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medicine
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Abstract: The controllability and scientific rigor of traditional Chinese medicine (TCM) quality standards are fundamental to ensuring
their clinical efficacy. The core limitation of current TCM quality standards lies in the inherent conflict between holistic and reductionist
approaches, which hinders their international recognition under reductionist frameworks and significantly impedes TCM’s
globalization. As a mathematical tool for processing complex high-dimensional data, tensor theory demonstrates exceptional
computational efficiency when applied in artificial intelligence (Al) and big data technologies, thereby accelerating the development
of sophisticated AI models and applications. Furthermore, tensor-based theoretical and algorithmic research in high-dimensional data
modeling provides essential mathematical tools for practical problem-solving. By applying the second-order tensor correction method
and the third-order tensor correction method, we can accurately analyze the components of TCM, thus establishing the logical
relationship between the macro-quality of TCM and the micro-components, and effectively solving the contradiction between the
integrity and reducibility of TCM quality. Therefore, tensor technology is expected to provide new theoretical support and technical
means for the modernization of quality standards of TCM.
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Fig. 1 Conflict between holism and reductionism of traditional Chinese medicine
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Table 1 Specific issues of traditional Chinese medicine quality standards at current stage
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Table 2 Application of tensors in TCM quality standards
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Fig.2 Flowchart of tensor technology applications in traditional Chinese medicine quality detection

DL B9k B4 AR A 24 s B A ) 7 T 4
BT —ER ST, VRS I OB - )
BRI (HPLC-DAD) 454758 B =219 iR
(ATLD) Hi%, SC 7 o258 iR i h i &=
KRG ARG TG 3 Fl 32 B 808 0 1 [ B Pk e
BT ETIRET M A, ¥ HPLC-
DAD =25 ) = 4ER0E - (IR BRI ) X X REAS)
BEATHCE SR, FIF ATLD i B4l 43 (AT
i, ERERRER R, THE RN AEIEE S5
BB S TAREE . SRIR A Crs RAAEFI 2 -7K
PR EEVEM, 78 JE A 1) e Bt EL €6 3 0 7 o 25 1) 15 00
N, R REAT C E AR T SRR SRR )
. SRR, S5EARZGEAHERET LML, o
e Bt m, HAVIARIEH R . EHIX
PG 20N T K ERIER “2 R, fERIIT
LGOS, nTEESE E B, @ 7
TEAR T 20 2% 5 80 1) B 1 49 BT 5 Y000 6 PR 20 A 2
(1 22 4 Tk AR T BT SRE, BIE TN B RREh e

B T R BB RUR Y, R R, &
R K 53 4- =L HIE, KSR TE Q-
Marker [¥] “ TR 7, JFBATERIED AT
R, BN SKERA IR RS, TR
MR T e 24 7 B B A K o T L 2 TR
MR A MELLE — W iR R, B 2 —
MEUZREDEL XA Tzt 548l
KB AU AS U S5 45 21 i b5 HE il 5 45 508 1% 22 T8]
FRIVEBCRE BARMLRE o £ SEPR IR B4z I, il LA
SE BEARUEE PP AR T2 — HUE R AT PP . 5K
BERAIARQIGE W E TR AR, il %
YERARMANTRE T, AL RAR BRI R L A T
BRI E R0 ZRE R o2l
A L R AR R IR BRI 5K, 2R a1k
EVF NS P 2G 2 N ER R & RVEr, —E
IFi 1 50y v 245 J5T B s v DA 28 B P IR 1) B A R A
M R T — PSRt RIS R
SCHFZ o U IR TR TEAY, HESh T 2



PER 202638 B57% HSH  Chinese Traditional and Herbal Drugs 2026 March Vol. 57 No. 5 « 2005
B 1) B REAb AN 4 T AL &R . AR PR 58K BB R AR 4R T, BREHZ

