il 2 SEUAT B AT SR SERE I NS PINS AR A Ak BE O SRE i J JLATL R
ARAHSE L2 AR B2 SRR RHRY

(1. MRS R 8, #0 225000; 2. VLA AP0 IR AR AT, # M 213100)

W E AR B FOR EFAUAT 048 (BS048) FIRZEME (FOS) IEHIXT T (L FAgLE
K RE R FEME S LHLEE . B0 0EH 980 AR ALK 1 Hle S &3y (), BablrJy 2 41,
BH 7 ANES, BAESL 70 A3, AR, SIGHERR R RN 0.1%
(W/W) BS048 A1 0.08% (W/W) FOS. X417y 80d. ZRFKH] . SXHRAMIL, WiGH
FILEXS P E (ADG). P HREE (ADFD. %W iH L BHEVEA S % & R
R (VFA) & B R ot i 48 m (P<0.05 B¢ P<0.01), /M BEREE AR & 2 PR K
(P<0.0D), TiklEL. /NHEEE pH LR E42 (P>0.05). HILATIL, BS048 1 FOS
BRHT, AN RENS PR/ BER 2 4R = 2 T AL Bl e vk, S5 i TE T A Dhag, o HAT LA
e E B VREA 774, BT e I B @ BER oL, iR m & il g A Kk BE .
DB RERCEAUAT R RIERE: TR, HAThEE: EKMERE
5. s831 SCHRAR RS G

WAER, AE &P s B0 AR 2R R Bk B S I, PRRASINARI B 22 4. mRk. M OREE
IF] R A S B NATISRTE . A 3R — R RIVE R . Tk, BiRefedtah Ak, XaEsk
LVER MBI, C & BRI R B P R — AN B S . 2 AT A
(Bacillus) #2275 A G ML IRA R 22 IRFAPE R, 72— o6 R At AT,
HAPUSEIEE . W&l s 2 m it sl b T 2R far i B R s sh e Kk 1
IGELELFRI I 26 . (RRENLIR s o SURE I S it sh 0 18 Bl A AP i 25 2 R h e, Jf T
FERAPRMERL . A7 e B BRI AT RE CR RS AR 4, e O E oy — B0 2 e S 2B T
TERE MG INFDET Z M T E & RN (FOS) SUARRIRALHE . JE IR, J2AEE
WEorT UL B-1,2-FEEF 825 & n A (n<8) D-JWHIM M ZERE 1 ek, HAMME. e,
BRI REER Wt LA B B 5 PR PR BF 3R Y, FOS Refg 2
PREEE . M RATNIRK S B G5 AR A A, O i T TR 45 K T 1 5 5l
Pobse 11, DAL 4148 K2 OB FE S RUAT R B FOS Xl E K ERE . IR L)

ks HH: 2016-01-18
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RES R RE S A S 2R 31, 1 H TS0 T 2R AT B 5 FOS BRI 3R RS AR A RE A RE I Ko
HALHE BRI T A 8 . 51 B I BB R ARG i A —, o VLI SL RO R A BR 2
AR G, DA E AL 7 RFNFEAG . ZRAEXG R B, 42 Bh A A0k F 17 191 X
an A, BAAPIBTERSE . URREJSR. TR ST RGE S Al AT 5 LE WIS 5 2
AT B 048 (BS048) I FOS B FH XS 25 (i XS A A RE A AN B FENLEE, AT o A 5525
FELRF A7 81 751 RO O o B AR I3 28 50 PRI XS A 77 e ) b FH S AR A 3
1 MEEITE
11 wEeskt

1 HRTIEX (A, TLIRLEHOL B AR ATD, BS048 5] (LR FRARA
Y TRER A IR A =) 4%, TE & 8~ 5108 CFU/g), FOS (&i[E Samyang Genex A )),
SEE. VEREE. IRUiNG. RE A RNAS (R @ RCEY) TR, HAE B [
praf, LETAEMTRE (B BOARATR] &L PHS-3C & pH i (LA R 22 A B
A BRATD, UV-2100 RSN Wt 2T OURRT (L) R aRA TR, 7890B <
FHE IS (3£ E Agilent Technologies A ]) %%,

&

S

1.2 WJE
1.2.1 RGBT S 7

e 980 N 1 HIR S ILEAARY, fAHE (61.540.5) g, BENLO M2 4, M4% 7 A E
5, BAES 70 Ko X RAAREEA AR, ISR BRI AR 0.1% (W/W) BS048
A110.08% (W/W) FOS. HR-4f S5 1L EX8 1 £ KB B, RO €101 (1~20 H %)\ C102 (21~40
Hi#%). C103 (41~60 Hid) 1 C104 (61~80 Hb) 4 RN, FRTAIRIGSIE (X1

FEPRAEY (NY/T 33-2004) BoHl, HH N E FRKFILE 1.

