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Abstract: This study aimed to investigate the effects of gut microbiota on the production performance
of aged laying hens during the late laying period by altering their intestinal microbiota structure through

fecal microbiota transplantation (FMT). Forty 28-week-old and 250 68-week-old hens were
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observed for 7 weeks to record their laying rate. The hens were divided into three groups based on the
laying rate (LR) and age which recorded previously: 35-week-old high-yielding hens (YH, LR>
90%, 37 hens), 75-week-old high-yielding hens (OH, LR>>90%, 76 hens), and 75-week-old low-
yielding hens (OL, 30%<<LR<<60% , 104 hens). FMT was then performed at the 8th week for
4 weeks to remodel the gut microbiota of aged hens: aged high-yielding hens received fecal microbiota
suspension from young high-yielding hens (OHpyy vy group) , while aged low-yielding hens received
fecal microbiota suspension from aged high-yielding hens (OL;y1on group). Control groups (OH and
OL) were established, with each group comprising 5 replicates of 6 hens. The results were showed as
follows: Compared to the OH group, aged high-yielding hens transplanted with microbiota from
young high-yielding hens (OH;yr v group) exhibited significant decreases (P<C0. 05) in laying rate,
eggshell strength, eggshell thickness, serum sIgA and 11.-10 levels, jejunal villus height, mucosal
layer thickness, jejunal FOXP3 and ZO-1 mRNA expression, acetate content, and Bacteroidetes
abundance. Conversely, yolk weight, serum IL-183, IL.-17A, and IL.-6 levels, cecal mucosal layer
and intestinal wall thickness, and Firmicutes abundance significantly increased (P<C0.05) , the
number of OTUs decreased, and the structure of the flora was obviously separated. In the OLpyron
group, compared to the Ol group, aged low-yielding hens transplanted with microbiota from aged
high-yielding hens showed significant increases (P<C0.05) in laying rate, eggshell strength, serum
IL-10 levels, jejunal villus height and mucosal layer thickness, FOXP3 and ZO-1 mRNA
expression, goblet cell count, cecal mucosal layer thickness, acetate content, and Bacteroidetes
abundance. However, egg weight, egg longitudinal diameter, yolk weight, serum IL-183 levels,
cecal intestinal wall thickness, jejunal STAT3 mRNA expression, and Firmicutes abundance
significantly decreased (P<C0.05). B -diversity showed that the structure of the microbiota had
changed. The LEfSe analysis revealed that Firmicutes showed the greatest contribution to the
differences in both the OHiyryy and OL groups, while Bacteroidetes were the most significant
contributors to the disparities in the OH and OL;yr oy groups. In conclusion, FMT from young high-
yielding hens to aged high-yielding hens increased Firmicutes abundance in the gut but reduced laying
performance. Conversely, enhancing Bacteroidetes abundance in aged low-yielding hens through
FMT from aged high-yielding hens improved gut microbiota structure, intestinal health, and laying
performance. These findings suggest that modulating gut microbiota composition via FMT may serve
as a potential strategy to enhance productivity in aged laying hens during the late laying period.
Keywords: hens; fecal microbiota transplantation; intestinal microbiota; laying rate
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Table 1 Composition and nutrient levels of the basal diet

%
i H Item it Content
JE Bl Ingredients
E K Corn 62. 60
5 Soybean meal 23.90
# #k Wheat bran 1.80
K& il Soybean oil 0.90
{14} Limestone 8.00
MR 55 CaHPO, 1.50
F AL NaCl 0. 30
iRk Premix” 1.00
£t Total 100. 00
H FE K Nutrient levels”
fRigfE/ (MI-kg™") ME 11.24
HLE H T CP 16. 70
5 Ca 3.50
AR AP 0. 44
HEAMR Met 0.34
5 R Lys 0.81

