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UEECAER, S A TR RS IR R B AR e i R P BRRBR 2 o FLER T 2 H R R
B, ONAFER S FREAE AT — R 2R B, T ST R DR A IR R MR AR %%
N B R AR IR 2 BT B R . o, MR O 1999 SEpAl
BN CIRVEAE A AR IR S F E S ). B FERIE, FESh R T A A 2 AT
A DAY = B I e B S B VS PR, SR IE A AR, SR E IR R R,
TR A K R B0, M R B e A, SRR e e kb R A HE
DA TR PR OO0 . DG A 2 A B K 7 BN 1 S A A LA AT K D S IR W R
AARGs: B AEWE TR T IS NS RIS BORG 22 27 FAF B CGMCC 1,921 X 38 A Mg, I
BUFE AR ML A TR IR S G e R 11 & R Wi, Ay HAE B TR b (1 S F 4 kB 18 S 5 1k
1 -

1 MRS
1.1 RIeEE

RGP A B 3R AT 1 CGMCC 1,921 BRI [ vh [ @ i AL P B P A o0, I
MR ZMEAT PR 7] A2 77 4, & F8 1.105%10%° CFU/g.

1.2 REah) 5Bt

WEFH 27 JE RS R g 22 5T XY 360 R, FENL A5 4, FHE6ANESE, BAESR 12
R 1Ay AL, TN IOAS B 28 f AT i CGMCC 1.921 (R AlitalAR, 156 2~5 27
SRR R4 B I0 1.0105, 1.0108, 1.0107 A1 1.0<108 CFU/g # 5 2 T i CGMCC
1.921. WIGW 24 i . FRAR SR NRC (1994) FEAYE 77 ERLH], AR IS 77T I
* 1.

R AR RSB TR ORCTJERED
Table1 Composition and nutrient levels of the basal diet (air-dry basis) %

IWH Items & Content



JR %} Ingredients

2K Corn 64.00
1 Soybean meal 24.00
5l Soybean oil 1.00
&1k NaCl 0.30
F¥r Limestone 8.50
HERESS CaHPO4 1.20
IR R Premix? 1.00
&1t Total 100.00

K Nutrient levels?

fREHAE ME/(MJ/Kg) 11.53
HEAR CP 16.52
5 Ca 3.50
B TP 0.60
A% AP 0.40
AR Lys 0.80
HHE Met 0.35
FER+L-MER Met+Cys 0.65

DR R AT AR 24t The premix provided the following per kg of the diet: VA 8 000
IU, VD33000IU, VE151U, VK32.0mg, VB:120mg, VB24.0mg, VBs4.0mg, iZIRE
calcium pantothenate 12 mg, A& nicotinic acid 40 mg, “E#JZ biotin 0.1 mg, & folic acid
1.0 mg, VB2 0.01 mg, Fe (as ferrous sulfate) 30 mg, Cu (as copper sulfate) 6.25 mg, Zn (as zinc

sulfate) 70 mg, Mn (as manganese sulfate) 63.6 mg; | (as potassium iodide) 0.4 mg, Se (as sodium
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selenite) 0.2 mg.

i+ HH Calculated values.

1.3 TAFREH

K 2 BIE, FANEE LS 2 B4 A (80 cm><60 cmx50 cm), A% 6 R, &H

Pn 3k, HHCRE: ASKAYOKES, BHEoOK. K 16 h Bl (06:00—22:00), HEHE

i BB 3R

1.4 MEFePs KTk

1.41 EPEife

I, DAy A Rad s BB, SRR, SUiS R &, B, RBUFIC®

RIRBLE, HE™ER, REE. EE, BHEH. HEMIEEZE.

142 MEESEARIE

RIGFFEERT (B0 JED) KiREeE 1. 2. 3. 4. 8. 12, 16, 20. 24 J&, VIEE NELIFE

PLER 4 ARG, RMATEZER 12h, HEYOK. 8N ORI T 5 8T 2R s

B A DR IMIENTH S, 2 000 r/min 250 10 min, RIS T EP &b AR, HHARZ

TBA-120FR 4= H AT ACGHHAT G H A TN ARE (ALT). RHEEZERE (AST) 3EMENR

BEG (TP). BAEA (ALB). MJHLZE (TBIL). #iZikE (GLU). JRZE (UREA). JRIE

(UA). JILEF (CREA). Hili=Ms (TG) FMHFEEE (CHOL) & & MlE.

1.4.3 L5 AR bR 2

WIGTFEETT (B0 ) LiRIeE 1. 2. 3. 4. 8. 12, 16, 20. 24 Jf, VLEE NE#EAIFE

HLIEE 4 238, RILATEE R 12 h, BHEYOK. S8 T CRE R 75T 5 mL i) 4%

Wz (EDTA) PrEtE 2 RIMEM 2 mL AR B2 KI5, BRRS . RAHHEHE

P, HVLVERE e 3h =70 BE AR 70 A (TEK-11 mini) #£47 F 40/ (WBC). k4

fg (LYM). thEIZHH (MID). FriERigife (NEU). 204000 (RBC). Ifi/Mik (PLT) #tH
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RS (HCT) MUMZLEH (HGB) S&EME: RABKIE, hlbstEF|4: XC-40B
4> H 7)) RBC YL & AT 2L 40T (ESR) HillE .
144  IMUERERE A& EIIE

KREER 142, MiEHREIRES A (gA). HEFREN G (1g6). HEHEM M
CIgM) 75 &R UL Je O BB S 2 I B (ELISAD, 48 F i BRI A= MR H A R A w42
LIRS G BREE 1 (1A, 19G IgM) BRI G 2 IR B ARSI S5 gk A7 2
15 BRGS0

RIGHHE R H] SPSS 19.0 #EAT Gt i+ M. RAIFEIZRTTZ 204 (one-way ANOVA) Hli
N ZEH (LSD) VAT 2 B LA, R3E/K T3 P<0.05, B SRR A TP AR MEZE .
2 AR5
2.1 FHEZEAAT T CGMCC 1.921 X 25 38 A4 Pk R (A S

H3R 2 AT, R AR A IR B ZE AT B CGMCC 1.921 X4 1~24 A= HE ., HE, X
. R EE SRR TR Em (P>0.05) ; {Hik3E 2. 4. 5 ARHER LB E KT X
HEZH (P<0.05) , 4% 3 41k} H 5 HAh & 2H 2 1A] o\ 2 22 5+ (P>0.05) .

