B E S 2026,57(3):1516-1533
Acta Veterinaria et Zootechnica Sinica

doi: 10. 11843/j. issn. 0366-6964. 2026. 03. 029 . N =
: TR (A TR S ) 04
" '
I

¥RIDAD (OSID) : L

HEZBEN SRS ERER . MRIEFRLEE R
I T B 55 M

PP R GE M, B R R AR AR AR R A
(1. PALAMBH B 2 B MR 2 B b 7121005 2. SKA T I R 83657 ML RHHEIT 47 A 7 L 3KAE 734000)

W E: BEEISER DI 5288 (Glycyrrhiza polysaccharides, GCPs) % & B A 2 A= K PE 6 L35 36 b8 37 50
TN EE T E RS SO0 A s . AR BRI 40 kA KB B RO R 4P A E (617. 70£18. 85) kg
FITE 138K & BB 2 R ik 56 sh L B AL 43 4 41, 2538 56 21 7 b H RS b 23 B8 im0 mg - kg™ BW O JR4H, GO 4L) |
15 mg-kg ' BW (K7l & 41, G1541) .30 mg-kg ' BW (il & 41, G3041) .45 mg-kg ' BW (@ 7l & 4, G4541)
GCPs, #ifa 4§ 10 d, IF 4351 90 do 0 5E 5 3k 4 TE 47 0.45.90 d R T 5 F 3 A E 0 R B KRR e &, i Y
T 0 R £ bk B ER L 5 1R 4R 45,90 d Sk 4 SR 4 10 mLL LR L T A2 I35 AR AL #8 65  BL B8 B T S i 4 AT s i 10 45
FR B3 2 SR 4 300 g 28 (8 I 5 37 40 & W 1k 2%, R 4E 50 mL R 5 3 I 52 9w T & I8 5 B 0w T Ak WA G HR A
SR BN 5 GO :1)0~45d & 0~90 d B B, G30.G45 41 -3 H 14 1 K F 9 Joi R £ i 3 3 (P<<0. 05) 5
0~90 d B Bt , G30.G45 41 kL 5 [b i 3 T B (P<<0. 05) , HLAR Wi 8 1k 28 i 25 $2 55 (P<<0. 05) 5 2) G30 41 IfiL 35 45 B 6 5
Filf 7K - A5 T T S Bl KK B3 A (P<0. 05) 545 d 0 41 1M 37 88 el fh 0 I8 A i 5 1 404 26 10 /K7 8 35 i (P<<
0.05)33)G15.G30 41 £ FR b9 3% F & (P<C0. 05) , G30 41 T & bL i) 1 3 2 55 (P<20. 05) 54) G30 419 18 fol 2B Wy
# Chaol £ & Ji #5803 42 & (P<<0.05) , HW B A W& M & B2k ; G304 & I8 A 4988 1 0L AF i 1)
(Bacteroidota) iz " 8 18 | ] ( Pseudomonadota) \ £F 4 #1 18 | ] ( Fibrobacterota) 375 ik [C 1 & ( Prevotella) X 45 4E# 7&
J& (Fibrobacter) ¥l %t £ i 2 90t 3 1 T Ra$4, i J2 BE B ] (Bacillota) A X = B 522 35 T Bt 34 (P<<0. 05) ; G154
9o 5 R W 2 S AR A B AR AR I R G S R L P R R  G30 AL 8 e 2= A e B R A P A
SIETR AR AR 7R A2 W A s GAS 4UIR B A ) 22 S AR T s R AR R R C5-S0 i Znm AR . 25 L, HOARTIR
JIH BB S TV R F IO A A0 A KM RE SRR ) SRR ) IR I AR s TR R R R
o B AW FE RN . AR R AT, H R RS VR N &y 30 mg-kg ' BW,

KR FA TR h A RYERE W RS MUEY

hESERS: S823.5 MERARERD: A X EHS: 0366-6964(2026)03-1516-18

Effects of Glycyrrhiza Polysaccharides on Growth Performance, Serum Indexes and

Rumen Environment of Fattening Cattle

YE Miaomiao', ZHU Xiaopeng®, ZHOU Zhenghai', ZHANG Zhipeng', YANG Benshun',
ZAN Linsen', YANG Wucai®
(1. College of Animal Science and Technology, Northwest A&F University, Yangling 712100, China;
2. Zhangye Wanhe Grass & Livestock Technology Co. , Lid. , Zhangye 734000, China)

%8 H#3:2025-02-10

ELWB : HERAGEE AR MR R @ (CARS-37) ; BT 4 5 BF & 1) “ W4k @l A 52 05 % 30048 5 £ 035 H (2022GD-TSLD-46-0104)
YEE R 0l L, 322 R S 3R I 9T E-mail : 17331349676@163. com

* BISVEE A, T F B R 800 40 a8t £ R s HLBE Bl g A g B 95 5 s A A B R BIF S, E-mail : yangwucaill1@163.

com



3 W A T B 2 X IR A 2 K B L YR R R P PR () 5 1517

Abstract: This experiment aimed to investigate the effects of dietary supplementation with
Glycyrrhiza polysaccharides (GCPs) on the growth performance, serum indicators, apparent nutrient
digestibility, rumen fermentation parameters and microbial communities in fattening beef cattle. Forty
Simmental fattening bulls with good growth status and an average body weight of 617. 70+ 18. 85 kg
were selected as experimental animals and randomly divided into four groups. The experimental
groups received the basal diet supplemented with O mg-kg~' BW (control group, G0), 15 mg-kg ' BW
(low-dose, G15), 30 mg-kg ' BW (medium-dose, G30), or 45 mg-kg ' BW (high-dose, G45) of
GCPs, respectively. The trial included a 10-day adaptation period followed by a 90-day feeding
period. The body weight were measured at 0, 45, 90 d of the feeding period, daily feed intake was
recorded to determine average dry matter intake and feed-to-gain ratio. At 45 and 90 d of the
feeding period, 10 mL of blood sample was collected from each bull to assess serum biochemical,
antioxidant and immune indicators. At the end of the trial, 300 g of feces sample was collected from
each bull to evaluate nutrient apparent digestibility, and 50 mL of rumen fluid was collected to analyze
rumen fermentation parameters and microbial related indicators. Compared with the GO group:
1) During the 0-45 d and 0-90 d periods , the average daily gain and average dry matter intake of the
G30 and G45 groups were significantly increased (P<C0.05) ; in the 0-90 d period, the feed
conversion ratio of the G30 and G45 groups decreased significantly (P<C0.05) , while the crude fat
digestibility increased significantly (P<C0.05) ; 2) The serum aspartate aminotransferase level and
alanine aminotransferase level of the G30 group were significantly decreased (P<C0.05) ; at 45 d, the
serum levels of superoxide dismutase and interleukin-10 in the experimental groups increased
significantly (P<C0.05); 3) The acetic acid proportion of the G15 and G30 groups was significantly
decreased (P<C0.05), the butyric acid proportion of the G30 group was significantly increased (P<C
0.05) ; 4) The Chaol richness index of the rumen microbial community in the G30 group was
significantly increased (P<C0.05), along with structural changes in microbial composition. In the G30
group , the relative abundance of Bacteroidota, Pseudomonadota, Fibrobacterota, Prevotella and
Fibrobacter showed a significant upward trend, while the relative abundance of Bacillota showed a
significant downward trend (P<C0. 05) ; the differential metabolic pathways of rumen microorganisms
in the G15 group were mainly enriched in Synthesis and Degradation of ketonebodies, and
nitrotoluene degradation. In the G30 group, these pathways were mainly linked to Amino acid
metabolism, and Fatty acid biosynthesis, while the G45 group showed enrichment in C5-branched
dibasic acid metabolism. In summary, dietary supplementation of Glycyrrhiza polysaccharides
enhanced the growth performance, antioxidant capacity, immune function, and nutrient digestibility of
Simmental fattening beel cattle, while optimizing rumen fermentation patterns and promoting
beneficial rumen microorganisms. Under the conditions of this experimental study, the optimal
addition amount of GCPs was 30 mg-kg ' BW.

