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R AP SRR (78 % B A3 BRI P AL T IR A4 S ST A S R B B R DR Y B 1
TR A
JioORY? ORI 5 %t OEKIL? 5 R?2 Bite? gHEY
(LA E A RFE BRI AT, AR A AR B st 5, Jhat 100081 287 5HAK
A RZEF IR B, 5 EASE 830052)

B R0 R B B A AT P2 R 1 DRSO ) 3R B A3 B R R Y AL 3R AR
S RUREAR S0, 5T Ok SO} e f) 8 3% i 43 2 SR T Y A0 35 A B S R R DR R
RUtEE (ME) TR, kL 36 W 22 Hild. #KH Ny (52.6:4.4) kg kLA NEFEE
FL AR ZBAE, R GBI A BT 70 6 DML, BT 1 ANJERITAIRZALAN 5 AR50 1A
HRZH . R R AR EHR I RIPIRARHHALG H 45 & B HIATH R 5 R AR tRHERHT T AL RE
(DE) M ME, JE40HrE& AR ER DE. ME 5iZE R E R [THR (DM). HHl
¥ (OM). Kfe (GE). MEHEF (CP). MEN (EE). HEUEERL4E (NDF). BRYEGEVR
44t (ADF) 18 &, FIAEFRBA [E T (DDM). AIVEE N (DOM). ]
HAHE A (DCP). Al (DEE). Al MESE4F4E (DNDF). Al LR
MR AT 4E (DADP) 12 AR R SRR TkLE R ) OM £ & . DDM. DOM.

DCP 5 DE fl ME ¥J{7 /i 2% IEMI < (P<<0.01); 34, DADF 5 DE f7{E 23 it =%
(P<<0.01), 5 ME f#{ERE FAHK (P<0.05). J& bk} k) o ()78 7% i 43 & B 10 ME
77 RN ME (MJ/Kg) =-82.855+2.3910M (%) +1.802EE (%) -6.21GE (MJ/kg) -0.121ADF
(%) (R?=0.910, n=30, P<<0.01); i talkHEURl TV AL E 77 5o Tl ME IR0 -

ME (MJ/kg) =-5.564+30.526DOM (%) +55.402DEE (%) (R?=0.841, n=30, P<C0.01);

R ER R AT AL E FR A 5 DE JLEFN ME 75 R y: ME=-5.787+1.126DE
(MJ/kg) +20.769DEE (%) (R2=0.879, n=30, P<<0.01). % Lk, FEARK S, EAM
TERLERE R (R 38 43 E FR A B R ATVEAE 3R s 5 ME IR TE S 35 A OG, mid s ek} Ji
Bk iR E 7R B S B A AT A E SR RS PR 2R B U DR EURHT) ME AT A 2 .

W H . 2016-11-15
HETH: ERAFESVHEARIER (CARS-39) ; EHEK “+ T” LR “ A HEFRE
R 5 RTE 7 (2011BAZ01734)
E# N /5 ML (1990—) , 5, BEFGE RN, WL, MWHEshPrs 3= 51kl el mt
7. E-mail: wanfanfw@126.com
EEEE: AHE, R, L4 SIW, E-mail: diaogiyu@caas.cn
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K. W AUEE; THILRE O RTURERL REALE TR B A
T S826  SCHkARIAIY: A EHT:

FERAME T IR K, BN E - A R B A, IR IR E IR T KR
KT R RETR I AR I TE, 70l B TR 75 2 L B TSI A e 5 A 55y T et 3
G RFEFRIE T3, JTHIRIZ D ST U AS & AN I B i, PR R LS BN R e
J7 RS, P SEE IR B R E, HE IR R B AN R EURHE R S B IR K1
DIAIR, 52 G RHE S A P B AL RE L K Sh At bl s ) S SEAT R DL sE i . F e, 78