2 AHHEZEAIFT B CGMCC 1.921 St ARMgAE =1 A B R

Table 2 Effects of Bacillus subtilis CGMCC 1.921 on performance of laying hens

7 Groups

=) P{H
Items 1 2 3 4 5 P-value
F=HEE% Egg production/% 89.5454 924425 92.54.7 92544.0 931436  0.500
K& Feed intake/ (g/d) 1114420 1115#.5 111.0#.7 110.7#H.6  111.2#26 0.957
F#E Egg weight/g 612405  61.5%0.8 60.9+1.0 614#1.1 6163  0.586
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kL L Feed to egg ratio 2.0420.10° 1.9640.04°  1.9720.03%  1.9540.04% 1.9430.04%  0.049
Hp= & & Egg weight per
hen/kg 9.0940.57 9.44#030  9.35#0.30  9.42#0.32 9524038  0.378
BEH % Mortality/% 1.3943.40 1394340  2.78#4.30  0.0020.00 0.0040.00  0.440
FAT AR E AR AR NS AR R E R B3 (P<0.05), MFEASLFEHRRNERAEE
(P>0.05). F&E[.,
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 (P>0.05).
The same as below.
2.2 FEEZEAIAFE CGMCC 1.921 Xif 23 IfiL i A Ak 45 A 2
B3 3 A, X502, 540 (55 1 &) MMyl ALT 313 T R 2H (P<0.05) , i #%
I (5 24 i) MiF ALT WA FEAGES (P=0.072); X T-ILiE AST y&1E, AL 3
(2D 4 GE8RD. 541 (53, 20 &) &3 & T x4l (P<0.05) .
3 AEEZEAIFF B CGMCC 1.921 SIS MG ALT Al AST v& 14 (152
Table 3 Effects of Bacillus subtilis CGMCC 1.921 on serum ALT and AST activities of laying

hens U/L

205 Groups

P1E
TiH P-value
1 2 3 4 5
Items
BRHEEN ALT
ﬁ%f 18 Week 1 2.9+.12 4,14 .55 3.4+ .3%c 3.3+#1.3® 4.24.7¢ 0.024
% 24 & Week 24 1.8H.2 1.64.1 1.7H4.0 1.140.9 1.140.8 0.072



BEEE N AST

552 Week 2 1464142 147418 159:+18° 1534132 153418% 0.026
%5 34 Week 3 147432 1454122 149414 144432 155#15P 0.041
%5 8 4 Week 8 1434142 148412 150:+16% 158+18° 149414 0.017
2520 4 Week 20 141272 1384262 1404272 144272 166+33° 0.009

M 45, RS A G 3D KIMmE TP Al GLB & & &% & T Hh %41 (P<0.05),
WA 540 (55 2 D Iyl ALB & & 53 T X R AL 3 2H (P<0.05), 3% 2 41 (36 2
JiD 175 GLB & & 3 T 5 B AR 3. 5 4H (P<0.05) » A5 2 40 (38 2 &) Ifig A&
HAEREE (AIG) BEERT XA FEE 5 41 (P<0.05), 3% 541 (25 3 ) Ifiig AIG &
FAR T HAh 41 (P<0.05) .

® 4 REZFRIFF R CGMCC 1.921 X &S IMIE TP, ALB. GLB &5 [z A/G 54N

Table 4 Effects of Bacillus subtilis CGMCC 1.921 on serum TP, ALB, GLB content and A/G of

laying hens
A P1{H
205 Groups
Items P-value
1 2 3 4 5
BEA TP (giL)
55 3 i Week 3 4124400 4154758 400458  41.047.68 511455  <0.001
HEH ALB/ (g/L)
55 2 i Week 2 21.04.60  21.9#¥.9% 211442 220480  224420° 0.025
BEH GLB/ (g/L)
55 2 i Week 2 2424432 27.6442° 2494447  26.033.6%  24.644.32 0.044



% 3 /4 Week 3 19.343.02 20.1+6.12 18.744.82 20.346.52 29.2:44.45 <0.001

HEAFKEH AG

552 Week 2 0.8940.12° 0.80#0.08% 0.8740.13® 0.8640.11® 0.930.16" 0.010
% 34 Week 3 1.1540.15  1.1240.22°  1.1840.21° 1.1040.27°  0.7620.09 <0.001

H3& 5 A0, X T IME CREA &, Ik 541 (55 16 D B3 T ALk 2. 3
#H (P<0.05), %2 (550, 8J8). 3 CBEOMD. 4 (BE1. 28, 54 GE 1M BHEELT
XTREZH (P<0.05) o Xf T il TBIL &, K3 54 (3 1) BEm T HAK4 (P<0.05),
A4 (55 3 ) BT XA (P<0.05) .
®5 FHRLZFHIF B CGMCC 1.921 X XS IfiE CREA K TBIL & & 1520

Table 5 Effects of Bacillus subtilis CGMCC 1.921 on serum CREA and TBIL contents of laying

hens umol/L
i H P
205 Groups
Items P-value
1 2 3 4 5

LA CREA

50 4 Week 0 4.440.6° 3.640.72 3.54).72 424,10 4.240.8° 0.001

51 Week 1 6.340.7¢ 6.020.5¢ 6.440.7¢ 5.640.6° 5.140.72 <0.001
2 A Week 2 5.640.6™ 5.540.7% 5.240.6% 5.020.82 5.620.8° 0.005

