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Effects of chicken-derived compound probiotics on immunoglobulin
and Toll-like receptor pathway of broilers

HE Mengchu'’, LI Siting'", WANG Zhi', SHU Yingshuang', GUI Xueer',
ZHU Ji¢’, LI Jinchun', WU Jinjie'
(1 College of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, China;
2 Xuancheng Muzi Poultry Cooperative Society, Xuancheng 242000, China)

Abstract: [Objective] To investigate the effects of probiotics on serum immunoglobulin and intestinal Toll-
like receptor pathway in broilers. [Method] Ninety one-day-old white feather chicks were randomly divided
into three groups including control group, low-dose probiotic group and high-dose probiotic group. The chicks in

control group were fed basal diet, 10° cfu probiotics per kg basal diet were added in the low-dose probiotic
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group, and 2x10’ cfu probiotics per kg basal diet were added in the high-dose probiotic group. On the 21st day,
ten chicks in each group were sacrificed by bloodletting, and the samples were collected immediately for ELISA,
immunohistochemistry, qPCR and Western blot. [Result] Compared with the control group on the 21st day,
the feed conversion ratios of low- and high-dose probiotic groups decreased by 9% and 12% (P<0.05), the IgG
levels in serum increased by 28% and 40% (P<0.01), and the IgM levels in serum increased by 44% and 58%
(P<0.01) respectively. The protein and mRNA expression of TLR4 increased by 33% and 28% respectively in
low-dose probiotic group (P<0.01), and the protein and mRNA expression of AP-1 increased by 106% and 67%
respectively in low-dose probiotic group (P<0.01). The protein and mRNA expression of TLR4 increased by
106% and 69% respectively in high-dose probiotic group (P<0.01), and the protein and mRNA expression of
AP-1 increased by 163% and 98% respectively in high-dose probiotic group (P<0.01). [ Conclusion] Feeding

probiotics can reduce the feed conversion ratio in broilers, increase the levels of IgG and IgM in serum, and

enhance the immunity by regulating the expression of Toll-like receptor pathway proteins.

Key words: white feather broiler; probiotics; immunoglobulin; intestine; Toll-like receptor pathway
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*1 ERERERMEFRKTE (RTEAH)

Table 1 Composition and nutrient levels of basal diets (air-dry basis)

FEfit H AR Basic diet wi% B 7820 4> Nutrient component Wwi%
FK Comn 55.71 HE 5 Crude protein 21.00
M1 Soybean meal 32.57 £5 Ca 1.00
ERE A Corn protein meal 5.00 1 %% Available P 0.41
K& Soybean oil 2.50 BEIR Lys 1.25
1) Limestone 1.34 HEAR Met 0.55
TEAL Premix 2.88 HERHIEETR Met+Cys 0.90
i E?/(MI-kg ") Metabolic energy 12.34 7128 Thr 0.88

D)FRRA A AT 2RI, 424 £ A 10000 TU, 454 %D, 2500 1U, 44 %E 25 mg, 44 %K, 5mg, 44 %8B, 2.5mg, 44
%B, 7.5 mg, %4 4B, 5 mg, 44 % B, 0.025 mg, JAE 50 mg, D—2 815 mg, *1 1.5 mg, £4%0.1375 mg, Cu** 6.4 mg, Fe**
90 mg, Mn*" 106 mg, Zn>" 70 mg, I' 0.80 mg, Se** 0.30 mg; 2)X A 4 i+ A4, F 44 5Ll fA

1)The premix provided the following per kg of diets: Vitamin A 10000 IU, vitamin D3 2500 IU, vitamin E 25 mg, vitamin K;

5 mg, vitamin B; 2.5 mg, vitamin B, 7.5 mg, vitamin B4 5 mg, vitamin B, 0.025 mg, nicotinic acid 50 mg, D-pantothenic acid
15 mg, folic acid 1.5 mg, biotin 0.137 5 mg, Cu*” 6.4 mg, Fe” 90 mg, Mn** 106 mg, Zn>* 70 mg, 1" 0.80 mg, Se’* 0.30 mg;

