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AR AEEMELERKFENERNHE=RED
EREZRBEEREERM&=REREN T

KR BWisg Bl skidtm iR AR
CRE ARSI HR B, S e R A 9% L 100193)

W OE. ARBREAEMAARRRAASARALR (SAA) K P T RMEZAEB LKL T ARG
GeA KA BB Ya, RAER T REE, ®RIR 240 RAKEfe R B K EARIL G O B E
ZRABRES IS H AN, FHROANAZTEL , HEAETE 10 28, sFRAF R SAA KT 4
0.54% 09 B AA AL R I8 40 5 A 4R 2 K B AR P Am 0.08% .0.16% A= 0.24% =T iH 14 & 28R
(S EMBLH) AR, AR SAA K-F(ZME) 5 5 H 0.54% .0.62% .0.70% Fa
0.78% ., A MRBRIEIA TR (9~15 AR, L0~ B i S &SN E&ER AR A H#R,
SRR 33 AR, EREM. 1) FARMFAMRE SAA KF3biE 2k EHHLRIKE F
HEWERH TR L ZE Y A (P>0.05), 5B, 0.62% SAA AEW-FH B L5
R HFREG(P<0.05), 2)10 4= 12 A#, Sxrmatg  XBEAESKE R ER S (P<0.05), 1
M &4 SAA KTFaR &, BT 2 &M FH(P<0.05);10 A#, 5 Ratgrt Xk a%
W f B KB R R (P<0.05) , LM & 4 M SAA K-F 038 &, B F K & 2 &I (P<
0.05), 3)20 A, 5B A4 ,0.62% SAA Bjs 4 = B EW BT K E R F R 0 (P<
0.05) ; B B, B8 & 7 R M SAA K894 3, 64~ R W ESBRAFRKAEZ ZRMEEL(P<
0.05) , 22 #= 29 FA# F R F R FE KT 69 SAA A6 5 = Rk L2 R EMIKERBRE
K EHRBERw(P>0.05), 4) F R ARE SAA K-F 3t 21 ~33 B2 R EW = FE
BRAREZA(P>0.05), ZEoFRPEGERLFREG S FRMER, BZREA BRESLF R
FAE SAA KF L 0.62%~0.70% H E .
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fyan 457 Fll Rama Rao 5" fff5x KW, K & WLk %0
LI A 7K 1 5 AR P A R TN K B IR A O
R, SN B K SAA AT LUAR & s il A=
RAERETIF AT AL B89 & & 7= a1l HLL AE Y &
TADRR , D/ GRS DA T 35 21 472 i 22 B A 1 H
. AREITFE 0, B R Sy B0 A 7 R R R G
A B, XA IR K S R T S
D0 4 e X 7 A A 7 PR RE AN A & IR A Al
MR R . 82 K R EHAE R R F R 7 E
e WA S AR IR R 3 107 B J5E BB 0 4 IR BE 0 5 LA
Kok B Fe SR A ot 30 3R T 0 T 3 R
SR, e BN T 22 K U XS SAA 45 &
FR . e, AT TR E T 22 KR AUE
RSBV (9~ 15 i i) T AR SAA T /KF-, O 3
I YA 2 K B X ) 5 s 94 P RS A T 2 0 ) R T ) 4
P SRS

1 #MR5FZE
1.1 R R8T

AR 50 1 B A B AR R IR K AR Y 9
JEL U 22 R R AR XS ST 240 1 REHLA A 4 4
H,gHoNMEL, HANER 10 B3, 5% HDL-
EAR(LE =99% ) & b 2F bk X S At it
PLNY/T 33—2004"" 4 4K 4 , K X 8 40 0. 54%
SAA JK -1 A 3 o, 2% B 5 4 AR R 43 i B
0.08% .0.16% 1 0.24% ) 7] 114 1k 5 2R 55 & 2 i
KA AT R, A UL SAA TR (SZIAE ) 23 ) K
0.54% .0.62% .,0.70% 1 0.78% , & W Filr= %%
SO0 B v W U SR R AR 1) K - B AR, LA
NY/T 33—2004"" bRl #E 47 4 R fc o, A HOR &,
AR AL RN R B R A DL 36 1, 1l 3R R 00 7 v
Ml R 2 O 50 5 I R, R 5 o 7
(9~15 Jali) 5 Jo 2L 0 Fo 7™ £ 01 0 7 2 vy e 30 4% 4
SR AR R AR R g2 51 33 Jal i A .

