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Abstract: Probiotics, enzyme preparations and other eco-friendly feed additives have been widely used as
viable alternatives to antibiotics in livestock and poultry production. This study aimed to investigate the
effects of probiotics and enzyme preparations on growth and development, intestinal development and gut
microbiome in 0—8 week-old laying hens. A total of 120 one-day-old Hy-Line Brown hens (female) with
similar body weights were randomly allocated into four groups: control group(Con), Enterococcus faecalis
group (EF), compound enzyme group (CE), and enzyme-probiotic combination group (CE+EF). Each
group comprised five replicates, with six hens per replicate. The experiment lasted for eight weeks. The
Con group received a basal diet, while the EF, CE, and CE + EF groups were supplemented with
100 mg/kg Enterococcus faecalis, 100 mg/kg enzyme preparation, and both Enterococcus faecalis and
enzyme preparation at 100 mg/kg each, respectively. Compared with the Con group, the CE+EF group
significantly increased the body weight, keel length and chest width, as well as the serum concentrations
of growth hormone (GH), growth hormone receptor (GHR), and glutathione peroxidase (GPX) (p <<
0.05). Additionally, the CE+ EF group exhibited a marked elevation in villus height in both the duode-
num and ileum (p<Z0. 05), along with an improved villus-to-crypt ratio in the ileum (p<Z0. 05). Microbial
analysis revealed that the CE+EF group demonstrated a notable increase in the relative abundance of the
genera Faecalibacterium and Bacteroides. Meanwhile, the relative abundance of some dominant bacterial
genera showed a significant positive correlation with the serum GH, GHR, and GPX levels of brooding
hens. The EF group significantly enriched the relative abundance of the phylum Verrucomicrobiota , the
phylum Bacteroidota s and the genus Akkermansia. In summary, the supplementation of Enterococcus
faecalis and enzyme preparations promoted growth, improved intestinal morphology and enhanced the
abundance of beneficial microbiota, thereby promoting intestinal health in 0—8 week-old laying hens. The
combination of Enterococcus faecalis and enzyme preparations has a good synergistic effect and can be used
as an effective alternative to antibiotics in egg chicken production.
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1.1 KIe 44

FEW Rk 5 2 A EE ROk A Pk I R AR TE R R IR A A € ER T (L C-100) « W W K=
1X10" CFU/g; &AM (8308) FHE M4y HEIBF=12 000 U/g. EMEF=5 000 U/g. p-H R
fitf=2 500 U/g. REMEEF=30 000 U/g. LFH KM =500 U/g., HAGEAE M N IEK 521 /NG A
TR, FEEFRS(Y): HMEM=20.0, K4r<<14.0, 45 0. 6~1.2, &8 0.5, Fib# 0.2~0.8,
FAFgE<<6.0, HKH<8.0, HHAMR+MAmR=0.74.
1.2 REmH¥5iit

KRR R BT, WYk EAAE e 120 21 H & 208X Ot . bl
hAANE, A S ANERE, BAES 6 HAG, XA (Con 41) 1 ML R . & A B4 (CE 41) 78 5 fil
T B H S N DR 100 me/kg. FEMAEREE AL (EF 41) 76 3 il 4 AR o 78 in 28 % BR B 100 mg/kg. [ B P
[F] 40 (CE+ EF 4 75 K& fift 4] A6 ob 7% i il 1 590 5 38 1 BRI 4% 100 mg/kg, 5014 8 J . 150 09 ¥ R H
HHRE . B BRI AT 55 JF e BF A 00 5 75 72 5 X 3 B 2E AT fo s b B,
1.3 MERXAE

D72 1B A A T8 bR AR KM R Fe An il 70 & . B AR BB g (SOD) . 43 I H Bk it 4 Ak 4 1l (GPXO |
BPLEALRE S (T-AOC) . AERK#MFE(GH) . ARBEZIK(GHR ¥R A iR EY) .
1.4 Hmx

RIS 8 LG, 1220 X R # ISR I 10 mL I 4028 BUR & P H 19 R 45, #% 15 min
Js Bh 3500 r/min 8.0 15 min B EJZ M 03 2R E T E T —20 COKAE MK A B E G E T —80 C
KA . XX HEAT S Pk AL ST S, M AR . S, . WS BCRIITIE N EY .
WA 4. =W, WBhES 1 om, BT AXMEZRPE D EERAE. FIEREWHNEY D% Tk
g, WMAERKEE T —80 CKFAh &M (TIm KLY A &% RS, RMEF A5,
LAC2025-2-0127) ,
1.5 RWAH*E

