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EEEF AP E XTI R FE KR . RRE R
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BOFD X A vEtbEr? ERSE ZEETT w4t gt
(LAHb ARl K2 rh L 22 B RAE 071001 ;2.0 408 & M ERF ST, (R 071001 ;
3L B A BRA R, BB 443000 ;4. 47 Z 0T BRI X & 40 TAE B, A KL 052160)

o OE. AKE S ARZER T R R E K B n Jo BE AT £ R A KA SRR A AR
MR R0 Hee, R B SFem sk EAL A KKILRIFIrHILEAF 48 2 MALH A 4 41,
HFUINFA BAETE AR BUFTFRMHPEFT@BERME LM A0 A FAHsTRA),
0.25%( 1#8).0.50% (M 2) . 0.75% (V4), K¥EH60d LRI MAWFHANEE
(ADG) K HEW(F/G) ik, P ADG e [ 44323 T 23.6%(P<0.05) ,F/G e [ AR T
33.3% (P<0.05), M4 & BmkEE A(IgA) T 2 BHKEEG G(IgG) 4 TR [ A8 F 3w
(P<0.05);MaA Vi % -2(IL-2) @i iZ-4(IL4) a@mii%-1pB

(IL-1B) 4 &
Ay RR-EHT 17.9% 4 24.8% ( P<0.05)
24.5% 14.7% #= 24.5% ( P<0.05) , /& &
REZHEW ] A1
¥ T 32.7% .22.9% (P<0.05)

BF 4m 0L BE AR 45 30 1% B 4 £ R 09 S 0R

BT WRFH A (P<0.05); VAL FMBIREETF-—a(TNF-a) 4 F& 1 A4l

Mnegm FiLkkEsR 1A NaflVaigmy
Lk I 3 m T 26.4% (P<0.05)
SR MT 19.0%.18.2% (P<0.05) , \ M ILEZ Z e [ 4= 1 28 5 3
Vaws+—3mAiezE [ Al A5 T 46.8%F
31.3% (P<0.05) ; 2865+ =35 M 1a &R Ew [ 44 11
‘+FmERER T A Ay kT 76.9% .59. 9%(P<O 05)
R KRERLF

Il 28 49 =1 B

WA R T 29.4% 20.5% (P<0.05) ,
% £ T du SRR R A
EMES RO E KM, EARBENHT,

%%%%%ﬁ*%ﬁ%%ﬁ%%mguam%ﬁﬂo
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HRSIEAE A5 S A B, 6B SR R 0.4.% 11
P 240 M BE RE 6% 3 v 2 A 1 A PR AR, 1 s LR
FHERE T VPRI AETT 45 % % T 3 400 39 ) A o
A 250 mg/kg WERE A0 M RE 45 2R oK BEAS £
TRERR R =M H I E, F AT, A R0
BE Y BIFTE 22 5 v 78 X 3l 0 A AR P E 0 0 2 D) RE I
A T I, T 0D S S R R A A B Be A
J B 254, A i S d AT O 5T X T G2 ik W
W HCRAT H 20 S {E A O I R 440 i BE X
a3 T S A AIE TS AT 4 AS 1 3 Ao A
W 28 3 A R R I A [) K P 1 T R 2 i BE | SULF
T E A0 M BE 8 W 4 2 S AR PR RE L SRR RE D %
3B B R W PR T W 0% 28 2 AR o 1 R A
LR F) T B R, S BT 4 S SR 9 1 g 4 A
2%,

1 #RI5H%
1.1 R S5RFERE
PEPE 7 Bl MR IR E AT A KR R

LA 48 L RlMLAY A 4 4, B4 3 ~ER &
NEE 4 H L RUES A R RS R 22 5O
F(P>0.05), TEMEEEMEFLAGIEAE DN 7 H I 45
*MATFERE, F R ROK, £ 4T k) b B 41 i BE
( LR A A RS mER AL =25 B —H
B R=20% 1 &% RS =20%) BN 5
BAOCTH, MERXTEA) 0.25%4 (11 41) .
0.50% (M4) 0.75%H (NVH) , ik 60 d, 4%
HEEYIRERE L, F A 12 BAEE AR —3, 4
HOARE 1A 1 B, £ A0 SR B AR TR, A
R P P 3B XL R A s AR BB R L
WK BB S S G e B2 P X S8 SR AT e 8, TR MR
FR R AT N B R B I kAR RN B
KIFERIFREILE,
1.2 EFFEAEBARREFRKE
EEFBRSBM(NEMFIRUE) (NY/T
816—2004 ) FEATHCHI , A A L 7:3 MR &
KW KGR B oK OOk R | BT AR
FERHH BUCE KR 1,

