B SR PR B 6T 7 B S )RR R A 7 e R A AR A T 1 B
BETYOE & T kEET BRET KET
CLHR AN RS R 2 BE, 220 7300705 2.7 B ARV B B aRHT 7T BT, ARl &5
TARL AP HOR AT %, AR R B X TR TG, 5T 100081)
T B AR S FE R TR b VAR AR B 2 PR BT 7 B )RR X A e R R B 5 T I R
Wi, JEHY 420 7= R AORAR BRI e 8 52 e 2 1B RS, BEMLOY M 4 N, 4L 7 A
HE, FAES 15 JXG. 0 A EME FOK- GO A BRI, 125640 7 ol 72 At PRDRR Hh s
200 400 F1 800 mg/kg Al FL2FFAT 1R o THBAHA 1, IEHA 12 . S55R5R0, HxT 41
Eo: 1) WA AR 0 2004 400 F1 800 mg/kg Al B 2 FRFT B 0T = A 2 AN - 35 B TG R 2 RS
(P>0.05), {HERLZEMLT P HRAR (P<0.05); FHfIN 400 1 800 mg/kg Aili B2 7
FFH R TRMER (P<0.05). 2) TafRHER I 200, 400 F1 800 mg/kg Aili 5o 2F f A 54 2
FHHN 7 HEREE (P<0.05), ZEER 7HEESR (P<0.05); HWIRFEIN 800 mg/kg Al HE
EFF R R E R T B AEE L] (P<0.05). 3) TRRH N 800 mg/kg Al B ZE AT
PHEE TSR EE ), BN T ER PSSR (P<0.05). LTSI, AR AR A

ZFAOFT R AT DA 7 S WIS AR P R B, SRR ST I, PRI R . AR KA T

ﬂ

TAPRE PR I 800 mg/kg Ak B 2F FUMF 1A A HL
RUEIA: MEIEATE, EY; ErUPERE ETohh R

RS s831

WA H: 2017-10-16

REEWH: ExESPRITEDT (2017YFD0500500); [H 5 HARRl #4100 H 3157546
fEZ . AEETK (1991-), 55, Wby N, BiEat s, S 5EE I SRR Aot
o E-mail: 15032213109@163. com

HEEEAE: NPBE, R A, WtAESIW, E-mail: wushugeng@caas. cn; SJKE, #Hi%,
il +-4=%fi, E-mail: shizhaoguo@gsau. edu. cn



FUAT, FRE S SRR E A A 9K H, &M E AN RN S e
38%. WHHE ML IMELL . AU KR, 5T hh e H 23 ™ . et &
RGP ST A L BT ER IR T R 6%~ 13%!1, R A AR PR R 2 B R
15 5 ACTENR ML, B HESHIGN, SEXS & R AL B /0 T, SR RE
NEER HJE IR, ES A, B BERAREL 7 20%, HRSTAR R AT IRE, B
78 it o ) RN AN 5 R 9% 5 X RS AR S ARG, s BN ML R B i kg ik 1 EK AR
Ry SO T EXGATIL AR S o A, TR SGE SR il R A R i, JCH T B R Y]
S, AT BB SR 3o

Rl SE AT IR A2 — PP E AN, R W AEA 7 RS 2SRRI MRS U, A R T &
i T ERBLIRE S, BB Rz, A TR TN 2 R n TR iR . &
1AL, HAEGRDRIE A7 I R th AN AR TR & IR B, SCRETN 32 B R AMIEER, E N Al
JEATSRE PRAFEGR AT 3, ARG BLARE N B A O i A0 A A Y A e 2 JRAT 1R T LA i
HEEXS IE A 2 R, MR EUR AR, SR RMEM X RE, WM RERE, BGE
Pl e B A%, 1G9 XS X E TR B RSO A O, g b HE ) L RE R, RS
A EF AR G TEAIL, CRR b R0 B 2 AT T A X A R R A IR AR
4.4%, RHELGFEICT 0.5%, oG5 TG A =PRI, RXB0IE R, Al B 28 O FF B AB % 1 I
FOIEFERGRIE, BB, degdEseiiml, H Al S AT e X A BN 2
ARTTC, AE 7 8 B X A = A R B 5 b o (5o S LML B 3RIE . (R, ARt L
7 ER Jr BT AR BRSBTS B B AERIE SO Hh oA 2 A A B G BRX A 1 R B 7 i
RIS SALEE, O A 7= SRR BB AR .

