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Effects of selenium yeast on antioxidant, immune performance and intestinal

microbiota structure of laying hens in the late peak laying period

ZHOU Zhengian, GUO Zhi, HU Yinxia, ZHU Jingwen, HU Xinlin, QIN Shizhen"

(College of Animal Science and Technology, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract: A total of 448 50-week-old Hy-Line Brown laying hens were randomly divided into 4 treatment groups with
7 replicates per group and 16 hens per replicate. Laying hens in the control group were fed a basal diet, and laying hens in
the experimental groups were fed the basal diet supplemented with 0.15, 0.30 and 0.45 mg/kg selenium yeast(SY),
respectively. The pre-test period was 10 days, and the formal period was 56 days. At the end of the experiment, the
antioxidant, immune performance and intestinal microbiota structure of laying hens were detected. The results showed as
follows: 1) dietary SY supplementation significantly increased serum immunoglobulins(IgA, IgM, IgG) levels, and
significantly decreased the contents of interleukin(IL-1B, IL-2, IL-6) and tumor necrosis factor(TNF-o); 2) dietary

supplementation of 0.15 and 0.30 mg/kg SY significantly increased the activities of glutathione peroxidase and superoxide
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dismutase in jejunum; 3) dietary SY supplementation significantly increased the relative mRNA expression of Toll-like
receptor 2 gene in ileum, and the relative expression of 0.30 mg/kg SY group was the highest, while dietary
supplementation of 0.45 mg/kg SY significantly increased the relative mRNA expression of transforming growth factor
B3 gene in jejunum; 4) dietary supplementation of 0.30 mg/kg SY significantly increased the relative mRNA expression
levels of zonula occludens 1 and occludin genes in ileum and jejunum, and dietary supplementation of 0.30 and 0.45 mg/kg
SY significantly increased the relative mRNA expression levels of zonula occludens 2, claudin 1 and mucin 2 genes in
jejunum; 5) the dominant bacteria in the cecum of laying hens in each group were Firmicutes and Bacteroidetes, the
dominant bacteria were Rikenellaceae RC9 gut group and Bacteroides, and dietary supplementation with 0.45 mg/kg
SY significantly increased the relative abundance of Desulfobacterota and Desulfovibrio. In summary, the addition of SY
in the feed can improve the antioxidant and immune performance of laying hens in the late peak laying period; and under

the conditions of this experiment, the suitable addition amount of SY was 0.30 mg/kg.

Keywords: laying hen; selenium yeast; antioxidant property; immune performance; inflammatory factor; microbiota
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Table 1 Primer sequences
St I, N =Y > ] = rTR—m
HS6RI, TREAER PP AR - SI5—3) f;ijimp
iz E AR R, 28812 hiE, Tk GAPDH AGAACATCATCCCAGCGT 128
WKCRAR M FE 7 B 3G, 79385 T-20 °C%A4F T IR AGCCTTCACTACCCTCTTG
TNF ACCCCTACCCTGTCCCAC 228
o RIMGEIMBHIMESE, HFEARIITEE W GCCAAGTCAACGCTCCTG
F¥ B I W B H3ES mLIGAFE R (BEH6AFEM), TLR2  GGGGCTCACAGGCAAAATC 102
) e . AGCAGGGTTCTCAGGTTCACA
WO VR 80 "CURIRIRAF . B [l ILIp ACTGGGCATCAAGGGCTACA 142
BA21 em, HBEIR EZ2 iR (PBS) i P e fs B T GCTGTCCAGGCGGTAGAAGA
, o e IL2 CGAAGCAAGCAAACAATTCA 151
2mLEAAE T, WA G T80 CCUKFHIRAT « ATGGTGCCAGTGGTAGGAAG
kR T S L6 CGCCCAGAAATCCCTCCTC 152
15 bRl RTTA AGGCACTGAAACTCCTGGTC
15,1 ik sk dshmz TGFB3 ~ CATCGAGCTCTTCCAGATCC 111
T - ‘ ACATCGAAGGACAGCCACT
K4 B 3L BT (BS-240Vet) FIELISA it IFNG ~ TGATGGCGTGAAGAAGGTG 150
GACTGGCTCCTTTTCCTTTTG
1L (T B > LRI 2% BN g2 T T
T (P ot e B AR A AR 7 B )0 S L35 e e Bk Pl GGCAAGTTGAAGATGGTGGT 13
EHIgA. 1gG. IgM). e R BE R ¥ a( TNF-o)) H1 ATGCCAGCGACTGAATTTCT
p TJP2  AGCAGACCCTGCTCAACATT 124
HAAFRAL-1B, IL-2. IL-6)7 - GGGGAGAACGATCTGTTTGA
1.5.2  Fhifdn BACBEE PR 2 CLDNI ~ GTCTTTGGTGGCGTGATCTT 117
TCTGGTGTTAACGGGGTGTGA
FBEARY (Infinite F50, b ¥#ZEBINLHE® % R CLDN2 ~ CTTTGCTTCATCCCACTGGT 86
2y ) FIELIS AW 2L A A D RHE AT IR 7)) TeAAATT Tt T e
OCLN  GCTGAGATGGACAGCATCAA 97
W5 2 e H IR A A (GSH-Px) AL AL TGCCACATCCTGGTATTGAG
fitf(SOD). it AL S (CAT) & 14 AT — % (MDA) MUC2  ACCAAGCAGAAAAGCTGGAA 80
AAATGGGCCCTCTGAGTTTT
/E‘,T% o
1.5.3 Wik KR AR AR £ A BmRNAR A E 154 RAEBE SRS