FINKEEEG, 4RSI T 2 T
MRERT. B, FkEd “BeEas” SRE
BB 22 0 B, BRI T R S AR B R R
WD T AR TR A AL R, R T SR dt
M, Hk, B “2uiE 7, EEEEAERAT
PILAF RGO N E e & B ARy, Wi skt
PE S UERAPE, BRARAR BH /B P XU [RIR, 22 4R
PG IG5 T AT AT RV, SRR S
PERCT P F g, RGN A,
AERARMGINREFRA T EER R, S
TR R EFEAR PR 7347, AR T 3E AT 55 B i
. e, HRIEENMME, MHM AR, 7F
FRERPIRRFRRRE S, BRI T rEH K]
B o IR G A5 3 [R] 4 ) 24 o AR v A R RE AL
AL AN = A i 7 ) 3

ik B R Bl 5 B LR B AR [ A 1) 22 4 45 1 A
MEAER . elPh A — N mEMES . 205
Wi R BRI E A R G, NI e i A T Ji 3 3
JRERHIE, BEAFEHPEAMREAIT Y. b, &
A2k ERIE T, SEBLT “BUESET HA,
[P ¥ N2 Z O SRR = S S Si e o/ W L P P
L EBEMNTH B MaiE ST e &0
Mo IXAMNTEIAL T RTACEED IR, 460 7 i 1],
WEEE T AT e TE . B sk R R, REREUH
Bk 7F R 4 B R AR T TE IR 7 o X MB PR T2 i
. BA BB E S, AR AE KSR AL,
T RREVER S WIIEAN > 280, AR Sutabn A E |
WRH. FAXS>E. EFRKEMNEM, 0
TDMT INV J57%, FIF Pnl 9% 53T I8, AT
EREHEIUEM, BEEAFERENWNEEE, H
TP = . XL AL M R Gk e e A
LI S A R e M I, sk B R AR 1
NH TR 1Ak, k&8 Expectile [0 JARE 7R AL
e ARLRMEANGE S A B R, B K E
BRI A B (L e KRB KT R, B
T AEAS RS AN [F) S =5 1) (1) 3d V& g . il
FEFRAR S i, 2 Mk ER EE )z AT
WG AT R, B S R RIS sR I 2
JGIENA S BT, R DASRAS B s it R fff %) 1 R P
HR. WAL, ZIugiit i Tk AE 2 R E A
MIRLH,  anZESR o Hr Al E 4 A, IR 1 it %k
ISR TR AT B E VAN B Rt . R Tk

P AR TP I E R R, IR AL PR T B R
F T X B AL IR 22 RGN B S v . il
Tucker 7K & KRB AR A5 TF ik SR T4
Rl AEVIERYT AL R E A, SRR HTEA FX
RN S0 =5 () B B 5 P08 PV R e

4 FERERZE

H 24 SR AR R R S I iR () A, L SEAR
iR b R Oy A AR R, R R A IR S
“RGUBYE” HOREHERE T “ it B gE” 2 1a)
(RlEfE . A SO I A G5B B P 24 o bt ) A
IR, 43T T P L i i R P R A
TS R AERE )T, BT DAAR R R 24 5 v 11
AR SR SR I . {5 3 AR 2 B IR
XL, NP SRR, USRS R, B
R P BAS Rl AT o . sk =
Bl A A T BT 24 I SR M B, B A OV AR
Ir RV, IRE SRS 2 U, Rtk g
2y EARE LA, AIFRK” HRE.
B, kS R R AR AT O oy B B S R
RN 2 [ ) TR EE, b — 2D Wl k% L 24
B — I SRR 5" 22 T (B DRI DA J, “ AR
5 “HR KA.

HH S I A% OO E T AROW, 17 5K 52 [ i B 5%
SRR M PR IR B RO T S B GE FE . R
KPR “UE M- 25-1 -0 G RN 4%,
W B0 E R MK G EEE i I A 2 1 2%
SEEURAE J5 8 A N U AR TR B AR 2 OB £
TSN B VRS B S B B, R 2 —
ROy B NSRS, ShAst LRI RT3
EZ YRR, TN IR i Gl R g B
TRFAIE 5 25 0 RS B8 T F il oy - R S s . ) P
CP X Tucker /i, X 2 4k ik AT BRI AT,
ZIEAE S 2. RO SRS ETE R R, mid A
it S 56 B S B 3 ) A U B R AR A, S5
NS S R B ARG, F& B ER “IE
G- Z5-F -8 I ORTR, BERIE R 25 2 il
B R A R4 TR i B AR R T B F AL . JE i
RIS W45 S5k B AT RS, TG R E
E M T B0 A B F ik AR R W42, HE
SFHEARHE R E B R . EEBR AT, BT
YibrET G “ Ry EAMET 5 AR RIPLHISOR 1
bk . SR, @I TRE T, Ak R 2 Sk