2) Metabolic energy is a calculated value and others are measured values

MRS IR 5L T IRERE 77 76 37 °C fHIRAE
HREFE 24 h, RN A KB BRI, B
BRI — A S B — 6 9 1EY,
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Table 2 qPCR primer parameters
H:H Gk il O/ C TR /N bp
Gene Primer Sequence Fusing-off temperature Product size
TLR2 Forward AACATTCTGAAAATAACGGCAT 55.9 72
Reverse AAACTCCTGCATCTGTACCTGA 57.1
TLR4 Forward CATTCAAGGCAATTCCTACAGC 57.0 138
Reverse TTGAGAAACACAATGCCCTC 56.2
Myd88 Forward TGCCTTCATCTGCTACTGTCA 56.4 79
Reverse TTTGAACTCCGTTTGCTCC 56.0
TRAf-6 Forward CTCAAACGTACTATCCGAGA 53.6 70
Reverse AAATACCATTACATTGTTGTGC 53.6
AP-1 Forward CCGCAGCATCACATAAACCC 59.3 145
Reverse CTTTGATTCTCTCCTGCGACT 58.3

blot 45 %% ] AlphaEase FC %4347 2K FEAE 20 #7 o
2 BR55H

2.1 HEEEHKSMHR

S0 7458, Py B H B TR PR B ) FLIER AT B
BNCC134981 FHMEAIR ZF 14T B Bacillus cereus VP11,
¥ 2 FhalTE o B R FER RE 92 2 10° ofu/ mL, 28
JEET R TR TR &N 107 cfu/ g, FF
H 2 Fpgum b 101 BB E LR A, BRI s H R
HE R 5T
2.2 BPFAZBRAEETE

AR B AT H R & i b R 2 =y 12% 1
10%(P<0.05), 3 kb 25 A4 AR 24 m 1% A
10%(P<0.05). HAHERIALZRAEE . 5 14 R
I, it A= B A7) 2R R s 7 2P 3 4 o 0 i) L
S HEZH 5 8% AT 11%(P<0.05), & 41 1)°F3 H K £
B2 AN o AR B A B AR R B AR B
73 ) L B A 6% AT 8%(P<0.05). 55 21 KA, %
A2 TR I 791 R 7 7 2 R S 2 AR5 B 4 i) Bk
TR ZH 75 8% A1 12%(P<0.01), %A= B 77 4 7 )
A5 R b 2 A B AR R 4 7 4%(P<0.05), 752 [A]°F
WHREREEZESARE: AW KANEAS Sf&E

% 3 Al 4, 55 7 R, 2541 & v = 40

*®3 mERENGEKERENRN"

SRR EE 49 i) G HEZELAER 9% A1 12%(P<0.01).

Table 3 Effect of probiotics on growth performance of chicks

7d 14d 21d
S th Ej B EL n EI;E BRI EL n Elj BEAI LG
Group Fit/g T Ef/g F eed. e T Ef/g Feed. ke T g/g Feed‘
Weight Dz‘uly converswn Weight Délly conve.rsmn Weight Délly conve.rswn
feed intake ratio feed intake ratio feed intake ratio
SR 103£18.2Aa 165.8+15.4Aa 1.61£028a 264+142Aa 427.7+19.6a 1.62+0.29Ab 426+38.7Aa 728.5£28.6a 1.71+0.46Bb
Control group
SHAEWMAEL  104£14.3Aa 165.4+13.2Aa 1.59:0.14a  285t16.9Ab 437.8+21.5a 1.52+0.45Aa 458+29.7Bb 709.9+38.9a 1.55+0.68Aa
Low-dose probiotic
group
SAEREREA  115£23.6Ab 181.7+29.2Ab 1.58+0.23a  292+23.3Ab 435.0+32.5a 1.49+0.51Aa 475+31.7Bc 712.5£26.5a 1.50+0.54Aa
High-dose probiotic
group

1) R PRI H T ELATEZ; FARBE G RR D K G FH5 5 AT £ 714 2)0.05420.01 89 23 7K-F (Duncan’si)

1) Data in the table are means + standard deviations; Different lowercase and capital letters in the same column indicate significant differences at 0.05 and