]

1580 °CLRAFHIIEI AN 25 e MAE A
WEEE L1, K TrizoliA & B E 2 ZIRNA, I H
IR 5 /X (ND-2800) Ml i RNA SE# 4, SRH %4k
IF GGV B RNAKE , 4% 18 TaKaRa [ % 51 71
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Premier 5.08fF %1156 ZPCRIIY), SIYT 5
KZHNEL. Fry 8 H 3R AFETNF. TLR2.
ILIB. IL2. IL6. TGFB3. IFNGZ&i % fif #H o HE
K} TJPI, TJP2. CLDNI. CLDN2. OCLN. MUC2
LRI PR AR DG HE [ o
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llumina MiSeq 2500~ & XJ 9 34 7= #3347 3 77
Mo fHFHQIIME2 2020.6%K {4+ FIDADA2 /7 V2% 7
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KHFLEfSeZr#, AR INSY ) 7= 8 g B 2=
W ENSE M EME T Z R KT R R R 2 5
1.6 HIBHITHH

I H AR L Excel 202183 5, iz HSPSS 25.0
AT R T Z 08T, & HDuncaniE T £ H L
B g5 I E A EAR R (SEM)R IR .

2 SRS
2.1 SYX&EIBMF R EIEFRHIRN

HHER2FT AT, SXTHEAAHLL, R ARINSY 2
FHRE T MEIgA. IgMAlIgG/K T, HIRhndz 1A
RIS E X FRPHINSY & FAK T
IL-1B+ IL-2+ IL-6FITNF-a/KF.

2 AIRPIRINSYHE ZEEB MIE R iEtR

Table 2 Serum immune indexes of Hy-Line Brown laying hens fed diets supplemented with SY

SY#R &/ IgA/KF/ IgM/KF/ 1gG/KF/ IL-1B7/KF/ IL-27KF/ IL-67KF/ TNF-a/K -/

(mg-kg") (ng-mL™) (ngmL™") (gL™h (pgmL™") (pgmL™") (pgmL™") (pgmL™")
0.00 781.55b 1246.53b 13.28b 58.15a 217.48 26.15a 714.23a
0.15 1448.65a 2852.60a 28.84a 40.98d 129.00d 18.23d 453.76¢
0.30 1402.67a 2461.85a 27.96a 48.48¢ 183.70bc 21.40¢ 502.68¢
045 1460.17a 2521.30a 28.25a 53.15b 195.89b 24.03b 609.93b
SEM 75.85 163.58 1.70 1.71 8.95 0.81 27.77
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

e FSIANIE 7 BER R AL BRI 1 22 7 GE Tt 1 L(P<0.05).

22 SYMEBBHEMEMNIEIRHIFT

HHER3TT AL, HXTRRAAME, WA no.15.
0.30 mg/kg SY & E$E 5 T 2 GSH-PxFISOD i

s IINSY Xt Bl GSH-Px. SOD. CATIE M AIMDA

SEYIICRER.