&1 FAEMEARRERKE(RTFEM)

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

JE#l Ingredients 1 Content B 5% /KF Nutrient levels® ¥ Content
T kFHI Corn silage 22 T DM 84
F>K Corn 44 MUK 4> Ash 8
M1 Soybean meal 24, AR EE 2
JEAY Distillers’ grains 6 HEE T CP 15
iR A} Premix " 4 H VR R 4 NDF 17
A1 Total 100 MRk VL £F 4 ADF 14

5 Ca 0.258

AR AP 0.013

1k RE DE/(MJ/kg) 14.332

1) FR A A BT 50 & B2t Premix provided the following per kg of starters: VA 14 860 IU, VE 40 1U, VD, 2 900 1U,
Fe 33.75 mg,Zn 47.69 mg,Mn 38.59 mg,Cu 8.69 mg,Se 0.13 mg,I 0.58 mg,Co 0.27 mg,
2) Ak RES H‘ﬁﬁ,ﬁé% SREZIME . ME was a calculated value, while the others were measured values.

1.3 HRFXESERNE
1.3.1 AKMRE

RIS E R 30 d S EFRE 1 IR, FREE I 2K
PEFE 08,00 JF4f, HAREHT 1 X 20.00 {54, 2%
L5 AP HEE (ADG) , R K I HEwR I
SEIFE R AL LG i | 0 Ay o A FE o, B FE i o R
B2 R VAR Z AR R B S d At 1R,
THEFH R E &, AR — i SR i A

I E SRR E L (F/G) o
1.3.2 I R ETsbr

KI5 60 K =1 Fi A 75 F ## PR 1 10 mL,
FA AL B 30 min J5 10 000 r/min &.(» 15 min,
BT , —20 CORAF A I LW e T8 Ar . IS
H e R T A (IgA) FRIEERE I G(1gG) (fsi
BREH M(IgM) B4l = -1B (IL-1B) . FI 4
M2 =2 (IL-2) | 1 41 A R —4 (IL-4) Fi i 8 3R
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L F — o ( TNF-a0 ) fif J] il 56 0 9% W R 32X 56
(ELISA) ikl & [ W T RiEE (L) EY R A
FRAT] T, SR BB A4 e o0 32, 1 FH il s A3 2R A7 K
W BARBAE L RS A R S Ul
1.3.3 BWiELRFIER

TR S o s ALk 4 R 8
S BUR E AT BT 38 a5 B A TR g o B
£ 10 cm, FHAEFRER K shidr sk A N AW, R 0K R
IR AE 4% WS [ W b, R A U0 R vk R
LAY R fF B 1010 f5565 T WL It IR
A0, H Tmage J A0 &9 H FL L K T8 B DL &
RIS/ NA S B (VH) BB REE (CD) Al
PRSI FEAME 3 M EESY R, Bk
IR e 03 AT | A4S LI 2 551 D 3 2H 504 )5
SKFEEIAE,

1.4 HESITESH

RIS B R H SPSS 19.0 484k ¢4 3 17 2
ZI 2087, 31 A Duncan RE#HITEZ2E LK, iR
W AP bR fE 22 0K, DL P<0.05 AR
%, P<0.01 HESWEE,

2 & B
2.1 BEOHMEEXEFERKMERENZM
a2, MAF M4 ADG b T 44351
WANT 5.8% (P>0.05) #1 23.6% ( P<0.05) , IV4H
f) ADG [t T ZHFEMK T 14.9% ( P<0.05) , [A] st I 26
f) ADG it 2. % = T IV ( P<0.01) ; I 40 FI IV
2019 ADFI 2 K F [ AR T4 (P<0.05) ; M4
() F/G A%, Ho T A AV 261 5 5 B A% T 33.3% F1l
40.0% ( P<0.01) ,

