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D3 M AEAMEILE ARBREFPRARELS D AR S AN I FRZHT 12.04% ,41.39% =
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ARG 38 o A R A T TR T 1 A 3t A 2 A AT
PRAR T 40 3 AR PR RE 8 3R W 5 A ACs %
AESE U B 52 W 15 T, B A D RS 19 R 0 M A 2
JRFF BRI 78 PR S TR P 05 BRS04 PSR

1 #MR5FZE
1.1 RIS EiE) R dth

KT 201841 A1 HE3 A 23 HAEWLT
A TR A B P ARME R SE O AT
1.2 RIS R AR

K SE AR A T, e 4 H % R
[ (22.96+2.00) kg ] T {8 B AY F1 1A x /)N B FE
£ RPN EA8 ML At . DA (X

R ZH M8 LAl AR ) D1 2H (7F JE Rl s o
6x10" CFU/kg BB 1) (D2 4l (78 3L il fm] AR
M 2x10" CFU/kg MK ZF 0T 1) (D3 41 (75 3%
fill ] K P AR 6 x 10" CFU/kg T 4 1% £F + 2 x
10" CFU/kgH AR ZF AT IR ) , B2 12 H, BRI
RENE S T2 B RE I 00y A PR A ], Sk J0REBR i 591
SIS TR 2% 10" CFU/ g 5 A 28 fl FF 7 1 T
TR A Y BB AR T B A BR AN |, Sk iR Al
F, S G A 210" CFU/g, B filt 1) M 2 2%
NRC(2007) " 43 438 FR T B R 20 kg, H 1 &
300 g A E SR BEECH] RS HLEE A 60:40 , H4l
BB SRR WA T,

®1 EREARARREFRKT(THRERM)

Table 1 Composition and nutrient levels of the basal diet (DM basis) %

JEB} Ingredients & Content 22K SF Nutrient levels® % Content
F K Corn 30.00 fREE ME/ (MJ/kg) 8.77
KB Rice bran 7.00 ALY OM 86.72
1 Soybean meal 18.00 HEH T CP 13.14
il A} Premix" 5.00 MUK 5 Ash 8.27
FKFEFF Corn straw 20.00 KL EE 2.23
4% Millet straw 20.00 TP VR A4 NDF 41.84
A1t Total 100.00 R MEVE 47 4t ADF 22.29

5 Ca 0.35

wE P 0.29

1) TR AT 5 fA A $E it Premix provided the following per kg of the diet: Cu 15 mg, Fe 55 mg,Zn 25 mg,Mn 40 mg,
Se 0.3 mg,1 0.5 mg,Co 0.2 mg,VA 20 000 IU,VD 4 000 IU, VE 40 IU,
2) l%{'%iﬁiﬁﬁ,ﬁf&’ﬁ' TR K-35 RS2 IME . Nutrient levels were measured values except ME.

1.3 AFEE

IR hE S ES N R e W o i DA R RIS K
WO E A R HLTE A BRI . T A IR
P E R P IR S AT I Hobr 1ol 50 2 34 R ]
F5 B R T 08.00 F118.00 HEATARIME ) A H R
BARK . BRI 15 d, 3R 60 d,
1.4 SKMEEHINE

TE R P g K A R i S A R A Y
B AR TR H R B H [ ADFL AE T4
i (DM) 2l ], FEIEIRIEE 1,30 .60 K RAm AT
W FHATFRE, TP H I & (ADG) , 4
ADFI 1 ADG i+58 R HE L (F/G)
1.5 HmAESHE

ERHZE G |, ok H A S IOPR ¥ B T A ik
B oF T A HE A A iR R B0 4 d, K

53 d,
1.5.1  FEREficde

2R H 2 24 h T HES ERIEAE  JE AR
Hidsk, ELEE 3 d, HHEFEE AT 10% I 437 L
FE ORI E , — W2 10% W B IR (5
100 g ZERESN 10 mL 10% (%) H,S0,) A, 7850 1R
S E T -20 CORAE, 1T I0 & 8 F o & i — 3
PP EEEE T -20 CAF, T HoAth B
BRI A ISR
1.5.2  JRFEEIEE