Keywords: fattening cattle; Glycyrrhiza polysaccharides; growth performance; rumen fermentation;
rumen microorganisms
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Table 1 Composition and nutritional level of basic diet (air-dry basis)

J5KF Ingredient /% Content
g

H 77K Nutritional level /% Content

7 7 Wheat straw 4.50
2 REFH I E K Silage corn 50. 20
K Corncob 2.20
A& #MKE Concentrate supplement”’ 40. 60
EIFZ2H1 Beet meal 2.00
/NHAT NaHCO, 0.5

11 Total 100

RighE/ (MIkg ') ME 10. 07
MEN CP 12.19
HRNT EE 0.61
HLK5y Ash 7.02
R PR AT 4E NDF 43.71
TR P Pk T 47 4 ADF 28.35
45 Ca 0.78
WP 0.42

VAR KRR A SR AR AR R IRES BRI S 2R R B R RO TR AR Y R IR A R SE A e

i E E AR GB/T 18823—2010 $4T

Y. The beef cattle concentrate supplement provides soybean meal, cottonseed meal, rapeseed meal, calcium carbonate, calcium
hydrogen phosphate, multivitamins, and multiple trace minerals. ** The nutritional composition of the feed was determined
experimentally in accordance with the Chinese National Standard GB/T 18823—2010
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*£2, HFE20H,0~45d.0~90 d BB, G30.G45
A H R B E S T GO4(P<<0.05),G15.
G30.G45 I TY R RERHEES T G4

R2 TRFMEFESENAEEREENZNT

(P<<0.05) ;0~90 d fr Bt , 5 GO4L#H [b , G30.G45
H YRR HE B 3 TR (P<<0.05)

Table 2 Effects of different additions of GCPs on the growth performance of beef cattle

T 2151 Group
Item GO# G154 G304 G454
GO group G15 group G30 group G45 group
AT /kg BW
0d 617.40423. 27 618.20+18.91 616.60+13.68 618.60+22. 14
45d 680. 60+28. 97 690. 60418.49 694.20+23. 38 697.804+21.57
90d 729.60429. 34 742.60+16.48 750.40425. 15 754.20+24.28
1 H A H/ (kg-d?) ADG
0-45d 1.41+0.21 1.61+0. 36" 1.72+0. 32 1.76+0. 19
45-90d 1.0940.18 1.15+0. 27 1.2540.23 1.2540. 16
0-90d 1.25+0.13 1.38+0.21" 1.4940. 20° 1.51+0. 15"
TY PR &R/ (kg-d") TDMI
0-45d 16.06+1. 22" 16.81+1. 25 16. 74+1. 14 16.79+1.21°
45-90d 13.83+1.30 14.48+1.22 14.37+1.25 14.454+1.17
0-90d 15.04+1.68" 15.74+1.69" 15.65+E1.67" 15.72+£1.67"
BEL F/G
0-45d 11.71£2.02 10.93+2.47 10.05+2. 06 9.64+1.09
45-90d 13.05+2.35 13.2643.54 11.86+2.11 11.69+1.49
0-90d 12.20+1. 42 11.63+1.78" 10.72+£1. 56" 10.53+£1.10°

[R1A7 8 A A TR 7 B 3 7 22 57 i 3% (P<<0. 05)

JEbRAM R PR TR R R ERF A REP > 0.05), KA

In the same row, values with different letter supcrscrlpls mean significant differences (P<Z0.05) , while with the same or no letter

superscripts mean no significant differences (P=>0. 05). The same as below

2.2 AMEEZSEIASDRERNEN

AR GCPs X & L P 45 1T A= A4 A 19 5%
M) WL 3. PR AT, WS GCPs XF & I A 4R 114
TP.ALB.TC.TG.GLU.BUN HDL .LDL 7k 13
Jo i F R (P>>0. 05) 545 d.90 d, G30 41 9 1l 7
AST FIALT KV B FR T GOH (P<<0.05),

AR GCPs X & AL A 4 1L 7 e 48 Ak 46 A 1)
ML 4. H R AT RN GCPs o] BEAK A 4 1L 7
MDA } T-AOC 7K, fH 22 5 AN i % (P>>0.05) 5
45 d i, 5 GO4l t , G30.G45 41 GSH-Px K F- 4 Tt
E A (P=0.06);G15.G30.G45 41 1L 7 SOD /K F
i R (P<<0.05) .

AN TR GCPs X & L P 2R 1T 9 928 48 A 19 5%
Wi UL 5. AL, IR GCPs Xt A 4= 1L 35 TgA .
IgG . IgM  IL-4 IL-6 , TNF-o /K ¥ ¥ & ' % 5 mi
(P>>0.05) ;45d i, 5 GO L, G15.G30.G45 41

I3 TL-10 7K - . 3 42 55 (P<<0. 05) .
2.3 AMEBEESHENAGERYRERANELERY
=410

AN TE R GCPs X & I8 A 4 78 35 4 o 22 0L 3 1k
REERILE 6. HEAH,BFINGCPsA N4 T
G R N R R S 4 N8 Y R S B S VRS R e
¥IE T GOdl R i 2% 5 (P>0.05) ; 5 GO4LAH
ke, G30.GAS 4L HLAR D7 14 fk 2 183 T s (P<<0. 05) .
2.4 AMEBESHENAFEBELERSHOZ N

A GCPs X & I8 R 498 B & IS 50 5%
Wi UL 3% 7. P 2T BN GCPs Xt A 498 B pH &
SR CEELEERR ONR .5 TR OGR . 5K
R MW 8 FH W m(P>0.05);G15,
G30 419 B & W b i W Ik T GO, G45 41 (P<<
0.05),G30 40 TR L | 3 & T GO.G15.G45 41
(P<<0.05),
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Table 3 Effects of different additions of GCPs on serum biochemical indexes of beef cattle

215 Group

H
Item GO G1541 G300 G454
GO group G15 group G30 group G45 group

BEA/ (g L) TP

45d 69.37+0. 84 70.2441.72 70.194-2.33 72.3742.58

90 d 69.97+2. 42 71.13£2.72 70.71+1. 28 72.05+2.53
HEH/(g- L) ALB

45d 38.19+1.08 37.04+0.48 37.32+1.51 39.10+1.08

90 d 37.7742. 30 36.7142.15 36.894-1.89 36.5640.55
BEREEE/(mmol- L") TC

45d 2.234-0.28 2.1340.32 2.0940. 34 2.1440.16

90 d 2.294-0.15 2.344-0.39 2.1440.44 2.2240.37
H =/ (mmol-L.7") TG

45d 0.364-0.02 0.354-0.03 0.344-0.03 03240.02

90 d 0.38=+0.02 0.36-+0.01 0.36-0.01 0.354-0.01
4B/ (mmol-1.-") GLU

45d 3.974+0.33 3.49+0.11 3.8840.29 3.89+0.09

90 d 3.1340.13 2.99+0. 36 2.784+0. 32 2.9440.48
JRZ %A /(mg-dL~!) BUN

45d 12.0441.35 10.6741.62 9.51+1.24 11.304+1.00

90 d 12.37+1.38 13.04+1.73 10.20+1.70 11.5240.78
E NS E A/ (mmol- L") HDL

45d 1.9440.13 1.9840.17 1.860. 27 1.9140.17

90 d 2.05+0.06 2.03+0.16 2.00-0. 29 2.06+0.07
R EIE#E A/ (mmol- L") LDL

45d 0.53%+0.12 0.55740. 04 0.5140.02 0.53740.06

90 d 0.564-0. 04 0.534-0. 10 0.5340.02 0.5740.06
BWEERR/(U-L) ALT

45d 37.54+1.68° 34.49+1.05% 31.82+2.85 33.84+0. 52

90 d 42.60740. 33" 41,2541, 94 36.384-2.48" 40. 8142, 84"
BREEE/(U-L7") AST

45d 108.5641. 77 99.10+6. 37 93.57+4. 44 97.4745. 68"

90 d 119. 3448 41° 112.624-6.32® 99.72+2. 59 114.59+8. 32

2.5 AMEBESENAFEEMEYHZm
AR GCPs X & I8 R A= 98 5 flAE Pr 5ic 1
S AR LR o 2% 2 B0 A W BE I 0 R 0 A AR E —
E AR B[] i o B 22 5 s B TREA Y Rl F
JEAR B H T BB Bk TR A 2 .
25 R, A Z | 3 A 8034~ OTUs, 1 GO 4 |
G1541 .G30 41 1 G454 4 5l A 3114~ .309 4,535

A F503 14 A B9 OTUs.