VSRR R A T SRR SR A VA 10 000 TU, VD, 2 000 TU,
VE 151U, VK 3.0mg, VB, 1. 2mg, VB, 7mg, VB, 0. 08 mg,
VB; 6 mg, iz 40 mg, &% % 0.15 mg, M2 1.0 mg, Cu
10 mg, Fe 60 mg, Zn 80 mg, Mn 80 mg, I 1 mg, Se 0. 3 mg.
2OMLER B IE E HAR Y A

V. The premix provided the following per kg of the diet: VA
10 000 IU, VD, 2 000 IU, VE 15 IU, VK 3.0 mg, VB,
1.2 mg, VB, 7 mg, VB, 0.08 mg, VB; 6 mg, niacin
40 mg, biotin 0.15 mg, folic acid 1.0 mg, Cu 10 mg, Fe
60 mg, Zn 80 mg, Mn 80 mg, I 1 mg, Se 0.3 mg. *. CP
was a measured value, while the others were calculated values
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1.2 FMT b8

2 Ma 5510 2 TR TR 45 O vk LR ERAE O
PLIC W 7 M 5 4F 77 2 ATt 7 R X 1 T f
B CBR 2 8 R IR ER R4 O R 28 3 AT AT Ak 31 0 9
AR A R A 45 15 K L SR 5 57 JIE % F
SEHE AT R, BCGEERRE 20 g, A A BEER K
120 mL, "R G, KWL i U8 2 0, g W,
1000 remin "&.0> 10 min, B F 3 W 45 H 45 2 E A
PR 3 mL, Xk BEZH P MR A AR AR OK L S FMT
48 FMT 45 o W4 2 J8 P= 2 1 0 1T 5 = R %
1.3 HmXE&E

I 25 A, B A R AL R T XS M
Mk Rl o MAEFE4 °CF 3000 remin ' &> 15 min,
M5 —80 "C M. BY W= AW
(2em) , AHERKMPEEE T4% ZRP BRI
B, T Z G RIBAS 0. % E R EwiE
BT R AE T, L AR AW AR, —80 "C LA, I T
J7 2 16S rDNA I JF .
1.4 FEMERERRINE

R F2RIER™ER. REMHAREE1d
X A, T A BT . AR R G R
F Z Dy he 8 43 A AL (b 52 Bulader 24 &)l & . &
JE I 52 1% ( H A& FHK, Fujihira industrial Co., Ltd.
oy v A AR A B A RDR S B R (AR
e N s L S IO I o 1L U - L =4 '
(ESTG-01,ORKA) T K I 25 7 58 B
1.5 MEBEHRUE

i FH ELISA B0 & ( IV A Bk TR A
Al b A D A I P A R -1B(IL-1B) (4
M R -17TA(IL-17A) [ 4l 4 R -6 (1L-6) 55 4k
AKHF-R(TGF-B) HAMMEA Z -10(1L-10) 4§53
W RN e BR AR A (sIgA) & i, 32 BRI ) & U W 45
HEATHRAE o
1.6 HEFBEEWE

[ E 41412 4 1 3l K LB K OB K B 4
75% WK 1 h,85% WiAE 1 h,95% ks 50 min, 95%
WK 50 min, 100% 4% 50 min, 100 % % ¥4 50 min,
100% WK : — WK — It — I A 20 min, = 2%
25 min, Z~H K 25 min, A% 1 h, A5 2 h, AEE 3 h),
A D) et B RGBSR AKE DAL
(HE) Y 2225 Jigy B i MO B &, o iR 57 K
&Yt 4, Periodic Acid-Schiff(PAS) W% 25 Jij #5 1k 41
JfL B I 0T N T4k

