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M OE. ARBREAEFHKREL BN E D EZ L AR LR BRI E RS L6 A ZRRE,
B RACTLA Be 7y B Ve B 32 FIAAME IR OAF AL . RA @3 547 X8 o 2 b 47, 3K
1R & AR A6 R 7 E AL 4L (IDE) (AR A8 (ME) | 8RR B4R 48 (MEn) |, iX % 2
A 2 &6 % IDE ME MEn, AKX IE 4 A 320 R 1 B #44 F 4 708 A%
AR RIS H 5 AE BARSANATL, HEAETHL 8 AG, 1~20 B#H A FXH, 4
"R ZRAAAR ;21 ~28 B AR, 5 R AR E BAAAR A X A KIE 1 89 5 A4 21~28 H
W PTeR A A T R A AR 4 250 g/kg K & 94 4 500 g/kg K & 6944 4 250 g/kg Zob
F AR 4 500 g/kg T EagAAR, X2 695 M 21~28 BB AR T A A AR
4250 g/kg N F AR A 500 g/kg N E 694 A 250 g/kg B & FAR 4 500 g/kg Z & #Y
PR, SRR . EARTRIMKE B0 E DEARZENARERBRYLEE (P>
0.05), XKEZBRSZLEFTHR SO B ELEARTHR R LTHLAMHERME, AR
IDE ME MEn M2 E K MEEIK L Z(P<0.01); Z 0 XH5KREL R A WiEARHE IDE,
ME MEn % R R 5 EMEIKA R (P<0.01), B 5 FH A 2@ iiit® IDE 4 £ 2%
BAMBHFH _REWE XA (P<0.05 K P<0.01); N A2¥%RELSTFHR A LT ARERLEN
LHERBEREFIMEFHEEBILE R (P<0.05 X P<0.01), L5 FH R 26 = il
% Fo IDE AR FEIMEFH K& X 4 (P<0.05 R P<0.01); ZE%REL T MR &
THEMHNEARTHR R HERREALELEFIMIFLBEERX Z (P<0.05 RP<
0.01); B5 T4 2= FEfe THR, R 2 R ERM ARG 25 ERHEAR
IDE ME MEn A& 2 % XM I FH Kkl & % & (P<0.05 3k P<0.01), @it =2 5473t kX
%67 %% IDE.ME # MEn % %] % 9.31.10.50,10.29 MJ/kg, 2 > % % %] 4 10.9911.80,
11.43 MI/kg, &5 31 %4 10.59.11.81.11.28 MI/kg, Z % % %] % 11.97 12.56.11.83 MI/kg,
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KA BNZE NEMBEEAWHEENZEIE  MEn BB HRUETT

TR ERL SR T AE ] P U HE R o R ) B A
B, RN R 22 52 ) 2 A0 B 3l W ek DR
SR, T H BB M 5AIK DL 5 5| e 286 1 38 e 45 i
BRI T HAERE LM BANE RANE
WA, I th A
20 A S e R N B A D NGRS L
()R EORL 2 — | /INZE R SR (BB 32 i Y 52
e, M52 PR EE B 52 e, H 3 1N 22 98 3R (B A [F] 1Y)
WAEJR A i R S8 2 TE . © A PSSR, /N 1Y)
FRIFRE 5 AT R 27 e s SR E A 56T Tk
IR T 14 BN TE RATRY 1A RLRE 15
/N B9 AL 8 BE ( metabolizable energy, ME ) 4
12.64 MI/kg, I8l 7 15 1L fiE (ileal digestible energy,
IDE) 24 12.40 MJ/kg , AAL IE AL E ( nitrogen-cor-
rected metabolizable energy , MEn) A 12.01 MJ/kg,
AP R SRR B AR, A K HAE B
PR ERL B RS A m W ENPUE R E T,
BORAER M. Bolarinwa 7 BT T/
EMREZE RN ER A, 2R RV RE A
RRELL/NAZ RYARZY 4.19 MI/kg, B INA KA 2 1H]
BHERHER G M ReEEBRE AR, X TH
FAADEM T Ml A8 B AS Bk ik AN ek I rb s HH R A i
HEXT 2l ¥y A K A T B P B 22 2 TR A R
REXCHE B 2 80, 5 B 2 1 & T IDE . ME Al

FIR 22 1 B H A 5 i — e 58

ESELTE VPN YT S R Y S S
ARSZRA — T A TR R 4 A v 35 20 (3L R OB, 2R I b
TR 75 0] 3% A0 [ 051 53 A ok F 5 LA PR RS A N )
IDE \ME MEn, & 7E 24 P35 A 7 v 4 8 KL AE 5]
FHEURHE) & BT ER USRS