0.01 levels respectively (Duncan’s method)
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23 BIFRERER IgC 5 IgM 220K Mi& 1gG. IgM &R EFm T am A wmIKH &4
% 4 a5, 25 7 K, 410 IgG. IgM & & (P<0.01). 2 21 K, 764 B AR &= 41107 1gG.
ERAEE. B 14 K, WA FERAEAMTE [gG. IgM &85 H o 1B 415 28% F1 44%(P<0. 01) s
IgM & &40 B EL 3 R4 21%(P>0.05) A1 23% A EFEA M 1gG. IgM & & 7 b B4 =
(P<0.05), i A= T e 711 = 2 s IgG\ IgM A 40% Al 58%(P<0.01), 24 H KA EH S %ﬁﬂgéﬂ

FEXT A 1 28% AT 44%(P<0.01), si W m Al EA  MHEEERARE.
F 4 FEEXBIE IgG F1 IgM 2 EHE I
Table 4 Effect of probiotics on IgG and IgM contents in chicken serum p/(ug-mL™")
2 IgG IgM
Group 7d 14d 21d 7d 14d 21d
X HE4H. Control group 1265+134a 1312+87Aa 1341+£177Aa 8124+89a  851+£186Aa 869+150Aa

#AE W MKFIEZ Low-dose probiotic group  1323+67a  1587+142Aa 1723+73Bb  834+145a 1043+179Ab 1252+198Bb

32

i A2 =7 &4 High-dose probiotic group  1277+213a 1673+59Bb 1 880+214Bb  828+121a 1226+96Bc  1376+134Bb
DRI #IEE R R D KB FH5 3 &7 £ 714 5)0.05420.01 49 2 F /K-F(Duncan’six)

1)Different lowercase and capital letters in the same column indicate significant differences at 0.05 and 0.01 levels respectively

ﬁ

(Duncan’s method)

24 BHEBEEERSH Myd88. AP-1. TRAF-6 & 1 & 75+ 18 &k,
[HC F&s R E 1. H& 1AW, TLR2. TLR4. 3= Bk X I M g 4k B /M 5 g Bt 24 i v o
Y1 B1 Cl1
Y2 B2 C2
Y3 A3 B3 2 C3
Y4 A4i.:“,’."‘m""
Y5 A5 BS C5

100 pm

.....

?Hiﬂ’rl’r%iﬁﬁ@, ﬂﬂﬁ@ﬁ%/ﬁ%%
Y: Negative control; A: Control group; B: Low-dose probiotic group; C: High-dose probiotic group; 1: TLR2;2: TLR4; 3: Myd88; 4: TRAF-6; 5: AP-1;In
the figure protein positive expression products were stained brown-yellow, the nuclei were stained blue, and the cell membranes were not stained

El1 38+ "#5R Toll HZFBHRELNREHLE

Fig.1 Immunohistochemical photographs of Toll-like receptor pathway proteins in duodenum of chicks
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I 2 AT, ARG EA T 8% TLRA. 6 A 2 il b Xt R 4H 5 36%- 41%- 61% £
AP-1 F G FE I L AR ZH 5 28%(P<0.01). 2545 39%(P<0.01). 24 mmEH+ 46 5 FiE A
# A R4+ 38 TLR2. TLR4. AP-1 f1 TRAF- KOG EYE & T 2 E BIKFI R4 (P<0.05).
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1 : Control group, II: Low-dose probiotic group, III: High-dose probiotic group; In each figure, different lowercase and capital letters on bars indicate
significant differences at 0.05 and 0.01 levels respectively (Duncan’s method)
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Fig. 2 Effect of probiotics on optical density of Toll-like receptor pathway protein
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1 : Control group, II: Low-dose probiotic group, III: High-dose probiotic group; In each figure, different lowercase and capital letters on bars indicate
significant differences at 0.05 and 0.01 levels respectively (Duncan’s method)

3 FHEHEX Toll #ZFREEER mRNA HHRIEENFIT
Fig.3 Effect of probiotics on the mRNA relative expression of Toll-like receptor pathway protein
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I : Control group, II: Low-dose probiotic group, III: High-dose probiotic
group
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Fig. 4 Electrophoretic pattern of Toll-like receptor
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significant differences at 0.05 and 0.01 levels respectively (Duncan’s method)
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Fig. 5 Effect of probiotics on the expression level of Toll-like receptor pathway protein
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