R 1 R R E TR T2t
Table 1 Composition and nutrient levels of basic diets (air-dry basis) %

£ & Content

TiH ltems

C101 C102 C103 C104
JERL Ingredient
K Corn 50.96 56.83 61.12 62.56
YKy Wheat middling 10.00 10.00 10.00 10.00
KAEA Solvent rice bran meal 1.15 1.22 1.17 1.30
=k Soybean meal 30.68 23.33 17.90 15.63
FKE K Corn gluten meal 1.81 2.99 3.30 3.16
KM Rice bran oil 1.50 2.00 3.00 4.00

K Limestone 1.73 1.55 1.49 1.41




B — P OB R A4

CaHP0:&Ca(H2P04)2 Lo7 100 0.94 089
S 4LAERE Choline chloride 0.10 0.08 0.08 0.08
iR Premixt 1.00 1.00 1.00 1.00
&1t Total 100.00 100.00 100.00 100.00
B 75/KF Nutrient levels?

516 ME/(MJ/kg) 11.84 12.26 12.68 12.97
HEAR CP 20.30 18.30 16.50 15.50
RS Ash 4.85 433 4.00 3.82
5 Ca 0.95 0.85 0.80 0.75
M TP 0.63 0.60 0.56 0.54
%W AP 0.39 0.38 0.36 0.35

VSRR N EET v Lk B £ The premix provided the following per kg of basal diets:
C101, VAB8000IU, VD32500I1U, VE35mg, VKz1.5mg, VB13mg, VB,10mg, VBs4
mg, ZFR pantothenic acid 10 mg, JHR nicotinic acid 30 mg, P& folic acid 0.5 mg, =4
% biotin 0.2 mg, Cu6.5mg, Fe 80 mg, Zn65mg, Mn80mg, 10.6 mg, Se 0.2mg; C102,
VA7000I1U, VD32000I1U, VE30mg, VKs1.2mg, VB:125mg, VB28mg, VBe3.5mg,
72 pantothenic acid 8mg, #HE nicotinic acid 25 mg, M#R folic acid 0.4 mg, A4 % biotin
0.18 mg, Cu6.5mg, Fe 80 mg, Zn 65mg, Mn 80 mg, 10.6 mg, Se 0.2 mg; C103, VA 6 000
IU, VD3 1500 IU, VE 25mg, VK31 mg, VB12mg, VB,6 mg, VBs 3 mg, 7Zf& pantothenic
acid 7 mg, MR nicotinic acid 20 mg, M-# folic acid 0.35 mg, “E#& biotin 0.15 mg, Cu 6.5
mg, Fe80mg, Zn65mg, Mn 80 mg, 10.6 mg, Se 0.2 mg;

C104, VA5000I1U, VDz1000I1U, VE20mg, VK30.8mg, VB:11.5mg, VB.5mg,
VBs 2.2 mg, 22 pantothenic acid 7 mg, AR nicotinic acid 20 mg, & folic acid 0.35 mg,
W) biotin 0.15mg, Cu5.5mg, Fe 70 mg, Zn55mg, Mn 60 mg, |10.4mg, Se 0.15mg.

2 B IKFNTHEAR . Nutrient levels were calculated value.

Tl R REE AE VT T3 L O 43 43 PR A 7] LB 083 56 1, 156 80 do 137 7 sl i
7, HERE, YUK, 24 h S, $IEH G F AT e e, HoAh A # H EAT
BRI, B FOEEXS R A R DL, 0SSO AR . 40 A1 80 HUSFRE, FREHT
A (AR 12 he R4 a5, tHERE R FAAE (ABW). P HIEE (ADG).
P H & (ADFD FURlEE (FIG).
122 FERMUE S bR E