1 #MR5FZE
1.1 Bt 544

PRI R FH B R B ML IX 1T, 4 2 kAT,
RIS 1 I R 2 R /NE A R, i 2 H
TN FRZ A e, BRI 1
FH 320 H 20 H i HEd: 2 W 708 AR K HEEHL 4
H5AH, BHKSANEL, BAERE 8 AX, i
91 895 N4 21 ~28 H % BT RARR 40 R . LA R
HR(ORRRZH) (% 250 g/kg KA MM, & 500 g/kg
FFE O, B 250 g/kg BN EE MY R
500 g/kg/NA R, 1k 2 1Y 5 N4 21 ~28
H Ol o7 MR fa) R 4 R 6 R R (P RR 4L ) L
250 g/kg/NAE BB A 500 ¢/kg /NE B AEAR A
250 g/kg HAFE ML & 500 g/kg A EE W RIR
B AR Y 2 I8 NRC (1994) ™ K & 8 97 75 2 i
il IFE N 0.5% B =k — 4% (Cr,0,) 1E N8
AT, R 1 ARG 2 B 1A R 2 R B R KT 4 S
W& 1 Mk 2,

®1 W81 WEARARREFRKFE(RFERM)

Table 1 Composition and nutrient levels of diets for experiment 1 (air-dry basis)

%

i H R KM Barley diets TB/NFZ MR Triticale diets
Items Basal diet 250 g/kg 500 g/kg 250 g/kg 500 g/kg
JEUB} Ingredients
Tk Comn 52.02 37.82 23.52 37.82 23.52
EtH Soybean meal 36.00 26.50 17.10 26.50 17.10
53l Soybean oil 5.00 3.70 2.40 3.70 2.40
ik NaCl 0.40 0.40 0.40 0.40 0.40
DL-E% & DL-Met 0.38 0.38 0.38 0.38 0.38
#HE R Lys 0.29 0.29 0.29 0.29 0.29
INE R Thr 0.11 0.11 0.11 0.11 0.11
£1 % Limestone 1.50 1.50 1.50 1.50 1.50
IR A 4% CaHPO, 1.50 1.50 1.50 1.50 1.50
He A= F A Y R R

e R 0.30 0.30 0.30 0.30 0.30
Vitamin and mineral premix
=&ML B TWIR K Cr,0, premix” 2.50 2.50 2.50 2.50 2.50

arie J. U,

K Barley 25.00 50.00
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2R 1
WH LR AR KZ M Barley diets /N Y Triticale diets
Items Basal diet 250 g/kg 500 g/kg 250 g/kg 500 g/kg
M\ Triticale 25.00 50.00
41T Total 100.00 100.00 100.00 100.00 100.00
B35 /KF Nutrient levels”
i ME/(MJ/kg) 13.35 13.88 14.41 13.15 12.95
HLEE BT CP 22.77 19.59 16.41 20.47 18.16
5 Ca 0.93 0.93 0.93 0.91 0.89
Mk TP 0.69 0.65 0.61 0.67 0.64
JEHE R NPP 0.44 0.42 0.39 0.43 0.42
R B PP 0.25 0.24 0.22 0.24 0.22
FEW L Ca/P ratio 1.30 1.40 1.50 1.40 1.40
A4 fL E FEFR Digestible AA
AR Arg 1.34 1.08 0.83 1.58 1.83
W His 0.52 0.41 0.30 0.58 0.63
SRR e 0.85 0.72 0.59 0.92 1.00
TR Leu 1.74 1.44 1.14 1.75 1.77
HHZBR Lys 1.08 0.86 0.63 1.04 1.00
EER Met 0.69 0.64 0.59 0.77 0.85
HER+F AR Met+Cys 0.99 0.89 0.80 1.10 1.21
HKNEM Phe 0.96 0.80 0.63 1.07 1.18
RN AR +EEZ B2 Phe+Tyr 1.71 1.43 1.16 1.81 1.92
FREMR Thr 0.72 0.63 0.53 0.78 0.83
R Trp 0.26 0.22 0.17 0.29 0.31
HAIR Val 0.92 0.77 0.62 1.06 1.21

1) 4 A ZRH Y i B AR A BT 504 B 42 it The vitamin and mineral premix provides the following per kg of diets; VA
5484 IU,VD, 2 643 TU,VE 11 IU, VB, 5.49 mg, VB, 11 mg, VB, 44.1 mg, S fLJHH#K choline chloride 771 mg,VB,, 13.2 mg,
H:¥)E biotin 55.2 ug, VB, 2.2 mg, & folic acid 990 pg, VB, 3.3 mg, VK, 4.38 mg,1 (as potassium iodide) 1.11 mg,Mn
(‘as manganese sulfate) 66.06 mg, Cu (as copper sulfate) 4.44 mg,Fe (as ferrous sulfate) 44.1 mg,Zn (as zinc sulfate)
44.1 mg,Se (as sodium selenite) 300 wg, 3 2 [ The same as Table 2,

2) =5 AL AR TR AR h =5 8 5 EoRB LA 14 i ELBR AL . 3 2 [, Cr,O, premix is a mixture of chromi-
um oxide and corn flour in a ratio of 1:4. The same as Table 2.