2006

PER 202638 B57% HSH  Chinese Traditional and Herbal Drugs 2026 March Vol. 57 No. 5

AEETTE, TTCARERARE, A BT e AR Lk
fan, o ETE A B 2R A L B T TR T R
&, ERTEHERRRAMN (hEGRENTE)
T (2024—2026 D) BAE@ LGN L2 E R
BRBETEEMIRHER R, B35 180 TE P FRiEFR 30
T BrAn e i o o thah, s AT AR Ak R
1“4 - R - 497 KRGnHiik, LR
T 1) 52 LR YR G B9 50 U S il

sk AT AR RV S bR R BT RE T
ARG 20 56 21 e DX Bl 1 B s A, LM A A4
PAEFAR Z TR, TEARILAEHES) R 25 BER 1)
BERLEEPRMERE. Kok, BEETKRERIZA W
AR A RS S E AR, A R
EEIA RN S I R 47 ) B B AR KR TR AR I BR T, R
S 25 7E 2R B VR KR RE P R K A 8
PRI, AR B Y S AR R B
Ae, TEREAERR RN EA SRR,

gk B F R BE A AU SR M vh 24 o bR A o) R R
(R TP IR AR JT Reff . A& bR DL — sl /b 3L
RN TR bR, BEARSCHRZ R, AR5 Er= i
T PR AE DR N A SR, T R R s
RO IE - - IR S 2 AR, A S
ROHR ) ZANTE S, AR “ =B iRss” HeEkk
RATFH, B ERREN G “ 2 s hFAE
iR S

TE AT A o B T THT, sk BB T4
BB R ARHE, BN R TR V. 1%
TEEET 2RI AR, Bl =2MRa, &
% [ ShER BB b R 203 e itk Rk A B, it
[RESHIE R T b 511577 N I = 0128 [ e
BIUniRE5R ZE 4%, TI4s6 2 a5, WAt
W SEKVER (S, X250 Rl 8 A= H it AT 4
H, HHH AR ISR, PEoR T REAFAE 13T LAY -
XEWERKEEAMUBEEA AR, Endd
RN, W, ik S AR R R
PREA, A THE 5 5 bR S SR SR B AR A

JUE R ERARBAMERS, H AT
FIURI A X6 538 AT 52 ) — Be R R IR Al . B 5, 5K
BT B R YRR L ARAEL A R A
FR 24 BN TR A TR] SRR PR RS N 7 32 2 SR T A7 E 40
PSR, B BRI R AN R, R A B
FE SRS TR B o AR B UERATE, AEMVETE . IR IRTT AL
s RS A S, AR, MEDSEETRE

R K, FKREDT R E L BR R A R A
FLA TSGR, X VR 2 25 Al AT FE LA T 5
R NEGE TR AT, JKRE VAR T 25U
L 22 BT FNE AR, sz 48— ARiERN) 2 ik,
S S KA T b 7 FH A R v 1 1 5 AT A 228

SR B AR R A R F 2 Jo A ) PR AR )
PRI RIRTVE TR, (HE AR RE A T AR A Al I
R TTRETT %o E NN — 3R KRR TR M
TR, MARRAREAA Br A Ea iR, ©
R TR = N Y AW IR A NGB SN R
FEARIRE G . RIS T G
PEBE 25 K T 6 R v S B R AL AR
$eTt, SKRESARA EAE R E I A R
AR REFE] . 24 P LA B R A Lo X A
B R AR R AR

FBAFAR FIAAEH ) FRTALEAEFR

SEE

[1] Bhrgl. IR SEI b R NG S PR AL [J].
W EE IR RAE 5T, 2024, 16(18): 7.

