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AEEE B pE OBKAOE D Phma ! x| Ev O GEIEN:?
CLABRUR B & iR 5 TR, A A AR T R AC R ARSI =, 5 R
FHZAbRE, Jbat 1022065 2.0 ERM R SRR R, AEET 100094)

BB AR BT ARSS ZE AT (Bacillus coagulans) fiAE 2517700 A6 50X 72 BB XS
PUHR I S R 7 A5 o R P M T i v 0 256 L 7 b P 2 TR R 0 0 1 v 2 F A T
Liu-gl Htk, 2K BEHI&MASHT. K 120 RUEREN 14 BRI BIMXSEEHL S N 4 A
H, BHIANESE, BAEEZ 10 o 2 X RA AR, X020 53 ) 1 R AE HE i 1]
FREERIN 104 100+ 1000 mg/kg #6452 HIAT B Liu-gl ARERTARR . X505 10 & o 0 i
Him =2 i Prebaeds, RS2 e FENRLIRIT & &, JEWSRATITH AR v o 456,
52X AL, 10, 100 1 000 mg/kg &E4h oF AT B Liu-gl 200 35 H il =B & =55
# NI (P<0.05), FHUEAH ARG & SRR & P (P<0.01). FHIEZHZUMAL O Getuy) 45 R
R, BHEEESS ZFFAT B Liu-gl WIN/K-T-ROXE 00, FUEAE s 0 B 28>, o 100 mg/kg
BELEZE AT Liu-gl HBCR BT . 104 100 mg/kg 45 2F A Liu-gl 4110035 S Fi AL RE S

FZETEAMNEAH (P<0.05), 10. 100, 1000 mg/kg K45 2E AT Liu-gl 21 B4 Bt H

S

ket SR A B 1 24 B v T A IR (P<0.05), LI 8 S AL B A Bl 3 ek A g —
SR IE —E R MR E AR (P>0.05). HILA I, GRS 2E A Liu-gl
AT DB S/ = XS i AR, Hih B I G R R B i BUIR UL SRR ), B
INII7KSFA 100 mg/kg .
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] 7rKT: $831.5

e Wi P45 A 4E (fatty liver syndrome, FLS) /2 F T I 4 i 1 53 o HE R U 35 8L 512 A0
— AR, LT A S ARG U3). Coucht T 1954 4 8 IR TE 35 [E] 76 g 41
(K17 HE %G B ORI FLS. FLS FERAETRIR - HEN, < RBG-EG = ER R N, 5t
TIRTV G, BTSRRI A TR RE), AP seikrh B, £ 80T FLS AU 1 EE,
FEFEF IR R 2, R S S AT . ZHRS 5 Bl R A F
VRS A R I B FLS, B ) 7% 1 2 v mT AR S R0 TR o 3, LR e BEXS IR 4L
BE AL, ARSI AR B, HUAK ST TS-01 7 LATIBS 7= 49 FLS (&4 Pan 2RI 7T
B, R R I g AR B AT B i P B XY I E A8 B H K 446 4 8 (glutathione
peroxidase, GSH-Px) & PE . H 1l A Sk 4SS 2F #UAT 6 (Bacillus coagulans) X 6 5= 8 FLS
(R FET7 B FLA7t i B it S A B 70 RO 9 1 A AL IR P MR o 81, A SC DAL S T X Sy ik o 42
B 3 7 At DR S IR T TR T 2 R A 2 AT B Liw-g 1, F 78 O 7 B0 R o i S A
fiE 78 A% N — % (malondialdehyde, MDA) ¥ & Fl1 $1 iig 51 ik %80 A 5 4iE 48 A5 K I35 H vl = I8
(triglycerides, TG) & & (I , 3@ i W 8 HF AT AL L0 i 41 O e Rl s JFF M EL AR 0l 45 &=
WFFE R4S 2 A 1 Liu-gl XF FLS MO TR 1 F AL AL i Ve, B 72 A TF R BAT Bl AL AE 7111
BE2E EAUAT B Lin-gl S 2510 55 SR 40RO B8 44 .
1 MRS T
L1 REG AR
111 iXER R

