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B E ARBREEMRUANzaF LI BT T2 T A2 ah ¥ mEFARAFERE
FRARBAL K25 AR ALE B E2 BN EmE ALY RS A, FH5 R
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#210.00 MJ/kg( V40) , 4o R KPR — 5, FRXI A8 104 d, 3 F XA 14 d, EX
90 d, A% B A EXIAE H 1~30 RALIITH, % 31~60 R ARILPH, % 61~90 XA
WELEH, BREAV ) ERIBETHFMEFOERIELE LRRMEFHLRRHBEF,
BT ARG, R R AMIEH, 2)E=dFEwmEF M ME 5RBARE(W?) P
¥ A E(ADG) Ao it SLE (MY) R 9 =1 )2 5 #2 4 . 3 SLAT 41, ME = 0.872W* " +0.009ADG+
2.950MY (R*=0.987) ; 3 5LF #1 ,ME=0.733W""=0.000 9ADG+2.642MY ( R*=0.996 ) ; it 5L /5
#1 ME=0.856W""-0.011ADG+3.768MY (R*=0.992) , @it w2 5 A2/F & 5Lt 4 P Ao
G EdFmEFNH R ME 2255 4 0.872.0.733 42 0.856 MJ/kg W'™ ;4 = 1 kg # 4L
#) ME & %2255 A 3.822.3.375 #2 4.624 MJ, 40 .50 #= 60 kg 9 = ¥ wm £ 5 B L&
1 kg RAEEREFILT, sefLaT MR M T Z 255 4 16.82,19.35 F= 21.75 MI/d; 3650 F 2
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22.22 Ml/d,
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1.1 Rt

VERER L B A7 AT A 5 AH T &1 R I E
1) 25 K257 2 i = B 40 2 R VE il
Y, SWEEERARBEE R AL, HAT
FAGEC AN, R A 0 R 80 33, W W w2 )
B BEEBENL > M sd , AR S H AR 4 ol il M A i

fEKF R 8.05( [4H) .8.51( M#H) 9.03(M4H) .
9.52( IVZH) 1 10.00 MI/kg( V 2H) B35 1Rl ke, 47
PR At 5 72 B AR R — B, a0 1] R A B 7 7
UL ER 1, A 3R o 104 d, b i
14 d, 1B 90 d, P55 H MBI &0, 568 1~
30 KM WFLET, 45 31~60 K FFLH I, 461~
90 R AMWFLIFH

F1 BREARANREFRKT (RTFEM)

Table 1 Composition and nutrient levels of experimental diets ( air-dry basis) %
WiH 4 I 1| 2 V4 V4
Items Group [ Group Il Group Il Group IV Group V
J5kl Ingredients
E K Corn 15.70 21.85 19.25 17.75 18.50
% %k Wheat bran 13.00 8.70 10.00 10.00
M1 Soybean meal 13.75 11.80 13.20 14.80 19.20
E KPR Corn starch 4.65
BRIRES CaCO, 0.90 1.00 0.90 0.80 0.70
R 255 CaHPO, 0.20
& Nacl 0.30 0.30 0.30 0.30 0.40
/NI4T NaHCO, 0.35 0.35 0.35 0.35 0.35
IR Kl Premix" 1.00 1.00 1.00 1.00 1.00
T KFI Corn silage 5.00 25.00 43.00 55.00
/N FE KR Whole ryegrass 35.00 50.00 30.00 12.00
/NZEFE Wheat straw 20.00
A1t Total 100.00 100.00 100.00 100.00 100.00
#37/KF Nutrient levels”
fRi5HRE ME/ (MI/kg) 8.05 8.51 9.03 9.52 10.00
HLE H 5T CP 13.63 13.64 13.63 13.65 13.65
H PP I 4T 4E NDF 49.00 44.08 39.48 34.95 27.80
R PEVR IS 4F 4 ADF 25.45 22.01 19.59 17.31 14.69
£5 Ca 0.70 0.71 0.71 0.71 0.70
W P 0.39 0.39 0.41 0.42 0.38

1) & T 7 iR K% F Contained the following per kg of premix:FeSO, - H,0 83.5 g,CuSO, - 5H,0 20 g,ZnSO, - 7H,0
84.5 g,MnSO, - H,0 82 g,KI 0.3 g, Na,Se0, 0.25 g, CoSO, - TH,0 0.95 g, VA 36 000 000 IU, VD, 7 500 000 IU, VE
32 000 TU, MHER% nicotinamide 38 000 mg, 44 biotin 42 mg, FXIA carrier 710 g,

2) R RE T, HoAx Y A SZ{E ., ME was a calculated value, while the others were measured values.

1.2 AFEE

TR FF 46 AR 2 2 ORI 2805 B T, 4T
FIFESE A, KB EME RS, & H 55T
08:00.,17:00 F4AME 1 K, B HKOK, B:E 0 1
Al 14 RFREIFHEAE5  BEAL 2 3 A 14 d
A, WO AR 50 F AT 1 R R &
PHAEEE 2 R IRRL L B0 O DR PR R AE 10% A2
Ao IR RIE S E R B i MR

FRELE IR SR, R RL 3 Wk, WL &
RO LR S S5 PR E TR
1.3 HARBHAE

S ITE E R A 10~ 15 K 585 40 ~45 K|
5 70~75 K, NS APk $E 4 HESET AR
W, R EAE B 5 T ARk
¥R e IR ESIE 5 d, B RIEREH
0 HESS B AHE IR B, IR EORE A R A Y e
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FEIR ST FREEIC S B 20% 43 1%, 2 10y, — 1 F& 5% 1
eI 10% i Fa h BR EAT B &, —20 CIREMAR 2 & B