Fb, BEEMEL. EARARLEE A RNE S (GE), JHtkRE (DED. UHEE (MED

=

WS TEiE ELEAT, 1 [ A AN EAT R E SR OME R T TR R DE M ME HEFR(E K2 2
L B FUEAT HES B A A MAIG AT [, RN — B R FURL A R REAR A T AT B 15
JUNE . R I BRI, JE Rk DR SRR A (8 TR 3 A Dy T A
T, BEMSBUONHERBE ST ME TR0, AP A L2 xd P RE R AUTREAT TR
WEFC AR, X SOV L P SRS Zh 4, BIF TG A7 TR o 5 AT S REARL IR AR SR 1k
WF T B AT P PR R 97 o 5 B e e s S T AR 2R () ST AR ) ME, S 65 Al E )
A 58 FEn RT3 I S8 5N A I 2 A N FCAE S 1k Y A R 0 X B A A R AR T 8¢
SE025p ) R DUAE R BE 5 B FRINE o — R A B — A5 1 kL ME I o R 1% 5,
FFRMEFIENE F 5 ME B Gy 20%, BHEIEIE Bk e 2 fe L Bl e
30% %}, FrfRH ME 5 SEPrill e (B Som L . (BREE T STHITRAN, WFFEN BRI E— R LR
BRI AT RREAE T RE 2 DR PR RS Z2 A O B &5 R ANHERf s 38, A ARG TR
2 [tz DR R B A B 1 KT RO 22 S s e AR R RS B Ik o Dbt 37 B3P ik 7T
AP CADRH RN AT R BB PRSP o JERDREAS TR 2R, X R N RE R AR AN 8 (B R 2
FERIRZIE TR, AT 7 B3 5 S B o P A PR A i ve 1E S 03E FEUE SR, Kt
BRI SJEII AT 3 e PO (et e, 3R S OME . R, AR bl R 7 280
iJe, VARSEH AR B R R ORI SO B, B S ARSI R N ARG DL, 38 ST R
TR B R 8 TR ) BRI A E TR S A R RE(E 2 RN RAR G OR &R, 0 T ME
RTINS BLx PRI = £ 1 SRR EDRE ME FOAERR T, DB B PRI 40 26 JEOREE SR
EVPE S A B AR SR8 DL S A A SR A v (1 LT S AR B o
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1 FeET5k

1.1 RIS A 5 Hh S

A6 T 2015 4F 12 J 2 2016 4F 1 e E AL RF B B Ak FE AT .

12 Wit 53

RIGIEE 36 H 22 HdMAE AN (52.64.4) kg HIFEIANEFEE F AR B A E,

KA FE LA Bt 700 6 ANAEHE, A 1 ADFEREERRAL PR 5 MRAI TR AL BE . B>k

e R, WIGIRrsE 16 d, Hrbl 8 ROVHUAN, J5 8 RVFEIRICHEN . FEIRUCEE I i
Ja 3 d EATREIRACE RS, Hrb AT 24 h fEEhYpE SR AR, B IREMIIEHEARGES, J5 48 h

S B e R 0

1.3 IR

ARIR IR IR SR oK SRR B, SR Al —HE BEOREBEAT e i DL O

JEURH) — Bh o MR A ] AT SUIAS [R] LE B RO TR R AN TR P IR 45 R, B — K TR 2 46t
FLIFE 30%It), Fr A AOARIET BE 55 5k bl s fEL iR B A, i AAE A R Tl AR 23 9ol R 8
SFFRA RRFFRA S FEARA AR TR T 210 K w4 (DDGS) £ Mk Ak AR (1) 309%(1X
B i P R B JORAN G BT AL PR RSB IR KT LR 1

#1

PR S E TR AT HEAlD

Table1 Composition and nutrient levels of diets (air-dry basis)

WiH ltems

JE¥} Ingredients

B sl

K Corn

T Soybean meal
£ Leymus chinensis
IR EES CaHPO4
F#) Limestone

& #h NaCl

SR PR

Basal
diet

19.06
12.19
66.46
1.40
0.15
0.50

AR SRR TR

Soybean

meal diet

30.00
13.25
8.46
46.00
1.40
0.15
0.50

Rapeseed

meal diet

30.00
13.25
8.46
46.00
1.40
0.15
0.50

kAR R

Cottonseed

meal diet

30.00
13.25
8.46
46.00
1.40
0.15
0.50

%

TELERA TR

Peanut meal
diet

30.00
13.25
8.46
46.00
1.40
0.15
0.50
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76
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78

79

80

81

82

83

84

85

86

87

88

89

TIRAEL Premix? 0.24 0.24 0.24 0.24 0.24 0.24

&1t Total 100.00 100.00 100.00 100.00 100.00 100.00
EIRKF Nutrient levels?

TH% DM 93.02 92.86 92.67 93.04 91.92 92.45
HHH OM 86.75 85.41 84.71 86.25 85.44 85.87
MBE GE/(MI/kg) 17.89 18.18 18.23 18.4 18.37 18.84
HlE AR CP 12.03 20.02 17.56 20.60 22.30 16.71
Mg EE 2.97 1.60 2.04 1.19 2.97 4.64
HPEPEIR LT 48 NDF 63.24 51.55 63.18 52.63 54,94 56.13
FetEYL ik 4 48 ADF 31.26 24.61 33.09 22.96 24.96 23.31

DR R NET 0 AR $2 £ The premix provides the following per kg of diets: VA 15 000 1U, VD 2 200 IU,
VES50IU, Fe55mg, Cul25mg, Mn47mg, Zn24 mg, Se0.5mg, 10.5mg, Co 0.1 mg.