®1 ARERREFKTE (KT EA)

Table 1

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

T (9~ 15 JARY) AL SAA 7KK
Dietary SAA levels during growing period
(9 to 15 weeks of age)/%

gE|
Items

g UEE 3]
(21~33 Jali)
Peak laying period
(21 to 33

Tty HE 4
(16~20 Jiik)
Pre-laying period
(16 to 20

weeks of age) weeks of age)

0.54 0.62 0.70 0.78
JEkl Ingredients

F % Corn 64.25 64.25 64.25 64.25 68.25 65.77
/A %k Wheat bran 9.50 9.50 9.50 9.50

B¢ 5 M Dehulled soybean meal 23.00
A Soybean meal 19.00 19.00 19.00 19.00 22.80

i ¥ Limestone 1.40 1.40 1.40 1.40 6.40 8.80
WM 245 CaHPO, 1.80 1.80 1.80 1.80 1.70 1.60
i NaCl 0.30 0.30 0.30 0.30 0.30 0.30
e ZHURAL Vitamin premix” 0.04 0.04 0.04 0.04 0.03 0.03
ﬁ i ej:/i?: Iféjjemixz) 0.30 0.30 0.30 0.30 0.30 0.30
DL-TE% R DL-Met 0.08 0.16 0.24 0.12 0.10
iR Lys (65%) 0.05 0.05 0.05 0.05

IR Thr 0.10 0.10 0.10 0.10

FALHEAE Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10
K5l Soybean oil 2.00 2.00 2.00 2.00

WA K Zeolite powder 1.16 1.08 1.00 0.92

41t Total 100.00 100.00 100.00 100.00 100.00 100.00
B35 /KF Nutrient levels”

MEMA T CP 14.89 14.97 15.05 15.13 15.52 15.95
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T (9~ 15 JAkY) AR SAA 7KK
WA Dietary SAA levels during growing period
(9 to 15 weeks of age)/%

Items

T #3)
(16~20 J#%)
Pre-laying period
(16 to 20

L=
(21~33 Jii%)
Peak laying period
(21 to 33

weeks of age) weeks of age)

0.54 0.62 0.70 0.78
fRi5H8E ME/ (MJ/kg) 11.80 11.80 11.80 11.80 11.30 11.26
5 Ca 1.01 1.01 1.01 1.01 2.90 3.79
MBE TP 0.69 0.69 0.69 0.69 0.60 0.60
JEAE AR B NPP 0.44 0.44 0.44 0.44 0.39 0.40
FEE R Met 0.24 0.32 0.40 0.48 0.37 0.40
HEBR+F AR Met+Cys 0.54 0.62 0.70 0.78 0.64 0.66
&R Lys 0.75 0.75 0.75 0.75 0.75 0.83
R BR Try 0.17 0.17 0.17 0.17

JREMR Thr 0.63 0.63 0.63 0.63

1) 4 Z R B 8 T 5 i A $E it The vitamin premix provided the following per kg of diets; VA 8 000 IU, VD,
3 600 IU, VE 21 IU, VB, 3 mg, VB, 10.2 mg, VK, 4.2 mg, VB, 5.4 mg, VB, 0.024 mg,{ZiZ45 calcium pantothenate 15 mg, I
i folic acid 0.9 mg, =¥ & biotin 0.15 mg, #H nicotinic acid 45 mg,

2) i JC R PR R A BT 5o i B 2 fit The trace element premix provided the following per kg of diets: Zn 83 mg,Fe (as
ferrous sulfate) 66 mg,Mn ( as manganese sulfate) 80 mg,Cu (as copper sulfate) 6.8 mg,Se (as sodium selenite) 0.3 mg,I (as

potassium iodide) 1 mg,

3) AR+ M= R Ry SC g, HoAb Y A i3 {H ., Met+Cys was a measured value, while the others were calculated

values.