FE, FHT 00 7 R AR 0% o5 0 — 10 4% 3% 1Y LL A5
T 10% 1 H S I3 R SE 2 E W, —20 TR PR
FE, T 00 e i S LA B R & 7, BR
AR B PRAETR ) FR B IC 53 5 B 10% W T 10% 46 iR
i pH KT 3 AT A, F-20 CHRAEH., BX
T RAE 200 g FRIRRAE S, &,

THAAC B0 1 18], 43 K0 SR B W L
JE R A L AT G G MR 2 R E 2 R
WFLEL,3 W FL R Z M H R, B RAEX
FIHFLAT R AEFLAE 100 mL, 4% 1:1:1 B LLFIR S
m#ﬂﬂ/\kiﬂ’]i%%"ﬁﬁ* — I PRAFAE-20 TH
R ARFLEE ; 51— RAFAE -4 CHIE T, JIF A7
R FL AL 43
1.4 MNEFERIER
141 AR FLAE  ZERE SR FE hoE B 58 o
I

TR FLAE A IR b R % B e R
AR o BT R ) Ak o 2 G A ) O e g
FE R FLRE SRR AR AE T S BB (GE) SR A
IR0
1.4.2 R CHHE IR

AR5 b BEBE ( By, ) R H Blaxter 551 1y
Tk A AT

Ae A bR TR ik

THALAE (DE MJ/d) = A M fE-Z5fE(FE) ;

fRIHRE (ME , MJ/d) = A B E-FERE-
PRAE(UE) -H5EhE ;

SMBETHAL R (%)= (IH1LRE/ BLHE) X100
MBERIE R (%)= (RIHRE/ BLAE) x100;
HALRES bﬁiz(%)—(mﬁf £/ 1L HE) X100

FERefik = (*Hh/'éﬁﬁ) x100;
PREEPIR = (FREE/ SVHE) X100
Eﬁ*ﬁﬁ;s‘a (P Befie/ BEE) x100,
1.5 HIELESHH
RIS E R ] SPSS 19.0 4 1y BA K £ )5 2%
SRR F #E TS 11 3 BT, R FH Duncan [GIE 1T 2
WIS, R P EE AR 22 R, L P<0.05
FOREFRE,

2.1 AREEKENPIAPZEELEAELRE
it B 52

TR RE B A X ELAT R R I s MR AR
FReRRE R M 2 % 3 MK 4 PR,

WA GG WAL AT, M B 5T 141(P<
0.05) ; WAFLH BRI JS 0, 45 40 W) 22 5 K W 2 (P>
0.05) .

FeRe. WHAAW, THMIHE ES T V4
(P<0.05) ; WFFTH, I HEEm T LA VA
V4 (P<0.05), M4 &3/ T V4 (P<0.05) ;i
AW, THRES TIH NAMVAH(P<
0.05) .

PREE. WELATHI ARG, S M E S AR &
(P>0.05) ; WF P, THRES T V4H(P<
0.05) .

H b LA, THM VAR Em T I
H MAFMNAH(P<0.05), [ HAMIVAH R ZE =TI
4 (P<0.05) ; IWFLH RIS 1, 45 4H 0] 22 3 R 3
(P>0.05) .

HILREAR I RE . W FLAT, VA B E R T 1
4 MAMNA(P<0.05), T4, MAHMIVAHEZFE
T M4 (P<0.05) ; WL FR RIS 3], 45 4 ) 22 53
AN E(P>0.05),

FLAE W FL AT R I RS, A 22 R R
BE(P>0.05),

MEETHA R WELAT W, VAR ER T 1 41,
MZHAN M4 ( P<0.05) ; WA FLrh iy, M4 VA F V
HBEET 14 (P<0.05) ; WHAEH, VH B E S
T4 (P<0.05) .

BEERH R W ELAT I, VAR ER T 1 41,
MAFMA(P<0.05) ; WAL, VAR ZES T 1
HFMAH (P<0.05) ; WFLF M, VAR E & T [ A
(P<0.05) .

THALBEAC I W ZL AT I A 0, 45 4L i 25 5
AREP>0.05); I HH, VAR T 1 4
(P<0.05) .

Zehetide M FLATI, T 40 M4AFn 41 &2 3%
BT VAH(P<0.05); W3, THRESTI
H IVHMVA(P<0.05) ; WHEW, T HE E S
TFTIVAHMV4H(P<0.05),

PREEFA W FLATI A I 7L IS 3], 45 4 A 2
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ARG (P>0.05) s WFL R, 114185 % 75 T V 4l

(P<0.05) .

ke RER o WFLATH], VAR ST 14,

MMM (P<0.05) ;WA W, TH VAV

HBEET 1 4H(P<0.05) ; WILEW, VAV 24

WEEHT 1 H(P<0.05),

R2 AREEKTEXNDIATHZBEFEEFRER G

Table 2 Effects of dietary energy level on energy metabolism of Yunnan semi-fine wool sheep during pre-lactation

i H 14 Il £ IV 4 v
Items Group | Group Il Group I Group IV Group V
REE AL A FIHEH Energy intake and output/(MJ/d)

% A E\BE GE intake 28.26+3.80" 25.78+2.36™ 21.99+1.80° 25.19+2.24"  26.56+3.28%
Z5He FE 7.99+0.59" 6.88+1.32° 6.35+0.59" 6.21£0.56" 4.77+0.84°
JRfE UE 0.26£0.07 0.34:£0.02 0.26+0.14 0.27+0.11 0.21£0.09
FIBERE Ecy, 2.29+0.04° 2.12£0.08" 1.780.04° 2.10+0.03° 2.33£0.05°
iH1LHE DE 20.27+0.59" 18.90+1.32° 15.64%0.59* 18.98+0.56"  21.79+0.84°
R g ME 17.71£0.58™ 16.45+1.24° 13.60+0.54° 16.61+£0.49°  19.25+0.88°
FLBE Milk-E 2.02+0.20 1.90+0.20 1.80+0.45 1.80+0.17 1.63£0.40
A& YA Energy utilization/ %