R2 BESERBEMEFERERNIZIG

Table 2 Effects of yeast cell wall on growth performance of lambs

=] 2l 5| Groups P i
Items 1 m 1\ P-value
VIR AT IBW/ kg 6.67+0.88 6.67+1.24 6.65+1.30 6.64+1.19 1.000
A KR E FBW/kg 20.37+2.75%%"  21.29+3.80*"™  23.67£3.49% 18.36+2.53* 0.002
TFHH#EE ADG/ kg 0.23+0.044% 0.24+0.06*" 0.28+0.05" 0.19+0.06* 0.002
¥ H R & & ADFl/kg 1.48+0.29" 1.44%0.25° 1.21+0.24* 1.36+0.20° 0.049
BEL F/G 6.67+1.92" 6.32+1.79% 4.45+1.39* 7.41+1.85™ 0.001

AT B AR L TR B RN G PR R 2R A B E (P>0.05) , RE/INE FHERER BE (P<0.05) , AEKEF

BN 2ERW B (P<0.01), TR,

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

with different small letter superscripts mean significant difference ( P<0.05), and with different capital letter superscripts mean

significant difference ( P<0.01). The same as below.

2.2 BEEMEBENEXFNFRERERNZM

F 2 3 A, A i I T TgA Al 1gG &5 1
AW ZEWIM(P<0.05), 45N T 26.9% .
21.3% ;L35 1egM SRS HZ M EZ R AL E (P>
0.05) ; MZH ATV A 1l 3 IL-18 & it 435l kb 1 203
T 13.1% 8 28.5% , 22 5 . % (P<0.05) , HIVA
M IL-1B & &b kb 11 28 Fn 10 41 43 90 38 hn 7
19.0% 1 13.7% ( P<0.05) ; I 20 A1 IV 45 1fn 75 1L-2
TEHEKR THEFEEM(P<0.05), 2585 T
43.3% 1 25.4% , B I 4L 17 1L-2 7538 b 1T 413
T 33.8% (P<0.05) ; I 20 ANV 40 1fiL 75 TL-4 &5 &
B 141 SN (P<0.05) , 73 313 1 29.9% |
15.6% , HMMA K IMHE IL-4 SR T HES T

25.5% (P<0.05) ; I 41 1.7 TNF-a &% [ 41/
2053 13 T 18.0% .24.9% ( P<0.05) , IV 41 1)
TNF-o &4 T AMM A5 %R E T 17.9% M
24.8% ( P<0.05) ,
2.3 BEAMENEFEERBERSHIIE
HH 2% 4 AP L AT 0L T A998 1 Lk K 4 )
Fo T2 MMV T 24.5% 14.7% F124.5%
(P<0.05); MM H ALy Btk T A3 im 1
26.4% (P<0.05) ; 98 'H Z IR 45 4 2 1] 22 % 48
BE(P>0.05) . IVALWZS A6 & b I 4138 n
T 68.7% ( P<0.05) ; 75 M e 58 TR 1 F L2 JBE B 4%
Pz 2ERARE(P>0.05) , M40 E 75 E
FEL T A0 1204 S8 T 19.0% . 18.2% ( P<
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0.05) , VALY [0 B % = B e T 41 1T 40493 51 14
T 21.3% 20.5% ( P<0.05) ; 11 4119 1] i7 [ 55 v
FEEL T 4R T 21 43 5038 N T 34.2% . 43.1% ( P<
0.05) , IVZH 9 [ g e 83 R B L T4 388 T 27.2%
(P<0.05) ; AR I IUZE R T 40/ T 4143
BIXEAN T 32.7% .22.9% ( P<0.05) , V41—
TR E L 14U I 450035 T 46.8% il

31.3% (P<0.05); AW+ MR RE L |
AT 403 3038 0 T 29.4% .20.5% ( P<0.05) , IV
HE)+ IR A L T 4L 1415 3038 1
37.9% 28.4% (P<0.05) ; MW+ — 48 )22
JE T A WA 3 53T 76.9% ,59.9% ( P<
0.05) .

