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e = S LR e 1, dEE R B, T DAL
T A B R TR 1 R R R R B K B B
i 3 AN B ARG A Ol 3R IR R A
MEEG T, HIER AT N R ERKREXLELE,
1717 5% 5 P 3 {3 5 P 3 0 S 5 B ) e 28 DD A O
FHFEF T R WY, AR N 0.4.0.5.,0.6 il
1.0 mg/kgM & B, 4/ XS 1) 4K 5 Fif 22 38 0, i i iR
Bz TS| R AN G T R SR T R L HR
TLAERIEgE R AR AN 3 me/kg MR AT
PR RS 2 H I E A H R R, RS
I rf 8RR R, R ACORE R E L AR
10 mg/kgEAE 2 B, W E S T 5~ 15 Il H ki
23 W o8 B 1R B NG E B/ B BS IRE (V/C) fH, B
FRAR T = b R 3 AW AT T A
GBI 0.75 mg/kg FHERFI 300 mg/kg F S LA
M 2.25 mg/kg MR A1 300 mg/kg G SEH, RS
T A 5 Ak 2R RN SF- 24 H 348 o 2 o T 1R R i K - 1)
PR BT G IR AR v R AN 4
KB, Wi 25K 1.5 mg/kg Al 25 ~
30 pg/kg, ARMIRAYEAE R B, = 10T 3
Z Mt 2 R 4 A B, 1] RIS AF 1
EAREEMERE I T . B, AR5 78 e AR
TINAS G K B iR 4 A 2K B, , 5T X 77 8
e U T 2T R XS A = MR BE R AN T /N 5 B ) e
ARG FE PR 6 3K 10 B i, Ay 9 4 7= ZE U o 988 1k i
OIS AT

1 MRERZE
1.1 R8T A A R

RIS VERE 972 H 28 Ji i filt etk 0 R 47 b T
7 e W ) S T RS BE AL A B 0 4, B 6 A
WA HAEE 18 HAg, R 2 R 3 Kl
Bt FEFE A R 3 S N 0.2 F1 5 mg/kg
FRA0.25 F1 75 pg/kg 4EE K B, , FE Al iR AR 41 A%
KOEFKF IR 1, it L%k 2, 445K B,
P VAT b A ) TR Ry A B W AL, LA ROk
Oy = 1% Rt b 3 AR YR A BR A F 4R
e HA BRI N 95.5% ~102.0% . XK TR 2
JE), G M SR Rt A AR 30 ) 45 4 AR 7 R G B 3 22

5 (P>0.05) Ja Tt s, B 8 .
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Table 1 Composition and nutrient levels of the

basal diet (air-dry basis) %

I H Items “r & Content

JEUB} Ingredients

E K Corn 64.50
EtH Soybean meal 21.00
HAFFRI Cottonseed meal 1.00
TV JFRFFUF Linseed meal 2.00
A ¥} Limestone 8.50
TIEA} Premix " 3.00
A1 Total 100.00
# 37 /KF Nutrient levels”

HEF B CP 16.46
AW AP 0.22
W4 R Lys 0.78
AR Met 0.39
7322 Thr 0.58
i Ca 3.50
&L TP 0.50
RiHE ME/(MI/kg) 11.08
& Folic acid/( mg/kg) 1.35
#i4:-% B,, Vitamin B,/ ( pg/kg) 25.00

1) TR B A AT 5 AR 2 fit The premix provided the
following per kg of the diet; CaHPO, 10 g, K & R Met
1.4 g, #i% M Lys 0.4 g, fH#2 1 phytase enzyme 1 000 U, 5%
ALHETE choline chloride 1.0 g,NaCl 3.0 g, VA 14 400 IU,
VD, 5 400 1U, VK, 2 mg, VE 32 mg, VB, 2.4 mg, VB,
10 mg, VB, 4 mg,VB,, 0.025 mg, "R folic acid 1 mg, HHAL
niacin 48 mg, D—JZ B24% D-calcium pantothenate 14 mg, £ 4
# biotin 0.16 mg, Cu 8 mg, Fe 50 mg, Mn 100 mg, Zn
90 mg,I 0.4 mg,Se 0.36 mg,Co 0.26 mg,

2) AR B A R R AR AR R B, O SEIAE,
¥Rt E, CP, Ca, TP, folic acid and vitamin B,
were measured values, while the others were calculated val-

ues.