MAETHILE GE digestibility 71.72+2.08" 73.33+5.12" 71.13+2.69" 75.34+2.24"  82.02+3.17°
MAEACIST# GE metabolism rate 62.68+2.07" 63.804.83" 61.84+2.44° 65.93£1.94"  72.46+3.33"
THALHEICHI R DE metabolism rate  87.38+0.48 86.98+0.54 86.95+0.87 87.51x0.53 88.32+0.66
ZEHEM K FE loss 28.28+2.08° 26.67+5.12° 28.87+2.69" 24.66+2.24"  17.98+3.17°
PREEIIZS UE loss 0.93+0.26 1.31+0.08 1.21+0.65 1.07+0.44 0.81+0.36
FBEREDIK Ecy, loss 8.12£0.13" 8.22£0.32° 8.08+0.17" 8.34+0.14°  8.7620.20°

[R5 Btk I8 AR A W) 5 R s 26 57 3% (P<0.05) . R,

Values in the same row with different letter superscripts mean significant difference ( P<0.05). The same as below.

R3 AREEKTEXNDIATHIBFFEEFRER G

Table 3 Effects of dietary energy level on energy metabolism of Yunnan semi-fine wool sheep during mid-lactation

gE| 14 141 24 V4l vV
Items Group | Group I Group I Group IV Group V
fig i (9 A FIHEH Energy intake and output/ (MJ/d)

A B HE GE intake 26.11+2.72 25.14+3.28 24.94+2.12 25.16£2.68 24.78+3.64
#HE FE 9.37+0.79° 7.42+0.44 8.13+0.40™ 7.27+0.37% 6.81+0.84"
JRfE UE 0.33+0.07" 0.41%0.05" 0.34%0.03"® 0.32+0.05" 0.28+0.07"
HIBERE Ecy, 2.00+0.05 2.02+0.03 1.9620.03 2.03£0.02 2.02+0.05
TH1LAE DE 16.74%0.79 17.72+0.44 16.80+0.40 17.89+0.37 17.97+0.84
fRIHE ME 14.42£0.76 15.29+0.44 14.51+0.38 15.54%0.36 15.67+0.80
FLBE Milk-E 1.91+0.32 1.58+0.20 1.59+0.36 1.69£0.17 1.73+0.38
it B A9 FH Energy utilization/ %

MBEWLF GE digestibility 64.12+3.02° 70.47+1.74° 67.38+1.62° 71.10£1.49°  72.52+3.41°
FAEMCISI % GE metabolism rate 55.22+2.92° 60.81+1.77" 58.18+1.52% 61.75+1.45"  63.23+3.21°
AL AEAC IR DE metabolism rate  86.11+0.62° 86.28+0.40" 86.35+0.24" 86.84+0.35"  87.18+0.50"
FEREMIZL FE loss 35.88+3.02" 29.53+1.74° 32.62+1.62" 28.90+1.49°  27.48+3.41°
JREESHIZR UE loss 1.25+0.27% 1.62+0.18° 1.35+0.11% 1.27+0.20% 1.12+0.29"
MBEREDIK Ecy, loss 7.650.19* 8.0420.11° 7.85+0.10 8.08+0.09" 8.17£0.21°
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Table 4 Effects of dietary energy level on energy metabolism of Yunnan semi-fine wool sheep during late-lactation

gE| 14 141 24 V4l Vi
Items Group | Group I Group I Group IV Group V
g (9 A FIHEH Energy intake and output/ (MJ/d)

A B HE GE intake 28.66+4.08 27.77+2.76 27.23+3.28 27.40£2.04 27.55+2.88
#HE FE 9.12+0.89° 6.56+1.53" 7.21£0.96™ 6.03£1.06" 6.33£1.04°
FRfE UE 0.410.04 0.45+0.12 0.56=0.14 0.36%0.15 0.38+0.15
HIBERE Ecy, 2.26+0.05 2.33£0.09 2.24+0.06 2.33+0.07 2.33+0.06
TH1LAE DE 19.54+0.89 21.21+1.53 20.01+0.96 21.36£1.06 21.22+1.04
i e ME 16.87+0.82 18.42+1.50 17.21+0.92 18.67+1.03 18.51%1.12
FLBE Milk-E 1.52+0.18 1.42+0.35 1.43+0.21 1.50+0.15 1.58+0.19
e B AU HFH Energy utilization/ %

RVBEVH L% GE digestibility 68.18+3.09% 76.39+5.51% 73.50+3.51° 77.98+3.88"  77.03+3.77°
FAEMCISI % GE metabolism rate 58.87+2.87° 66.35+5.40" 63.23+3.37% 68.15+3.77"  67.21+4.06™
THALAEICISEE DE metabolism rate  86.33+0.34 86.81+1.00 86.01+0.81 87.38+0.78 87.21+0.97
FEREIIS FE loss 31.82+3.09" 23.61+5.51% 26.50+3.51% 22.02+3.88*  22.97+3.77°
JREEFIZE UE loss 1.41+0.12 1.64+0.45 2.04%0.52 1.33£0.53 1.38£0.54
FBEREDIK Ecy, loss 7.90+0.19° 8.41+0.34% 8.23+0.22% 8.5020.24° 8.45+0.23"

22 AREEXRKENDIPZTIAELEES
MRRME LR

T AL RE B /K X ELET R W B A
FEREYREARN MM E S o6 MK T
FR .

FE 1 2R ULV 1k 22 FORE 2 11 0T 28 OE T k2% .
FLATH W R, A A E 2R AR E (P>
0.05) .

