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W ,DFL 404 DFH 41 39 B # 46 B #1k T4 32~46 B #-F 3 8 3 £ 2 £33 & (P<<0.05) . 2) FMT # 4 B id £
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Abstract To investigate the regulatory effects of fecal microbiota transplantation (FMT) on intestinal inflammation,
barrier function, and microbial homeostasis in broilers, 160 healthy 1-day-old yellow-feathered broilers were
selected and raised until 19 days of age. They were randomly divided into four groups: saline control group (CT),
intestinal inflammation model group (CD), low-dose FMT group (DFL), and high-dose FMT group (DFH), with
40 chickens per group, over a 46-day experimental period. Body weight, average daily gain and feed conversion
ratio were statistically analyzed across groups. Serum biochemical parameters were measured by ELISA, while
jejunal tight junction proteins and TLR4/NF-kB pathway gene expression were analyzed using quantitative real-
time PCR (gRT-PCR). Histopathological evaluation was performed to assess intestinal structural changes and
pathological damage. Metagenomic sequencing was employed to characterize microbial diversity. The results
showed that: 1) FMT significantly alleviated growth inhibition in enteritis broilers. Compared to the CD group,
both the DFL and DFH groups exhibited significantly higher body weights at 39 and 46 days of age and elevated
the average daily gain (ADG) from days 32 to 46 (P<<0.05). 2) FMT suppressed intestinal inflammation and
restored barrier function. After FMT intervention, compared with the CD group, the levels of pro-inflammatory
factors I1.-13 and TNF-« in the DFL group and DFH group were significantly decreased(P<0.05). In the DFL
group, jejunal villus height increased (P<<0.05), crypt depth decreased (P<<0.05). In the DFH group, tight
junction proteins Claudin-1 and ZO-1 gene expression were upregulated (P<<0.05), and TLR4/NF-kB pathway
gene expression was inhibited (P<<0.05) in the DFL group. 3) FMT reshaped microbial homeostasis.
Metagenomic analysis showed that the cecal microbial ACE index of the DFL and DFH group was significantly
improved compared with the CD group (P<<0.05). Anosim analysis demonstrated significant separation between
FMT and CD microbial communities (R=0.326 8, P<<0.05). In conclusion, FMT may alleviate the impacts
enteritis on broilers through multi-target regulation, including modulating the TLR4/NF-kB inflammatory pathway,
restoring the intestinal barrier, and remodeling microbiota homeostasis. This study provides a theoretical basis
for the application of FMT in poultry production and for an alternative to antibiotics in treating enteritis broilers.
Keywords fecal broilers; intestinal inflammation;

microbiota transplantation; growth performance;

intestinal barrier; cecal microbiota
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Fh & & 295 A 1/ IT BCR I Kim % 7R BLEMT #f L
4L AR I TS ; Niederwerder 8 2 B, 4 FMT J5
5 (B BR o 5 A OGP 2 55 114 & 58 R B T2 8RR AIG
PUARIK S 3G I, G vy 35 H At FMT 248 A 2K
—sem 2L b AT OF S AN (R FMT
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## (Dextran sodium sulfate, DSS) & — Fh H & i &t
I3 PE B B R Ak 2 0L BT TE S s %,
S R AR 259 . AR BESE A DSS i
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Pra S nysE e, 3R 58 HAE FALE, LU FMT 78 A
X Ji 49 B v 8 I i A SR i

1 #MBERE

1.1 EshwMmEZELH

1 H 4 (R T RS I 1 DY 1 RHE 5 8 & Rl B
ONTL . BRI R (DSSOW H _E IR A A R A
A, 43 F i 50 kue 3 IL-18 IFN-y, TNF-a 1 11.-10
ELISA il & ¥ A iR AR A RA A .
1.2 ABFHRRIER