[2] Wei S L, Jiang Y, Li M X, et al. Chemical profiling and
quality evaluation of Liuweizhiji Gegen-Sangshen oral
liquid by UPLC-Q-TOF-MS and HPLC-diode array
detector fingerprinting [J]. Phytochem Anal, 2024, 35(4):
860-872.

[3] XuY, Wang, Yue X, et al. Application of a new validated
HPLC-DAD method for simultaneous determination of ten
active components in xiedusan [J]. Pakistan J Pharm Sci,
2022, 34(6): 2235-2245.

[4] ROCE, B, BIR, S5 B2 GURLES 2 ST BT
HIBUIR 5 Kk AR ST 1], e R AT, 2025,
56: 56.

[5] Chen H F, Chen Y H, Liu C H, er al. Integrated
chemometric fingerprints of antioxidant activities and
HPLC-DAD-CL for assessing the quality of the processed
roots of Polygonum multiflorum Thunb. (Heshouwu) [J].
Chin Med, 2016, 11: 18

[6] & FETHLE IO T X0 ik B 8 7 i %
GRS D] )M FEITEFRIR A, 2017,

[71 FMEN, T/, sEHER, & N LA B 25 24 ik
L 1 JE S IR BB (1], AR A ROR — P R 2
BARAL, 2021, 23(6): 1803-1811.

[8] E%H, #ugid, &M, 5 PEGEME R EEE
Fe: MEREEA B ASUR L [1]. FEEZ, 2025, 56(17):
6450-6462.

[0 EEN, BiE, EBRE, 5 HEE I NEETEY



PER 202638 B57% HSH  Chinese Traditional and Herbal Drugs 2026 March Vol. 57 No. 5

= 2007 »

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

WA RIS AR [J]. AN 5L, 2024, 47(8):
1906-1913.

Kgi, LEN, BF, 5. IRES IBORIE RS+
IR [3]. P E TAE(E AR E, 2022, 19(2): 281-
285.

g, R, B, . BT IRE R IE N B
W J73E? [J]. 1 K54k ARBHERR, 2016,
43(10): 148-154.

e kBRI EE 2 L D). Kb WIF R
%, 2020.

Yu H W, Larsen K G, Christiansen O. Optimization
methods for tensor decomposition: A comparison of new
algorithms for fitting the CP(CANDECOMP/PARAFAC)
model [J]. Chemom Intell Lab Syst, 2025, 257: 105290.
Sidiropoulos N D, De Lathauwer L, Fu X, et al. Tensor
decomposition for signal processing and machine learning
[J]. IEEE Trans Signal Process, 2017, 65(13): 3551-3582.
Yan K, Lv H W, Guo Y C, et al. TPpred-ATMV:
Therapeutic peptide prediction by adaptive multi-view
tensor learning model [J]. Bioinformatics, 2022, 38(10):
2712-2718.

Sun Z Z, Peng C, Liu D, et al. Generative tensor network
classification model for supervised machine learning [J].
Phys Rev B, 2020, 101(7): 075135.
Rajesh G, Chaturvedi A. Data

heterogeneous environmental wireless sensor networks

reconstruction in

using robust tensor principal component analysis [J]. /EEE
Trans Signal Inf Process Netw, 2021, 7: 539-550.

Guo L L, Yu HW, LiY, et al. Tensor methods in data
analysis of chromatography/mass spectroscopy-based
plant metabolomics [J]. Plant Meth, 2023, 19(1): 130.
REZRH, (TR, THBEME, 5. TKE M ENEIT LS N
SRR [J]. HARITIER AR, 2018, 35(2): 120-128.

Qi L Q, Chen Y N, Bakshi M, et al. Triple decomposition
and tensor recovery of third order tensors [J]. 2021, 42(1):
299-329.

Pandey D, Decurninge A, Leib H. An introduction to
complex random tensors [J]. [EEE Access, 2024, 12:
157901-157923.

g, KA. BRI E LR (1], BRIGEE TR
e EARBHEAR, 2018, 34(4): 70-79.

Zhao K J, Dong T, Lo CK, et al. Synergistic hematopoietic
effect of Astragaloside IV and Ferulic acid from Danggui
Role of Nrf2-
mediatedoxidativestressresponse [J]. J Ethnopharmacol,
2018, 226: 101-110.