AT B GCPs X & AE 8 4= 981 B AW o 24

PRSI E 2 R . 5 GO A, G30H Mg H
A= W) B 75 19 Chaol F & B 45 #2342 &5 (P<
0.05) ., A[FEFI&E K GCPs & ML 475 H A9 8
ZREER R & 3 TR . 8 B TR,
X DU A3 56 21 R PR A 19 R ) R 2 MR AT
ZYEbr BE o A Al AL SR GA L 45 R R, G304 R
oA S GO B & 4y 3, Ul B G30 41 1 i 2E 4
BEVE 4540 5 GO A AF b 35 22 57 (P<<0.05) .
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Table 4 Effects of different additions of GCPs on serum antioxidant indexes of beef cattle
i 2151 Group
Ttem Go4dl G154 G304 G454
GO group G15 group G30 group G45 group
%/ (nmol-mL ") MDA
45d 13.754+2.25 13.234+1.42 12.704+0.91 12.7640. 46
90d 12.83+0.70 12.574+0.75 12.004+1.67 12.174+0.91
A B g/ (U-mL ') SOD
45d 17.3540. 10 18.81+0. 83° 19.25+0. 69° 18.92+0. 43"
90d 18.384+0.73 19.744+1.28 20.39+1.24 20.74+1.62

25 B H GE Sk P/ (U-mL ') GSH-Px
254.32422. 48

45d
90d

MyTEALfE S /(pmol-mL ") T-AOC

45d
90d

275.054+17.75

0.7040.02
0.7240.04

269.72+15.37
288.53+20.63

0.7340.03
0.7540.03

285.69+14. 84
297.40427.64

0.7440.04
0.7640.03

287.27+13.48
294.89426.73

0.7340.06
0.7440.05

x5 ARAFMEHESEINAFNFERERROINE

Table 5 Effects of different additions of GCPs on serum immune indexes of beef cattle

T 2H 5 Group
Item GO G154 G304 G454
GO group G15 group G30 group G45 group
GPEERE /(g L) IgA
45d 2.3940.50 2.5540. 46 3.0340.83 3.0340.38
90 d 2.1440.60 2.2740.10 2.5640.07 2.6040.10
RERRE /(g L) 1gG
45d 10. 574-0. 36 10. 444-0. 94 12.344+2.61 11.254-2.33
90 d 9.9341.38 9.9242.05 10.754+0. 82 9.9940. 56
GEERE A/ (g L) IgM
45d 0.78+0. 20 0.91+0. 21 0.9740. 22 0.96+0.11
90 d 0.7440.07 0.8440.08 0.8440.15 0.7540. 10
F4 /% 4/(pg-mL?") 1L-4
45d 6.3140.32 6.5340.06 6.7540.18 6.2540.59
90 d 4.3340.33 4.1640.17 4.4140.15 4.4940.42
H 4% 6/(pg-mL™") 1L-6
45d 146.1443. 38 141.4243. 84 143.2943.35 144.8641.09
90 d 176.17+4. 27 173.9749.42 173.9744.29 171.1844.12
H 4/ % 10/ (pg-mL™) 1L-10
45d 13.04+0.61° 13.86+0. 21° 14.04+0. 35° 14.06+0. 39°
90 d 9.3640. 20 9.4340.25 9.6440. 59 9.9840. 35
B IR IRSE I F/ (pg-mL™") TNF-a
45d 41.2342.22 36.0244. 46 38.4244.94 41.88+1.68
90 d 68.65+2. 80 69. 60 3. 62 65.1245.57 64.3744.69
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Table 6 Effects of different additions of GCPs on the apparent digestibility of beef cattle %
5 2H 5 Group
Ttem Godl G154 G304 G454
GO group G15 group G30 group G45 group
T L% DMD 60.06+1.91 61.05+2.99 61.81+2.31 60.0740. 37
M HIEE#E CPD 36.88+3.59 40.34+2.16 41.3340.95 42.23+2.66
HLAE W5 15 4k % EED 40.2144. 48 42.55+1.79" 47.99+2. 25" 47.04+3. 27
P R 2T 4R AL NDFD 51.84+3.40 54.59+1.63 56.83+4.02 52.22+43. 88
TR T Ve 4 £F 4 0 Ak 2 ADFD 35.71+0. 32 38.15+1.04 38.91+1.03 36.73+2.54
x7 TRAFAMEHESHEINFEEREBESHNIZM
Table 7 Effects of different additions of GCPs on the rumen fermentation parameters of beef cattle
5 2191 Group
Ttem GOl G154 G304 G454
GO group G15 group G30 group G45 group
pH 6.704+0.02 6.55+0.17 6.56+0.06 6.62+0.03
AR/ (mg-dL™") NH,;-N 12.28+1.54 12.27+1.11 10.31+£1.58 10.98+1.13
SRR MR IR/ (mmol- L") TVFAs 66.54+8.25 79.38+6.05 73.72+8.90 67.19+8.99
4R/ % Acetic Acids 69.60+0. 58" 67.15+0.97" 65.92+1.07 69.194+1.91°
Wi/ % Propionic Acid 15.60+1.95 15.734+1.41 16.0540. 90 15.41+1.69
TR/ % Butyric Acid 10.98+1. 24" 11.80=+0. 88" 13.71£0. 69° 10.95+0. 82"
5t T/ % Isobutyric Acid 1.5240.25 1.5540.41 1.1940.17 1.5640.16
T2/ % Valeric Acid 2.31+0.35 2.31£0.78 1.67+0.21 2.56+0.24
SEIER/ % Tsovaleric Acid 0.74+0.04 0.78+0.16 0.78+0.06 0.81+0.10
LERNIRIL AP 4.5140.56 4.3040. 40 4.1240. 25 4.5440. 66
a0 43 A BE 32T M A

E1 F2HE
Fig.1 Venn diagram

A AbPRZH P TR R TS A AR B A W TR
W Hr a5 R E 4B . T3 28KF L JE RE
i# '] (Bacillota) B i ] (Bacteroidota) A %) 4= B
i ESHAL . )RR L, HFEIRKEE
(Prevotella) A1 F J5& % 4T i J& (Methanobrevibacter)

AR GCPs %P5 13 K B AL P A 17143 280K
g E A E 5 R . 45 R BR, G30
i 588 T 1] (Pseudomonadota) | £F 4 #F 14 ']
(Fibrobacterota) /1 %f £ FF i 2 & F GO 41 A1 G15 41
(P<<0.05) ; G30 41 JE BE 4 ] (Bacillota) i) AH X = &
W) G 2 AR T H e =, AT R ] (Bacteroidota) #H
XF A= B CRURF A T) S R BE T ) L (Bacteroidota/
Bacillota) & % # T H T =41 (P<<0.05) . AWl &
GCPs Xf V5 T3 /R & AL A 4 Jd 4 28K 708 8 E
(52 w40 6 BT R o G30 41 IR IR R
(Prevotella) 1 %t F B W 3% & T H© = 4 (P<
0.05), £F 4 ¥T 5 J& (Fibrobacter) Hixt £ FE W% & T
GOZH A1 G154H (P<C0.05),

