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Abstract ; In the context of “prohibition” , “restriction” , and “reduction” of antibiotic resistance in China’s aquaculture industry, Chinese
herbal medicine fermented by microorganisms, , have become one of the important substitutes for antibiotics because of their pure nature, no
drug resistance, and fewer toxic side effects. In this paper, we firstly introduce three methods of microbial fermentation of Chinese herbal
medicines, and then point out their advantages of microbial fermentation, such as raising or increasing their effective content, reducing their
toxicity , enhancing their efficiency, and improving their utilization rate of Chinese herbal medicine resources. Furthermore, we review the ap-
plication of these Chinese herbal medicines in disease prevention, stress reduction, and production performance improvement in the aquacul-
ture industry. Finally, we point out the main problems currently existing in the fermentation of Chinese herbal medicines and their develop-
ment prospects. We hope to provide reference and scientific basis for the application of fermented Chinese herbal medicine in the livestock

and poultry breeding industry with increasing drug resistance and for future study of Chinese herbal medicine products.

Keywords: Chinese herbal medicine; microorganism; fermentation; breeding industry; replacing antibiotics

o 2 SR GER BER BT iR A DI RECRAEAE Y, R A
REGHRER | Sy & Zh AR B
JHZREH, ARAE R RIR IR RO o &A% 25
Wit TR A—E RIS PR bR
R 2GR G I T LA ZG AL S B 25 2

Wk H . 2023-05-27 5 EREIHB. 2024-03-26

HETH ., WEEIARL = HEARKZTH (HARS2212G3) ;
TEA R IETH H (202102110092) 5 0] B 44 15 45 24 4 5 RHIF I
H (23B230005)

B REFE, &, YN, Wt

CEEVEE . L, WY, W, B S, R
[ AR B AR | E-mail: cyhhn9498@ 163. com,

M ST T, e A5 2O R 2 i A —
HETLTE, ERE SR KZAT, 8
A Al a2y, LIS 5 RO A R AL i
PRI o B A AR £ 4 ) Y e O
TE, MR EEPLT . SRE I T ARTE
W, WEA 2 A T A B A © SR 0 f5 A R 14 7]
A, A Al R R 2 D s A e R B BRI T
AT Az R A, K O i BE SR B G e R 4R it 58 )
PRE



BMSHE 20244 F56% FS5H . 147 -

1 BEMREBEPEHHARX

HRE 2 R TR R A AR B2 T A L
BEIRACAE PIBL A B R 325 0 R IR B v R 24
R MR R A & BRI 3O [R) AT 43 SR WA % 19
[ A% 2 e N R i [ 4 PR AR
1.1 HELE

VAR & B T B2 ST R T 20 40 80 4R
R, R REFNEARZWARIESR D, RSB AE T #T
RS . PEPEE A A AL A SR RIS HAC = M 1y
— PR R AR LT EA K | TR A R
W ORI RBESBAE SR AR, TR
WRREE S AL, AR R, 5 A TR E A
b, RZRFWR MR B AR TT D 25 4 i H A i
e A EN OIS P N = B SN
A Tl Ak A 7= Feng &' i, 8 2 p 1k & e %
FREE, WRZ G119 FhF 3552 W L 109 4 Fl it 11 32
TR )2 B, 232 4 Py 2208 0 7 ik i s Pl Gk 5]
2.65 g/L, Feng 25014, H A 0 ok i 2 2 B Bk
GOO17 TR AR A TR & T, 15 M40 Jo =i R 55 1)
FERLE, N 3,34 H3.46 g/L, SXTIRAM
T 69.54% F 75. 63% , /N Ao Sy o s MK
HAR SR, SRR, MR LERT L
RIRTZ, BAHBARMRIL 1.55%, RHE K
BRI K e T2 038 0 W, WA e e Bk — B AT
P R, FUBAARECR S RS R B R
K, AT RN HE RS
1.2 BEME%E