BELh SE AT B Lin-gl, Tk TG0 10, SARUR AL AT HTL0 0F 70 46 8 7 op MR 25 1
iRJESE7 RN
1.1.2 A2l

TR E AT TR EESS AT A Lin-gl AT K, LB O0IRFEMETRGTE, 5



FINE R HCH 7.35X 1010 CFU/g IR T B8 175 T il 70 ol A 2 a5
113 H5aRdk

RIEHEFRIED: KRG 1.0% FKIER 4.0%. BRIRES 0.6%.

SRR EERE (PCA) 55933k JREEME 5.0, BEEHRN 2.5g, H&kE 1.0g, K 17.0
g, 7&18/K 1000 mL, pH 7.0,

114 X 55%

BT2202S H, ¥ K *F(Electronic Balance, Sartorius A ], fE[E). HZ=A T EHL(Vacuum
Freeze Dryer, Labconco /A &, FEH). TGL-20M A & i# & 0¥ % B 0 Hl (High Speed
Refrigerated Centrifuge, F ¥ /5 il A B O MU A R A F]) . 202-001 H #4185 T 45 48
(Electrothermal Constant-Temperature Dry Box, b5 RMF K MAERH R A F]).

12 R KB SR

P 120 AAEZERALE (P>0.05). AR 14 A0S &X, BN =
HXTHRA . A=A RRIEAMEREA 4 AN, FHIAEE, BMEZ 107 &3
Xof HEAL AL A AR, e A (IR, Rl SR dl) 20 ) i MR AE B Rt A AR h s
BH 105 100+ 1 000 mg/kg #E4h 2FFAT B Liu-gl BRI TRAR, 58 25 100 2H 80\ 3 B 50t 0 )
9 108, 10°. 10'°CFU/kg. F:AAFRELHIZ25 NRC (1994) FrifE, HAHM L EFRKFNE 1
Fros o Bk4s 2 AT T Liu-g1 S 250 50 e AR sty 5 15 i) o a6 FH b xS d b 5 i A Rt
TR BB EOT IR A, R 3 RIS A, G A 16 h, fAFRIRSE 20~23 C,
NTHERHGE, HHEREBARK, HHE R T 5% .

® 1 BRI R E TR O 2D

Table 1 Composition and nutrient levels of basal diets (air-dry basis) %

T H % & Content

Items 14~18 fi#% 14 to 18 weeks of age  19~24 A # 19 to 24 weeks of age




J5Kl Ingredients

Fk Corn 61.03 64.23
ZH Soybean meal 30.80 27.80
i f} Fish meal 1.50 1.00
R Z4S CaHPO, 1.40 1.40
f1%7 Limestone 1.40 1.40
il Soybean oil 2.50 2.80
&tk NaCl 0.37 0.37
TR Premix? 1.00 1.00
4t Total 100.00 100.00

H777KF Nutrient levels?

RiftE ME/(MJ/kg) 12.40 13.62
FE AR CP 19.00 17.50
5 Ca 0.90 0.90
B AP 0.35 0.35
MR Lys 0.85 0.80
HER Met 0.40 0.36
HEAMREER Met+Cys 0.65 0.63

AR RN BT w4t The premix provided the following per kg of diets: VA 9 500
IU, VB 1.5mg, VB29.0mg, VBs 3.0 mg, VB120.02mg, VD; 2 3751U, VE 191U, VK3 1.40
mg, 4¥IE biotin 0.95 mg, MR folic acid 0.93 mg, D-iZ R4S D-pantothenic acid 9.3 mg,
Cu (as copper sulfate) 15 mg, Fe (as ferrous sulfate) 60 mg, Mn (as manganese sulfate) 100 mg,

Zn (as zinc sulfate) 70 mg, I (as potassium iodide) 0.50 mg, Se (as sodium selenite) 0.59 mg.



