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Effects of Bacillus licheniformis H2 on the growth performance and
gut microflora of broiler chickens infected with necrotic enteritis

ZHOU Mengjia''?, ZENG Dong''?, NI Xueqin''?*, TU Teng®, WANG Hesong'
(1. Animal Microecology Institute, College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, China;
2. Key Laboratory of Animal Disease and Human Health of Sichuan Province, Chengdu 611130, China;
3. |Institute of Animal Genetics and Breeding, College of Animal Science and Technology ,

Sichuan Agricultural University, Chengdu 611130, China)

Abstract To investigate the effects of Bacillus licheniformis on the growth performance and gut microflora in broiler
chickens infected with necrotic enteritis (NE), a total of 240 one-day-old broilers were randomly divided into four
groups: Group I (negative control) ,group II (NE experimental model) , group [l (chickens fed with diet containing 30 %
fishmeal and were infected with coccidiosis) , group IV (NE group supplied with feed containing B. licheniformis) . From
day 14 onwards,chickens form groupsIl . [ and IV were given a diet containing 30% fishmeal and were given with
coccidian on day 15. All birds in groupIl and IV were fed with C. perfringens (2.2 x 10® CFU/mL) through oral gavage
from day 18 to day 20. The trial lasted for 22 days. The results showed that:Necrotic enteritis reduced the bodyweight
gain significantly and impaired feed weight ratio (P<C0. 05) ; Dietary supplementation with B. licheniformis increased
the bodyweight gain of broilers; Clustering analysis of ileum microflora by DGGE indicated two clusters were formed, and
the similarity reached 0. 70; Moreover, compared with group II , the amount of Lactobacillus spp. was significantly
higher in group T and IV (P<C0.05),and the amount of Enterobacteriaceae family was significantly lower in group I
(P<C0.05)and IV and no significant difference was found compared with group I and IV (P>>0.05) . Therefore, dietary
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supplementation with B. licheniformis could improve the growth performance of broilers and adjust the imbalance of flora

caused by NE.
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Table 1 Composition and nutrient levels of basal diet
) & 4 &
Ingredient Content Nutrientlevel Content

K /(g/kg) Corn 51. 64 I H/(g/kg) Crude protein 21.17
T H1/(g/kg) Soybean 39. 60 E A/ (g/kg) Methionine 0. 49
AT/ (g/kg) Colza oil 4.30 || 45/ (g/kg) Calcium 1. 07
iR & 45/ (g/kg) Dicalcium phosphate 1.85 B/ (g/kg) Total phosphorous 0.71
BERRHS / (g/kg) Limestone 130 | e/ (MI/ke) Me 116
D, L-E& MR/ (g/kg) D,L-Met 0. 20
B/ (g/kg) Salt 0. 40
ABE / (g/kg) Choline 0.18
%4 /(g/kg) Vitamin Premix® 0.03
W JCRE R R/ (g/kg) Mineral Premix® 0.50
31/ (g/kg) Total 100. 00

O kg Z4E&4EEE A 50 000 U, 4% D; 10 000 1U, 44 F E 25 U 4642 %K By 2 mg, 4/ % B, 16 mg, 4
A3 By 6 mg. 4EE R Bz 0. 03 mg. 4EE R K 35 me AR 25 mg 32 FRES 25 mg, MR 0.5 mg. Q% ke MR HE
JCE & & :Fe 80. 00 mg,Cu 8. 00 mg,Mn 60. 00 mg.Zn 40. 00 mg,Se 0. 15 mg.I 0. 35 mg,

Note: (D Multivitamines provided the following per kilogram of basal diet: VA 50 000 1U,VDs; 10 000 IU, VE 25 1U,

VB, 2 mg,VB; 16 mg,VBs 6 mg, VB2 0. 03 mg. VK 35 mg, Nicotinic 25 mg, VB; 25 mg, Folic acid 0. 5 mg.

@ Microelement premix provided the following per kilogram of basal diet:Fe (as ferrous sulfate) 80. 00 mg,Cu

(as copper sulfate) 8. 00 mg, Mn (as manganese sulfate) 60. 00 mg,Zn (as zinc sulfate) 40. 00 mg, Se (as

sodium selenite)0. 15 mg,I (as potassium iodate) 0. 35 mg.