1 RS T3k
L1 X3k

Tl B 2 AR B R B RO A b R R A TR s mT S A, A S 1R & B 1.0%101° CFU/g.



1.2 k58 Bevt 5 i g AR

PIGR A A R ARG Wi, I HL 420 H 52 IS = 8 SR AR S AR T 1) {2 BEVE >4 4B R XY,
BENLI N 4 AN B 7 ANEE, BAER 15 ZXG, e lETR, % (47 cmx37 cmx47 cm)
3 G o R AR oK - GO R B ARRR , 1S 2 o) I AE B A ARDRR Hh 7S I 200, 400 A1 800
mg/kg FIR R ZF AT B GE B & 820008 2x10°, 4x10°, 8x10° CFU/g).

RO Z I NRC (1994) FIE (ORFRPRAE) (NY/T 33—2004), JE45 a2 bE

R FRE PG, SRR SCE TR AT AR 1.
R 1 BEERRERRALE SCE FRIKCT ORCT 24D

Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %
WiH Items % Content
J5Kl Ingredients
EK Corn 62.74
ZH Soybean meal 26.26
fi¥ Limestone 8.93
S4LJBFE Choline chloride (50%) 0.10
IR A4S CaHPO, 1.35
fr#h NaCl 0.30
L& Microelements! 0.20
4kE & Vitamins! 0.02
HEMR Met 0.10
41t Total 100.00
B 787KF Nutrient levels?
RthE ME/(MJ/kg) 11.08
HEFMR CP 16.50
£5 Ca 3.50
B TP 0.60
AR AP 0.32
HER Lys 0.75
EHER Met 0.34

Vs L R 4EAE RN T R MM IRt The microelements and vitamins provided the
following per kg of the diet: VA 12 500 IU, VD3 4 125 IU, VE 15 IU, VK 2 mg, i/ % thiamine
1 mg, ¥ ZE riboflavin 8.5 mg, ZHR4S calcium pantothenate 50 mg, MHEZ niacin 32.5 mg,

ML I pyridoxine 8 mg, ¥ % biotin 2 mg, &M folic acid 5 mg, VB2 5 mg, fHT



choline 500 mg, Mn 65 mg, 11 mg, Fe 60 mg, Cu8mg, Zn 66 mg, Se 0.30 mg.
YR REANE BN TS, HARYNSZNE . ME and AP were calculated values, while

the others were measured values.
1.3 THFREH

KPR E 3 ESLARFE SR, BRI TANG, SIS 16 h/d., JGHESREE
20 Ix, Zhrm kX AN AR, A& EEE 3 7R (06:30. 13:00 #117:30), K 15:00 Y.
HHECREMYOK, MEERE 1K, HGRE.
1.4 W5ESbs 5777
141 A7FeHERE

BRI, ERULEE RO ER M EE, R PSRRI ER, &2 HUE
SONBALTH P H R R AR E L.
142 5T

IEREE 12 oK, #%8:3d, HRFEEER 6 Huki-FEENER (ERBERE.
BER) , WEESRAERRIME, REEREETH T BN E L ER .
T 5 B M

BRI e A AT R e e R, B E e A (Egg Shell
Thickness Gauge, Orka Technology Ltd.) I & 728 B, HFCHE 711X (Egg Force Reader,
Orka Technology Ltd.) il 5E & 7¢ 58 /% .

725 H ] (%)=100x B 55 B/ 2R ..

ESCHMEE LS. {fH JEOL 6301F 3 K 4T 134t i 1 W AMB WL 8 BT B At i) . S
WE RS RTMAR, BB NREE S, F SRR TR & b, e, BT R,
ERmBEEHE R, ERFGRT, 5 A SRH RERE &AL

TG, S ENE: RS ARIAGREAKEOE T, BT R, 0 BER A AR R



VERILL R e BT A . B
L5 ikt

$ 4 2 Excel 2010 kb ¥, K FH SPSS 19.0 4t i1 ##4F AT 51 K 2 7 22 0 HT (one-way
ANOVA), JfRH Duncan [RiE#EATH A 2 5 W FVER LS, DL P<0.05 N2 5 R & MEbRE, 45
RUN CPEMEARHERE” TR,
2 BRE5T
2.1 R R A TR R A A P R D R