DI ASEMAE . Nutrient levels are measured values.
14 fAFREH

TR0 A O 48 B 2 PR SRR T IR, SR RTRR & AR . b T S TR A SR AT
FERCRZER:, FTLAE BCRE RS AE, MO a7 0, R R4 i fe e &
SE N5 AL AT S P 11 ] R RO

TR 5E AR S P AR T A A REHAI R PIRA R HALS . 4351 08:00 AT 18:00
g, RSN 600 g, H UK. RAIABESEIRIEIES. IR, BRRIUHIRE R
FEHEFER, 12 10%IUHE, K5 X 5F 5 d FFERRIR G J5-20 "CIRTRAFAFIN . F #S4T 100 mL 10%
H2SO4 (IS EMBISCEE IR, LABT LI AE I FE o JRIRUTUE, PR 5 L, XIFRIRI 7 7 TR
4, F A8 EE R IR 30 mL, KA 2E 5 d [RIRFHR A JS-20 CHARMRAE, LA&IIE
JRAE (UE) D91,
1.5 WEFRFR A& TTIE

AR R A A R IE AR SERE, IR CBDRL o B SRl AR ) (58

3 ) eIkl Hog e i & &, Hrb: BBE (GE) K H PARR-6400 4= [ 5% 5 5 #i

il

ICE; MEAF (CP) &&KH KDY-9830 4 HshdlIKE R IE: AN (EE) &&
K H ANKOMXT15i 4= H 20 lg 07 40 A A 5E + [R5 #F ity oA K 7 L rh MR 21 4E (NDFD
PRI VER 2T 4E (ADP). 45 (Ca) FiE (P) &=.

SFF UE, SRR 57 : B 5 Mo EgE 4 B e sefd, TH A IE4R M- F 18 se (E
TEIEARIREAE, K 10 mL JRWE 7> 2 UGMTENEAR b, 65 CHET 5 IE REAE, 15 21E4RRR

4
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VIRV REAEL, AR AT PRV ) B A R 2 T AR (1 R A R4S UE.

F ot 7 e pH 25 PRI A 144 SABLE JF B IR AN E 4 B . LGR U T (T
5% [ Sable Systems International /A &, 7= North Las Vegas) FIEC 2 (K HHUFE 5 3L 7 578 o
WRIGZHEE 1 RGP AR 5, FFARIESE 24 h (UKME, 76 24 h WA 0.5 h lE 1
DR AR A A e e i, 4 RIS 2 48 AN BT BRI EE, IO IE
VE R R A R Eh W ke =& .
16 HHEAX

TADHR B AR MG bk v 37 1 2 R L SR Adeolal T 24 25

PR b AR FR AR IR AR (%) =100% (R N FUHR B B <Gl bt i 8 FR R (7
B ESETIZE R ISR | CENRUS R IR % 77 1 & 8D

R EARL FOR] o R R SR R LR (%) =100>iR56 TR v o Fh s 3% o (3R
MR — (100 — Rl Tl RS RIS RIARAE BRI B 2030 <Rl - %8 3R U 1R
R AR A TR OB AR R TAAR AL BE I 7 26

B RVEIN A5 MR ERHA B I S A 8

FRIRLR R A R AEE (3% DE Rl ME) =100>{ iR 56 (MR 14 R BE{E - (100-4330147]
BHERE AR AR AL RS T 405D <R hl AR I A REAEL]/AR U PRl A AR B Al R i

T DE (MJ/kg) =GE—Z£fE (FE);

AR ME (MJ/kg) =GE—[FE+UE+ H%ehE (CH4E) 1

UE (MJ/kg) =JE4RA PRI ol BEAH — U LRI BEAE

CH4E (kI =Hg= & (L) >39.54 kJ/LI,
1.7 Hsbz

RIGHHE K H] Excel 2013 #EATHIPALEL S, KFH SAS 9.2 Giit i i) Correlate 1 12
S RHEORE RS FRRSY « ATHACE IR REMESEEATAHSCT, I Regression i 24T
[l U453 41, #7 ME RT3 5 7%
2 R 50h
2.1 5 FhEE LR DRHE R I E IR U & =
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5 Fi il 1 B ERDRH R B R L S R 2.
2 SAEAFERER T E IR SR CFYREERD
Table 2 Nutrient contents of five protein feedstuffs (DM basis)
FKF TR
T H S SFFHA ke TR
LT
Items Soybean meal Rapeseed meal ~ Cottonseed meal Peanut meal Corn DDGS
TH Items
FHi DM/% 88.7 90.78 90.69 93.02 87.89
HHH OM/% 82.83 83.33 84.77 85.54 83.67
KB GE/(MJ/kg) 16.93 17.56 16.70 17.54 18.59
HEA CP/% 43.85 38.94 44.24 48.54 28.23
LR AT 4L
11.71 22.87 24.93 14.71 28.53
NDF/%
BRI £ 4
8.77 18.48 17.39 11.73 11.62
ADF/%
FHRE T EE/% 1.08 2.42 0.40 1.96 8.11
2.2 5 i B BARDRHE R P %8 IR 3 R A 2 b A R e
R ARG . IR ARG S PR 5 8 7 B ORI A 3 A& FEL UE,
CHs-E. DE. ME, Si&&MERFIEANIGH] 5 Pk E sk 25 758 oo i ZUH AL
LK DE. ME (3% 3). 5 Ml A Bk E R &5 IR B IR IH L% . DE Al ME f74E
BEZ5 (P<0.05).
#* 3 5 R A AR R &S TR R AR A SR (FA R
Table 3  Apparent digestibility of nutrients and effective energy values of 5 protein feedstuffs (DM basis)
EAFA
TH A SFFHA A TR RS K P {H
AIEY)
Soybean Rapeseed  Cottonseed Peanut Corn
Items SEM P-value
meal meal meal meal DDGS
T E
DM apparent 70.31° 56.28¢ 81.05° 76.322 65.01° 1.897 <0.001
digestibility/%
AR IHE A
OM apparent 74.11° 60.94¢ 84.432 81.272 68.71¢ 1.827 <0.001
digestibility/%
FHAE TR %
96.73% 49.86¢ 89.57° 94.24%® 81.84°¢ 3.445 <0.001