3) AIH AL IR LA 5T 85 B R I E A, AR AR IS H, % 2 [Al, The contents of digestible AA, CP,
Ca and P are measured values, while the other indexes are calculated values. The same as Table 2.

&2 WK 2 WRARARREFRKF(RFERM)

Table 2 Composition and nutrient levels of diets for experiment 2 (air-dry basis) %
T LAl 4 A /NZZ T Wheat diets MM Rye diets
Items Basal diet 250 g/kg 500 g/kg 250 g/kg 500 g/kg
J5kl Ingredients
EK Corn 52.00 37.80 23.50 37.80 23.50
M1 Soybean meal 36.00 26.50 17.10 26.50 17.10
Eiifl Soybean oil 5.00 3.70 2.40 3.70 2.40
4k NaCl 0.40 0.40 0.40 0.40 0.40
DL-HEZ W DL-Met 0.40 0.40 0.40 0.40 0.40

WA BR Lys 0.29 0.29 0.29 0.29 0.29
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4k 2

5 H SRR /WAL Wheat diets AR Rye diets
Items Basal diet 250 g/kg 500 g/kg 250 g/kg 500 g/kg
IR Thr 0.11 0.11 0.11 0.11 0.11
£ ¥ Limestone 1.50 1.50 1.50 1.50 1.50
WA S 45 CaHPO, 1.50 1.50 1.50 1.50 1.50
Yt E NG TR
ﬁfjﬂnjjﬁizﬁﬁmix 0.30 0.30 0.30 0.30 0.30
=L B BUR R Cr, 0, premix 2.50 2.50 2.50 2.50 2.50
/NFZ Wheat 25.00 50.00
27 Rye 25.00 50.00
41t Total 100.00 100.00 100.00 100.00 100.00
F /K Nutrient levels
i ME/(MJ/kg) 13.35 13.88 14.41 13.15 12.95
MEHA T CP 22.77 19.59 16.41 20.47 18.16
5 Ca 0.93 0.93 0.93 0.91 0.89
R TP 0.69 0.65 0.61 0.67 0.64
JEAE R NPP 0.44 0.42 0.39 0.43 0.42
R PP 0.25 0.24 0.22 0.24 0.22
FER LY Ca/P ratio 0.13 0.14 0.15 0.14 0.14
T HALE LR Digestible AA
AR Arg 1.34 1.08 0.83 1.58 1.83
1% M His 0.52 0.41 0.30 0.58 0.63
SRR e 0.85 0.72 0.59 0.92 0.10
SRR Leu 1.74 1.44 1.14 1.75 1.77
W R Lys 1.08 0.86 0.63 1.04 0.10
E AR Met 0.69 0.64 0.59 0.77 0.85
ERAR+F AR Met+Cys 0.99 0.89 0.80 1.10 1.21
FKINE R Phe 0.96 0.80 0.63 1.07 1.18
KN ATR+ AR Phe+Tyr 1.71 1.43 1.16 1.81 1.92
IR Thr 0.72 0.63 0.53 0.78 0.83
R Trp 0.26 0.22 0.17 0.29 0.31
AR Val 0.92 0.77 0.62 1.06 1.21

1.2 EFEE
T R 00 7E 26 3 I K R il ik 17,
R EE T FERFMEED, 5T 1~8 H
1% .9~15 Hiy 16 ~28 H i JH4 R H 35,31
27 C, 1~20 H & ik 1, 18 e SE Rl AR AR 5 21 ~
28 H & Ry a5 B 43 1) ] 356 ek ] R 0 3 T R
I 2 A R H HROK
1.3 HmRERLIE

WCAESS 25~ 28 RIGEEME, B4t E TR
() B34 E, B K 08:00 Fi1 18:00 45U 4 1
WERFETFEM &, BT -20 COkA A7, IR0
WIGTERFERE T 55 CHUR LT 8 i%id 0.5 mm

i , i B AT RE RN

T2 28 KoKz HFRE 5, FH A bk
FEAT , MR EIFY 2 em 2 W HEH# LA
WUhmiE , FHZE oK ohye th iz & BE . R ARk 7
Bl B AR R
1.4 NEHEREFZE

