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REBREAMRPRMFBMIAELIS R FIBEKERE,
AR 4k 28 B | I 75 2 X #5845 A & AKX BY 52 0

ofEfE £ o BB OB Jl SPTE sKiEZE”
(L g Bk 2 BE A B S8BT |, Al A A A Ao A R B R S B = AR A R
TR BEZR TR .G, 050 100081)

W OE. KXBR A RIKE G R (LP) 5 P Fde ¥ 282 (Cys) 3T AT A K b 4e IRk
AR A AR AR R R 09 rh A AT S LP AR Cys 49 1E B A KB, 3432 X
1 B# AR EAE AR F KB I (AA) IAFR N4 Ly K 6 AN U6 ANEL HATL
12 A, EXTRE(PC) A RA AR ST A (1~21 B#) A58 (22~42 B#) Fa /KT o
B A 22%F2 20% ], i AT B (NC) 2069 & & i K T /£ PC 469 2k ol E 4K 4.5 A8 4 5 (AT 1 A=
JEMEGRAKTF 2R A 17.5% 4 15.5% ) ,Cys 28 /2 NC 2069 & a8 £ 5 3 % A2 0.05% .0.10% .
0.15% 42 0.20% %) Cys, &L A M S mA LB KT 5 4 0.83%F 0.79%, X % H
42d, 5 ARG M2 ANE, SR2EAR. ) AREGRAKFBEILAS AT 55,21 f242 B
W RAT A0 F R E(ABW) S A KGR -FH B E(ADG) #-F¥% B K22 (ADFI) ¥ 2%
A& (P<0.05) , X B AT 694 I (F/G) 2 F# 5 (P<0.05) ;5 0.10% F= 0.15% Cys /5,21
F2 42 B #49 ABW X556 H1A2X 06 4 4149 ADG #= ADFI 3 2 % # 5 ( P<0.05) , B3/ Cys &
KT 5 2 AR ORI (P<0.05) , KB H4 F/G 2 F KK (P<0.05) ,i83] 7 5 PC
ARL R A KRR 2) BRI Cys R IL B F % vk 42 B # R AT 69 &% 1% 5 (EP) A= & L&
(LMP) ( P>0.05) , {2 A # & LMP #9484 (0.05<P<0.10) ; 447 I Cys £ M Fo = K B AK B L
Z(BMP) (P<0.05) , .5 & ( AFP) 2 %42 3 (P<0.05) . 3) %7/ Cys & 21 F= 42 B # AT
A dn A IEAR R R F R m (P>0.05), 4) 54 Cys 2 F AL 19~21 B #4642 40~42 B
R RBEANE RHEEEERRAE E(P<0.05), 2 F R 5 19~21 BRI RAYE E(P<
0.05), 5) =R &AL REN LPAAAE P Cys HRmKTFH 0.13%~0.17% 0, £ K Mt Fe &
R AR, 42 EPTE LPAAM T H 4 0.15% Cys & T8k E R 2R F/G, 15 R
BEEAERKRERF AR AR B IEAR, I F AIFH LP 4R F Cys 09 B A K -F A
0.13%~0.17% (Cys & ¥ AR LR 69 L] % 45% ~49% ) ,
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P BE AR A 20 Bl AE f i s i 2 R, O AR
SYITE LP R A5 1 F 19 IE 5 A AR K, 7538 B
5 v T R e PR R K

P E R (Cys) B A& AT LP A b i
PR PR SERR ), LP Fa M A A i 25 R ( Meet)
e A AT XS Y A B R (A Met Ml
Cys) TR, A AL AT B8 T 20 Met {35 5 1 17 2 1%
T Cys 973K, B Al B 2 BRI Met 19 F) FH 28 9%
P RS B A 4 7 A R R ) Cys A Sk 3 Ak
P — A 1 1 b T B L TR RN T R M LR, bR &
BCEE 15T A1, 34 23 52 ) £ 3 v (] 44 (G B Rt A
) Wi, HET R Sh i AR K R B RS SRR
WA AR . NRC(1994) #E47 1~21 H# N AFRS
X Cys BT Z M 0.40%" . Kalinowski % #2
P PR HETE 1 ~21 H S HEYE RAT XSS Cys B9 75
BN 0.39% ~0.44% , 4 1R AR B 115 K SF- B AR
B, Cys 7Kt AH R FEAIG, 3 T G823 R LP 4al R Y
TURISZI . WF5% 2 B, LP 4R P s Met B, Cys
K A] RE 2 R Met BRI B 09T &L,
A 3o B AR AR Y Met 7K P 35 4 8 Cys KR,
AT A 1 A P B I A 41 B S 3% 40 5 T b %
SaElE"Y S HE A Nk, & T IRATS LP 4
FeH Cys B A 58 9 38 /0 0L, PR, A 4t 56 3
1 AE LP kR i 3 A [R] K SF- 19 Cys, WF 58 Xt
FERG AR PERE A 2H B | I T A= A FE A A0 AU

