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ABSTRSACT This experiment was conducted to determine optimum levels of dietary crude protein for productivity and egg
quality in laying hens during early stage. A total of seven hundred and twenty 24-wk-old Hy-Line Variety Brown layers were
randomly assigned to 4 experimental diets varying with 16%, 17%, 18%, and 19% CP and fed the diets for 12 wks. There
were no significant differences in egg production, daily egg mass and feed intake among experimental diets. Although no
difference was found on egg weight among experimental diets, decreasing levels of dietary crude protein tended to reduce
the egg weight. Haugh unit and egg shell quality were not affected by different levels of dietary crude protein. Although there
was no difference on yolk color among experimental diets, increasing levels of dietary crude protein slightly reduced the yolk
color. It is concluded that laying hens did not need more than 16% CP to maximize egg production.

(Key words : dietary crude protein levels, egg production, early stage, egg quality, laying hens)
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Table 1. Feed formula and chemical composition of experimental diets, as-fed basis'

363

Items Tl T2 T3 T4
Ingredients

Yellow corn 63.47 60.80 57.42 53.16
Soybean meal 14.00 15.78 18.68 20.69
Corn gluten meal 5.00 5.00 5.00 5.00
Canola meal 3.00 3.00 3.00 3.00
Wheat bran 1.38 - - 1.42
DDGS 0.62 3.00 3.00 3.00
Tallow 1.20 1.26 1.91 2.84
Poultry vitamin mix* 0.10 0.10 0.10 0.10
L-Lysine-HCI(78%) 0.21 0.14 0.04 -

DL-Methionine(98%) 0.11 0.07 0.04 0.02
Dicalcium phosphate 0.96 0.95 0.94 0.91
Limestone 9.36 9.35 9.33 9.33
Poultry mineral mix’® 0.15 0.15 0.15 0.15
Choline-C1(50%) 0.11 0.09 0.08 0.07
Salt 0.28 0.26 0.26 0.26
Phytase 0.05 0.05 0.05 0.05

Calculated composition

TMEn(kcal/kg) 2,850 2,850 2,850 2,850

CP(%) 16.00 17.00 18.00 19.00
CF(%) 2.72 2.74 2.78 2.89
Ca(%) 3.80 3.80 3.80 3.80
Available P(%) 0.25 0.25 0.25 0.25
Lysine(%) 0.86 0.86 0.86 0.88
TSAA(%) 0.71 0.71 0.71 0.71

"'T1, CP 16%; T2, CP 17%; T3, CP 18%; T4, CP 19%.

2 Vitamin mixture provided the following nutrients per kg of diet :
40 IU; vitamin Kj, 24 mg; vitamin B;, 12 mg; vitamin B,, 5 mg; vitamin Bg, 3 mg; vitamin B, 0.02 mg; biotin, 0.07 mg;

pantothenic acid, 10 mg; folic acid, 5 mg; nicotinic acid,

* Mineral mixture provided the following nutrients per kg :

mg; Se, 180 mg; I, 15 mg.

o7 Foa9S AF 104~107 g9 AFRE AFHgcha o
2131, Wu et al.(2005)S ZtHa 2 104 TS 14%0014 16%

2 37Vslle A5 Ats AFA S 1029 gow 105.6 go. &2
Felgt zlo] glo] FUlsltia Buslk £ Ao 2
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40 mg.

vitamin A, 14,000 IU; vitamin Ds;, 3,000 IU; vitamin E,
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Table 2. Effect of dietary crude protein levels on egg production in laying hens during early stage'

Items T1? T2 T3 T4 SEM p-value
Feed intake(g/day) 104.06 107.54 107.41 104.79 4.99 0.9421
FCR(feed : egg mass) 1.99 2.04 2.05 1.99 0.14 0.9874
Egg production(%) 94.78 94.68 93.08 93.77 0.54 0.1249
Egg weight(g/egg) 56.71 57.17 58.73 57.87 0.58 0.1159
Egg mass(g/day) 53.76 54.14 54.56 54.28 0.57 0.7923

! Each least squares mean represents 9 cages with 20 birds per cage.