I3 TR A 21 KA 28 RIGRZE A=
FREE, 115 21 ~28 HIRHY3EE REEMEIELL,

M ZERE R BEAE Y B T 105 CHEHH ( Pre-
cision Scientific Co., & E) # 24 h, | & T #) i &
it R FHPLICE AL ( Tecator Inc. , 3 [F) Wl & 43 Hr
FE R R B 5 DAOR B R AR S s AR o, 1 HH 4
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1% ( Model 1261, Parr Instrument Co. , 32 [# ) il
SE ST RE o BRE ; HR S Fenton (1979) ) J5 24
43 )% BE 3 ( Spectronic 21D, Milton Roy Co., 3
] ) 9000 5 3 A R T A Y B
1.5 HEAR

] AR R 3 R RE BT A (AR AR 45 A X
A

C=100x[ 1-( Cd/Co) x( Eo/Ed) ],

Kb, C FoR AR SR o FRE =T A (R 35
Cd FRon AR % 19 F i 5 Co 2R M1 i B B i 3% v
IS Eo on bl B BE B FE h 37 o0 B i U
AE; Ed RN b 55200 & R RE

T f ME(MJ/kg)= CXGE,
A GE Rt b S RE,
MEn ( MJ/kg) #R45 F 51242005,
MEn=ME—(8.22xN.,,) .

KN RV A (g/kg DM) , HIt B A

KN
N...=Ni-(NoxCd/Co) .

Ao N FR AR R & 7 (g/kg DM) ;
No FRFEP A&7 (g/kg DM)

TR ME 3t AR 4 5 =X T

Cti=Crd+( Ctd—Crd) /Pti,,

K. Cri FRFEN R ME 1% 5 Crd R
FERIE R ME 146 ; Crd Fen i 117 M ME W1k
R Pri F o FEI R HA B0 1R B ME Bk EL 3%
1.6 HFELABSFEITHH

H1 Excel 2016 {4 % £ g 17 91 20 b B, 2
J5 G Mk SAS 9.4 H ) GLM F& )% #E 17
D5 223 Hr AR 23 B, 2 IR Bolarinwa %517 4 7
Bt A2 on e mA LT 5 ok B OB S R
BIAHE A IDE \ME  MEn 5 & 5 3% % & 19 7R 2
AT N ; B2 K5 P<0.05, 1) 3% K%
H P<0.01"

2 ER55H
2.1 FREMERIT ABEKEE N

K2 TR NAZ /NG RN A2 T R o 21 ~ 28 H
W4 ARG A KPR RE B R A 4 ) DL 3R 3 Rk 4, S
HRZAAR LY, R FE | BB /N2 43 2 AR R i
RELADRLXT 21 ~ 28 H % P A4 36 5 47 32 55 A A 34
B2 5 R B3 (P>0.05) . 5 BEHALL, /D
Az R A7 43 R A A AR v 3 43 e e RIS, 21 ~ 28
Hig g E A RS R EA R,
A2 R HARE(P>0.05)

R3 FEGEARST 21~28 Bk ABERKMEREM (XK 1)
Table 3 Effects of different diets on growth performance of broilers aged from 21 to 28 days ( Exp.1)"

WA Hpma  NZF Barley diets  JR/NAZ M Triticale diets P {l P-value

Ttems Basal diet 950 g/kg 500 g/kg 250 g/kg 500 g/kg - L QY LV QY
A H Initial BW/¢g 785.6 647.9 706.8 838.9 891.4 51.9 — — — —
K H Final BW/g 1 200.9 1078.1 1165.6 1 265.1 1 329.3 107.7  0.518 0.032 0.024 0.999
bLyEy Weight gain/g 415.3 430.1 459.3 426.4 438.1 96.4 0.369 0.866 0.639 0.994
KB Feed intake/g 702.5 667.8 717.0 686.0 757.3 83.8 0.732 0.257 0.202 0.237
Kl #E L F/G 1.69 1.55 1.56 1.61 1.73 0.12 0.292 0.494 0.731 0.481

DEFEHE N 8AHE (B) WFEYHE,F% 8 R, T I, Data in table are means of 8 replicates ( cages) with 8

birds per cage. The same as below.

2)L Ml Q R 48 b 5K E B MR m L il 4 &R, £ 5H, L and Q mean linear and quadratic relation-
ships between each index and barley substitution amount, respectively. The same as Table 5.
3)L Ml Q /KR & 48 b5 5 BN E R m PR R4k R, £ 5 W, L and Q mean linear and quadratic rela-

tionships between each index and triticale substitution amount, respectively. The same as Table 5.