R A AR BRCE & A P PR RE A R RS 5 B8 ik ) (NY/T 823—2020) M 5 o sk i 125 900 2 Bt 41
fE45F5 SOD. T-AOC, GPX., i FH i 5 0 58 43 A 2 (ELISAY & GH . GHR & i, ELAKS I 7 25 45357
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1.6 HIEBSW

Bl il SPSS 2022 4T ANOVA B Z J7 270 87 » 3 Duncan % 9517 2 5 W4, LEfse 22 5% 0 #r
B . p<<0.05 HEFAGI¥EL., T 16 S cDNA M JF b M B 1 2E ) AR By A R A 5 58 1 LU
p<<0.05, LDA>>4 i A [ 4L ] 1 22 S A= 9 5 01 R B EAT AR DGR 23 BT . B 956 5 10 1 B JR K 7
XS = ERT 20 A R B S5 3R AR 1T Spearman A & M AT .

2 H#RE54HMHh

2.1 AERRAI 0~8 AR EBEKEZFTHNZIT
2.1.1 AR E A G F Atk R A8 AR 6 Y o
B 1 AT AL, 78GR O 0 2% A BR B (EF) MU & i1 570 (CED X 0~ 8 JE s 25 X iy (R b L Mg . i
Bl BRI B3 (p=>0.05), {H CE+EF 441 LT Con 414 4& & A RHE . MR . TR AR K 198
. CEEF 41, CE 4R FHHM T 0~8 JAME MK (p=<0.05); 5H5h. (KT CE+EF 411
#Hw T Con 4l (p<<0.05); M %E4E 4R CE+EF 415 % % T CE 41f Con 41 (»p<<0.05),
F1 FEERAR 0~8 B EGHFEMERIERHZN

a5 PR B/ R/ JeE/ ¢/ M 58 / Ji il / B/
- g cm cm cm cm cm cm

CE+EF 673.27+28.33a 13.4840.50 7.6140.31a 7.1440.30 4.55+0.09a 3.2240. 14 6.08+0.13
EF 639.83435.38ab 12.8840.20 6.97+0.19ab 6.7240.21 4.2340.08ab 3.08+£0.09 5.97+0. 26
CE 638.48453.98ab 13.3040.30 7.48+0.14a 7.0840.28 4.1840.14b 3.12+0.04 5.98+0. 20

Con 610.204+40.08b 12.6740.31 6.79+0.23b 6.4140.29 4.0740.14b 3.15+0.12  5.68=£0.20

e AR NG TR FR R p<0.05. ERE G EEL, FH.,
2.1.2 FEA ik ARG B om

1 AL, SR E T GH A GHR & &, CE+EF 4R E 5 T EF 4. CE 411 Con 4 (»<C0.05),
EF 41, CE 41, Con 41122 RTG53 L (p=>0.05) , M THAALIE R I, Toil 2 b 7% hn & 4 i ) )
(CE). M BRE (EF) . b 2 4E 0 6 1% D 7 78 I (CE+EF 20) %} 0~8 A% & X i s i 8 AL fiE 11 (T-A0C) |
A AL W 7 AR (SOD) 36 PE R G B35 520 (p =>0. 05) 5 XF F 48 b H Bkt E AL ¥l (GPXO i . CE+EF 41
BEET Con 4 (p<<0.05); EF 41, CE4 5 Con 0] £ 75 KRG XL (p=>0.05), {H EF 4 fil CE 214
HF Con A F R T,
2.2 XWNEBHERSHZIE