1.7 BEHAANE

A1 WD) R IO K AR UCKE DD A B T
15 min, B8 % 11 15 min, B8 % [ 15 min, K &
BE T 5 min; KK ZEET 5 min, 85% i ¥5 5 min,
75% Wi kS 5 min, ZEKVE . Z R THUEEE (B
W PN U o A A A T O Y P R o 4 ) — P
YIRS iR & W 4 CWE L), PBS ¥k 31K, BRIk
5 min; 3% i1 — 4%, 37 °C 30 min; PBS ¥k 3 Kk , £ )%
5 min, & Q4N A% . 97 K KB Y2 3 min, HRKTE,
KGR W R K ok B K B R R R AR IR CE T
75% .85% .95% K & WE . K Ay ) i i
10 min, H PE W IR & B o DAB I 8 - e il Hr £ 1
DAB W@, MBI 4140 1, = iR 0 a, B i
il b B R], ZE IR K B U0 R 40k Wl 6
BAR R G U] AT R OR A, 0 KR 38 4 20 ML A%
W, FOXP3 & 1 1% BH 1 2 35 S 4 ¥ €5, f ] Halo
B 3 B & GeE 5 A ek R BV T AR & (0 DAB
Positive Tissue) .
1.8 WHEEEZEPCR

] Total RNA Extraction Kit (DNase 1 )iz 5
% (GenePool, Cat# GPQI1801) #2 Ht £ 41FE A v B
RNA 5 R He 77 i vl B 5 #6417  BUS pL RNA
1% BhONE WE e e A7 Ha vk, LUK I RNA 1) 58 B 1
H mRNA c¢DNA Synthesis Kit (GenePool, Cat#
GPQ1803) #E AT I 5 , i 3o 52 1 #c 77 i vl W] 43 2
17, Jl BIOER LineGene 9600Plus %! %¢ Y & # PCR
A0, SR 27 22 R AT B i A b . BIWTY
H L3 2,
1.9 SRR E

K H B %% S M 43 (Agilent Technologies Inc.
USA) N 3 36 0 2 B B & B 1Y 5 &8 B8 17 iR
(SCFAS)MRIE ., B SeHEmiFRit 25 gWiR 0. 217 mL
2-Z KT W, B4 F 100 mL 25 B, BV o
A2 g L "WHRY 2EB 1 25% (w/v) fn i R 25 5 11
WL, SN LSmL BOEHRBEINO0.2 mL &F
2EB 19 fi Wl 1R 25 85 W, 78 b 4 s i 1.0, 8.
0.6.0.4F10.2 mL IRG AR MENT W, LA & 0.0. 2,
0.4.0.6 0.8 mL MY ZE MK o ZJ5 $ Ak BRLA4T (14 FF
mmaEATE (5400 remin ' 10 min) 3 #F 1. 5 mL B>
BNUHERINTA 1 mL &0 B3SO 0. 2 mL & H WAR
Yy 2EB 19 25% i B B2 W W L IR &), VKK IR ik
30 min P4 b s B R B 0 (10 000 remin~ ' 10 min) , &
BRAE S TUVE Y B B W AL e T AR . R
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Table 2 The primer sequence of genes

H LN 519541 (5'—>3") PRI /bp
Target gene Primer sequence (5—>3") Product size
FOXP3 F: ATACCTCTATACACTACTGCTTCCA 102

R: ACTGTTCGTATGCTCCATTGC
STATS F: CATTGACAAGGACTCTGGTGATG 132

R: AGGTGCTTGAACTCTGCTGAA
Z0-1 F: TCGCTGGTGGCAATGATGTT 88
R: TGGTCTCCTTCCTCTAATCCTTCT

ACTIN

F: GAGAAATTGTGCGTGACATCA 152

R: CCTGAACCTCTCATTGCCA

W B (mmol - L 1) = (FF i v 3 1R ity e 10 AR < A HE 735
T PN B ) i T R < S R 1 s o VR E ) /(R
o ) (18 WA TET R < s M V5 R TR P U TR )
1.10 16S rDNA E R =