AURZI i 26 LP T AR Cys B3 B S K-,
LS 0 TR AP X Y B R R S B L AR A |

1 #MR5FZE
1.1 iR s

TGN CAA) AT R4 B A6 5t 5 A R
AwEl, BT H L E R R — KA
[ L-Cys - HCI - H,0,Cys % & 68.3% | I 7T b3
A A BR A
1.2 RIGiEt

P 432 H 1 HiE MRS AT AR AA AT
XSNEE L BENL R 6 4L, a6 ANEE, BAE
12 B, IEXTRE (PC) 2H 4 M L ik AR AR [ T 45
(1~21 HiS) MG (22 ~42 H ) & 1B AKE 4>
Bk 22%F1 20% ], Tt B (NC) 419 8 [ 5K
16 PC 4030l FREAR 4.5 T 43 5 CHT S 9
B39k 17.5% 1 15.5% ) , Cys 2H7E NC
A LR E A B I 0.05% .0.10% . 0.15% FiI
0.20% 11 Cys, % 41 Hi 93 A0 5 3098, 25 A 2 366 iR K
4350k 0.83% F110.79% , IR 42 d, 5 K AT
UG 2 B Be, Al iR A 2 B NRC (1994)
(SR FEFRME) (NY/T 33—2004) , 2K HI 45 4 7]
AIVE Ak (SID) Z LR A 2 HC ] | LA Al B 78 5 K P
%1,

®1 ERARAMREFRKE (RTFEM)

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

%

1~21 Hi#% 1 to 21 days of age

22~42 H#% 22 to 42 days of age

5
I;i XAl SRl X} 4 Ukt I 4L
PC group NC group PC group NC group
JE Bl Ingredients
Tk Corn 55.42 69.52 59.95 74.53
M1 Soybean meal 35.62 20.75 30.7 14.71
FEHIIH Vegetable oil 4.45 2.75 5.21 3.41
R A 45 CaHPO, 2.26 2.35 1.73 1.85
%) Limestone 1.00 1.08 1.09 1.15
frEh NaCl 0.10 0.10
DL-E%R R DL-Met (99% ) 0.26 0.38 0.25 0.39
L AR ELREE L-Lys - HCI (99% ) 0.17 0.78 0.20 0.86
L-J7 &R L-Thr (98%) 0.05 0.25 0.05 0.28
LSRR EL R LR L-Arg - HCL (99% ) 0.34 0.40
LA L-Val (99% ) 0.25 0.29
L-S22 5% L-lle (98%) 0.25 0.27
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1~21 Hi#% 1 to 21 days of age 22~42 H#% 22 to 42 days of age
5
If;i X AR 4L X A EX AR 4L X B2

PC group NC group PC group NC group

L-t0 &R L-Trp (99%) 0.05 0.05
L-EAZ 2 L-Phe (99%) 0.11
L-H &% L-His 0.03 0.09
A ZHUR AR Vitamin premix” 0.02 0.02 0.02 0.02
Y R HIR AL Mineral premix” 0.20 0.20 0.20 0.20
F ALK Choline chloride (50% ) 0.10 0.10 0.10 0.10
kAR 40 NaHCO, 0.35 0.60 0.40 0.99
A8 Zeolite 0.30 0.30
411 Total 100.00 100.00 100.00 100.00
35K Nutrient levels”
L BE ME/ (MJ/kg) 12.76 12.76 13.18 13.18
MEH B Cp 22.00(22.53) 17.50(17.88)  20.00(20.13) 15.37(15.88)
£5 Ca 1.00 1.00 0.90 0.90
B AP 0.50 0.50 0.40 0.40
FrifE iz AT {28 SID Lys 1.15(1.23) 1.15(1.22) 1.06(1.12) 1.06(1.10)
FrifE [ A T E AL E R SID Met 0.55(0.57) 0.61(0.62) 0.52(0.51) 0.59(0.61)
PR [l iz v 3 1k B 2 R +2F I R SID Met+Cys 0.83(0.90) 0.83(0.88) 0.79(0.83) 0.79(0.84)
FrvfE Mz AT A e R SID Cys 0.28(0.33) 0.22(0.27) 0.26(0.31) 0.20(0.23)
FrRyfE R AT A R SID Trp 0.23(0.27) 0.21(0.22) 0.21(0.23) 0.17(0.18)
FRyfE R AT k95 2 #8 SID Thr 0.75(0.85) 0.75(0.82) 0.68(0.80) 0.69(0.77)
FrifE [ A mT E AL S =R SID Val 0.91(0.98) 0.91(0.96) 0.83(0.91) 0.85(0.90)
FUE g T IE AL S 2 R SID Tle 0.84(0.97) 0.83(0.92) 0.75(0.83) 0.75(0.79)
FrufE Mz AT LS 2R SID Leu 1.65(1.84) 1.29(1.46) 1.54(1.70) 1.14(1.29)
FrfE [l i ml H AR =R SID Arg 1.34(1.40) 1.24(1.33) 1.20(1.31) 1.12(1.20)
FrRyfE Mz T L4128 SID His 0.53(0.59) 0.42(0.47) 0.48(0.51) 0.42(0.44)
Bt [l i Tl IE A R TS R R+ 2R SID Phe+Tyr 1.64(1.78) 1.18(1.31) 1.49(1.58) 1.10(1.25)
FrRuE R A T A H 2R+ 22 22 SID Gly+Ser 1.99(2.04) 1.42(1.44) 1.80(1.80) 1.18(1.22)

1) 44 Z RN T e i A 24t Vitamin premix provided the following per kg of diets: VA 12 500 IU, VD, 2 500 IU,
VK, 2.65 mg,VB, 2.0 mg, VB, 6.0 mg, VB,, 0.025 mg, VB, 3.0 mg, VE 50 mg, Z f pantothenic acid 12 mg, # R niacin

50 mg, =¥ 2 biotin 0.032 5 mg, M # folic acid 1.25 mg,

2) W) B WOR R A EFT- 5 K $2 4t Mineral premix provided the following per kg of diets: Cu 8 mg,Zn 75 mg,Fe 80 mg,

Mn 100 mg,Se 0.15 mg,1 0.35 mg,

3) FES AN NI EAE 355 o SEME . Values outside the parentheses were calculated values, while values in the parenthe-

ses were measured values.