R A5 FH 56 SCRRHZ T AR I P 0 5 R, 20 H g
F TR RS R R ME R 200 Wk B 1 DSS, iE 2R ML 10 d,
1 mL/H, AT DLk i 2 M 4 A B RS 58T,
IR I ASHIFFE 064 2 %6 (9 DSS BEAT AR i A ABE R () A
1.3 #HEAEBEREFRBERNG &

R 5 1903 560 AF 50 &5 SR, R B 1 AR 1 R PR R
X8 A 952 1) e 28 M8 5 A= TR R AFDOE SR R A, & A
PRI AR IR W AR E S A E N FE W MR . A
WFFEHE £ 10 H {d BE JC A% G4 i I 1 1 4F 9 K 1E 1A X9
BERG A Sy A 5% 28 1A A R 0 AL IR, 2SR RS AT AR 5
AR FRAE ) — SR . R RL T A I A G
P14 i 288 5, P G TR A 48 25 R 25 3R )23 IR R 45 o 55
e, HI50 mL TR B0 B WU 7 g 250, 54 L
JKCO. 75% )53 345 1:6 F1 1: 12 B Lo (1 IR 4 (45 ve 26
fEIRA 6 mL A 12 mL A HERAO . RIEH B O T
B0 HL R B0 30 sC1 000 r/min) , I JE T 2 A
g LB, BT 4 CCUKAR A .
1.4 Rigit

TE A A 1 H R K E ARG 160 H, ) i &
19 H &, BEML 2> 4 4 40, B A B LR K X B8 41 (CT
) R4 (CD 4D 28 B R A IR 7 IR i 41
(DFL A, 288 : A K =1:12) FEREBAHIRIT &

) (DFH, 28 - A Bk =1:6) , 4l 4 1~ H
BLOHAESZ 10 12X, 21~31 H i, CT 41 % i
0.75% A HE /K 1 mL/(H- KD, Ha3HiEE 2%
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DFL 4 fEME 28 48 . A B Eh Kk o 1: 12 19 28 B W
ImL/CH KD, DFH 40 #E H 208 . AL FER K My 1:6
M ZE W W 1 mL/CH - K),CT 4 Ml CD 41 ¥
0.75% HEFERK I mL/CH K)o 7 46 H iy FE17 4
i R B 2% 2H BB A AR 3R SRR — B
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Gy SAE 21,32 .39 F1 46 H % X 4% 41 A X 47 28
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1.6.2 feikzmmpEFalz
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1.6.3 ME%FEEEAL X MBHEARNmRNA R

K 8 ] 2

e AR U A5, T Trizol i3] ( Takara, H 4%) M
AL P HRIBUS RNA . BUSMEA R 1 pg RNA i
AT LI 22 i PCR, K2l 2 42 (Bio-Rad , 35 ) 25 B
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Table 1 Primer information for qPCR analysis

EIR/ER

5197 41 (5'-3"

Primer name Primer sequences (5'-3") 7K B /bp
pB-actin-F TTGTTGACAATGGCTCCGGT
B-actin-R TCTGGGCTTCATCACCAACG e
TLR4-F TGAAAGAGCTGGTGGAACCC
TLR4-R CCAGGACCGAGCAATGTCAA o
NF-¢B-F CTACTGATTGCTGCTGGAGTTG
NF-¢kB-R CTGCTATGTGAAGAGGCGTTGT ot
Z0-1-F CCACTGCCTACACCACCATCTC
ZO-1-R CGTGTCACTGGGGTCCTTCAT 17
Claudin-1-F ~ GCATGGAGGATGACCAGGTGA
Claudin-1-R ~ GAGCCACTCTGTTGCCATACCAT ot
R2 WBHRETHAERFES
Table 2 Histological scores of jejunum in broiler enteritis
i ﬁ‘f&éﬂiﬁﬂi‘%ﬂ‘ﬂ' ' ‘ =z [ G5 R 54
Seore Inflammatory cell infiltration Jejunal structure damage