KEGG pathway level3 DR iE B4 R KW E B
AR W B T W6 M 326 AR P A . F BEHE A T 15
D) BE RN (B 7A) E2 & E TR EMRAW 5 wE
IR . EA A AL HR 2 rf |, G30 20 22 AR il i = 5
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Fig. 2 [Effect of GCPs on bacterial diversity in rumen of fattening beef cattle
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Fig. 3 PCoA diagram of rumen flora
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(Nitrotoluene degradation) ; G45 21 22 5 X 1} 48 % 3=
B FE C5- 32 8% oo R R i (C5-Branched
dibacsic acid metabolism) ; GO 20 2= 5 Qi 3 % = %
A e R WA R (Streptomycin biosynthesis) |
BT R D BE A AR R A A L (Acarbose and

validamycin biosynthesis) o

3 W it

FEE LA P A KM AR R A B S A A
2 A% O AR b, H R e H R IR € 48 B IE S X B )
AR EARIEER . A B e LA R
FLMERIN T g-kg VH BRI AT DL R 3 B T
YyH R EY S A FERE L AH SC 5 IR E
7R TR RS I E AR SR T LR SRy PR T R rh e
AR AR ER R AR P RGE R R E
VA IE B8 B & % AR Kt R 2R B R e, H R
RN 2.5 g-kg DGR H R E R T RN A
REY . ARBFFEH, BN 30.45 mg-kg ' BW GCPs fig
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Fig. 4 Effect of GCPs on rumen microbial composition of fattening beef cattle
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Fig. 5 Effect of GCPs on the relative abundance of microorganisms at the rumen phylum level of fattening beef cattle
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Fig. 6 Effect of GCPs on the relative abundance of microorganisms at the rumen genus level of fattening beef cattle
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Fig.7 Effect of GCPs on rumen microbial metabolic pathway in fattening beef cattle

TRHE AR . Zhang SEUYHESY KB, 7E W 05470 H
Wi GCPs o DL i e A H i & T i
R, BEACRLEE L, X S5 AR A 45 R — 3. G30.
GASZH BT LU W 3 T M, 20 il B 1 12.13% 5
13.69% , #& @ TR . 25 1, i W GCPs Xt &
HE PR AR AR R B B OE [ B AE . 7E & ol Ak

PR AR RE VAR S A AR A, &
B A TS bR B, GCPs i i IR Jin i R 30 mg-kg !
BW.

I35 A A48 b 14 2 25 AR R TT DL R B B 6
F5 W) I 1) T A RS 7K ST A BREHR 0 DA B e s 2] 41
EIIREAEAL . ALT R AST 2 4 5 JIT e 3 10 4 75



3 W A T B 2 X IR A 2 K B L YR R R P PR () 5 1527

Pt AR A LS R L Y
it 5 5 R M T S B R B, 4 KR R A A0 R R
oL ALT AST & & 7 m s F T fig =
S 45d K 90 d, G30 4L I ALT AST 3% 1 1
B EALT GO, 8] GCPs 7] LA 22 fift 7T 40 M 43 455
B RS BT AL AR S B3 5 5 3R A B4R 1
A5 Ak, TN A= LA S Ak R G 5 s GCPs il i ik 20
FIH 3™ A 00— S A R O P S T e D —
SRR B AR R o T A0 R A A 5 A
A O e AR I N o i O S A 1 B TR

7 A AR R R v, Bl i R R
(ROS) &5 5 &M ai i Y4t B i it ROS 2
il BIL A N S AL AT R AROIR S R A, T BRI
P55 20 ML 4 5y (A ig T 2R 1 AR ) L (i sh W pL IR
5 YL PR 5 SOD L GSH-Px 45 [ 1h 2L 75 bk B
JE AR A ML AR 2 A 3455 1k 2R A0 EE E AL Y . SOD &
— PR AE T A W A 9 I AL A L B O AR AR
FHSE W B [ R 2™ GSH-Px AE7E T Wi 5L 30 4 40 g
Jo AR A B B b 3 O TR AR A B R A
AL . GCPs 4 My P A & 24 B 3k 5 5 4
R A RSUER AR, EESEE T RS A
PRI P BF 5T & B, GCPs EA% 5 35 42 & T & 1
W h SOD \GSH-Px 45T A AL B G 173X 5 A F
LA ML M GCPs #2557 F IR 4E 45 d 1l v
SOD .GSH-Px & & , {2 #E WL BT A AL e J1 $2 7.

B Z2 40 38 3k 22 T R 1 AL 00 0 DA A £
5 EH0, L IL-10 R Q3R 1 Bt 48 Jng 2 FL b i
—FpALE R RAE S5 EXE A EN A
S AL PR AL AT R R B SR
TRy GRS RS TIL-10/E N &
TP R AN IR T, AE T 3 SR RE AT B A R 4 b
i AR Y BIF 5 B B 1L - 10 AH 56 2 B Y /)N
R A5 T e R B T, I A R )
iE F) 5 B AR T 5 TL-10 i = 5 5 4 3238 2 5 AL
PR R AE SN, B Fh B B f 5 Mg & AE L TL-10
2 B3 ok A S A0 R G Ak R R R R E
AR (S R I Sl 713 2 I/l S DR
GCPs 1] L) fil 2 B AR I 37 42 58 B 7 AKOF |, 38 4t R
Y R 3 3k 4R GE , GCPs 32 238 i 98 5 MAPK
o T 3E B DL B A ) 9% o OG B P NF -kB (1 5%
SV BEHYIR . BIERE RGN
SR FH 1R Bk K A B 0 B e B Rk L S P e L R
5 BE DR A ST AR EEL, S Bl

TR R K BT ARBFZE R B I GCPs i 3% 1
Jn Y45 d g TL-10 7K -, 8] B I v £2 2 4 i P 5
IL-6 . TNF-a/KFA T iHEH, EU GCPs HE18 1 5
B A P 76 sh W ALK 9 I 2 3k, 1 o B IR % ik
71, G2 i B N0 30 v i R b 78 Y BT R o

PR R W], h R ZhiRe s = F 4 EK
PERE , 3 AT BB 2 3 i 3 0B R 0 T Ak 3ok S
T AT WF ST & B, 4 W 0% 2 A 1 i B R 0
P T T R MR D A5 B R T 0
THALFRNS gk R G WY & B, 7R IR e HORR PR
MEAHEY 2RSS THEA PGS %E R
PE PR U 2F 4 ORLE D7 19 5% 4 ROU N Ak S . AR BESE
HLG30.GASH MR T LR B E S T GOA .,
W54 GCPs 78R40 1 Y - 15 ¥ - 8 T Ak v i 7
BLH HEAT 53 BT, & B 22 W8 A6 T Ak 3k 72 v 35 43 B
WMo R E TR, W GCPs TR bl i p B
A MR E M, W] B TE g B T R AR T, DT R
M) i J T Al i

o E R AL R G R A
AW K e VE SR AL (02 ol R G dE R LR
@t B . I8 H pHJZ 52 W B N IR A A X
R, EHpHR6.2~7.0ZH ;¥ pHLF 6.0 LT
A D K g /b, X pH AL 7R Ak UK 4 25 2 43 it
B W BRI 4 pH AR T 5. 5 1, & S 85UE B i
BV ORI, A B IR AR S pH (E R
P e 1 W W0 BN, X R B GCPs IR X A 2R 0% 18 1l
RBEREI = E R R0, VEAs 2R 43 8 1R
PR K AL B W Y 7, R AR P Y
SRVEH S VE As (920 B AN EL 1] 2 52 R 98 B P 3R BT Y
HERE, AR LI ,G15.G304] 2R el i 2%
KT GOA, G304 TR Bl B 3% = T GOdl . #F%E
TR SRR OR AT R A s A4 ok
I 1 B % R R B, DA AR B R K RN B
BB TR . TSR i m T oAk
B  EETh R 2R T R A Y
TR L T, LA R R T R X 5 A Y
Foe s —3. HRZhhmdRmmEE Tmel,
REAR 2R Lb 1, 28 i B8 e Al o ) FH 3%, T R B
AR E e R TR o [ GCPs 3N ] fE 2 [ AR
Hbe = W S A s B & AR AL E R
7 e TR Y R 2 5 B B G R, R e A U 2
SREAR R 2 sh Y e kL g R R FH RO A IR
BN TR LU ) 0 3 5 AR 4 4y i TR AE LR B D) Y P



1528

& oMn

SR S 57 %

[F] ¢ &, AT LA i 2F 2 32 43 A v 305 2 TR) E LA
A AR K T EE . FEARHIEIE IR eh R
GCPs 1 DLl 5 A8 9 B VEF As AR i =, {2 ik i 4
e R .