1.3 AFEE

TR [R] R AT RS [ R B IAOK, 24 h B R
RIGHT 3 d 9 33 C, M5 BRI 2 T, 43
24 CIH-4eHF, IR AA PRI 37 4 3Tt ) 4
PR, IE B A0 8, 0 4l KR A, iR 50 R
W AR H A0 XY A TR (23.5~24.5 C) FTAH X
JE(55% ~60%) , 4T T id AL G5

MEIBIRE 7%

A KRR bR
A3 21 42 HIREE, DL R A FR2S I
WE ERSEERETE, ITEFHKE
(ABW) V- ¥ H H#H (ADG) .V H R & &
( ADFI) K} [t (F/G) FIJEVE % (MER) ,

1.4
1.4.1
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1.4.2 A5

T 42 HigES, A EE R 1 R E 41k
ARG B AR, S s ML BRLRTIE Bg , 15
LV A (EP) LA (BMP) BB LA (LMP) Al
JENE# (AFP) ,
1.4.3  IMiEA I hr

ST 21 R 42 HIBES A EE ] H A%
V-2 A RN SR KR L, 3 B T S T
—-20 CARHRMRAE, &M, Mg SEA(TP)  HE
(ALB) , JR 2 (UA) ., JR 2 A (UN) | # % ¥
(GLU) WL (CRE) %t FI4F N %% %l ( ALT) |
A B M ( AST) 15 2K ] KHB-1280 4= A g2k
PRGN 5 3R & W SE T g R AR TR A
FRAHE]
1.4.4 BRI

3T 19~21 HIEFI 40 ~42 HIEBEE, B4 &
XTI ISR, SR H W L T R RO i i 56,
O HORE R, LEE i T I | i ik
SR EEZERE 3 d, BIBR BB 22, H 10% 1) 45 2 [
ER (5 100 g A 20 mL HCL) , 5850821, Bl
B 100 g Z6FE, T 65 CHEA TP T4 72 h 24E
L E IR 24 h FER R 40 B 0 R AF R
HEAKXWT .

AIEA R (NI, g/d) =5 HREEXFR PR,
AR (NEx, g/d) = & HHE E x2S R & &
RSB (NR, g/d) = A A = - AR
AIEEZ(NRR, %)= 100xAfE BB/ AIBAR

1.5 HES&ITHH
B K SPSS 19.0 B4 k47 B0 H 2y 2443
M1 (one-way ANONA) , 3 2% H Duncan [K 5 17

x2 LPEMARM Cys X AFBEK MR

ZEILE, AR A ST bR DL RS
A7, HoAl 38 b DL B S o B g it R E 4
BERIFAT Cys BN ZK S B9 — R R il R AL,
HrpmHBAL  y, = a+Bx,+e,(—IREME) ,y, =
aBx,+B,x e ( M) oy, NN B
W8, M1 B, MRS x, A Cys WINAN (i=
0,2,6,10) e, % ij DWLMR2E, FEHE R E 6 1E
T3 225 BT HEAT R I 5% e 4, B5s A7 349 18 b
IR (SE) R, A P<0.05 Ky 2% 5 W b v, LA
0.05<P<0.10 Ky 2= 55 W& VG H bR,

2 &% B
2.1 LP{FMABFM Cys XF A {738 & < M 68 i
=]

M % 2 AT, 5 PC 41 Lk, LP 1Rk 41 AT X9
B K B A KRR PR R AU A — e
JE B FEAR ;22 ~ 42 HEEET,0.10% F1 0.15% Cys ¥R
TNy ABW . ADG ,ADFI #il F/G 5 PC 41 #H I G
BEER(P>0.05);1~42 HEERHF,0.10% .0.15%
F10.20% Cys #fN41 1 ADG , ADFI #1 F/G 5 PC
AT R EZ R (P>0.05), TEEEKHE, A
X5 1) ABW ,ADG ,ADFI ¥Jfifi Cys ¥ Mil/K -y 42
L TERM AL (P<0.01), H 0.05%,
0.10% .0.15% 1 0.20% Cys s NZH ) ABW . ADG
Fl ADFI ¥ 8 5 T NC 41 ( P<0.05) ;1~21 H##
i, F/G Bl Cys ¥ i1 7K1 19 £ 5 52 etk A — k4
1 (P<0.01);22~42 HF 1~42 H B, LP 17
MM F/G 5 PCAMIL TR % 2 5 (P>0.05),
S E KB B LP A M 2H A XS PRV #6 5 PC ZHAH
Fe¥J0 3 22 5% (P>0.05)

kA

Table 2 Effects of Cys supplementation in low protein diet on growth performance of broilers

- %ZT EZZT Cys @K P {H P-value

I

I;Es Péﬂ Nf Cys supplemental levels/% N S —%
group group 0.05 0.10 0.15 0.20 ANOVA Linear Quadratic