%5 8 JA Week 8 6.340.6° 5.720.72 6.140.8% 6.241.2% 6.640.9° 0.020

%5 16 J& Week 16 3.0#.32 2.730.82 3.140.52 3.340).8% 3.74.3° 0.009

5 20 J& Week 20 7.940.9% 7.530.62 7.620.72 8.140.6° 7.620.52 0.047

BJHZIZ TBIL



251 A Week 1 2.140).52 2.340.72 2.240).62 2.140.72 2.840.5b <0.001
% 3 5 Week 3 3.740.6P 3.040.92 3.040.72 3.040.72 3.34).72 0.003
H1% 6 nI %0, X F1fjE UREA & i, i3 2. 3.5 41 (5F 1 D B3 & x4 (P<0.05),
MR 2 (55 8. 12 D, 4 (55 3. 12 A, 541 (55 2. 3. 12 i) BT X4l (P<0.05) ;
ST IE UA &8, 58 2. 541 (5520 &) BT X AL AL 3 4 (P<0.05) .
®6 FHHEIEAIFFE CGMCC 1.921 Xt 278 fiiE UREA K& UA & &I
Table 6 Effects of Bacillus subtilis CGMCC 1.921 on serum UREA and UA contents of laying
hens
i H P

2073 Groups
Items P-value

JEE UREA/ (mmol/L)

1 Week 1 0.2840.078  0.3320.07° 0.3440.07° 0.3020.08°® 0.33240.06" 0.015
2 JH Week 2 0.3620.06® 0.35#0.05°  0.3520.07° 0.3540.07°  0.2940.052 0.002
5 3 4 Week 3 0.3820.06® 0.3420.05%® 0.3540.07% 0.3140.04®  0.3340.092 0.014
5 8 JA Week 8 0.3820.13° 0.30#0.10°  0.3820.08" 0.3940.07°  0.4040.08° 0.007
12 A Week 12 0.5040.07°  0.4440.092  0.5020.09° 0.4040.078  0.4140.122 <0.001
JREER UA/ (umol/L)

2 20 JA Week 20 204477° 1463402 206479° 1814732 1584812 0.020

B 7 77, XHFfE GLU &, %3 (1. 8J8). 4 (558 ). 540 (1. 8

JED BECT R (P<0.05), RE2 (BB 12 ). 3 (F 2. 3. 20 /). 4 (3. 12, 16
D). 54 (5F 2. 3. 12. 16, 20 JA) &m0 e (P<0.05) .
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F 7 MEZEAIF B CGMCC 1.921 XA IMIE GLU & & KI5
Table 7 Effects of Bacillus subtilis CGMCC 1.921 on serum GLU content of laying hens
mmol/L
i H P

A3 Groups
Items P-value

50 A Week 0 11.09+1.52%  10.59+1.442 12.0742.00° 11.97+1.64> 11.48+1.50% 0.011
5501 Week 1 12.1540.99° 11.80+#1.12°  11.1040.992 11.7941.25° 11.20+41.06% 0.005
552 A Week 2 7.89+ 228 7.46+1.282 8.99+#1.12¢ 8.5640.82bc 9.944 454 <0.001
5 3 A Week 3 7.4040.962 7.1440.992 8.1841.15° 8.17+1.15° 8.8641.11° <0.001
554 A Week 4 9.37+1.44 9.3341.16 10.084+.49 9.50+1.43 10.004.56 0.218
5 8 JA Week 8 10.4140.97°  10.1140.97° 8.97+1.292 8.78+#1.122 9.324+1.052 <0.001
512 J& Week 12 7.5741.10 9.19+1.57¢  853+.06%  9.69+1.49%  10.35+2.56¢ <0.001
516 J& Week 16 7.8441.782 8.58+1.64%  8.49+1.13%  9.30+42.83t¢ 9.68+1.63°¢ 0.009
520 B Week 20  9.2340.812 0.42+1.38%  10.4543.14% 9.7340.93%  11.1540.98° 0.002
5 24 J& Week 24  13.5340.95 13.47#.11 13.57#.48 13.2940.73 12.98H+.24 0.437
HoA ] A5, 4 IAMLiE ALT. AST 3% /2 TP. ALB. GLB. TBIL. CREA. UREA.
UA SEM AIG (ARSI TR E %R (P>0.05) » faAR FHA AL 2 2F f A B CGMCC
1.921 X} ifijE CHOL 1 TG & & (HilaAZIH) Jo i3 501 (P>0.05)
25 TR, RIS B 2 AT CGMCC 1.921 FR7E— @ M2 Tk 1 ILi GLU
i, BKT UREA S22 4, TEEEANRIE B A Mg AL AR AR IS I AN K

2.3 FiBEZERIFFE CGMCC 1.921 S &4 I 3 FRFE AR 1 w2 i
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8 A, XTIy WBC 2 H, 5 2 (% 1. 12. 16. 24 J&). 3 (¥ 3. 16. 20.

24 Ji). 4 (551, 3. 4. 8. 16, 20. 24 J&). 54 (51, 3. 4. 8. 20. 24 &) SE&ET

e ZH (P<0.05), 46 2 20 (38 12 ) B & Tl 3. 4 240 (P<0.05), k36 3 41 (55 20

&) BEE TR 2 40 (P<0.05), i3 44 (553, 4 &) BEE TR 2. 34 (P<0.05),

RE44H (8. 20 ) BEETHMEH (P<0.05), RIE 54 (55 1) BT HAME

4 (P<0.05), & 54 (5 3. 4. 20 &) BEE TR 2 44 (P<0.05) .