CP apparent


http://www.so.com/link?url=http%3A%2F%2Fdict.youdao.com%2Fsearch%3Fq%3Dapparent%26keyfrom%3Dhao360&q=%E8%A1%A8%E8%A7%82+%E7%BF%BB%E8%AF%91&ts=1489035733&t=3dcf14eb549ed2b782ae855c0970c5a
http://www.so.com/link?url=http%3A%2F%2Fdict.youdao.com%2Fsearch%3Fq%3Dapparent%26keyfrom%3Dhao360&q=%E8%A1%A8%E8%A7%82+%E7%BF%BB%E8%AF%91&ts=1489035733&t=3dcf14eb549ed2b782ae855c0970c5a
http://www.so.com/link?url=http%3A%2F%2Fdict.youdao.com%2Fsearch%3Fq%3Dapparent%26keyfrom%3Dhao360&q=%E8%A1%A8%E8%A7%82+%E7%BF%BB%E8%AF%91&ts=1489035733&t=3dcf14eb549ed2b782ae855c0970c5a
http://www.so.com/link?url=http%3A%2F%2Fdict.youdao.com%2Fsearch%3Fq%3Dapparent%26keyfrom%3Dhao360&q=%E8%A1%A8%E8%A7%82+%E7%BF%BB%E8%AF%91&ts=1489035733&t=3dcf14eb549ed2b782ae855c0970c5a

digestibility/%

MAERMHLE GE

digestibility/%

HRPEBE AT 4E R WLTH

2% NDF apparent 34.93¢ 59.592 54.79% 44.75¢ 47.59% 2040  <0.001
digestibility/%

BB AT 4R

76.79° 61.50° 83.85% 84.078 75.21° 1.737 <0.001

12 ADF apparent 16.04¢ 48.842 33.520 20.74¢ 19.38¢ 2.975 <0.001
digestibility/%
HALRE
15.90°¢ 12.83¢ 16.89° 17.40% 17.942 0.485 <0.001
DE/(MJ/kg)
B RE
10.98° 9.50¢ 14.782 14.892 15.002 0.379 <0.001
ME/(MJ/kg)
127 EATHRE B bR L B F 7 BEROR Z R AR (P>0.05), NE/NEFRRREREE (P<0.05).
128 In the same row, values with no letter or the same letter superscripts mean no significant difference (P>0.05),

129 while with different small letter superscripts mean significant difference (P<0.05) .

130 2.3 GIRHERREVEFRMOY & RS DE M ME BUAISRR R

131 Fe 1 B BURRHEDR T B8 SR B B BN E RS 1 R DE M ME BEATAHSSHE 7 #
132 (R4, HHWERJFEEF K OM 5 &S ME fF/ENE# K (P<0.0D).

133 R4 VRHEOR R E TR B B S A RE AR B HOAH S 2 A
134 Table 4 Correlation analysis between DE or ME and nutrient contents of feedstuffs
i H T4 AHY) KLAE MEER MW PUERRERAYE R4
Items DM oM GE CP EE NDF ADF
WALRE N
NS 0.575 NS NS NS NS NS
DE
R RE "
NS 0.669 NS NS NS NS NS
ME
135 RN E MG (P<0.01), *R/REFME (P<0.05), NS E/RMKMHEAEE (P>0.05). &7 .
136 ** means extremely significant correlation (P<<0.01), and * means significant correlation (P<<0.05), while

137 NS mean no significant correlation (P>0.05). The same as Table 7.

138 KR ERE R 1 IR & 75 DE A1 ME IIAHGPE T4 A (R 4) I NG RIA 5y
139 #1, EERER TS IR A S DE fl ME Z R TN 5 FE (R 5), 459K, DE

140 A1 ME w] DA &R F st bkl JrUk) b (68 5% e 5 St AT T e 4l SRR B, AN R RIE I 2R
7


http://www.so.com/link?url=http%3A%2F%2Fdict.youdao.com%2Fsearch%3Fq%3Dapparent%26keyfrom%3Dhao360&q=%E8%A1%A8%E8%A7%82+%E7%BF%BB%E8%AF%91&ts=1489035733&t=3dcf14eb549ed2b782ae855c0970c5a
http://www.so.com/link?url=http%3A%2F%2Fdict.youdao.com%2Fsearch%3Fq%3Dapparent%26keyfrom%3Dhao360&q=%E8%A1%A8%E8%A7%82+%E7%BF%BB%E8%AF%91&ts=1489035733&t=3dcf14eb549ed2b782ae855c0970c5a
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F s R R TN AL o DE A ME B E TR 134109 OM, Jiid OM 5 HAth ikt s Rk
FRE TR AT IE RS, PR AR R 8 (R B AR IR R .
RS MAERHERE R E IR R S R T AL B A BE A U5 R