22 HABMNAREARFSMESHBEL
(Rigt) =

H12& 5 AT, fff K22 B A 40 L iR ARkt
B 5 K 2 R AR B 3, PR S o R 4 I e
(1) 1] g 75 Ak 2% Fn 42 g 18 Q% L} IDE | ME

MEn 1% 58 3 LVEFFAIR (P<0.01) 5 1 /N 22 %5
AR 73 BB A RHNE , PAYXS B 204 i 18 AU R IDE |
ME MEn $ [t 3 2R /N 22 5 A 9 38 Jin i i . 25 46
PEREAR (P<0.01) 5 1AM, /N BAUE S5 A RS HY T
Yy J5T | Al 0] T Al 38 5 B S 3 i Uk 4 OC
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A(P<0.01),5 IDE 2EM B EF MW KL X R (P<0.05)

R4 AERAMRIT 21~28 B AIBERKMEREAF M (XK 2)

Table 4 Effects of different diets on growth performance of broilers aged from 21 to 28 days (Exp.2)

Wi H sppmm  /DEF Wheat diets HFETM Rye diets P {H P-value

. SD
Items Basal diet 950 g/kg 500 g/kg 250 g/kg 500 g/kg L’ Q" LY
Y H Initial BW/g 886.9 818.1 886.6 784.5 689.0 111.1 — — — —
KT Final BW/g 1356.3 1265.6 1355.3 1218.5 1124.1 118.0  0.987 0.160 0.002 0.693
WAL Weight gain/g 469.4 447.5 468.7 434.0 435.1 79.3  0.990 0.605 0.465 0.626
KRB Feed intake/g  725.7 751.4 761.3 730.1 734.4 76.3 0.371 0.847 0.681 0.128
HlE L F/G 1.55 1.68 1.62 1.68 1.69 0.23 0.529 0.490 0.243 0.129

1)L M Q 43l F R FEin 5/ NEZ AR E LM Ik ith2k &, £ 6 [Al, L and Q mean linear and quadratic relation-
ships between each index and wheat substitution amount, respectively. The same as Table 6.
2)L I Q /R n £ 48 hn 5 BB m L Rl &R, £ 6 F, L and Q mean linear and quadratic relation-

ships between each index and rye substitution amount, respectively. The same as Table 6.

x5 ABMARERTYR.EENEGELENTYR. EREESHERHER (LK 1)
Table 5 Ileal digestibility of DM, energy and total tract metabolizability of DM, nitrogen and energy for

broiler chickens fed different diets ( Exp.1)

lE| R A KFEFHL Barley diets  HE/NEAMR Triticale diets P {8 P-value
) . SD

ltems Basal diet 950 o/kg 500 g/kg 250 g/kg 500 g/kg L Q L Q
8] fi7 315 1L Tleal digestibility/ %
+4% 5 DM 68 67 63 68 65 0.029 <0.001 0.315 0.768 0.006
BE1 Energy 73 70 66 71 65 0.028 <0.001 0.59 0.054 0.008
[ml iz TH Ak g

14.60 13.53 12.87 14.49 13.21 0.129 <0.001 0.395<0.001 0.018
IDE/(MJ/kg DM)
27 iE G R Total tract metabolizability/ %
T¥ i DM 69 63 65 66 63 0.026 <0.001 0.285 0.473 0.703
% Nitrogen 61 58 51 54 50 0.043 <0.001 0.828<0.001 0.597
fiEfE Energy 74 72 69 68 61 0.022 <0.001 0.643 0.367 0.926
Al [AISH=N
ABIE R 69 68 66 64 58 0.021 0.001 0.570 0.883 0.884
N-corrected energy
R RE

14.83 13.88 13.43 14.23 13.33 0.103 <0.001 0.194.<0.001 0.744
ME/(MJ/kg DM)
s
ApIE AL A 13.92 13.17 12.86 13.42 12.70 0.096 <0.001 0.218<0.001 0.581

MEn/(MJ/kg DM)

HIR 6 AT, /N A B ARER A B REARDRL G, XA RR B 10 [0 3 AL A7 7 0 3 e MR IOC &

W /N2 5 AR A 30, PA) RS X ) R R B9 4 M
PR A 2 Z LM FE AR (P<0.01) , TH) BT RE&E |
FURCIE RE 2 19 4 Ml T8 AU R I 3 2R MR AR (P <
0.05) ; HeAh, /N AR 5 4R AR ) 5| BE 4 A ]
J T AL R AE AR 2 1 kil 2656 &R (P<0.01)
5 IDE {7 7€ 8 35 1) “ IR C & (P<0.05) ,
FRZ A B RE R, R AR 5 ARG