*8 M ZEMFFE CGMCC 1.921 % &% My WBC % H (1520

Table 8 Effects of Bacillus subtilis CGMCC 1.921 on blood WBC count of laying hens

10%/L
= P1H
Items #H5] Groups P-value
1 2 3 4 5
50 4 Week 0 121.1432.7 118.1#+12.2 129.5422.3 11424235 128.3428.7 0.168
51 JE Week 1 117.147.1° 130.049.6° 126.444.5%  128.2413.1° 140.0#432.6° <0.001
5 2 & Week 2 125.5+04 122.945.6 133.0422.6 123.236.9 124.4412.6 0.053
5 3 & Week 3 118.646.2? 119.249.9%0 122743 8bc 127.143.94 125.447 5 <0.001
54 JE Week 4 120.339.42 121.4416.6 127.934.2%  138.2423.4° 131.8#15.5" <0.001
% 8 & Week 8 124.647.92  129.0+13.9% 128.143.8% 139.1#5.7° 132.148.5° <0.001
512 A Week 12 127.443.82 140.3422.1°  126.4412.08 124.5#16.9* 133.047.0% 0.001
5 16 JA Week 16 12484652  133.4+1.1° 133.847.8° 137.5421.6° 130.949.0% 0.011
5 20 JA Week 20 124.645.42 123.146.82 131.845.4°  138.2#13.0° 131.538.3° <0.001
5 24 JA Week 24 122.845.22 130.0424.1° 131.043.7°  134.4#10.4° 136.447.3° 0.004
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QA A, XTI LYM 3 H, R 2 (5% 12, 16. 24 J&). 3 (% 2. 3. 4. 20.

24 JE). 4 (553, 4, 8,20, 24 JH). 54H (%5 3. 4. 8. 20. 24 &) BEE T XHEAH (P<0.05),

M5 4 40 (35 0. 12, 16 ) EEL T HAh %4 (P<0.05), i 2 20 (5 4 ) BEFKT

SHEZH (P<0.05), R4 3. 4. 54H (%5 3. 4. 8J8) BEm TR 2 4 (P<0.05) .

# 9 MEZEAHIFT B CGMCC 1.921 X EEXS ML LYM % H (1540

Table 9 Effects of Bacillus subtilis CGMCC 1.921 on blood LYM count of laying hens

10%/L
= P1H
Items 213 Groups P-value
1 2 3 4 5

250 )& Week 0 102.6+18.4° 110.649.8° 112.014.7° 85.0422.92 105.546.9b <0.001
51 JE Week 1 105.944.5 113.24/.1 111.9#13.2 106.0220.5 109.3+16.6 0.236
5 2 & Week 2 108.036.92 108.145.32 118.547.6° 106.244.72 103.0H4.32  <0.001
5 3 & Week 3 107.023.82 105.747.02 112.543.2b 117.844.3¢ 110.948.3° <0.001
54 JE Week 4 105.948.5° 90.0423.78 114.0+2.8° 119.8#15.3° 115.349.8¢ <0.001
% 8 J& Week 8 108.947.2%  104.2428.0*  114.843.4 122.249.2°¢ 117.846.8° <0.001
512 A Week 12 115.842.9° 122.5410.6° 112.1+10.3° 104.149.92 114.644.2° <0.001
5 16 JA Week 16 114.642.8° 121.545.3¢ 112.3346.0 104.9414.32  109.947.3° <0.001
5 20 JA Week 20 104.6+1.92 107.744.9% 117.742.8° 114.4410.9° 109.243.1° <0.001
5 24 J Week 24 104.6+1.92 108.045.6° 116.3#2.1° 109.847.8° 109.742.6° <0.001

B2 10 o750, STy MID #0H, 52 (5 1. 12 ). 3 (16 JA). 4 (& 0. 12,

16. 20, 24 J&). 54 (5 0. 1. 3. 12. 16. 20. 24 i) EFE= X84 (P<0.05), R

12



N

4. 54 (50, 20. 24 ) B&EE THA®H (P<0.05), iR 54H (5 1. 3 &) BES

R 3. 4 4 (P<0.05) .

*£ 10 i ZEAIFF B CGMCC 1.921 % & My MID % H 52

Table 10 Effects of Bacillus subtilis CGMCC 1.921 on blood MID count of laying hens

10%/L
T H P1H
Items #H5| Groups P-value
1 2 3 4 5

250 )& Week 0 7.742.42 5.942.32 6.443.92 11.344.3° 13.848.8° <0.001
1 JH Week 1 8.442.22 11.542.1b¢ 9.242,2% 9.314.6% 12.547.1° 0.003
2 )5 Week 2 11.343.4% 10.242.3® 8.946.42 12.243.7° 12.643.7° 0.016
5 3 & Week 3 8.642.2° 9.342.8¢ 8.0+.6% 7.04.92 10.844.0¢ <0.001
54 JE Week 4 10.42.0 12.744.9 10.0+1.8 10.446.5 114359 0.280
5 8 J4 Week 8 112421 12.242.3 9.8#.9 10.6#4.5 10.143.8 0.065
512 A Week 12 8.641.32 11.845.7° 10.3#2.12 12.244 40 12.242.8° <0.001
5 16 A Week 16 7.542.82 8.543.42 15.243.7° 16.846.0° 14.943.20 <0.001
5 20 A Week 20 13.542.8° 10.742.22 10.5+2.12 16.145.9° 15.744.3¢ <0.001
5 24 J Week 24 12.642.42 12.946.22 10.54.72 16.047.4° 18.342.6° <0.001

i3 11 7%, AT NEU $0H, SR8 2 (55 1 ). 3 (5516 &), 4 (350, 12. 16.
24 ). 540 (55 0. 12, 16, 24 J&) BE = TXHE4L (P<0.05), R4 3 4 (5 0. 2. 20 J&)
ST X ZE (P<0.05), R 4. 54 (55 0. 12 24 i) BEmE TR 2. 3 44 (P<0.05) .