1.2 WEHER
1.2.1 AKHRE

WL £5 20 B85 X 1 it Fe otk 00, X500 DL & oy
PR AR5 T 9,10, 12 FI 15 JE S R M B M G i AR
R AN iR BRSO € N I s X | ES o a = |
(572 H R 2 & ( ADFI) P2 H 38 ( ADG) Fik}
HI(F/G) ., B MR 5645 95, 18 IR TR) 4 AR
GG Y BE (20,22 F1 29 JEY R ) 10 8 48 K
R B R, LA SRS I [ FE T % L8k,
1.2.2 =EMHE

B 58 45 S A WA [R) 78 3% K F 9 R
MR 15:30 FRIRUAR & A0 2, DL 52 R S
Gt = E A Y EE MY H R E R R
W (21 ~33 JAE) =R,
1.3 HEHH

K FH Excel 2016 #F 17 £ 4% #& 2, ffi F§ SPSS
20.0 GET B R % Bcis 17 GLM 4047, Rl Dun-
can [CIEHEAT 2 5 HAL, AR KR AR AN ™ 25 M BE Ak e
DL AR R 08 A, X 25 5 S s E AT
PUA M Hr, 45 8 <P AR HE TR ” (mean+
SE) UL B (B bREIR (SEM) R, L P<0.05 h 2%
SR ,0.05<P<0.10 A 25 W E Bl

2 ZHREHW
2.1 fAMRAE SAA KEXNERBB=REN
A KRR

e 2 ml 1, S5 X IE4(0.54% SAA 4H) ML,
0.62% SAA HH W (9~15 JIk) EX 14 H R
EE T ERS(P<0.05), [FFf 0.62% SAA HEX
LARBEAFH H I E YY) — e B La T H A
(P>0.05) , TMREINAE K SAA X S
(9~15 JEi) Mg 22 NG N AR AR T -2 H 3
FUBLEE HL 0 B 52 (P>0.05)
2.2 fAMRAE SAA KEXNERBBE=RES
FEMREREEKENZID

HH 3% 3 AT, 9 JAli | Bl 5 1R MR SAA 7K P11 42
SRR R R N (P<0.05) 5 A}, 5
XHERLHATEL ,0.70% SAA 4 E X 28 K BoA 1
Jn##(0.05<P<0.10) , 10 Fl 12 J&#, 5% B4
I ,0.62% 0.70% F1 0.78% SAA #HE XS 1A &
FH (P<0.05) , I H Bl A& AR SAA /KF 1 42
o, X R MR B (P<0.05), 10 AR, 5
SRR AH EE,0.62% .0.70% 1 0.78% SAA 4 EW
JIR K B B S N (P<0.05) , 3 ELIE % 1 M SAA
T3 R, B IR K B S e M N ( P<0.05)
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R2 ARARE SAA K EXMERBABEZREBE KRBT
Table 2 Effects of different dietary SAA levels on growth performance of Hy-Line

grey laying hens during growing period

WiH IR GLENES LA E T HRE R V¥4 H B B H
Items IBW/g FBW/g ADFL/g ADG/g F/G
IR SAA KT 0.54 728.83+13.24 1 226.30+37.13 61.69:3.62% 11.05+0.91 5.62+0.64
Dietary SAA 0.62 730.33%17.22 1 268.83+25.50 65.93+2.14° 11.97+0.57 5.51+0.13
levels/% 0.70 735.33%14.12 1 251.83+37.65 61.37+2.44° 11.48+0.64 5.36+0.25
0.78 746.33+20.45 1 265.30+31.17 62.66+2.34° 11.53+0.27 5.44+0.25
SEM 13.57 6.74 1.10 0.26 0.15
P {H P-value
A B Treatment 0.14 0.28 0.03 0.14 0.67
2% Linear 0.07 0.12 0.74 0.42 0.32
YK Quadratic 0.30 0.49 0.19 0.12 0.56

[ Z £ JH AR R E R s R RR 22 A B3 (P>0.05) , ANF/NE R RR 25 53 3 (P<0.05) . TR,
In the same column, values with the same letter or no letter superscripts mean no significant difference ( P>0.05), while
with different small letter superscripts mean significant difference ( P<0.05). The same as below.