DEFEKFI AT FAE . Nutrient levels were calculated values.
1.3 FEACRE 5HbrllE
1.3.1 FEELKEE

Mg RAE: R 10, FAHLERE 10 DS I 5 #58 F F bR i, & H R
2~3mL, 37 ‘CHtM#) 2 h 2 JFBUH ME T 2 mL &08H, T 4000 r/min 0 10 min,
EiEWL 20 CTAGFIRGT SR

FFAEALZA: 305 10 A, AL E BRIP4 5 RS, BT EIFETE 1.5 cmx1.5
emx 1.5 em KNI FFE - LR 4% 2% 5 HR S 390 [ o2 4%
132 I5ETTE KARKR
1.3.2.1 FFUEHZ R 42

JFIEHSUMAT O Yt bl Jv, AiEE N R,
1.3.2.2 AR S AR G & &l e

B 2H TR, 20 AR T8 48 h, 23T 40 HIf, FREL 2.00~5.00 g, 43R AJE4L
AN, s GB/T 5009.6-003 £ &t o IR M5 (I 52 ) 1R 77 VL0000 5 JH HFEEL s s 25
1323 IisHEiatsile

X 1.3.1 2B BBV (0 L3 R i, 36 28 T v ) WA IR 0 PRASL 36 BT A B 2 ) 0 5 v =i 5
B . M P A ML AE /7 (total antioxidant capacity, T-AOC) . # % 1L ¥ B¢ 1k B (superoxide
dismutase,SOD)i& M. GSH-Px iif 1. MDA & &.
1.4 HEEgH o

IGHE F SPSS 22.0 Giit B AFBEAT B 35 % 70 #» Duncan VA2 B HCAUG R . 156
Hbe P EebriE 2R oR, P<0.05 FoRERTE, P<0.01 FonERREE.
2 EREHT

2.1 BEESZEAATIA Lin-gl X7 800 I H b =88 5 & 1R



1AW, 52 AXEAME, 10, 100, 1000 mg/kg BE45 2F A 1# Liu-gl 4191015
Hh = a5 B B35 T (P<0.05), 72 AIFEAK T 18.91%. 57.55%- 56.05%. 100+ 1 000 mg/kg
k45 2F AT B Liu-gl 435 Bl =B85 2 5 F KT 10 mg/kg &t 45 5F fA#F 5 Liu-gl 4

(P<0.05), H. 100 mg/kg #kt&h 7 UM B Liu-gl ZLiMiE Hl =88 & & &K

20 -
18 |
= 16

Eia | a

S
[

6 %14 TG content/{mmol/L)
=
N
o

c C

Rl
c o
o [=)]

o
o

Q
=

XfHEL

B FHTEL-gl RS

Bacillus coagulans Liu-gl supplemental
levels/(mg/kg)
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i

B IEAREARNEG FRR R Z R EE (P<.05), AFAKREFRRRZERREE
(P<0.01). K3 [,
Value columns with different small letters mean significant difference (P<0.05), and with
different capital letters mean significant difference (P<0.01). The same as Fig.3.
KA1 BRSSO T Liu-gl X7 80X LI H-iih = P52 & 1R
Fig.1 Effects of Bacillus coagulans Liu-gl on serum triglyceride content of laying hens (n=10)
22 FHIEHZMA O Gty
ML O et )s, FPAT4HM N NENI M R4, i EEEA. mE 2 v l, FEXHE
YLD R B S A O (R 2L IR e T e 4 I 2 2R w20 € 5 o e 35 9 /b T
ZEANIRZL, 100 mg/kg 4SS AT Liu-gl 4 L5 - X UL ARSI 100 mg/kg #E4h