1~21 Hi% 1 to 21 days of age

AT ABW/ g 802.79* 568.56 675.56° 718.47% 745.05" 705.56™ 13.700 <0.001 <0.001 <0.001

P HHEE ADG/g 35.12°  24.87° 29.74° 31.87™ 32.84™ 31.11™ 0.621 <0.001 0.001 <0.001

FHH R B ADFl/g 42.02°  34.70°  40.23* 41.68* 42.69° 40.46° 0.594 <0.001 0.006 <0.001

BA L F/G 1.20¢ 1.40° 1.35°  1.31°  1.30°  1.31° 0.011 <0.001 <0.001 <0.001

BEii % MER/ % 2.80 5.59 2.80  0.00 2.80  0.00 0981 0.600 0.120 0.249
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SR 2
n [ (s Cys supplemental levels/ %
Jtems PC NC vo P ‘ SE JrEmb M ik
group  group 0.05 0.10 0.15 0.20 ANOVA Linear Quadratic

22~42 H# 22 to 42 days of age
THRE ABW/g

X H W E ADG/g 66.05"  49.14°  59.15°
¥ H R R ADFI/g 127.51*  96.62° 116.45°
BALL F/G 1.94 2.00 1.98

JLYE 2R MER/ % 4.01 6.81 5.59

1~42 Hi% 1 to 42 days of age

FHH B E ADG/g 49.49°  35.78°  43.64°
FH#H R ADFl/g 81.65°  63.09"  76.21°
KA F/G 1.65 1.78 1.75

BEVE#% MER/ % 6.81  12.40 8.39

2 234.81°1 676.49° 1 970.85° 2 177.67™ 2 213.05" 2 042.88™ 37.180 <0.001
65.09°
125.94

47.57"
81.50*

0.001 <0.001

65.65"  62.31" 1.378 <0.001 0.002 <0.001

126.83"™ 119.52* 2.214 <0.001 0.001 <0.001

1.95 1.94 1.92 0.026 0.952 0.331 0.624
6.81 8.39 2.80 1.493 0920 0.436 0.500
48.22°  45.84™ 0.949 <0.001 <0.001 <0.001

82.13*  77.77" 1.368 <0.001 0.001 <0.001

1.72 1.70 1.70  0.014 0.183 0.071 0.186
6.81 11.19 2.80 1.558 0.563 0.085 0.203

7 2538 F T R Br g 4l 2 1Bl 09 22 5, R4 FH TR0 LP A A 444 N AN [EIK S Cys B9ZRM: A R e FHAUR . [WlAT
BORE PR R e EF B RR 2R A B E (P>0.05) , ANEV/NG FEEFR 2 5 B3 (P<0.05) , FEF,

ANOVA was used to compare the differences between all groups, and regression analysis was used to evaluate the linear and

quadratic effects of different levels of Cys under low protein diet conditions. In the same row, values with the same or no letter su-

perscripts mean no significant difference ( P>0.05) , while with different small letter superscripts mean significant difference ( P<

0.05). The same as below.

2.2 LP @ BFM Cys XF A {F 38 MR 4 48 5 19
=AU

FH 3% 3 AT A1, LP fRR i i Cys oK UL 4 35 5%
M 42 H % WA EP #l LMP( P>0.05) ,{H LP
TEAR AL LMP # PC 414 $2 = i 35 (0.05 < P<

0.10) , 42 H&RAFA BMP Ffi Cys iK1
PERLYEM A (P<0.05) , i 0.10% .
0.15%F1 0.20% Cys #A14H# BMP 2 K T NC
4 (P<0.05) , LP fRMLH AAFRSH) AFP 2 g 5
F PC 4 (P<0.05) ,

F 3 LPAMRAPIARM Cys Xt 42 B & 7 7 35 B 44 28 B i 22 i

Table 3 Effects of Cys supplementation in low protein diet on carcass composition of

broilers at 42 days of age %
. ﬁgg h ig Cys HHAKT- P {H P-value
A AN s Cys supplemental levels/ % .
Items PC NC ys supp 0 SE  gyivbr &M K

group group 0.05 0.10 0.15 0.20 ANOVA  Linear Quadratic

V% BP 71.56 72.00 72.08 72.39 72.09 70.24  0.327  0.472  0.193  0.156
M L2 BMP 22.98* 21.42"°  19.94" 18.45° 18.37¢ 17.68¢  0.484  0.003 0.004 0.012
BEWLZE LMP 30.44 34.73 35.23 35.25 33.30 33.73  0.552  0.093  0.334  0.575
&R AFP 1.43° 2.66 2.59° 2.62* 2.48" 2.44* 0.097 <0.001 0.320 0.607

23 LP A BiFm Cys Xt A F 38 I i & 4
fEHRA R

Hi¢ 4 A] 1, LP T M s i Cys X 21 il 42
H# PAF X 1 7% b TP . ALB ., UA . UN .GLU ,CRE
A ALT  AST I P34 ¢ W 3 52 ( P>0.05)
1H0.20% Cys #4121 H B H ALT 3% A 26
PR A3 (0.05< P<0.10) ,

2.4 LP {4 HEIN Cys Xf A 4738 & 4 5T B9 22 1
5 AT0,19~21 H i, LP 18 AR 4 41
X1 NI, NEx fil NR & X F PC 41 ( P<0.05),
NRR %5 T PC 41 ( P<0.05) , Hrfr NI F NR B
Cys IR M/KFER#HEmELMEM K F & (P<
0.05), 40~42 H & W, LP 4 ¥ 41 N A7 X9 1Y NI,
NEx #l NR & 1% T PC 41 ( P<0.05) , Hir NI fifi