K FRWIE A WALRT, VAR & T
I 4RI (P<0.05) ; sbFL i), T4l IV fn V
HEZEBHT 1H(P<0.05) ; WHLIE W, 541 6] 2 5
AR E(P>0.05),

PRUIEACA LA, VAR ES T 1 4
2 (P<0.05) ;WAL 1, AV 4 & & T
[ AT (P<0.05) s WbFLIE 00, VAL RN V 41 g 3%
ETTHAMIA(P<0.05), THEZEmTIAH
(P<0.05) .

BRI W ELAT W, VAR S T 1
A MH MAMNVH(P<0.05), THRMIH B EH
T4 (P<0.05) ; W3, VAR ES T 1
H N4 MAFMNL(P<0.05) ; WFLIEH, VAR
EETIH THMMH(P<0.05), NdHEZE ST
[ 4H(P<0.05) .

FHRE D = A LR, VA B & = T

[ 41(P<0.05) ; WFLH ], VHMVAREST |
H(P<0.05) ; WALE, VAR ES T ILAMIH
(P<0.05) .

PR AT R R AL W ELET I, VA
FE T (P<0.05) s WAL RS 1, LA T 2H B
AR 58.97% F1 67.70% , (B4 4 [H] 2% H R
#(P>0.05) ,

PR P Y A 2 4 2 UL Ak % I LTI, V 4l i
FETIMA(P<0.05) ; WAL, TAHEBEST 1
ZHANZH (P<0.05) ; IFLIE I, 5 A ) 22 5 AN I8 3
(P>0.05) .

23 AREEKEN VAR EELEELEF
14 B8 B B N

T AR RE KX W ELET R W B R kAl R
FAEF=YERE MR AN SR 8 % 0 A 10 FiR,

YA W FLATIE, S 22 R AR
(P>0.05) ; WF ), VAR ZES T T HMIMA
(P<0.05) ; WF W, VHMVAR EZEE T 14
(P<0.05) .

TR WALATI, T AV A 5w
T M4 (P<0.05) , WhFL i IR 1, 45 41 0] 22 2 A8
B (P>0.05),

WAL A FLAR A IE FL ™ . W FL AT
JE A ER AR (P>0.05),
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Table 5 Effects of dietary energy level on apparent digestibility of nutrients of Yunnan semi-fine

wool sheep during pre-lactation %
i H 14 T4 I 4 \E V4
Items Group [ Group II Group I Group IV Group V
fit & Energy 71.72+2.08 73.33+5.12 71.13%2.69 75.34%2.24 82.02+3.17
HEH T CP 75.79+2.64 76.70+5.07 73.40+2.91 76.61+1.96 81.68+3.74
LK 5 Ash 47.19+8.24° 57.83+6.53% 47.26+5.95° 53.87+5.75"  63.63%3.15"
45 Ca 49.95+4.19* 60.92+7.05" 51.73+7.27° 54.50+3.59"  65.62+7.29"
WP 35.63+14.11° 38.80+6.85" 25.52+14.54° 42.36£7.39" 60.35+7.97°
HMEW EE 77.53+4.78% 73.42+5.19* 76.67+5.65% 83.64%2.83"  86.61x2.36"
FhPE VRS 47 4 NDF 60.50+3.11° 61.62+7.37% 54.88+4.83" 62.21+3.08"°  68.67+7.61"
FRIMEVE 4T 48 ADF 58.30+3.06" 58.11+8.30™ 53.58+4.89" 62.46+4.01"  67.86+7.03"

Fo AMEBEKENDAPPZAFHAEFTEFYRRIWELERNI I
Table 6 Effects of dietary energy level on apparent digestibility of nutrients of Yunnan semi-fine

wool sheep during mid-lactation %
i H 14 JIE 11 281 \E V4
Items Group [ Group I Group Il Group IV Group V
i Energy 64.12+3.02 70.47+1.74 67.38+1.62 71.10%1.49 72.52+3.41
M AT CP 69.31+3.12 73.00%2.75 71.53+2.02 75.82+1.92 75.03+2.11
K> Ash 33.28+5.84" 50.61+4.32° 42.59+2 .49 46.80+2.78° 50.16+6.40"
£E Ca 41.90+3.77° 52.19+4.18° 40.30£7.61° 54.28+6.89° 48.64+5.37™
WP 28.58+11.21° 28.25+11.08" 28.12+6.68" 35.42+5.11°  49.48+9.65"
HHAE W EE 82.48+9.73" 74.02+7.18* 82.05+5.42" 89.26+2.12° 85.43+3.29"
FRE PR 4T 4E NDF 50.39+4.78 58.97+2.65 48.89+1.83 50.30+1.89 49.02+6.06
TR VL 47 4k ADF 46.71+5.02° 57.53+2.13" 46.53+2.10° 50.18+2.18"  47.33+6.80™

RT AREEKRTENBIRPZAFBAEFERYRRIWEL RN

Table 7 Effects of dietary energy level on apparent digestibility of nutrients of Yunnan semi-fine

wool sheep during late-lactation %
Ti H 14 I 2H I £ Ve V4
Items Group 1 Group I Group I Group IV Group V
fit i Energy 68.18+3.09 76.39+5.51 73.50+3.51 77.98+3.88 77.03+3.77
HE R CP 73.39+1.96 78.70+3.93 76.09+3.19 81.36+2.79 79.47+2.57
MK S) Ash 48.99+2.63 59.57+8.80 50.59+4.16 59.07+6.53 57.62+5.26
5 Ca 30.98+5.66° 47.19+10.04*  37.32+7.03" 51.08+5.90° 51.07+5.75°
WP 26.22+4.64° 34.39£16.35"  32.32+3.84° 45.23+10.04"  53.60+4.83°
AR EE 59.58+4.14" 72.68+15.45" 78.37+5.66™ 85.62+9.25™  88.47+3.24°
rh Pk 4T 4 NDF 57.40+4.48 67.70+8.74 60.66+4.98 63.01£6.88 57.68+6.44
TRV Ve 2T 48 ADF 53.52+6.01 64.86x10.75 58.42+4.98 61.45£7.77 56.27+8.36