Jo B A W REVE R R A sh T e R b A 4k
HEZWAESRG, HAE IR 0 %l e
VAT AR i T R AEAE T TE R T 2 Bl W ik R
Dy EEAMERT . o ZREME RO T SR YR
TE W) Bl T2 5 R R 2 BRSSO AE R B G304
G45 41998 8 A W BEV% Chaol 48 %0 3 19 hn , 1 1A
W GCPs 1l LA Ak 98 B e W A 3 R 50 B I
R (AR S SO RIIRUN R A T R A= R L]
DRt Ete . B REME RO T i W e VR 1 45 0 2%
S BRI R B, S A Y IR R GCPs n] ek A8 Ho g iE
BESE R SRR IG5 AL : G0 B FEHE S
GOHEAREXLS GCPs &I A 497 B ik
VI BESE

FEATFFT A, AT B 1] R0 5 BE B ] 3% 5 K [
W JE BRI, X S Cud
GV RIS A5 R — B0, PR 1) 40 P AR T AL 2
22 W05 LA B 19 Jg 3 A 28 B g v RS B G L W L
Y FE BILAAR (e R Bl Lk o5 DA AR s SRR BE BRI
B2 5 BOH 5 > OB BRI, AT 51 R
RBFZEALSY . BUFF BT/ R BER ] 5 18 £ 3R BEK P
9 3 AH G [ B2 (B 1 = A R R AL o 4 9 0
PAE M K A R R, 5 GO H, G30
YL ADLFE TR AR R 3 B G T v DR RE TR R A 3
WEREAL, PR GCPs AT JERER 1T E T
VAR F SR B8 1D SF B B, GCPs 3 3 0 5 8 ' 4
PRUP 2 R 3 3 o5 Bl A RRETR 00 5 FORR e 7
it GCPs i 3 I T 4U0FF B 177 5 T2 BE TR T 19 EU A
X5 G30 41HLAR 9 2 003 Ak 2R ARk %R LA R I i
G PEHE b 3 1 = a5 A N . 7RI R
PLID FIVER 2T B 1] 6 06 3 3 40 W 22 PP G I i AL 9
N MLRE M, AT LR LR R A, NI X
KRR DT R 0 7 AR R B G EEVE T AR RS
G 30 2R BRI T 1] RN EF - AT BT AR 6T = B 3 B 3
F GO.G15 Wi 4, % B GCPs i@ 1 ¥ 45 J2 B & B 3
5 e ML A 21 4t 22 0 % 5508 AR

FEARMEE S EHIRIREE N BRI E W
WO A Yo 8 SRR T R R T ) — PP A 25
&, BAREREN, S5 2 Mm-S a0 R
B, 5 E kB AR R £ R R W A

KT R R K G B R Bk K Ak A
Wi B b 2y e A RO B EARR A0 R B A K
M REAR R A 1 . AR b, G30 413 7R IR IR
FEA W E R T GO4, X5 G304 M 8 &
FEFE bR R L) 0 35 T RS R — 8. 4T
JE AR T — M AR R EES R
G5 vh o £ 4 2 0 W R T AR, SR R R B
TR TR i R AR B R A 4R gy
fif B (T AT ) 5 T W 2k B #e 8 B b LA
[V T, TR A s T il 4% 1) FH 2F 4 4 ik 13 7 A= 1 v
(] 7= 4 AR 2 ) R AT R I, e A A L T 1R 5 T R 4
AT ARk SR Gl R 2R, o 4T 2 2R G TR A
XEPEFERINT, XS AP R R - G304 B
AT B A FEE R E R TG4, X5 G304
T E R BEAR bR R TR L AR A R — B,k
i GCPs 38 o 80728 96 8, 52 e 5 R ) T Ak
W5 LA AR 8

X 4 TR V% i 1T KEGG-Pathway Level 3 7K F-
(4 T BE & S 4T Rk B, 45 41 4R R B IR I )
RS AR (K 7-A) . AEYhEEE R
SYAT R B, G30 41 22 S AR E B 2 AR b A AR
PRI (2R B 1R AU AR B R AR, T 2R L K A& 2R I
A FRACH) UL K G iR A= A . A B R RN R AR
0 12 X0 o R v % 4 B R Ak A B0 D R E R
SR A IR X —VE I HLHI S G304 1 i it
AALKE R f e e ) o R A R — 3%, AR .
KA SR RN 4 S W2 A LA K s 7 R 26 & il
F BEE A I R A Sy HLAAR Y R AR R A
P Y E o T2 SRR [ o U & N 1oL 2 (BT )
BLmR A, A g 7 R Y A R T 4 AL A
AT ) 422 452 = B 07 1) 0 AR O R L X — & R
AR BIF 5T 45— 0. G30 4UHLAR i 26 00T 1k K 2
BT GOl . G154 22 5 A0 i % 32 20 48 op 76 i 44
G B B A R R T OR B A o TR 09 B RS I i
S i AR A T A R A3, A AR R R AR I A AR
RYEE CHVER . W90 5 A i b
BAC A Wy 30 V5 W 2 0, s/ T R R A
() 25, R A S Ak A r AR = Can S R A T
1% ) T LA 98 5 s AR TR st el 20 B e T
G45 21 2= 5 AR i g 32 2L P 7E C5-32 B — Ju iR 1R
e BRI RW M R Wi g e AR O S RE—
TR R AE T VEAs AR 18, A F) T 44598 85 N
Whgfase ™, ks g5 LR RGN = GCPs



339 I P 45 < H B IR A A PR RE L IV A AR S A FRBE B R

1529

xR A W 0 S RE AR AT A B 22 S, HX S 22
S e R AE 5 A AR Y A B IR 2 4 )
(PSS

4 &

ARFFE KB, HAR P AN 30 mg-kg ' BW H #
LRV T R E AL A A4 A KRR R R
LT 16 2R MR BT A AL K- 5 g g I, IF B PR
JFIh%C . Mok, 30 mg-kg ' BW H B £ 84 G il 28
S 5 P VR A R, R O A 2R
M A 25 AR 32 B S SRR A 5 e R
BUAH G fE

5 % 3Lk (References) :

(1] X 96, B4, £ H. AMTeBRTHFRL

I SR A R T]. AR 5T, 2022(9):167-
169.
LIU X,CAO S M, WANG H. Green consumption and
quality demand of beef under food safety requirements
[J]. China Food Safety Magazine,2022(9) : 167-169.
(in Chinese)

(2] B, P77\, 5 HRE NS 20X
R PERE e KA S AL DI RE R [T, b [ g
#,2024,(20) :19-22.