3264 3 o H

S 33 &

Cys IS H/K i m 2L EM Wik & (P<

0.05) , 45411 NRR 23 A 3 (P>0.05)

&4 LPEMABPRFM Cys 3 AFEMFEELIERAI N

Table 4 Effects of Cys supplementation in low protein diet on serum biochemical parameters of broilers

- ggzg :J?;Zg Cys RinzkF P {H P-value

n N Eas Cys supplemental levels/ % R

Items PC NC Yo Supp i SE i 4 K
group  group  0.05  0.10  0.15  0.20 ANOVA  Linear Quadratic

21 H#% 21 days of age

MM TP/(g/L) 32.77 3291  32.78
F&EM ALB/(g/L) 15.92 1540  15.58
JREZ UA/( mmol/L) 207.32  212.01 202.55
JR % & UN/(mmol/L) 1.24 1.17 1.18
7% ¥% GLU/( mmol/L) 11.26  10.45  10.51
WLEF CRE/( mmol/L) 24.28 2231 24.87
BE R ALT/(U/L) 13.35  12.86  12.21
B EEZ M AST/(U/L) 139.06  132.77 132.23
42 H % 42 days of age

MEA TP/(g/L) 31.48  31.61  31.54
H&EH ALB/(g/L) 14.52  14.36  14.29
PRIZ UA/(mmol/L) 161.60 156.30 152.36
JR 2 %A UN/(mmol/L) 0.88 0.99 0.96
# % GLU/( mmol/L) 11.38 11.54 11.48
WLEF CRE/( mmol/L) 25.33  23.26  23.67
A EEE ALT/(U/L) 12.66  12.83  10.79
B EE T AST/(U/L) 131.52  119.13 124.74

32.49 3278  32.07 0.141 0.567 0.145 0.323
15.13 14.64 15.15 0.180 0.443 0.313 0.565
203.09 193.50 216.64 3.037 0.324 0.993 0.152
1.17 1.27 1.14 0.018 0.257 0.848 0.609
10.70 10.19 10.30 0.185 0.644 0.600 0.794
24.11 22.47 2442 0.341 0.128 0.510 0.654
11.71 11.14 10.97 0.270 0.053 0.018 0.060
130.88 140.43 136.30 2.288 0.809 0.399 0.695

31.79  31.67 31.71 0.102 0.964 0.698 0.916
14.12 14.14 14.48 0.106 0.863 0.911 0.619
151.34 151.62 155.89 2.247 0.792 0.929 0.685
1.02 0.85 0.98 0.021 0.106 0.417 0.678
11.24 10.90 12.03 0.210 0.786 0.808 0.505
2426 24.29 23.51 0.355 0.620 0.695 0.640
12.07 12.80 13.48 0.316 0.208 0.201 0.116
135.02 136.56 123.76 3.264 0.611 0.394 0.198

F5 LPAMAPRM Cys XFF 38R G 20T

Table 5 Effects of Cys supplementation in low protein diet on nitrogen metabolism of broilers

_ EXF pips Cys WK P {H P-value

55t H AR R Cys supplemental levels/ %

Ttems PC NC v e 0 SE  Jrassbi 4tk ik
group group 0.05 0.10 0.15 0.20 ANOVA Linear Quadratic

19~21 Hif% 19 to 21 days of age

FABEAT NI/ (g/d) 3.08° 1.84¢ 2.09°
A HEMR NEx/(g/d) 1.15°  0.61"  0.68"
RATH & NR/(g/d) 1.93*  1.23°  1.41%
R E NRR/% 62.58"  66.90"  67.50"
40~42 H i 40 to 42 days of age

HABAE NI/ (g/d) 5.25*  3.28°  3.20°
HHEME NEx/(g/d) 2.05° 117" 1.26°
EAFE I NR/(g/d) 3.20°  2.11°  2.03°
AAF % NRR/ % 60.85  64.12  61.99

2.20°  2.24° 217" 0.085 <0.001 0.008 0.003
0.66"  0.71°  0.65" 0.039 <0.001 0.309 0.212
1.54°  1.53°  1.52° 0.051 <0.001 0.007 0.005
69.99" 68.41" 70.00° 0.723  0.020 0.116 0.280

3.83° 3.88® 3.85° 0.156 <0.001 0.008 0.028
1.33"°  1.39°  1.41° 0.069 <0.001 0.033 0.101
2.50° 2.49° 244" 0.100  0.002 0.044 0.122
65.18 63.84 63.36 0.822  0.742 0.952 0.996

2.5 EFEAEBXTAFIG LP @R B Cys & n
KEWFKE

H1 2 6 Al 1, LA ABW (21 142 H %) . ADG
A ADFI(1~21 Hi% 22~42 Hi3F1 1~42 H )

L F/G(1~21 Hil%) AFIW R, — 24U & 45
LW, RS LP SRR Cys BYIE B K- 73
Bk 0.139% Fl 0.131%, 0. 138% ., 0. 136% Fil
0.136%,0.131% .0.131% F1 0.131%,0.162% ., *f
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BMP(42 H#) NI(19~21 HiBH140~42 H )
MINR(19~21 H ) #1734, LA BMP,
NI Al NR A Wrdg b5, A LP fAR H Cys [l

BRI K43 51K 0.206% ,0.141% F1 0.230% ,
0.148% .

x6 ETHEAEEIIAFE LP FIRF Cys FMAFHEE

Table 6 Estimation of Cys supplemental level in low protein diet of broilers based on regression model