Table 5 Equations of DE and ME predicted by nutrient contents of feedstuffs

i H e . i AR R P1H
Tl 5 #2 Prediction equation
Items R? P-value
DE=-78153+1.1230M 0.331 <0.01
HiLRE
DE DE=-87.891+1.2770M-0.235ADF 0.531 <0.01
DE=-94.358+1.3430M-0.336 ADF+0.109NDF 0.628 <0.01
ME=-127.158+1.670M 0.448 <0.01
e ME=-148.883+1.9140M+0.401EE 0.665 <0.01
s Re
ME ME=-77.310+2.3470M+1.886EE-6.424GE 0.880 <0.01
ME=-82.855+2.3910M+1.802EE-6.21GE-0.121ADF 0.910 <0.01

T 77 e HE T 30 ML DE A ME FISEIIME . 3 8 [A].

Prediction equations are based on the measured values from DE and ME of 30 samples. The same as Table 8.
FI ARG 2 (¥ ME 5 1R EURL 18 77 B & A KRR R I =0 2

ME=-77.310+2.3470M+1.886EE-6.424GE F1JU i /7 £
ME=-82.855+2.3910M+1.802EE-6.21GE-0.121ADF % ME #EATFiill, 45 HE 5 AR 56 2 1
TRFEE VLTI ME (B FERAT R, ZRILE 6. vUEH, h=JohBRaHne
R SERPRA L RRFFRA S FEAERA AR K TGRS S L nT V01K ME (I TIIME 5 B 5L S B4
1B 2 T R 22 53 53] -2.85% 2.68%. 1.13%. -1.42%#1-0.21%, i % VU 7t /7 FE 43 2 1 ME
(TN 5 8 S5 A9 A 2 8] 1) s 22 43 79 29-0.18%. -0.19%. -0.14%. -0.10%7#1-0.12%.
5 SR B AR AR L, DY e R4 = T0 7 R A R AR 2 AT, RO B el - Sl Py B AR

%6 EAFEEHERMCE RETNNE 5 B E R LA

Table 6 Comparison between predicted value and substitution value of ME for protein feedstuffs

=it Wprewrp s
i~ BEEAG Three elements equation Four elements equation
m;ms Substitution TE HERE Mm% TAE HERE Mm%
value/(MJ/kg) Predicted Deviation with Predicted value/ Deviation with
value/(MJ/kg) substitution (MJ/kg) substitution
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166

167

168

169

170

171

172

173

value/% value/%

A Soybean meal 10.98 10.37 -2.85 10.94 -0.18
SEFFH Rapeseed 9.50 10.02 2.68 9.46 -0.19
FiFFHI Cottonseed 14.78 15.12 1.13 14.74 -0.14
TEA 1 Peanut 14.89 14.47 -1.42 14.86 -0.10
TR AR 15.00 14.94 -0.21 14.96 -0.12
Corn DDGS

2.4 RHERF AL IR 4> 5 DE il ME AR &R

A DB EORE R 2% 8 75 173 R 2 S HOeE B R AT A 3, T T R EURE R g RT Y AL

Tt (DDM). AITHALHE 5t (DCP). FIVEALA LY (DOM). RIVHALHHENT (DEE).

THACERPEDERR £ 4 (DADF) . RIVHALPEGEH £ 4E (DNDF), Jff L Sl & 5k A

] DE Fl ME JEATHI M3 8T. B3 7 wI%n, ke R+ ) DDM. DOM #i1 DCP 5 DE Al

ME ¥R 52 IEAH% (P<<0.01); %4, DADF 5 DE fifEtk B & fifHx (P<<0.01),

5 ME /#1752 3& A (P<<0.05),

R GRUER AT AL E TR S A RE A RE ROAR S 1 2

Table 7 Correlation analysis between DE or ME and digestible nutrients of feedstuffs

AT AEMAEPL AEAOHE . AR ArAeE Ar AR

Tii It ¥ H i fii YLk Y DLk YE
DDM DOM DCP DEE DNDF DADF

HfuhE DE 0.808™ 0.828™ 0.538" NS NS -0.500™

Risthe ME 0.608™ 0.617" 0.255" NS NS -0.401"

R R ATV E SRR 5 DE M ME FIZMTEE 3 (8 7D BINAE R A4,
T AR R R AT A E SRR 5 DE R ME 2 18] (T 5 FE (K 8), 45 LR W, i 3T DOM,
DEE. DCP L)}z DADF 4 Al viERf L 7 DE, R2iA%) 0.934; il DOM A1 DEE $#4ic Al 1
FRI T ME, R2iA%)0.841. %4h, ME thr[ L@t DE #1 DEE #H47#ERIHb TN, R2ik3]
0.879 (% 9), VLR ZHFAIHILE =YL& DE JLFETIN ME JURHF, MEHEAR
A RIFIZHME .