24 AREEAFEFNRIBAZEFABAEFE

B 53 B 2

il B A KPP FLT S R AN

EFRAT AN 11 3 12 FIFE 13 iR,

LU TR NG R R NSt W A W =

BFH(P>0.05),

HE FURALE B Y7 8 e 45 2 ) 25 S 4 R
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Table 8 Effects of dietary energy level on performance of Yunnan semi-fine wool sheep during pre-lactation
SgE| T4 o4 11 ¢l V4 V4
Items Group [ Group Il Group Il Group IV Group V
Y HHE ADG/ (g/d) -169.03£99.70 —107.10+£132.48 —178.71£56.55 —167.74£66.89 —98.06+78.74
TH) iR & i DMI/ (kg/d) 1.70+0.12° 1.57+0.17% 1.30£0.16" 1.50£0.11"  1.61x0.14°
WEH I MY/ (kg/d) 1.22+0.13 1.07+0.14 1.00+0.25 1.02+0.09 0.97+0.24
FNEH IEFL = 8 FCM/ (kg/d) 1.28+0.24 1.21+0.21 1.11£0.22 1.23+0.17 0.99+0.29
x99 (AMEEEKEN DI PAREFHEFEE~ R
Table 9 Effects of dietary energy level on performance of Yunnan semi-fine wool sheep during mid-lactation
WiH T4 1 11 g V4 V4
Items Group [ Group II Group Il Group IV Group V
Y HE ADG/(g/d) —-158.00+132.89™ —48.00+66.44" 16.00£54.23* 120.67+96.79"  147.33+54.33"
FTYFCR &= DML/ (kg/d) 1.57+0.18 1.53+0.14 1.48+0.17 1.50+0.20 1.50+0.14
WELE MY/ (kg/d) 1.13+£0.20 0.94+0.12 0.90+0.23 0.94+0.05 0.98+0.25
FLIR IEFL = & FCM/ (kg/d) 1.20+0.21 1.10+0.24 1.05+0.12 1.05+0.11 1.16+0.34
F10 AREEKRENDIEYEAEILAEEESEERNZIT

Table 10 Effects of dietary energy level on performance of Yunnan semi-fine wool sheep during late-lactation

i H I8 e 11 2z VA V4

Items Group | Group I Group Il Group IV Group V
FHHE ADG/(g/d) -6.67+67.91° 8.48+63.43"  —43.64%103.16" -151.52+87.62" -124.85+69.41"
FTHFRE R DML/ (kg/d) 1.72+0.09 1.69+0.12 1.62+0.13 1.64+0.12 1.66+0.15
WA MY/ (kg/d) 0.85£0.11 0.80£0.19 0.78+0.09 0.80£0.06 0.86+0.08
FLIEA IEFL = i FCM/ (kg/d) 1.16+0.24 1.27+0.47 1.18+0.32 1.23+0.24 1.34+0.27

11 AREEKFENDANAZEFEEFIARSHIZM

Table 11 Effects of dietary energy level on milk composition of Yunnan semi-fine wool sheep during pre-lactation %
| 14 141 I IV 4 V4
Items Group | Group II Group Il Group IV Group V
FLAR W Milk fat 4.32+1.19 5.02+1.88 4.88+1.47 5.38+1.33 4.28+1.39
FLE H Milk protein 4.61+0.43 4.93+0.61 4.70+0.30 4.47+0.47 4.73+0.25
FLH# Lactose 5.11£0.15 4.94+0.20 5.14+0.24 5.02+0.10 5.16+0.27
BEIEY Total solid 14.73+1.60 15.67+1.38 15.46+1.25 15.64+1.48 14.93+1.64

R12 AREEKENDAFPZEFEEFIATHIM

Table 12  Effects of dietary energy level on milk composition of Yunnan semi-fine wool sheep during mid-lactation %

s 141 41 m IV 41 v

Items Group [ Group I Group Il Group IV Group V
FLAENT Milk fat 4.43+0.82 5.10+1.11 5.32£1.06 4.80=0.43 5.27£1.79
ZLE A Milk protein 4.83%0.19 5.02+0.23 4.700.11 4.54+0.30 5.10+0.26
ZLB% Lactose 4.91£0.18 4.84£0.05 4.97£0.11 5.02+0.13 5.050.38
M EIEY) Total solid 14.88+0.84 15.72£1.01 15.75%1.13 15.08+0.63 16.22+1.93
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R13 AREEKENDAGTHEZFFBEFILRSHIZM

Table 13 Effects of dietary energy level on milk composition of Yunnan semi-fine wool sheep during late-lactation %

WiH 14 1N T 28 VA Vi

Items Group | Group I Group I Group IV Group V
FLAE T Milk fat 4.32+1.19 5.02+1.88 4.88+1.47 5.38+1.33 4.28+1.39
A7 11 Milk protein 4.61£0.43 4.93£0.61 4.70£0.30 4.47+0.47 4.73+0.25
ZLB% Lactose 5.11+0.15 4.94£0.20 5.14+0.24 5.02£0.10 5.16£0.27
FEIEY) Total solid 14.73+1.60 15.67+1.38 15.46+1.25 15.64+1.48 14.93+1.64

25 ARBEEKENDIABZETFEHAEFEE
EESENHEN

MR 5 77 2 D 2 WA L) = e o A B SR Y g
iy e i Al LU R RO .

ME(MJ/d)=kIW"?+k2ADG(g) +k3MY (kg) .