TAN C P, LI F F, HUANG Y J. Effects of dietary
astragalus polysaccharide supplementation on growth
performance, immunity and antioxidant function of beef
cattle[ J]. China Feed ,2024,(20):19-22. (in Chinese)

[3] I o, BEME,2 3% BRI ELsES

PERE A0 A BT KUK RS2 (7], sl i IR 2 i, 2023,
35(10) :6452-6461.
WANG Y, HOU P X, LI D. Effects of Yeast
Polysaccharides on Slaughter Performance and Meat
Quality and Flavor of Finishing Cattle [J]. Chinese
Jowrnal of Animal Nutrition, 2023, 35 (10) : 6452-
6461. (in Chinese)

[4] LIUC,CUIY,PIF,etal. Extraction, purification,
structural characteristics, biological activities and
pharmacological applications of acemannan, a polysaccharide
from aloe vera: A Review[J]. Molecules,2019,24(8) :
1554.

[5] GHOSH R, BRYANT D L, FARONE A L. Panax
quinquefolius (North American Ginseng) polysaccharides
as immunomodulators: current research status and
future directions| J|. Molecules,2020,25(24 ) :5854.

[ 6] TZIANABOS A O. Polysaccharide immunomodulators

[7]

[8]

[9]

[10]

[13]

[14]

as therapeutic agents: structural aspects and biologic
function [J]. Clin Microbiol Rev, 2000, 13 (4) : 523-
533.

TAAR B AL =70, % Y RN R & IR
g1, o E ROl 2022(14) $44-45.

XING L L,ZHANG Y,JIANG Z X. Effects of plant
polysaccharides on livestock and poultry breeding[J].
China Animal Industry , 2022(14) : 44-45. (in Chinese)
XFAE Z I, R O, R R AR A&
B R RS RELT]. AR RL, 2024 (13)
70-75.

LIUY C,QIN W Z, WU B Y L, et al. Research
progress on the application of licorice and its extracts in
livestock and poultry production[J]. China Feed , 2024
(13):70-75. (in Chinese)

ALAGAWANY M, ELNESR S S,FARAG M R, et
al. Use of licorice (Glycyrrhiza glabra) herb as a feed
additive in poultry: current knowledge and prospects
[J]. Animals (Basel) ,2019,9(8) :536.

A 0 0, A T R, SRRSO, S 24 AR ) B2 TR W X 3 )
AL RESL W A DF S UE R (T]. RA =MW R 5 &,
2025,37(1):168-181.

YANG Y Y, BAO L N, WU S Y, et al. Research
progress on the effects of medicinal plant extracts on
animal immune function[ J]. Natural Product Research
and Development,2025,37(1) :168-181. (in Chinese)
SHEN H, ZENG G, SUN B, et al. A polysaccharide
from glycyrrhiza inflata licorice inhibits proliferation of
human oral cancer cells by inducing apoptosis via
mitochondrial pathway[ J]. Tumour Biol,2015,36(6) :
4825-4831.

CHEN J, LI W C, GU X L. Optimized extraction,
preliminary characterization, and in wvitro antioxidant
activity of polysaccharides from Glycyrrhiza uralensis
fisch [J]. Medical Science Monitor, 2017, 23: 1783~
1791.

TRAS I, AR IR K, A8 R A AL £ R R R A
L 7 IR 2 X B A 3 A A T R T T T
M [T ]. BRI E P e, 2023(11) : 110-115.
ZHANG M Y,ZHU X Q,GU X L, et al. Study on the
antibacterial activity of selenizing Glycyrrhiza uralensis
polysaccharide and Glycyrrhiza uralensis polysaccharide
against Listeria monocytogenes [J]. Heilongjiang
Animal Science and Veterinary Medicine, 2023 (11) :
110-115. (in Chinese)

AIPIRE A, MAHABATI M, CAI S, et al. The

immunostimulatory activity of polysaccharides from



1530 oMM OBE ¥ i 57 %
Glycyrrhiza uralensis[J]. PeerJ,2020,8:e8294. uralensis and its application in feed production [J].
[15] KATAYAMA M, FUKUDA T, OKAMURA T, Animal Agriculture,2014(2):28-29. (in Chinese)
et al. Effect of dietary addition of seaweed and licorice [24] ZHANG C, LI C,ZHAO P, et al. Effects of dietary
on the immune performance of pigs[J]. Anim Sci J, Glycyrrhiza polysaccharide supplementation on growth
2011,82(2):274-281. performance, intestinal antioxidants, immunity and
[16] WU Y, LI N, ZHANG T, et al. Glycyrrhiza microbiota in weaned piglets[ J]. Anim Biotechnol, 2023,
polysaccharides can improve and prolong the response 34(7):2273-2284.
of chickens to the Newcastle disease vaccine[J]. Poult [25] COPPING K J, CALLAGHAN M J, GEESINK G
Sci,2022,101(1) :101549. H, et al. Periconception and first trimester diet
[17] Moz, m Rl oI E e Al & 2 ik modifies appetite, hypothalamic gene expression, and
ek T]. &M S mBRA,2010,31(Z1) . 37. carcass traits in bulls [J]. Front Genet, 2021, 12:
FENG Z C,GAO M. Improvement of the colorimetric 720242.
method for determining ammonia nitrogen content in [26] ZHANG C, LA Y, MA X, et al. The effects of
rumen fluid[J]. Animal Husbandry and Feed Science, different doses of compound enzyme preparations on
2010,31(Z1):37. (in Chinese) the production performance, meat quality and rumen
(18] FHikus, b W&, s & W SR IY 0 E Y ) microorganisms of yak were studied by metagenomics
fERHAEEFEEE TN AL 1Y EHEFE®, and transcriptomics [J]. Front Microbiol, 2024, 15:
2021,33(7):3713-3718. 1491551.
YIN S G,YOU T,TANG J Y, et al. Licorice extract: (27] B H, BB AESO0 A6 AN 4 25 iR A% 0 0 T 4
biological function and application in livestock and SE WK (IR ) X0 WUREFE K BRI 245 31 NS L 5
poultry production [J]. Chinese Journal of Animal [T]. 5% EmMwFotE , 2025,48(2) : 317-327.
Nutrition,2021,33(7) :3713-3718. (in Chinese) WEI D, GUO X T, HUA W H, et al. Comparative
[19] JEFF,2 ¥, 5Kk3m0, 55 . H R $2 By o g LB 2R study on pharmacodynamic effects of Yiqi Fumai
AR PERR B VS R K M W s AR B g [T ] A RHAIE R Lyophilized injection by different administration routes
2024 ,47(24) :5-10. on rats with myocardial infarction [J]. Drug Evaluation
QU P P,LI T,ZHANG X L, et al. Effects of licorice Research,2025,48(2):317-327. (in Chinese)
extract on growth performance, diarrhea rate, and [28] REICHLING J J, KAPLAN M M. Clinical use of
blood indexes of suckling calves [J]. Feed Research, serum enzymes in liver disease[J]. Dig Dis Sci, 1988,
2024,47(24):5-10. (in Chinese) 33(12):1601-1614.
[20] NASER M, SHAHAB G, MAHMOOD H. Drinking [29] 8w, LU0 B AR . U O B I 4R
water supplementation of licorice ( Glycyrrhiza glabra R s ar s R (T, th EFE Mgk, 2022, 58
L. root) extract as an alternative to in-feed antibiotic (2):13-18.
growth promoter in broiler chickens [J]. GSC Biol LEIZ Q,ZHANG X, LIU Y, et al. Research progress
Pharm Sci,2017,1:20-28. on the effects of oxidative stress on perinatal dairy
[21] ALAGAWANY M, ELNESR S S, FARAG M R, cows and calves[J]. Chinese Journal of Animal Science,
et al. Use of licorice (Glycyrrhiza glabra) herb as a 2022,58(2):13-18. (in Chinese)
feed additive in poultry: current knowledge and [30] #hdgede, bp H5,5% =,%. HEAH0s LIHEH
prospects[ J1. Animals (Basel) ,2019,9(8) :536. ML A58 HE R [T, A= fiw i 4k 24, 2023, 43(12) : 1956-
[22] WA H R RBRAT A WP A oy 2835 M AT 58 b 1 5 1962.
FE kR Tl Ak [ D] 220 22 JH B T K24 . 2016. HAN W W, ZHONG Q, ZHANG R, et al. Research
GUO T C. Research on anti-radical activities of progress of active constituents and their mechanism of
Glycyrrhetinic acid derivatives and industrial design of action in Glycyrrhiza uralensis Fisch[J]. Chemistry of
licorice products [D]. Lanzhou: ILanzhou University of Life,2023,43(12) :1956-1962. (in Chinese)
Technology , 2016. (in Chinese) [31] LASSEGUE B, SAN MARTIN A, GRIENDLING
[23] Z=tAZ B oK. HREAY AF 90 e b HCAE it 2k 77 o K K. Biochemistry, physiology, and pathophysiology of

MR ILT]. kLS E i, 2014(2) - 28-29.
LI S C, YAN B. Research Progress on Glycyrrhiza

NADPH oxidases in the cardiovascular system [J].
Circ Res,2012,110(10) :1364-1390.