TR E Grade

IREE Bl Extent

AL IRFRE Tissue disruption

0 Jt None J& None 7t None

1 B Mild B2 Mucosa i Mild

2 145 Moderate Zh I )2 Submucosa 14 Moderate
3 J"H Severe WLZ Muscular layer J”HE Severe

H QIAGEN) M\ £ 21 H 7 P9 25 ) v 2 B0 A R 1A
4 DNA. ff JH Qubit® 4.0 %% )¢ it (Life
Technologies, CA, & FED Il it DNA R i . DNA ¥
Ew T 0.2 pg 1T 0 8 SCE . B A KA R
0.2 pgDNAYER B EA B, i A B DNA FE 7 38 2o
F B AR AR 7 F BE AR A 300 bp B9 K/, 8RR 4 DNA
AB T R B i A B, I 5 T BGTIF (1
3B MR AT PCRY™ MG . fe ), 4lifk PCR 7=
Y, It 5 Qsep 400 A= 4 43 B A 43 BT SR B KN 53
i o K HE Y SCEE (PCR AUEE DNAD AT 5 31 4k i 5 &
— T 0 B4 BRI (ssCir) DNA SCPE, LT
JE 8219 DNB il % . DNB il & J5 , T DNBSEQ /& i
T F T G 3T Y B S #ET AR BT
1.7 HE\ELAEBSHH

B % Y E AR E TR (Mean+=SEM) " 32
/o RH SPSS 25. 0 GE bR v i B I8 7 22 43 B
(One-way-ANOVA), P<<0. 05 Jy 25 5 i 5 5 2 3

HEE A Z R R F R e FREER D
&, B H Kruskal-Wallis J5 32 X5 41 [6] 69 % #0 = B 4
i AT R A 345 2] PAE , P<<0. 05\ A H H AT
EMEER

2 ERG59M

2.1 FMTXRABEERF M

W 3 FrR,32 HiRR,CD 4l \DFL 41 Al DFH 4
PSR T K T CT 4(P<<0. 05) ;39 H ki ,CD 4
DAY IR B 5 I T oA 3 40 (P<<0. 05), . DFL#H 5
CT 4 XS R E TG i 3 22 7 (P=>0. 05) ;46 H #¥HF,CD
ZH A PR T I I T A 3 4H (P<<0. 05) ,DFL 40 Al
DFH 4 WA A 5 CT 4125 57+ 3% (P<<0.05), 21~
46 H % DL K 32~46 H &3], CD 4 /)11 H 1 & 1
AR T HA 320 (P<<0. 05), Hirh 32~46 H & H#Aa] ,
DFLA M DFHA MW FHHIGER ZF &S T CTAH
(P<<0.05), 21~46 H W], % A4 H R B &



A1

WK 0 45 - ST R AR XS PR XE) i 4% 1AL 9 A T 0% M 3 A e A1 42 0T 5

BEELR(P>0.05),CDHRFE I BEE T CT.DFL
M DFH 4 (P<<0.05), LA F45RFT,DSS 85 1)

VB3 T AR T EMT AT 8 3 2503 I R 3 i A

KAl

R3 EFBEXNBXABEERN D
Table 3 Effect of FMT on the body weight of enteritis broilers

Ui H Item

2091 Group

CT

CD

DFL

DFH

21 iR E /g
32 HikikE /g
39 H i1k /g
46 Hip k@ /g
21~46 B F-Yy A E/(g/dD

502.22414.49

1019.40+8. 20a
1446.60=+16.95a
1671.90+24.72a

46.79+0.99a

32~46 Hi- I HIG & /(g/d) 43.504+1.65b

21~46 HIBFH H R & /(g/d) 95.51£2.00

21~46 H L 5 L 2.01£0.01c

499.71+£16.44
831.70+£22.99b

1171.80=+38. 58¢
1375.30428. 13c

34.4441.13c

36.2441.88¢

95.4242.27

2.6940.02a

513.40410. 60
841.90+17.72b

1377.80+22. 46ab
1592. 30 16. 26b

43.16+0.65b

50.0341.08 a

90.6041. 38

2.13£0.00b

482.50+£17.55
841.30+15.45b
1355.00+22. 48b
1564.30+22.51b

43.27=+0.90b

48.20=+1. 50a

90.30+1.89

2.12+0.02b

A AT AR R 7 R R 22 7 B3 (P<0. 05) , MA FHRER R ZF AR E(P>0.05). FH.