x3 BESGAREXNRFEMNEREER

sbA

Table 3 Effects of yeast cell wall on serum immune indexes of lambs

miH 215 Groups P
Items I I m \% P-value
HPEERE T A IgA/ (ug/L) 19.30+3.87* 22.10£3.86™ 24.49+2.86° 21.68+5.04" 0.009
HEEFRE 1 M IgM/ (pg/L) 11.96+2.18 11.68+2.14 13.56+2.30 11.64%1.75 0.130
SPERE I G IgG/ (ng/L) 692.82+54.93"  793.77+107.25" 840.70+168.57° 742.23+144.43" 0.036
HAI I/ % -1 IL-18/(ng/L) 115.07+9.07° 124.31+11.78"  130.11%6.99" 147.89+14.56° 0.016
M4/ -2 IL-2/(ng/L) 5.91+1.50° 6.32+1.23" 8.43+1.03° 7.41£1.91% 0.012
H 4o/ Z -4 IL-4/(pg/mL) 107.36£14.04*  111.12+15.23®  139.50+8.09¢ 123.50£25.76™ 0.015
JE SR BE A F - TNF-o/(ng/L)  579.20+96.15"  683.29+102.87"  547.05+83.35"  682.90x120.77" 0.011
4 BEEBARBENEZFEERBERSHZMN

Table 4 Effects of yeast cell wall on rumen and intestinal morphology of lambs pm
iE| 2151 Groups P4
Items I I m \% P-value
J5d AT B % Rumen prodorsum blind sac
ALK JE Papilla length 1 693.93£55.83* 1 761.32+93.78" 1 942.43%89.70° 1 779.61£85.50" 0.032
FL3k 58 B Papilla width 348.44+42.50°  386.89+113.19" 440.40+17.67°  377.86£33.50" 0.033
ZHJIEJE B Mucosal thickness 310.73+57.76 320.20+31.85 464.88+25.11 340.09+69.43 0.017
ZE W Jejunum
S Villus height 212.31+31.19"  167.33+58.30°  208.90£35.64™  282.37+55.42" 0.030
K55 Crypt depth 138.90£65.65 142.09+19.23 123.24%19.27 118.69+9.22 0.112
WL/Z 5 Muscle thickness 213.08+9.89 245.37+33.31 213.24+58.83 218.89+50.55 0.674
[F1fi% Tleum
AL EE Villus height 146.55+9.58" 147.54+12.42°  174.35%16.62"  177.75%16.13" 0.011
FUs R Crypt depth 133.04+8.83"  178.63+9.43° 124.83+31.55°  158.84+11.89™ 0.045
WUZJEEE Muscle thickness 162.17+7.22° 175.11%42.31°  215.23%21.31"  189.33+6.45% 0.048
+—3%/% Duodenum
HE T Villus height 216.91+15.96"  242.44+28.60°  259.95+80.52  318.34+19.36" 0.042
B IR Crypt depth 93.14+8.06° 100.05+13.62°  120.57+10.58"  128.48+10.41° 0.020
HUZJESE Muscle thickness 130.53+9.94° 144.44+15.38"  230.95+18.50"  199.15+81.28" 0.020

3 4 it
3.1 ESAMmENRFERKEERNZME

i 200 0 B S — ol D) RE P GRDRE OB, X 5
TER AR Kt 0 S A RO R4

ISR T, X 3 W 4 2 7 PR RE A B R A 1 0
BORS L R R A4S YR R E AN A, T
PAITHALRE ) LB o © A WF58 A L1 B 240 i
RERS e o 3 W) A 2R I PR AR, fie 1 4 & 1 4 4UE
BMEEN . HARZ E G R A (- i
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PrAE BT DA B A0 A BE 28 R BT ORAE P &
MR A BF ST R, I B T 58 S50 g 05 A7 35038
T4 AE 5 ADG 5 fRUR RN 0.4% B BEFE 20
i BE RE A P12 i s 28 10 AR K Pk e W SR LR S % T
AR TP ES N 250 me/kg WERE A0 L BERE 1R = IR B
FRRERMH M E, AR R H M6 AR
FAHUE AERRO R AT 3L 05 F 48 H If R
o] i R I AN [) K S 7 T 240 i R HG e T 4

141 Group II

I 4 Group 1

>

os]