513

JIBAESE . HAZF AT B H2 X IR 98 PR S A= 1 e B 7 T8 TR 1) 5 Tl o7

L3 FERAFMMLEF
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Bio-Tek, 3¢ ) ; 7§ & W PG € AH KT (L
Y BE 5L 7 5 A PR A D s DGGE AH ¢ i ] (Bio-
Rad,. & K);SYBR Premix Ex Taq I CRK&EE &
WTHEAR AR . Nanodrop® ND-2000 # g & H
52 A% ( Wilmington, 3£ [E ) ; BAI 7500 Real-time
PCR 1Y (Bio-Rad, it & K ) ; M] Research PCR-200
Fl DGGE ¥ (Bio-Rad, & k) 5 £ 2 & 3 % R 2 0
HL(Thermo eletron corpration, & [H),
1.4 RWiIZITRIEFEE

PEHC 240 H 1 H g R 5-500 XS, B AL 43
A gL T S O IRED L [T AH GEBLZD
T 25 (R o+ 008y 26 R IV 20 o A 2F 764 3 B 3R
M), It drak 22 d, IV A B AN R0 o R 25 4 IR
JIn 0. 106 3 A< 2F 0 FF B FL 4 3R HORR (L0 X
107 cfu/kg) . £ 14 H &R, BR 1 2H 48 22 4] e 3Ll H
FRAMHL A2 AL B R VR I T 30 %0 by i H AR IR T
15 H i W ek d (100 77 B0 % /mL, 1 mL/H),
18~20 H & wF, 11 4LAIV 20 Y3935 220 1 mL i
B 2. 2X10° cfu/mL 7= I8 B T . HAR % 4
THE DR AR ] 550 o 9 A= B ER K . AR P AW R IR
IKFIRAE .24 hoG IR, KWL YRS A AR K5 4
B0 T s AR AR B MAE T L .

1.5 ARKMEENNE

ST 1 Hg 14 HEE R 22 H 8 B FR B
MU, T A i ) B 96 PR XS (9 (R 3 F (BWG) |
K& (FD AR e (FCR) .,
1.6 #&E & DNA fyiREUy 1§ % PCR-DGGE 43 #f

WIS 22 KA BEHLITEH 3 P R 4 H ]
N EY . %A E. Z. N. A. ™ stool DNA kit it 5]
A oFOMUER MR D BR M4 W S DNA. M
NanoDrop® ND-2000 #% 2 7 1 il 5 {54 I 40 B 4%
FR v B S At . Z BESCHERL6 JXT 4 B /Y 16S r DNA
SEP V3 AT R Y R 1.0 V6 BB A AL
LV . 4K J5 AR 4 160 2 B A5 Oy ik, i H Bio-
Rad Dcode £ 4¢x 41 i 17 PCR-DGGE HE ) HL UK
45 F 24 BR AR U {6 5 ] Bio-Rad GS800 Calibrated
Densitometer 54§ BURIEAT 3 B 5353 B (PCA) FiT 2R
Ko,
1.7 Real-time PCR E 29

WIS 22 KB ABEHLIEEH 6 P R 4 H ]
N EY . %A E. Z. N. A. ™ stool DNA kit it 5]
G oF MUCER R D BR M4 W S DNA. H
NanoDrop® ND-2000 #% & & I 22 {4 46 I 240
R ke B K 4l i, 2 BB SCwk [ 8] fff H Real-time
PCR A6} ] g 9 2590 vb B 40 B8 i Bk T8 R i A 7 45
AT E AT BRI 2,

%2 RT-PCR3|#FE7F
Table 2 List of RT-PCR primers

519 SIF(5-3") Z: 2% SCHR
Primers Primers sequence Reference
. F-CGGYCCAGACTCCTACGGG
BN Total bacteria [9]
R-TTACCGCGGCTGCTGGCAC
F-CATTGACGTTACCCGCAGAAGAAGC
W AFHE B Enterobacteriaceae family ) ) [10]
R-CTCTACGAGACTCAAGCTTGC
SR 1 bacill F-AGCAGTAGGGAATCTTCCA [10]
H I J& Lactobacillus spp. 0
‘ T PP R-CACCGCTACACATGGAG
F-CCCTTATTGTTAGTTGCCATCATT
W ¥R J& Enterococcus spp. [11]
R-ACTCGTTGTACTTCCCATTGT
. F-TCGCGTCYGGTGTGAAAG
W AT H JE Bifidobacterium spp. [11]