®3 ARFIRINSYRE ZBECBHENE IR

Table 3 Intestinal antioxidant indexes of Hy-Line Brown laying hens fed diets supplemented with SY

B SY#IniE/(mgkg') GSH-Pxif%/(nmol-mL™")

SOD& /(U-mL™)

CATEIE/(U'mL™")  MDAZ &/(nmol-L™)

E1)7} 0.00 555.98 328.53 191.25 13.89
0.15 573.82 352.56 232.97 13.46
0.30 568.07 373.08 248.55 13.72
0.45 548.64 344.07 255.30 13.10
SEM 6.24 8.21 10.39 0.22
P 0.517 0.299 0.101 0.699

5417 0.00 493.03b 310.46¢ 212.83 13.87
0.15 597.93a 359.63a 241.44 13.36
0.30 573.06a 355.21ab 236.5 13.62
0.45 505.82b 320.77bc 233.53 13.69
SEM 134 7.54 6.2 0.17
P 0.001 0.024 0.426 0.819

e FSIANR T BER R 7 — I B BRI ) 22 5 Ge it 53 L(P<0.05).

2.3 SYXTEIBRFIE K AE ML FREHE < EE
mMRNAZRIZ = IS

2.3.1 SYXFEAAHiE K M F FmRNAK A & 69750
HR4n] 5, SXTHEAME, FRRFPERnSY X,

HXSRFIEILIB. IL2. IL6. TNFFIFNG mRNAAH*T

RIKEW TR ELW,; ININSYRER B &5 &R

TLR2 mRNAMIXFIEE, HEESYAIIERHEIN,

[ TLR2 mRNAAHXS Rk & 2 350 I a5 B 1)
%, Hrh, 0.30 mg/kg SYZHIE R RIEWEALE .. RN
0.45 mg/kg SYREHE I WM TGFB3 mRNAAH
Wik E . A HIETLR2MTGFB3IRIEMEKE,
NIN0.30 mg/kg SY BERE A BOHUE 2117 36 ik 4 % T
e, NEREFIERSMMAETFREERE, 18
¥ 3 458 5 JORE P8 R 4 2 A RO AR
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Table 4 Relative mRNA expression of intestinal inflammatory factor in Hy-Line Brown laying hens fed diets supplemented with SY
e SYTRIME/ mRNAMX] ik &
(mgkg™) ILIB IL2 IL6 TLR2 TINF TGFB3 IFNG
7] 0.00 1.020 1.150 1.010 1.000d 1.470 1.050 1.120
0.15 1.747 1.130 0.820 1.390c 1.500 1.100 2.220
0.30 2.080 3.110 2410 2.610a 2.520 1.530 2.870
0.45 3.150 3.170 2.690 2.510ab 2.810 1.730 5.070
SEM 0.370 0.490 0.340 0.240 0.240 0.210 0.660
P 0.267 0.265 0.123 0.008 0.095 0.682 0.191
817} 0.00 1.050 1.400 0.800 1.510 1.460 1.270b 1.590
0.15 1.650 1.430 0.730 1.370 1.460 1.280b 1.710
0.30 0.880 1.990 0.710 1.060 1.870 1.550b 2.350
0.45 1.430 1.020 0.220 1.570 1.750 4.230a 4.580
SEM 0.560 0.580 0.230 0.220 0.140 0.470 0.530
P 0.872 0.765 0.321 0.898 0.739 0.036 0.125
I FFAE SRR B — i B AL BRI 22 A G vt 27 5 L (P<0.05)
A=

2.3.2  SYXHEAURSHEARK I FAnRNAR A Z 49 %7h

HHERSAT 1, SXPREAHLL, R inSY T
B AR TIPImRNAMIGT RIEE; ¥I10.30.
0.45 mg/kg SYRS, [FIIHOCLN mRNAFHXFRIA & 2
FIteE: BNSY R TJP1. CLDNI. CLDN2
MUC2 mRNAMX RIE BT RELW. £+,

]

A=

1=
Z

N0.30v 0.45 mg/kg SYRET E SR ETIPL. TJIP2.
CLDNI. MUC2 mRNAM X ik & ; %10.30 mg/kg
SY AT & 3 m OCLN mRNAAINT KA &, XEY
LR SY AN N0.30 mg/kgh, iU f