W13 2 AT, AR AR A IS [R) KT (O Ak B 2F A R B RGP B P R R R Y

-

M (P>0.05); 3 MRIGALENH T HREEHE LT (P<0.05); 3 MikK4lE
SRR LA T XTI 4L,  H 400 A1 800 mg/kg 42 ZHR T XL (P<0.05). DL _Eg5HE

s VARSI 400 A1 800 mg/kg AR SE LR I 0GR T ERXS AR PERE .
2 R R A ARG A T RE A R

Table 2  Effects of Bacillus subtilis on performance of laying hens during later period of laying

BiH T LR B R IN/KF Bacillus subtilis supplemental level/(mg/kg) P {H P-value
Ttems 0 il o0 00 w00 SEM Tt —%
Control) Liner Quadratic
774 Egg production rate/% 89.76+2.13 90.77+1.46 89.34+2.26 90.93+2.01 0.38 0.55 0.70
PR T Average egg weight/g 65.88+1.49 65.74+0.81 66.19+0.63 65.41£1.12 0.20 0.60 0.44
T H KB Average daily feed intake/g 121.69+1.322 119.23+1.18° 119.02+1.30° 119.74+1.41° 0.34 0.02 0.01
KL Feed/egg 2.11+£0.07° 2.06+0.05 2.03+0.06° 2.03+0.04° 0.01 0.03 0.24

FAT 8RB s A F NG F B R R 72 e B3 (P<0.05), FAFEBGT BFRRZE R BE
(P>0.05). N[

In the same row, values with different small letter superscripts mean significant difference
(P<0.05), while with the same or no letter superscripts mean no significant difference (£>0.05).

The same as below.

2.2 REZE AR E X A S B E T A R A R



HI5E 3 W1, onf HRZELAR LG, PR mh R I AN ] 7K ST PR RS 6 2 PR B 350 Rl 25 1 I B0
FEJEEE (P<0.05), BFHMBRBPESR (P<0.05), {H 3 MR 62 %A 8% (P>0.05); 3
ARG 2 B XS B FE 0 B 24 v T FR 4, b 800 mg/kg 4B 2 X IRAL (P<0.05); F&XY
B 0 5 I A DR PR 2 AR BV KT RN SR 2R RS I (P<0.05) s B T AR IR A
TRT AR 2F A 1 B B N XS SR R A, HR S AR ZEFALE (P>0.05); 3
AN 2H (1) S XS 5 B P AG 35 T 0 R A, LR 400 AT 800 mg/kg 2H 525 v T X FEZH (P<0.05) 6

P25 BN, AR R0 400 AT 800 mg/kg Ab B ZEAIAT T 0 T R SRR .

3 RNELEE AR BN R I E XS EE e R R ﬁ
Table 3  Effects of Bacillus subtilis on eggshell apparent quality of laying hens during later

period of laying
HH FEELE AT B INKF Bacillus subtilis supplemental level/(mg/kg) P {8 P-value
N EM
Items 0 (X8 200 400 %00 S etk —t/¢
Control) Liner Quadratic

EFEEE Eggshell thickness/mm 0.420+0.005>  0.434+£0.006°  0.433+0.006° 0.435+0.004° 0.002 0.01 0.01
E5ERE Eggshell strength/N 34.80+1.68° 35.55+1.30% 36.50+1.72% 37.51+1.65° 0.35 0.03 0.83
HFAHER Eggshell weight/g 6.44+0.08 6.52+0.16 6.59+0.15 6.57£0.10 0.03 0.04 0.27
e b Eggshell percentage/% 9.75+0.21° 9.83+0.26% 10.01+0.182 10.03+0.222 0.05 0.02 0.72
W4 B % Broken egg rate/% 2.19+1.28° 1.11£0.50° 1.19+0.35° 1.16+0.45° 0.16 0.03 0.08

[Al 800 mg/kg ZH 1) d 5 )5 FE A 8 7 v B2 35 i 25 v TR R A (P<0.05), MO 82 AT
MR AT M. HE A LEE, 800 mgkg HMERAREARK L HHY K%,
LI AR BRI /N, 1 %o R A LR Z FLR D HIOAR S HEFIA N . th4b, TEAH RSN AS

