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Abstract: This study was conducted to investigate the effects of Bacillus subtilis (BS) and Chitosan
oligosaccharides (COS) on growth performance, nutrient utilization, slaughter performance, meat
quality and cecal microflora diversity of AA broilers. A total of 288 one-day-old broilers with similar
body weight (4640.64 g) were randomly divided into 6 treatment groups with 6 replicates per
treatment and 8 chickens per replicate ( half male and half female ). The control group (CON) was
fed a basal diet, and the experimental groups were fed a basal diet supplemented with 5 10° CFU kg’
Bacillus subtilis (BS1 group) , 6 X10° CFU-kg™" Bacillus subtilis (BS2 group) , 125 mg-kg ' COS
(COS group) , 5X10° CFU-kg ' Bacillus subtilis+125 mg-kg ' COS (MIX [ group), 6X10° CFU-kg '
Bacillus subtilis+125 mg-kg™' COS (MIX [l group). The experiment lasted for 42 days. The
results were showed as follows: 1) From 1 to 21 days of age, compared with CON, ADG in MIX [|
group was significantly increased (P<C0.01), and FCR in MIX [l group was significantly increased
(P<<0.01). At 22-42 days of age, compared with CON, ADG in MIX [ and MIX Il groups were
significantly increased (P<C0.01). From 1 to 42 days of age, compared with CON, the ADG of
MIX [ and MIX [l groups were significantly increased (P<C0.01), and the FCR of MIX [l group
was significantly increased (P=0.01). 2) Compared with CON, the semi-eviscerated rate and
eviscerated rate of BS2 group were significantly increased (P<C0.05). 3) Compared with CON, the
crude protein utilization rate of broilers in MIX I group and COS group was significantly increased
(P<<0.05). 4) Compared with CON, there was no significant difference in pHys i, pHun, shear
force, water loss rate, L™, a” or 6" among groups (P>>0.05). The drip loss of breast muscle in MIX
I group was significantly increased (P<C0.01), but the drip loss of leg muscle showed a downward
trend, and the difference was not significant (P>>0.05). 5) Compared with CON, the Chaol, ACE
and Shannon index of cecal flora in COS group increased by 0.13%, 0.52% and 1.56%,
respectively, but the difference was not significant (P>>0.05). The Simpson index of cecal flora in
COS group decreased by 5. 2%, but the overall difference was not significant (P=>0.05). The BS2
group was significantly deviated from the other treatment groups on the PC1 axis. BS1 group, COS
group, MIX [ group and MIX [I group were close to each other and tended to gather, with more
overlapping parts, indicating that the composition of cecal flora was similar. At the phylum level,
compared with CON, the relative abundance of Bacteroidetes and Verrucomicrobia in the cecal flora
of broilers in MIX I group increased, and the relative abundance of Proteobacteria in the cecal flora
of broilers in BS1 group increased ; at the genus level, compared with CON, the relative abundance of
Bacteroides and Akkermansia in the cecal flora of broilers in MIX 1[I group increased. In summary,
dietary supplementation of Bacillus subtilis or Chitosan oligosaccharides alone or their combination can
promote the growth performance, improve meat quality, enhance the diversity and richness of cecal
flora, and ensure the healthy growth of broilers to a certain extent.
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A 5 FH AT S R A A G W 1 B | S e
1 22 Tl By 460 AH OC i R0k [N 3R 36, & #E D 6] 4R 4 1
o SR, R BS FICOS 7848 H 47U A9 BIF 5% 2 B
DR (H AR Y b Y RCR R LR
Gl o Bk, ASEES DL P RN S A 5 4 L 3R
FEBS I COS K 35 BEA W X Ho A K vEge )& 5
PERE PR STRE I B RE 2 AR PRS2, LU S BS
I COS £ R A 7= v g i F B4 2 5%

1 #MRERZE
1.1 R

A 50 I A R 2 6L BRI e SE A X S T R
PRl ST SRR B R VE Al 3K A RN AT BRA L Mk
£ 98% , 43 F <1 500 u; #ili B 2F AT B W A b ik
IRaR A IR A R E L SR E 1< 10" CFU-g '
1.2 REi&it

ARG 2R o R R 8 e R AL T, 16 B A
VT (4640.64 g) (A HE 1 H I & 3k 25 (AA) A
PG 288 H, BAIL 43 1 6 A~ Ab B2, B A Ab B 6 4>
HE BANEE A (ALY Hrhx |y
(CON) Tl M LAtk H AR, 5856 21 43 591 7 ) R 366 il 4]
) KL A ¥R 5X10° CFU-kg ' M 55 25 0 F1 1
(BS1) . 6X 10" CFU-kg ™" #f % 2F fi # & (BS2) |
125 mg-kg 'FEHEHBE(COS) .5X10° CFU-kg '# &
ZF 60 FF B +125 mg-kg ' e ZE M (MIX 1) . 6X
10" CFU kg "4 B 28 JFF 18 + 125 mg- kg ' 5¢ 5L B