R3 ARARE SAA KEXNERBABEZREBHENRERKENMW
Table 3 Effects of different dietary SAA levels on body weight and shank length of Hy-Line grey

laying hens during growing period

9 Ja iy 10 Jil iy 12 Jil % 15 Jil %
WiH 9 weeks of age 10 weeks of age 12 weeks of age 15 weeks of age
ftems KERREKE R BERE KT BERE KE RERE
BW/g TL/mm BW/g TL/mm BW/g TL/mm BW/g TL/mm
TR SAA AT 0.54  708.13 87.11 814.07° 93.27° 994.90" 99.87 1214.07 100.81
. 0.62 730.57 87.85 872.77* 95.09" 1 062.20° 100.95 1270.27 101.64
Dietary SAA
levels,/% 0.70 732.37 88.94 867.90" 95.20" 1 043.97° 100.52 1247.63 101.34
0.78 730.40 88.24 884.17° 95.39* 1 070.73" 100.26 1253.33 101.27
SEM 10.33 0.48 11.35 0.49 15.00 0.42 16.99 0.42
P {8 P-value
AbF Treatment 0.30 0.06 <0.01 <0.01 <0.01 0.33 0.13 0.56
£8Pk Linear 0.14 0.04 <0.01 <0.01 <0.01 0.70 0.21 0.52
¥ Quadratic 0.24 0.13 0.06 0.10 0.18 0.12 0.14 0.30

2.3 BERHRAMKRAR SAA KEWNBFEFEH  HWEREEZW(P>0.05),

BEZREBEKMERRNEI 2.4 BHRERARARE SAA KEXNFLEE~FH
HH2 4 nl A1, 20 JE#, SXTIEAIAH HE,0.62% BEREBFEMENEN
SAA s r= E M ENREKE B EHIN(P< SIS T 51 W= 5o i e N 117 N i N <

0.05) ; [Al i, b & A0 I R SAA K HI4R S, SAA X 21~33 IR 2 K EX = B 0 i %
SR EN R K E S &b (P< I(P>0.05); [[HF,0.62% 5, 0.70% SAA 4%
0.05) . 22 f1 29 J& &, F MM AMIB IR FEAY S F¥EE P H - EE M- ERE —ERE
) SAA X} e S = g L IKEXS AR E MR KE  LaTHEAY (P>0.05),
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x4 BHBARARE SAA KEXNEE~EHBZREBEK SR
Table 4 Effects of different dietary SAA levels during growing period on growth performance of Hy-Line grey

laying hens during subsequent laying period

20 i 20 weeks of age

22 JEli% 22 weeks of age 29 JE#% 29 weeks of age

i H

Ttems KT (S S a4 KT ES=aN} 3 KT ES=aN} 3
BW/g TL/mm BW/g TL/mm BW/g TL/mm
T WA SAA K 0.54 1474.21 102.88" 1 674.79 101.19 1 736.21 100.87
Dietary SAA levels 0.62 1 564.10 104.59* 1722.20 101.86 1 694.83 101.76
during growing 0.70 1515.73 103.02° 1719.47 101.29 1 679.37 101.13
period/ % 0.78 1 531.30 102.40° 1.722.03 101.83 1 705.80 101.24
SEM 22.23 0.50 26.30 0.46 26.16 0.45
P {H P-value
Qb FH Treatment 0.05 0.02 0.52 0.62 0.48 0.55
2% Linear 0.22 0.18 0.24 0.51 0.37 0.81
¥ Quadratic 0.10 0.02 0.40 0.88 0.20 0.38
x5 BHHRAKRAE SAA K EWNEETEHEZREB=ERENZIN
Table 5 Effects of different dietary SAA levels during growing period on laying performance of
Hy-Line grey laying hens during subsequent laying period

T H PRy SR H e RS
Items Average egg weight/g  Average daily egg production/g Laying rate/%
e e . 0.54 54.60+3.77 42.50£15.79 75.87+£27.14
'EJ,EY‘EH R SAA 7k$. 0.62 54.54+2.94 44.10+£12.00 79.18+21.20
Dietary SAA levels during
arowing period/ % 0.70 53.18+2.88 44.48+10.85 83.16+£19.26

0.78 53.46+2.83 42.67£11.94 78.87+£20.89
SEM 0.87 3.55 6.19
P {f P-value
AL Treatment 0.55 0.97 0.87
2% Linear 0.22 0.95 0.64
¥ Quadratic 0.85 0.64 0.54