*£ 11 FEZEAFE CGMCC 1.921 X9 e NEU % H [ 52m
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Table 11  Effects of Bacillus subtilis CGMCC 1.921 on blood NEU count of laying hens

10%/L
T H P1H
Items 5] Groups P-value
1 2 3 4 5

250 )& Week 0 2.541.6° 1.64.12 1.140.32 4.342.2¢ 3.44.3° <0.001
21 H Week 1 2.84.1% 5.3+.4°¢ 3.1#.50 2.1+ .29 2.6+ 3 <0.001
2 )5 Week 2 4.443.2° 4.642.0° 1.740.82 4.84.3° 4.1+ .50 <0.001
2 3 )5 Week 3 3.1+ .8 424870 2.240).62 2.332.0° 3.842.20 0.002
4 )5 Week 4 4144 48422 3.94.8 3.843.0 4.013.0 0.676
% 8 JA Week 8 4523 5.3#.3 3.5#.0 3.542.8 4248 0.059
512 A Week 12 3.040.92 428278 3.942.12 6.944.4° 6.242.4° <0.001
5 16 A Week 16 2.642.12 2.641.82 6.323.3° 6.6145.6° 6.122.5° <0.001
5 20 JA Week 20 6.542.4¢ 4.742.2% 3.6+.12 7.734.3¢ 6.544,2bc <0.001
5 24 JA Week 24 5.541.82 4.843.02 4.24.32 8.545.7P 8.4+4.0° <0.001

R 12 /&, STk RBC 30 H, %2 (1. 38D, 4 (BE2. 12 ). 541 (58
1. 2. 3. 12 ) BEETXIEAH (P<0.05), ikl 3. 4. 540 (5516, 20 i) BE S
of HE AL AN 2 41 (P<0.05)
12 MEZFEAEFE CGMCC 1.921 X+ E M Ik RBC i H 1520
Table 12 Effects of Bacillus subtilis CGMCC 1.921 on blood RBC count of laying hens

102/L
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i P

Items 415 Groups P-value
1 2 3 4 5
%5 0 J5 Week 0 2.1940.23 2.1140.31 2.1540.18 2.1340.29 2.0640.25 0.482
21 Week 1 2.4240.20°  2.2840.18% 2.4040.19¢ 2.3340.13° 2.2040.252 <0.001
22 )& Week 2 2.3540.13°¢ 2.3940.18°¢ 2.3140.14b¢ 2.23440,22% 2.2040.13? <0.001
% 3 4 Week 3 2.4310.15°¢ 2.2430.302 2.3940.17%¢  2.35340.13%¢  2.300.18% 0.007
4 )5 Week 4 2.2640.14 2.2940.17 2.3040.16 2.3530.19 2.3020.14 0.479
2 8 )5 Week 8 2.3240.12 2.4040.15 2.4240.16 2.3740.18 2.3240.25 0.225
2 12 3 Week 12 2.4540.15°¢ 2.5340.17¢ 2.4240.21b¢ 2.3240.18% 2.2840.20? <0.001
2 16 A Week 16 2.4240.172 2.4340.22¢ 2.5840.210 2.6140.22° 2.6040.29° 0.002
5 20 A Week 20 2.3810.172 2.3840.16% 2.5240.15° 2.5640.20° 2.5640.30° 0.001
5 24 JA Week 24 2.4530.15 2.5540.20 2.4710.19 2.5740.18 2.5630.13 0.055

H# 13 ATA1, XTI HGB &, iR36 2 (55 1. 3. 4. 20 &), 3 (5 3. 20. 24 ).
4 (31,3012 ). 54 (51, 12 ) BFCTX AL (P<0.05), Mk 3. 4. 54 8
16 i) 3T AR 2 41 (P<0.05) .
# 13 MiTZEEATE CGMCC 1.921 X &A% Iyl HGB & = IR
Table 13  Effects of Bacillus subtilis CGMCC 1.921 on blood HGB content of laying hens
g/L
iH P18

Items 27 Groups P-value
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%5 04 Week 0 91+1 86+15 877 9047 93+10 0.105
14 Week 1 10349¢ 91482 9849 9646° 93+10%® <0.001
%2 4 Week 2 9746 101+ 9547 9749 9746 0.067
% 34 Week 3 10447° 93+142 98472 95472 98+10% 0.002
24 4 Week 4 987" 90+122 957" 9749P 987> 0.002
%5 8 A Week 8 9946 9846 10146 9848 96+12 0.366
512 ] Week 12 10348° 106470 105470 97472 94482 <0.001
%5 16 A Week 16 102492 101482 11048° 109490 10849° <0.001
%5 20 A Week 20 11048 104192 103162 10648 113#H1° 0.001
5 24 JH Week 24 11048° 11148P 104482 11048° 112475 0.007

HHER 14 750, XTI HCT, W56 2 (B3 D). 4 (352, 3. 12 &), 541 (58 1. 2.
3. 12 ) BEETXIRLL (P<0.05); R4 2 (5524 F). 3 (55 16, 20. 24 ). 4 (55 16,
20. 24 J&). 541 (%16, 20. 24 J) B3 m T4 (P<0.05) .
# 14 FHHEZEFTE CGMCC 1.921 SHEA MK HCT KI5

Table 14  Effects of Bacillus subtilis CGMCC 1.921 on HCT in blood of laying

hens %
WA PA
Items 21 Groups P-value
1 2 3 4 5
% 0 & Week 0 26.843.0 25.144.0 26.0x2.2 25.6%2.3 25.243.1 0.251
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14 Week 1 29.342.4° 28.342.3" 29.142.1° 28.0+1.6° 26.243.02 <0.001

552 4 Week 2 28.4+41 .6 28.9+2 .2¢ 27.541.9% 27.042.32 26.6+1.82 <0.001
% 34 Week 3 29.141.9° 26.843.52 28.141.9% 274+ .92 27.642.32 0.021
5 44 Week 4 27.64.9 271421 28.1+.8 28581 28.1#.5 0.259
%5 8 J4 Week 8 28.3+.6 29.0+1.6 29.5+.8 29.0£2.3 28.643.0 0.350
%5 12 J4 Week 12 29.542.1k¢ 30.4%2.1° 29.042.1° 27.6%2.12 27.62.42 <0.001
% 16 ] Week 16 29.142 .42 28.842.52 30.642.2° 30.942.5° 31.243.1° 0.003
% 20 & Week 20 27.742.02 27.742.28 30.741.8° 30.442.2° 30.843.4° <0.001
5 24 JH Week 24 28.6+.92 29.942.6° 30.042.3° 30.541.8° 30.541.6° 0.014

3 15 Al%n, XTIk PLT 2cH, 3856 2 (55 24 J8). 3 (5524 J&). 4 (55 16, 24 Ji).

54 (5516, 24 &) B & TX A (P<0.05) .

