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Effects of Dendrobium nobile polysaccharides on laying performance and
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Abstract: In order to study the effects of Dendrobium nobile polysaccharides on egg production performance and in-
testinal flora of recessive white feather chickens in late laying period, white feather chickens were fed with Dendrobium nob-
ile polysaccharides, and the egg production indices of white feather chickens were recorded during feeding. After 60 days,
the cecal contents of white feather chickens were collected for 16S rRNA gene sequencing and bioinformatics analysis. The

results showed that compared with the control, the total

Y75 B #A-2023-11-20 number of eggs, egg production, daily egg production and
EL A . SN AR T Al 4588 5 505 B [ RS 8 (2022) & egg production rate were significantly increased under Den-
10341 SMAHE T H [ B (2022)061 5 5 5 drobium nobile polysaccharide treatment ( P<0.01). In the
BN ALH T E [ B4 (2022)10 5] intestinal microbial community of white feather chickens,
EB BT REAL(1998-) , 5, EPIFE N W LA 5 A4, FEHF5E the dominant genera were Bacteroides and Rikenellaceae _
JiE A (E-mail) gautgs@ 163.com Rc9 _gut group at genus level, and the dominant phyla

BIRIEE: % #F, (E-mail) ellenlihui@ sina.cn were Bacteroidota and Fimicutes at phylum level. Com-
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pared with the control, the relative abundance of Ruminococcus_torques_group, Faecalicoccus and Merdibacter in Dendrobi-
um nobile polysaccharide treatment increased significantly (P<0.05), and the relative abundance of the pathogenic
bacteria such as Barnesiella decreased significantly ( P<0.05). The results of phenotypic prediction showed that the relative
abundance of Gram positive bacteria in intestinal microbial community of white feather chickens in the control was signifi-
cantly lower than that in Dendrobium nobile polysaccharide treatment ( P<0.05) , while the relative abundance of Gram neg-
ative bacteria was significantly higher than that in Dendrobium nobile polysaccharide treatment ( P<0.05). It can be seed
that Dendrobium nobile polysaccharides can improve the intestinal microecology of recessive white feather chickens and im-
prove the production performance of hens in the late laying period.
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Table 3  Effects of Dendrobium nobile polysaccharides on laying

performance of recessive white feather chickens
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Table 4 The number of operational taxonomic units (OTUs) and « diversity index
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Fig.3 The number of operational taxonomic units ( OTUs) of intestinal microbial community in white feather chickens under control and

Dendrobium nobile polysaccharide treatment
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Fig.4 Distribution of intestinal flora in white feather chickens at genus level
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Fig.5 Distribution of intestinal flora in white feather chickens in control at genus level
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Fig.6 Distribution of intestinal flora in white feather chickens under Dendrobium nobile polysaccharide treatment at genus level
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Fig.8 Heat map of intestinal microbial community of white feather chickens at genus level
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&5 Metagenomeseq = 34317
Table 5 Metagenomeseq difference analysis
Y RE>0 RUFEA SR Yy R Z
Wb & Fx
payiist SR b X HE SRR L
B RLIT ER P 8 ( Barnesiella) 6 6 269Aa 94Bh
HaJe I8 ( Fournierella) 6 6 121Ab 575Aa
I8 8 BREA ¥ ( Ruminococcus_torques_group) 6 6 5 300Ab 11 853Aa
& ZE AT 8 ( Catenibacillus) 2 5 11Ab 21Aa
PR B ( Faecalicoccus) 6 6 81Ab 246Aa
KO0 T TRERE R (unclassified_f_Butyricicoccaceae ) 3 4 6Ab 21Aa
HRAPZFEUFFE H (norank_f_norank_o_Bacteroidales ) 6 6 503Ab 801Aa
KB & ( Elusimicrobium) 6 1 90Aa 3Ab
[F)—ATHd 5 AN R KRS R TR 22 50 8. (P<0.01) o [Rl—AT8UE A R)/ING FREFRIR 22 5 .35 (P<0.05)
2.6 Network M%&) 1 FE =50 Y Fh b, 9 E BR B BE ( Ruminococcus

#5?)%@ Méﬁﬁ*ﬁ@iﬁﬂﬁ‘*ﬁ%#& I‘ETJ E/‘J%ﬁjjz lorques_group) l—?XUL,H?{ %ﬂé-’fﬂﬁ@%i@%ﬁﬂ% Ei EEJXQ
JEAR R RS M R OC R s ir i R e e B A e BAT HL R O R TR 73 SE R  BR
525 B 12 90 gs R Bon g AKCE B, Y B #} ( norank _f_Ruminococcaceae ) 14 5 4 BUf1 fijt £