228 PGB IEURE Fh 10 ATV S 95 R4 TN A RE RO Bl ey 7
Table 8 Equations of DE and ME predicted by digestible contents of feedstuffs

9
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188
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190

191

192

WiH ilprgis LIPS/ P&

Items Prediction equation R? P-value
DE=5.083+20.015D0M 0.686 <0.01

DE=0.939+25.853DOM+29.447DEE 0.865 <0.01

WHikfE DE DE=2.902+23.799DOM+24.199DEE-17.765DADF 0.923 <0.01
DE=4.532+30.326DOM-42.7DADF-11.366DCP 0.934 <0.01
DE=3.649+28.52DOM+10.259DEE-33.466DADF-7.472DCP 0.941 <0.01
ME=2.232+19.542DOM 0.380 <0.01

fUBiE ME
ME=-5.564+30.526DOM+55.402DEE 0.841 <0.01

9 FU LR EURE AT A E IR AR AN AL RE T C RE ) 77 R

Table 9 Equations of ME predicted by digestible contents and DE of feedstuffs

T H Ty 2 HHR R HL P {H
Item Prediction equation R? P-value
ME=-5.412+1.142DE 0.797 <0.01

fRisthe ME
ME=-5.787+1.126DE+20.769DEE 0.879 <0.01

3 W it
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WIGHKAET, BR T HEADR T B 5, SRt KA ooy —2, sl EH
VAT ANERHERHI B IR RS, RIS R 2 B B 22 5. FEK
A 5, GHUWERRAEH YRR R 1 R BRI, e CP IR 26 A L
JEURE, 15 B SRR B 5T S S e s LA, TR RA AN AR R CP S B R T E
A, AB RS AN S G, P REJE EIAE T SR S B i (0 /N 23 1 2 B B 22 ik 2R o
e T RRAFRAANAE AR, PRI CP ARMIE AR T m i 55—, =FFH1 NDF 1 ADF fJ3&
MU A T A URREURL, TR B TSR IR I8 D e, e E 1 KB 20K
KA TS BT AR IR AT, TTRELET 2 (0 B 5 A S SR 1 P9 P Sk v e i, T 5
R R AR O H AL e s 4, Rk L NDF A1 ADF (8 00 Ak % i T 2oty JUR 50K} . Tafaj
RO WK, BRI KIHLEREBAAERTIRR, KEERIK, BRI HH
R, HEHZUCRE R ICR & TR mal PR & 7 i E L.
3.2 R RHERL b ) IR B> R LR TR R DE [ RN R
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FA LB AE AR E 57 B2 & B AR 2R 5k R UL S BRDRL A R BE R AN EaDRE JEURL b (178 57 A
o3& RPN BT as R — 20 UEBIRHER R R OM S al AR iR . RLAAEL L
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PN VAR R 5 B 1 R D JEURLAE PR S A P B B SIAR IR, 75 H AR 1 A RSB DE
ME KAl A0S TR, GBI AR SCHE /AT B A AR AR I TS AL . 5 SRR IR, 51kl k)
B SRS S R T ME PLEL,  AIVE AR @0 ME TRINEIR R2 S v, BB IV AL 3%
AT TR ME, 11 B 7 kit s s . R Re A LA R LN ER: 28—, AlEE IR
JSO B I B AR B, B x PR AR ) B ST AR R 0, T ARDR R 1 7 A
e R R R B VTR R SE, o a e XA B, —E AR R R &
FEAEGUE TR 1, BAAf UDRLEURE (K8 7% B & B T ME RI B 2> 5 BUHim 45 R ER )9
SR ME B2, SRS FRRIVR B H T EFRBNEA S IHIEh Y LK1 78 K%

AR, ME TN 72& DOM, AldermanCOEAEHERELL DOM Jy T A 7 57

12



247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

ME BT, SXRIAIRIGHT Fe 4t R — 8. A RKE LB DOM 15 HAh K 745 & J il
ME, R2{EF &, fmik] 0.841, Ui HAIFH rIVEAE 75 s @EOL K ME TR AY f) el 471k
sk, EFPERCS . 5340, DE APEIHAAREHRIGHEAT HERINE, T ME B 2075 8 A B
(A R Al BT R0 AL 5 M 2% 1, DR R DE @237 ME () RIS AL v] |32 (4 R FH

ARRIGHF SR, F) DE 5[y A 7204 JLIH T ME, T50 7 21 R? fees, w1k 0.879,

VOEA TS AL v S e AN, ARG SN A 2R ME/DE [T 4{E >y 0.81, 5
NRC (2007) BUHEX ) ME=0.82DE tb4%, MRKT#HEAME, FLHJRRFZET NRC (2007) BU
I R MERAE, S5ObRIE L REAAE— e 22 5, AIRIG Fr i Hds 5 8 SelE . 54k,
AN A R E R R UE SRR AN, ARSI YR Y B AR R AR — e 2 5
BAGE AR A T 25

4 4 »

@ ) F DR b 3R o B i ) T AR G R R ME,  HLBE A TR R )
Wom, W Or R AEF LA IR S, ME MBI 7 RN ME (MIkg)
=-82.855+2.3910M+1.802EE-6.21GE-0.121ADF (R?=0.910, n=30, P<<0.01).