4 VTSR, A B N

3 Wi TRHLAR S ZEHLRE , 22 BUAE 1 i 45 B . 25 B AIK, T 40

3.1 {AMRAE SAA KEXMERPBBZRES
A KEZBEHZME
FERAMRANIET B LT A SAAM 1 HAE N
FEMRRMEEAEREESERET R HE
MBS R L EEEEAEH ", B,
P& AR P F SN Y B R N 45 Y DL-
FBER WSEEARPRIELRVYM L-EARE, H
W DL 2R N FH 3R R T 4% 32 8 e, LI
AR A DL-EE 2 R AE A5 4, Hi A5
RIN,AE & IR v &R 2 W WS in K SF & T NRC
(1984) bk ] i 2 52 i PR XS A Kk e B AL A fig
1, Y A A R, B E R R E Y W

MOIGFEFN 40 ML A R -2 (IL-2) & & & BRI, 40
M TR E R, Ma 2 BF T kB, B AR
B FRK B $2 5, 38 J e X A e 1k e A5 2
Ftm, B R ILE AR AE BE ML T L 3E T e AN
B AR K, I H I 3 Hb 4 F iz 18 TR RE 2 RN
Uifig, MU UL ARG K& A K & F A, R
e R R LR A K R F e AR
RGEART i7y  fe i & G R, Liu & g R W,
FE 37 JEIUA 1 1 24 48 JENS TR AR rp b 7038 2 0 2 R
AR, FE R AR+ R 5 W LLE o 0.75
I, BEAS 35 O B XS A K M BE AV RDRE R FH AR
AR R R & N 0.75% T,
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EXTREAL (0.54% SAA) AH L, 16 2 K & AL )
T 54 0.62% SAA Tl i 4R s P H R E
Al B R SAA K SFEAYR S, 9 Al 10 JR i
XS IR B SRR N, 10 A 12 JA i B XS R
MR, M H 10 B RS AE B A Rk
Ak IR IS AN SAA AT LAY B Tk
HENAERK KT, D’ Agostini %5 T KT 7~
12 JE I 2 2 by TN 2 4 B XY Al A SAA T R i
I3 0.710% F1 0.706% ; RIEME %5 W gE 2 1
7~12 JE IS 5 L0 AR XS IR SAA R E =l
0.62% , L 5% 45 R34 5 A 50 45 AL AR AL, &6 45
S5 5T T 22 5 00 D DR AT BB R oh T 50 s 1 L AR
FAEIS AR TR BT 3 8, AR W), i 2 RS H
SRR AR TR SAA /K8 3 52 i FOF 35 H R &
i, H 0.62% SAAAENFHHREERES T
Hofth 3 41, [FlB 0.62% SAA 2 25 X8 4K kK & F1F
PR E THAMA, 256 A0 ESF U0
a5 B R A B 25 SRRl A, 5 B A L, 10 A
#,0.62% .0.70% F1 0.78% SAA 41§ 2% JK 5 X 1)
RE S IR K BE DL I 12 J5 IS Y 1A i 5L 4 1k 4R
o LR TR, R 2L K EXSH R (9~ 15 4
1), MR SAA JK - 4EFEAE 0.62% ~0.70%
B, AR R K B e i B B A MR T HL—
SE R I okt e B A R TR R A5 I, by b Ok i 2 K
BN T R DRRR R o R B AL T LR
3.2 BERHEEARASE SAA K FE3F 21 ~33 Fib
BEREBERKMTEZEEREN

A B 114 T AR 7 R A (R R 5 45 B KO-
SR Y TEIZ B Beds B T 5 A O, B R
VA 4 A KM T BB 7 A B A 7 i
KA, R 22 K XS B U A S R AL =
WFFE 13 B2, AT AWFIE & B, B XS & 4 M E K
BB A K & B I IR 5 2k vk R 5 A e
REDT . BRSO BRI R, R Y A AR P
JINIE 7K 198 57 1) 0 e 6% 5k A+  AE B B S IR RN
FRTIE A KPR 22 5 0 SR 7E R0 AR 77 AR 7
H B TR S ]l A [R] i i 45 R AR
MEFRIE 25 250 H2 0030 0 7 R4 A IR
PG Se A K B B B X P 22 Ak e, 38 i AR 3K
5 S 252 ZE X A B B8 P 0, FOBNAE R R [R] SAA
TRV XF BG5S R 22 3 22 L & 29
JE# X v R85 E B B s B R Y SAA UK P
R DG, s ol 190 7= 2 00 0 7= 2 v e 3 2 X 1 b

bk K . Da Silva %5V BF 5T & B, S A
R ALK SAA X 7= B MR B 23 38 WS 2252 M,
WA S0 R B A AT AR R ) SAA KA 4
Frel g m & A5 BRI E B Tl 1 5 XS A K
ORI B, (B X B XS 7= Ry B - | e A
A —EWTEZ WA b 21 ~33 J5 i}
EXG =R, RATA MR E LA Z MEE B
FHES HSXRAMLL,0.70% SAA HEWF-1Y
Hy= B A= E R A Mt s, = Rt
T 9.61% , Bl TA AR A 6] SAA ZKFXF & I 25 X%
T B R A 2 X e 23 4y AR M Rl R RE 2 AE
X AT RESE T SAA B 37 B 43 A 3 78 (4 py st
TTHZE R, NG 27 7= & A8 DL RE 2 & 4%
YERTS

4 & ®

T =2 RS B B B, AR A [ SAA 7K
WEZMEARMRESERET., U FHHRE
i AREMRERKE IS RIS, 455 F U
F R R 7 R U I L K O I A K kR
HEPERE SRR, 0 ~ 15 Ji % i == JK B XS I i SAA
IKELL 0.62% ~0.70% HH.,
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Effects of Different Dietary Sulfur Amino Acid Levels on Growth and
Development and Subsequent Growth and Laying Performance of
Hy-Line Grey Laying Hens during Growing Period

ZHANG Jiatu GENG Shunju ZHAO Lihong ZHANG Jianyun HUANG Shimeng MA Qiugang”

( State Key Laboratory of Animal Nutrition, College of Animal Science and Technology, China
Agricultural University, Beijing 100193, China)

Abstract; This experiment was conducted to investigate the effects of different dietary sulfur-containing amino
acid (SAA) levels on growth and development and subsequent growth and laying performance of Hy-Line grey
laying hens during growing period. A total of 240 Hy-Line grey commercial laying hens of 9-week-old with
similar body weight and tibia length were randomly divided into 4 groups with 6 replicates per group and 10
hens per replicate. Hens in the control group were fed a basal diet with SAA level of 0.54% , and those in ex-
perimental groups were fed the basal diet supplemented with 0.08% , 0.16% and 0.24% digestible methionine
(replaced zeolite powder in each group in equal quantity ) , respectively. Dietary SAA levels ( measured val-
ues) in each group were 0.54% , 0.62% , 0.70% and 0.78% , respectively. The growing period was 7 weeks
(9 to 15 weeks of age). Then the same diet was used in the subsequent pre-laying period and peak laying peri-
od, and the observation lasted until the end of 33 weeks of age. The results showed as follows: 1) different di-
etary SAA levels had no significant effects on the final body weight, average daily gain and feed to gain ratio
of Hy-Line grey laying hens during growing period ( P>0.05). Compared with the control group, the average
daily feed intake of laying hens in 0.62% SAA group was significantly increased ( P<0.05). 2) At 10 and 12
weeks of age, the body weight of laying hens in experimental groups was significantly increased compared with
the control group ( P<0.05), which was linearly increased with the increase of dietary SAA level ( P<0.05).
At 10 weeks of age, the tibia length of laying hens in experimental groups was significantly increased compared
with the control group ( P<0.05), which was linearly increased with the increase of dietary SAA level ( P<
0.05). 3) At 20 weeks of age, the tibia length of laying hens in 0.62% SAA group was significantly increased
compared with the control group ( P<0.05) ; meanwhile, with the increase of dietary SAA level in growing pe-
riod, the tibia length in laying period showed a quadratic curve change ( P<0.05). At 22 and 29 weeks of age,
different dietary SAA levels during growing period had no significant effects on body weight and tibia length of
Hy-Line grey laying hens during subsequent laying period ( P>0.05). 4) Different dietary SAA levels during
growing period had no significant effects on laying performance of Hy-Line grey laying hens from 21 to 33
weeks of age ( P>0.05). Considering the growth and development during growing period and subsequent lay-
ing performance of laying hens, the optimal dietary SAA level of Hy-Line grey commercial laying hens during
growing period is 0.62% to 0.70%.[ Chinese Journal of Animal Nutrition, 2022, 34(8) :4969-4976 |

Key words: Hy-Line grey laying hens; growing period; sulfur amino acid; growth performance; sustained

effects
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