FRAEET 1 K m & HRAE i A 100 mL
10% BB IR 4 2, = im A Ui 48 B 3 24 h irHE 4
TRPRWL , B B AR BT IE sk, B IRAERR AT R,
24 R0 g H 1710 BURE  ESEIEE 3 d, KRR
W FE ARSI E BT -20 CARAE, T E IR AL IR
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e DRER ETIENG B IR B B A IR fiE BAE(MI/d) = BER B AGARAY G AE

1.6 HmillE
1.6.1  TpA s BUE S 00 & i I
%% AOAC (2000) " J5 32 % 1A ¥ i) DM |
KK 7 (Ash) CHLBE Wi ( EE) UKL % (1 % (CP) &
I ;2% Van Soest 257 J5 3k I 5 1 KR 4 Hh vk R T
214k (NDF) FIER P 56 15 21 4 ( ADF) & 2 ; 2% i
TR A3 0 BE i S R S (Ca)
SR FHALAR 5 b gk e AR T B (P) A,
1.6.2 B IEY BRI L 20 e
WP THEESE T EA T, 65 CTHT
48 h, [ 24 h G HRE , HHESBYIK S SR, B
Pt 40 H s T IE S FR & & ([F1.6.1) .
S E I T v D s A A 3 R DR AR P R
i, MR AT,
HEFRY BRI (%)= (BAKEFRY R
-z ERY R E) /AL E YR
JoT 8 x 100 (TR 2 ek Rk rh

BT ) ;
AEMMEIE (%)= (BAR-RA)/
BAZX100;

TIHRA(g/d)= AR -EE-IRE;

RURFE (%) = TR A/ AR X100,
1.6.3  fes e

T R 2SR RN IR AR A R B AR B AR
(TIHY-5000, K FRLH A R A | e, X
TR RN 2SR A = 0D, B 5 TR AR R ARRR E S
A3 10 A BEAE, T3 AR B AU S ¥ RE (A, FREX
0.9~1.1 g(AEHER] 0.000 2 g) AYRFIIAE S FEHH AR
AVE BT R I (R TR SR AT 5
TR ) DU REAEL, 965 2 Bk A 4C BB (B RP AT A5 21 1 I
FEM I REME . XFF IR AE MM , B 5 9 5 g 4R
FREE 5 40 50 2 B AFL, o 55 Hh DR 40 7 2 e A, 8
1 mL JRIGTEAEIEAR b, 65 CHLT 5 Il & BEAE , I
IR AR RE(E RO PT A5 2 IR BE

g 77 e F MA = 10 H 8% 43 #7 {X ( Sable
Systems International , 75 2% | JE & ) Il % . Kr i 5
11 S 50 18 2 AR /N 24 Bl W) R R 3R 5 TR 1 <k
A, A HOIEH A WS % Bk 48 B Y 24 b, iF
17 24 h SEREE A AR HESOR MA-10 H e oy
MR I, 5 Sable JT 6 X P 18 300 44 R 46 oK 46
FETF B R, B B L e MR A K
mr.

M
HBERE (MI/d) = e 7= i x B (AR
F ke e (39.5 kI/L) x1 0001 ;
SRERWLIH LA (% ) = R AR/ EHEX 100,

1.6.4 fUEYEH (MCP) & & 1YitH

%% Chen %" Jr ik, B S 43 Y66 B 3T
(UV-1800PC, I 3 3% KU #5 A R~ 7)) I % ¥
MRS YR BN IR 28 28 % o, Il AR S0 7 R
PR B AR IR IS AT AE W) (PD) & 115 MCP
i, RAXTR .

MCP(g/d) = (JR¥EZR +IRIR+IE LRI +
YR BT IEI4 ) X 70%6.25/ (0.116%
0.83x1 000) ,

1.7 HiESH

48 H Excel 2010 #E17#1 25 5 B, 5k /| SPSS
22.0 FEATELR R T 25007, 25 5 8. B Dun-
can [CIEIATEZE LI, A P<0.05 RRmEFTE,

2 BER55H
21 FAMERBEBMBXRFATENREEK
3= p-A

I 2% 2 AT 1, S 00T T P R R b A 2 96T B
X IR 3 () 2R MR H T2 H R 52 e 2R
E(P>0.05), D3 41 ADG 2% 5T D 4 (P<
0.05), 5 D 41k, D1 .D2 #l D3 411% F/G 435
WERAR T 9.87% 9.12% F131.14% ( P<0.05) , 18
D1 Fl D2 2 [ 2 7 AR E (P>0.05)
22 AMERBEEBBNBXRFATENBEEEF
YWRERWE LR