2 T1, CP 16%; T2, CP 17%; T3, CP 18%; T4, CP 19%.
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Fig. 1. Effect of dietary crude protein levels on change of body weight in laying hen during early stage.'”
' Each least squares mean represents 9 replicates with 4 birds per replicate.

2 T1, CP 16%; T2, CP 17%; T3, CP 18%; T4, CP 19%.

Table 3. Effect of dietary crude protein levels on egg quality in laying hens during early stage'

Items T1? T2 T3 T4 SEM p-value
Eggshell color 23.03 23.34 23.30 2435 0.50 0.2913
Haugh Unit 89.41 89.55 89.28 89.29 3.01 0.9999
Yolk color(R.C.F.) 5.50 5.57 5.49 5.36 0.27 0.9586
Eggshell thickness(0.01 mm) 33.51 33.45 32.86 33.61 0.50 0.7136
Eggshell strength(kg/cm?) 3.10 3.12 3.90 3.03 0.12 0.5511

' Each least squares mean represents 9 cages with 5 eggs per cage.

2 T1, CP 16%; T2, CP 17%; T3, CP 18%; T4, CP 19%.

Fo| S7kta skl en, ¢F9 5712 Haugh unit
Stk S5, ol el AAE el Hop
ATellA] 5ol A5 FelAQl Afel 7t vehA] edskem,
7ol wet 22778 Haugh unite] W87t YehbA] edst=
Aele 39ch

Pl 2ol

nawardana et al. (2008)%

) 2
Aol glo] frejH o 7-}513* ANE Bk 5
o} 2R 9 W 7bAl e xanthophylle] el 718 B2
kS W=d|(Karunajeewa, 1972; Masahiro et al., 1999; Mori-

hiro et al., 2001), B2 37| 4] xanthophyll EF°] E==4
2 09 % Be kSl A4s0] Ae Ag nelt
31 39 th(Karunajeewa, 1972; Liu et al., 2004; Prochaska et
al., 1996). T3t S44+= A= 20~25 mge] xanthophyll
S Ff3la 9l om(Sikder et al., 1998), Gunawardana et al.
(2008)¥} Karunajeewa(1972)% Zhd $5o] mp2 Gat
A Zpol & Abm W] S kel whE Aolet Aisisith
2 AT AR AlRe St AR aE e,

2R FE0) RS $55 990) SRR S5

Gl Wah aalel ool g A Aoz At

Bk

i
rht
g

W2k ol 9 el A9 2eua el Be feld

il



366 F474 T Agzr|e Al i 2dd

Fol7h UERA] eksieh. ZRhid o] S5l o)
Aol B BE AFE HaEle] YoB, YR
2T Folo] wWE felHe o]/t ek e
(Khajali et al., 2007; Novak et al., 2006; 2! 5, 1989). 18

o rn
oY

4o N 0
iy

¥

S 8 AR A A W el g
A Z@Y $Fo] w4 Fo| Wolilrhe HaE

o, o] 22 AFE W] TSAA : Lys W& 2ol
2} 3F3lth(Keshavarz and Nakajima, 1995; Keshavarz and
Jackson, 1992; Leeson and Caston, 1997).

¥ QoA Ael 77t ERA e thEu, Bl
EECH) 274 A B0 AFsHE Fo of el
FES T A8 2elA A A 3 g
I el 2 Ql Aol 7k YehA] @3ttt o2t d2te Kok
S o), SEAFLRZ(HR) 23 WA TH2012)0 AAE Fo
oAt ol wel LR 417l 105 g o] o] ol
2 FEORE 2719 ¢ 4 2L Fal
Z EAE 9 Aoer AlgHr)

1°§}7ﬂ\l

2

2 16%

~ _CI_DI_

AP e g 2716 glo] ZRhuld Se] mlAE
e 2ARFOR AR 27 AR U A% dd £28 A
AE A% BH oz Atk B4 BEE 27 Hy-
Line 247418 o] §3te] BAG BA 2] Aol o] BF 4
Aol 9uHE, W 2054 & 72058 Aol 25

At Al ALRE ofW] ARSSIgl o, AelgE At
<ol k=S AR £

FTo] A 9 F4 st nAe IS
ok AbE AFHEe A 21
o7k VA @¥gkont, el 16% &) 7o) 7
S AH S YIS Aol glo] e e
w2 oAl Apol7F vehdA] ehstont, 2 16% A
85 FAY AFol= e 95% FEE AT F e
Ars Bt @] A, 2 19%E AlelstaL, =
WA 16~18%0lA] AR o2 =718t AEFS He o)
S o] mhE frol Al Aol 7F A = 2k
2 o] 9lo] Haugh unit, &2t 77 B o] 4% =
W o] mhE Frol A Aol 7F A 9kt
ol A e o] mhE fo Al Aol7k A &

hi o] S7FE R W] dojAl= A
é}% %7&% —’F 2 ek Wb 2 Age F=AEES 22
T3kl Sl T8 olv|ieiK(Lys, TSAA,

(ibTs)
1=

ol
i

(a5

o

&
Rom o2 AN 2

N
)

_Q ro
B>

S whe A A2 9 FA0 vAE 9%
Thr) & A8k, AFE AF 2ol 105 g o]/de] 20|
g 2ol 6% FEoRE 2719 O A B F4
o Z

PJ009467)2]

Blair R, Jacob JP, Ibrahim S, Wang P 1999 A quantitative
assessment of reduced protein diets and supplements to
improve nitrogen utilization. J Appl Poult Res 8:25-47.

Duncan DB 1955 Multiple range and multiple F test. Biome-
trics 11:1-12.

El Zubeir EA, Mohammed OA 1993 Dietary protein and
energy effects on reproductive characteristics of commer-
cial egg type pullets reared in arid hot climate. Anim
Feed Sci Technol 41:161-165.

Grobas S, Mendez J, De Blas C, Mateos GG 1999 Laying
hen productivity as affected by energy, supplemental fat
and linoleic acid concentration of the diet. Poultry Sci
78:1542-1551.

Gunawardana P, Roland DA, Bryant MM 2008 Effect of
energy and protein on performance, egg components, egg
solids, egg quality and profits in molted Hy-Line W-36
hens. J Appl Poult Res 17:432-439.

Harms RH, Russell GB 1993 Optimizing egg mass with ami-
no acid supplementation of a low-protein diet. Poultry Sci
72:1892-1896.

Haugh RR 1937 The haugh unit for measuring egg quality.
US Egg Poult Sci 43:552-555, 572-573.

Hy-Line International 2006 Hy-Line W-36 Commercial Ma-
nagement Guide, 2004-2006. Hy-Line Int., West Des Moi-
nes, 1A, USA.

Karunajeewa H 1972 Effect of protein and energy levels on
laying performance of strains of different body weights.
Anim Prod Sci 12:385-391.

Keshavarz K 1984 The effect of different dietary protein



Choo et al. : Dietary Crude Protein and Egg Production 367

levels in the rearing and laying periods on performance of
White Leghorn chickens. Poultry Sci 63:2229-2240.

Keshavarz K, Jackson ME 1992 Performance of growing
pullets and laying hens fed low-protein, amino acid-su-
pplemented diets. Poultry Sci 71:905-918.

Keshavarz K, Nakajima S 1995 The effect of dietary mani-
pulations of energy, protein, and fat during the growing
and laying periods on early egg weight and egg compo-
nents. Poultry Sci 74:50-61.

Khajali F, Faraji M, Dehkordi SK 2007 Effects of reduced-
protein diets at constant total sulfur amino acids: Lysine
ratio on pullet development and subsequent laying hen
performance Am J Anim Vet Sci 2:89-92.

Leeson S, Caston LJ 1997 A problem with characteristics of
the thin albumen in laying hens. Poultry Sci 76:1332-
1336.

Leeson S, Summers JD 1987 Effect of immature body weight
on laying performance. Poultry Sci 66:1924-1928.

Leeson S, Summers JD 2001 Nutrition of the Chicken. 4th ed.
University Books, Guelph, Ontario, Canada.

Liu Z, Wu G, Bryant MM, Roland DA 2004 Influence of
added synthetic lysine for first phase second cycle co-
mmercial Leghorns with the methionine + cysteine / lysine
ratio maintained at 0.75. Int J Poult Sci 3:220-207.

Lopez G, Leeson S 1995 Response of broiler breeders to
low-protein diets. 1. Adult breeder performance. Poultry
Sci 74:685-695.

Masahiro T, Yamazaki M, Murakami H, Ishikawa S 1999
Effect of dietary fat on carotene content in egg yolk and
egg yolk color. Jpn Poult Sci 36:329-335.

Morihiro K, Yamazaki M, Murakami H, Tsuro M 2001 Effect
of dietary fat source on [(3-carotene content in egg yolk
and egg yolk color. Jpn Poult Sci 38:160-166.

NRC 1994 Nutrient Requirement of Poultry. National Acade-
mic Press, Washington DC. USA.

Novak C, Yakout HM, Scheideler SE 2006 The effect of
dietary protein level and total sulfur amino acid : lysine
ratio on egg production parameters and egg yield in Hy-
Line W-98 hens. Poultry Sci 85:2195-2206.

Novak CL, Yakout HM, Remus J 2008 Response to varying
dietary energy and protein with or without enzyme supple-

mentation on Leghorn performance and economics. 2.

Laying Period. J Appl Poult Res 17:17-33.

Parsons CM, Koelkebeck KW, Zhang Y, Wang X, Leeper
RW 1993 Effect of dietary protein and added fat levels on
performance of young laying hens. J Appl Poult Res 2:
214-220.

Perez-Bonilla A, Jabbour C, Frikha M, Mirzaie S, Garcia J,
Mateos GG 2012 Effect of crude protein and fat content
of diet on productive performance and egg quality traits
of brown egg-laying hens with different initial body we-
ight. Poultry Sci 91:1400-1405.

Prochaska JF, Carey JB, Shafer DJ 1996 The effect of L-
lysine intake on egg component yield and composition in
laying hens. Poultry Sci 75:1268-1277.

Roberts SA, Xin H, Kerr BJ, Russell JR, Bregendahl K 2007
Effects of dietary fiber and reduced crude protein on am-
monia emission from laying-hen manure. Poultry Sci 86:
1625-1632.

SAS Institute Inc. 2002 SAS/STAT User’s Guide: Version
8.2. SAS Institute, Inc., Cary, North Carolina.

Scheideler SE, Froning GW 1996 The combined influence of
dietary flaxseed variety, level, form, and storage conditions
on egg production and composition among vitamin E-su-
pplemented hens. Poultry Sci 75:1221-1226.

Scheideler SE, Jaroni D, Froning GW 1998 Strain and age
effects on egg composition from hens fed diets rich in n-3
fatty acids. Poultry Sci 77:192-196.

Shim MY, Song E, Billard L, Aggrey SE, Pesti GM, Sodsee
P 2013 Effects of balanced dietary protein levels on egg
production and egg quality parameters of individual co-
mmercial layers. Poultry Sci 92:2687-2696.

Sikder AC, Chowdhury SD, Rashid MH, Sarker AK, Das SC
1998 Use of dried carrot meal(DCM) in laying hen diet
for egg yolk pigmentation. Asian-Aust J Anim Sci 11:
239-244.

Sohail SS, Bryant MM, Roland DA, Apajalahti JHA, Pierson
EEM 2003 Influence of Avizyme 1500 on performance of
commercial Leghorns. J Appl Poult Res 12:284-290.

Wu G, Bryant MM, Voitle RA, Roland DA 2005 Effect of
dietary energy on performance and egg composition of
Bovans White and Dekalb White hens during phase I.
Poultry Sci 84:1610-1615.

A8 A FEA o]7F= 1989 4HeAI§ Alse] AEE



368 27 54

e

z719] Atg W 29 s e Al AN 2 F4 miAe 9%

2ol izl g el ol A4S A AT = <.
(A<= 2013. 10. 31 $=7: 2013. 11. 22, A€: 2013. 12. 4)