TR FASE G BU IR MDA 77 4 IS WIS ™ SR BE AN 1 Bk A R P s i 1899

HEAL B P B U E e A LR R

EHIRICHEIUCG-001(Revotellaceae UCG-001)
Z AP E (Phascolarctobacterium)

Jed = K = e . . .
JiEFIPR R RUCG-005(UCG-005) i J IR R B (unclassified_f Oscillospiraceae)

R EHRRIF AT I UCG-014
(norank_f norank o Clostridia UCG-014)

E R R (Megamonas)

@'fh B ii&
= W »\‘ D % ido FR it 7% FC B8 (Olsenella)
"'"'*"’ RSN R
k~L_norank a_vadinB
—@-—__ \
hr T b 5 TR LI

A2 AT

B60/ group)

~BTOUP) i R S R
(norank_f Ruminococcaceae)

= .
eac_GabAl_group) (Lachnoclostridium) /

el F AN

TR ROiE A .

HIRHIE (Synergistes) actobacillus)

BARZEFIFF EICHKC1001(CHKCI001)

BRI
AR E

(unclassified o Bacteroidales)

12 HEHMEST

Fig.12 Collinearity network analysis

27 EEESH 13) LT, X R A <5 B A AR 22 M Ak 200 i 3k
H£T 168 fRNA J751, it COG TUREBIMAS R (B A Wiiev BN D e LI & Sz i A Qs o =

LOI" e —— I B RNANI T 584 ;

RRRRRLRRRLZRR RRRRRRRRR22222 & Yot i i) S B

B HEJR AR RN A

osh O A0 R Rl A0 28, Yefafiksrd;
' iEEEEEEEEEEEEEEEEEEN] T Dﬁ%%@iﬁ*u{ﬁiﬁj’,

EESEEEEAEEEEEEEEREE EEEEEEESEEEBEEEEEEE E&%@Eiﬁ%ﬁﬂﬁiﬁ]‘;

WK A i AT
NEiijieSesinpiitanlin

(I [T S S6ki:

0.6

B ARG K
B %%,
mafl. EHEMBE
23 YRLEE / 5 A A= A
N sl ;
e i TN s = ISy N S (2
B ICHLE st
B RAEACEI A A R ISR R
B ARFTIRE,
Enpannn| [ e EZ%%?%@M%H,
Pl e e e e e e e e e W 5 AL
S 2L ol & A 2
KbTH

E 13 COG Ih&eiEsR
Fig.13 COG functional annotations

TR RE

0.4 [

0.2




1900 bA N N (=S 11

2024 4F 45 40 % 4510

T 168 rRNA 541, KEGG I fETHIM — 2K

S AR B B A AN R 14 18] 15 FER X %ué
BUA R A 30 11 PR i T8 T A= A s S R D g
FEAR TR SR F B AL TS 6 ANiE g Hir
EREHE B F R E ERE, @il KEGC AR
I [ R TR, T ERN 4 U iR 22 M A B 1) 1 3P
X i Sl A W R L I B AR e K AL S AR g
AR AR

6x107
3x107
1x107
6x10°
3x10°
1x10°

X ERo e iEZ st

B 14 KEGG —%& K i %
Fig.14 KEGG primary metabolic pathways

2.8 BugBase 9%

16 S, Beet 1 P TR A 2R A 3222 LU AR
BTS2 RS 8 ANRAH . Gk 17 Fs , & R
F1 2P X8 g T A S R A 2 T BH P TR R X = B e 3
1R T 48U 2B 31 (P<0. 05) |, 3522 [ B P AR
X B T A SA 2 PR B (P<0.05) , R W]
SO TR E i N E AT,

3 9 e
30 e AMSENTFEEHREAPNBTENE
EAEA

WX QRS EE P ERE U ERS R
TEM B XS 7= B RE 1 0 R B4R bR, SR 00, A0 T Y
FAG T2 e R Ry, e RS
SZ RN, TR R FL A PR R P KRR T 4
RERW, 2 A prafe ek
L =R VE . 2R IR e 2 R
XG5 0 H R AR N 500 me/kg 1 000 mg/kg |
1 500 mg/kg 1B 22, 25 R SR WY, e BF 22 W50 16