T H H i IS P i %ﬁ%ﬁﬂ7k¥
Items Days of age Equation P-value R Optimal supplemental
level/ %
S RE ABW/g 21 y=-8 824.45x+2 450.94x+569.96  <0.001  0.633 0.139
T H ¥ E ADG/ g 1~21 y=-409.43x>+112.99x+24.93 <0.001  0.613 0.138
T H R ADFl/g 1~21 y=—453.71x*+118.58x+34.91 <0.001  0.506 0.131
RLE L F/G 1~21 y=3.80x"-1.23x+1.40 <0.001  0.616 0.162
SEHIRE ABW/g 42 y=-31 443.22x*+8 238.61x+1 663.98 <0.001  0.751 0.131
V¥ H I HE ADG/g 22~42 y==916.41x>+248.94x+49.12 <0.001  0.509 0.136
4 H R EE ADFL/g 22~42 y=—1 796.15x*+471.60x+96.86 <0.001  0.669 0.131
FHH G E ADG/g 1~42 y=-679.52x*+185.30x+35.87 <0.001  0.626 0.136
- H R ADFl/g 1~42 y=—1 131.83x>+296.88x+63.43 <0.001  0.658 0.131
Ha L2 BMP/ % 42 y=85.29x"—35.13x+21.40 0.012  0.279 0.206
ABAT NI/ (g/d) 19~21 y=-19.83x"+5.59x+1.85 0.003  0.477 0.141
RAEHRE NR/(g/d) 19~21 y=-14.70x*+4.35x+1.23 0.005  0.444 0.148
RIFEAE NI/ (g/d) 40~ 42 y=-13.32x%+6.13x+3.20 0.028  0.329 0.230

3 it i
3.1 LP FMABFM Cys XF A {738 & < M 68 1
A

Cys 5& Met fRf L i 72 rh i EZE v (B 7= 4y,
AT A A R A e H R RN A Ak SR o, TR BLAA
Ei =R ok = AW R I B S D R R i
R AEE AR Met 2R & oKk - A
TR TP AR — PR R, VT ) B 4B R Cys,
PRI PRI AP XS LP A AR P 38 5 W8 I Met S i 2 5 2
i 2 e R 1) 5 oK ?fﬁﬁﬁ,ﬂﬁﬂj‘] Met ¥4k K Cys
MIZCRAA, HREE R R Cys 199 2 9F A8 — 2L,
X AT e 23 3 30 Met {0 i it [A] B 25 Z0 0% Cys 19
FEE ST AR RGE 2 AT T K - R
A 3 5 FH DL-Met , L-Cys . 5011 £ K 5 1k
FEME 0.05% 1) G 7 B 2 HE IR I, P AT XS ] 3145 A
R0 1 1A 1 B RN 4] %, HL L-Cys AH Eb A 35 i
FERRIEAE I RCR S | 3 Al e WG 7R P AT £ oK -
ARV AR Cys IPBRRIVE B 28 . 3R
WY, A N Cys BE HI 55 1 7 Met X ALK AL BEAR
BRI AL, 25 LP WM P Cys
F1 Met [ L], ANAURT 5 249 Met [I4E T, 38 o] 42 &

Met B 2E B F R Graber %5 Fi Moran' ' 4)
1B, PR AR Cys Fl Met B9 H 451 %5 A A1 39 A4 K
FIVE AR B . BT Graber 251 By #F5Y, 2 ~
8 JH Y AT A X Cys 77 2 M 0.34% #2755 &=
0.44% . Moran'"" & ¥, 4 £ K — & K1 A 45 e
Cys HERY 5 8 i 2 IR 1) 40% ~ 51% ), AT
X P AR K S 52 67 TR 0, L ARDRE R B2 Cys fi
IO 7K RSN B v, (24 Cys IR & 5 B S A
AIR I 60% ~ T7% I, AT XS 1 A K P e %
BT X RE S Cys MM R BTN A
S L X SE R R I, Cys 2 ok - UM R
Tl b BR A S R, HL AT XS X Cys 1Y 75 2
S AE TR B R A K s s AN T R AT XS Y
A, HAFFEHRGE , DL AT RS A3 B RDR R
AR 11 0T 10 B 2 Sy ) W AR B, A= K T A R A R
Cys W7 2 a1t 70 ) 5 S B i = SR 1Y 54% .56 % il
60% 2 HHHY IE B AR A AR, LP A AR 2 T
FIEFRE = AT REA I B BR RIAE . WS T
FILFR VT B G LP AR RRHE R A B B e AR
1, 4 R K F BRI 3 AN 4 e, B
R A 0 T R R T ORI R 1 AR K 1
SR x5z 2070 AR IRt R W, 24 fl A 2R 1 R
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IKEREAR 4.5 D E A SR GBS 3 ME A, A
ARG ) A K P B ™ EE AZ 483X 0] BE S A R R T
K 3o BE R AT B0 R B A 3 R (Met I
Cys) NP e T AR (M HER) h=F
et R W, IR AT, LP 4R AR A s
0.15% Cys(Cys &\ 7 i 28 JE W2 L 45] hy 47% ) 7]
s AT B ADG Hl ADFI; i 56 5 8] it
¥4 LP MK TR A 0.10% A1 0.15% Cys( Cys
I3 R R R R 1 40% A1 47 % ) AT HE v AT
X% ABW ADG 1 ADFI, K3 F/G ;i I % /> B
W1, LP KR AN Cys X AT XS A4 58 78 % TG 18 3%
SEM, RGP R LP WAR RN Cys X AT
A B AR KA AR R (8 AR K S W ROR
T, X 5 AT AR IS R A, LP A
W Cys 2 #F AT XS 1 A K, AT RE S Cys fE MR
FITERELIR S 5 A A B AE Sy 3R gt A4
2 —Z 5 I B A R vEPLR
FiR - A e
3.2 LP @ EBEHM Cys Xt A F 78 ME 4 H B 1
=AU

