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Research strategies and empirical evidence of quality marker studies for Chinese
herbal medicine decoction pieces based on “property-effect-substance”
correlation
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Abstract: Processing of traditional Chinese medicine (TCM) decoction pieces is a crucial procedure for ensuring clinical efficacy,
reducing toxicity, enhancing therapeutic effects, and regulating medicinal properties. However, conventional quality control methods
based mainly on indicator compounds or chromatographic fingerprints are insufficient to comprehensively characterize the dynamic
changes in medicinal properties, pharmacological efficacy, and chemical constituents during processing. The quality marker (Q-
Marker) theory provides a novel framework for quality evaluation of TCM decoction pieces, while the “property-effect-substance”
correlation strategy further emphasizes the intrinsic relationship among medicinal properties, pharmacological effects, and chemical
material basis. This review systematically summarizes the theoretical development and core concepts of Q-Marker, elucidates the
scientific basis of the “property-effect-substance” correlation, and highlights recent advances in Q-Marker screening and validation
strategies based on chemical fingerprinting and pattern recognition, spectrum-effect relationships, serum pharmacochemistry,
metabolomics, and gut microbiota studies. Furthermore, emerging technologies, including artificial intelligence, multi-omics
integration, spatial metabolomics, and mass spectrometry imaging, are reviewed for their applications in the identification of
processing-related Q-Markers. On this basis, from the perspective of the processing specificity of TCM decoction pieces, this review,

for the first time, systematically integrates artificial intelligence, multi-omics technologies, and the “property-effect-substance”
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correlation framework into the study of Q-Markers for TCM decoction pieces. Current challenges, including insufficient quantitative

characterization of medicinal properties, lack of standardized screening criteria, absence of processing-specific evaluation systems, and

inadequate integration of multidimensional data, are analyzed. A Q-Marker research system characterized by processing specificity,

efficacy relevance, and whole-process traceability is further proposed, thereby providing theoretical support and technical guidance for

improving quality standards and modern quality control of TCM decoction pieces.

Key words: traditional Chinese medicine decoction pieces; processing; quality marker (Q-Marker); property-effect-substance

correlation; artificial intelligence; multi-omics
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Table 1 Methodological combinations and applicability comparison of empirical cases for Q-Marker of traditional Chinese

medicine decoction pieces during processing

FH1 O AR e )

YR BB A

BB % R

B R-BB X EISEEHIE UPLCIRGURIE+PCA+ 10: 4MRIERT: A FIRBUREE BRI HAIRERBUIRITN O BRGNSk k&

ik BRIIRERIAE  MAAEE ) TX

et B+ HENE T el AR AL

M- EE: D ERERBRA DI+ IEL W BRI EERER: A
BLRL A 1 LUEShRE

SN RRRHIRRAE B+ TR+ Q-

S5k Marker “FLJRN” ERERNERARS

SUBRRT; AE: Akl R

HRLE ke, TR AR, HIEE

E R HER

BUlBi S R MEEIRESR KB AT S,

P55, E#fEiED UPLC-Q-TOE-MS/MS+ #): FHRERBS4R/r; A L. RGERIE. Hl HAWNZER. Bik GHLshafCe, wik

WA 5, BT

AEH e 8 PR

OPLS-DA+ MBI JAF KPISK/AKUMTORIEH; 14
DA M A3 SRR AL

bl i AR, & BUDAMRR. RNE

AERWAERE R RRE
SHE  HAEEITEE,  RIERER G Lk
iF R R e N PK/PD I

ERT 2 HRMARE GCMS+Z G+ W FRMERY; B ERF ERIEGEY FXHERMEHE, & SO 2iEEL

WHEGHEIMA B +Q-Marker BT . WRIEA. FREG  KIGHRE  TRELBIOHET  MEARELER, Rt
Y fiisde S I P 72 7 [ 2 BT Jatbs %5 Fr ST FE L
RIRER: BTG BRSSO AL+ . SAARR R, RR TR 5 SREN. & RO RAZ BEIHFAEAL, Ko
MALHSESE, AIHRE HUVECKR +®EZRE  HMF; 2 MEETSHREL  AREST SN BRSRKDIME T
i ThRERE 7] o+ BBt R ettt BEAAEARE  Zitk WA, MbERmE AR RRIE
*H i

Al BE A EE. il A, Rk
RS 2 R A S, TR R AN R AE L R
filh 5 T & 18] ) AE 28 M SRR BE Y . BLAR 2% 2 L IR
FE 2 3] Je %2 RS RO SR AE e L NRE AR B i
W B — R, AT BOC R AL 1298
R -RR-JR -7 2 A TR LA 757581, BT
“EINTRT, RIRLEA R AR S S5 HA
ZERY () « ZHVEARAE (1) L AR S 3ERME B () |
PR B AR AE (D, T H 5Tk 1A
M2 ZRH, Hizb2¥Eg “Prikitii” &5
AR O T EAY AT TR B AIE A R AR 1859,
TEZ BG5S HIE SR T, RAmA Q-
Marker FHFIZ T K HHAMERAE . P05 3k 2 22k
e R (1) 2R ek g, S B G 58 RNk
K 3.