* 15 HiHEZFEAIF B CGMCC 1.921 %9 M PLT %% H (52

Table 15 Effects of Bacillus subtilis CGMCC 1.921 on blood PLT count of laying hens

10°/L
i B P1E
Items 2H%] Groups P-value
1 2 3 4 5
25 0 ] Week 0 11.442.6 13.942.6 12.044.5 12.943.7 14.044.5 0.067
51 Week 1 12.749.2 13.642.6 10.944.5 12.943.6 12.943.6 0.455
5 2 ] Week 2 9.343.7 8.944.4 12.544.0 11.546.5 10.445.9 0.092
25 3 ] Week 3 10.743.4 12.645.3 11.244.0 13.443.2 13.02.8 0.062
5 4 ] Week 4 10.143.8 11.045.4 10.3+4.6 10.746.2 10.345.0 0.969
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2F 8 JA Week 8

2 12 J& Week 12

2 16 J& Week 16

2 20 J& Week 20

ZF 24 JH Week 24

12.045.7

11.645.4%

12.345.82

9.444.5

7.534.22

11.044.1

11.545,6%

11.844.92

9.3%5.9

10.345.3

11.243.9

9.545.42

16.349.1%

12.045.0

14.243.2°

12.0+5.4

13.642.6"

20.1+10.3°

11.645.9

12.8:44.2%¢

12.34834

13.04.7°

19.149.0°

10.636.6

15.345.3¢

0.822

0.042

0.001

0.337

<0.001

3 16 Al%, XTI ESR, I 2 (55 20 ). 3 (3. 20, 24 ). 4 (¥ 3. 20

JE). 54 (3. 4. 8. 20 &) BEE TR

]

DN

2H (P<0.05) »

*£ 16 M ZFERIFFE CGMCC 1.921 % &4 My ESR [ 520

Table 16 Effects of Bacillus subtilis CGMCC 1.921 on ESR in blood of laying hens

i H

Items

50 & Week 0

1A Week 1

52 A Week 2

5 3 JE Week 3

54 Week 4

% 8 & Week 8

12 Bl Week 12

5 16 JA Week 16

5 20 JAl Week 20

1.840.7

2.040.0

2.040.43%¢

1.340.52

1.540.62

1.640.62

1.940.3

1.940.4

1.040.02

mm/h

2.34.9

2.040.2

1.740.62

1.540.5%

1.740.62

1.840.4%

2.040.4

2.04.6

1.540.6°
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2.040.5

1.840.4%

1.940.4¢

1.740.52

1.540.52

2.240.9

1.640.5

1.540.6°

1.840.7

2.240.7

2.040.6"

2.3#4.1¢

1.740.62

1.840.4%

2.240.9

1.840.5

1.740.7°

2.040.8

2.040.4

2.34.7°

1.740.6%

2.240.5P

2.040.0°

1.940.3

1.84.4

1.840.5°

P1H

P-value

0.123

0.245

0.008

<0.001

0.002

0.003

0.191

0.084

0.001



5 24 i Week 24 1.240.58 1.440.5% 17405 1.420.5% 15055  0.047

25 L RTA, TR IR B ZE A CGMCC 1.921 #2551 ik WBC 1 LYM %0 H , BEAK
THEEEE 1. 2. 3 /1 12 Ak RBC £ H A1 HCT, {H42m T35 16, 20 A1 24 1 ifL
# RBC. PLT %{HF1 HCT.
2.4 MHHEIZERIFE CGMCC 1.921 X &9 If i 4o e BR a1 & E 52

HEE 17 a5, (AR AR s kL B AEfAT I CGMCC 1.921 T 1gA & & (B3 ) H
Thimi&# (P=0.083) . X T-1MLi& 1gG & &, W5 H CGf 1) R&Fm T X AN 2. 3
4 (P<0.05), X4 4. 52 (28 4 &) W3 TR (P<0.05), TMikde 2 4 (5520 &) &
FACT X AHALS 3 2H (P<0.05) » X T-1fLiF IgM &8, i 52 (552, 8 i) WEmT
Hofh %21 (P<0.05) , 4% 3. 4. 5 41 (58 4 JA) BFm TXIHE4L(P<0.05), k5% 3 4 (3
16 Ji) R m T HAS 4 (P<0.05) o HARKS AL, S4LE LIS IgA. 1gG AT IgM & & (CHdE
RANHD T 7% 7 (P>0.05) .

F 17 AT R CGMCC 1.921 X AR A L 75 e BR 2R (1 25 = 1) 52 il
Table 17  Effects of Bacillus subtilis CGMCC 1.921 on serum immunoglobulins contents of
laying hens  mg/mL

i B P1H

Items 2H%] Groups P-value

GEEREE 1 AlgA
5 3 A Week 3 1.9640.32  2.0340.30  2.0840.32 2.2240.48 2.7440.85 0.083
RIEFREH G IgG

1 Week 1 29041117  2.3440.70°  2.9041.03*  3.5440.90%  4.25#1.17° 0.029
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5 44 Week 4 1.8940.532  2,0940.60°° 2.6740.44%®  2.8840.59°  3.560.95° 0.001

%5 16 J4 Week 16 3.91+.14 5.57+.16 477434 4.62+1.43 3.62+.11 0.088

%5 20 J4 Week 20 4.9040.67° 3.59040.63%  5.0920.98°  4.581.17%  4.2440.64% 0.040

FPEEREH M IgM

552 4 Week 2 1.5140.312  1.4040.25%  1.4440.16% 15640.338  2.2540.26"  <0.001
5 4 4 Week 4 0.9740.35%  1.13#0.23%  1.5040.30° 1.4540.48°>  2.4740.39°  <0.001
% 8 )i Week 8 2.2140.228  2.1940.208  2.2740.232 2.5340.43%  2.9740.29°  <0.001
% 16 A Week 16 27240632 2.874.93*  4.1940.37° 2.764.268  3.1840.772 0.032
3 W @