%% 3 Al %1, D3 419 DM ,OM NDF Fl ADF
TR D E ST D 4 (P<0.05) 43 93 =
9.64% .8.86% .9.27% 1 3.47% ,{H D1 Fl D2 20 22
[B] 3525 AN B 3% (P>0.05)
23 AMEREBBMBXRFAFENRERN
HA R R RN

HH 2% 4 AT 1, )R R R R M A 2
LT B8 X A L L 25 RN IR R TR 1 (P>
0.05) , & R WL Ak 2 DT A ANV A DT 3 52 1
3 (P<0.05) , D3 AMWAFMIHFE DU A
AU EE D 40 L 4r ol i F #2517 12.04% |
41.39% F1 40.95% ( P<0.05) ,D1 1 D2 #H 2 ]
ZRANEE(P>0.05),
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R 2 RNEREEEEEAN MR S AT B X 4R F A K RE A R0
Table 2 Effects of supplement of Saccharomy cescerevisiae and Bacillus licheniformis on

growth performance of sheep (n=12)

WHE 251 Groups Pl
SEM
Items D D1 D2 D3 P-value
YRR T IBW/ kg 23.08 22.22 23.58 22.97 1.20 0.73
ZRIKE FBW/kg 39.91 40.04 40.92 43.23 2.77 0.61
Y HE ADG/(g/d) 280.42¢ 297.38° 289.34¢ 337.40° 35.22 0.01
FH H R & ADFI/(g/d) 1 827.11 1 768.90 1 759.31 1 705.04 165.49 0.91
BlE L F/G 6.57° 5.98% 6.02" 5.01° 0.27 0.02

()45 KAl J b TG 7 B O ) 7 B R R 22 508 3 (P>0.05) ARV PR 253 B3 (P<0.05) . TR,
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). The same as below.

R3 FAMREBRSIMRFATENBEEFRURRUWELEROZM

Table 3 Effects of supplement of Saccharomyces cerevisiae and Bacillus licheniformis on

nutrient apparent digestibility of sheep (n=12) %
i H 2H %1 Groups Pt
SEM
Items D D1 D2 D3 P-value
T % DM 61.80° 63.60" 63.62° 67.76" 1.46 0.04
HHLY oM 63.56° 65.24" 65.88" 69.19° 1.35 0.02
FR PR 4T 4E NDF 41.31° 43.43® 43.87" 45.14° 0.96 0.03
MR VE BRI 47 48 ADF 39.82° 41.03® 41.20™ 43.14° 1.14 0.03

R4 FONER RN MR S HAT B X 4R F FUH RS B R0
Table 4 Effects of supplement of Saccharomyces cerevisiae and Bacillus licheniformis on nitrogen

digestion and metabolism of sheep (n=12)

i H 215 Groups P
SEM
Items D D1 D2 D3 P-value
A N intake/(g/d) 36.85 37.14 37.91 35.99 1.17 0.41
259 Fecal N/(g/d) 11.71 9.60 9.87 7.30 1.48 0.10
JRA Urinary N/ (g/d) 10.21 9.20 9.07 6.50 2.93 0.78
R B L F Apparent digestibility of N/% 68.25° 74.15% 76.07° 76.47° 3.10 0.04
YLFA Retained N/ (g/d) 14.93° 18.56° 18.70° 21.11° 1.29 0.03
A DIBLE N deposition rate/ % 40.66° 49.38° 50.13° 57.31° 1.22 0.01