Wang Y, Zhang L, Zhang Y, et al. Donkey-hide gelatin

Buxue Decoction:

(Ejiao) activatesEPO synthesis via amino acid-mediated

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

HIF signaling in chronic anemia model [J]. Phytomedicine,
2024, 128: 155432.

ER, RAE, WRH R, A EE ORI 1 SR I IE
VR IT R MOR 2 A [J]. AR EE 2 T,
2021, 39(12): 42-45.

Zhao Y, Liu Y, Chen X, et al. Astragaloside IV promotes
hematopoiesis by enhancing transferrin  receptor
expressionand activating stem cell factor/c-Kit signaling
[J]. Phytother Res, 2024, 38(5): 1145-1153.

Wt B, #IEREE, S5 DR AR 2 R S
AN NIE G I RORAR RO BT [J]. PB4, 2023,
54(15): 4905-4919.

Chen L, Wang R, Xu J, et al. Ferulicacid enhances the anti-
fbrotic effects of astragaloside IV on pulmonary fibrosis
via TGF-B1/Smad3 signaling [J]. J Cell Physiol, 2024,
239(3): e31245.

ZHEE, BRE, XML BH “PRIRIGR” RBTE
JTEE SR R FUE R[], L2, 2025, 56(3):
1104-1114.

BREEHE, XIWE, XIDEH
THIE R ST
38(12): 932-944.
Seitbg, MRATAR, KYe. SZFAA FIECAE EL ] 1 24 R
5T [J]. H 2544, 2006, 29(2): 164-166.

D, WREAR, WL, & R RN R R E R
LEXE & 7 sk fggm [1]. IR &, 2011, 38(6):
1171-1172.

AAARH, TIER, JBEE. — T N TR e o 25303
J7vk: FE, CN201911095497.9 [P]. 2020-02-28.

KA. FE T REHAG TR A 73 AR )P 200 S VB0 I 5] 962 31
SEHUN LA HEIPT T [D]. dbat: s E P ER
[, 2024,

YRR, 2 sk R AL TR A TP 2 5 N R 258 o 5
MM [D]. &¥b: Wi k2, 2012

BENEHE, FHE, kath. 24 EORAE b 2 R
ST IR R (0], REPEEE A, 2024, 46(6): 165-
172.

Wu H L, Wang T, Yu R Q. Recent advances in chemical

multi-way calibration with second-order or higher-order

L ANS BRI TS S
J. PEZAHY5EMHARE, 2024,

advantages: Multilinear models, algorithms, related issues
and applications [J]. Trac Trends Anal Chem, 2020, 130:
115954.

Wu H L, Long W J, Wang T, et al. Recent applications of
multiway calibration methods in environmental analytical
chemistry: A review [J]. Microchem J, 2020, 159: 105575.
FEHE. 456 D ReRE LRV O BBk = B B 52 1 X v XU
BEMAEHERBIF D] Jbnt: b ES KR,
2017.



= 2008 »

PED 202638 B57% B5H  Chinese Traditional and Herbal Drugs 2026 March Vol. 57 No. 5

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

. AR B R CE  T  A A AR H AR AN
JEH BRI AT [D]. Kb WK, 2017.

Wang Z H, Bai M R. An inexactly accelerated algorithm for
nonnegative tensor CP decomposition with the column unit
constraints [J]. Comput Optim Appl, 2024, 88(3): 923-962.
aKF, XEREE, BT FET Xception H5iEFE 2SI HIH
O BB TT (7] BAREFROR, 2024, 4703):
29-33.

TR, RET, WG, S5 I MG 250 R 55
I7 5 B AR RO SE R 2R () DTI-TBSS 58 [J]. I
PRTBE 2 4% 35, 2020, 39(7): 1273-1277.

Xie Y, Zhang W, Liz, et al. Tensorfusion of evaporative
light scattering detectionand mass spectrometry for
comprehensive profiling of UV-silent triterpenoids
incomplex herbal extracts [J]. J Chromatogr A, 2024,
1725: €202400163.

Chen X, Li Y, Wang Z, et al. Multi-modaldata fusion in
analytical chemistry: Atensor-based approach for
enhanced detectionof low-abundance compounds [J]. Anal
Chim Acta, 2024, 1305: ¢202400345.