&2 g, fE+ =4, CEYEF AN EBmERE S T EF 4. CE 4 Con #H(p<<0.05), EF
Y190 e B R AR T Con 41 (p<C0. 05) 5 EF 41R1 CE 41 s T8 24 i (K T CE+EF 4181 Con 4l (p<<
0.05); Bk ZR LG FE L (p=>0.05, X T=EW, EHE&E M, EFHREST CEH(p<
0.05); BRUESIHRE . CEHASMMBERE. 5 CE+EF 4., EF 4. Con AR EZRALHIT¥E L (p<<
0.05); SR, EF ek, BEH T CEHEF 4., CE 4., Con 41(»p<<0.05), CE St/ W
FALT HAL 3 4 (p<<0.05), CE+EF 45 Con 1] 22 7 LG 2E 5 L (p=0.05) . X T fF, Con 415k
EREREMT CEFEF 4. EF 4/ CE 41 (p<<0.05); BRUEHEESHN 2R LI X (p=>0.05);
Ykt Jrm, Con Hi/h, BFMRT CE+EF 4. EF 4 (p<<0.05).
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¢ BIMAEE(T-AOC) d. BRAYELEESOD) e. Bt H T AL IEE(GPX)
1 AEFERE 0~8 A EBMRAIBIRANTE
R2 AREFAKRAIN 0~8 AR EBHERSHEZI
M Bt 2 5 S FE W/ pm PR )%/ pm 584
T =W CE+EF 1 295.11410. 54a 190. 2647. 70a 6.9340. 28
EF 1 062.30413. 44c¢ 150. 87£5. 07b 7.1540. 30
CE 1 074.374+21. 72bc 153.5447. 25b 7.1840. 38
Con 1 146.87447. 58b 173.9546. 37a 6.700. 39
= CE-+EF 742.09749. 42ab 113.2942. 24b 6.5720.17b
EF 777.534+12.77a 104. 67+4. 93b 7.5440.27a
CE 680. 00430. 59b 147.2945. 70a 4.6640. 23¢
Con 754. 45+ 33. 87ab 120. 36 +6. 88b 6.33+0. 18b
=7} CE+EF 610.2149. 14a 102.7942.72 5.9740. 16a
EF 573.4447.07a 101.31+1. 89 5.6840.12a
CE 608.164-17. 35a 108. 9943. 09 5.6140. 20ab
Con 518. 60414. 20b 103. 7344. 27 5.1540. 17b
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2.3 AREMAREAS 0~8 AR EBEHREYHEIN
2.3.1 F#sAd Alpha % HH 54
mE 3, 5 Con AL, EF 40 Shannon %X, Simpson 78500 & K (»<<0.05), H A4 A 2 H
LG22 L (p=>>0.05), X} F Chaol 5%, ACE #5840, 4 M FH AT E L (p=>0.05),
#3 AERAREAEBHMEY Alpha SHES 7

21 51 Shannon 5 % Simpson 5 X Chaol 15 %% ACE 15 %%
CE+EF 7.44=+0. 28ab 0.9740.01ab 1 091.724£90. 64 1 102.60£93.00
EF 6. 76 0. 36b 0.9540.01b 1 005. 06+102. 68 1 020.08+105.71
CE 7.5240. 14ab 0. 98740.003ab 1012.84+£115.77 1019.634+117.56
Con 7.8840.07a 0.99+0.001a 1252.99+79.93 1271.58+82.07

2.3.2 B AEY Beta MM

J&F Bray-Curtis F 25 (9 32 A6 R 43471 XA [6) 450 M 4 5 W T AE 03247 Beta Z2FEPE R B2 3BT . PCoA 43
Hrigzs, CE+EF 4, EF 40, CE A Con 2 NAFERAF YR, A IFEH R, SHEHZ RN E W
P W 21 A A 35 25 5 (8] 2a) . NMIDS 43 Hr R, & 41 AR W Al it A7 78 35 22 5, [RIBT Stress
0.136 6<C0. 2, WX AT H (& 2b) . Anosim MWk Ee 5. p=0. 001, iFAM Z R K THNE S, XK
THAR LA 20,
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o ©
02 ¢ o
.\ .\\ 0.2 P Y ®
S 0.1 — P o
“ ® ® CE+EF
- ® CE+EF o | [
Sl g “ J < |38
1 @
% ® Con 8 0 ® Con
O e =
& 011~ o oo . ®
-
° o\ il °
o
-0.2 N 9
. 02 '\' .
-0.2 0 0.2 -0.2 0 0.2 0.4
PCoA1(20.18%) MDS1
a. PCoASYMF b. NMDS43 4