LR A Liu-gl HACR &L
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A: blank control group; B: 10 mg/kg Bacillus coagulans Liu-gl group; C: 100 mg/kg Bacillus
coagulans Liu-gl group; D: 1 000 mg/kg Bacillus coagulans Liu-gl group.
K2 HEHZUML O Betat] v
Fig.2 Liver tissue sections with oil red O staining (400x%)

2.3 BEEZFIEATTE Lin-gl X7 S0 IR 5 35 2 1 52
3 AW, 52 AXEAME, 10, 100, 1000 mg/kg BE45 2F A 14 Liu-gl 4L AT
WAL 7 & B3R 2 PR AIK (P<0.01), 43 llFEAIK T 56.45%. 70.91%. 66.78%. 100 mg/kg
5t 45 28 AT T Liu-gl 25 R A AR D7 25 &A% S 2 KT 10 mg/kg #E 45 2F AT 6 Liu-gl 24
(P<0.01), PR T 33.20%. Xt —BIGUE 1 ALAMREESS 28 fOAT B Liu-gl I AT B84 15 D7
HERR IS, 1Bl 4 4 SR 3R P45 SR AT 1 Liu-gl i LR E R X — IR, HA RIS
JEWIHFEIVE T . b, 100 mg/kg %45 28 fUFT B Liu-gl AXCR &GP 2898 518 2 thiHEA

AN EANOR S EER7I SR S T
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Fig.3 Effects of Bacillus coagulans Liu-gl on liver fat content of laying hens (n=5)

2.4 HESETFRAFTEE Liu-gl 6 7= B0 s P b8 br (1 52

M 2 /A, 5 AN AN, 100 100 mg/kg 45 2E M B Liu-gl 41001155 T-AOC
SR ESRT T 19.81%. 29.62% (P<0.05); 10, 100, 1000 mg/kg #E45 2F fFF B Liu-gl 41
(I3 GSH-Px 35 PE 73 5 B 325 T 39.15%.48.15%-40.21%(P<0.05); 10 100+ 1 000 mg/kg
HEAE S AT TA Liu-gl 20155 SOD WMEA —ERERIRE (P>0.05), Zlis I 1.38%.:
6.64%- 10.45%; 10. 100, 1000 mg/kg #E4h 5F fUF I Liu-gl 410)1f7E MDA & &359H — &
FEERIFEIR (P>0.05), 3 HIFFE T 13.58%. 20.79%- 19.64%. X i HI%ELE 2E AT Liu-gl
BABIFHIIE R EABE 1. Hb, 100 mg/kg B4h 2 A0FT B Liv-gl 480 etk

2 R TR B Liu-g U6 72 B i35 P A A e AR R

Table 2  Effects of Bacillus coagulans Liu-gl on serum antioxidant indices of laying hens (n=10)

BELE R Liv-gl VRIS

TiH Bacillus coagulans Liu-gl supplemental level/(mg/kg) P1H
Items 0 10 100 1 000 P-value
HPTEALRE

T-AOC/(U/mL) 5.03+0.43¢ 6.03+0.622 6.52+1.072 5.50+0.88b 0.001 5



B AL

SOD/(U/mL) 89.3149.27 90.54+9.86 98.6448.85 95.24+9.74 0.1371
AW H B E Ak i

GSH-Px/(U/mL) 226.80£13.680  315.60+22.69°  336.00+14.70°  318.00424.49*  <0.001 0
g

MDA/(mmol/mL) 4.06+1.24 3.5141.03 3.2140.59 3.26+0.74 0.3547

[F14T 48 8 i A7 BE E 7 BER R 2 R AR (P>0.05), AR F/ING 7 BERR %
% (P<0.05),

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

3%
3.0 BEEEZEAUFFE Liv-gl %= 20 i i H v = s A0 AT R AR 107 2 & (i

v =1 R PR S A AP R U 43T TR R R KT B = S B kR R A
FHC A A SRU2-131, (] B 2 51 R AR A Pl B S DM o B XS R I bl o A U ik AT 0060,
TR FEFR T, FFIE G 5T 45 FS R 3 2 T 286 2 1 4 ARV JEE U PR B I AR R S B 17 7= BT 3
PP K 2 IR U7 AT R SR B IR R I R 2, 2 Uy PRI B K T [l S 8 IR Sd FE I

i 1 B gt 2 DORR BT b, B5 5 5 SURIE R AR 3R 8L, 7™ B SO L s T 0
A S H il =RE SR, AT SBUF RS 28 T 51 (free fatty acid, FFA) £, e JiHIE
E R =Reid 2, BE R AE S SO AR AR 3R AR AT S A DO 5T