eI A 25 RS2 i BRATL AR 5 5 2R U RRURI L IR & ot
EEAE bR, PR, MR E A K& 8 E
SR DA A X 1 R A 4 1, Wang 457 HRTE )RR
HEATUKFERER 4.0 ~4.5 N4 SRE, 42 HIB A
FXS Y AFP B & 52 5. A b BRI R L AR
JEKSEX 42 H & PIAF XS Y EP I LMP G i 3 5%
M AH B Cys B K1 $2 5 , BMP 8 3 FEAIK,
AFP 3715 LMP A #& = s Wt ud, 76 5
AR AL IR [ B % LP G AR H Cys 7K
S R (Met AKCEREAR) |, LRI BORR AT 1] T Fh B
WL B AL B . X 5 56 AT Jariyahatthakij 25" 4
E—, B BMP XHaB o Met 7 5 4 50U,
LP Tl A 78 058 B Met A F T84 n i Y 0, 0%
FRMA G, AR 6 45 21 /R, LP Aal ¥R H 45 i Cys
FEBA FEAR A AT XS IR AR DT AR, X FT BE 5 LP Tl AR
e R A A 56, LP WM A&l 2R R
WA WAL A AFP, X 1] fiE & i TR 5 A
J K AR, W/ T 22 A B A I R Y RE
THFE, NI S R BERFEIL RN ™, LEAh,
WATRES LP AR ok 2 S BUR R i RE 1
A P ARG R LP AR T R A Cys A F
TR ER R 0 U, T 4 5 Met KA )T B
FEE 1 BT A TR 36 RT3 LP AR 9 4 g

AEESFEZME,
3.3 LP@EMAPRM Cys 3 AFBMFEL
itk

I35 A= A T8 br 55 AILAAR T 57 A0 R 5 25 1 4
K, Y HLAARAZ AR)RL 52 el B a0 7 AT 38 2o 19 48 A S
BeHiok . TP M1 ALB A 4EFF24H 218 (AT | R 5
75 A pH R S AE Y S MLIR S FR R0 B 47
EETA B, TP Al ALB & & 71 &, UA FiI
UN RN & Z Y (8 Ao fad 5w ) iy A ™
Wy, HL AT ) S e AL AR A O RT A R A
. I CRE J& LA LR Fn g i i AR = 9, 5
PR N LA Bt %6 UT A O, AN B 32 30 4 Bt 1 43 1 5%
mi'* . ALT 1 AST J&sh 4 HLIk 2 Fh i 200 5 &
il , 2 P W 2 B R AR ) AR bR, MR R A
JE K- T ) 2 3 T 2 3 1 v AR %, BT
T W T, AR A5 R R, LP fRR R
i Cys Xf 21 F1 42 H # P A4 1L 3E h TP, ALB
UA .UN GLU ,CRE % # fl ALT \AST {& 370
FRW 21 H R A I YE T ALT 3G M BE Cys
TN KT B B8 v T R AT A 34 {0 AST 3% M JC A
[F) A9 A5 Ak 34 150 B AR R s i Cys I3 38 1 [
VI 248 L JBE ) 36 5 1 B AR ALLT 3% e T RT B
PRV T ALT B3 BR sk B 6 AR ALT 095 6%, %
i ALT 36k, BAR R A ek — 25T
3.4 LP {AMTRM Cys Xf A F 38 &AL 5T B 20

BT, & & 2 R b & AW T 1E B PR 5 G Y
()R H £ 2 4R AR 2 1 B KO 5 AR HE
PIAHOG, el 2 3h W) E F /7 ok 1Y LP & 5L 7
AR AR S S S B B O DR B A R
WG FR T, R AT XS M 2 Bk BRI L A A
A a5, RUHEE AT AR 10% Y L si AN RGE,
LP faKR HP s i 28 R R AT 6 AN 52 M R AT XS A 4
PERE R ETHE T, f AR PR B by /0 ) AR 2R 1 5T %6 R
TR SR R HE R R, sk B 9T SR I, LP AAl AR o
i Met ] — 25 REAR A AR 2 38 B OTRRR,
AT I 20 460 % #0958 14 75 4% . Belloir™™ % B, 4 1]
HLEE 1 BUKF (19% ) FEAR 2 A 4 S0, A& F)
FRT H 60% 32 5 2 67% , #F— L FRARE [ Fik
2 AN E g sk A B A &8 73%, 5 Shao
VIR g R — 8, ARG SR BN, A
FBUKF B 4.5 S 20 5,19~ 21 H B F1 40 ~
42 H i RAFAS I A4 A ZCHE I 0 A A7 B
W 8 R A, b R HE I AU B e
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BHREBARBA K, Mo, LP AR b s n
Cys fig#2 /1 19~21 H & AT 1) Z A7 B % (B X
40~42 H & AT XS ) A A7 B R TC 25 52, R
LP [ AR h 78 in Cys T REFE A A T 4 RF AT XS AR K
HA A AR, AL R TR, H ok, LP
TR PRI Cys X 588 % 5 A= 7 vh 1 i &L TR RN
FEREIR PR ZXN AWM ~A —ENE R
3.5 ETEEAEEAFE LP FER e Cys K
KEHHE