Note: Within the same line, different letters represent significant differences (P<<0.05), while the same letters represent no significant

differences (P=>0.05). The same below.

2.2 FMTXRABMEMEEFSEMHI

W 4 PR, CD 4l R XS I AR & 40 i B 5
IFN-y. IL-13 1 TNF-o K F 8 Z @& T CT 4
(P<<0.05), FMT T Hil)5 ,fH#% T CD 41, DFL 1
DFH 4 i IFN-y . IL-18 &% TNF-o /K F i % T %
(P<<0.05),H5 CTH W # 27 (P>0.05), IL-

107£ DFL 40 1 DFH 41 th s A5 T &, (5 45 41 (7] 25 5%
AR EP>0.05), S5RKY],DSS 5 H G A Y
VR4 L DR 7 K- T T EMUT AT fE i a4 i A2
S I F (A TL-1R A TNF -0 F 43 ik, [ Bk B 8 471 %8
- (U TL-10) , F1 98 G 28 P £y, DA T a2 P 3 R i
R o

R4 FEEBEI KA IGME MR EF R

Table 4 Effects of FMT on serum cytokines in broilers with enteritis

205 Group
4L A F Cytokine
CT CD DFL DFH
yF#E/(pg/mL) IFN-y 9.12+0.72b  12.04+0.61a  10.71-+0.74b  9.35+0.50b
F4 % 18/ (pg/mL) 1L-1p 71.8944.30b 92.93+4.00a  82.35+5.74b  79.6843.80b
Jih g R IE R T o/ (pg/mL) TNF-a 11.1940.68b 14.1640.82a  12.2140.78b  12.3540.78b
4% 10/(pg/mL) IL-10 11.2841.03  10.1841.37 12.734+1.04  11.2940.84

2.3 FMT Xt 578 EZiEHE B 5 TLR4/NF-
kB {5 S 1# & mRNA ik 7k 8y

WME 1R, 5 CT ML, CO4U R DFH 4 TLR4
HINF-,B HEH mRNA A 235 & B 3 TR (P<<0. 05);
5 CD4A I ,DFL 4 TLR4 #1 NF-xB % [H mRNA
Xif 26 1k 3 PR (P<<0. 05) ,DFH 4] TLR4 #: X
mRNA A3k & B 35 B (P<<0.05), 5 CT 44
I, CD.DFL #1 DFH 4 Claudin-1F1 ZO-1FE K mRNA

AR 2 0k B B 35 A (P<<0. 05) 3 5 CD 20 A Ik , DFH
H Claudin-13E mRNA X7 £ 5| B & T m (P<
0.05),DFL 4 i1 DFH 4 ZO-1 %X mRNA I %f ¢ 34
T (P<K0.05) . 45K BT, DSS il #iE 25
B 2 TLR4/NF-kB {5 53 542 2k 5 P 240 i [ 7
A3, ¥ A NS 25 i b R AN T G, FMT ]
B G A DSS 7S I 21 21 1 R A e K %% F A 4, Ot
VA 55 B L R 40 TILR4/NF kB {5 518 6 , W 2 R AE



108 0 LN ES I Y NS S 4

2026 4F 55 31 %

()

*
"
4 _3F [
® g
< 2
Z <
£7 2
= % -
fu B
N
=
0 cT cD DFL DFH
#15 Group
(c) *
1.5 I * I
[ 1
*
*
¥ 5 O -
¥ 3
® <
@2 =
= E
g{ T 05|k =
= 3
it
"3
0.0
CT CD DFL DFH
#15] Group

(b) :
[ * ]
1 "
I T —
O
23 °
Ex 41
m E
23
=z X -
=7 —
. l;l
0 T D DFL DFH
215 Group
*
@ g5 ! §
1
*
i 1
i - 1.0
]
®H < *
—~ Z
#3005
=z QO S
=N
= I
00 CT CD DFL DFH
25 Group

* RARBE VR (P<0.05. T,
* indicates signficant difference (P<Z0. 05). The same below.