p=0.001; R=0.6013

150

—_
<
=

bray curtis Rank

wn
<

| o -

Between CE+EF EF CE Con

c. Anosimo AT

2 AEEAREATHEMEY Beta M



% 340 KRB, F: PRI B LR BT 0~8 AREG LKL T N0 7

2.3.3 HAERS AT

b — 25 A AT AN T AR A B B A e ] L B KO A B, ALK b, £ IR A R
BE B ] (Firmicutes) . #UFF i ] (Bacteroidota) . & #T 1 ] (Desulfobacterota) . A8 JE B '] (Proteobacteria) .
P B '] (Verrucomicrobiota) #4 it (K] 3a) , J& K L. CE+EF 4 4 3 i ¥ = 22 8 2647 | 8 (Faeca-
libacterium) . 4 ¥ & J& (Bacteroides) . ¥ B B W Ft J& (Ruminococcaceae _unclassified) . Clostridia _
UCG-014 _unclassified . WEH YN 8 J& (Desul fovibrio) s EF 41 54k % @ B g W] 55 2 [C & @ (Akkerman-
sia) . WEBE N JE (Desul fovibrio) . LB W [C W J& (Barnesiella) . 4 ¥F B J& (Bacteroides) . Clostridia
UCG _014 unclassified ; CE 41 () L 30 B 0 Ji 4% I 18 )& ( Desul fovibrio) . Clostridia_UCG-014 _unclas-
sified . KT W J& (Bacteroides) . 8 B B W B J& (Ruminococcaceae _unclassi fied ) . 7& %17 B 7% % )&
(Christensenellaceae R-7 _group) . Negativibacillus; Con 4 B 1k 3 B B K Wi &% 9K & J& ( Desul fo-
vibrio) \ Clostridia_UCG-014 _unclassi fied . T J& (Bacteroides) . ¥ 5 ¥R & B & (Ruminococcaceae
unclassi fied) (& 3b) . CE+EF AL T CE 4. EF 41, Con 4 251 & J& A9 A X = BE 36 hn oA &, ) et
3G N AURT T TR A X

100
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i 50 || Verrucomicrobiota - Negativibacillus
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= - —
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Other

CE+EF EF CE Con CE+EF EF CE  Con
a. KX FE b. BN FE
3 AERARAEBMEWAHK

2.3.4 MEBAEMEF SN AARL KA ALK ML H

T SRS AR B 2 S A . L p<<0. 05, LDA >4 B {H 4T LEfse(LDA Effect Size) 22 553 #T .
K 4a Al A, CE+EF 45 3% & % T 24 W 8 (Faecalibacterium) . #UAF B B (Bacteroidaceae) . #LFF )&
(Bacteroides) . B2 Bl (Oscillospiraceae) ; EF 20 8 & & £ T JE M E ] ( Verrucomicrobiota) . AT H ]
(Bacteroidota) . Akkermansiaceae. B[ 7% 2 [C & J& (Akkermansia); CE #H W F & £ T B A # ] (Desul-
fobacterota) . Bi#i 9K & Bl (Desulfovibrionaceae) , J8 5 Bk & £ (Ruminococcaceae) . 3 H 347 i 28 Bl (Chris-
tensenellaceae) . LB IN & (Desul fovibrio) . 5o ML #R 141 )& (Christensenellaceae _R-7 _group) . Nega-
tivibacillus; Con 415 3% 5 4 T JEBE T [ ] (Firmicutes) Ml Ruminococcaceae unclassified o

RV E RS R Z BB OCR, R KA BT 20 MRS GH. GHR DA bt
FAAE PR EAT Spearman FHOCHE /7. HIIE 4b AT AT, GH & & 5 34T W& (Faecalibacterium ) FMUAT 6 &
(Bacteroides) F%F 5 B 52 5 3 1F AH 6 (p <<0.05), Christensenellaceae R-7 _group WA X FE 5 GH,
GHR & 52 2 F A E (p<<0. 05); 1l GHR & & 5 AT 1 )8 (Bacteroides) . BT JE (Collinsella) |
Intestinimonas BYFIX F2 B2 IEAH K (p<<0.05) 3 GPX & 125 Firmicutes _unclassi fied fA%F 5 i &
TEARE (p<<0.05),
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3.1 iFig
3.1.1 MARFEHAEARRMENS 0~8 ARELERKRZFTH Y M
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RPHUAR AR, 3 WL HL AR AP A RS L A Ah, Ze il Bk 5 0 00 35 BT LA T L #bFE sh W HL A
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) GH, GHR Ml GPX &t & THMA . 7EXE T, GH o] DLy 5y IS [ B A ol . 20 f 3 58 F0 48 B g 1
AT LR A A A (LD B 5 R AE K IR 7 (AGE) A ik . GPX Al LA i 5 38 JFUR 458 bk H Bk (GSHD
SR DR H IR B (GSSG) » T R A i I 3 80P 0 R a1k S A oA 7 RN R B 1 Bl B o, A1 i
I X 0~ 8 ] I 250 X8 S o 2% i TR T A0 2 4 A 50 T AR TR XS I GPX KF, B SR MLAR 19 Bt AL BiE ) A
AR S AL I 38 TR 3 HOR Y GH B GHR B9 43, R A KL H .
3.1.2 MM FEBAEARR AT 0~8 ABEYHEL S0 Ha

AN G IS AR ) AR SRR B L B R TR B DL S R B Ll B e T T AL R RE T, AL E
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