2.4 AMEREBESMMKRFATENSERER S2ESTD4(P<0.05) /05 D2 fl D3 42 [H]
T4 MWF1 MCP & 28820 ZRAEE(P>0.05),

35 A0, DR R R IR B AR I K 2 2.5 BRMMAEBSNMAKRFRATENEEERS
FLAF B 0 JRIR & 1A B 3& %2 (P>0.05) ,HXF  REEY &0
PRAEZE v N WA R UK WEE RS L BR IR R4 AT AR ) R FH % 6 A0, fa] R HR S TR G 1 A RN M A 2
MCP & f 0 2 % (P<0.05), D1.D2 Fl D3 KT %48 A B AE L 22 W07 1k BE Fn B A 2 WL 314 1k
I PRMEZR BEIERS FIR BRI MCP &t SRR 535 (P>0.05) , X 2% RE | IR BE A H It
FHE T D (P<0.05), D3 HEIREMRITAY S BB R E (P<0.05) , D HRYFERER IR AES 3%
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B TIHAL 3 41 (P<0.05) ,D AR HEEREE ZE & T D3 41(P<0.05),
x5 ANBREESMKRFAFENEERERITEDIN MCP 2N
Table 5 Effects of supplement of Saccharomy cescerevisiae and Bacillus licheniformis on
urinary purine derivatives and MCP content of sheep (n=12)
Bl 2H %] Groups
it H SEM P
Items D D1 D2 D3 P-value
JRMR Uric acid/( mmol/d) 0.18 0.21 0.20 0.22 0.01 0.07
JR#EZF Allantion/ ( mmol/d) 5.76" 7.07" 7.21° 8.24" 0.47 <0.01
BN+ : b b
.60° . .76" .88" 0.05 0.01
Xanthine+hypoxanthine/ ( mmol/d) 0.60 0.74 0.76 0.88 <
SR IE A7 42 ) Total PD/( mmol/d) 7.87° 9.27™ 9.46™ 10.68° 0.61 <0.01
MAYHEE MCP/(g/d) 29.72° 36.40° 37.10° 42.43° 2.39 <0.01
F6 SEMERERSMMRERTESEERREEMN
Table 6 Effects of supplement of Saccharomyces cerevisiae and Bacillus licheniformis on
energy metabolism of sheep (n=12)
WiH 2% Groups SEM Py
Items D D1 D2 D3 P-value
A KLBE GE intake/ (MJ/d) 18.87 18.29 18.86 18.02 0.05 0.06
F4HE FE/(MJ/d) 9.48" 9.09" 9.08" 9.03" 0.12 <0.01
JRfE UE/(MI/d) 1.10° 0.91° 0.85" 0.83° 0.04 <0.01
i J2 BE Methane energy/ (MJ/d) 0.67° 0.57%® 0.54° 0.37¢ 0.05 <0.01
FWIH LR ADE/(MJ/d) 8.81 8.77 8.78 7.82 0.04 0.31
ﬁ\l.\b l—l‘\\/ %
N Hbﬁx}b{éﬂsﬂ? . 48.29 48.86 49.42 49.44 0.68 0.52
Apparent digestibility of GE/%
BeH R

3 3 R

AT 2 01, 25 25 18 0 30 W LA 0 1 38 1
) B LI B sk 3 4R T, T MR NG & &L A
FIT 35 S8 12 2 3 0 /N W 98 T T 25 465 4 5 B
e ELTRE 1 8 0 25 0T B8 7 S 24 3l 0 1 A 3 o9 T AR
77 A 22 T Tt 2 R A e S e e g R Y PR L
WK A E RS DG T A B R4k LR R AR AT
DASE IR A P AR I R T R A 3
By IR R W % TR T B B K AL S 4, AR 4T 4
FHOW AL, 452 125 30 0 Gk B0 R T AT AR 3 L
AR5 TR 0 I B A T B S S e A e
i, SATIRIE F W], 25 A T AT LR 4 0
PUEALRE I7 , AR T S 5 0 B BIL AR S 17 5
ST U 2D BIL A PR S8 7 A BB L R
A R R R NS ) 2 A 1 AT RE Bl LA Y
T AL AL RE A e BER B0, oF 45 2 1 A K H 7 AR TR