A, ME AR R 2 i (MI/d) s k1 4k
R B w0 WO AR E (kg) sk2 WAEKT
BUH R ADG Y H I E (g) sk3 Wb FLTR B H
oMY NI FLE (ke/d) , MRAE RS R 2F R
kX ER 8 2 9 IR 10 A EHE 47 Bl U 40 A,
T A FLI 2 R A B AR R A S A A

0P H B AL A [ 5 AR
WFLHT : ME=0.872W" " +
0.009ADG+2.950MY ( R*=0.987) ;
WFLH I . ME=0.733W""~-0.000 9ADG+
2.642MY (R*=0.996) ;
WHLEI : ME=0.856W""”-0.011ADG+
3.768MY (R*=0.992) ,
MR DAL 105 7 #8 TR O [RAR AN 6]
17 H 4 AAS [ s 2L A LT L b D RS )
B FE M RE T B, R 14 3R 15 A
16 AR,

14 WIMHZHIEEFAGTEE

Table 14 ME requirement of Yunnan semi-fine wool sheep during pre-lactation

KT BW/kg AT ADG/(g/d) WEHE MY/ (kg/d) fRisHeE ME/(MJ/d)
0 13.87
0 0.5 15.34
1.0 16.82
0 14.32
40 50 0.5 15.79
1.0 17.27
0 14.77
100 0.5 16.24
1.0 17.72
0 16.40
0 0.5 17.87
1.0 19.35
0 16.85
50 50 0.5 18.32
1.0 19.80
0 17.30
100 0.5 18.77
1.0 20.25
0 18.80
0 0.5 20.27
1.0 21.75

0 19.25
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AT BW/kg R HE ADG/ (g/d) WL E MY/ (kg/d) R EE ME/(MI/d)
60 50 0.5 20.72
1.0 22.20
0 19.70
100 0.5 21.17
1.0 22.65
®15 DIAPHEZEFAEFAHETES
Table 15 ME requirement of Yunnan semi-fine wool sheep during mid-lactation
A&H BW/kg V¥ HE ADG/ (g/d) WELE MY/ (kg/d) e ME/(MJ/d)
0 11.66
0 0.5 12.98
1.0 14.30
0 11.61
40 50 0.5 12.93
1.0 14.26
0 11.57
100 0.5 12.89
1.0 14.21
0 13.78
0 0.5 15.10
1.0 16.42
0 13.74
50 50 0.5 15.06
1.0 16.38
0 13.69
100 0.5 15.01
1.0 16.33
0 15.80
0 0.5 17.12
1.0 18.44
0 15.76
60 50 0.5 17.08
1.0 18.40
0 15.71
100 0.5 17.03
1.0 18.35
x16 WIAAFHZEFHEEFERGEEES
Table 16 ME requirement of Yunnan semi-fine wool sheep during late-lactation
AT BW/kg A AT ADG/(g/d) WEHE MY/ (kg/d) fRi5HRE ME/(MJ/d)
0 13.62
0 0.5 15.50
1.0 17.38
0 13.07
40 50 0.5 14.95
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i3 16
AT BW/kg R HE ADG/ (g/d) WL E MY/ (kg/d) R EE ME/(MI/d)

1.0 16.83

0 12.52

100 0.5 14.40

1.0 16.28

0 16.10

0 0.5 17.98

1.0 19.86

0 15.55

50 50 0.5 17.43

1.0 19.31

0 15.00

100 0.5 16.88

1.0 18.76

0 18.45

0 0.5 20.34

1.0 22.22

0 17.90

60 50 0.5 19.79

1.0 21.67

0 17.35

100 0.5 19.24

1.0 21.12
JE 1B AR REFE R3] P 4 O de g, 2333l b 28,26,
3 3 i 26.11 F1 28.66 MJ/d; HZERE WL AR N A by B o, 23
31 FRSEKTHBAMZEFEEELE 0799937 M o.12 MIzd, (HIAAHEGEF
R GEAD BeA B 55 A SRE B9 T & i Th e, X T RE S T

TR BE KT J2 3h W) 8 38 AR R AN (VT 2 1Y
FEERR " AT IR R O 4% B R,
K B J7 R TE AR 5k, B 5 AR [ AC I AE
TR, ASBE R EE R R, 40 5 e 5 oA
() A 3 7K R A s LB = R b Al B S H AR
W ARSI N 17.71( T4H) 16.45( T 4H) .
13.60( 4H) \16.61(IVA) #119.25 MI/d( VA) .,
20 H A REHR A AT Bl 1R AR A B KT
(3 DN 3G 0, 205 9 BT R 1 i Y A2 Ak
T, IXFTRE AR T 45 4 R BRI AR RLDE Y
e LU AN ], T sh 4 0 T I 4>k B RE it e 1 4 40, i
BT = XK RURER B 1 LB 45 A il e i it
FRG MR, S B A E R B EE R,
2 A2 H AR e HR A i 1 e, A WESE
R, W5 A fE i BR R, AH N Y € RE B
B BEARRGT R T B2 A s L A L RPN

AHIEFE R R LR ( ORI N B 3 Bk RN/
ER)BIHAHANRZERBE R RH, R4a3YnE
AEPL 2 —TE 20% ~50% , 2k AE = AT FE
O NS R SR /S 1+ 61 I i 2 R € B/ o 1
REMIS M 36.93% , BEEAAE L N 38.41% ) ik
YR BRI TN 31.63% 1 FEARBIIE T,
B AW EL P RS B G ZE AR R K 4 )
} 17.98% ~28.87% .27.48% ~ 35.88% F122.02% ~
31.82% , PEANEE"THESE & B, R ) 4E 5E K S A
Fe s B2 I FL T | b 3 NS 09 A 2 RE 82k 0
H 23.29% ~39.51% .26.37% ~ 38.93% F132.27% ~
38.57% , AMWF TR A A RSN T 320K, bl
HHA RN A RR S B . 4 3 1 BR B 1 2k —
K 4% ~5% ") Sutter 25 BF ST 45 KT IR AET
ANBifi A HE A BE B2 B 3 T, X 5 AR gE 45 2R
— 2 BN BESE K IR, R ZE Ze 5SS 2R W FL AT
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391 PR S 0 PR R 2K 43 0l Sy 3.28% ~ 3.54% |
3.27% ~3.52% 1 2.29% ~2.53% , AW, =H
P20 B S s 7L L RS R R Rk 4y I R
0.81% ~1.31% 1.12% ~1.62% F 1.33% ~2.04% ,
TR S B TR 25 1 OF BLAs B oR | W FL Al
B AR B PR B R T