@ I F R b ) T A E 2R RS AT TN AR U RN E R ME, ME () T 75 72
N: ME=-5.564+30.526DOM+55.402DEE (R2=0.841, n=30, P<<0.01); Bt4t, i&w] | FHAR:
JEURL TR ATV AL 92 R 20 M DE SE RIS ME FOTINJT 7%, ME BITRINTT 729 : ME (MJ/kg)
=-5.787+1.126DE+20.769DEE (R2=0.879, n=30, P<<0.01).

SR

5E AR & E RSP T[D] A A8 S B

il

[1] ¥53%.20-35kg FEIEZAT LR
Hh AR B, 2013,

[2] DENG K DJIANG C G,TU Y.et al.Energy requirements of Dorper crossbred ewe
lambs[J].Journal of Animal Science,2014,92(5):2161-2169.

[31 MA T,DENG K D,TU Y.et al.Effect of feed intake on metabolizable protein supply in
Dorper>thin-tailed Han crossbred lambs[J].Small Ruminant Research,2015,132:133-136.

[4] TERAE 5 B O, S5 B B AE IR B A 5 B S AR T S S e 7 T v 2 v ) N P

[9].3h°E 9% 2441%,2016,28(5):1294-1301.

13



274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

[5] ik, 5Kk Kk WFE2IRE AR SR B 7T e [3]. H [ 14, 2016(2):19-24.

[6] VAMBR M e W48 IR 5 EEADRE B> [J]. 35 AL 5 o [ ARl 1 A, 2007.

[7]1 A ORULFRE 2 X E =2 A8 AT XS AR K e 5 RS TR /K 5% SRR ) 42 57 K N FH [91.3))
W 37 244%,2012,24(7):1283-1292.

[8] LE G G,NOBLET J.Comparative total tract digestibility of dietary energy and nutrients in
growing pigs and adult sows[J].Journal of Animal Science,2001,79(9):2418-2427.

[91 ANDERSON P V,KERR B JWEBER T E,et al.Determination and prediction of digestible
and metabolizable energy from chemical analysis of corn coproducts fed to finishing
pigs[J].Journal of Animal Science,2012,90(4):1242-1254.

[10] X3, 3 s B, — ) A A PR 47 2 T 5 20 T A 3R N R4 e TS Y (T 7 [3]. &
% %4.2012,43(8):1230-1238.

[11] RABH B AT RRBIUR, 5 LR 5 B ARG D 5 = B0t 1A 4 = A BE 8 /Y L AT 7T
[0]. 3047 7 541, 2016,28(2):436-443.

[12] XTI BRI R, S, 55 B S Tl DU A P = B — 1 W i AR e A B IR 0 T AL
IR R [J]. & 42 B2 2441, 2016,47(7):1405-1413.

[13] W& WeAe, M52, e 2wt 55 0 1A R AR 8 B B 2 1) B 2 0). B W E O
#%,2015,27(5):1450-1460.

[14] DENG K D,DIAO Q Y,JIANG C G,et al.Energy requirements for maintenance and growth
of Dorper crossbred ram lambs[J].Livestock Science,2012,150(1/2/3):102-110.

[15] GALVANI D B,PIRES C C,KOZLOSKI G Vet al.Energy requirements of Texel crossbred
lambs[J].Journal of Animal Science,2008,86(12):3480-3490.

[16]  FRENZEARRL > A A Bt ot A AR M. AL 5 [ A bR 27 H i, 2007

[17] ADEOLA 0.Digestion and balance techniques in pigs[M]J//LEWIS A J,SOUTHERN L
L.Swine Nutrition.2nd ed.Washington,DC:CRC Press,2001:906.

[18] Sl fEAG. AL KM W I -C At TaDRE RS BE TN 5 #2 [D]. 18 4= 22 0 18 5 4B 5T A B AR Mk K
*#,2014.

[19] #p3 SE SR, 7 & e AU M. AL 5T o [ A HE Rt 2004,

14



301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

[20] TAFAJ M,STEINGASS H,DROCHNER W.Influence of hay particle size at different
concentrate and feeding levels on digestive processes and feed intake in
ruminants.2.passage,digestibility and feed intake[J].Archives of Animal
Nutrition,2001,54(3):243-259.

[21] MA T,DENG K D,TU Y.et al.Effect of feed intake on metabolizable protein supply in
Dorper>thin-tailed Han crossbred lambs[J].Small Ruminant Research,2015,132:133-136.