(MIX [1). KW 42 d, 55K 1~21 H il 1 22~42
H# 24 BB o JEAl H MR 4% B8 NRC 5 #E (1994) F1
(XK FR AR HE) (NY /T 33—2004) B 41, 28 1 A8 37
KW,

®1 HRARKRERMS

Table 1 Diet composition and nutrients

&/ % Content

i H 1~21 H#®  22~42 H i
Item 1-21 days 22-42 days
of age of age
JE Bl Ingredients
E K Comn 58.95 60. 90
i Soybean oil 3.00 3.00
T HH Soybean meal 23.00 20. 00
HEFF U Cottonseed cake 5.50 6.00
SEAFUE Rapeseed cake 5.50 6. 00
{14} Limestone 1.07 1.22
&4k NaCl 0.37 0.37
WEIR A 85 CaHPO, 1.90 1.80
A% Choline 0.11 0.11
4 24 Vitamin premix’ 0.10 0.10
W) iR A Mineral premix® 0.50 0.50
A1l Total 100. 00 100. 00
B FF K Nutrient level®
fRBFRE/(MT-kg!) ME 12.26 12.64
LA 5T CP 21.07 19. 38
5 Ca 1.05 0.95
#i% BR L-Lysine 0.23 0.26
& W2 DL-Methionine 0.27 0. 24
B P 0.52 0.47
JEML R B NPP 0.37 0.32
HE AR+ AR Met+Cys 0.82 0.71

LT AR R A 4E AR . VA 900 TU; VD, 3000 TU; VE
26 1U; VK; 1.20 mg; VB, 3.00 mg; VB, 8.00 mg;
VBs4.40 mg; VB, 0.012 mg; VB; 45 mg; VB, 15 mg; M2
0.75 mg; S ALIBHR 1 200 mg. . B 5 WOk H R 42 L0~ 4
Jii : Fe 105 mg; Cu 10 mg; Zn 102 mg; Mn 118 mg; 1
1.5 mg; Se 0. 35 mg, *. AREHAE D T3 AE, A A 52 A

!. Vitamins provided per kilogram of premix: VA 900 IU; VD,
3000 IU; VE 26 TU; VK3 1.20 mg; VB 3.00 mg; VB,
8.00 mg; VBs4.40 mg; VB2 0.012 mg; VB3 45 mg; VB;
15 mg; folic acid 0.75 mg; choline chloride 1 200 mg.
?. Minerals provided per kilogram of pelleted diet: Fe 105 mg;
Cu 10 mg; Zn 102 mg; Mn 118 mg; I1.5 mg; Se 0. 35 mg.
°. Metabolizable energy was a calculated value, whereas all
other values were measured
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IR RWMAR T F (26 )=100—
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(A b B 540 2 X B RN T IR 4 2 )
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i JYL
SR
JH AL
ERE

HEER ()=
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X100,

) O S Wl i< s Bel.4.3"H B %G R
X1 Jeg UL AR L, 2 2% (& & R T I 2 ) (NY /T
1333—2007) il € pHysmin ~ pHou, 10 7K 51 2 L5 K 2
B Sy, fd P A B A SMY -2000sf 1l 5E A 4, P 5
SRR (L) A (o) R FE (D) .
KR ()=
HATAREE — HERAEE
HERT AR E

T L
1.4.5 & W e iz HE N EYFEAT
UKAEAE 35 & I OSE AR A BR A & X R R AT
DNA ## BUHI PCR ¥ 34 Sl )7 o SR FH 514 357F5'-
ACTCCTACGGRAGGCAGCAG-3'Hll 806R5'GG-
ACTACHVGGGTWTCTAAT-3' XF #£ A& 4 16S
rRNA 3 [H () 16S V3-V4 X W gE 17 9 5 . % H
Hlumina /& 38 & P 57 °F 5 % PCR 7= 9 ¥ 17 = 8
¥ . R A Shannon #§ %X . Simpson 3§ %% . Chaol
8 2L M1 Observed_species $8 #iT & o - 2 ¥ P Fl
F AR LM 2> A (ANOSIM) | & 5 0 7 8 e 2%
(MRPP) | & #t £ JC J5 22 43 H1 (Adonis) Fl LEfSe
5 5 1% 43 A A T A D) R VK 4 R 1 22 S L 19 3 B-
ZHEPETR AL
1.5 ¥ESKITEHH