BT, 800 me/kg HEETEINA MRS B R BES e 1 xt HA4L, 2R WIARS 5528 AT 1 e 6 50 2

R 4 7750, SARERPHSELREZESR (P>0.05), {H 800 mg/kg HEFH S

R FEETHRA (P<0.05), WHAESEHESRYIAREE N,
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Fig.1 Effects of Bacillus subtilis on eggshell ultrastructure of laying hens during later period of
laying

800 mg/kg ZH R 5C 4514 Eggshell ultrastructure of 800 mg/kg group

300pm 300pum

X HEZH S5 T4 # Eggshell ultrastructure of control group

300pm

300um 300pm

R4 AHEZFAFTE R ARG S TS B R
Table 4 Effects of Bacillus subtilis on contents of calcium and phosphorus in eggshell of laying
hens during later period of laying %

T DEAAF B R INZK S Bacillus subtilis supplemental

i H level/(mg/kg) SEM PAE P-value
Items 0 CHHR 200 400 200 gt /¢
Control) Liner Quadratic
5 Calcium 33.45+0.68° 34.144£2.71° 33.10+0.82° 36.06+1.89° 0.38 0.02 0.30
fi%f Phosphorus 0.096+0.009 0.101+0.004 0.101+0.010 0.099+0.008 0.002 0.74 0.59
30 i

3.1 CADHR AR AR B AT B R S XS A e Ik RE R R
AT, TR A A0S 5 2F A 1 R DASGE Sh R A = P e, (HILAOGHTE A48 A

SRR EFFUSIRILE 54 F1 60 & == 4 S XS AR FR R 0 1x10'° CFU/g A B2 AU 14



ZEBUR I, U6 BN KT 1) F R & SRR LU B AL BTG, HERAEE . AR
B9 I, TRAR RIS IN 1< 108 A1 8x10° CFU/g ik B 2 F AT B % XS T35 H R & S AR B R 2
RO, T ORISR Xu SO SR E, 3x10%, 6x10° il 9x10° CFU/g f SXG /= H %
ToAZE R, (HR] DU 2 AR 1P HoR s AR R L, S B A PR . ZILR ]
Bl 55 A B AT B R0V 7K ST B BN P ot ol R 4 A [ A

AR, AR 200~800 mg/kg (2x109~8x10° CFU/g) Aili 8 25 HUAT B B PR 1
AT H R &, Hoh kb 400 F1 800 mg/kg (4x10°F1 8x10° CFU/g) A% 2E{f
FRB FA TR EL o IX AT R B TG R 2R A T ARV FEIAE ) 2 RIS, PR AR R R
PEHIEE TR, QUSR] T FLRR T . SUBH B 5 B (AR KR, B0 pH, AT 4 )

AEFERAR, W IERRMES TR, R 52 AT R R a5 Bk, 19/ Mg

A

RO AR RER3 24, ] DA A 2 Al ALl S ALIR . LR NIREAT AR o (25261, £ 3
M PR 2 i ) 5 (2 E R Y SRS PR ROAE R, AR TR R E SR, S TR
e, ARSI R B EATR & L.

3.2 AR AR AR B 2E AT B B R B X B R PR

W E T S A M R PR T I 2 B o), SR E e AR ER SIS A R TR AR R

clt
I
W&

BNV AN G A L D g i<k et O S )0 C B S e S IR A W I
P EHL 1L.6%HIK 3.3%~3.5%HA N 95% /247 I TCHLE #1282, Ja 3 22K
BRES, &EZ) 94%, HARNTRIRBEMBEIRIS S . R EELAN 37.5%, Hh 60%~75%i
TR, AR SR TR R R

EAC R B 7 i AT R A AR P e I T R, AT P SRR AR R TR s AR
HH N DA B 2E TR BT B AR S BRI BT SR R R SR, GBS, PEICR IR R, 4R
AU RERIA . EAFUSHRIG I, Al AT B T DA B AR (54 R D