1.2 AFEE

FH 3 JZ B e TR, B 3 R, %58 6
R LAEE  KEEES 0 TS RAT T 2
2. ARERRMA SR B R EIRETE R 16 h, XS4 i
JEHIAE 25 CAS, HHKOK, B RRE 2 K
(09:00 F115:00) , F SR8 KUFIZA ] 171 1T 38 XUAH 25
B ER 16.30 HEIFIC AR E , H A 55 5
Y MO AT
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Table 2 Experiment design

4R B, BN
o131 PRI A Vitamin B,
Groups Folic acid supplemental supplemental levels/

levels/ ( mg/kg)
(pe/keg)

I 0 0
I 0 25
I 0 75
v 2 0
\ 2 25
VI 2 75
Vi 5 0
VIl 5 25
X 5 75

1.3 HRRELEMIBRNE
1.3.1  AEr=iae

G R L& B Oy A C Sk HOR B i
PR AR SR O AR RO AR B, R
H AR RHER A= R,
1.3.2 EME

R ], g B R R R 3 MOz IR 1
HEMNYE(n=18) & FILIE 5 H7TmE &
FUEE EEB6O RIRRA BN SE P&
O E NS E, TR e A &S
FHX (EA-01, LI {0%1]) ORKA 5¢58 &L (EFO-
501, Lhag]) #5525 B {L (MODEL~-1061, H 4 )
AR T-43 R (MODEL-P-1)
1.3.3 /MNaHLUER

WIS, MEEER T 2, 46 X
X ERE 12 h, SR C W R AE B 4 g &
Ji 0 ] gy 1) [) — 38 57 i 1 75% 1 v ik R R v AE
4 CTHBEPRAT, He BRE 7 ke A 85 ) |, A
F Image-Pro Plus %4 & /)N i 4% #4095 & =5 &
MBEIRE IR V/C i, B hREAME 2 4
ESY R, Bk R e E 3 ST B LT )
S E 10 AR  HAP AR 1A I0E s
1.3.4 /Mg RNA HE ORI 5 5%

X S0 5 IO T I B FE , SR FH TG A 45 4 T B
T AR M S WA e g R — A AR A, ' T

—-80 CHF . R Trizol 4 B4R+ —+5 M . =5
Ja Fnlal iz 21 270 4 RNA, A% R 85 14X 22 RNA
SEAETE VR BE RN AEE ) 4% IR R & U A
i ¢cDNA,-20 CI-17E4 .
1.3.5 5l¥ixit

M5 NCBI Wl 7 %5 405 P2 v A 81 28 1 (occlu-
din) ME&EH -1 (claudin-1) HAHF/PMAEH-1
(Z0-1) . % & H 2 (MUC2) . Toll ¥ 32 {k 4
(TLRA) A% %% 5 A ¥ —«B ( NF-«kB) | JM 96 I8 5 [A]
F-a(TNF-a) \FHAANZF -1 (IL-18) . FI A ML/
F-10(IL-10) 1 H 48 A 3] - 13 (IL-13) HE Y
mRNA 751, UL -3l A ( B-actin) FE K 1E A 4
Z:FE A, 1 Primer-BLAST i1 & 5| %) (https://
blast.ncbi. nlm. nih. gov/Blast.cgi) . 51¥ 4 T.4
YRR L) By A R A E AR 5 F 5
%3,
1.3.6 LW 7 PCR

PLA Y cDNA N 547, #42 i SYBR Premix
Ex Taq™ T30 & Ui B, 76 52 2¢ )% 52 & PCR Y
AT RO A R 95 C AP 30 5,95 C AR
55,60 CiB-k 30 s, 3L 40 NMEH, R MY E &
AT, LA B-actin fE M NS FEH SR 279 g4t
HHBFER mRNA X R A E
1.4 HIBEAEINSEIT S