3.1 FHEZEEAT R CGMCC 1.921 X AR XS AR = A i R I

EWFFCARI, TR 6 A AT AR s s i A e R (B A DGR S 45 e AN AT
A, ARFREN, S0HAME, WIN1=<105, 1x1086, 1x107F11x108 CFU/gkt & 2 fFF 5
CGMCC 19210} = H e AN R 25, (H IR A= B 3 4 Sl 38 i 13.24%- 3.35%. 3.35%F!
4.02%; HARESIN1x10°, 1<107F11x108 CFU/ght B 2F f T i CGMCC 1.921 52 [k 1 KL
b, TASINL=10%, 1108, 1x107F11x108 CFU/gh & 2 f AT B CGMCC 1.921 14 41 [7) ¢ & %
R, WEARE S PR E ZE AT CGMCC  1.9213& B N7k 1x10° CFU/g. Zhang
SEU LRI, PR PR IN3.6>08 CRU/gA, 5 2F AT B8 AT LR 25 PR IIRRIER EL, X2 B
HE, REEYHALE, HEERE LG T 7EE, X5ARRKE R AH 2. Ribeiro
SEUALE AR TR 18105 CRU/gAY B 27 FFF 1 T LR i = SR MR . 9 4h, ATk,
AR AN IR, B SR FAT R o AR LT B S RIS IS, A7 041 B K 7= B sl g AR K P e 24
—ERISCEEH . DengZe TG R I, TAARENINL1xL07 CFU/g A 2 F AT B AT DA AA #R N
Xt RS AR P Bl A R ARSI . 3R] i 5 2 AE TR AT AR A R A B T R ) e T

R80T i 1 IR BOH 2 5GP, 1) Forte 45 P IS IN0.1% 0 iR FL AT 18 F10.05%
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A 2 0T TR 5 BN () A 7= P BB 5 TG S 35 B R . Sobezak S5 PRI VR Nl B 2 FLAT B
ATCC PTA-6737#:4 3% % S EAS M EF= M AE . X T RE S INACT . SR F= B, 1A
FEINBE Bl TR R
3.2 FEHE AR CGMCC 1.921 % 8% I i AL AL F6 % i 52

ARG I PR AN [ 7K P-4 55 2 AT B CGMCC 1,921 7E A6 IF) 4 LIS ALT « AST
WA TOR . ALT . AST EZAFLE TP, ot m R U i B R i, 24
AR SZ AT, REALT. ASTRENIMAR, T ML3E & i vER e ARFER W, TR
TN g A T T DA 2 PG LS ALTFIASTiE PERL2T, i LisERANIMaE 2OHRGE ,  FRJHR R DI 2
SETAT A A SRS R RS MVE ALT RIAS TS M TG 2 5em, 5 ARG 25 R — 3. MiTP.
ALB. GLBE & N A/GREAG &I E & N & DU RE 4R TR, LTS TBIL S 5 S IR ) 23 i A
HEM DR 5 IE R o ALBJZ FFFIEAr s, JHFAESR 05 I My ALB 2 & ysisb s T4 JFFIIE R A 4%
AEN 25 51 B MIEGLBMTBIL S B . X TMiETP. ALB. GLB. TBILE®ENAG, &
0 A5 0 B AL 2 )i BV ORI 22 5, U AP VAR AR 8 7K P Al 2228 # A I CGMICC
19215 XS FFAE Th e e P2 A AN REEMT . UREA. UARICREA &1 & 5 IE 2 g ¥ 224845,
ARIG R, TR IR 2E AT CGMCC  1.921% I UARICREA S & A W 5 i35 4
H, HEER T MIEUREAS & . UREAZ SR AR, RESPIHARE B85 e
Pk —fmE, MIEUREAS BB E B FTIIRE T, ARKRILEUREAS &
BEAG, Wt AR IO 5 ZE F A B CGMCC 1.9214% /& T &R R M PTA, I8> T UREATE B AT
AR, MIMITE— e AR FAe B RS B IERFEF . Hatab%FPO17E B0 Pl sh s I B 24t
FFBE A PR Bk B 5 PR T EUA S &, XHIECREAS BB EL M, B4k, T iMiE
CLUSE R E T A th R AR 72 A CGMCC 1.9214F —E RS Lo
JHGLUS &, GLURNUANTF e FZRIE, & BT & Ui WA 3 2 /AT R CGMCC

LO21HIA AN AT AS MUAR SR BEAI R AL 2 M RE B . T ULV GLU & & (A T v vl e B a2 T )
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VN IMEG SR TR BR A VT AL B R FR 70 LR e AR R A 6 T LS CHOLMITG &5 &
Forte 5PN Hatab 25 P81 & 75 11k 5 2 FELFT B8 A0 bR i BR 1 7T DA gk 2b> 2% 1ML CHO LRI TG )

T, AL RE, NPl 2 AT B CGMCC 1.921% A1k B i 9 ifiLy CHOL
MTGE B VA M . Sobczak 5 22HRIE TRlRR HH A Ik B 2 flU AT B ATCC PTA-6737350A X X%
IMFCHOLMTGH) & B AL B 5Um, 5 ARG F 45 A — 3., Xl ae 55 A . b
EAEE/ S ATSE S
3.3 MHE A E CGMCC 1.921 % A IfiL 5 FUFR FR AN S BE BR AR 1 75 & 1) 52 0

A I L R b S AT LA AR A RS . WBC A AL L 17> B — 2R M gi i, H

R FEAR I RE e LYM SO I S B T RE KR, ERLA S 38 R i P b R 5 A
e MID B35 AZ 4R . WERR IR A A AT E BRME R AH L, A% 20 A NEU BAT 58 K
s, AR IR M S R rh R AR . BHAI R, 23 AR B R TR s R GL
S LA G Sy IR IR, Khan S5R8IF 5T 22 T PR 1 7700 S0 ILVA Fi b O S I A UL 8 2554
w1 LYM ForE e AT SRR, GRS IS B 2F AT B CGMCC 1.921 W] LA#E &Iyl WBC
ALYM ¥ H, Hoisin 1107 fi1 1108 CFU/g K5 ZE AT H CGMCC 1.921 B B H & .
Kim S5EPE XS AR b AN 2 2L 0 ORGSR 20 AT o . AR A A B B 2w 1 Il
W WBC H1 LYM #H, S5ARIEE AL IXF27R 78 A o s AR ™ W0 AT B LA 7= A )
BN AL B — € 1) G BE 15 /EF o Park S5ROMaINELS B R A5 9810 1T IR KCCM 40253
HEAT B NS & R B ZERORF B RXT R B2A TlHR 10 d, 255K I i WBC F1 LYM

