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The Effects of Feed Energy Level in Pullets on the Performance and Development
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ABSTRACT This study evaluated the impact of dietary energy levels on the growth and development of laying hens during
the rearing phases (starter, grower, developer, and pre-lay). A total of 504 Hy-Line Brown hens, starting at 3 weeks of age,
were housed in rearing cages from 3 to 16 weeks and then transferred to laying cages from 16 to 18 weeks, with a stocking
density of 0.075 m? per bird. Four dietary treatments were applied: control (Con), high energy (H; +100 kcal), low energy
(L; —100 kcal), and very low energy (VL; —200 kcal), with seven replicates per treatment. The results showed that hens
in the VL group had significantly lower body weights by week 5. However, no significant differences in body weight gain
or feed intake were observed between the Con and H groups throughout the study. The feed conversion ratio (FCR) increased
as dietary energy levels decreased in the L and VL groups. Abdominal fat was also influenced by dietary energy levels up
to week 16, and the H group reached sexual maturity earlier than all other groups. These findings suggest that optimal or
higher dietary energy levels enhance growth performance and development during rearing. Further studies are recommended
to explore the effects on laying performance, including age at first egg, peak production, and average egg production rates.

(Key words: pullets, energy, performance, layer hen, feed)

M B AABAE YepdTh L B = thBouvarel et al., 2011).
A o] ARt oy} 25, AW 5 4l

A

AHA ALV AEES FA A olA ulg- Fed BEE Al 739 g w3k mejsfjof drh(Kwakkel et al., 1995) A
AAR 3 ek At 507 AFEAl = Alg AT B W AL AR Ahte] Az 28 o || a7 F
et 54 AR ST AT S AA stow, 7hell ti-g-sted F7HAQ1 YA & Faote H sad A4
HToll= A 7|17 A BAS Aslksl] 93 55 AT < 3CKBarboza and Hume, 2006). L&} A x| Hlo] 33}
7F F7H e AT vk 53], §F IJAES 1007 Al e 75l 2ole] et el fHaste FAE
Bt 500709 Alghs AE = e ARHIE e A o] g 4= 9JTHCheng et al., 1991; Milisits et al., 2015).
= 532 43 gk dkele] Aibdd] Gk vXE F Al 471 Bt Al W dlyA] 52 §497] 4t
8 8]l F shbe SA4471 A7 A AR Al7lolth 58] & A o] Atm A B A S 93 nXith AR
471 ARAl ARl Slol 7V ek A2 A4de Aled € dyA e7Fs TFA1717] S8 AdH R A S
TS FA8ke o= defx ok 71& Aol = -8, & U] #F9 Alse AHEe daA7le
A, A= b A dA(SA7))olA B AT B2 WA, w2 ouR] ] AlsE HAHE SV A
s Blo] k] Hnbel] ZAA o &2 Ak 3 A0 <= Btk wepA] Als W oduR] 2 AAIE AAR

" These authors contributed equally to this work.
" To whom correspondence should be addressed : pesl778(@koreakr


https://crossmark.crossref.org/dialog/?domain=pdf&date_stamp=2024-12-31&doi=10.5536/KJPS.2024.51.4.195

196

=3
ol

£/97] A=A A= U] eluA

A WA= 2ol 7} @A E 4= AT Cherry et al., 1983;
Veldkamp et al., 2005). 221} A=Al §797] B<te] oA
Fol §471 A, A7) g, a3 A 27 ARk
Atel mA & 7] e daiA e s A7t 5 A
A7) A w3719k 4k
igg}t 7qo] .ﬂ/\xq o]alr_ Z]
g Ak 2719 ol|A] <
ok7F 1005774419 A4k
Me F7H A5 2
718} Ak 7] ALS ©

o -

o] 4 gelA k. 53,

L
N,
i
0,
1o
=2
_r_l"
ir
r:’,J
oft
Ho mlo‘“

o ue At 2 A

Table 1. Experimental diets and nutrient compositions
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1. SASE E AIFAA