R B B 25 Excel 2010 %) 45 % )5 ) w7
SAS 9.2 #ff ) — £ AR AL ( GLM) 2 7 12 3%
WX BRI AT 2250 0T, LA & AR S T,
BEA ) BN AL G R 4R E R B AR K
T EAERN, F A % 22 R4, i/ ik
EZ5 (LSD) Ik LB E A Rl 1 25 5 W e, 25
LI B E AN (bR 2% (SEM) 7R, P<0.05
RREFTE,

2 H#R55W
21 MHEBMELEEZB,NEEFEHRIED
4P RERI N

1% 4 n] 1, R IS A [8] 7K SF- i i R R 4
AR B, S B AR X ™ R e i A T 41 AR Y
FEH R E PR EERE BRI E R T
220 (P>0.05) .
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Table 3 Primer sequences
A GenBank &5 B 2]l 5|1YK
Genes GenBank accession No. Primer sequences (5'—3") Primer length/bp
F. ACGGCAGCACCTACCTCAA 19
LA i i 37. :
HIBIE P Occludin D21837.1 R:GGGCGAAGAAGCAGATGAG 19
N F.CATACTCCTGGGTCTGGTTGGT 22
4 & -1 Claudin-1 AY 1 :
M Er & FI-1 Claudin 750897 R:GACAGCCATCCGCATCTTCT 20
N F.CTTCAGGTGTTTCTCTTCCTCCTC 24
A /N ZE -1 ZO-1 XM_021 1 :
MR 0 021098886 R.CTGTGGTTTCATGGCTGGATC 21
F.TTCATGATGCCTGCTCTTGTG 23
% 2 MUC2 XM_41035 :
MiEH 2 MUC - R.CCTGAGCCTTGGTACATTCTTGT 22
o F.GGCTCAACCTCACGTTGGTA 20
A
Toll #52{k 4 TLRA AY648165.1 R:AGTCCGTTCTGAAATCCCGT 20
F.GTGTGAAGAAACGGGAACTG 20
3 —kB NF-xB NM_205129 :
P T —x K - R:GGCACGGTTGTCATAGATGG 20
F.GAGCGTTGACTTGGCTGTC 19
AR —a TNF- M_214022.1 :
MRASEN T —a TNF-a NM_2140 R:AAGCAACAACCAGCTATGCAC 21
F.ACTGGGCATCAAGGGCTA 18
S Z-1p IL-1 NM_214005.1 :
FATIA 3 -16 IL-15 - R:GGTAGAAGATGAAGCGGGTC 20
F.GCTGCGCTTCTACACAGATG 20
S =10 IL-10 NM_001004414.2 :
HATI A - R:TCCCGTTCTCATCCATCTTCTC 22
F. TCAAGGATCGGAAGCTGTCA 20
4 AN . 1 .
FIAHLAY 3R 13 1L-13 AJ621250.1 R:GTCCTTCTTGCAGTCGGTCA 20
I 4 F.CAACACAGTGCTGTCTGGTG 20
- ~act L08165.1
B-MEhEH B-actin R:ATCGTACTCCTGCTTGCTGAT 20
T4 MHEBEMEEREB, N B RAdEBE NN
Table 4 Effects of folic acid and vitamin B,, on performance of Jinghong
laying hens at peak production
e S H T Fe8ER Laying rate/%
i RETTIES S SN FHEL ‘ ’
Items ADFI/g a8C CE8 Feed/egg A E
weight/g Adjustment period Experimental period
2H 51 Groups
I 126.87 64.74 2.22 88.05 88.41
il 127.76 64.56 2.21 88.53 89.65
m 128.82 64.98 2.19 90.15 90.40
I\ 129.34 64.99 2.18 89.44 91.21
v 129.52 65.21 2.15 90.79 92.31
VI 126.76 65.10 2.16 87.48 90.10
VI 126.18 63.07 2.20 89.83 90.61
VI 128.68 66.11 2.20 88.40 88.26
X 129.20 65.67 2.22 87.23 88.80
SEM 2.04 0.65 0.06 0.02 1.34
FE RN 43T Main effect analysis
i 0 127.82 64.76 2.21 88.91 89.48
Folic acid/ 2 128.54 65.10 2.17 89.24 91.20
(mg/kg) 5 128.02 64.95 2.21 88.49 89.22
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S LTRSS N HEIL JTHRCH Laying rate/%
Items ADFl/g ver.a ge ceg Feed/egg AR ERH)