AR & e 5t ARH i T2 AR, B —FoA s i
[ A S SO Ay B 5 Bk B SR i A i e i =, AR
TWAR KB T 20, AR R BERRFEAL, 7 i AsE Pk
L AR AMIG, URBRIRT L, I EA S A
KEMER, BRI R T2, (AR L AR
AV AR . REESUENS | A/ i B HREE LR
SRFNWTAFE SR BRYE o 8577 R VA A e A 7=, 3kAS
TR AR ZBFHERR, Wen 25170 F K il 5 %) 4
T R 2 20t A T IR AT, Il i A 2 1 T i
PEA OGP R RBE, B A IR PTA AR TS
PR, YU IRGE, 7E SRR R AR A A R
%*(ﬁﬁﬂ%{é‘, PR TR B IR 5 JE T AR 5. 645 mg/g,
X1, 1-" K3 -2- = fE 2R F (DPPH) . OH™ Al
<O H R E BRI 94% . 97% il 98%, Wu
TR R, R IS I LR TR AR 22 W 55 R4 VR T
MRJE, R & B LR A AR TR R B W TR K
W, AR, B e T o8 RN 7R 2 JoT kWl A P
R, B R BEARS] T BT, 7Ede e rh B2l it

Y5R35 R4 PR I8 1) o7 Btk
1.3 W@ B % B

20 T2 90 4EAR, FERE H —Fh FH 25 BT 1R Ry
2 TR A 2 T v 5 2 %) 78 2 ey R i 3 4 2 T
LA R h R 2 O R, R bR S
AN A —Fpp gy = T80 g B
LS IR, W 37 BB A ™ A Bl VR
U 1B B3 DA S PR A AT 2 R R 1, SR T
HE SRS, Ping & s R, KA
] AR K T Je, B B W AR W e b e A — R B A
9, GER 6-0-B-D-H AL - g, HE
ERBIRY SR, KEE =L s el
AW, B H I s R LR IR 97. 7%, T
VR KB, NS -A HUR RO i) [ A I i R
AZ R Rh, . Rg,. Rd, Rg, M F, 19 &0 B,
XL [e] [ K e = g ) Bk R TP 2 5 B B Thak 5
ERT, A nTRe = A9 ohsk, - Ha AR Y B
e ggitaras &, T USRI ZFORTE B E B,
PR BT AR (A D 38T B SR A 2 —

2 WMEMERBPEANLE

2.1 MEMABAESSIEMFTNTEAEULE

A TE R T R AT DL AR R B o, an
KR HE R REHE . B ARESE, IX SRR AR A
RS B2 AR A RE | YO AT B, SR
YA e, AT RE N RS 4RI, SO RO
W . B U A R TE R B, i
RTINS, REIR SRS UNYE A . e A S
INZ R B2 sZm , AR A R A, AR
AR I, T RCH A SOE rE Y R R 2
REEHER IS T, ANMEFE AT 256 B EAT 259
Y LB T — 2 25 AN, T AR
KT 258 FHYa B S A0 s As, shim R HEA B
KIS,

UE WAL N A A WS fE . pEIE Ak K
fift . AL XA X TR B AT 25 B R
M AEWE A KEE, KIUATEHEE R B | A
Ying . ZHERRATSE] T WA, R AR R
FHBRGEERE X B ARSI 17 AT KW, KIS IRE 5
B ¥ A B A i 4 T 32, 90% A1 30.20%, Bk
Yo & 5 4R = T 24.91% i 30. 89% , EAR %4
A RS AR S AR B, TR LS MR E
MR AR = LM R R ERES LTS
i, B Ik 373.7 mey/g, PUEALTE R B E R
FER AT ISR 63 FhEG N 86 A, B4 TR E
SRR G . IHAYEE , o550 2, REERR ., Mok