(P<0.05) , 5T 5 1 Ji7 1 1k 2% DL K 9 ot fAR
2 B R A B EL R R (P<
0.01) ; BbAh, BB R E SRR TP 5 G i [l
WrlE AR TN B AL RE i AR E AU RE Y 4
Ji7 8 AR 2R L) S ME \MEn ¥ 1E7E M B35 19— th
LKA (P<0.01), 5 IDE f77E i 35 19 I 4 0C
% (P<0.05)
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R6 ABMARFAKRTYR EENLGHEUEMTYR. EREESHERGE (KK 2)
Table 6 Ileal digestibility of DM, energy and total tract metabolizability of DM, nitrogen and energy for

broiler chickens fed different diets ( Exp.2)

WA sy /DA Wheat diets HE AL Rye diets P {f P-value
) . SD

Items Basal diet 950 o/kg 500 g/kg 250 g/kg 500 g/kg L Q L Q
5] i 1 AL 3R Tleal digestibility/ %
T4% DM 68 65 66 67 64 0.065 0.287 0.008 <0.001 0.008
fitfF Energy 76 73 68 78 72 0.051 0.728 0.009 0.035 0.007
[l i s AL s

14. 12. 11.7: 13.32 12.42 221 0.694 0.042 0. 012
IDE/( MJ/kg DM) 87 89 75 3.3 0 0.694 0.042 0.387 0.0
2B R Total tract metabolizability/ %
T DM 63 62 61 63 61 0.044  0.003 0.100 <0.001 <0.001
% Nitrogen 64 67 71 72 74 0.058 <0.001 0.108 <0.001 <0.001
fit i Energy 74 71 73 71 72 0.038  0.049 0.186 0.121 <0.001
ol T R=A
AAERER 65 69 69 71 70 0.035 0.029 0.227 0.128 <0.001
N-corrected energy
RigthE

15.11 14.62 14.5 14.29 13.76  0.164 0.329 0.657 0.809 <0.001
ME/(MJ/kg DM) <
R i
BUBLIE U A 14.43 13.88 13.55 13.47 12.63  0.149 0.243 0.769 0.733 <0.001

MEn/ (MJ/kg DM)

2.3 4 MERGFRFEFH AT IDE.ME MEn
7.8 8 AT, @i X K& BB/NE NE

FIRAZ ok 2 S HRE 4 A s B A7, R H

[l )= 43 B i o+ 5 L AE R XS K N ) IDE \ME  MEn,

B KA 594 9.31.,10.50 ,10.29 MI/kg, /N F
4351 10.99 11.80,11.43 MI/kg, /N2 43 5 A
10.59.11.81,11.28 Ml/kg, 2 43 5 h 11.97,
12.56.11.83 MI/kg,

x7 KREFMENZHALG IDE ME MEn E)3757
Table 7 Regression equations of IDE, ME and MEn of barley and triticale for broiler chickens

Wi H Ttems [7]J9 77 # Regression equation I SD
[ Ji% 74 fk. BE IDE Y=0.12(0.08) +9.31(0.45) x KF +10.99(0.42) x B/NE 0.95 0.30
R fE ME Y=0.01(0.06)+10.5(0.33) x KF+11.8(0.31) x B/~ 0.97 0.22
FMIEAR B HE MEn ¥Y=0.01(0.06)+10.29(0.31) x K7 +11.43(0.29) x /N7 0.98 0.21

5 WIE bR iR 22, £ 8 [,

Values in parentheses are SE. The same as Table 8.

*8 /NEMBZHANG IDEME MEn @377
Table 8 Regression equations of IDE, ME and MEn of wheat and rye for broiler chickens

i H Ttems [8] 9 5 7 Regression equations 7 SD
[ %K L §E IDE Y=0.46(0.16)+10.59(0.70) x/N&+11.97(0.71) x B3 0.90 0.53
e ME Y=0.39(0.15)+11.81(0.64) x/NE+12.56( 0.65) x B3 0.92 0.49
AR IERE MEn Y=0.35(0.13)+11.28(0.59) x/N&+11.83(0.60) x B % 0.92 0.45

3 % 8
3.1 4 PR REARERX PG A KRR
ABEFEH, L S A OB AR K — ok 1

SRk G AR (A A A Xt P X 1 A I R AE TG
FA A R B, T R B AR
KRBT, SEORAL W RATRE , B 4
R B KR 3 LA PR XS AR P ) £ FH R 2y 200 ~
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S 33 &