weight/g Adjustment period Experimental period
SEM 1.18 0.38 0.04 0.01 0.77
Y B, 0 127.46 64.26 2.20 89.11 90.08
Vitamin B,,/ 25 128.65 65.30 2.19 89.24 90.07
(pg/kg) 75 128.26 65.25 2.19 88.29 89.77
SEM 1.18 0.38 0.04 0.01 0.77
P {8 P-value
P2 Folic acid 0.904 0.814 0.613 0.899 0.174
#i/t: & B, Vitamin B, 0.768 0.104 0.944 0.818 0.948
MR x4di A& B,

0.680 0.103 0.997 0.653 0.423

Folic acidxvitamin B,

[ AR AN RN PR ROR 225 .3 (P<0.05)  JEARIC 7R U R/ NG FRER R 225 A 38 (P>0.05) , T[],

In the same column, values with different small letter superscripts mean significant difference ( P<0.05) , while with no letter

or the same small letter superscripts mean no significant difference ( P>0.05). The same as below.

22 MBMELEEZB, NMEFEsBEHRAEN
TR

Hi % 5 n] 1, )RR I o i R o R e 0 3
RN IR A SR W G A B 5T LR
H B FE (P<0.05) MR INgE: R B W ETE
JEL 8 T EG B ATt 3 R0 ( P<0.05) IR A 4
A F B, I AR BRI SR A 355 (P<
0.05) 71, Xt H AR bR TC B E 5 ( P>0.05) , 45
MR e A 2K B, A INAH (T ~ IX 41 ) 1A (R P 1
WEETREMHACTIH) (P<0.05), HAVAH
(AN 2 mg/kg MAR+25 pe/kg 4i/E K B,,) i,
23 MBMELEB, N EaEHFRIEN
INGBARSH M

HH % 6 TT 1, ) R o i R ke 7 R v g 3
LRSS f A Bl i 48 6 = BE RN V/C HI A B E 5
M) ( P<0.05) , WA IN4EA 2R B, X+ 48z A lnl
Wk B FEF V/C{EA W5 (P<0.05) , FHIR
M2 B, I EAERON X+ 38 M= moiE
M V/CHA RERM(P<0.05), T4 .V
A VAMMA T+ g EmEREs T 14
(P<0.05), VA 43 vV/CHEEST 1 4M
VI (P<0.05) ; VA5 W 90 B B f v/C B 3%
T THMI YA (P<0.05), Z5RFH, VHEN
AN ZEEES Y E R RN 71 i AR S Y T
24 MBMELEB,NMFEaEHFRIER
INEREIEERXERRIENZME

MR 7 AT, ARDRL S R kA & B, M
ARG fiE 2 R v R R W L T

% occludin . claudin-1 . ZO-1 1 MUC2 mRNA #H Xt
FiAE (P<0.05), VAT =38 occludin , ZO-1
mRNAAAXFRA 44 4 25 5 14 T2l 4L VAL VI
AIX A (P<0.05) , VIZL+ — 38 claudin-1 mRNA
ANk B B TR VAL /MG A4 ( P<0.05) , V
H+ 48 MUC2 mRNA HX} ik 8 2% 5 TR VI
AN H A2 (P <0.05), 40+ — 48 I MUC2
mRNAAN 5 & I 5 T14H (P<0.05) .

A K S o M R X 25 i occludin | claudin-1 £
MUC2 mRNA FHX} £ ik &4 B E#m (P<0.05),
X} ZO-1 mRNA AH X} F ik & & B & % mw (P>
0.05) ; FAME TR N4 4= & B, AU 25 [ MUC2 mR-
NA FIXF AR A B FH W (P<0.05) ; MR 4k
R By, U HAE RN X % B occludin, ZO-1 Fl
MUC2 mRNA AHX} R iE A W E 5 (P<0.05) ,
V425 occludin mRNA ANt R A E R HEm T 1
HAIXH (P<0.05), Il 24025 % ZO-1 mRNA A %}
KREDEST 14 (P<0.05), VAZEH MUC2
mRNA FHXT Ik i i 2% T HAAL (P<0.05) .