MR T R PR, 5% AR T x B ) 28 2 58 B 2
AR B RE LR R RER IR 5 T L RE AR
BN 69.17% ~ 74.39% . 55.82% ~ 64.46% |
80.72% ~85.67% ; 1 75 2 2 Wt 7% 45 L 2 W Bk
Gl 2E W FL R 2R B B RE T AL R B RE AR R
AL R N 56.14% 47.29% 84.24% ,
A 25 R AEA L T HWE N, 7EA R 551
T, = W FLAT I | RS Y B RE T
3R 51R 71.13% ~82.02% 64.12% ~ 72.52% F
68.18% ~ 77.98% , W REAC I % 7 5k 61.84% ~
72.46% .55.22% ~ 63.23% F 58.87% ~ 68.15% , 4
FLREAC I R 2 3k 86.95% ~ 88.32% .86.11% ~
87.17% M1 86.01% ~87.38% . X 3 NI hnfE W FL
A4 Ry I i, 3 PT RE S A T A S S T e R
KR EIE TR, B 3% 58 5 A Wi 30R A b
Z T, X SRR PHAR IR AR = A 5T & AT A .

AR, 72LaE B Z WA SRR, R
BURMFLET Y AR AR R IR Z A
BB AN K, X AT RESE T o/ LB W
FLEEFTE AR RE B 20 e i H S IR T SRR 3L
T2, AR, 2w 0B S WL R L P A
JEWFLBE M h 1.63 ~2.02 MI/d, 1. 58 ~
1.91 MJ/dFl11.42~1.58 MI/d, & FREBH x5
ThA P R R I AL BE AR T A — K,
32 AEKEEXKENDIAPZFIrAELEES
YRR E LR

T RE 1 19 2 VLT Fb 2R S e T 3l ) 48 A T
FRIHALAE 112 Merchen %5 78 £ U], 48 £ 1)
i 2 2 ULV 1 R ot ) M K SF T e T L ARG,
ARWFFEEERA—5, X ] GBS P b 4% AL 1R R e 7
R AR [] , 52 0 T RE £ 19 R LT fb 3%
FH AR 1 5 UL T Ak 3 J2 Al 12 30 W 8 1 BT e e 1) —
ASTEEFEPR . A A [ BE 12 7K T T AR s 7L 3 4
SR AR 1T A AR Y A B 380, Oddy
SRR gT R I G AN () 2R F K SF R 4 iR
L ESY S TG INGER TR R S
ALY 5 55.44% 65.39% 1 66.75% , TEA

I, w40 B S WA LTI L b A S D AR
BT RO A #5r 73.40% ~ 81.68% |
69.31% ~ 75.82% #1 73.39% ~ 81.36% , ¥ & T
Oddy % [ RIFFE 45 1, v A8 R 2 h T L&
FXTRARTRE L e, ko F 25 B,
o] W2 7K S8 PR FH 2 S R B 11 0T 3R UL T b R A
HRW X GAM R R, AR A
o] AR P o A, () AR R E At R A o ) T Ak
WA, e B e R A T A R R M O A% AT A
Al i NEORIE R s S R R O - I N |
TR K P B AL FE A A8 BEE WA FL 20 50 1 80 d Y
PRV AT 4 R W AL 3853 51 R 39.55% ~ 49.35% |
35.17% ~43.07% 1 31.22% ~ 37.75% ; W& VE VI £
A FIHALF 4> 5N 33.39% ~42.48% .32.80% ~
38.02% Fll 30.86% ~35.86% , TEARWIEH, = 2K
20 2 I LT | I S I B TP o vk R AT 4 R
MY Ak R 4 5l A 54.88% ~ 68.67% . 48.89% ~
58.97% F1 57.40% ~ 67.70% ; FRVE Pk 15 £ 4k 2 WL 4
3R 591°M 53.58% ~67.86% 46.53% ~ 57.53% F
53.52% ~ 64.86% , £5 W FL B Bt ¥ 0 5 T AR
R IT A . kAT REJE PR R AR IR i FH A
FaALEE (45:55) B/IN v ME U A 41 2 55 27 4 1 i 4y
TH AR FE 12 TR A7 BR R 1 I ] AR B,
33 WIHZEIEEENREEEES
TR BE K P — R e T B
JE W7 LA K G Al 75 57 40 Jo 5 2 2 ) R P T FE B, A
S0 Bl ) A 8 35 W o ) WA, e 8 52 ) B )
AR B, PRI 2= p P 4 B S 1Y R i
XA PG S A HE S A G X, Garrett 250 [
MREW BFEFRAPEAERTTEZEN
259.41 kJ/kg W™ #al 1 BE 5T R0 kL gE 2k
A 28 F W EL 20 .50 .80 d AR I e 4 4 o 2
43 0.327 ,0.320 1 0.362 MI/kg W', A ff
FER A EAT ), 2w 4 B S WL AT | i
FJ 9170 A3 BE 4R 15 55 22 5 43 1 0.872,0.733
F10.856 MI/kg W™ | £ W FL 34 0 1 v T Bl
GBI AE R X AT REE N 2 AT B
S ST NN ) S K8 7 N i T 2
AR FR bR ) 0 45 A H I FLEE 1 kg, 40,
50 F1 60 kg [ MAFLI 4 = AR BB 7 22 5 23 )
18.83.20.50 f1 21.76 MJ/d, TEARMFIR T, =5 2F
HEFHHWILE 1 kg VY HIEE O g/d #E 7
IF3H3E 5 H 40 .50 1 60 kg il 2L AT 09 18 5 AE
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FE YN 16.82 19.35 F1 21.75 MI/d; WhFL
W AR BE i 4 i b 14030, 16. 42
18.44 MI/d; i 7L 5 99 /) AR F e 75 22 & 4 B A
17.38.19.86 1 22.22 MI/d, H: v i LAy 1 s 9
AR5 BE 75 2 2 15 3 B R 2R AR FR AR ) T R —
e, AL 0 AR 1 BE T B N TR AR
X AT BE S F T A L AT T RE S il S SR A K
EBRMTE MERBAARERMER, 8w
) SR IR R LR T R BRI A, R
X BB 19 75 oK A AH B BRI, W LS 0, B IR
ARG P A, Xt B 12 10 75 2R SCE BT 3 i, NRC
(2007)™ WoR, HERET 1 kg HFATE
5.333 MIMAR I RE . M e 40 iR SR R, K
FEXAEAETE 1 kg WALTTE 11.85 MT (4CIHHEE ; 5
75 2GRS B BRIL A SN 2R R AR 1 kg W
FLAE 6.38 MJ AR RE AW oT i H I3 74 15
FNWFLATI RS W = R e A B R A R kg
LT T B A BE 4 i o 3.822.3.375 M
4.624 MJ, iRWFIE 45 R S A4 R 2R BR,
X 22 Al R R B R AZ B AP R AR KR A
R Bt LA A BT R B S e 1 i, 5 A, B 5
SR Z BN M A B R B A R