I AR b
] E’Hﬂ(gg ﬁ?ﬂﬁlﬁ]‘
I A
| I ﬁﬂﬁ D AN A SR AR
I e
%‘?ﬂ%ﬂﬂ“ﬁ
] iz
[ ] Vﬁ“ﬁéﬁ‘ﬁﬂ‘

B E—
- L
—
S S
B e LA ARG A
el

—— MZGHE LR
| ﬁ&;é%ug@ﬂ%ﬁﬁj
B e A K RISET
| I Zgﬁ%%[‘“%*ﬂﬁﬁi

O Ry
I %%%ﬁﬁﬁ
1
L R e R
S kR .
——— sk W
L 2x106
S R
1 é;%%ﬁ%étﬂ 2x105
- °r 1 W : A
S R 1x10*
- ERRL 8x10°
LYW
W R B R 2 A B -6x10!

B 15 KEGG ZHRighE &
Fig.15 KEGG secondary metabolic pathways

1.0r

0.8

Z NN
ZNNNES

EEEEEEE SNNSS NN

2 NNNE=IIlI|
ZNN\NE=I1

e i NN =II{ |

0.6

XS

0.4+

0.2

Y777 RS TH

OHHHHERRRRY 7NN TH
SRR AN
SHERRRRRY 7 NN
SEHRRRXY 2  NNE T
S RRRRRRE e 77 NN ==I111||

C6 S3 S6 SI S2 sS4 S5
Rbe
DA HHENZ  BIRE; SRS, B5 =2 RIETEE;
Do ; BE 2R, BAEMBIEI; B4 OHAL
C1.,C2.C3,C4.C5.C6 43l BRI 6 AT, S1,S2.93.54,
S5.56 4l A EUA R MR Y 6 &
16 BugBase 2#T
Fig.16 BugBase analysis



R P BB AN 2™ 5 S 7™ P RE R B A T MR A 5 1901

201

15

L] (%)

10[

22 R FH R 22 BT
b

O xR WU 2 AL B

17 BugBase 3%
Fig.17 BugBase test

2R EEXG I B R AT I S A A A (DA g
B T AR S 1 R S8 Ak KT AR R I, B
B WS N B SR H O, o] S 2 s L R
PERE, M5 18 T RE S5 A, JF 3 s HLAAR i T A Ak 2D
RE', Guo %6 gT 45 HL R W, Vg R B 2R
Wi e S A 2 XS P B TR RE PR L RE
1, TRl 4 5 A8 2R A B, Liu ) & 3% B IR (CK) |
PS AbFH (4.2 g/kgZREEMNZHE) Se AP (0.5 mg/kg
fifi ) F1 PSSe Zb P (4.2 o/ kg R B ZH],0.5 mg/kg
fifi) , 5% BEAH L, PS AbFE  Se 4bFEAI PSSe 4b FEZE
X7 P e B A AL BE T R g s T Y Horp
PSSe AbFRENY Y7 PR RE BUA AL RE T AN Sy T B
5o AMFFETE AR U I & BUA 28, 7 R R
Batk PG Y S R | H P R R R
W B (P<0. 01) , KBS BUA Rt 4 nT LI &
PR A R E R A P AR PR R X 5 AT BSR4 R
BEA—F, &8EAfZilEAE b2
REL AU M2 b RT3 o 1 5 B 1 PR 1
P& Shra bRe ok 4 S L kAR, X — 4510
ARt — L5k,
32 &N ARSEXNEEAIIBEERBNI
YER—Fhai 400, &BUA B2 Hn) E 262
VRS Sh I i T T R, AN 9T 32 B A B i 2 b
AR PR P W TR 2R T, o ZRETE
FEFRH Y Chao $5%X . Ace $8 50U H Shannon $8 U2 1
YIS 2R R R AR L TEARTE ST,
E5XT BEAH L, 450 8 22 M A B M 1 2RI XS i TR
f Chao 8% . Ace 8% Shannon F5%% |- F}-, PLS-
DA 4345 S 0R | b BB RN 4 BUA ik 22 4 Ab #1 1 oF)
X5 T TRAE PT AW S X A0 RO SR 2 25, It
HEW, £ BUA 2 5] e 235 R W 8 A Y i T 45