TRV S I BR AN % 81 B occludin mRNA AH X%t
RIBEA BELW(P<0.05) ; A M4EL: R B,
Xt M7 occludin A1 MUC2 mRNA tHXT R EEAR I
FR(P<0.05) ; R A4EA: R B, B B AR Xt
[f1 /% occludin Fl MUC2 mRNA X%} ik A i 3%
2 (P<0.05) , VAR VIZL % occludin mRNA
AR Rk i i T H A A 4 (P<0.05) , VIZH 9]
s MUC2 mRNA MiXf Rk B Em T 14, 041,
IV X 4H ( P<0.05)
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25 MBMELEB,NMEEaEHRFRIEN
VB A TE MR R B E R IE R 2 M

HH 2% 8 FI AN, BRI U N4 25 &= B, X 7 =
W 2T R XY 1 38 % IL-13 mRNA X 5 3k 5
TR R (P>0.05) A1, Tl KL a8 I i iR Fn 4k A= R
B, X A8 W 48 A AH OC JE IR 3R 8 YA 35
(P<0.05) ; MR FI4EA 2 B, B9 B AEROW X+ 48
M TLRA NF-kB IL-1B il IL-10 mRNA AH X ik &
ARELW(P<0.05), B 14+ —48 % NF-«B
mRNA FiXfELES T H IR H 27 (P>0.05)
S T~ IX 20 + — 48 3 TLR4A  NF-kB . TNF-a Fil
IL-18 mRNA fHX] Kir EH B FMT 1 4 (P<
0.05), T4 . VHAFVIAH+ 38 IL-10 mRNA #{
YRR R EEST [ 4H(P<0.05),

B R R R 4 2k & B, %48 i IL-18 mRNA #

Xf IR I W E I (P>0.05) 4M, GRS 0 iR
FAEA: R B, b 25 W RAEAHOCEE R Rk 4 B 3%
RN (P<0.05) s R F4EL: R B, I AR N X 4
W% TLRA NF-«kB .TNF-a  IL-1B 1 IL-10 mRNA #H
XERBFEHARELW(P<0.05), VA
TLR4 mRNA AHX} ik 5 B Z L F X4 (P<0.05) ,
Il ~ X425 NF-kB mRNA i %f ik 5 B Z{% T
[ 41(P<0.05), I HAI M 2H =5 TNF-a mRNA #H
MEIEEESGTNVNA VH VIAMIAH(P<
0.05) , B M4 A1, HoAth & ¥ I 2H 25 i IL-18 mRNA
X R IA B B EMRT 1 4(P<0.05), VAW
IL-10 mRNA Hf X% ik & 8 % & T H A% 41 (P<
0.05) .

TRV IS I R 53 % 181 i IL-18 1 IL-10 mRNA
FRXS 23k BT i 5200 (P>0.05) Fb, X H Al 35 b5
YIE B E 50 (P<0.05) ; KIS 4 A4 & B, %) 1]
% TLRA . TNF-o . IL-10 Fl IL-13 mRNA AHX} £ 15 5
YIE B &0 (P<0.05) s MR A4E 4 K B, 1 HAE
8 % 81 i TLRA NF-kB . TNF-o IL-18 IL-10 F11 IL-
13 mRNA X} I8 &40 &5 ( P<0.05)

3 i
3 MBMELEB, M EaEHFRIEN
a3z 0p A1)

MR R KIAEYE B AR AR B —

B A 1 S T, V90 0 T DAy 2 R R LR v —
LRI A S 58 A T AY A R XA o B
W AERKEFIEWEZT ) MEXSEZ iR 2
ARAR, P BARKEAL  AEAE, 200 A a5
JLRE DL R 2 D RE AR T S5 AEIR 5 B = 4R 2R R B, N
ATRE R AR & A K A R A4, ik
VST U, DA AR KR A S e R T L
PREHE Y H R E, B L3 mg/kg R A AL AL
o b, BE % ok Y W 5T R W, A R A
1.64 mg/kgM W2 AE 1 % ¢ = 8 Jal i PO 09 - 24 H R
RRIPE T, Jing 250 BFSE 20 1/ -
TRV AR I 4 mg/kg MR M 24 JE IS EE A
8 JH i E R T HEEMH =& E , Bagheri 251"
WEFE W] T AR T8 0 - R BB 6% 1 25 2 /&5 52 ~ 58 J]
W X Y P AR R R L, (HW A TR
TR S N TR X B A T g i 3 Y
w2 S S AR IR B g 45 R — 3L
32 MBMELEZB,N"EFEHRIESG
TR