WA v A ST UE I GRS b AR 2 7
FF B B HL 5T 4 TR AT L 2 2 DB 43 7 3 2% R T Bk A0
B pH MFE M, e B R Wk, 3 5 H 4
Y4 ik TR B0 2 T8 I B O AR A Rl A Ut
fEHEE SR BUAE IR P B B A AR, Masuccli
0TI T R T AR R A D R T PR b A 2 A
FETR AT LABE 5 62 4 1 AE K M 8 RN 78 5 9 T 1k
% DM ,OM NDF Fl ADF j}4 1k 3 J2 1 & 5 ) %}
T KR T AR R AR B Y AR bR AT IR o [ st
N TR G B R M A 2 76T B {45 DM NDF
ADF Fl OM & W81 1k 28 1 55 T X BR2H , B AR 56
YK ADG 1 F/G $CR Bt A 2 Fhds A A BE
PR IR TR R e 4R 22 0E s W A K )
ER . MWAEKMERERE , A6 W EA U FEAER,
FURCR AR, ARt AT $i 8 2 ) W R % B A
A ZE AT B X A K R RE R A W R R
FHP AT RE SR RO B KO R R 8 R K 3
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Py o 0 R A S R R i Y

22 s i AR AR 5 R b N i mT R
FER 4 5 AN T W i MCP 4 A%, 98 B i 4
I R Ak K A B 4 R U IO R
4 B MCP ,MCP 1 75% ~85% [ & LA #E 11 5t . k3§
Ui B R IR IE N AETE , 15% ~ 25% M BAFTE T iR
| R R A T B 1) R M8 1 /N B I e 44 L
WERSATTAE W i DA BR v HE BRI O3 R R
NEE WA AT A 0 0 D) 2 4 B MCP A
ARG, U 0 TR A 2H R b AR ZF AR B ALY
REWTH A VA TUB R MCP % &8 175 7% i
20, AT BB TR R R B R i K
B, i T A A FH 3R 4 g e I AR S IR R
(R el D, HE LR I 2 U B BRI, X 5 TN B Y
SEIL TR O HL M AR ZE R RT R A W T A A
Ja BT — 2 W AR 1 T DU S A R
FIHIR , T2 2 MCP B & B S s /0 28 JUR R
Heh o 2 P g A B ]IS A s8R 38 4 Sk s
I, UhBH 3 22 ) BT P R RO, R ELAR ) AR A
FABLHIA T i — P HR5E

AR RN, AP E i R, SRE
AR B3 T R 2 S BOERE AR N3G N, TRDRR AE
S8 1 P R T A K I e (CH, ), AT a4
HEBERIZR 2% ~15% ") A5 v | oS I R I
BE N b A ZF AT B X 2 08 7 1k BE L BB 2 UL T 1k
RN BEL W, BRARBARZER AR E,
EZ 5% B ZH ) 2 RE DR B 1 HE 2 B 3 T8
4, BLBH IR N 25 A B0 RE B A9 A A T B AR
FH o WS TR 1 R0 b A 2 AT R R AR T BE B
AT I PR A TG T 1T 38 2, A B TR X S
FAY NI CH, f8 HE I ; M A 2F 4T 18 76
—E ST AL A R IKZE BEIE S 2 MmN
R G Z R PR 0 B b B RN R AR Y
ik, B = S LR B HEHT 7, DT A2 2EATLAA 1 8
BRARI, W2 CH, Y& RS R85 (4 2 380, e
DIBEE TRE R AR, —FILEE A R T
TS N RE % T A A0 b B s R 3 el R e
Ae JERE AR B, VAPA £5 2E TR A N S £ 3 TH
AR TE N R I B R 808] o A< 1250 B AR IE W R 3 7
FEF A ZE AR PR AT DA = 405 25 X )RR o R
JFIRE B 1Y R % (H T Al 2R 0 VR FTAL 3
B — T

A2 50 W 3K TR B BE O 45 Jo/kg, HiAK 2R

AT IR 25 JT/kg, 86 H B B IR L4350 3 A
1 g/kg TR, AR 4 B N0 H RS 2F B0 AT 0 4% B kg
# 28 IC, KB KRECH 60 d, B HETFYREERN
1.77 kg/d 315, X BT A A FC 00 2 58 m ) A
TEEMEA 471.24 JG XU PR TSRS e 1 2 A3 4]
WL b A 2 AT TR 4 A A B 360 S 39 %) o A T
WA% 3 51h 498.96 F 485.52 T, [a] Xf B AH Lt 4>
SN T 27.72 F114.28 J6, B0 4% A4 9k
14.34 F12.66 7T, 8 A= i o (3G 09 42 1% AN
/3 M) 43504 1.93 F15.38, [RIEHER AN 2
T o ) 50 0, g 30 2 0 ) R T AN A
h 567.28 JG, [F) X BRALAH LU N T 96.04 76, 34 0
AN 16.99 JC, AT H LN 5.68, A 16
o RIS 2 R 3 50 4 P B H R
LR T