HASRIE DA R RAB AT E I RCR TEAL -

RS AMRPFIRIMSYRYEZBECHENHFEEEMRNAMEX FRIAE
Table 5 Relative mRNA expression of intestinal mechanical barrier genes in Hy-Line Brown laying hens fed diets supplemented with SY
- SY¥R e/ mRNAX A =
(mg'kg") TJPI TJP2 CLDNI CLDN2 OCLN muc2
E1)7} 0.00 1.38d 1.00 1.01 1.01 1.00cd 1.06
0.15 3.78¢ 1.31 1.36 1.45 1.08bc 1.13
0.30 3.97b 2.28 2.56 1.27 2.61ab 1.09
0.45 8.00a 1.85 1.97 1.67 4.56a 1.72
SEM 0.80 0.72 0.26 0.13 0.51 0.94
P 0.040 0.114 0.164 0.425 0.016 0.393
= 0.00 1.00c 1.00c 1.00c 1.00 1.01b 1.01b
0.15 1.04c 1.04c 1.04c 1.00 1.12b 1.04b
0.30 1.32a 1.31a 1.32a 1.17 1.60a 1.32a
0.45 1.26ab 1.26ab 1.26b 0.98 1.06b 1.26a
SEM 0.04 0.06 0.02 0.03 0.07 0.06
P 0.005 <0.001 <0.001 0.097 <0.001 0.050
e FIBIAIR T BER IR 7 — W B B ) 22 5 GE it 5 L(P<0.05).
24 SYMEISEBGHEME RAHI Simpson) s B L5

2.4.1 EBFHMmAEDoS FESITLER

HER6n 1, K ZHFEACoverageds 40.990,
JPIRFE TS 2 HXTIRALARLL, SY X EXS B g HEF
& % (ACE. Chaol) fla % ¥ % $§ % (Shannon .

.42 EBWEHMMAYPEHMSER

MR AT, PCoA%E R E 7R, PCIRIPC247 ) fitk
BT 5.54%H15.02% M B R, S HREAR S AR TR

B AR 2R 5 NMDS Bt i {8 0.204 8,
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Table 6 The a diversity and sequencing depth of cecal microbiota in Hy-Line Brown laying hens fed diets supplemented with SYSY

WINE/(mg-kg™) ACEfa %t Chaol48% Shannonf& %1 Simpsonti % Coveragefh %1
0.00 1 009.880 1 004.010 7.760 0.990 0.990
0.15 959.950 952.730 7.620 0.990 0.990
0.30 1075.130 1 068.940 7.730 0.990 0.990
0.45 1019.030 1013.310 7.630 0.990 0.990
SEM 24.010 24.120 0.060 0.000 0.000
P 0.430 0.427 0.839 0.825 0.716
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Fig.1 The B diversity of cecal microbiota in Hy-Line Brown laying hens fed diets supplemented with SY
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Fig.2 Venn diagram of cecal microbiota ASVs in Hy-Line Brown

laying hens fed diets supplemented with SY
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Table 7 The relative abundance of the top ten dominant phyla in the cecal microbiota of Hy-Line Brown laying hens fed diets supplemented with SY

A X BE /%
JREERTT MUATRIT ORERET) BRI HIRETT AV BRI RN AT SRR

A 49.320 40.440 2.680 1.750b 1.210 1.010 0.500 0.410 0.170 0.030
B 49.850 39.350 2310 2.220b 1.620 0.730 0.890 0.360 0.100 0.260
C 51.480 38.290 2.740 1.950b 1.660 0.660 0.030 0.760 0.180 0.470
D 47.220 37.890 2.320 3.930a 2.560 0.730 0.880 0.730 0.720 0.310
SEM  5.807 5.705 0.794 1.332 1.031 0.481 0.879 0.622 0.547 0.521
P 0.677 0.884 0.706 0.008 0.131 0.629 0.288 0.586 0.169 0.561

T [FGINR R AR I 22 574 G5 B L(P<0.05)-
R8 ARAPIRIMSYR)E = BB EME R T AR 10NN S EBAEXFE

Table 8 The relative abundance of the top ten dominant genera in cecal microbiota of Hy-Line Brown laying hens fed diets supplemented with SY

AR /%
g A U Py e EIF BN R FLIF [ BB FIRLF

RCOIERE i) U H WiE KR HRERE HE NEE HE HiR
A 14.770 8.900 5.550 5.070 3.420 3.370 2.500 1.720b 2.330 1.820
B 17.170 7.930 4.770 5.580 4.500 2.570 0.900 2.120b 2.030 1.220
C 13.170 9.530 5.720 3.570 3.230 2.950 4.800 1.900b 2.420 3.230
D 12.030 9.150 5.600 4.200 5.250 3.170 1.400 3.830a 2.480 1.300
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Fig. 3 Differential abundant species of cecal microbiota in Hy-Line Brown laying hens fed diets supplemented with SY
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