VM R i BT 0 AR AR AL S R R 45 B R 5T
SREE TR R | e TR AR
&, MRUNEAMRIELLS 5 E &R AR M
22 RS AR, i AR &R B, v i IR L 2
DO S DT 2 g Ik 1 1 R R R R R
MIEZR 8 K — R AL R B 5 — B ] 1
1%, FCAI B2 52 e 250 14 A 7= PR e S BB ST i 6
El-Husseiny %5 W5 £ 0, R i A= & B, Ml &
R 1) FAERN A] 23 28 ~ 43 JA 4 H P A
W (H X 58 R B T W3 5, R N4
R BRI AT i 33 A B X0 1) B ST R
Hr0.5 mg/kght iR +0.01 mg/kg 44 % B, 4HE
Seuk B KN 4.2 kg/em?®, X B & T
17.32% ", ARGB G KR ek i i 4R T
XS ) EIC AR BN B 7 )R R F 4k R B, |
VERG N i 35 42 i 1Ay 2 RS TS A, B 3
2 mg/kgM R 25 we/kg 4E4: K B, I, WA FC LA
i o T QA By | 3 XY 2 R 1 o B A
XL UL B AR RS It R A4k R B, S, WY B I
LR s
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33 MBMAELEB, M EaEHFRAEN
INGRRFSHF

C LN S E S G i e = 177 1 R
W B IEAE R 8 R B W WY T 3 BT, A R
REBMEEEREXEE, BHEREHE RS
TR K V/CERE I B B RGO . M R 2 41
SR R 56 RV R A 5 T e D RE I R R AR
YR B RSN S e b 5 45 48 1 5
1M H Y E THUAXTE F=Y) B Wi 71, 918 B
K, W18 508 77 o ) 5 fk T BB 28 SR ) Y
MR ATl 22 s TR S IR S 4 4 T RE R
MR W B K AR I V/C (B RE S I B
B AL B T RE A AR B A 5 R
RIL,FERLES N 2 me/kg MR AN 25 pg/kg 4E A4
R B, I, P EXS A+ TR A R R V/C
{E 38 TARUS AL, HoRMR L REAIR = 8RR
R, T BRS04 AR R B, v R A 1A
FRRAZUB S, A 7 W 18 %0 5 5 W) B i W Iac
34 MHEBMELEEZB,NMFESERRIES
INGRIEThBE X BEERIXH I

i 3 56 5 5 s ) 3 R 45 A4 1) 50 R 1k R A R K
BlpEdRmAe > B EE N E L, SN pE
Rt B L AR LA I | Ak 27 B e | G g5 ot e AL
AP R HLBRE RS R 2R L R A0 4n
I ) B8 5% 37 4 A 5 ) 2L G, R W 3 R e v e R
A5y, BEE SR TR E DI REE E
AT By, Hop occludin | claudin-1 F1 ZO-1 J& 3 Fh =&
HERYE H A, WS & B, occludin | claudin-1
F1 ZO-1 Wi/ 238 hin f 1B 38 3 V| D e 7E I 18 R %
BB R R E AR T AR bR S
TRE SN LR MR )Z . B2 2L
A0 J 3 o SR A D AR O S 1 G BT 2, MUC2 2
FH PR 200 B 4 4, 2 08 B/ 0 R 2 1 R R
F1, B MUC2 335 it 2 AR S WA 7 18 fa AR 3
B E I AR — 2 MUC2 #4526 T )2 445
a2 [ I PR 5 B AR M, BB A AL R 3 g b
B2 A0 M K P R R AR AR R rE R S 4 A
R BLEKG N MBI WL T B2l MER &
BREE LR EARLTE A, AEERR
W1, AR MRS TN 2 mg/kg MER AN 25 pg/kg 4E4EE B,
45 7= X+ Z 48 B M %5 B occludin 1 MUC2
mRNA AH X% & 35 5 3% 52 5, 31X 30 B ) R S
2 mg/kgM Rl 25 pg/kg 4E4E % B, W RILE &