- 148 - Animal Husbandry & Veterinary Medicine 2024 Vol. 56 No. 5

4, HE g, 2= i, FlH R
TR A B = EAUR, B —ME A AS R
1 Rh,, = LEE RGNz &Y, RUFE
Yol SUN o R I £ R ) R
2.2 MAEMEZBR{EREARFEN

BT R B AAME R EIIRE, (BT
ARG ARy, RS THN A, s Ry
e e v R 2 1) A O A T R AR Y B L A
A EAPR A RPEMSIEA, XK Z 42
WH RGN REEIEN, TEIRIRA N HAZ 2] TRRE, &
BRI IR O 2 BT, R B OBL IR A & B R
REET e, KEEG A TR AR IO,
T2k, AP O (I g B, XL A L B
ONTEEJE R N D E R R R . N S A R KU
BRI RCE 2, (HEEmeR, MR AIa
MAY RERE, N SA A kA AR, RIS
TN L FE I B RRAR, KA B EA B
M, R R B o KEE Tl vl i kst
V5 R R B s AN B
2.3 MEYEBAREPFEAREMNAES R
785

W 2RI TP A SR R R AR I 2, A
KIEBEAR TG R G BRI 53, RARMERR M
RT3 B AR AR, ELHERHAS T rh R 2y R R
fi = RPRPREEE T E AR Sy, (BHR, B BRAE
VSRR R, FRAMEYREE, 258D RHAREERE
WA LR, PTAE N — & & SRR R A PLIE
R R R v B A R RS IR A 26
EEME YA, EH 25 A Wi 1 A A a0 B
YRR Z B35, T AT RN H B S FRm T, ARk
ARSI O, TRl et R, HA4E
) w5 R T A LU B B RAIR, MR, MR, £
PGS RANTI S, B ARagE KN, KRN,
RIS E R, FIt, AR Ry AR
YR, BEINAMRELSRY, FE5 RN T A M A
g%, PEEEHEYI RS, MR Frh R 2y i oe kAL
FIRT AR BRIk T 5 N2 0 [ A &
AFGTFEEH, Ao 108 355 1 4 o i e EL IS MRS
LA R s R AR A AN K A2 XS 4 F
eI T R, A5ARERM, REEEE TR
TIRERAT R, AT r™ il ) N 5 B AT S b s
KT RER M, e T2 2ng R

H B2 24 1 A ) T I i 1T LAAE SR RS
RN G TEACZY T B & B T AR /0N BN O R
RESIY  TEANET A & BEVE R, i Rk B R
FEARBAHUIE, IRF)JCE AN R A 5 e 5 2

WG Yty B AR 22—, h B2 2 5 1 2
AR, AT LA i 2 B IRA AR, 552y
GEIR, 3T LA 24 i S A AS IR TS e

3 WEMEEBEPELEFRELFERRNER

FEATTE ST . CubT MR R, Kbk
FARB PO & R LR EH BFa @ Tohl, Joik
R sh O g VIR B e h 2 — R X sh )
AWMy, hREAGZ2UMYAZ, FHGEAR
A 25 B M RV FH AT LAE T B i i S, 14
MUty , fREshtE . itk B kiEh Rz
VB —Fpr B AE R RS ISR, H 25 32 B3R5 5
FEREDPY
3.1 MhaEmRAE

W 2 20t 15 AR TR RIS AT LU AE A HLR . B
BRAFI R BT, XL i A S iE AT A R e
DRTR ARG, (SR S R e AR A, T e
BE 510 EROH EAE R L2, T E R Ak
SRR, DRI B T R A G BRI 5T £ S2 e DY
AR IGE, WA, R SRS ERE S
KRB 2R, R I 2 R DR AR IS
TE R A W AR, BXEEEE S b RATHE
AT BA RAFERCR , 58 YRGITAHY, 75K
PRI, R EET RS RERAS IR, AT AR
FIEER, RIEERK, WmPUAYUR T, KR,
R K i AR R T v R 24 R A T K
FEFRGE I 25 W Ak R R R, D T A TR 24 M Y R
A, ET AN E ML RAESHE, vk
SRS, R LR B D R R R R, R T
Wi A7 5 A5 7= PERE, IV T 1eG Al TgA & 42 5,
Guo g L, MYIFLFF W KBS IUE Fi7
Lk P RE SR pAE R 25 i /N RUR TS SER 4
FAECO R K e 2 e A R R Y, B
FEAR T ARG LT3 32008 350 o] LRSS K M T 1 R
e, ELLERIE R4 L B AZEM
3.2 BRI R