4 &

O TEARVFFTLE R BN, = 5 240 B 2 WAL ar
BT g 0 75 B e s, LR WAL I, WAL
HH AR

@ 3@ [E 5 Hr A, LTI = R 4 R
YRR RE T e 0.872 MI/kg W™ &7
1 kg HFLAACEIBE TR 280 3.822 MT; WA 3L H )
YA EFNERFRPETEERN
0.733 MI/kg W™ &7 1 kg % 7L A AE 7 2
o 3.375 MI; WAL G W = e 2 4 B S I 4R 4R
BHRETF 25 4 0.856 MI/kg W™ 472 1 kg # 3.
FIACIHRE 75 B4 ol 4.624 MT, 40 .50 il 60 kg ¥
ZRFMEF, HI A & 1 kg, TR E AL B
T, WL AT AR e T 25 2 B 16.82.19.35
F121.75 MI/d; W6 ZL v 0 09 40 15 5B 75 22 & 4 0l oy
14.30.16.42 F1 18.44 MJ/d; WL J5 A 108 BE 75
B4 17.38.,19.86 F122.22 MI/d,
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Study on Energy Requirement of Yunnan Semi-Fine
Wool Sheep during Lactation

LIANG Jiachong' LI Yinjiang' WANG Siyu' XUE Bai’ HONG Qionghua'”
(1. Yunnan Animal Science and Veterinary Institute, Kunming 650224, China; 2. Animal Nutrition Institute ,

Sichuan Agricultural University, Chengdu 611130, China)

Abstract; This experiment was conducted to investigate the energy requirement of Yunnan semi-fine wool
sheep during lactation, and to provide reference for establishing feeding standard and breeding theory of Yun-
nan semi-fine wool sheep. Twenty-five Yunnan semi-fine wool sheep with similar body condition and two preg-
nancies were randomly divided into 5 groups with 5 sheep each group. The metabolizable energy (ME) levels
of experimental diets in the 5 groups were 8.05 (group I ), 8.51 (group I ), 9.03 (group Il ), 9.52
(group IV) and 10.00 MJ/kg (group V), respectively, and the other nutrient levels in the diet were consist-
ent. The feeding experiment period was 90 days, which concluded 14 days of pre-trial period and 90 days of
formal trial period. The lambing day was the starting point of formal trial period, the 1st to 30th day was the
pre-lactation, the 31st to 60th day was the mid-lactation, and the 61st to 90th was the late-lactation. The results
showed as follows: 1) in the gross energy digestibility, gross energy metabolism rate and digestible energy me-
tabolism rate of Yunnan semi-fine wool sheep during lactation, the pre-lactation was the highest, followed by
the late-lactation. 2) In lactation, the relationship between ME and metabolic weight (W"™) | average daily
gain (ADG) and milk yield (MY) of Yunnan semi-fine wool sheep were: pre-lactation, ME =0.872W" "+
0.009ADG+2.950MY ( R* =0.987) ; mid-lactation, ME = 0.733W"™ —=0.000 9ADG +2.642MY (R* =
0.996) ; late-lactation, ME=0.856W""”-0.011ADG+3.768MY ( R*=0.992). According to the regression e-
quations, the maintenance ME requirements of Yunnan semi-fine wool sheep in the pre-lactation, mid-lactation
and late-lactation were 0.872, 0.733 and 0.856 MJ/kg W"™ | respectively; the ME requirements per 1 kg of
MY were 3.822, 3.375 and 4.624 MJ, respectively. The ME requirements of 40, 50 and 60 kg Yunnan semi-
fine wool sheep with per 1 kg of MY and no weight change were 16.82, 19.35 and 21.75 MJ/d in the pre-lac-
tation, respectively; 14.30,16.42 and 18.44 MJ/d in the mid-lactation, respectively; 17.38, 19.86 and
22.22 MJ/d in the late-lactation, respectively. [ Chinese Journal of Animal Nutrition, 2022, 34(3) :1694-
1708 ]

Key words: Yunnan semi-fine wool sheep; lactation; energy metabolism; energy requirement
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