(a) Toll #3214 4 B mRNA £ 35K (b A 7 -kB H [ mRNA kK 5 (o3 P 8 1 mRNA kK (DS BU/NTE 1 1R

mRNA £ kK-

(a) Expression levels of TLR4 mRNA; (b) Expression levels of NF-xB mRNA; (¢) Expression levels of Claudin=1 mRNA; (d) Expression

levels of ZO=-1 mRNA.
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18 B mRNA ik 7K F B 520

Fig. 1 Effect of FMT on mRNA expression levels of tight junction proteins and T LR4/NI- -kB signaling pathway in enteritis broilers

4 o
2.4 FMT 3t 7 X8 b5 & 5 4% B9 52 I
HAE o o (B 2 FE 3),CD A % B9k &
FERE I T A 34 (P<<0. 05) , Ba s iR i B 5
F CT 4 (P<0.05,V/C I B F T CT 4 M
DFL 4 (P<<0.05), [f] i DFL 44 /23 i3 4% & 5 7 Al
V/C I3 CT 4 2 5 A W3 (P>0.05), It 4
DFL 20 #1 DFH 20 1 75 JJ B 85 VR B2 F0 V/C LB A7 7
i3 2R (P<<0.05) W HEY A R ,CD A W2
NG 2 AT UL W 9 . K 4% P 4 AR i (I 3(h) ) L AR
P 45 L VE Y, 98 1 40 9= i ™ o R B O 1 A Uk
J:CDH >DFL# >DFH# >CT 4, 458 EW,
FMT i i el 35 i 18 8 28 45 0 Cn s hn 48 & v 32 L F%
IR s R D K > RYEA MR, M T

DSS 755 1Y iz 18 9% FR 45
2.5 EEBHENBAABERMEYNZN

ME AR LA DFL 4R DFH 4 A3 5 i
AP ACEF8 88 3 % F CD 41 (P<C0. 05) 51 CD
HAMERMAEYHERERDEFEMNR T CTAH
(P<<0.05),DFL#H FI DFH 4 iy F A5 B CT 4
25 OR i % (P>0.05) ; Anosim 43 # 45 5 /s
5), 4 4008 R1H M 0.326 80, £ W4 0] 22 7% %
(P<C0.05), #5 41 1] iz 18 T A= W 4 o = 8 22 = W 3%
(P<<0.05) ; UPGMA (Unweighted Pair-group
Method with Arithmetic Mean) % 2 4 7 45 5 I R
(B 6), & H NAEA RIS AE — &, R4 N FE i Al
I, DFL 41 DFH 45 CT 40 CD 41 85 & 4%
i, X DFLAMDFHA S CT 4L M CD 4 A ]
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Fig. 3 Effects of FMT on inflammatory damage in jejunal mucosa of enteritis broilers



110 OoE kOl K IR 2026 4F 55 31 &
(a) * (b)
R |
! 32 L
12000 - [*—] 2 —
11000 | : - | — -|_ e —
— 3.0L
w 10000 | 5 J_
&g '
S o3 J_
o 9000) ¥ 28
NS =)
< Z K
8000} 3 J_
261
7000}
6000 1 1 1 1 2.4 1 1 1 1
CT CcD DFL DFH CT cD DFL DFH

217} Group

217} Group

() ACEH8%5; (b)) F R 454
(a) ACE index; (b) Shannon index.
B4 FMTX XK BERHMEY Alpha B F 0

Fig.4 Effects of FMT on alpha diversity of cecal microorganisms in broilers with enteritis
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