41 ADG b A S i i) T B8 40 i i 1) T 41 43 31
BN 5.8%M 23.6% ; L4 A1 M 20 %) E/G 43 3 kb
[ HEIRT 5.1%F 33.0% 7R 25 5350 WA % B 40
Jifl B B i WA B 26 26 1 ADG , IR MIK B/G {2 i E 1
A IZ RS LR AT AN o a5 R — 2, B
T B 240 i BE 6T W 4% 555 = A R AR T, R 8 1 A
A P AR KRR

[T4H Group III IV Group IV

A BHIE §% rumen prodorsum blind sac;B: %5 jejunum;C; [Flfif ileum; D+ —#8% duodenum,
1 BEHmENEFESNNMNIESEENF N

Fig.1 Effects of yeast cell wall on rumen and small intestine morphological development of lambs (100X)

3.2 BEEmEBENEFREENNZMN

IgA IgM Hl IgG J& — KRk EN, €S
SRR Y I R e 8, SEALIR A 5 2 0 2R A
o IgM Z 5 HURP) IR S 2 1 2 T 1gG e LA
NGRS E o I RN RS S e I TV R=TR [N
BT MRS Iy 555 R4 i RE R
M feiE it 2 A R A 1 0R S W ALIR R

Ga e AR B S M G g KR AR R, &
XU ] AR P S 0 T B 200 I R | B A% 1S in B A Al v BR
R i, DT B o B X Y A R P A R RE
FIPOT D EREH N 2 2 000 mg/kg 1R BB
BJ-4H e RE Z2 05 S i 22 PR AT XS DR rh 25 SR R B
BE41 Jif BE BB A IR XS (0 ML G g% Ty HE 5 B R
SN S B R 200 i R 2 T L e R R S AN
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PR AL RE T R A2 HE B 2P PR XS Y A K DA 4 v A
KERE, AR H, T4 /9 10 5E 1gA A 1eG &
LT AR EML 2GRS ke ANFse s R
— 350, U B 7 DB 4% 22 SRR v A i e B AN i BE B
R mE RN RREREASENZ , AT
SRR RE S R E R R T

o RE AN P 7 2 sh W v h S 5 PR AR Y
B, A0 R 2 DR T B bR
fo e e R e 12 TL-2 R IL-4 BEAS W T 40 s AE
K, IF HAERE 2 UE B 40 A A 1 4R % 105 40 it 234 7 4
b, AT 220 40 B G g, s LIRS g BE F1 . A 2%
BT RN, T B 5% S5 0 vT L S 35 R AN 4 = 1
T TNF-o S IRASSEY AR W 047 4 1 R v
VS TN PR 400 R 22 W B AR I RE AN N BE 2 AN R
B RATRE BRI R (R RE A — E FE B b
B EPERE . FEAR I, DL 2 AN IV 41 1 3 TL-2
IL-4 &, 3 T AR US I A% T3 R A48 B 1Y
T 20, U P A 2 B8 0 R 0 T 1 400 it B 30 T 2%
FHREERE )1, AW KB, IL-18 F1 TNF-a
ErEARE, SRR AR A R A 4
R, AR IL-18 FEt THM I A& &5,
AR APEREIL Tk 2 4, 3 AT A8 R R . T 7 e R
IEFR R BN L B R A R e, i T4 1Y
BE2E B e e i B> T HAb A
3.3 BEEAMEBENEEERELEHNEME

SRRy =N RV E SN SN R A DADS YN i
X, 1M E BB & F R4, AR I 1R BE
Fy 3 A R T E IR S A IR, AT £ 2R B4R A
K AR, BEORERE FREREY
FLLK B TEE MBI R R e, e s
U AR R B S W, A R R
29/(3k - d)BERE 20 45 R R E LK KE,
TR Bh R AR R T B E R, AR,
4L B 7Lk KRt H A 3 41 8 F v i
FULTE L I AR ERE, FANFRIEE 25
ANEE ZEE RS LR A S5 R AR, U B R 2
if R R A% 336 hinJeg B L Sk K B R B R T AL Rk
1,8 B 8 SR i, AT AR A K
PERE,

Jir it 2 B W T AL R ) BB B, I T L
ST 0 ) i Y A ) N R A LR B
5 PRI BE 2 A B — 18 B B, R LR %
B IR E M R 3 . N AE IR 2 s i e