250 g/kg, 7F 5 X fa) K v iy 4l R & O 250 ~
350 g/kg'"" , Svihus %5 7 ARG A AR H 4 S
KIE N WL IR RI, RKEM EE 55 R
AR P i X8 0 B SRR DG T/ 22 1Y 3 RO
SRR AR R OC, HARWT JEM &5 ME
REEIEAX, EA TSRS E R 5 A,
14K 5 & 5 ME 2 8 3 UG, Vieira 451
TE 1~42 H & R XG4 F P 3 10% ~ 40% 117 22 /N
A AT SRR, 25 A K IS I B8 /N 22 X PR 1)
SRR W R LY JC R E R, I 7R R
Proudfoot 45" {56 % PR, A A 41K rp 43 550 8
15% .30% \A5% W) /NI R/NZ I 5 R
1~42 HE AR E LA M & IR E /K Y
ENZE SR LA R R, AS [R5 7 AR R )
A2 FE ] BE 2 Bl W i Al R /NS Rl 22
TR, FEAR YA B0 T A AR P T 22 X R X 1)
AR PERETC 3 5 (A A 2F ST 4 R
JNR R AN N B O 2 S R R A RS B AR K T
fE'' . LAk, Boros 41T &N, f A A — R
T HR RN BB 7 — K 3 — /N2 - BV A, 7 BB 22 T
IR 509% B, PIXS B A KPR BE B 3 T R
RSN 2 1) g o) 590 J5 A BH B % BN R 2 &
THERHRFI R
32 4MEXAMBEMEANBENNERNEE
M

RS 1, KA 5 B/NE A IDE \ME
A1 MEn 43 %1°4 9.31 .10.50 ,10.29 MJ/kg 510.99
11.80,11.43 MI/kg, 5 HABAF 7245 511 A L 2
B, FETDRR TR oK 2 s BN E S B R
o BN AR B, 1R ) IDE \ME \MEn £
W ELYE T, FRUILE R R EA R L, 0
Horp i EE R A G2 T RERRIEFL P & A
R ) BRI R AR A BUE SRR T
FREERG N . A R/ INFZ AE R RS AR 9 1A K g
T E ARSI >, Tarse ™ e KGR
WE T 19 FhRZEWTHALRE (DE) #1 ME, 45 7R
KFEH ME Jy 14.37 MJ/kg, DE K 14.67 Ml/kg.
Y5 Villamide ™ {4 4§ i A L, A% 358 56 Br 45 K 22 19
MEn # %, [7l B 2 ik T INRA (2004 ) F1 NRC
(1994) S (H , XA 45 F 0 JE R AT nl 6E
REZ MR R= 225 DL Sh AR 24 5%,
2R i P RS e A B LA B R ) ME, X 5
FEAL = 1Y VE M 1 1 AR R ET 4E AR TE By 2 b

(NSP) Hl - BB 514 %" . Francesch 212"
FENTGRNME T 57 Fl K ZZ B9 ME, 45 R R &
R A WA ZERAE ) ME & i 0.42 MI/kg, B8R
AR A AT JFORE B iR i NSP & i I (R
M4 Knudsen' ' B 57, K 2 F1 BB /N 2 b i) NSP
Sy 920 K 186 FI 119 g/kg, HEMIHE, fEK
BB/ NFE B ) R 250 1500 g/kg Y fa] Fi
W NSP B & 570 51 4 46.5.93.0 g/kg Fi1 29.8
59.5 g/kg, TR HR AR B Y NSP R S EUE 3K
REME IR IR N 2 —

R 2 25 R /NE 5B A IDE \ME
1 MEn 43 %1 & 10.59,11.81,11.28 Ml/kg 5
11.97,12.56 . 11.83 MJ/kg, Farrell ' ] %£ T 33
TN 2 78 X9 4K P B ME, H 8 Bl 7E 12. 78 ~
15.80 MI/kg, SRR R 2 TR, TN
TENER AR R = TN
T EAE AN |, 22 EIMK ME B4 ks,
1 /N ME 8K B o5 — A TR R JE B 0 e R
%, Ho P A 54K 79% 2 . Adeola 2512 fF 5%
W, LI/INZE Ry 32 0 oo 0 R ) AR 25 il 2 IR G X
NE W TER EURNRE & 1 [l i 1k R, FH A K
TR UE /N AZ Ik ME R 38 #3181k 2R 2 [ A7 7E
PR BERSHERENIERAT, FE
& NSP FGE L[] 28 — 1, Xt 2 AL 3
TRl A AT B L T NSP 4 S B0 IR
(T B, IR IR 0 00 R FH 238 ] W % o &7 il )
PG R S AR B R PR RE T b R R
gy DUJ 2 = 5 i )RR P M B e SRR Y
TR, B e A R e SE R R S 2 g LA
AEY T 1 000 mg/kg FEAK = 815 mg/kg, # &
401 mg/kg ™, Bl HALEDRHEORMA A5 148 5, A
T2 & 2 AR v (5 T R 22, T B3 AR A= 7 1
A FEASTR S ) GRS N PR A O R B S )
PN Y A K P RE  EZ BEAR T 35 40 I A %, s
PRI AT AR a0 AR U I A5 9 1) i o) 370 T 2, Pries-
en VST R B, AE A R AR TR N 10% ~ 60%
A I 5E HH MEn i 10.03 ~12.06 MI/kg, 5
AR IG5 A —F