AT = AR $47] odUA] el wE AL
9 S v walr] 8 359 Hy-line brown ¥ol2]E 504
nie] FAJsloH, 18ue]d] 7 RERo® 1pro] 4709] Ae
Tl F29] wiE| Bt Al Te duA] S Ve E At
S A4 sem, =& oUR|(H, +100 keal of ME/kg), LWt
AL ©[FA](Con), S oHA|(L, —100 keal of ME/kg), 1%
2 oJUR|(VL, —200 keal of ME/kg)Z 7334tk Con A}
859 oUx] FFe dAERE ojeiole] 2,960 keal, o}
2] 2,910 kcal, ZHo}2] 2,880 keal, 2FHol|¥] = 2,890 keal, A
T27]E 3,290 keal 2 A7 513t Table 1). YA 2 Con At
29| U] 452 commercial Hy-line brown "j7&olA A
Aol AR $471, AbbT] olUvR] Szl we Ak
Folslit). 353 HE 1555 712 & battery cages(750 x 600
x 400 mm)oll A ARSI oH, 16573 o] Foll= AHHA| battery
cages(600 x 625 x 450 mm)Z 7 ALk At Ad 7]
b Bt FARE g 2 golaiith AX W 2= 2 HE £

< commercial Hy-hne brown w-wel wel Al o,
HEE 50-60%% FAISIAT

¢

o r)L

Starter 2 Grower Developer Pre-lay

H Con L VL H Con L VL H Con L VL H Con L VL
Corn 643 653 659 593 676 691 640 568 751 684 619 556 63.1 653 632 593
Wheat Gluten 0.00 0.00 0.00 856 0.00 0.00 548 1460 0.00 7.72 14.36 18.64 0.00 0.00 4.00 9.76
Gluten 352 200 0.00 000 3.00 2.00 0.00 0.00 292 232 140 0.00 352 332 296 252
DDGS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 228 3.00 500 9.88 0.00 0.00 0.00 0.00
Soybean meal 244 264 292 273 232 244 26.1 242 155 144 132 119 211 21.0 205 19.8
Maifan stone meal 091 091 090 089 0.86 0.86 0.84 0.83 087 086 0.86 0.86 297 297 296 2.96
M.CP 1.52 152 148 148 148 148 144 144 128 124 120 112 144 144 144 144
NaCl 027 027 027 026 027 027 026 026 025 024 022 0.18 030 030 029 0.29
NaHCO; 020 020 020 020 020 020 020 020 020 020 020 020 020 020 020 0.20
Animal fat 332 1.88 0.64 052 208 044 040 040 040 040 040 040 396 2.00 1.00 0.40
DL-Methionine (98%) 0.19 020 022 022 0.4 0.15 0.16 0.16 002 003 003 003 013 013 0.13 0.13
L-Lysine-Sulfate (65%) 023 0.15 0.05 0.08 0.09 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vitamin] 0.15 0.1 0.15 0.15 0.5 0.15 0.I15 0.I5 015 0.15 0.15 0.15 0.00 0.00 0.00 0.00
Vitamin2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 000 0.00 0.00 0.15 015 0.15 0.15
Mineral 0.15 0.15 0.15 015 0.5 0.15 0.15 0.15 015 015 0.15 0.15 0.15 015 0.15 0.15
Crude protein, % 200 183 182 182 182 175 175 175 175 150 150 150 150 165 165 16.5
Metabolizable energy, kcal/kg 3,060 2,960 2,861 2,761 3,009 2,909 2,811 2,710 2,979 2,879 2,779 2,679 2,991 2,890 2,790 2,689
Calcium, % 1.05 1.00 1.00 1.00 1.00 095 095 095 095 090 090 090 090 250 250 2.50
Total phosphorus, % 0.69 0.67 0.67 0.68 0.72 0.65 0.66 0.69 0.74 059 0.63 0.66 0.68 0.62 0.63 0.65
Total lysine, % 1.11 1.00 1.00 1.00 1.00 0.89 0.89 092 090 0.66 0.66 0.66 0.66 0.78 0.78 0.78
Total methionine, % 0.53 050 0.50 050 050 044 044 044 044 030 030 029 029 041 041 041
Total methionine+cystine 0.86 0.81 0.81 081 0.81 0.74 0.74 0.74 074 057 057 0.57 057 070 0.70 0.70

H; high-level diets (+100 kcal of ME/kg), Con; normal level diets, L; low-level level diets (—100 kcal of ME/kg), VL; very low-level

diets (—200 kcal of ME/kg).
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£ A183te] &3 Ul T. chol(total cholesterol), TG(triglyceri-
de), GLU(glucose), TP(total protein), AST(aspartate aminot-

ransferase) ALT(alanine aminotransferase)E 213}

3) R4 Y| LT 5

ALz AFE A6, 12, 15, 177)0] A8z B A%
£10%¢) 8910 B3k ontel 2 ALshAT ol %, o] 4ts
BA(C0y) 712 ol §3l] FeLE AaAE 5 AT
Avsiel WAk Wado] m® AN HrA
2 v, de] 22 2489

a0

] e A1ZH(14:00)0l ERlSte] HHE-
3 IS 2akdP oz Yehhdth heke
WHEFERE A E ALSTR
Rom, AlLtdE-e Aol 50%
Aatd g o2 Jehyoleh