IR SR B IS, (EXTER A L, I IR SR AR E B R . IR 45 SRR,



TR AR AN AN [F) 2K T RO B 28 AT T 24 2 2 08 kB M SR 7 R 5, S 35 BRI T R
#, M, 800 mg/kg 2 ¥ A T o AN 7 5 LI AL R 2 P . AT SUACN, TR
TR 52 R T E 5O B XA P R R, (BT B 58 Ml BRC S 2 MAB), IR e S B b, £F
e AR HSE AR K. Ay, SRS BE EILEEZER, H 800 mg/kg 41H

S R e T LA AL, U IS AR BT A I TOR SN o Al R ZF AR IR A R T A R I

clt

TEFIMLEE R AN BT, (H 23S 58 B FRAIR 55 T X 5 MR A S8 3 P BRI A DR 3341, il i 2
AT R AENIE N RAEAE G, A BB B TR SR A 45 BRI S i, AT T
HICH . BTEXTES . BRI 5 i N RORRBREE A o0, BRI, (LBEeS Eh I,
M 0] T P X %5 AT 30 o Ay 5 28 A AT B T el ok ok 2L R 1 PR 2 B A LR A5 A
PR IIE pH, AT R X 45 (RS R o BIFFER I, B 2 1 770 RE 2 a2k S 3o 1]
R e FRI IR HAC36, - Pl A5 I AT Y 2R PRI fr Al 2 PR T 50 B 7 it ot 1) 2 R PRI 7).
ARG R KIL, SRR, 800 mg/kg HETMBMLEMTARZARKZ,
R TN BN, HETFEA AR S HHP R, T A ERARZARED,
HABIATN, X5 FEFFURA LR 8 FUR)R M55 HES nI A7 25 1R R4 17 A A 3E

fifro X AR R FRAT T IE Re i o RSSO A MY, 5GBS T

ORI 400 1 800 mg/kg Aili F 2 FLAT: B 0T 25X (1) 7 2 6 1~ $5) o B TG X0 355 2
HEFRC T EERFYH R ERE. RHRE B ER

@RI 800 mg/kg R FLZF LR FH G N [ HESE)RE, RER S U ETRE, R
Iy EREPE R, BGE T RFSHEME
S5 3R
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Effects of Bacillus subtilis on Performance and Eggshell Quality of Laying Hens during Later
Period of Laying
CUI Chuangfei'> WANG Jing? QI Guanghai> ZHANG Haijun?> WU Shugeng?* SHI
Zhaoguo'*

(1. College of Animal Science and Technology, Gansu Agricultural University, Lanzhou 730070, China; 2. Key

Laboratory of Feed Biotechnology of Ministry of Agriculture, National Engineering, Research Center of
Biological Feed, Feed Research Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China)
Abstract: This experiment was conducted to study the effects of Bacillus subtilis on performance
and eggshell quality of laying hens during later period of laying. Four hundred and twenty
52-week-old Hy-Line brown laying hens with similar egg production rate and bodyweight were
randomly divided into 4 groups with 7 replicates per group and 15 hens per replicate. The control
group was fed a corn-soybean meal basal diet, and the experimental groups were fed basal diets
supplemented with 200, 400 and 800 mg/kg Bacillus subtilis, respectively. The pre-experimental
period lasted for 1 week, and the experimental period lasted for 12 weeks. The results showed as
that compared with the control group: 1) diet supplemented with 200, 400 and 800 mg/kg Bacillus
subtilis had no significant effects on the egg production rate and average egg weight (P>0.05), but
significantly decreased the average daily feed intake (P<0.05); diet supplemented with 400 and
800 mg/kg Bacillus subtilis significantly decreased the ratio of feed to egg (P<0.05). 2) Diet
supplemented with 200, 400 and 800 mg/kg Bacillus subtilis significantly increased the eggshell
thickness (P<0.05), but significantly decreased the broken egg rate (P<0.05); diet supplemented

with 800 mg/kg Bacillus subtilis significantly increased the eggshell strength and eggshell



percentage (P<0.05). 3) Diet supplemented with 800 mg/kg Bacillus subtilis improved the
eggshell ultrastructure, and significantly increased the eggshell calcium content (P<0.05). In
conclusion, diet supplemented with Bacillus subtilis can improve the performance, improve
eggshell quality, and reduce broken egg rate of laying hens during later period of laying. The
optimal supplemental level of Bacillus subtilis is 800 mg/kg in the present study.
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