TR LA . FFA AR AT AR A B, e H ol = a2 s g URE R 07 FF A0 %< A1 FFA

LS

SR LE R T IEHE AEA, HASHATAUH M =18 FFA & 883w TARAE 0 4L, Bt H
T =W e T RE S BT T AT o AR 108 B 5 38 7= B DI T B, el 7 NS
IS H il =R A&, a5 R BUR MRIGESS 2F fOAT 14 Liu-gl (1972 P00k AL 3% H b =882
S, A AT AT SOIR DT TR ZH i T = e S R RIS, DR A AT R AR

7 FEHE R, L7 22— 20 J 0 AU g 7 5 B A LIS pL A A R b, R WA 2 AR A T



Liu-g1 LA 555 i 1 A A0 A P AN B0 SEUA e it e o el 1 2 R 3 mT e, 3k — 2 ok 0l s A ML A
i & B RS FAE AL S AT O Yot ) F s R IR TN A ZF AP 1 Liu-gl (4% 1 % B AL
B FEAE AL o R o B, FLVAT O Pt D) F e imisiR i %, FLBE A TR e 2
FEAT B Liu-gl WI/K-PROREI0, FFIELE LU PoR Ry & B, [RIRTVMAT O Yot iR iy HE LI
GO D o X U B R4 T AT B Liu-gl RE VAT AR B BORN 230 2 TR 1 P4, S K
S HEIE PG i HERR 5 A S AR 0T FFF T B LML EE P] B 5 k4 27 FAT B Liv-g1 B
AR BT AAE A K

3.2 HEEEZEIAT B Liu-gl %7 800 IS B Fabm 1 5

Day 55RO IR 07 R AL T i Bt A2 AR R B — kT o BV JUE IR 5 A2
M, B T T R E A RO R I R A B TCR I, BRI TR S R B A A
R G5 B g L A SR LR TE R A QU AR b & A S I TS I BT P2 A (1 F 1A 3
IR e, AN T B S 1) 2 AR AR 5 4 JE S T 7 AR i 14 4 (reactive oxygen species,ROS)2,
ROS Al g2 51K MR UL AL, BR DNA 8, HUAEMBRIA LR, IEFEE T, PUART
DISE R B B B R BOR AR 5 452 ROS ki3 . Hdi, SOD A1 GSH-Px /2 HLA T
ARG EE 2 P, SOD REA UK E I B T I AL A, S )E il GSH-Px
B R KEA2), B da Ak RGEA LT BRI B ROS &3k AL M R RS I %, 351 & AR
J 3t LA T 72 2 A B R b i P2 ) ——MID ARSI, T-AOC Ko i ML 8 ) ROS 1 fif
HAEAI A TRIF— 8 KT, HoK TP lRARER TR IS AL R 027,

AARIGHT TR, 525 AX IR A EL , 100 mg/kg &S5 2 #OAT B Liu-g1 41839 1175 T-AOC
RERE, 3 ANRIALME GSH-Px WG 22 5 &, [MF SOD i PEM MDA & &4 5H —
SERRE IR I PR & MRS U R I, k4t SR AT B S 5 3 v T RS IILIE T-AOC,
MR FE e 7 1L SOD W& TE, RN T IS MDA & &, JFH B35 & T M GSH-Px