ARG 25 L R B LP [ M h s in Cys o] 7E —
SERRPE I ol AT XS 0 A KPR AR B2 19~21 H
I 10 A R A B (O I 9 A AR T
W, Cys TANS: N, Wk £ il& %
B, FARE Cys B NZK 8 0.13% ~0.17% B, 7T 3K
AR E R B8 R A A &
RAeER R, B, 6w AR ERMANEE
b, WA ATFAY LP 4R AR B Cys 3 B8 K S
0.13% ~0.17% ( Cys /7 &7 i & L R b B R145% ~
49%)

4 45 g

@ 78 5E H UK FFEAR 4.5 4S5 50 5 H A S i
IR T Z AR L I N 0.15% Cys (Cys
M A TR SR L 47 % ) BE DR A 45 A
KB BRI B R & AR O 1 19~ 21
H % 19 A7 B8 2R (R R XS 1 4 it R TR L%
FILI Y A= A bR TG 10 25 5 el

@ VIA K R AR R 0 W 48 b, HE7E A
73S FOR-FRIB LP e i Cys A9 3E B K P
4 0.13% ~0.17% ( Cys i &7 B 24 55 R 19 LL B3 R
45% ~49%) .
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Effects of Cysteine Supplementation in Low Protein Diet on Growth
Performance, Carcass Composition, Serum Biochemical
Parameters and Nitrogen Metabolism of Broilers

FENG Qiangian WANG Jing WU Shugeng QIU Kai QI Guanghai ZHANG Haijun "
( Key Laboratory of Feed Biotechnology of Ministry of Agriculture and Rural Affairs, National Engineering
Research Center of Biological Feed, Feed Research Institute, Chinese Academy of
Agricultural Sciences, Beijing 100081, China)

Abstract: This experiment was conducted to investigate the effects of cysteine (Cys) supplementation in low
protein ( LP) diet on growth performance, carcass composition, serum biochemical parameters and nitrogen
metabolism of broilers, in order to determine the optimal supplemental level of Cys in LP diet of broilers. Four
hundred and thirty-two 1-day-old healthy Arbor Acres ( AA) male broilers with similar body weight were ran-
domly allotted into 6 groups with 6 replicates per group and 12 broilers per replicate. The broilers in positive
control (PC) group were fed the basal diet ( the protein levels in early stage during 1 to 21 days of age and lat-
er stage during 22 to 42 days of age were 22% and 20% , respectively) , the protein level of negative control
(NC) group was reduced by 4.5% on the basis of PC group (the protein levels in early stage and later stage
were 17.5% and 15.5%, respectively), and those in Cys groups were supplemented with 0.05%, 0.10%,
0.15% and 0.20% Cys on the basis of the NC group, respectively. The levels of total sulfur amino acid were
0.83% and 0.79% in early stage and later stage, respectively. The experiment lasted for 42 days with 2 peri-
ods. The results showed as follows: 1) the protein level in diet reduced by 4.5% significantly decreased aver-
age body weight ( ABW) of broilers at 21 and 42 days of age and average daily gain ( ADG) and average dai-
ly feed intake ( ADFI) during all stages ( P<0.05) , significantly increased the ratio of feed to gain (F/G)
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during early stage ( P<0.05). Adding 0.10% and 0.15% Cys to LP diet significantly increased ABW at 21 and
42 days of age and ADG and ADFI during later stage and whole stage ( P<0.05), and all of them increased
linearly and quadratically with Cys supplemental level increasing ( P<0.05) , significantly decreased F/G during
early stage ( P<0.05) , the addition of Cys recovered growth performance fed LP diet to similar level of that in
PC group. 2) LP diet supplemented Cys did not significantly affected eviscerated percentage ( EP) and leg
muscle percentage (LMP) (P>0.05), but tended to increased LMP of broilers at 42 days of age (0.05<P<
0.10). LP diet supplemented Cys linearly and quadratically decreased breast muscle percentage (BMP) ( P<
0.05) , and significantly increased abdominal fat percentage ( AFP) (P<0.05). 3) No significant differences
in serum biochemical parameters were observed among all groups of broilers at 21 and 42 days of age (P>
0.05). 4) LP diet supplemented Cys significantly decreased nitrogen intake, nitrogen excretion and nitrogen
retention rate of broilers during 19 to 21 days of age and 40 to 42 days of age ( P<0.05) , and significantly ele-
vated nitrogen retention rate during 19 to 21 days of age ( P<0.05). 5) The quadric curve fitting results
showes that optimal Cys supplemental level in LP diet for the best growth performance and nitrogen metabolism
was 0.13% to 0.17%. In conclusion, LP diet supplemented 0.15% Cys can improve body weight gain, feed
intake and F/G of broilers, and elevate nitrogen retention rate. Based on growth performance and nitrogen me-
tabolism, the Cys supplemental level in LP diet of broilers is recommended to be 0.13% to 0.17% ( Cys ac-
counts for 45% to 49% of total sulfur amino acids) .[ Chinese Journal of Animal Nutrition, 2021, 33(6) .
3259-3270 ]

Key words: broilers; low protein diet; cysteine; sulfur amino acids; growth performance; carcass composi-

tion; nitrogen metabolism
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