AL . IWPIRREE U B 4 2Rk T TR | R
BE TR 1 RIADURT T 12 1 PR i 3 P R v e 2 7
AT X ST GRS Y A, SX A L,
BB R WAL BRI 0T R RETE T A AR SRR T
JERRE TR [T AH XS = BE 04 34 0 T PR X 0 A B8
W, R AR ERE Y TR I A A R RS in 4 L
A1 AR 22 AT DA X i T (R, P2 ZE K MERE . W
AP A S A TR S R T R R o 3] PR X i A
Hh SE A R T A R R X A AR
REFNIZIE DIRE , S AW S A5 AL

FHWEGE A B, I8 B BRI HE ( Ruminococcus _torques_
group ) JE—FH AT LIF=A: TRRER AU AN BT 2 . TR &
JriE b Rz A Y B AL RE Y B, B R I R
I G SN SR VE Y, 28 ER BB ( Faecalicoceus)
TP TRMILIR™ A S, T
T &% ( Merdibacter ) & RETR | TPRERMH —Fh, SRR
PSRRI O B & A2 T e A BAT I8
JE P ) R T Ji TR M A% T R W IR (NADPH) |
NADPHRES S 54: W) & iR A ALE R )8 T
25E Y AREEER)E ( Pseudoflavonifractor ) AT L) 7= A2
HERRIIIR ™ LA S 1E AR Y i ZEHAT
W & ( Catenibacillus ) J& T BIRE R, F 8 KB =9 5&
SRR T RREEY A Bh T 4R i fa e, vl D i
WK ET] , AN, A A5 R R, KR R
( Elusimicrobium) W] g5 MaA 3, A CH
J& ( Barnesiella) $%IA R & —Fh 5 [ HAE A OC I BUK
WU ARBFIEAE IR S R E, S B il 2 m
AL FRIEE B BR B B ( Ruminococcus _torques _group ) \FEER
G ( Faecalicoccus ) S5 e ( Merdibacter) v e
i B A AR O 5 B B 3 4R T (P<0.05) , B2 U TR TR
J& ( Barnesiella ) % S0 TR (1) A8 X 3= B b 25 R I (P<
0.05) , FREATEARIRL H o8 i 4 8010 v 2240 mT LA B v
Ml iE g AL AR, Xu 5557 IR T 45 R %
WY AEREE PRI 750 me/kg BLTERR, AT LK R
PR AT 25 B0 B B0 T 3 8 B, Yang
AFUV BRI AE AW EL R T AR U AR S 1 Jin i
PP XS i rh g R S A, o T aE
B, SASBERAE AL, AR AR S R s, 4B
AT WERR R T 2 COBH P B A AR X 2 B B AR T
2= [REAPER AN 8 AWTITas RAR W], 322 [GFH
PP A% R T o B B R LI I s R
Zhang %5 S 3, R AR EE G A 2 PR R 0 AR



1902 AR N S o 14

2024 4E 55 40 & 10 M

T o 2 R 9 0 e P
FE LT A X S0 PR Tk 8 7 F A T
g XA A 3 T 9 0 A, T
(AL I SR I 7. 354 01 4 BT 5 T L3
e A e % R AL PR T 5281 2
e
4 4

S UL 8 WA 7 R 0 P10
PEARAERE . 4 BUR MR T Wtk (1B i
PP 25 I B A T S0P B4R 0
T LA B 1B 0

SE Lk

(1] EAfbmE. TR B X ™ 85 1 800 i 18 Ty B Rl BT AR gt iy i
TAEMID]. dbnt. s EAR R BE, 2020.

[2] CAOZH, LIUZH, ZHANG N Y, et al. Effects of dietary dande-
lion ( Taraxacum mongolicum Hand.-Mazz.) polysaccharides on
the performance and gut microbiota of laying hens[ J]. Internation-
al Journal of Biological Macromolecules,2023,240.124422.

[3] YAN A, DING HK, LIUJJ, et al. Black Lycium barbarum poly-
saccharide attenuates LPS-induced intestine damage via regulation
gut microbiotal J]. Frontiers in Microbiology,2022,13:1080922.

[4] SUY, CHENG S S, DING Y X, et al. A comparison of study on
intestinal barrier protection of polysaccharides from Hericium erina-
ceus before and after fermentation[ J]. International Journal of Bio-
logical Macromolecules,2023,233.123558.

[5] GUO W, HAN D, ZHANG F, et al. Effects of dietary 8-1,3-glu-
can addition on the growth performance,mRNA expression in jeju-
nal barrier, and cecal microflora of broilers challenged with Clos-
tridium perfringens[ J]. Poultry Science,2023,102(2) ;:102349.