PIAFAS TR ZE 40 #1 80 Hitg, FEAHTERRE S 5 HIVEHN 28 AR E AT (RS A (A
T 4 D) BRI SEIKSUILALSEE, IO, s st it i (+ 4. =
W FBRE R, &N AT A SRR, SRR, K pH THI i
ANt A8, . B RER, WE pH. Z eI a SRR N RSB R, &
Fes 22-80 CRRIRVKAG IR A7 5 ]

BEERE: BUEE T 4R, TMEmNAEY), REHA. R (1.0040.01) g &



BEFEAN, 06 mL ZETRK, WRIEIRZIRAI5), 30009 &0 5 min, FHLEJEW 5 mL, 0
AN IRE T (00.6 mm) H1, 40 CIEIE/KH 5 min J5E (B EEARX FEE . HH AR

B BEAA B = BE LB A BN FT A (R Cmin) /IR FLZE 18K R I BT 7 BT

(min).

THAGEEREYE: FREL 0.2 9 A A IS B & BEHE 1: 9 (WD IINAEEERK, VKIB&M T4
¥ 3 min, 1500%g &5 10 min, BUEE FIER, LRGN E Horh i S S LR e
B, iR AR R R, 0 U R .

FERMEMRIIR (VFA) &8 BWEBEMNRRERE, 29 ZAANEOEN, 1. 2

(WIV) InNE4K, R IR SIS, 10 000>g. 4 ‘CE-Lr 15 min. L 1.5 mL i wom

A 02mL8.2% (W) BB, V&I Z], UK 40 min, 10 000%g. 4 ‘CE L 10 min.
BOE & LI, VA ERE Lo K i /g NIRRT T IR & & .
1.3 HHEMGit b

KRG SPSS 22.0 0 #r 4t , DRSEYE t AR50 HET 2 1LEEL, P<0.05 NER B,
P<0.01 N ZEFREE, P>0.05 NZERAEE, 0.05<P<0.10 KnAABMES . I8 HRE A
BIE R E R R
2 ZRE5H
2.1 AKrERE

H# 2 Al %1, SRR, R34 ADG F1 ADFI 7E AT F=50 AN [ B35 12 25 5k
R 2 v TR 2 (P<0.05 B P<0.01), L H A2 (1~40 Hi& )73 m 1 6.047%(P<0.05)
F17.159% (P<0.05), Ji5 -4 (41~80 H#&) 7374 1 8.166% (P<0.01) Al 7.048% (P<0.05),
4FE (1~80 HIR) 7 5l$Em 1 7.359% (P<0.01) Al 7.077% (P<0.01). X H&ZHANKIEZ 1~40

Hi. 41~80 H#AF1 1~80 Hik i) FIG ¥ L RZE %R (P>0.05).



2 BS048 A1 FOS 1B FHA 55 LLXE A= A e A 52
Table 2 Effects of the combined use of BS048 and FOS on growth performance of Xueshan chickens

FYJHEE ADG/(g/d) P HR &R ADFI/(g/d) RELL FIG
il 1~40 [# 41~80 Hid 1~40 H#d 41~80 H#d 1~80 Hid 1~40 [#% 41~80 H#4 1~80 H#&
Groups 1to40days  41to80daysof 1 to80 daysof 1to40days  41to80daysof 1to 80 days of 1to40days 41to80daysof 1to80days
of age age of age age age of age age of age

ST HEZH

14.7240.57 23.95H.24 32.98+.04 79.3343.85 56.1642.19 2.2440.06 3.3140.08 2.9040.05

Control group

iﬁgﬁgﬂ . o ok * * wx

15.6140.63 25.91+#1.04 20.7640.71 35.3440.84 84.9242.95 60.13+.71 2.2740.07 3.2840.08 2.9040.03

Experimental group

FBIEAR B RoR EZRBE (P<0.05), **RpREREE (P<0.0D), MR SERERAEE (P>0.05), TEM.
In the same column, values with * or ** mean significant different (P<0.05) or extremely significant different (P<0.01), while those with no asterisks mean no

significant different (P>0.05). The same as below.
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2.2 JpE e EER L pH
R 3 AT %0, iR I 4L 40 F1 80 H W& S5 Ll B X8 iy /N i € JBE 286 B 40 ) LE o FRZHL BRI T 3.474%
(P<0.01) #15.180% (P<0.01). #Rif, SxfMEZEAMEL, R NMNg&H s (. =

faflalfig) & BER pH LR E (P>0.05),
23 BS048 il FOS BEFIXT 5 L B9 /N iz e BEZL AT pH 520