4 & ®

)R R B R I 6% 10" CFU/kg T T 5% £ A1
2x10" CFU/kg Hi A< 28 AT 1 7T LA XS 38 5% 9 ot 7l
FEAR A BE AR A B ) R B R ) T
FIRE = 0 A 2, 42 1 30 4 T Ak W e, AT g 38 4
F kKRR, E AR K 5 e R B (6 x
10" CFU/kg) +Hi A 0T 1 (2% 10" CFU/kg) 41
A I R S 2

SE K
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Effects of Saccharomyces cerevisiae and Bacillus licheniformis on Growth
Performance and Nutrient Digestion and Metabolism in Sheep

ZHENG Weicai' HAO Xiaoyan' ZHANG Hongxiang® CHEN Yanhua® HE Jifeng’

GUO Muyun® ZHANG Jianxin'"
(1. College of Animal Science and Veterinary Medicine, Shanxi Agricultural University, Taigu 030801, China; 2. Shanxi
Xianghelingshang Farm Animal Husbandry Development Co. ,Ltd. , Youyu 037200, China; 3. Shanxi
Anhong Testing Technology Co. , Ltd., Taiyuan 030008, China)

Abstract; The objective of this experiment was to study the effects of dietary supplementation of Saccharomy
cescerevisiae and Bacillus licheniformis on growth performance, nutrient digestion and metabolism and energy
metabolism in sheep. A total of 48 four-month-old healthy DorperXSmall Tail Han lambs with similar body
weight of (22.96+2.00) kg were randomly divided into 4 groups: D ( the control group, fed a basal diet) ;
D1 (only 6x10" CFU/kg Saccharomyces cerevisiae was added to the basal diet) , D2 (only 2x10" CFU/kg
Bacillus licheniformis was added to the basal diet) and D3 (6x10" CFU/kg Saccharomyces cerevisiae+2 X
10" CFU/kg Bacillus licheniformis were added to the basal diet) , each group with 12 lambs. At end of the ex-
periment, the digestive and metabolic tests were carried out by the method of total fecal collection and urine
collection for three days, and the nutrient contents of feces, urinary purine derivatives, and energy were meas-
ured. The results showed as follows:1) the addition of Saccharomyces cerevisiae and Bacillus licheniformis in
the diet had no significant effect on the final body weight and daily average feed intake of the test lambs ( P>
0.05) , average daily gain ( ADG) of group D3 was significantly higher than that of group D by 20.32% ( P<
0.05) , and feed/gain of group D3 was significantly lower than that of group D ( P<0.05). 2) The apparent
digestibility of dry matter, organic matter, neutral detergent fiber and acid detergent fiber of group D3 was sig-
nificantly higher than that of group D (P<0.05). 3) Compared with group D, the apparent digestibility of ni-
trogen, retained nitrogen and nitrogen deposition rate of group D3 were significantly increased by 12.04% ,
41.39% and 40.95% , respectively ( P<0.05). 4) The contents of allantoin, xanthine, hypoxanthine and mi-
croprotein in the experimental groups were significantly higher than those of group D ( P<0.05). The total u-
rine derivatives content of group D3 was significantly higher than that of group D ( P<0.05). 5) The fecal en-
ergy and urine energy of group D were significantly higher than those of other three groups ( P<0.05) , and the
methane energy of group D was significantly higher than that of group D3 ( P<0.05). In conclusion, the dieta-
ry supplementation of Saccharomyces cerevisiae (6 X 10" CFU/kg) and Bacillus licheniformis ( 2 X
10" CFU/kg) has positive effects on nutrient digestion and energy metabolism, improves the utilization of nu-
trients and energy, improves the growth performance of lambs and promotes animal digestion and absorption.
Moreover, the combination of Saccharomyces cerevisiae and Bacillus licheniformis has better effects. [ Chinese
Journal of Animal Nutrition, 2020, 32(11) :5314-5321 ]
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