FIIH Excel (2016) X} £ 4l i 47 %) 20 % 3 , iz H
SASY. 2 B A XS Bt AT PR Ty A L
W LCNRHLSD kT2 H LK . L P<<0.050
26 5 i E bR

X100;

X100,

2 &% B
2.1 HEFATEMEEBELELRKSRM AL
L 3-:EA

20l g, 1~21 B, 5 CONAH L, BS24 |
COS#H MIX [ ZH# MIX Il 44 ADG % B Z 5
(P<<0.01), [ i MIX 1T 41 FCR #% & 3 2 5 (P<
0.01),BS14 M COS 4 1) ADFI# & & 2 # (P<
0.01), 22~42 Hi#% , 5 CON M H ,BS24l .COS
4 MIX T 40 f0 MIX 11 4 BW # & % 42 5 (P<
0.01), H MIX T 4 MIX Il 41 ADG #% i &4 2%
(P<<0.01), 1~42H¥%,5 CONAM L ,MIX [
MIX Il 41/ ADG # & 2 42 & (P<<0.01) , H MIX
Il 44/ FCR ) i 3 42 5 (P=0.01) .
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2.2 HEFHEATEMZEBREBRS RN A
B =R

H 2 30 A1, 5 CON A L, BS2 41 2 v fhie % | 4
Pl 3 I 25 48 = (P<<0..05) o

2.3 MEFANAEMEEREREBESRMIT ARG
EEYRAAENZN

R 4750, 5 CONAH L, MIX T 20 A4 9 HH
AR 4 = (P<<0.05) .

R3 HEFAMENZEERERSTIMXAE42dBEEEBZM

Table 3 Effects of Bacillus subtilis and chitosan oligosaccharide and their combined additions on the slaughter performance

of broilers at 42 days

%

g E| X R 2] AR 14 AR 224 SeEE R A RAE 14 A4 P
Item CON BS1 BS2 CcOS MIX [ MIX 1T P-value
24V 82.0140.85" 83.634+0.57" 83.83£1.50" 83.80£0.67" 83.30£1.99" 83.7740.76™ 0.042
Half-eviscerated rate

AR 68.8640.64* 69.36+0.83" 69.74+0.89" 69.09+0.89" 69.45+0.90" 69.67+0.83" 0.029
Full-eviscerated rate

e UL 27.46+1.05 27.134+1.03 27.83%+1.20 27.06+1.93 27.15+£1.70 27.264+0.84 0.956
Breast muscle rate

JiR L% 21.284+1.43 21.294+1.45 21.05+2.48 21.704+1.77 21.924+1.33 21.30+1.59 0.942
Thigh muscle rate

JE NG % 1.6140.83 1.7440.81 2.2241.13  1.4940.55 1.274+0.67  1.47+0.91  0.479

Abdominal fat rate

R4 BHEFAMENZEBERERSTINXNAB2dEFYRFNABERHZM

Table 4 Effects of Bacillus subtilis and chitosan oligosaccharide and their combined additions on the apparent metabolic

rate of nutrients in broilers at 42 days

%

i g Xif HE 40 (| i H 221 SR A A 14 RA A P1H
Item CON BS1 BS2 COS MIX [ MIX [[ P-value
L A 65.20+0.90" 66.92+0.73" 66.5740.62"  67.314+0.78" 67.5040.46* 66.5541.12" 0.023
CP

AN i 63.35+0.01 64.38+0.02 63.27+0.01 64.41+0.16 62.344+0.06  63.31%0.02 0.729
EE

FLUK 53 11.5840. 16 10.7040. 68 11.784+25 11.6640. 19 11.4440.11 11.36=+0.09 0.154
Ash

2.4 BHEFHETENMEZEBREERKS RN AB
SEEY kA

£ 50,5 CONMH , pHas i pHoun 57 U
VKRR L a0 KW Z 00 W E 2% R (P>
0.05) , MIX T 20 Jilg UL i 7K 4 2% M 3% 48 v (P<<
0. 01), ifif H bR L /K 45328 B 5 N Rt 3 (0 25 SR
ik B EFKFE(P>0.05),
2.5 BHEFHATENMEEBEELELEKSRM AL
B E BN
2.5.1 A ZE AR B RN A SE A S LR A VS m
42d XY E W B 22 M 0 52 &6 R, 5
CONAM I ,COS H & W & #F Chao . ACE il Shannon
BN E T 0.13%.0.52% A1 1.56% , {H 2 5%