Table 3 Effects of the combined use of BS048 and FOS on viscosity and pH of intestinal chyme
of Xueshan chickens

ZHEE Viscosity PH
5 + 48 Duodenum 22 Jejunum [F iz Heum
Groupe 40 0% 80 H# 40 A% 80 H#& 40 OW 80 ¥ 40 H# 80 O
40 days of 80 days of 40daysof 80 daysof 40 daysof 80 daysof 40 daysof 80 days of
age age age age age age age age
T HEZH
Control  1.1140.02 1.14#0.02 6.3940.10 6.32#0.11 6.7040.15 6.4840.21 6.8240.22 7.0040.17
group
IR A

Experime 1.0740.02™ 1.0840.01™ 6.3540.05 6.2740.16 6.6040.22 6.4530.29 6.7540.31 6.9340.20

ntal group

2.3 FlpiEAeEEE
fH3E 4 7750, S50TRR4IAHE, I 40 F1 80 H TS 11 BX8 2= g (v by g i Mk 40 o v
T 44.594% (P<0.01) A1 36.609% (P<0.01), fifgHilis 4 mlFt e 1 73.388% (P<0.01)

1 73.278% (P<0.05), JEx FH G M 43 750 F & 1 38.985% (P<0.01) A1 91.795% (P<0.01).

4 BS048 M FOS HR IS5 L FE 8 25 17 T AL 12 5 1
Table 4 Effects of the combined use of BS048 and FOS on duodenum digestive enzyme
activities of Xueshan chickens

VERES Amylase/(Umg prot) i Lipase/(Ulgprot)  BEZE I Trypsin/(Uimg prot)

2H 51
G 40 Hi# 80 H i 40 Hi# 80 H i 40 Hi# 80 H i
roups
40 days of age 80 days of age 40 days of age 80 days of age 40 days of age 80 days of age
X e
208.33+16.48 111.01+14.12 727.66+137.41 329.08476.48 267.26455.26 421.76+114.78
Control group
Al

Experimental 301.23448.32™ 151.65426.12"1261.684179.41"" 570.234226.77" 371.45438.77""808.92+148.41™
group

24 B VFA 5&
36 5 0150, S50tRR4IAMHE, I 40 F1 80 HIA S L B39 H g N BV I LR &4y
MDY 51.348% (P<0.01) fll 41.704% (P<0.01), T AR & &2 WF s T 45.160% (P<0.05)

F152.676% (P<0.05), T ER& &4 T 85.258% (P<0.01) #1100.178% (P<0.01).
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Table 5 Effects of the combined use of BS048 and FOS on caecum VFA contents of Xueshan

chickens ma/g
a5 L% Acetic acid i Propionic acid TP Butyric acid
Groups 40 Hi% 80 H i 40 Hi#% 80 H i 40 Hi# 80 Hi%
40 days of age 80 days of age 40 days of age 80 days of age 40 days of age 80 days of age
X HE2H
Control 4.93+1.39 5.6640.61 0.4940.14 1.6140.36 2.4430.61 1.6040.48
group
IR
Experimen  7.47+1.00™ 8.0241.18™ 0.7140.14" 2.4610.69" 4.5140.68™ 3.2140.54™
tal group
3 i i

AR RE R PUE WG AP PR R I B R Rz —, B R4 ADG. ADFI 1 FIG “545
bro AWFFRIN, TERRETAR AN BS048 il FOS, REfS R34 i S5 Ll RIS AR AR KB By
] ADG Al ADFI, X5 5 rpHESE BT FUAE SRANIE o IR R BT FUR B, Al 5 28 AR 1 1) 771
(5811 FOSIS-LUIA 0} PAING 1) AE AR e A S 2 A REAE FH o T ASHIE 75 45 SRR W, i BS048 Al FOS
AR & AR TC FRERES W] R BRI XS AR KR RE . AN, ACSEEG S0 R, WA
ROROLT Horp —F M RCR . EIRE5 BUIEY], BS048 Al FOS FEAE#ES 11 H X8 K J7
T R AT P EEF .