[6] ZHANG CD, XUTT, LIN L X, et al. Morinda officinalis poly-
saccharides ameliorates bone growth by attenuating oxidative stress
and regulating the gut microbiota in thiram-induced tibial dyschon-
droplasia chickens [ J ]. Metabolites, 2022, 12. DOI. 10. 3390/
metabo12100958.

[7] GUO Y X, CHEN X F, GONG P, et al. In vitro digestion and fe-
cal fermentation of Siraitia grosvenorii polysaccharide and its im-

pact on human gut microbiota[ J]. Food Function,2022,13(18) :

9443-9458.
[8] HEZHZMZEG 2. EZGIL M. Jbnt. b [ E 2R L R,
2020.

[9] LIZR, XIANG J, HU D Y, et al. Naturally potential antiviral a-
gent polysaccharide from Dendrobium nobile Lindl. [ J]. Pesticide
Biochemistry and Physiology,2020,167 :104598.

[10] YE G, ZHANG J, XU X, et al. Comparative analysis of water-sol-

uble polysaccharides from Dendrobium second love * Tokimeki’

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

and Dendrobium nobile in structure , antioxidant ,and anti-tumor ac-
tivity in witro [ J ]. International Journal of Molecular Sciences,
2023,24(12) :10361.

LUO M, LIAO BY, MA D, et al. Dendrobium nobile-derived pol-
ysaccharides ameliorate spermatogenic disorders in mice with strep-
tozotocin-induced diabetes through regulation of the glycolytic path-
way[ J]. International Journal of Biological,2022,216.:203-212.
LS o N S VAD J 1E 7) | I3E D ks 9 ==
XA RE A 5 LTS AR AR AR [T ] AR T,
2021,42(12) :11-15.

XU QQ, AZZAMM M M, ZOU X T, et al. Effects of chitooligo-
saccharide supplementation on laying performance, egg quality,
blood biochemistry, antioxidant capacity and immunity of laying
hens during the late laying period [ J]. ltalian Journal of Animal
Science ,2020,19(1) :1181-1188.

TR, MR X e, AR BERE SN A ARG A e
At L TIRE LI A AR AR RIS A AL RE I R[] B
FR2FR,2022,34(4) :2413-2424.

LYU HW, TANG Y Q, ZHANG H H, et al. Astragalus polysac-
charide supplementation improves production performance, egg
quality , serum biochemical index and gut microbiota in Chongren
hens[ J]. Animal Science Journal,2021,92( 1) ;e13550.

GUO Y, ZHAO Z H, PAN Z Y, et al. New insights into the role
of dietary marine-derived polysaccharides on productive perform-
ance, egg quality, antioxidant capacity, and jejunal morphology in
late-phase laying hens[ J ]. Poultry Science,2020,99 (4) ;2100-
2107.

LIU J, WU D, LENG Y, et al. Dietary supplementation with sele-
nium polysaccharide from selenium-enriched Phellinus linteus im-
proves antioxidant capacity , immunity and production performance
of laying hens[ J]. Journal of Trace Elements in Medicine and Bi-
ology,2023,77:127140.

LI Z R, XIANG J, HU D Y, et al. Naturally potential antiviral
agent polysaccharide from Dendrobium nobile Lindl.[ J]. Pesticide
Biochemistry and Physiology,2020,167;104598.

ZHEE. AT O 2BV PR B R [ D].
7 AR AR R, 2016.

GRICE E A, KONG H H, CONLAN S, et al. Topographical and
temporal diversity of the human skin microbiome [ J]. Science,
2009,324(5931) :1190-1192.

LIU Y S, LI S, WANG X F, et al. Microbiota populations and
short-chain fatty acids production in cecum of immunosuppressed
broilers consuming diets containing gamma-irradiated Astragalus
polysaccharides[ J]. Poultry Science,2021,100( 1) ;273-282.
SHI D Y, BAI L, QU Q, et al. Impact of gut microbiota structure
in heat-stressed broilers[ J]. Poultry Science,2019,98(6) :2405-
2413.

WRHE, 0 R, AR R AR BRI T BE X A 3G
WSR2 R R R ()], 2 ROk R 222 4l (SRR
2£),2021,36(4) :598-607.