340 I U7 4 < R 2 MR I A K PE R L IR A R T B B 3 1531
[32] SCHIEBER M, CHANDEL N S. ROS function in [J]. Nutrients,2018,10(8) : 988.
redox signaling and oxidative stress [J]. Curr Biol, [42] KUHN R, LOHLER J, RENNICK D, et al.
2014,24(10) : R453-462. Interleukin-10-deficient mice develop chronic enterocolitis
[(33] £ S, 08 5, ZEE0 4. 4R C Ry D fE B A [J]. Cell,1993,75(2) :263-274.
WyrbIRsE P R LT ). TR E IR, 2023(5) :4-8. [43] IYER S S, CHENG G. Role of Interleukin 10
WANG D,ZHOU K, LI Y L, et al. The function of transcriptional regulation in inflammation and autoimmune
Vitamin C and its application in dairy breeding [J]. disease[J]. Crit Rev Immunol,2012,32(1) :23-63.
China Dairy Cattle,2023(5) :4-8. (in Chinese ) [44] JI X, HOU H, WANG X, et al. Effect of dietary
[34] BATINIC-HABERLE I, TOVMASYAN A, Glycyrrhiza polysaccharides on growth performance,
ROBERTS E R H, et al. SOD therapeutics: latest hepatic antioxidant capacity and anti-inflammatory
insights into their structure-activity relationships and capacity of broiler chickens [J]. Res Vet Sci, 2024, 167 :
impact on the cellular redox-based signaling pathways 105114.
[J]. Antioxid Redox Signal, 2014, 20 (15) : 2372~ [45] 43R iWEOL, BRIELr, 55 . H R 20 A9 e 28 98 1 Fn
2415. PURAE PRI DT T SR [T]. b 25 2% 35, 2021, 55
[35] XUXL,WUSJ,QISY,etal Increasing GSH-Px (5):66-71.
activity and activating wnt pathway promote fine wool CAIM L,WU X Y,ZHANG X H, et al. Advances in
growth in fgf5-edited sheep [J]. Cells, 2024, 13 immunomodulation and anti-inflammatory mechanism
(11):985. of glycyrrhiza polysaccharide [J]. Chinese Jowrnal of
[36] #5 ¥,EWE, % . HEZHER A LG Veterinary Drug,2021,55(5) :66-71. (in Chinese)
AT [T ]. B BUAR RS2 2440, 2007(1) - 1-3. [46] SALEEM F,AMETAJ B N,BOUATRA S,etal. A
YANG L, WANG H B,LUO F. Study on scavenging metabolomics approach to uncover the effects of grain
free radical activity with polysaccharides in Glycyrrhiza diets on rumen health in dairy cows[J]. J Dairy Sci,
uralensis fisch [J]. Jowrnal of Tarim University, 2007 2012,95(11) :6606-6623.
(1):1-3. (in Chinese) (47] MRFER, X 3¢, TARR, & op 2 25 3R 5R07E A 4 4=
(371 M7 WA, AR — , 45 . T B 22 M XF 1A 3 T I 4t 7= v R g kR 0], SR OB B, 2024(1)
SAALRE I MM [T, DR T, 2023,44(10) : 39-44. 128-130.
HOU H N,PAN M Y,ZHAO Y Y, et al. Effects of LIU X W, LIU W, DING D L, et al. Research
Glycyrrhiza Polysaccharide on antioxidant capacity of progress on the application of chinese herbal additives
liver of broilers[J]. Feed Industry, 2023, 44(10) : 39- in beef cattle production [J]. Modern Animal
44. (in Chinese) Husbandry Science & Technology,2024(1) :128-130.
[38] E WE, UL W OMIRT S H A 0 B S AL SRR (in Chinese)
o A FH B ZE [T]. £ 6 Tl BHE L 2023, 44(1) £ 398- (48] LM, BT B IR 5 . B SR  RE
404. K6 LI A5 AR E AL D RE RN b B Y 2w (],
WANG Q, HONG Y, LIU Z Y, et al. Study on the TR 2542, 2019, 35(1) : 122-129.
antioxidant and hypoglycemic effects of glycyrrhiza FENG S B,CHENG L P,SHU Y S, et al. Effect of
polysaccharide [J]. Science and Technology of Food astragalus polysaccharide on growth performance,
Industry,2023,44(1) :398-404. (in Chinese) serum indices, digestive function and rectum flora of
[39] SARAIVA M, VIEIRA P, O’ GARRA A. Biology Hu lambs [J]. Jiangsu Jowrnal of Agricultural
and therapeutic potential of interleukin-10[J]. J Exp Sciences,2019,35(1):122-129. (in Chinese)
Med ,2019,217(1) :€20190418. (49] 3ROSR, T B, EMOE 455 . S A 2 0 Xt A
[40] HIGASHIMURA Y,NAITO Y, TAKAGI T, et al. K fE 3% 53 F I A F AL 8 br A 52 me [T ). R0k
Oligosaccharides from agar inhibit murine intestinal WF5Y ,2024,47(5) :48-52.
inflammation through the induction of heme oxygenase-1 ZHANG F R, YU F, WANG Z C, et al. Effects of
expression[J]. Gastroenterol,2013,48(8):897-909. compound plant polysaccharides on growth performance,
[41] HIPPALA K, JOUHTEN H, RONKAINEN A, et apparent digestibility of nutrients, and serum indexes in

al. The potential of gut commensals in reinforcing

intestinal barrier function and alleviating inflammation

meat rabbits[J]. Feed Research,?2024,47(5) : 48-52.
(in Chinese)



1532

& oMn

B

[50]

[51]

[52]

[53]

[54]

[57]

AR FE L H R 2 b 20 B R A 3 T A
(D], A1 T A TR . 2022.

LI Z L. Study on extraction and biological activity of
polysaccharides from glycyrrhiza residue [D]. Shihezi:
Shihezi University. 2022. (in Chinese )

B, WIS R IR pH A R S Al A AR
et RGBS A R B2 [T ], VI VYR R 2 i, 2024,
46(1):184-195.

ZAN Y B, ZHANG L, QU M R, et al. Effects of
different pH on number and community structure of
rumen bacteria [J]. Acta Agriculturae Universitatis
Jiangzxiensis, 2024 ,46(1):184-195. (in Chinese)
BRITTON R, KREHBIEL C. Nutrient metabolism
by gut tissues| J 1. J Dairy Sci, 1993,76(7) : 2125-2131.
FE—R,AHE, KIS . it adiims kg
Ji p-FE A TR SR LR (1], B HCE EE R,
2020,51(4):660-669.

ZHUANG Y M, DIAO Q Y, ZHANG N F.
Metabolism and regulation mechanism of beta-
hydroxybutyric acid in ruminal epithelium cells of
young ruminants [J]. Acta Veterinaria et Zootechnica
Sinica,2020,51(4) :660-669. (in Chinese)

TRz, A, VR T 58,5 . B B b L) 01
A i3 A AR AR bR R R B RLTE AR s [T
AL Tk, 2023,44(1) : 80-86.