o 158 7 P, K0 SRR ) AR BHLE 20 T 7
TR SR TE R0 O R T B o AR RN s o R
P W% X 5 AR RS & AR TR N 2 mg/kg
MR FN 25 we/kg 4E4: % B, W E R T 48 m
WA E M V/CAEZE A —3, L 3RAT]
e R M 4E A= K B, AT BB AL 2 V/C (5 1A
B E L MUC2 ik 15 2k 48 35 Fik
2 I Wy BRAL A B R D RE £ i i 18 X SR )
JoT A3 A R AL
35 MEBMELEEB,MN~E5EHRIES
INBR SR REFE R B B R A B RN

i 3 2 S5 s 5 B P W T AR O 4 40 R B A
FRLRE) B, 38 2 430 S e BR A 1 L 40 R I T R TR R
LRI R, I A, TLR4 5 bz 4
J5 B 5 MR 56 . TLR4 15 i B I 48 P 5 95 v 9
g E R R, IF H TLRA 19 3£ 5K F 4 B,
TLRA FEPR 32 3K 7] 52 W) T Ui A5 58 2% 02 48 4f Jfd A
F TNF-a I IL-1B8 (4774, i TNF-a IL-1B fig
EnI R R A BRI, 2 5 W 18 R RN 1Y Kk
AR PUR AR R T IL-10 A IL-13 BE % 7 1A
PRI TG AL A T 200 M A 1 e R, 4 o R
FE S & A, PR AN B, = 8 S EUA
200 i 250 ik /L VA T 40 ) R A R T R e R T
a1 B PR A I B RE S Y e
WF5E 2 HH , ARDRR I8 05 ‘B 50 e A I R T B ok
UL AR, P2 S AP AE PO #E U BE 1. Abd Al-
lah 2 B4 26 B, ARDRR S I iR vl LA B A1 /s BRURF
JfE 29 R 7 NF-kB Fl IL-18 19363k, A5 45
T, RN 2 meg/kg MR A 25 we/kg 4E A
E B, ERMK+ WA= TLRA  TNF-a il
IL-18 mRNA X} ik &, 1 5 BEAKR Wed% sk K 1
NF-kB mRNA #Xf ik &, i > 7 W if R
YR I & A, Ul B R R R ON 2 mg/kg B R A
25 we/kgditE & B, Wiz B 18 {d i A OE 1) IR
VEFE . (EAE [z, R RN 4 A= R B, B AR RGN X
TNF-ofll IL-13 mRNA Hf X% 3% 3k &t K 77 4F W 2% 5
ey, 15 B R AN 4k AR 25 B, AR AN TE S [ 7 38 [8]
fEE—EMZESE, XS RE T 4 M
2 R e AR 56 R A & B, T AR R
2 mg/kgM B2 Al 25 pg/kg 4K B, AR & +
I8N ZS [ IL-10 mRNA A% 2354, Ui i iR
Fge 2 B, HAE AT DL oo 38 5 (A S g, 4k
EfERE
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[J]. Chinese Journal of Animal Nutrition, 2018, 30
4 &£ i (10) :3930—-3940. (in Chinese)

TRDHRL S 0 345 L 7K SF- 4 i R R4 A= 3R B, T 42

S L3 AR ¢ p CF g ] S AN R VAN e
iR RE A LOEE, LR iR s g
occludin . ZO-1 MUC2 I IL-10 mRNA fj ik, F
P+ 48 W M2 % NF-kB . TLR4 N R e {55
B% TNF-a Fll IL-18 mRNA #3635 , ik 1M 1 5% iz i
T, AP, DU (F 1.35 mg/kg
FR A 25 we/kg 4E4EE B,) I 2 mg/kg MR Al
25 ng/kg A4 R B, BORENT .
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Effects of Folic Acid and Vitamin B,, on Performance, Small

Intestinal Barrier Function and Related Gene
Expression of Laying Hens

WU Xiaotian WEN Zhao LI Ruirui BAI Yan WANG Rui YANG Yu"~
(College of Animal Science, Shanxi Agricultural University, Taigu 030801, China)

