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Advances in microbiome-driven precision regulation of
traditional Chinese medicine fermentation

ZHANG Zhengcheng' , WANG Rui*, WANG Shan®, HE Liming',
WANG Yi',GONG Pushuang' ,SONG Yi',LUO Xia'"

(1.Sichuan Academy of Traditional Chinese Medicine/Sichuan Key Laboratory of Quality Control and New Drug Discovery of
Traditional Chinese Medicine/Sichuan-Chongqing Joint Key Laboratory for New Drug Discovery of Traditional
Chinese Medicine , Chengdu 610041, China;2. School of Food Science and Engineering/Guangdong Key
Laboratory of Intelligent Manufacturing, Foshan University, Foshan 528225, China;3.School of Chemical
Engineering/Xinjiang Uygur Autonomous Region Key Laboratory of Clean Coal Conversion

and Chemical Process, Xinjiang University , Urumqi 830017, China)

Abstract : Traditional Chinese medicine ( TCM ) fermentation was an important technique in classical processing, its efficacy-
enhancing and toxicity-reducing effects were closely associated with the dynamic interactions between microbial communities and
medicinal substrates. This review systematically summarized the research progress in microbiome-driven precision regulation of TCM
fermentation. Focusing on the mechanistic chain of core microbiota, enzymatic networks, and dynamic interactions, it reviewed
representative systems such as Liushenqu and Panax ginseng and summarized recent applications in functional microorganism
identification, key pathway localization, quality-marker association, and process optimization. It further analyzed current bottlenecks in
data integration, causal validation, and engineering translation, and proposed technical routes involving synthetic biology for the
construction of artificial functional consortia and artificial intelligence for predictive optimization. The review provided a reference for
establishing predictable , reproducible ,and scalable fermentation systems for TCM.

Keywords : traditional Chinese medicine fermentation; microbiomics ; precision regulation; core microbial community; multi-omics

integration ; synthetic biology
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fermentation of traditional Chinese medicines
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HMIFREAS N2 d B 7 20 1207 il i b 58 K B 28 v OGS PR B , ECEM0s B PR A i, B
YERI B4 SRS fEh 2 A Wb 2R =200 T 2800 IO S A0 A A0 i BE 2 R Rk 2 A
Jilal, NS BT & AL R ANE R AR I AL R H . A S 24T Rb, M Rd X 4bH ¥ K( compound K, CK)
AL 32 C-20 0 1 B K g BR ), BIF 9T R B, AN 2 B Hb 4 5 08 05 3 GUURT B8 ( Microbacterium
esteraromaticum) B B—H M BEREWE ML A S AT Rb, [ 25 FRVE MR 58 AR BN S B4 Rd AL &) K
Ak, 7€ 40 C .pH7.0 24T, fHH 0.1 mg-mL™" B-H#I %M 1T, 72 60 min P 1.0 mg-mL™' AS AT
Rb, #4647 0.46 mg-mL™ &Y K, FHRL B IR 5 AL RN 77% ) 5 76 BLTE IS 2508 A0 B e A g 1, 245 il
R URIVERIRCR B2 IRZS RIET ST b, 21 4 2 W AR SROE R 4 D[R] 0 HSOR 3% . WFSE R 3, fe P 21 4
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HKME(15~75 Urg ") FIARZRHENE(500~4 000 U-g ™) AL BARZ 5 HEAT LT b 75 (61 25 A 8, REAS W 2 Bt vy 22
FIFRICR TR T, A& L1 6 d G /KiEEZ & 58 61.99 mg- o' ML TFIRE FBHES T
1.58 5%,

A IR 30 A SO AT A 5 S AR AR PR, S B A A1 23 FC . 2R A% O TE T
AR I 28 38 A3 AT PR 0 RN 38 A A B P A R v B R OGBS R, AEZS R IA R o AN
Ay e SR A A A R T SO Y R IEMERT . TR AR L BERFFE R S8 A TR 0% ~ 50% (1) K RAE K 1
VRTSIN) K BR, RIPRES £ 2N 409 I BE S (i 255 (2 F A A8 A 4K UB TG | Z1 D) ) SR M it | T B T % 2 0 31
IKFZS (4109 1.78.,0.61 Al 1.19 £i54