ARPIE L, SR B T B RE AN E IR 5T 32 R T W TE X PR A v AL AR AL
ML AT A, SRR IR 5 B BTH AL ThRE R VIAE 5 o TR SCHE S, Rl 2 FRL AT T A
FOS ¥ ml R WEsR A i WL ThRe . BRI, AWFFERR 7 BS048 F FOS Ik A% 55 1 5
AT AT RERIREM, AR HAR AR FHRIBLEE . A e, FEab iR s in BS048
FOS, REWS 2 PR S (L BXS g 18 BE R IR M B I T AL e e o H SO IE, S BERE L
(RIREAR, MR HBUE FRIE FIIRTS, K63 SO BEh 8 3R 805 5 Pa U (LR /)N i B Bl )
WLe3n, B RPN B BE I A BN, AT #EE TR 5 AT A 5 e T
ABEEEE B ORIEHG In, BE 08 2 2 (B B R AL S PR T A s o A b BT < IO
WA RS T E T, DA mIE RIS 7T W, T 6 JBE R L 1R AR A Bl s PR PR 4 v
A fi TE X ARV AR AT D £ 70 R T R S 3 B T o XA RS i TE ) R BEHE R B IR, B
YA DIAE — R NTRANE Z B0 . iR RS BS048 F1 FOS B i & il FEXG AN A AR K
BB ADFI a6 45 FARFT -

VFA 2t 2 s B R B S e i R B RERUAEY) CImSUBT i . FLIR TS
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SR E BE R KA &P A A BRI (BT 4<5), BE 2R IR T IREE .
AWFFURIL, HEARFRR TN BS048 Al FOS, REMS 224 FRIRE I XS E 7 VRA & &, 2
Fro N, NS IE A, AR R B A, BRAR T I A SRR L, i i

PORIATE . TR AR AR, IR . XU . FURRAT 3 5 IR A=

KA. MARERE N IETE o-TE R B REVERG. 22 2 BEBE/K RN FOS, FLORHER 7 RENUA i i

BN BAIEACTE fE o, I TSR B A FLIR T K ™ A VRA,  HANRERMOIR 2 fg T

B KA RS H A . [F, VEA SCATEiZIE N pH R B, DT 4] iz s R i

CRIZFFE . WITIRESS) K%5H. d1br %, BS048 Al FOS BAM, REWs o L ib = il

TG B B E RS, AT AR I D5GE H TE A R o T i e 12 5 1L B0 R A AR Ik

(RIS ORAIE o

4 4

BS048 Hil FOS M, AMXAEW FEAR/ N B BER L HF 3 B Wi AL B 1%, S5 i TE 1)

HAThEe, mHR MR E R VEA K774, 4EREIFECE ITE ROIRDL, AT a5 1 553

AR RE
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Effects of Combined Use of Bacillus subtilis and Fructooligosaccharide on Growth Performance

of Chickens and Its Mechanism

ZHU Peijit? XU Xin? Qi Yukai’> WANG Hongrong®*

(1. College of Animal Science and Technology, Yangzhou University, Yangzhou, 225000 China; 2.
Lihua Livestock Company of Jiangsu Province, Changzhou, 213100 China)

Abstract: The aim of this study was to investigate the effects of the combined use of Bacillus
subtilis 048 (BS048) and fructooligosaccharide (FOS) on growth performance of Xueshan
chickens and its mechanism. Nine hundred and eighty Xueshan chickens with similar weight were
randomly divided into 2 groups with 7 replicates per group and 70 chickens per replicate.
Chickens in the control group were fed a basal diet, and the others in the experimental group were
fed the basal diet supplemented with 0.1% (W/W) BS048 and 0.08% (W/W) FOS). The
experiment lasted for 80 days. The results showed as follows: compared with the control group,

the average daily gain, average daily feed intake, duodenal digestive enzyme activities and cecal
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volatile fatty acid (VFA) contents in the experimental group were significantly increased (P<0.05),
whereas the viscosity of intestinal chime was significantly decreased (P<0.01), and the feed to
gain ratio and pH of intestinal chime had no significant changes (P>0.05) . It is concluded that
the combined use of BS048 and FOS not only reduce the viscosity of intestinal chyme and
enhance the duodenal digestive enzyme activities to enhance intestinal digestive function, but also
increase the cecal VFA contents to maintain and enhance intestinal health, thus improving the
growth performance of Xueshan chickens.

Key words: Bacillus subtilis; fructooligosaccharide; Xueshan chickens; digestive function; growth

performance
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