[22] STERGIADIS S,ALLEN M,CHEN X J,et al.Prediction of nutrient digestibility and energy
concentrations in  fresh grass using nutrient composition[J].Journal of  Dairy
Science,2015,98(5):3257-3273.

[23] STERGIADIS S,ALLEN M,CHEN X Jet al.Prediction of metabolisable energy
concentrations of fresh-cut grass using digestibility data measured with non-pregnant
non-lactating cows[J].British Journal of Nutrition,2015,113(10):1571-1584.

[24] EAIH, i, 1R e, A N 4 o RPRLA RS RREAEL i) 00N 5 5 R S [0 3008
772 41,2016,28(8):2385-2395.

[25] 27N, DA XA A5 0 A 2 B 20 S SRR RIS SR 14 e T ASE 2R (R I 9 [3]. 3h 7 77
224,2015,27(10):3110-3117.

[26] WU FJOHNSTON L J,URRIOLA P E,et al.Evaluation of NE predictions and the impact of
feeding maize distillers dried grains with solubles (DDGS) with variable NE content on growth
performance and carcass characteristics of growing-finishing pigs[J].Animal Feed Science and
Technology,2016,215:105-116.

[27]  BAVL U, BRI R, DU 55N R B SR A PR SR RS EDRL AR BE [0 3h W E IR
#}2,2016,28(4):1217-1224.

[28] 3L BAVLUE, i, 4 B T Ao N I E R W R EANHALR 5 BRI E#E .
KE Ny Ry KRR RE[]. B & 4ok &,2017 (4): LD A5 4b 78

[29] NRC.Nutrient requirements of dairy cattle[S].7th ed.Washington,D.C.:National Academy
Press,2001.

[30] ALDERMAN G.Energy and protein requirements of ruminants[M]. Wallingford:CAB

15



328

329

330

331

332

333

334

335
336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

International,1993.
[31]] NRC.Nutrient requirements of small ruminants:sheep,goats,cervids,and new world

camelids[S].Washington,D.C.:National Academy Press,2007.

Establishment of Prediction Model of Metabolizable Energy of Protein Feedstuffs for Mutton
Sheep Using Nutrient Contents and Digestible Nutrients of Feedstuffs®
WAN Fan? ZHAO Jiangbo® MATao! ZANG Changjiang? MA Chen? YANG Kailun?
DIAO Qiyut
(1. Key Laboratory of Feed Biotechnology of the Ministry of Agriculture, Feed Research
Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 2 Xinjiang
Agricultural University, Urumgi 830052, China)
Abstract: This experiment aimed to investigate the effects of nutrient contents and digestible
nutrients of common protein feedstuffs for mutton sheep on effective energy values using
substitution method, and to establish the prediction equations for metabolizable energy (ME) of
protein feedstuffs based on nutrient contents and digestible nutrients of feedstuffs. Thirty-six
castrated Dorper>thin-tailed Han F1 crossbred rams with the body weight of (52.641.4) kg and the
age of 22 months were randomly assigned to 6 groups with one group fed basal diet and the other
5 groups fed experimental diets. Digestion and metabolism experiment and respiration and
metabolism experiment were conducted combined with substitution method to measure and
calculate the digestible energy (DE) and ME of individual protein feedstuffs. Correlation analysis
was conducted between nutrient contents including dry matter (DM), organic matter (OM), gross
energy (GE), crude protein (CP), ether extract (EE), neutral detergent fiber (NDF), acid detergent
fiber (ADF), and digestible nutrients including digestible dry matter (DDM), digestible organ
matter (DOM), digestible crude protein (DCP), digestible ether extract (DEE), digestible neutral
detergent fiber (DNDF), digestible acid detergent fiber (DADF) and DE or ME of protein
feedstuffs. The results showed as follows: the OM content, DDM, DOM and DCP of feedstuffs

had extremely significant positive correlations with DE or ME (P<0.01); moreover, the DADF had
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an extremely significant negative correlation with DE (P<0.01), and had a significant negative
correlation with ME (P<0.05). The prediction equation of ME using nutrient contents of feedstuffs
was: ME (MJ/kg)=-82.855+2.3910M  (%)+1.802EE(%)-6.21GE  (MJ/kg)-0.121ADF (%)
(R?=0.910, n=30, P<0.01). The prediction equation of ME using digestible nutrients of feedstuffs
was: ME (MJ/kg)=-5.564+30.526DOM (%)+55.402DEE (%) (R?=0.841, n=30, P<0.01). The
prediction equation of ME using digestible nutrients and DE of feedstuffs was: ME
(MJ/kg)=-5.787+1.126DE (MJ/kg)+20.769DEE (%) (R?=0.879, n=30, P<<0.01). In conclusion, in
this experiment, the some nutrient contents and digestible nutrients of protein feedstuffs
significantly correlated with ME, and they can be effectively used to predict the ME of protein
feedstuffs for mutton sheep.

Key words: mutton sheep; metabolizable energy; digestibility energy; protein feedstuffs; digestible

nutrients; prediction model
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