Abstract; The aim of this study was to investigate the effects of dietary different levels of folic acid and vita-
min B,, on performance, egg quality, small intestinal tissue morphology, small intestinal barrier function and
related gene expression of Jinghong laying hens at peak production. A total of 972 Jinghong laying hens at 28
weeks of age were randomly divided into 9 groups with 6 replicates per group and 18 hens per replicate. Using
a two factors with three levels experimental design, the experimental diets were supplemented with folic acid
and vitamin B, at different doses in the basal diet, the folic acid was set at three supplemental levels of 0, 2
and 5 mg/kg, and vitamin B, was set at three supplemental levels of 0, 25 and 75 pwg/kg, respectively. The
adjustment period lasted for 2 weeks, and the experimental period lasted for 8 weeks. The results showed as
follows: 1) dietary folic acid and vitamin B, and their interaction had no significant effects on the performance
of Jinghong laying hens ( P>0.05). 2) Dietary 2 mg/kg folic acid significantly increased the egg shape index,
egg shell thickness, yolk color and Haugh unit ( P<0.05) , dietary 25 pg/kg vitamin B, significantly increased
the egg shell thickness and Haugh unit ( P<0.05) , and their interaction significantly increased the Haugh unit
(P<0.05). 3) Dietary 2 mg/kg folic acid significantly increased the villus height and villus height to crypt
depth ratio (V/C) in jejunum and ileum ( P<0.05), dietary 25 pg/kg vitamin B, significantly increased the
villus height and V/C in duodenum ( P<0.05). The interaction of folic acid and vitamin B,, had a significant
effect on the villus height and V/C in duodenum and jejunum ( P<0.05) , which in the 2 mg/kg folic acid and
25 pg/kg vitamin B,, supplemental group were significantly higher than those in the untreated group ( P<
0.05). 4) Dietary folic acid and vitamin B, and their interaction had significant effects on the mRNA relative
expression levels of occludin and mucins 2 ( MUC2) in duodenum and jejunum ( P<0.05), which in the
2 mg/kg folic acid and 25 pg/kg vitamin B, supplemental group were significantly higher than those in the un-
treated group ( P<0.05). 5) Dietary 2 mg/kg folic acid significantly decreased the mRNA relative expression
levels of Toll-like receptor 4 ( TLR4) , nuclear factor-kB ( NF-kB) , tumor necrosis factor-a ( TNF-«) and in-
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terleukin-13 (IL-18) (P<0.05), and significantly increased the interleukin-13 (IL-13) mRNA relative ex-
pression level (P<0.05) in duodenum, jejunum and ileum; dietary 25 pg/kg vitamin B,, significantly de-
creased the mRNA relative expression levels of TLR4 and TNF-a ( P<0.05) , and significantly increased the in-
terleukin-10 (/L-10) mRNA expression level in duodenum, jejunum and ileum ( P<0.05). The interaction of
folic acid and vitamin B, had a significant effect on the mRNA relative expression levels of TLR4, NF-kB,
TNF-a, IL-18 and IL-10 in duodenum and jejunum ( P<0.05). The mRNA relative expression levels of TLR4,
NF-kB, TNF-«a and IL-18 in duodenum and jejunum in the 2 mg/kg folic acid and 25 wg/kg vitamin B, sup-
plemental group were significantly lower than those in the untreated group ( P<0.05), and the IL-10 mRNA
relative expression level in duodenum and jejunum was significantly higher than that in the untreated group ( P<
0.05). In conclusion, appropriate level of dietary folic acid and vitamin B,, can improve the egg Haugh unit,
small intestinal tissue morphology, small intestinal barrier function and expression of genes related to intestinal
inflammation of Jinghong laying hens at peak production. It is better to add 2 mg/kg folic acid and 25 wg/kg
vitamin B, to the diet ( containing 1.35 mg/kg folic acid and 25 wg/kg vitamin B, ) .[ Chinese Journal of An-
imal Nutrition, 2021, 33(5) :2616-2630 ]

Key words: folic acid; vitamin B, ; laying hens; performance; intestinal morphology ; intestinal barrier func-
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