TR AN BB MR 2 X0 7 AR B AR 5 W T = M T v AR

1903

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

XA RAERE K bR AE. ARSI AL B ) X R A A R AE
IR WMNET]. IIWE R, 2019,31(6) :2515-
2524.

WU SR, LITH, NIU H F, et al. Effects of glucose oxidase on
growth performance, gut function, and cecal microbiota of broiler
chickens[ J]. Poultry Science,2019,98(2) :828-841.

CROST E H, COLETTO E, BELL A, et al. Ruminococcus gna-
vus: friend or foe for human health[ J]. FEMS Microbiology Re-
views,2023,47(2). DOI.10.1093/femsre/fuad014.
HOFMANOVA J, STRAKOVA N, VACULOVA A H, et al. Inter-
action of dietary fatty acids with tumour necrosis factor family cyto-
kines during colon inflammation and cancer [ J]. Mediators In-
flamm ,2014,2014 . 848632.

DE-MAESSCHALCK C, VAN-IMMERSEEL F, EECKHAUT V,
et al. Faecalicoccus acidiformans gen. nov. ,sp. nov.,isolated from
the chicken caecum, and reclassification of Streptococcus pleomor-
phus (Barnes et al. 1977) , Eubacterium biforme ( Eggerth 1935)
and Eubacterium cylindroides ( Cato et al. 1974) as Faecalicoccus
pleomorphus comb. nov., Holdemanella biformis gen. nov., comb.
nov. and Faecalitalea cylindroides gen. nov., comb. nov., respec-
tively , within the family Erysipelotrichaceae[ J]. International Jour-
nal of Systematic and Evolutionary Microbiology, 2014,64 ( 11) ;
3877-3884.

ANANI H, ABDALLAH R A, CHELKHA N, et al. Draft genome
and description of Merdibacter massiliensis gen. nov., sp. nov., a
new bacterium genus isolated from the human ileum[ J]. Scientific
Reports,2019,9(1) :7931.

JIANG P, DU W J, WU M A. Regulation of the pentose phosphate
pathway in cancer[ J |. Protein Cell,2014,5(8) ;:592-602.
VAN-HOECK V, SOMERS I, ABDELQADER A, et al. Xylanase
impact beyond performance :a microbiome approach in laying hens
[J]. PLoS One,2021,16(9) :e257681.

YAO Y, YAN L J, CHEN H, et al. Cyclocarya paliurus polysac-

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

charides alleviate type 2 diabetic symptoms by modulating gut mi-
crobiota and short-chain fatty acids[ J]. Phytomedicine,2020,77 .
153268.

LIUM Y, SONG S Y, CHEN Q C, et al. Gut microbiota mediates
cognitive impairment in young mice after multiple neonatal expo-
sures to sevoflurane [ J ]. Aging ( Albany NY),2021,13(12).
16733-16748.

BRAUNE A, BLAUT M. Catenibacillus scindens gen. nov., sp.
nov., a C-deglycosylating human intestinal representative of the
Lachnospiraceae[ ] ] . International Journal of Systematic and Evolu-
tionary Microbiology,2018,68(10) :3356-3361.

HERLEMANN D P R, GEISSINGER O, IKEDA-OHTSUBO W,
et al. Genomic analysis of “ Elustmicrobium minutum,” the first
cultivated representative of the phylum “Elusimicrobia” (formerly
termite group 1) [ J]. Applied and Environmental Microbiology,
2009,75(9) :2841-2849.

LIUSM, LIEY, SUN Z Y, et al. Altered gut microbiota and
short chain fatty acids in Chinese children with autism spectrum
disorder[ J . Scientific Reports,2019,9(1) ;287.

XU H P, ZHANG X D, LI P, et al. Effects of tannic acid supple-
mentation on the intestinal health,immunity, and antioxidant func-
tion of broilers challenged with necrotic enteritis[ J]. Antioxidants
(Basel) ,2023,12(7) :1476.

YANG L, CHEN L, ZHENG K, et al. Effects of fenugreek seed
extracts on growth performance and intestinal health of broilers[ J].
Poultry Science,2022,101(7) :101939.

TR B TP T A R I e T e 1 M AT A G
PEIR S I RAFAE BRI 25 P20 T [ D] . S0 BRIEFRI R
2 ,2023.

ZHANG X L, AKHTAR M, CHEN Y, et al. Chicken jejunal mi-
crobiota improves growth performance by mitigating intestinal in-

flammation[ J ]. Microbiome,2022,10(1) ;107.

(AR AR