Kok W #F K FE (P>0.05) ,COS H H W HE &t
Simpson 8 B FFEAL T 5. 2% (A Kk 22 R R B3
(P=>0.05),

Hy & L] 1, AR 32 A 45 43 BT (PCoA ) & B
FE A 1(PCL) | FE L4 2(PC2) X FE i 22 5 1 51 ik
{E 70 91 0 40.23% . 11.04% . BS2 478 PC1 4l L i
FwE b BEZH . BS14H .COS4H MIX [ 45
MIX I 2H 35 5 45 3 FL 1) T R AR AE — &, & 30
B2 W H M oA RE AL S5 A AR
2.5.2 WD ZE LR TR RN 5T SR B LI A U m R A
A 42 dH W E Y T g K 2E B R R &7
AL FETTKOE b RS E W e BT R T R
BETH T PR 1T IR TR T S JCRE TR 1] R 32, Horp
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Table 5 Effects of Bacillus subtilis and chito-oligosaccharide and their combined additions on the quality of broiler meat at
42 days
T H Xf B4l (| A 22 TR A B 14 pEa | i) P{H
Item CON BS1 BS2 cosSs MIX T MIX I P-value
g L Pectoralis
PH 5 i 6.2040.21  6.3240.08  6.214£0.52  6.2740.26 6.34+0.06 6.3240.15  0.907
pH.., 6.07+0.08  6.18+0.18  6.10+£0.17  6.064+0.15 6.01+0.17 5.9640.08  0.242
B3 /N 2.6840.17  2.53£0.06  2.46+0.24 2.5740.17 2.4540.23 2.3840.21  0.216
Shear force
KIKE /% 29.440.83  27.5+0.52  28.04+0.96 27.6+0.94 27.1+0.89 27.1+0.64  0.185
Water loss rate
KA Y 2.2440.40"  2.4440.65" 2.4940.71° 2.560.53° 2.3540.46" 2.414+0.41"°  0.005
Drip loss
L 43.444.25  45.043.81  45.243.34  47.6+2.65 47.1£2.95 46.942.76  0.992
U a 6.6240.32  6.550.55  6.34£0.43  6.7740.92  6.63+£0.85 6.5040.43  0.754
Wb 14.440.97  14.54+0.78  14.640.58  14.3+0.97 14.54+0.96 16.2+0.67  0.691
Ji& JJL Thigh muscle
pHs i 6.2740.20  6.324£0.05  6.2940.11  6.2940.11  6.33+£0.06 6.2740.23  0.978
pH.., 6.3240.31  6.3540.11  6.1340.18  6.2940.22 6.34+0.14 6.3240.32  0.568
Y J1/N 2.6240.24  2.46+0.14 2.53+0.22 2.46+0.14 2.48+0.12 2.58+0.17 0.517
Shear force
RKIKFE/ % 28.14£0.80  27.1£0.73  27.8£0.91  27.140.93 26.7+0.95 27.840.96  0.788
Water loss rate
WK/ Y 2.304£0.43  2.36+£0.69  2.41+£0.73  2.214+0.44 1.9740.60 2.0840.44  0.063
Drip loss
SEEL 47.343.22  47.045.01  48.543.60 48.8%+2.62 48.4+1.93 49.8+4.29  0.818
% a 8.7440.37  8.9940.08  8.79+0.43  8.614+0.14 8.61+0.23 8.3640.26  0.061
W 15.440.85  15.740.94  15.640.64  15.740.70 15.440.98 15.54£0.94  0.983
*6 MEFANEANZERRERSHAIMMNABLRIEFEREY o-SHEHEH

Table 6 Bacillus subtilis and chito-oligosaccharide and their combined addition on the microbial o-diversity index of the

cecum in broilers at 42 days

Wi H Ttem X‘Tﬁﬁ?ﬂ 14 iR 2 4 m%ﬁ?ﬂ RE 1A RE A P
CON BS1 BS2 COS MIX [ MIX II P-value
Chao 1 511.83 486.76 491.08 512.51 499. 57 495.02 0.613
ACE 506. 87 473.79 489. 36 509. 53 499.02 488.15 0.324
Shannon 3.81 3.55 3.81 3.87 3.75 3.75 0.405
Simpson 0.06 0.08 0.06 0.06 0.07 0.07 0.503
FOURT B 1D V5 BE B 11 ML B 1) O 3 B A, o ok H1 2 8 Al 75 Jm K P b, AT R 3 B

AW T T B 96 %0 DAL A BT B D AR 45 AL
FERE. HE2AALFETTKE L, 5 CONMIL,
MIX 11 41 A XS & 1 B R v ST B8 1) PE S B 1) AR
XF B R, BST AL XS E 1 B B A8 Y BT AR X
FRERE