Liu X, Zhang R, Chen T, et al. Tensor-augmented
chromatographic analysisof Astragali Radix: Resolving
coeluted peaks for comprehensive saponin profiling. [J].
Pharm Biomed Anal, 2024, 245: €202400567.

Zhang H, Li Q, Zhao M, et al. Challenges in quality control
Radix:
structuralanalogs in HPLC profiling [J].
Anal, 2024, 35(4): €202400789.

BB, A 2 YRR IE AN 4R G S FE B sk R
MRS FBESE [D]. Kb Wi K2, 2018.

van der HOOFT JJJ, Wandy J, Rogers S, et al. Tensor

decomposition versus integrative analysis of multi-batch

of  Astragali Overlapping peaks and

Phytochem

LC-MS data: Overcoming dimensionality constraints in
metabolomics [J]. TrAC Trends Anal Chem, 2024, 173:
€202400912.

Annesley T M. Ion suppression in mass spectrometry [J].
Clin Chem, 2003, 49(7): 1041-1044.

Wang M X, Carver J J, Phelan V V, et al. Sharing and
community curation of mass spectrometry data with
Global Natural Products Social Molecular Networking [J].
Nat Biotechnol, 2016, 34(8): 828-837.

Yang J, Liang Q, Wang Y, et al. Artifacts in herbal
metabolomics: The impact of sample purification on LC-MS
data integrity [J]. J Chromatography 4, 2023, 1692: 463842.
WeiJ, Zhang X, LiL. A deep learning model for filling

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

missing values in LC-MS based metabolomics [J].
Analytical Chemistry, 2025, 96(15): 5897-5905.

Acar E, PapalexakisEE, Giirdeniz G, et al. Structure-
revealing data fusion model with applications in
metabolomics [J]. IEEE TransPattern Anal Mach Intell,
2015, 37(1): 1-14.

Li X, Zhang Y, Chen H. Tensor-based integration of LC-
MS and chemical descriptors for mitigating ionization
suppression in herbal extracts [J]. Analyt Chemistry, 2023,
95(32): 12021-12030.

Kim S, Park Y, Kim H. Four-dimensional tensor modeling of
LC-MS data for untargeted identification of unknown
metabolites: Integrating m/z, retention time, collision energy,
and ionization mode [J]. Anal Chem,2023,95(18): 7123-7132.
Liu Y, Long Z, Huang H, et al. Low-rank sensor
completion for recovering missing values in mass
spectrometry data via convex optimization [J]. [EEE
Transactionson Computational
Bioinformatics, 2022, 19(5): 2890-2901.
Chen T, Kolda T G, Sun W. Tensor-based metabolic

pathway analysis: From single compounds to systemic

Biologyand

interactions in untargeted metabolomics [J]. Nature
Methods, 2024, 21(3): 401-410.

FEMEEE, XURARK, 4 it ZoH AR ROBUR 42 Tk BT TS 4
WM HSFE MR [J]. Bk, 2024, 45(3): 412-
421.

FEIR, TR, W H LR 7 R A R 7k B b A
B[] LRERE2EAR, 2025, 42(2): 329-342.

RREE, Aok, fakig, & RTIKRES ST REE
Contourlet ZF# & K G5 [J]. HE M FTEL,
2024, 17(6): 1307-1315.

Ak, X175, ERERE, . FETREERN ok &
RN ERERIEEE HiE [J]. R E RS
23R, 2024, 48(4): 82-92.

T UMe, TRaEE, BHEE, % MAEERGHES R
FEH KRB TTIE 7). HENIT RS KR, 2024,
61(7): 1697-1712.

B, /R, BROE, 55, iR B mT AR R HE B AT
FLER [J]. BAESER, 2022, 33(12): 4644-4667.

i, SRR, IR, & B SRRk R iR S R
BN ECIEEGEREE I BT 5E ¥R,
2025, 47(10): 3951-3966.

FOMEK, T, A, S5 BT 7RI O
IEC BRI LA 2K 9 o BR 93 TN I A 3 O I [J]. R B2,
2025, 56(9): 3203-3221.

[HEmEE B2



