 TUR Tl A ISR, 1E “2.4.1
(1) (2) (3)” T F ik g AR, 105 3 Ma
PR W TRIAR, THE SR IRAR . ARRR . R &
ZER WK 7.

I 45 5 5N SPSS 27 HAtik47 HCA, 4538 I
K 7. PRI d=15 I}, FEMEAN 23, SI.
S6. S11. S12. S15 EA—K, HRIMEFREN
—K, 5YEIRaEg s R — 5.

F=7 154t ZXGD EEH AP 3 MmO S ENELER
Table 7 Content determination results of three index

components in 15 batches of ZXGD benchmark samples

R JiE K E /(mg-mL™") ke i B KR FE /(mg-mL ™)
FIRAR R R FIRR IR RE R
S1 0351 0.030 0.110 | S9 0.266 0.028 0.123
S2 0320 0.028 0.110 || S1I0 0.328 0.024 0.085
S3 0306 0.029 0.117 || S11 0365 0.027 0.097
S4 0.276 0.027 0.108 | S12 0.357 0.026 0.100
S5 0307 023 0.101 || S13 0.332 0.029 0.106
S6 0383 0.023 0.090 | S14 0.299 0.025 0.094
S7 0300 0.027 0.115 || S15 0356 0.031 0.095

S8 0.312 0.029 0.102

T
0 5 10 15 20 25

S12
S15
S11
S1

S6

B 7 15 #t ZXGD £t IErRaL T & & HCA Bl
Fig. 7 HCA of index component content of 15 batches of

ZXGD benchmark samples
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251 WENEFEE BTEE—FRR. 2
BTRE SRR R TR AN 2%, BB I 2 A5 2R R4
SRIGRAREE S ) “ R Taar” P2, i 15 i
B ALK 15 fit ZXGD FEdErt Fk rise, [
i) LSBT E 2 AR DA A S ER A R
NG BRI E AR E FE T, JEHIR 4 %,
ZHEE 1 IRIE, BUG 3 YO IEHRE g 3,
W 8. AR EIR, 15 HUBE S E B 2 R (BT A 1y
ISEAE AL AT 9 H PRI T), TR A s H R 4 5 i 9
ELAL T SRR, ARG A ) 7 AP AT JERA X ), B4
L ZXGD “EEFEE R SR AR,

Kk s B e E s R e IA I, 25580
BT 8o DL 15 FHHEHEAE 5 55 IR i Pl S AFL (14 350 (1 A S 55
Mk fe g g (R), A SPSS 27 Suiti#fi
Pearson Z; M1 EL & HEK [AIARLLEE, 15 #t ZXGD #H
BUBEIS KT 0.9, R BIA IR S HERE b R 5
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=8 154t ZXGD HAEHRRKREEENELER (n=3)

Table 8 Determination results of taste information values of 15 batches of ZXGD benchmark samples (n = 3)

i e 12 L

M mvk vk vk EUREIR  OREDE  BEVR  REME ROR AR BRPESTREIGR  GIEEETR
S1 -21.55 8.11 3.04 5.47 3.93 11.09 5.79 16.39 -7.89 44.74 —2.66
S2 -23.77 773 3.01 5.27 3.52 11.56 5.73 17.13  -7.92 43.09 -3.17
S3 —-18.57 7.44 3.09 5.14 4.10 10.09 5.47 14.09 -7.97 42.06 —2.69
S4 —2239 694 264 4.30 3.21 10.98 5.23 1930 -7.34 37.46 —2.94
S5 -25.61 7.27 270 5.23 3.15 11.22 6.63 1735 -8.95 42.60 -3.16
S6 -24.84 9.01 270 5.90 3.01 11.13 5.94 1499 -8.35 48.88 -2.85
S7 -23.00 7.36 2.48 4.96 3.08 11.13 5.85 19.08 —7.14 39.40 -2.87
S8 -23.59 7.48 3.08 5.24 3.95 11.38 6.28 18.60 —7.39 42.99 -3.11
S9 -20.95 693 277 4.29 3.69 10.81 5.57 19.66 —8.03 35.80 —2.84
S10  —22.07 793 3.04 5.30 3.77 11.10 5.71 1836 —7.51 44.17 -2.81
S11 —2470 849 3.03 5.85 3.40 11.07 6.53 1520 -7.80 47.18 =2.77
S12 —2493 8.17 3.29 5.76 3.54 11.26 6.70 12.66 —7.91 45.93 -2.74
S13  —22.29 8.12 2.8l 5.37 3.55 10.91 5.78 1846 —8.54 44.64 -3.02
S14 2219 7.17 2.86 4.33 3.81 10.98 5.79 20.69 -7.53 38.23 -3.01
SI15 2495 822 3.16 5.62 3.53 11.22 6.30 1538 -7.54 45.52 —2.66

Bl P
IR [m] e

ik

Ik

FEE R
15 #t ZXGD EEHF B AR 5T 45 0 Bl K 3t BRIR 58
B EE (R)
Fig. 8 Superimposed taste fingerprint of 15 batches of

&8

ZXGD benchmark samples and control taste fingerprint (R)
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Fig. 9 Results of correlation analysis between physical properties, content measurement and taste
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