BT o, 2 TR Je R 45 ZH N R DL A T A o TR B 5T
Pl W 3R 7EJE KF 1, 5 CONAH [, MIX
11 20 PR X% 6 J B B o ST B S R BT o 2 O 1 AH
XFFE B
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Fig. 1 Bacillus subtilis and chito-oligosaccharide and their

combined addition on the 42-day cecal microbial

PCoA cluster analysis of broilers
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TLR4/NF-«kB {5 7 38 % , ¥ B 18 55 5 A9 1E
AT o AEAR IR v, MIX 1T 2H /0 5 B T 3 b 4
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Table 7 Phylum horizontal species distribution histogram grouped mean

i H X e 4 AR 12 H A 241 SEEEEA Be 14 RAE N4
Item CON BS1 BS2 COS MIX [ MIX [l
YA E ] Bacteroidetes 0.55 0.60 0.55 0.51 0.55 0.56
JEEEW ] Firmicutes 0.39 0.33 0.40 0.43 0.39 0. 36
Jef & ] Verrucomicrobia 0.02 0.03 0.01 0.02 0.03 0.04
LB ] Proteobacteria 0.02 0.03 0.02 0.02 0.02 0.02
JCEER ] Tenericutes 0.01 0.01 0.01 0.01 0.01 0.01

J& SE M BB A5 B 3% 2 R 0T P 8 U AR Y %
T b, 38 2 X LU AN (7] 5% B8 R B X S P fE Y
SZA AT LAY B M T A R B AR 50 £ 2 )Y oG
215 BEKE IR LB, BS X A Y 4 v i R
e v i S AR A B i R PR R i UL R o
AN I T R AR AT B R PNES B AR g R
B, V0 BS T LA R AR PR S B 5%, 5 0 i L% 5

WU AREEe 25 AR W], BS2 21 AR 0% 1 35 4 i 1A X
S i R g Al R L S B AR E Y R B VR
BS REMS $e i DI X J& 2 R il R iR X S
AR — 2 H AT REE BSAE N 4 AR TR
i T8 AT B TR P R AR BI5GB AT i DR SRR
A RE L, R i T N PR BT A A — S R e
TASILE M IE AR T R T ARG E SR R
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Fig. 2 Histogram of the relative abundance of microorganisms at the phylum level of cecal microbiota in broilers with their

combined addition at 42 days
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Table 8 Histogram grouping mean of genus horizontal species distribution

T H it HE 21 Mime 140 M2 41 FEEEA BA 14 Re 04
Item CON BS1 BS2 cos MIX [ MIX I
KB Bacteroides 0.40 0.40 0.40 0.39 0.42 0.45
K> 25 H B Unclassified 0.30 0.25 0.31 0.33 0.29 0.28
BEHER Alistipes 0.14 0.18 0.15 0.12 0.12 0.11
FA] 5 2 TR B A kkermansia 0.02 0.03 0.01 0.02 0.03 0.04

F14 T A TR SR Aol 5 AL AR Kk 5 40 31 Ak W A g 3
S T AR B A A R A H Y .
3.2 HEFHAFEMEEERERERIMX A
ERYRANARNZME

IR R P 3R A e A R 3R
WA VAR T 19 280 36 DA B o AR i BREIR 25 1 FE B AR AR 2
— U3 e A AR R A R 3 W S5 A T A RN
fLBE F1 , AR L RIS % 5 B AS | 3F g W 3 4 = 9%
B2 DE sl s . A SV ST R B, A H R R
BN BS Al 1% 8 1 w35 0 G i A P 45 R 1 S AL A
Xt 324 (WL U RE J7 o Singh ZERF5Y & B, BS RE

v PR X o KL R T R R R EK S R
P, AE XS AR AR TR R I COS AT 42 i ML 2 1 A
TEAIRIE th, MIX T 41 XS RL 2R A R 2 42
5, 1X 5 Singh S5 HNE K S O T 45 R — B0, X
Al BE 2 B T BS BE 4 1 £ B R R R L WA A
ity AP 2 M | 2F 4t 3% W AR TE Ry 20 AR ik sk
it T LA AT S50 AT ) ek v T 3R BT 0 TR L DA
77 2 8 B 1 0 AN A R 1 T AR Y I, COS AT
L 35 B 36, VR TS B AR 0 TR R A A RN B
TR T i A K A B /N i i W A T RS ok
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Fig. 3 Histogram of the relative abundance of microorganisms at the genus level of cecal flora in broilers with addition of

Bacillus subtilis and chito-oligosaccharides and their combined additions at 42 d
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