Z A5 B R A = AR I S A
LA GE . EEiE A SRR T PR TEA . 4L
HOFE SRR IR0 B EE SRS i N A
e ) 3t R By S 2 PR AR A IO H - S AT
A RS S AR BRI . AR
5 B LA RE N AT F o b« M P 2 B VPN
PR e B, IR -, 2R A T RS
itk ZiRCRY R EERME B . Mao ZESIRA T 4
ARG R 2520 LT 5 R LR HPLC 4840 &,
e 5 Mgk Q-Marker, JFEESLITZLAMLE E &

AR, SCHL T “ORL-SRE-N R T BRI, R
Z R — B R IR Q-Marker AI{E ) EH
EEELA

BEHLARAR. SZHREEANL. XGBoost AR FEFHE M
CRERE N TR 4098 B TR G AL B
1o Fu SN SARUEILH 2 AR O e 2 FibLas
OB, i AN [F R R R Bk Q-Marker;
Chen S5 B G AA N BB SAHME T, #E K
TR N R TE [ O T Bbr 5 o AT BB AMNAE T4
LR AT R 2, SEAE THER) Th 24 B ST
HH 2250 4 [m) B SRS R LR AR AT %48 . Bai 450942
H “quality marker-data mining-intelligence assessment”
FWE, SRIALE IO S BEAS E R RPN
TR, SR BRSNS . 24RT, AR
T2 BIBARFREACAS . FEAREA TR B AT fiffe
PERLGS S5 T S I UEAS RS PR, ARRBINEZVREL
EbrER R, IR AT e 24k
Re JIFAE) A B
42 HBHIEZFE N - =7 EESHRARNE

N L RERIR R N 2507 Q-Marker ##1H7
AL TR A T, (R 1 R A BR AT G
TREE. SHEZREIESE. TR
TS, KR SUEIE . & B E B —
Bedm, A HME A T R R ) AR 2 AR B
et R I ROU M AV 2RI B A R &R ILAEK,



F 8B 2026108 $57% B208  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 20

= 8007 »

ATHRE

9 Z)Q-Marker#f iR 1) i N i A 3

& U A R 1 5 P R

LA ik iEQ-Marker H} il

(LG H B R R
W) (] ) oy e |
RN (.
' - B m i
fulihar  FRME XM

i1

MR AT, RPN, AR
R B AEREAE 5 22 (] Y B A AR R SR

SRR & 22 R U

L SIOBFURE: N “TE

P CZHEAFAE) o

3!

B (R

o ,\

o LN,
» LB H (L%, a*. b*)
< K E (VISNIRZ)

s T
t

LI g R T

RS HUR R S AT

Fyg k2" RGN

1 l"l' CREPRFAE )

«fﬁ—

M 28 S RS G

!LJ@

SER (ARSI RS
o L S AT IR (1 2 A

il
6 PR A T L T

WR——%" B4 RA4E
) QA AT D) B CEROD
] | &
"., 4 9
= 'L ML——-r lll‘lll ;3
%)) « LC-MS/MS. fRi#f#i¥ - 4l
< JELLAMERE (NIR) Ly
(N2

YT T

[RE SR 31 2y 1 04 B
B sz Bt a2l

LIS ] [ IRIE A S Sk KAHURSAE G BURIRt 53000F | | Q-Markerffsiz 15 5
s O W : REEARE | (@ Markerkii) " Markerf
: A wnok o | S
et i fo ot i
Ut N 5, e 42 o Y480 3 o
i e | T el ]Z_ CHFTTRERL (SVMOj ~ TRRTEE A b JE6£Q-Marker i if
i I i NV s
oLl & “
SRR — ‘ S o, "%x, XGBoost 4 jﬂ 5
e s B
spn Lk ; RAS Bt 05
'v"lﬂié’iﬂ':-l . —  FREES - ;%«WIM'?H“I?& e /fT
o (DNN)
A B SMESH I i 1@?&%

N TR R AE A A O M

iR, Tkl

Eatp L B 45 2h it HL AR BT Slyrhifie)
- § o A
CERL %) (BEM. B4, zhd)
[

g(f %

HEZh P2 A & h “LRHIK [

A

|n[]lﬁ
PRI EN B AT " $E A8
ANLERIZH “TE—

HE—Wk—Ri— 2" W EXRIE,

8 bR

@

[ R S

PEAREBAT TR
HUR ] R A ik

FARRIEAL

BP0 Q-Markerf) # FHEVE(N

B3 ALRFIHIPZAIRE Q-Marker = PEHHRIER
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