4% B

TE RS T K — GO T Al AR o IR 22 FR /1
A2 A R AN HL B I BB AR R U S
FIATEY o Al R A AR T 4 i A2 SRR R
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(XS IDE ME #1 MEn, H b K 2 43 5 8 9.31
10.50,10.29 MJ/kg, B/NZ2 435124 10.99 11.80 .
11. 43 Ml/kg, /N % 4% %1 & 10. 59 11. 81,

11.28 MI/kg, B

E 48 Sk 11, 97, 12. 56,

11.83 MJ/kg,
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Effective Energy Values of 4 Grains Feed Ingredients for Broiler Chickens
Using Regression Analysis Method

FANG Chengkun'? YU Qifang'®~ ADEOLA Olayiwola'®> HE Jianhua' ™
(1. College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China; 2. Department of
Animal Sciences, Purdue University, West Lafayette IN 47906, America)

Abstract; The objective of this experiment was to evaluate the effective energy values of barley, triticale,
wheat and rye, optimize the existing formula database, and gradually realize the accurate supply of dietary nu-
trition. By using regression analysis method, and the experiment was divided into two batches, experiment 1
(Exp.1) evaluated the ileal digestibility (IDE) , metabolic energy ( ME) and nitrogen-corrected metabolic en-
ergy (MEn) of barley and triticale, experiment 2 ( Exp.2) evaluated IDE, ME and MEn of wheat and rye. In
each experiment, a total of 320 one-day-old male Ross 708 broiler chickens were randomly divided into 5
groups with 8 replicates per group and 8 chickens per replicate. 1 to 20 days old was the pre-test period, and
broiler chickens were fed a basal diet; 21 to 28 days old was the experimental period, and broiler chickens
were fed the diet and experimental diet, respectively. The 5 groups’ diets at the age of 21 to 28 days in Exp.1
were as follows: basal diet, barley-containing diet (250 g/kg barley) , barley-containing diet ( 500 g/kg bar-
ley), triticale-containing diet ( 250 g/kg triticale ) , triticale-containing diet ( 500 g/kg triticale ). The 5
groups’ diets at the age of 21 to 28 days in Exp.2 were as follows: basal diet, wheat-containing diet
(250 g/kg wheat) , wheat-containing diet (500 g/kg wheat) , rye-containing diet (250 g/kg rye), rye-con-
taining diet (500 g/kg rye). The results showed that the additions of barley, triticale, wheat and rye had no
significant effects on the growth performance of broiler chickens ( P>0.05). There was an extremely significant
linear decrease relationship between the substitution amount of barley and the ileal digestibility of dry matter and
energy, the total tract metabolizability of dry matter, nitrogen and energy, and IDE, ME, MEn ( P<0.01).
There was an extremely significant linear decrease relationship between the substitution amount of triticale and
the total tract metabolizability of nitrogen, and IDE, ME, MEn ( P<0.01), and there was a significant or ex-
tremely significant quadratic curve relationship between the substitution amount of triticale and the ileal digesti-
bility of dry matter, energy and IDE ( P<0.05 or P<0.01). There was a significant or extremely significant
linear decrease relationship between the substitution amount of wheat and the total tract metabolizability of dry
matter, nitrogen, energy and nitrogen-corrected energy ( P<0.05 or P<0.01), and there was a significant or
extremely significant quadratic curve relationship between the substitution amount of wheat and the ileal digesti-
bility of dry matter and energy, and IDE ( P<0.05 or P<0.01). There was a significant or extremely signifi-
cant linear decrease relationship between the substitution amount of rye and the ileal digestibility of dry matter
and energy, and the total tract metabolizability of dry matter and nitrogen ( P<0.05 or P<0.01) , and there was
a significant or extremely significant quadratic curve relationship between the substitution amount of rye and the ile-
al digestibility of dry matter and energy, and the total tract metabolizability of dry matter and nitrogen, energy and
nitrogen-corrected energy, and IDE, ME, MEn ( P<0.05 or P<0.01). According to the regression analysis, the
IDE, ME and MEn of broiler chickens in barley are 9.31, 10.50 and 10.29 MJ/kg, those in triticale are 10.99,
11.80 and 11.43 MIJ/kg, those in wheat are 10.59, 11.81 and 11.28 MJ/kg, and those in rye are 11.97, 12.56 and
11.83 MJ/kg, respectively.[ Chinese Journal of Animal Nutrition, 2021, 33(2) :811-821 ]

Key words: grains feed ingredients; broiler chickens; regression analysis; effective energy
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