IO B 32 B EE R S R B SRR 3R
B AR S INE T I 2 5 RS Bl ) A BN AT R 2 B A
A AU E & AT RS, AN S5k 2
PR B G RAET, RIS RHO s A e 2 G
B WRSEAICENE S Z —, hE R R
P & S N E A, AT S AL B B AR RN
TR RE ST Y IR A 9T A R S i R X 3
WA BEALNER . AR R, KB SHhnT
GHRATIE BT N, R B TR LS, HE R
B AR AR, RS R as



BMSHE 20244 F56% FS5H . 149 -

5 R REZR SR YIS, BEA AR S W T A
B ST, X W A Pl SR A R S A HE DR A
H, SEmPae s HGE, W R E A
i E R BRI TR U AR, P
FUIR S ik AR R, e ) AT AR Ty iR
3.3 REEFEESEE S mmR

GRS KRR, AR EAEEERY
i, AlErh R e AR mEh Y A PR RE | G R DR
JR Ay TR AR R 3 Tk R & e rh A 2
TR SR ARG B A P PEREEA T T IR T, A EE
R W v 2T A AR AT L Nl 3 AR PR XS 1 A 2 A
PO, REMTER, fe HIE | I E AR
A, TR RN 1. 5% i A e vh B 2 5, RT R
e PAER HIEE, SRR, MLEE AR R R
i, SRR A e rh B 2 G R XY  RI
HXG R FEIE R TR, BOER BERRR, BER
AREARE S, w2 i, oGk T EER
B, By R ME ST, BEAOR S BIE S R B,
1. 5% R G AP EERG 1 7 S R E AR, MR
R | SRR TE T T DI U I
I8, ARG AR SN A5 A R A R 2R, B T
FRPEH T BCR R, I N RS R
%, A SRS R TR, PR BUR AL RE T e
e, R E IR BCR R AP R

4 WMEMEKBEPFEARLDFERNEE

T EAN AT 194 S5 LA, s T 4
BB SR T A B YT, T R E
TR AE R RS IR AR S BG5S
TRABEDIRER R SRAE D, BRRE IR S A, N B
R g ST, BB RS SR R kA, B
ALCBARRE, e L merhFigy, HBEA hE 2y
5 AW PR ANMUBECE 2 TSR, K45
R, TRl T rh R 2R B A, FEAR A
o, FBRIRSOHERZERE . SR, BT
R RIS R A TS B B, BRAT A AE — LK [R]
4.1 ABPEHREAE

AT, hEgh ki S b FRA k. Kl
T4, Buabnife, JLEE LA, BARTRE Ry
WREE, (A AS, LARER REZHE40
R 2R A RR, R b2 R R R, AT R
AFF i ke 4 O 22 ZGRCAR B sl | B¢ rh s 2 A R
i . 3 —JrTi, R A P R AR P A KR
W 3 A e R 28 A6 2K v e A rh 24 AN B R0 R
L, SR E A TTIRIR 2, AT LI s i A S 4f
AER RS, F R RER, KRRt

P2y P LR e R LT R, B E R R
TR, ok bR 2 R JE AL R T AR BT T YL [l i
4.2 RBHEHIZHFE

PARR, BEFR L ROk AR A R e B A AL R 2
AR R E LN R, AT AR T AR
PRI Z , WA G LRR D, KRR tAfE
E—E Jm R, REEMEENIEE . RS & LR
T & REEE o B alifb S5 ER R 2 — 2 ot i ML
b, MAEMREYILERN, ZHEMHAEGKBICRZI0T
AR R TR, R R TS 1 () i RIE Ab T 5 B ]
MARE . JI5MH TRUEY) R h R 2 fE v AR e Ak
FIVERPLEI G ANTERE, P bR [ SR R E
PE WEPERT AU | OB B BT 5 o B2 AR LA
KA AR e 2 e S5 e SRR R ) e T rh B2y
Hy ik — P R R
4.3 ABPEHFELELFTHE