P, XA S AL, Kodali SE2-30 EESS 28 AT 1 RK-02 B h 3R LR 1 Aoy



B 2 975 Bk 1 R R BT S A T 1 1) R 4 £ B (exopolysaccharide, EPS); 38 @ 2B i 1) 1 #k
SFAFE, R4 EPS BA P iE 1, I HXIR B A A FmIE A M558
AR Y], FLERE EPS Rl W RS M5 SOD & 1, 3% KI5 MDA & &, #
B EPS BEf% ISR IABTAAGRE 77 A BRI KB, EPS At & 4¢m i T-AOC.
SOD iE %, B35 FFACIMIE MDA & &, feigkkE A, MaRbie e ). ARuotitss o
FFEA Liu-gl $2m SS ie yr e b fe /12 B =410 EPS MITEH, A Bik5e ot 7t

4 4 @

TARRAN I 104 100+ 1 000 mg/kg HE4h S fUAF B Liu-gl g FEAR S0XS I3 H b = B8 & =,
FEARERE AR G & &, JRIR M IS T-AOC. GSH-Px. SOD ifitk, FHEINE MDA &&; Zi&%
FE, BEEE AT A Liu-gl WIN/KFA 100 mg/kg B 50 R 2 4
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Effects on Microecological Preparation of Bacillus coagulans on Anti-Lipid Peroxidation
Capability of Beijing-You Laying Hens
LI Jiayi' GUO Qian! ZHANG Hongxing! XIE Yuanhong' LIU Hui'"® LIAN Zhengxing?
(1. Beijing Laboratory of Food Quality and Safety, Beijing Engineering Laboratory of Key
Technology Development of Microeconomics, College of Food Science and Engineering, Beijing
University of Agriculture, Beijing 102206, China; 2. College of Animal Science and Technology,
China Agricultural University, Beijing 100094, China)
Abstract: This experiment was conducted to study the effects on microecological preparation of

Bacillus coagulans on anti-lipid peroxidation capability of Beijing-you laying hens. Bacillus



coagulans Liu-gl, a strain with strong ability neutral protease isolated from the traditional cheese,
made a microecological preparation by fermentation. A total of 120 healthy 14-week-old
Beijing-you laying hens were divided into 4 groups with 3 replicates per group and 10 chicks per
replicate. Laying hens in the blank control group were fed a basal diet, and the others in
experimental groups were fed the basal diets supplemented with 10, 100 and 1 000 mg/kg Bacillus
coagulans Liu-gl, respectively. The experiment lasted for 10 weeks. The serum triglyceride and
antioxidant indices were measured, and the animals were slaughtered for the measurement of liver
ether extract content and the liver tissue sections were observed. The results showed that
compared with the blank control group, the serum triglyceride content of 10, 100 and 1 000 mg/kg
Bacillus coagulans Liu-gl groups was significantly decreased (P<0.05), and the liver ether extract
content was significantly decreased (P<0.01). Oil red O straining of liver slices showed that
Bacillus coagulans Liu-gl reduced the quantity of fat droplets in the liver in a dose-dependent
manner, and the 100 mg/kg Bacillus coagulans Liu-gl group had the best effect. The serum total
antioxidant capacity of 10 and 100 mg/kg Bacillus coagulans Liu-gl groups was significantly
higher than that of blank control group (P<0.05), the serum glutathione peroxidase activity of 10,
100 and 1 000 mg/kg Bacillus coagulans Liu-gl groups was significantly higher than that of blank
control group (P<0.05), and the superoxide dismutase activity and malondialdehyde content in
serum were increased and reduced to a certain extent ( P>0.05) , respectively. In conclusion,
dietary Bacillus coagulans Liu-gl supplementation can strongly reduce the deposition of lipid of
laying hens, and inhibit the formation of fatty live, and had preferable anti-lipid peroxidation
capability. The optimum supplemental level is 100 mg/kg.

Key words: Bacillus coagulans; Beijing-you chickens; fatty liver; lipid peroxidation
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