i & FH 2% 8 DNA iR 7 & ( Tiangen, /1 & Jb
50 NH W 825 W RS o 3 ORI P B TR 24H DNA
it 1.0 % BhURR WE EE K HL UK 5 9iE & X 4 DNA 9 46
JERSE RV R & 1T B 5B 51 )« 341F
(5-CCTACGGGNGGCWGCAG-3") 1 806 R (5'-
GGACTACNVGGGTATCTAAT-3), h DNA
P AN 16S rDNA JE R A V3-V4 X3, B %
H R 341 % 806, K JH i #§ £ Biometra TOne 96G
PCR #7354 (78 B ) #F 47 PCR. ] W & R 4
50 pL, B A5 49 1.5 pL, # ik DNA 100 ng, 10X
KOD Buffer 5 pLL, 2.5 mmol-L™" dNTPs 5 pL,
KOD R G 1 pL. aifh i 3 42 55 B R Lb ] 41
4, 1€ Nllumina Hiseq PE250 - & | 4 FH I X st
M FF , 7% B8 Genedenovo 24 & (7 M, i ) B 5 HE 7
AT R . TEMAEY B 530, R 11,3001
W A motherur 84 1158 40 o BEVE B o-Z FETE . R
FH FE AR 53 BT (PeoA) PFAN B 2 FEPE . SR FH 4 A K
553 B (LDA) , FF X [8] B A 1 43 28 20 0 22 S i
1153 #7 o
1.11 #HEBHH

fit H] SPSS 27 3t 47 ¥ 5 4» ¥ ,  GraphPad
Prism 9 XJ 44 i 47 nl AL AL 3R . R H OR300 i AT PR
LR, 45 LY B £ AR UE 2 (mean£SD) "R R .
ek fl R P<<0. 001 #* A & P<<0. 01 ¥ £ 22 7
W *F R P<0.05, KR ERDE.

2 &F B
2.1 FMTXEEEBF=FEHEENZN

W1 FF7R , OHCEAE 7= ) 455 5.6 i 7= %
BT T OHpyr yn 41 (P<<0. 05, 1A) 55 4 B &
BT OHpyr v 41 (P<<0. 05, 8 1B) , OL (4R
FE)ULE A~6 JE 7R R W E KT OLpyron 4l (P<<
0.01,K1C), %% 1.5.6 JA & 8 W 3 & T OLeyron 21
(P<<0.01,E11D) . &R KW, B4 ™ EGEZ
HAE S X FMT P R k4 MR, B FE 7 &
MW IEZ BAER BN FMT ol R & E R HE
HRAETHE,
2.2 FMTXHZEEBEMRIVZN

WE 2 s, OH (R 4E 8 7™ ) 4155 6 8 &5 5c i JiE
& T OHpyrvn 2 (P<<0.01, |8 2D) , /& & & i
FAE T OHpyryn 41 (P<<0. 01, 18 2G) , 55 3 JH HE 5¢ )&
JE B AR T OHpwrvn 41 (P<<0.05) 55 4 .6 A 5T 2
5T OHpyr v 41 (P<<0.05, 81 2H) . OL(%
ARG ) S 5.6 XS K AR W & T OLpyron 21
(P<<0.05,K 2D, % 2 A2 & & T OLevron 4
(P<<0.05, 20,5 1.3 ExmEREST
OLpyron 41 (P<<0.05) , 55 5 J& £ 5¢ 58 B b AR T
OLpyron 4 (P<C0. 001, & 21) , %3 3.6 & #z o o G 3
T OLiyron 20 (P<<0.05, F 20) . 45 £ 0,
EMT ] DLk A48 25 ot o
2.3 FMT X2 E 5% M KRN

WE 3R, OH (& 4 5 7 ) 4 sIgA [ TL-10 /K
T BT OHpyrn 2H (P<<0.05, B 3A.F) ,
IL-18. IL-17A IL-6 & 3 ik T OHpurvu 4 (P<<
0.01,K 3B-D)., OLCEAFMR™)HIL-13 R &Em T
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Fig. 1 Effect of FMT on egg production rate (n=30) and egg weight (n=10) in aged laying hens
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