{5551 F T FE T Y AR (quorum sensing, QS) RS, il 1L AMNR R sl 15 5401, V¥
RESL A PRIk S AR TR], QS 155 707 (40 N-BE k= 22 R NG . A 75 S0k PR I il e —

A ) TEMAIRUR BE (nmol - L™1) T, BIVAT 3 52 WUEH 4315 5 5 2R e 0TS sl o e A i, S W TR AR 7K -
MIFTRIEAE ) R 25 R EER R, QS 155 1 1 3 20 T 22 i R b R) 2 e B9 el 2 R 4 L IR AR 7= 4
B AL IR R A AN H 3 DI, &5, 182 WA U ] AT 5 T, 2L AR Ry AR e 24 S T s A4
%, 21 %EE (Monascus purpureus ) —FRE %) ( Saccharomyces cerevisiae ) WhF] K B P= i AR T T AU FE /R T
QS R 5 Yz JRFEALE . AELL A ALRE TR IR R rh B B A IR VR 1] QS {5540+, i B ffts
1T TR mokA-mokl (JEHAZ: mokE ;mokF F1 mokG) I FRIK , ¥ (AL P 3275 T 58.87% ., SMEWR
TSIV 3 R P X — A, GESE G ) QS RGE ARSI A R T Re . Hak, QS R 5 T ik fg
AR 24 T ECTA IR BARE = 0 2B 0 1, 7R B RO A R B T, Zhang YRGB RS0 QS &
GEOl TR R R B E RS W o5 B R (mfad ) FIFE LR W NS 35 P_FUST 44 &
JIC I 122 SRS £ 240 L B AR S P T TR R R S OB SE I ens ] T ens2, R B3R R GA 3] 226.5
mg- L™ BB A R 5 175.9% , #E—2Dilid 2A IR0 238 BRI SN TR AL, 7 i 4 s &2
447.9 mg- L7 HR IR L 445.3% ) BLAL, QS 155 T W7 Hh 2 S I 2 4 s il 1 R % ¥ S BEVE
Rl R BEdSEES o rm, U=tEE RN, T EEFAFTE ( Lacticaseibacillus casei) KC-324 #fif i F=
A QS 1A LB T 8 #H 25 (Aspergillus flavus ) )85 25 K B, (aflatoxin B, , AFB,) =¥ & ., 7F
=-E R BEAR R IR R Rk  JCAN I & B IS T, AFB, I R AR Th A% A A R 3 3k 98.9% , FE AT
IR R B FR DA 94.0% , ELAMHING X B A K TC B B0, 5 S0 B im0 5 ome-A K&
PRI Pt ST R LA AR O
33 WEMAFERHIMSHERAULEAR

TGS A A ARG, A R BEAR , 2 T2k W 4 27 B8 i N T2 RS A8 AT S 3 3 0 7
b, ARG AR A (R ) A P& i) SO I E L 7 ST AR RE S SN U E )
RAS Y 2 W 5 R e RS AL T FE S AR T R e 2G5 , N TR BE S ECE A IR W S A &
TRE 2B RIS ) S AR 72 A, o T e ok R R A7 W DN L A 55 00 Ak, Sk T v 24 Y Jo 4 o 4k 2
LTS A AR BRI O R 2 R G AE M b S A A K B 22 5
PR BN A ROIRZES R B KBS R AASE BRI M, 8 5 AR B2, AT SR RERS 7R
hABAE P IETE |, S A AR A — I 20 i e I A 1 5 58, Ry 52 2 A W il it el R A3t 1 R B A 1Y e e

S
4 EFSRE

4.1 (A

H AT, OC T 25 RS T A BT AFAE LR JLAS )i

1) BARE ARG R AORFME, YT, Z I AU Y5 N TR REZ S« 1 =7 Bl i
82 58— HELL T I URRIIK Sl , B 50 A Ak, SR, T 20 R AT 2 7 M A Ak ) S SRR < P 5246
/MR HR/ Tl A P, SOy a4 3T A P 5 By DI 3R 25 5 W 2 W o DR B RE 45 4 Qe = 577 )
AR, /NS EOE LG I FEZ R A MR R R FR P BEIE ShAS AR M A | A T 4 g
KA e Ak v s e mg AT e = ] &2 o ) TRRAL AR

2) KAEBFF N AT, TSI BEROREE” 1 AR A AE DA R 1 2B A a3 BE R 253500
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J LR B TR TR TRV B L S AL s R 1 T R 2% 1 R R G B s 25 B R R 5 R U 9
ETE 2 18] 0L 1) FAE AR SRR X TS5 , 24 8 ek o] 2 1) 38 3 AR 2454 5 D g AR ik = mT 38k A AL
TR s 2 e = 1) 2 MR VTN (R R ATIAS il 4, 0 R Xo) o o 0 A ol 2 O XU 55 3 A i 0 1) B B 2 R e, 6
Be= i— B H T E R PR AR e 507k

3) PR B ST AN . A DE R BUR 25 B SL R R Wk B, 5 Tl Ak AR 7= X gs e Pk
ARG ROR P NI L SR AN A2 5 RIS R v PR BOR AR B = AT Ak AT B 390 PTR ) Ji d As ofE 5 ol
FRHE LU AL AR — Bk Bz AT RS R T
42 RE

YT, A A 2E RSN T B 24 R TS AE AL T DASE A g AT 1) 7l N B AR G REBY B . R 24
REA ST R I PR TIRE REN T Hrahfe, (xS 5 ARG i MUK B = b 184 55 5 i)y 1
I RGP, ARk S e LA JLANJ7 TH SR .

1) Ag R G HEsh “ KEE Bt —H e i X, & AN TR R S B TR PR &
&, DI RE AR EE T O CHE B E A 5 T 2S8R e SRR T T LA ; B 22 2 2 25 [ 4
SRR AR A IR B0 A R B R 2 W T BE B A G R R T A L Rk ] i ) ¢ BT —A
HE—X—2% 2] (DBTL) " 255 5% it s RO R R Rl G AR R | i — 20 & R ke e it B A7 28 A S 0L -2
RS ERY  SZHE M BEOULATL ] R ) 381 2 00 T 24 o ml fige g T w5 el kA fe

2) [fi ) B AR A S R e AT R P R R A, B (R P v 2 [ PR A AR R 7 T
FRUEAE S BT P P 2ok W B e T AR LA ST FR S 4 (CPP ) — S T it J& 7 (CQA) —EWtnik
Yy AR AR S R, HE ST T Al | AT S W %) o A ) R [ e S A 5 R R S R G
SVETEANHESE TP A5 7= Ml A DG 30 AU TR 1) 5 B e | Ry RS A A = B IR 0

3) Bl “ FERbAF T — iR — M N B B R A A ISR A2 b B R e S
S AR A RO 5 SR u i RR S ALK 58 2 TR S EN 055 A6 7= 2 [RAL R 3R G 4
AP TR SRR E T2 B PR S i N s i S T A TR R TV M R A AT A Y A
IPREHERI IR R BT IR — B 0w g 1 5 EFR AT B,

5 #ig

T 2~ 00 v 24 2 T S B B s S AL A1) A i ) 90 20 B85, (LB o RO AR R HE DR P AT A
2 FETHLRIDHIRS AE VRS, 75 SRS A EARAT RS BT TSI, 3 T = BRI R 1
FHER , LA R~ BN B IR TR o 2 O RERE B, SR A 0 T W B A T i N TR B U
AXERER) A RIERA R SRR S Bl A MLBR R 5 ML ) FOL IR S R RE R B, S B Wl E
JE pH I A AF RS RN S S AL BT I5 ; AR R 462, T 5 10 1 191 285 A I R P ) 1 2 A2 5 S I
AR va S a/ MAS T ORI 2257 e B R e i i — g i — Il —= > i ]
IMIEALRE Sy , M v 25 K I N 22 S (RO 5 2 D B SR s R 3 ISR B SR T T4, B e 4
Hh 2 25RO R R GE A W2 I B2 <l B W 20 2 KRG , A% 50 R T 25 T i Al Ay mT A 7T B3I |
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