BT, WA D T R 24 7 A B 0 o i
18, B0 AT REA B SO REANE S S MR A
57875 TN o 1O = WY e i 5 i e o =y SR Bl L
FEARAWIHAT . HET R K rh e 2R A I M 4y
ST RO AR DG B i 2 B SR A A R AR D Xl
SRR 2 R SRR R R R R AR
PR AT R R 2 ] AR ELVE AL A AT AL LA
S NS E L )7 SN g a R i O s SR =V
5838 T B 24 o PPN AR 3R R AR 2 R
P v B 2 B Y OCBRE , J IE P B 2 A SRy RS )
FHEE, sh¥ i ARG i B2 A2 B 24 1 i 5 N 2 450,
Z VPN AR FR 0 S AL AR AR R

5 RE

SR R R 2l S RIA AT AR RS IR, H R
LN TR B AR ORI R S, AR
A T i A TR S BR 4 F)B 2E R D ok R B8 T A
T, AT o A W i A B RE 157 S et e 1
AR 1Y R JE AR A T AR IR A R A
AT, 2Rt m S ], AR ARG
b, BR AR T RS, W Rk AR L
HARRF B PSR AN R BRI T R, 4 2R
Ly R SRR BN EL SR, X K I R 240
AT HHATIRARFE ™, £ 7 B Y 5
PRUE . BRSLARHEALEIDT TS TT 15, R 2y R R A
NRFEERGEN SRR, B bR 2y R B AL
KRS RE,

255 I PR P S A T T b 2L A
SEARR K SRR — R4 R o R
FE, (HHEFTREEZ N T TR, A R IR



- 150 -

Animal Husbandry & Veterinary Medicine

2024 Vol. 56 No.5

IRPGR TN IT5 5 e 25 253wl J2 1A 25
3 AR = R S R R AR ) S SR
Yolsi, BEDM A & B b 200 E IR A i ML 19 S i
V2R il ey RER=)E7) 7B e 32 NI TINIVAY € N IRy &
A VERT, PRI I S A 1 rp e 24 i 3R AN RE RS i
BN YR IR PR Bk A R TR, 38 RERS i 2R
PUER R P R AT A Z2iFsR, BA
HEM AT 2 . R A P R 25
HUEHT, DRSS | AR SRR IE T K
e A, A EEXPEHE I, 53 AR T R T R 5

o ] B A L A R

X LEHORE S BRI

il s g = hh e . NRE A LR L,

SEWR .
[1] HUSSAIN A, BOSE S, WANG J H, et al. Fermentation, a feasible

(6]

[10]

[11]

[12]

[13]

strategy for enhancing bioactivity of herbal medicines [ J]. Food Res
Int, 2016, 81: 1-16.

LI L, WANG L, FAN W X, et al. The application of fermentation
technology in traditional Chinese medicine; a review [J]. Am J
Chinese Med, 2020, 48 (4): 899-921.

BOE, kAR, BRBUE, A S LT WA K SR N
MBS HEE [J]. BRI Ei, 2022, 49 (1): 336-351.
FENG J, FENG N, TANG Q J, et al. Optimization of Ganoderma
lucidum polysaccharides fermentation process for large—scale produc-
tion [J]. Appl Biochem Biotech, 2019, 189 (3): 972-986.
FENG J, FENG N, TANG Q J, et al. Development and optimization
of the triterpenoid and sterol production process with Lingzhi or reishi
medicinal mushroom, Ganoderma lucidum strain G0017 ( Agaricomy-
cetes) , in liquid submerged fermentation at large scale [ J]. Int J
Med Mushrooms, 2021, 23 (3). 43-53.

FANE, SEHL, TLE, % BAHBORIRIKKE R
LECT 20T [1]. s, 2023, 29 (5): 31-36.
WEN Y L, YAN L P, CHEN C 8. Effects of fermentation treatment
on antioxidant and antimicrobial activities of four common Chinese
herbal medicinal residues by Aspergillus oryzae [J]. J Food Drug
Anal, 2013 (21). 219-226.

WHEZ, B, mBE, S BRI BT B R S
AATRYERTSY [J]. Bfe2A4R, 2019, 33 (2): 313-321.

WU P, ZHU Q, YANG R, et al. Differences inacid stress response
of Lacticaseibacillus paracasei Zhang cultured from solid — state fer-
mentation and liquid — state fermentation [ J]. Microorganisms,
2021, 9 (9). 1-20.