HHTRFEPW. RBC ZMEHHE&RZ M — ML, EACOCRHRE T MRIZEA T

AT

1 EZEA, 1 HIEBA G DRe . Gheisar 5 BUTE IS AR S s i B J 3K g+t LR RBC %
HIC &0, 1 Strompfova EBAWFFER M, aMGAS PR I ER B (047 $ 1L RBC £ H AN
HCT %14 5.2 7. Bonsu SEE3I7E AN TR b 7800 22 1 PR A1 FRDGS I RBC #0H JoRgm, (H

BRI T I HGB & & o AHIF 78 28 B, 1A KRS DA 25 A 7 CGMCC 1.921 XS I i HGB
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R SARIHET 12 JA W M RBC % H A1 HCT A — € RIS, 1158 16,20 F1 24 J& L RBC
BOHM HCT B THE, X RE S A LIRS A O, AHEARE MUK T — DAL
X PLT $0H , Elzey B4 IE PLT £ & ARG lt AR, HAEH /NI PLT
K H b 2 T EUR AU A IR . ARIG SRR, XA, W5 5 AR
16 1 20 J& SRS T M PLT %0 H o Telli ZEB50F 70 R0, fEmlasR g R 2% e
HR R IR 55 SE AT BT LI PLT %5 H BEMA R 235, (E/E AR B9 3 18 TR T DA 35 9% e L PLT
HH. XTIk ESR, ARIGLE FR MK ESR 7 —EFEE LAA FHm, MK ESR T+ s
Al g5 MR RBC # H js /b s ML GLU & &8 T s 45 5%, (H HAh & UL e br C ] A R &
e, LA ESR HIZRALBCA XNUA A 5E0 . teAt, PRPRR s il 2 28 AT B CGMCC
1.921 #E—E e ] DURR i M e L BR e A 3 &, UL AT LR R s i 1gM & &, A
ARG F, M2 A CGMCC 1.921 Win/K-FAy 1108 CFU/g I S S fe i . 569
R ZFfIFF I CGMCC 1.921 7E— @ F B2 L AT DR AU B S D ML . Kim S5OV g iR
X LR T i 7R S 4 v 1 I 109G A&, XIS IMLYE 19G B 1R i H 22 R AN 2.3 . 1 Choi
S5 CVGR] MR W7 1 A 2 A R 2 R T B TR LT A PRI 9% B 1 23 A2 T 1) R0 I+ 19AL 19G
I IgM & o i B 5o . B GEREERTIAN N 14105, 1108, 1x107, 1108 CFU/g £ IR AFT
Mo B AR TR0 58 7 RAIEE 35 RIVILIE 19A &, EREERE TiRKE 28 KNk

IgA & &

OB RIS S 2 AT B CGMCC 1.921 7] LA EXS R R L, & BRIk T A
1.0%10° CFU/g.

QAR A INAL H2EAIFT ) CGMCC 1.921 7E— & 2 LAl DIFFREIG GLU & &, %
fIRILIE UREA &g, EHAth f i A=A Fabn T B B G /R H

TR A INAG S ZE HUAT B CGMCC 1.921 7] LA & i WBC AT LYM 0 H , 42 & L3
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RIEERE SR, fE— e R LR T A A iLEE, HOE EESIN/KE A 1.0<108 CFU/g.
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Effects of Bacillus subtilis CGMCC 1.921 on Performance, Routine Blood Parameters, Serum
Biochemical Parameters and Immunoglobulin Contents of Laying Hens
GUO Junrui DONG Xiaofang®™ TONG Jianming

(Institute of Animal Sciences, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: This study was conducted to investigate the effects of Bacillus subtilis CGMCC 1.921
on performance, routine blood test, serum biochemical parameters and immunoglobulin contents
of laying hens. A total of 360 Twenty-seven-week-old healthy Hy-Line brown laying hens were
randomly allocated into 5 groups with 6 replicates per group and 12 birds per replicate. The
control group (group 1) was fed a basal diet, and the experimental groups (groups 2 to 5) were fed
the basal diets supplemented with 1.0x<10°, 1.0x10%, 1.0x107 and 1.0x108 CFU/g Bacillus subtilis
CGMCC 1.921, respectively. The experiment lasted for 24 weeks. The results showed that there
were no significant differences in egg production, feed intake, egg weight, egg weight per hen and
mortality among all groups (P>0.05). However, group 2, 4, 5 significantly decreased feed to egg
ratio compared with the control group (P<0.05). Dietary Bacillus subtilis CGMCC 1.921
supplementation significantly increased serum glucose content (weeks 2, 3, 12, 16 and 20)
(P<0.05), but significantly decreased serum urea content (weeks 2, 3, 8 and 12) (P<0.05). Dietary
Bacillus subtilis CGMCC 1.921 supplementation significantly increased blood leucocytes (weeks
1, 3, 4, 8, 12, 16, 20 and 24) and lymphocytes counts (weeks 2, 3, 4, 8, 12, 16, 20 and 24)
(P<0.05), and significantly increased serum immunoglobulin G (weeks 1 and 4) and
immunoglobulin M contents (weeks 2, 4, 8 and 16) (P<0.05). Therefore, dietary Bacillus subtilis
CGMCC 1.921 supplementation can decrease the feed to egg ratio, and can improve serum
glucose and urea contents and routine blood test parameters, and enhance immunity of laying hens
to a certain extent.

Key words: laying hens; Bacillus subtilis; performance; routine blood parameters; serum
biochemical parameters; immunoglobulin
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