Pl B BT, 2B W R IR R ILZ R
JEE S5 b BE 1 1 5l W A T AL OIS T RE RS TR
A B BT AL WCRE B s 2R S R
BIREZ LRGN g DRI B R b, 4
SR RN B TR BE AR N, /N M 649 T W i
IRENG 58 /N UJZ B BE SN, /N Fon 3o 8 37 W) Tt
(T LIS RE D 5, #5517 R A R
AN RE 2205 ke BURE A 1 s TR AR T, /N
T A REA B4R i, BRSO R B R
SEMEAE T3 FRAR AT 50/ B s TR, 2 k45
FEAFHE AR AR R A8 0 B AR e B H R SR R A B T
FHRISER , AL G 5 2 1 g 45 21 5 /i A2
SRR — 2, Ul W 15 B 40 i BE BE A A0 SR R 1Y
BLUL A 1w AL e D aE , AT e 2 AL AR
EER N

4 % it

AR T A O T B 40 R R 8 1 5 T ) 78 5F 1Y
B ERE ST, U B i TR A, AT 4 e 9 1k it
Werhae et RAERK AT, e ERKMERE, fEA
RIS AT, W 0% 26 3 ) R v B A48 i B 1 O
L1 0.50% M,

SE LK
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Effects of Yeast Cell Wall on Growth Performance, Immunity and
Gastrointestinal Tract Development of Weaned Lambs

XIA Cui' LIU Yue’* SUN Hongxin> WANG Hongze® DUN Weitao®™ LI Lihua' DU Zhaofeng*
(1. Institute of Traditional Chinese Veterinary Medicine, Agricultural University of Hebei, Baoding 071001, China;
2. Hebei Institute of Animal Husbandry and Veterinary Medicine, Baoding 071001, China; 3. Angel
Yeast Co., Ltd., Yichang 443000, China; 4. Shijiazhuang Gaocheng Animal
Husbandry Work Station, Shijiazhuang 052160, China)

Abstract : The purpose of this study was to explore the effects of adding different levels of yeast cell wall to the
diet on growth performance, immunity and gastrointestinal tract development of weaned lambs. In the experi-
ment, forty-eight lactating lambs with similar age and initial body weight and good growth conditions were se-
lected and randomly divided into 4 groups with 3 replicates per group and 4 lamps per replicate. The amount of
yeast cell wall added to each group of diet was 0 (group 1), 0.25% (group II ), 0.50% (group Il ) and
0.75% (group IV ), and the test period was 60 days. The results showed that the average daily gain ( ADG)
was the largest and the feed/gain (F/G) was the lowest in group Il ; the ADG of group Il was increased by
23.6% (P<0.05), and the F/G was decreased by 33.3% compared with group [ (P<0.05). The contents of
serum immunoglobulin A (IgA) and immunoglobulin G (IgG) of group Il were significantly increased com-
pared with group I (P<0.05); the contents of serum interleukin-2 (IL-2), interleukin-4 (IL-4) and inter-
leukin-13 (IL-1B) of groups Il and IV were significantly increased compared with group I (P<0.05) ; the
content of serum tumor necrosis factor-a ( TNF-a) of group IV was increased by 17.9% and 24.8% compared
with groups I and Il ( P<0.05), respectively. The rumen papilla length of group Il was increased by
24.5% , 14.7% and 24.5% compared with groups I , Il and IV (P<0.05), respectively, and the rumen pa-
pilla width was increased by 24.5% compared with group I (P<0.05). The ileal villus height of group Il
was increased by 19.0% and 18.2% ( P<0.05), and the ileal muscle thickness was increased by 32.7% and
22.9% compared with groups I and II (P<0.05), respectively. The duodenal villus height of group IV was
increased by 46.8% and 31.3% compared with groups I and II (P<0.05), respectively. The duodenal crypt
depth of group Il was increased by 29.4% and 20.5% ( P<0.05) , and the duodenal muscle thickness was in-
creased by 76.9% and 59.9% compared with groups 1 and II (P<0.05), respectively. In conclusion, adding
yeast cell wall to the diet can enhance the immunity, change the gastrointestinal tract morphology, and improve
the growth performance of weaned lambs. In this experiment condition, the suitable additive amount of yeast
cell wall to the diet of weaned lamb should be 0.50%.[ Chinese Journal of Animal Nutrition , 2020, 32(6) .
2747-2754 ]
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