3. SAIXE

ARA dofxl BE ARES FA A4S Statistical
Analysis System(SAS release ver 9.4)2] General Linear Mo-
del(GLM) procedure & ©]-&3te] #4F B4& AAlst e
™, Z+ A2 FZF 52]4 2 Duncan's multiple test & ©]-8-3}
o 5% TelA FodS HAA e

a

Zat & nE

-

1. AHA

. O
A
e 9

R
o A 337

d

SIIERS

i

ArAIe] A B A ] m
= U2 ZtiTable 2). AlE
dAo] 7] AT AT 1 FeA A

A

D

3k A

|

A

20
T
3

R

oM

AteE AT A FelA e At A ] A, o
of et Als 8F-&(FCR)°] 7IA== A5 YET)
0ol 185 7HR1 9] §47] AT 2 FCR o] F 4bgh
AR olofA] = vl F83T Ak A FolH, o]AL Alm
AF = o] glo] ALk o) v DS AAEA T 3

Table 2. Effects of dietary metabolizable energy level during the
pullets and growing period (3 to 18 weeks of age) on
the growth performance of pullets

- Treatment _
Para- ek ssm P
meter H Con L VL value

3 206.06 20646 20597 204.77 0.544 0.174

Body 6 46543" 458.38" 452.00° 436.04° 3.055 <0001
weight 13 1,187.57 1,157.17° 1,11049" 1,071.85° 11.540 0.017
() 16 1,406.86° 140162° 1,371.21° 1,335.52° 10.524 0.001

18 L,628.51° 1,625.52° 1591297 1,549.67 9.753 <.0001

3-6 25936 251.92% 246.03° 231.26° 3.024 <.0001

Weight 613 72214 698.78" 65849 635.81" 10.829 <0001
gain  13-16 219.29" 244.45% 260.72* 263.67° 10.012 <.0001
(ghird) 1618 22390 221.65 220.07 214.14 6470 0.743
3-18 1419.06° 1,422.44° 138531° 134490° 9.744 <.0001

3-6 61411 617.07 609.53 613.73 2271 0.162
Feed 6—13 211942 2,180.65 2,148.20 2,139.96 24.738 0.385
intake 13—16 1,290.03° 1307.20° 1,35320° 1,581.52" 16.168 <.0001
(gbird) 1618 1,570.83* 1,545.28° 1,60231° 1,650.37* 16.329 0.001

3—18 5,675.75° 5,568.83 5,71325" 5,985.58" 29.859 <.0001

3—6  237° 245 248 265 0.027 <0001
FCR 6-13 295 3.12° 326 337" 0.051 <0001
(feed/ 13—16 598 536° 524" 6.03" 0202 0.017
gin) 1618 704> 701° 7.30° 775 0.193 0.043

3—18 4.00° 392° 413° 445 0.0252 <0001

H; high-level diets (+100 kcal of ME/kg), Con; normal level diets,
L; low-level level diets (—100 kcal of ME/kg), VL; very low-level
diets (—200 kcal of ME/kg), SEM; standard error of means.
¢ Means within the same row with different letters are signi-
ficantly different at P<0.05.



198

=3
ol

§447] A=A AR W R

THGuzman et al., 2015b). Leeson et al.(1993)2 o|U#] 3=F
o] & AIRE AHT 547 A= oyA ko] @
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14—-185% §47] AHHAo A olUA] 4~F(AMEn)< 10.88
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Frikha et al.(2009)2] ¢17tol] 2w, A5 9] o] 52
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ol ¥ dAF A} fAleITE HgE Guzman et
al.(20152)°] AFolME AFe] FLFS BE AR A A}
T W olgA] el mE Aol gl ole §471 4
Aol wddol AR YA FEe] Apolo =
A gom, A FF, A%, A 3 T3 2 TE
A= o3l 23dE F de= AR
5, 53] AAls LA olvR] A ES ek flal
Atg olUA] g mat A EFS 28shs e R delA]
Ut} Pérez-Bonilla et al.(2012)> AFR o|HA]7} 2,650 kcal/kg
oA 2,950 kealkg 2.2 Z7FaPA Aeks oux] F2S
) