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Studies on the Optimum Dietary Energy and Protein
Levels in Laying Hen
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SUMMARY

A total of 1,440 White Leghorn pullets hatched in summer and winter, aged 20 to 72 weeks
were fed 9 rations differing in dietary protein (13, 15 and 17%) and energy (2,500, 2,700 and
2,900 kcal/kg) levels for a period of 52 weeks in order to evaluate the optimum dietary energy
and protein levels for laying hens.

As metabolizable energy level increased from 2,500 to 2,900 kcal/kg of feed, egg production,
daily feed and protein intake and egg shell quality decreased, but reverse was true for the daily
energy intake, energy requirement and feed cost per kg egg, body weight gain, nutrients utiliza-
bility and abdominal fat accumulation, Egg weight, viability and egg yolk pigmentatior, .. re not
affected by the dietary energy level.

On the other hand, as dietary protein level increased from 13 to 17%, egg production, egg
weight, daily protein intake, protein requirement per kg egg anc ’ >dy weight gain icreased, but
daily feed and energy intake, feed and energy requirement per kg egg, egg yolk pigmentation and
dry matter utilizability decreased, and no significant difference in the feed cost per kg egs,
viability and egg shell quality was observed among dietary protein levels. However, the hens fed
15% and 17% protein diets did not show significant differences in egg production, egg weight and
body weight gain.

For the entire laying period of 52 weeks, metabolizable energy level of 2,500 kcal/kg of feed
and 15% dietary protein level were considered to be adequate to support the optimum produc-
tivity.

» BERABE LEAXR (College of Animal Husbandry, Kon-Kik University)
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/kg ) Rl ixls afsts @7 E0g 7t
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Kl osld HES b= dskdm sbgo
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1. HBRNE % B
FFERY —KRHKE 198245 3 505 1983
£5 A 3H7A], “XHABRS 19834 12 5 28 BYE]
19844 12 A 26 A 7HA] &% <53 Ago st
== 3o EE 20 843H 72847A 528
Mol A AR 34T i k¥ o] FEY

BB A Kt o,

2. HEBY

—XRAKAE Babcock, ZFx BN Shaver
F#te] AEsllIEEST &% 720854 #1,4408F
Rt g o, Al BLERI F—R#H ENR
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3. HEANE

BEste ok
4. HERRH

ARRS BREHEL 3@ RAtduvix ke (2,

500, 2,700, 2,900kcal/kg) &+ 3@ ERHEK
(13, 15, 17%) < HAaE IEHBEREY &
BME Fdow, £ REE 4KFE] REE 20

AReol EAY RBANY EARd SRS
B9 RRENS kel EEE Table 1604 B
whep e,

4 2720 §4¢ ER2ERRENY 2@ HBRT

Table 1. Formula and chemical composition of experimental diets

2,700

ME, kcal/kg 2,500 2,900
Items 13 15 17 13 15 17 13 15 17
Ingredients (%) :

Yellow Corn 57.0 54.2 51.4 60.4 57.6 54.7 63.8 60.9 58.0
Wheat bran 22.5 19.7 16.9 15.4 12.5 9.7 8.3 5.4 2.5
Soybean oil meal 7.60 12.3 17.0 9.2 14.0 18.8 10.8 15.7 20.6
Fish meal 3.0 4.0 5.0 3.0 4.0 5.0 3.0 4.0 5.0
Animal fat - - - 2.0 2.0 2.0 4.0 4.0 4.0
Limestone 8.5 8.45 8.4 8.35 8.3 8.25 8.2 8.15 8.1 -
Tricalcium phosphate 0.4 0.35 0.3 0.65 0.6 0.55 0.9 0.85 0.8
Vit.-Min. Mix.* 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Salt 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Antibiotics ** 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Total 100 100 100 100 100 100 100 100 100
Chemical Composition:
Metabolizable
energy, kcal /kg 2,501 2,501 2,502 2,701 2,701 2,701 2,901 2,901 2,901
Crude protein, % 13.46  15.57  17.41 13.52 15,55 17.23 13.43  15.44 17.30
Calcium, % 3.25 3.25 3.25 3.25 3.25 3.25 3,25 3.25 3.25
Phosphorus, % 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55
Costs, Won /kg 157.58  166.04 174.50 166.58 175.17 183.75 175.57 184.29  193.01

* Contained per kg : Vit. A 1,500,000 IU; Vit. D, 250,000 IU; Vit. E 250 1U; Vit. K; 250mg;

x* Contained per kg :

5. RRER

H#HRBE 2HA 2BRAWACA QM AFIH
Bl2o] RBES gz &
B 9 RefRTE:s —& BOkikd B

= RBfAMst 22

Vit. B,1,000mg; Vit. B;;1,000mcg; Cholinechloride 35,000mg; Niacin5,00C
mg; Ca phantothénate 1,000mg; Folacin 20mg; B.H.T'6,000mg; Mn 12,000
mg; Zn 9,000mg; Fe 4,000mg; Cu500 mg;I1250 mg ; Ca 7,150 mg ; UGF 200,000
mg

Kitasamycin 10g; Colistin sulfate 3g.

6. JREEE

ARRBET D 47T BT 70 BAS Kol REEA
B4 #3608 |/ENS WM wlA WBE
F WEsty SIS BREkd % PeacockIFRE
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EHE OB SREEES MED oS HEst
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NEBE ENAA Yolk Colour Fano 2 5p%
BEES WEY % BT AL S K
HMEY EREEES EHsldc

7. KB L (LRI

AEFEH] BERXVARE BAx) 7 A A
#RABB A BHY ERBL T2HE BEY
88y ftEsle 6BMe BMARS AL % 6
Al 2¥fmEkes RBRRST XEsigod, o
E,7H 2 Agd 3@ REEstg

ABER BE] —@Rae AOAC (1980)
geoll Ste] FHidtglm, el Auto Bomb
Calorie Meter & Wgshsct,

8. EMBAE
FARA% BTH & 2E% 8¥4 & 2%

o EGE £ER BRstd ERBES HEI
deon BREBL BR-BUM-RE-HH--=9
el BRE-AR D EEEY REd AR Ax
¥ EBRES FEsSd £#BEd B HEZ HH
St z, MR EREL HE FH BRI
ERd Me SR% RS sMEd HI K
B2 Rt

I &R & %

1. 5P

ESR IR Rl v ¥ BaE Al EH
Fo vzl HBWE Table 2014 ¥: upel 7
ol Rifelvi] 2,500kcal/ky, BAK 17% KH
AN 76 4%=2 743F oz R#ddx 2,900
kcal/ kg, BAK 13 % K¥eo|A 712 2gton]
BEM Hited AR BEs do(P(0,05),

Table 2. Effects of dietary energy and protein levels on the egg production and

daily feed intake.

Treatment Hen- day Ave. egg Daily  intake
- egg
ME CP product ion weight Feed ME CP
kcal/kg % % g g kcal g
2500 13 72.3 > 59.1 * 115.1° 287.8 15.5 ¢
2500 15 74.8%° 60.9 ¢ 115.2* 288.2 b 17.9 ©
2500 14 76.4 * 60.5 112.8 *® 282.2 * 19.6 *
2700 13 69.8 « 59,5 °b 111.4 % 301.0 ¢ 15.1 ¢
2700 15 74.5 60.5 ©4 111.0 b° 299.9 < 16.8 ¢
2700 17 73.9 * 61.0¢ 108.7 ¢ 293.5 b 18.7°
2900 13 67.9 ¢ 58.9* 106.7 de 309.5 ©f 14.3F
2900 15 72.3 > 60.1 & 107.5 ¢ 311.9 f 16.6 ¢
2900 7 73.3 ° 61.0 ¢ 104.2°¢ 302.3 de 18.0 ©
ME 2500 keal/kg 74,5 * 60.2 114.4 ° 286.1 * 17.7
2700 72.7 * 60.3 110.4 ® 208.1 ° 16.9 b
2900 n.2® 60.0 106.1 © 307.9 © 16.3 ©
CP 13 % 7.0 * 59.2 1.1+ 299.4 * 15.0 *
15 73.9 "% 60.5 ° 111.3* 300.0 * 17.1°
17 745 °® 60.8 ® 108.6 ® 292.7 ® 18.8 ©

* Values with different superscripts differ significantly (P <0.05),
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fartche] fRMo] 1) 2] kMo] 2,500, 2,700,2,900
kcal/kg 2 Bin¥s5 ENEL A3 BPsgs
bl o33t HRE ARl ux] ki) Wind5 &
PRdse] MA S k= Santana % (1968)# Carew
% (1980) o @MEole A=k ul, FER A KK
o] Wi EE ZRJl gledts Heywang
% (1962), Gordon % (1962), Lillie % (1965),
Morrison% (1970) ¥ Vohra % (1979)8 #i4%
Y fEgeulx] Kige] SBMYS-E ENRS B
;= Owings (1964) ¢} Doran % (1980)9] #4%
REAE o8 BRE bz gk

28ly EEEKRE 13, 15, 17%2 #myds
5 ERRT AR wolziAlql 15 %t 17 % ki
Mol 2 #87 ddded, o=d #Rve BHE
K¥eo] EY§ EMERT Egcs Quise-
nberry & (1960, 1962), Deaton % (1964, 1965),
Hunt % (1970), Doran % (1980) ¥ Keshavarz
(1984) o #&ret vd BRI, EAEKE
o] Wil EHE R’ glgddE Reid &
(1963), Adams % (1970) 2 Hamilton (1978)
%o #Eols HEY #RA

2.8 =&

KBRS T#HIIEL Table 204 2& u}
o} o] 58.9~61.0 gozy el #iml
HEMol EES A= (P<0.05), Rl Ak
( 2,500, 2,700, 2,900 kcal/kg) o] b= BB
Holl Z&7F slglch o123 BRe @Ru Ak
Bol giEcl B®E v[AA gt Gordon &
(1962) s} Lillie % (1965) o} @4 dxskx)
gk, ol A ko] Bud4F MEE #h dde
Santana % (1968) = Doran% (1980) 9o #i44]
= o9& BR4

a3y BAE K] #EmiEE FIEL I3HE
mete EEel YA 15 %8} 17 %kEMgE £
#27 gdddth o8 BREE BREOEKE) B
nEr-E SRES #MddctE Quisenberry%(19
60, 1962, 1964), Deaton% (1964, 1965) Do-
ran % (1980) ¥ Keshavarz (1984) %] ##s}
= vlsdt BREAIR BAEKREY o FREd
£ZR27} gdddte Owings (1964), Summers % (
1969), Fernandez % (1973) ¥ Hamilton(1978)
Fo sEole o8& KRS e

3. BREDR

1 B 8% BRERES RAdvx 2 EAH
BRgS Table 2014 B ulel 7o) EREEM
festeael Bl BEH UG (PC0.05),

AR b R Mol =] k¥ge] Bingde] et 181
BE ANERET ZAEERES A Bmestd
Anl dAFERE-L 03] Binstgod, faKS
o oA &80 100kcal /ky BmE43 1
H1&%E BEBRES 2.06 9 Rostged, !
BlagE R#EdUAZREL 5.46kcald 8
e Aoz vielgdel

o)} e HRE fARh o kiee] @i
+5% FAHBERES Rosiaal g9 oA BRE
2+ 9435kl ##AdE Bolton (1958), Hill(
1962), Y Foster (1968) 29 #&+e HRT &
B on fERtold ] Kigo] Binstd N ERES
BAstuk o] EEFERE R Fx7t gl o
A HFRES 4 #rlds TESsld
g JduxBEREST ®/indlctE Morris(1968),
Waring % (1968), Jackson % (1969) ¥ Vohra
£(1979) 9 #EstE & dAslE ERAG

¥ 18 18E B\, R#dvx 4 BAERR
£ fAkde BAHE Kigd K4 c EZRS o}
et HEEOl BE=lglAak(P0.05), A
HBERES JdUANERES ZAH 13% 15%
KER = & ZR7F dgle

4. BHERED EikgE MR

Rzl R BAEEKREC] FRERER, EIfky
E RBAAAERE, BAEERE ¢ AxEl 1]
e e Table 304 R: wuiel zo] mm
Rl et Rsd HRikel BEslgicr( P 0.05).

el R va]Kige] Bingel =e} R
ERE] oL HFESE @Al A Hatel A
B REAA ooked, EAE K] #Mmiel
et s FARERE] Al sEE g

ole} e KRE EM o oux] ko] Bingt
T+5 SIRERF] HFEFFsch= Heywang £(1962
), Gordon & (1962), Owings (1964), Lillie
(1965), Santana % (1968) ¥ Doran % (1980)
o @dol MmEbY BABEAMM] REERHo
£827F ¢lgichs Hamilton (1978) o #H&ste=
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Table 3.

Ef fect of dietary energy and protein levels on the amount of feed, energy,

protein and feed cost required per kilogram of egg mass

Treatment Requirement / kg egg Feed cost/
ME CP Feed ME CP kg egg
kcal/kg % kg kcal g won
2500 13 273 * 6,815 © 367 ! 429 *b
2500 15 2.5 ° 6,395 ** 398 4 425 =
2500 17 2.47 b 6,192 * 431 * 432 abe
2700 13 2.72 * 7,349 ¢ 368 °f 453 cde
2700 15 2.50 ® 6,740 b 378 ¢ 437 abed
2700 17 2.4 ® 6,598 b¢ 421 b 449 bede
2900 13 2,72 * 7,866 © 364 f 476 ¢
2900 15 2.51 P 7,269 ¢ 378 de 462 °f
2900 17 2.36-°¢ 6,847 © 408 b° 456 def
ME 2500 kcal /kg 2.59 6,467 * 399 429 »
2700 2,55 6,895 ® 389 46
2900 2.53 7,327 © 386 464 ©
CP 13 % 2,72 * 7,343 * 366 * 453
15 2.52 -° 6,801 ® 388 ® 41
17 2.43 ° 6,546 © 420 ¢ 445

* Values with different superscripts differ significantly (P<0.05),

g4 ¥ BRAAR, R EAEKR] 8
W5 FAREREC] HFH g Quisenbe-
rry % (1965, 1962), Owings (1964), Deaton
% (1964, 1965), Doran% (1980) Y Keshav-
arz (1984) %9 Mol A&}

EORkE R A BEREL o x| Kkise] 8
45 Emalgd xal ZFAE K] Binge] wtel
AE BEaEgdes BRAKERRES Rt x%E
Mdle 2R/ gz BABRKEC B#BingsE A
b @ st ge},

EkE FESE SR R¥dYx 9 &®A
HAk¥eo] 2,500kcal /kgs} 15 %Y w 425902
742 Aglosd RBeld x| Kise] Himdts+E AHA}
wmdlgds JBABRAKEMAA S Hitmd FEES ¢
X vt 15 %kBso A 441 o= 717 Hgich
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AR HARC2084 )Y BTH(728
£)7tAe mEF HmE U £FEL Tabled
ol B vle}

EEEge R#A o BEEKEC] 2,500keal
/kgst 13% = 269.1 §o = rhaHAg): 2,000
kcal/kgst 17%% = 337.8 go= 7}a wst
o= @miel #iteel FEol BEsHd(P
{0.05),

farthel Rffolix] 4 FaBEAREC #Bingel
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Table 4. Effect of dietary energy and protein levels on, the body weight gain and
viability.
Treatment Initial body Final body Body
weight weight weight Viability
ME Cp (20 wks) (72 wks) gain
kcal/kg % & g & %
2500 13 1437.4 1706.5 269.1 ® 89.4
2500 15 1461.5 1752.2 290.7 & 88.1
2500 17 1465.9 1746.4 280.5 ® 86.9
2700 13 1481.1 1767.1 286.1 * 86.3
2700 15 1478.3 1807.0 328.7 b 86.3
2700 17 1469.5 1800.2 330.6 t© 85.0
2900 13 185.2 1781.0 295.9 * 86.3
2900 15 1479.6 1814.4 334.8 ¢ 85.0
2900 7 1495.0 1832.8 337.8 © 88.8
ME 2500 kcal/kg 1454.9 1735.0 280.1 * 88.1
2700 1476.3 1791.4 315.1 b 85.8
2900 1486.6 1809.4 322.8 ® 86.7
CP 13 % 1467.9 1751.5 283.7 * 87.3
15 1473.1 1791.2 318.0 b 86.5
17 1476.8 1793.1 316.3 b 86.9

* Values with different superscripts differ significantly ( P<0.05 ),

o gme) #|instgdche Doran % (1980) ) #4&
o ¥ #RACh

HFEL 85.0 ~ 89.4 %A mERC &R}
glglen, Rel ] k%ol BEEEAYEMAE o
g el & R/ dddg) o=l BRE:E
M) oA Kio] Afrdd EEE )< ¢
skebs Lillie %(1965) o #i&ols o 2islx] =)
ol Vx| Kkige] BTS2 I WMl
Heywang % (1962) o] #i&els ol #EES e}
At

6. JPRE X SPEMERE

EEE 4084 & 3602 BT wHHsld &
SRgSERte] oluiA] ® BEHEKEC] SIRE =X
T B8 ditd BEY BRT Table 5o 2
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Table 5.

Effect of dietary energy and protein levels on the egg shell quality, egg

composition and egg yolk pigmentation

Treatment Egg shell quality Egg composition Yolk
shell shell shell wt.
ME Ccp break ing Yolk Albumin color
strength thickness /egg wt.
kcal/kg % kg /e pm % % . %
2500 13 3.7 393 *® 10.9 ** 33.6 66.4 8.9°
2500 15 3.9 399 1.1 33.7 66.3 8.4 %P
2500 17 3.8 393 *® 11.0 * 34.2 65.8 8.4°"
2700 13 3.7 383 ° 10.9 = 33.8 66.2 8.9°
2700 15 3.8 386 ° 10.7 34.2 65.8 8.6*
2700 17 3.7 385 ® 10.5 © 33.6 66.4 7.9
2900 13 3.7 385 b 10.7 = 34.1 65.9 8.8*
2900 15 3.5 387 ® 10.6 © 33.7 66.3 8.6
2900 17 3.7 387 ® 10.7 b 33.9 66.1 8.9°
ME 2500 kcal/kg 3.8 395 * 11.0 * 33.9 66.1 8.6
2700 3.7 385" 10.7 ® 33.9 66.1 8.4
2900 3.6 386 ° 10.6 ° 33.9 66.1 8.8
CP 13 % 3.7 387 10.8 33.8 66.2 8.8°
15 37 391 10.8 33.9 66.1 8.5 %
17 3.7 388 10.7 33.9 66.1 g.4"

+ Values with different superscripts differ significantly (P <0.05),

2 RHEY BEACES R#dd kXM= 2
£t dedxwt, BAE K] BnE4E QBT
Aa dojzdodd (PC0.05), °l3d RREES
Hk¥o] BmIFE RREAHY S4+FaE 9
o}z xanthophyll #ixgol Holzly] =l &el A
o2 AZ=c)

7. BRERAR

RERBT T qehd RABERY BREF
H®EL Table 64 Wi wvlel oo 4 B8
B, skt B oA FERE mEME #E
el HEio]l BEIRAARCP C0.05), BUK
Flpse Bmped 287F dddh,

AR @ vx] ki) BTEF &4y, 8

B, gkt 2 AAFBELS FA BsgA
W BARAASL Y @EE dehida dstd

el BAHKERC S EAHKE] Binds
§ mpe FARL FA Bostgdet 15%sH17
%KM = ZR/F ddxn, BEE, R, KAL
# 24 YA FEFL FEHEQEkES K B
By 9 ¥r ez velbyd

8. FEMAAR

BARAR BTH 4 2BYK s&4 BNy (E
B2 BHsld BERAAES KEd #Rc Table
T ek

zl9} ofa] ¥ ARS REYL EBEL 58.2~
60.4 %24 fARHY KRNI} BAEKE
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Table 6. Nutrients utilizability of experimental diets

Treatment Nutrients utilizability (%)
" Dry Crude Crude Carbohyd-
ME Cp matter protein fat rate Energy
keal / kg %
2500 13 70.8 ® 51.8 82.1°* 80.6 ° 76.0°
2500 15 69.6 2° 48.1 80.9 * 80.3 * 74.6°
2500 17 68.4 2 44.2 80.2 ® .81.0* 74.1°
2700 13 71.3 b¢ 4.8 88.0 b 81.6 ** 77.0¢
2700 15 70.4 ® 45.9 86.8 ® 82.9 bc 77.8¢
2700 17 70.4 ® 45.0 90.4 ©°d 83.3 ¢ 77.3 4
2900 13 75.5 © 53.5 91.2 d 85.9 ¢ 81.5f
2900 15 74.1 4 51.2 91.1 ¢ 86.1 ¢ 81.1f
2900 17 73.1 ¢¢ 48.1 88.6 © 86.9 ¢ 80.2°
ME 2500 kcal/kg 69.6 * 48.0 81.1* 80.6 ° 74.9°
2700 70,7 ® 45.2 88.4 b 82.6 b 77.4%
2900 74.2 © 50,9 9.3 © .3 © 80.9°
CP 13 9% 72.5 ° 50.0 87.1 82.7 78.1
15 71.4 ° 48.4 86.3 83.1 77.8
17 70.6 ® 45.7 86.4 83.7 77.2

* Values with different superscripts differ significantly (P<0.05),

Table 7. Effect of dietary energy and protein levels on the carcass yield and abd-
ominal fat accumulation

Treatment Live Carcass Carcass Abdominal Abdominal
fat fat
ME cCp weight weight yield weight %
kcal/kg % g g % & %
2500 13 1,823 1,061 58.2 76 4.17 *b
2500 15 1,794 1,080 60.2 63 3.51°
2500 17 1,785 1,078 60.4 63 3.52°
2700 13 1,827 1,092 59.8. 85 4.64 2t
2700 15 1,881 1,106 58.8 87 4,60 2b¢
2700 17 1,922 1,126 58.5 87 4.50 2b¢
2900 13 1,92 1,126 58.6 104 5.40 ©
2900 15 1,890 1,114 59.0 100 5,27 be
2900 17 1,873 1,110 59.3 .m 4,11 20
ME 2500 kcal/kg 1,801 1,073 59.6 67 3.73 *
2700 1,877 1,108 59.0 86 4.58 ®
2900 1,895 1,117 58.9 94 4.92°
CcP 13 % 1,857 1,003 58.9 88 4.73
15 1,855 1,100 59.3 83 . 4.56
17 1,860 1,105 59.4 76 4.04

+* Values with different superscripts differ si‘gnificantly (PC0.05),
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#ald BRE WA 4 Aoz dehydn,
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