R-CCACATCCAGCRTCCAC

1.8 SHitsoHr
iz 1 SPSS 20. 0 ZE itk 47 BN & 07 25 70 #r »

IR LSD 3517 £ 5 H Ak, P<<0. 05 fE R 22 5 i
TR 25 SR FH P 2 8 AR R 5 38 I NTSYS
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2.10 X+ PCR-DGGE [Elii 247 Z R R 2507

2 HEREHW
2.1 K HUAT B R T M B 25 P 9 A K M A A
AL

M3 3 AT 14 H % I, 2% 21 1) P SR 2 4

2 5 VNN b AR 2 A KT B A PR XS R R L B I
FHASKH B X BA R T 4.86% . (k31 &
oS XA T E T 5.79% . 22 A, 1T 414k
WMEDENR T IHA. BEREEST I AP
0.05), SUAMt, NHRPSEEE,mES T4
Tl E#EH(P>0.05),

F3 MRFETE H2 HABE~ RN

Table 3

Effects of Bacillus licheni formis on growth performance of broilers

1~14 Hi% Days 1 to 14

1~22 Hi% Days 1 to 22

Trﬁt}fent i E /g Rfrd/g BEN/ (/0 I E /g RER/g BENL/ (g/9
BWG FI FCR BWG FI FCR

I 4 Groupl 361.33+8.63b 519.84+3.81 1.44+0.05a 751.33+£20.43a 1125.61+12.16 1.50£0.05 b

II 40 Groupll 358.42+8.23b 521.70+4.39 1.46+0.03a 659.00+22.19b 1119.38=+16.21 1.70+0.06 a

II 4 Grouplll 367.13%+10.41 b 523.92+2.99 1.43+0.06 a 694.80+22.13 ab 1102.69+13.40 1.59=+0.05 ab

N 40 GrouplV 382.2544.21a 522.254+3.85 1.374+0.03b 711.67+15.87 ab 1129.21+17.24 1.5940.02 ab

T RS /NG P RN 2 57 83 ( P<0.05) o F&RI.

Note:In the same column,values with different small letter mean significant difference (P<C0. 05) . The same as below.

2.2 ABEBFBRIBIWHER 16S rDNA VI RER K
BB PCR-DGGE BiERBEMER 55
1 PCR-DGGE K4 v, 2707 (Y 9 55 18 3% & &
Sk Jg S PR S ) O B R L O TR Y R AR R AN TR
(1R £ T 288 o 26 T 00 ) sz et G DO A b A T
FF TR . mE 1 R4 AN ZH G RS 8] i A
RS AR TR 2 0 HL UK 5T A% 2 TR TR A P 5 A

0.72

0.82

0.78

0.70

Ma

0.77

0.83

0.64

A WAFAE—E 2250 . Wik 1 R 4
K F) [0 i PN 5 00 T R 2 5 Sy W L G v IV
M CT 4D RN —FE. 5350 2 HE N —7E P VA
FT 0 e AR R 77 Yo A 70 %0 L 1M [T 4145
T 20 i d5e s AH L S 70 20 B AR 6404

DGGE K3 (9 3 1 43 73 Hr 45 28 (P 2) 5 R 26
o3 AT AR — 2Ll i E R o Ml A R T 1

1183
Ile

T
0.64 0.73 0.12

1.00

Ta~TcHTHRGFER; Ta~Tc R THRGHES; Ma~Mc Xl MHRGHES; NVa~Nc R IV,
1 HWBEFHNAWMAE 16S rDNA V3 X EFE B B PCR-DGGE [E i B %
Fig. 1 PCR-DGGE profiles and clustering results of 16SrDNA in V3 region from microbiota in ileum
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x4 HARSFRATE H2 X IR 58 MG 2 A 38 @ G E B A R &2 I
Table 4  Effects of Bacillus licheni formis on ileum specific flora of broilers
Ak 3 14 I 41 Il 41 Na
Treatment Group [ Group [ Group|ll GrouplV

BN Total bacteria 9.694-0. 31 9.6840.49 9.5640.22 9.80+0. 44
FLIFHE B Lactobacillus spp. 9.29£0.47 a 8.5540.39 b 8.9740.30 ab 9.15£0.53 a
¥ B FF Enterobacteriaceae family 8.5940.34 b 9.38+0.37 a 9.30%0.65 a 9.10=+0.56 ab

M ER W B Enterococcus spp. 8.56£0.31 8.37£0.52 8.51£0.29 8.78+0. 44
WL FF 4 )& Bi fidobacterium spp. 7.15+0.29 7.0440.53 7.104+0. 19 7.28+0. 38
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