XU L Y, ZHENG M H, XU Z H, et al. Effects of
astragalus polysaccharide administration on serum
biochemical indices, rumen fermentation and apparent
digestibility of early lactating dairy cows [J]. Feed
Industry,2023,44(1) :80-86. (in Chinese)

PR R U, BRI, 45 S A s W B e vk
A Bl A R A (] i RS AR A R e, 2024
1-15.

CHEN L, TANG Y F,CHEN H Y, et al. Microbial
regulatory pathways of methane emission reduction in
the rumen of ruminants [ J]. Scientia Sinica (Vitae) ,
2024:1-15. (in Chinese)

OB TR LA T R B e S TR

A3 vy N ST R R [T). BB SR,
2023,35(9):5513-5522.
WANG Q, WAN F C, LIU L, et al. Research

progress on physiological function of butyric acid and
its application in ruminants [J]. Chinese Jowrnal of
Animal Nutrition, 2023, 35 (9) : 5513-5522. (in
Chinese)

JANDHYALA S M, TALUKDAR R, SUBRAMANYAM

C, et al. Role of the normal gut microbiotal J]. World

[58]

[59]

[60]

[61]

[62]

[64]

#H 57 %
Journal of Gastroenterology, 2015, 21 (29) : 8787-
8803.

fof 9% BRENNE , TR S T e I B R 4y

Br o [ s 95 40 8 2T B W R 2 AR [T ]
B M 22 i CH AR B hR) , 20250 1-9.

HEJY,XU QH,WANG Y J, et al. High-throughput
individual

sequencing deciphering diversity and

variability of rumen ciliate protozoa in Chinese
Holstein dairy cows [J]. Jowrnal of Henan Normal
University (Natural Science Edition) , 2025: 1-9. (in
Chinese)

T e, fF, BEE UL, A5 MR X T R TR
WORE 2R i 3B TR RE 2 AR S W [T]. R W s
2022,49(2):620-634.

MA Y, XIANG X, FAN J K, et al. Effect of altitude
on the diversity of gut microbiota of yaks grazing on
the Qinghai-Tibet Plateau [J]. Microbiology China,
2022,49(2) :620-634. (in Chinese)
QIAO Y, LIU C, GUO Y, et al.

derived from astragalus membranaceus and glycyrrhiza

Polysaccharides

uralensis improve growth performance of broilers by
enhancing health
microbiotal J]. Poult Sci,2022,101(7):101905.

CUIY,LIU H,GAO Z, et al. Whole-plant corn silage

intestinal and modulating gut

improves rumen fermentation and growth performance
of beef cattle by altering rumen microbiotal J]. Applied
Microbiology and Biotechnology, 2022, 106 (11) :
4187-4198.

XIWEFE, B W, R, A R TN AR S R A
BRI Z A8 SRS 2 W0 1 38 W R i s2ma (7], £ b Tl
FHE,2024,45(9) : 115-123.

LIU X D, XIAO Y, ZHOU J J, et al.
Hua.

Effects of

polyonatum  cyrtonema Polysaccharide on
intestinal microorganisms based on in vitro-simulated
digestion and fermentation model [J]. Science and
Technology of Food Industry, 2024,45(9) : 115-123.
(in Chinese)

LM, BRI, A ML AR B 2 5 X il
AN B R TS R T ], BB S O PR A, 2024,
41(4):451-456.

WANG Y H, HUANG N N, LI B, et al. Research
progress on regulation of gut microbiota abundance
induced by ambient particulate matter exposure [J].
Journal of Environmental and Occupational Medicine,
2024,41(4):451-456. (in Chinese)

KASAI C, SUGIMOTO K, MORITANI I, et al.
Comparison of the microbiota

gut composition



3

- A A H R 2R AL A A IR RE L IR A SR B N FR

{1 5% W 1533

[65]

[67]

[68]

[70]

between obese and non-obese individuals in a Japanese
population, as analyzed by terminal restriction fragment
length polymorphism and next-generation sequencing
[J]. BMC Gastroenterol,2015,15:100.
MACDONALD J F H, PEREZ-GARCIA P,
SCHNEIDER Y K H, et al. Community dynamics and
metagenomic analyses reveal Bacteroidota’ s role in
widespread enzymatic Fucus vesiculosus cell wall
degradation[J]. Sci Rep,2024,14(1):10237.

ZHANG Y, KANG C, WANG X L, et al. Dietary
factors modulate colonic tumorigenesis through the
interaction of gut microbiota and host chloride channels
[J]. Mol Nutr Food Res,2018,62(5).

CHEN X,SUN W, XU B, et al. Polysaccharides from
the roots of millettia speciosa champ modulate gut
health
intestinal injury and immunosuppression [J]. Front
Immunol,2021,12:766296.

EAEYR, A A, B AR L B TR 28 MU O Y R
WESE g B T HE SR [T]. 7L B2 AR 22 4k, 2025, 46
(2):235-240.

WANG J N,ZHOU D Y, WU L J. Research progress

on the application of intestinal flora in rheumatoid

and ameliorate cyclophosphamide-induced

arthritis [J]. Jowrnal of Hebei Medical University,
2025,46(2) :235-240. (in Chinese)

S U JE . AR BEURS Tl et/ R S T 3 D RE K A T T
BELS A MR PE LD ], 22 H ARl K2 . 2023.
ZHANG H L. Modulation of gastrointestinal tract
function and bacterial structure by Zanthoxylum
Bungeanum essential oil on small-tailed Han Sheep
[D]. Lanzhou: Gansu Agricultural University. 2023.
(in Chinese)

BACKHED F, FRASER C M, RINGEL Y, et al.
Defining a healthy human gut microbiome: current
concepts, future directions, and clinical applications[J].

Cell Host Microbe,2012,12(5):611-622.

[71]

[72]

[73]

[75]

[76]

B85, SR RN B UR AL, AF L AR R T R A
AR EE LA g R (D). v IR T 254, 2024,
42(3):481-490.

DUAN L T, ZHOU L L, LEI J H, et al. Research
status of taurine and research progress of anti-lipid
metabolism disorder [J]. Chinese Journal of Modern
Applied Pharmacy , 2024 ,42(3) :481-490. (in Chinese)
KIMURA I, ICHIMURA A, OHUE-KITANO R,
et al. Free fatty acid receptors in health and disease[J].
Physiol Rev,2020,100(1):171-210.
HAYAMIZU K. 21-Amino Acids
Metabolism: An Overview [ M ]//Sustained Energy for

and Energy

Enhanced Human Functions and Activity: Academic
Press,2017:339-349.
TR A T HESE R N AT RO S e g T AT R AE
JHE 4 BT 5T 3 R (). 245 9 3T 40 BT 5T, 2015, 38 (4) -
439-447.
ZHANG M F, SHEN Y Q. Research advances on
anti-obesity and anti-fatty liver effects of licorice and
its active components [J]. Drug Evaluation Research,
2015,38(4):439-447. (in Chinese)
FRHGAE B H LSk, A E N A )
Wy VS AE 7 B3 R Y A S R R (D). v L DEE, 2020
(4):23-26.
HAO Z H, LIU X R, ZHANG H 1J, et al. Research
progress on nitrocompounds as potential methanogenesis
inhibitors in ruminants[J]. China Feed, 2020(4) : 23-
26. (in Chinese)
FARIT, W 4 8 A gh PR A k& a7 B Uiae b
1Y 22 S AR OGOy AR e HLR [T, Sh s 3R 22 3
2021,33(6):3125-3131.
HE D Q, TAO J Z. Difference of ruminant residual
feed intake in rumen function and related molecular
biological mechanism [J]. Chinese Journal of Animal
Nutrition,2021,33(6) :3125-3131. (in Chinese)

(4% WFIH)