R A HEEHE (&) ERAkRETR [1]. TEEH
W, 2002, 21 (4): 3-6.

Bong, SKZERH, met, A B P R A e rp g
THIFALHTSE (1. T2t 2010, 33 (3): 339-343.

FF, BER, BRRW, % NS - MR AR R AR
ANZRAF FRAEH s (V] P EEE, 2022, 41 (5):
124-130.

XU J, CHEN H B, LI S L. Understanding the molecular mechanisms

of the interplay between herbal medicines and gut microbiota [J].

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Med Res Rev, 2017, 37 (5). 1140-1185.

XIPE, RIS, HAR, AF. 25 g R T A I D R 2 S
R (1], BV, 2017, 45 (34) : 123-125.
KRN, EIHE, ETHE, A RS IR R TS S B AL
AIBE AR ETE (1], AR EZ R, 2016, 31: 4850~
4853.

R, MR, BRPR, % B4R A R =L 25
ST B RIS (1] &5 R BE Tk, 2023, 49
(10): 9-16.

BEL, WHE, ERT7, % KBE=LHRLH RS
[J]. WHBEZ5, 2005, 36 (4): 499-500.

WM, Wi, W, KIS 2 B R IE Rk (7],
i 5EYH AR AR, 2013, 32 (8) . 785-792.

FERE, WhMEE. 2SR 0tk B R B DR E A
REMRERFALRILE TS (1], PP EP2GAE, 2009, 34 (16):
2083-2087.

fIZSME, BRI, SRR, AR, R R WU AR & I A R
AR SY [J]. dEst b TR% %M (HRFBHEM) ,
2021, 48 (4). 48-56.

LR, B, VPmRAE, AF. rP2b )i iy R O R BT ROR Y
#z (] R (B SRBEE R , 2013, 50 (5):
1104-1108.

R, WMo, e, SRR AT R BT R I KA AT R
Um0 [J]. fkE D, 2015, 36 (15): 38-41.

CHENG M, WIJAYAWARDENE N N, PROMPUTTHA 1, et al.
Potential fungi isolated from anti —biodegradable Chinese medicine
residue to degrade lignocellulose [ J]. Front Microbiol, 2022,
13. 877884.

PO, A, BRE. P2k AL RPITEIEE [T].
HIELZY 2017, 48 (24): 5286-5292.

RS, R0, Kk, S PRI 2NE TS Y R T R T
(1), BTk, 2020, 41 (10): 16-18.

JER, VL, EMUEL, SF. BRSNS XU R ARk T A
ST PR AT ()], B Tk B, 2023, 44 (1)
154-161.

GAO C, WU L, ZHAO W, et al. Effects of fermented herbal tea res-
idue on serum indices and fecal microorganisms of Chuanzhong black
goats [J]. Microorganisms, 2022, 10 (6): 1-8.

E, RF, W, & S KRR/ BN GE
Jifsgm (1], AL Rl (B, 2013, 15 (6):
800-801.

BT v 2 s 5 3T AR I T e K TR G T Fk A B ek e g L3
WE5E [D]. A PHILRMABHT R, 2018.

JAAEHS, Wi, HKaTaE, % KRR E SRR
R EFEPERERIRZM [T]. IR AL 24 (AR |
2021, 47 (4). 455-461.

WANG Y, TIAN L, SUN L, et al. Gut microbes in immunoglobulin
a nephropathy and their potential therapeutic applications [ J]. Front
Med, 2022, 9. 823267.

MRARFE, RVLSC, BB Yy, 55 AR T -0t b 24 & 50 By
RIPRR TR M R o HARCRBESY (1], P ES E R,
2016, 52 (9). 56-58.

wA, INVECEE, B R R P E 25 A K SR A P
[J]. K7P=RbaE, 2018, 37 (3): 422-426.

Ted%, LUk, I, S5 MY LA TR DR 1 2R 1A b ) 1 A



BHSEE 20244 Hs6 s S - 151 -
KR EE R TLAE MAEWT A4 BRI [T]. L BE AR 41 (3): 6
2018, 38 (10): 1982-1988. [44] REX, BN, KRR, . 2 AR X T A A

[35] GUO X, YAN Z, WANG J, et al. Effect of traditional chinese medi- TREFEZREMA BTG [J]. Fe Tk, 2015, 15
cine (TCM) and its fermentation using Lactobacillus plantarum on (36): 57-59.
ceftriaxone sodium —induced dysbacteriotic diarrhea in mice [J]. [45] SREA. KEEHZXTESA =R R EMN B Em (1], WAk
Chinese Medicine, 2022, 17 (1) 1-16. 5T, 2022, 45 (11) . 42-45.

[36] e, skdg, TR, 5 IEBEIAFERBETEALS [46] ek, 24k, ok32, S5 05 h BN B E G BAH Mk AR i
R B 2 FRURT TR 00 8 5 P XY A A S S Bk R I I AT T e 1) S [J]. hEEHCRE, 2021, 57 (5): 221-225.

WoE [J]. hEBHEE, 2016, 43 (6): 1523-1529. [47] JEAEME, ol kinss, S RBEPEAR SR

[37] JFER¥ME, REM. SRR [J]. s 54k, ﬂ:*ﬂ%“@iﬁﬁﬁﬁ’l}?} Wo[J]. R (ARBREM) ,
2007, 19 (S1): 465-468. 2021, 47 (4): 455-461.

[38] SWARBRICK M, ZHOU H, SEIBEL M. Mechanisms in endocrinol- [48] QIAOJ, LUO Z, CUIS, et al. Modification of isoprene synthesis to
ogy: local and systemic effects of glucocorticoids on metabolism: new enable production of curcurbitadienol synthesis in Saccharomyces cer-
lessons from animal models [ J]. Eur J Endocrinol, 2021, 185 evisiae [ J]. J Ind Microbiol Biot, 2019, 46 (2). 147-157.

(5): 113-129. [49] CHOS W, YIM J, SEO S W. Engineering tools for the development

[39] ZhEiE, Mgy, HiEg, ’%'f: S B I TR S R AR R RUAR of recombinant lactic acid bacteria [ J]. Biotechnol J, 2020,
fERigsgm [J]. PEAIL DA, 2011, 27 (10): 1225-1226. 15; 1900344,

[40] WANG Y B, XIE Q H, SUN S, et al. Probiotics—fermented massa [50] DONGJ, YIN Z, SU L, et al. Comparative pharmacokinetic analysis
medicata fermentata ameliorates weaning stress in piglets related to of raw and steamed Panax notoginseng roots in rats by UPLC-MS/
improving intestinal homeostasis [ J]. Appl Microbiol Biot, 2018, MS for simultaneously quantifying seven saponins [ J]. Pharm Biol,
102 (24): 10713-10727. 2021, 59 (1): 653-661.

[41] LI'Y, SUN T, HONG Y, et al. Mixture of five fermented herbs [51] PEETERS L, BEIRNAERT C, VAN DER AUWERA A, et al. Rev-
(Zhihuasi Tk) alters the intestinal microbiota and promotes the elation of the metabolic pathway of hederacoside C using an
growth performance in piglets [ J ]. Front Microbiol, 2021, innovative data analysis strategy for dynamic multiclass biotransfor-
12. 725196. mation experiments [ J]. J Chromatogr A, 2019, 1595, 240-247.

[42] WANG X, XIE H J, LIU F, et al. Production performance, immu- [52] PETERSON C T, SHARMA V, IABLOKOV S N, et al. 16S rRNA
nity, and heat stress resistance in Jersey cattle fed a concentrate fer- gene profiling and genome reconstruction reveal community metabolic
mented with probiotics in the presence of a Chinese herbal combina- interactions and prebiotic potential of medicinal herbs used in neuro-
tion [J]. Anim Feed Sci Tech, 2017, 228 59-65. degenerative disease and as nootropics [ J]. PLoS One, 2019, 14

[43] Tk, BEE, JWER, % A mErb a2y i 35 R E8 URE (3): €0213869.

HPUAE R A A PR RR RS [T]. INARF BB, 2020,



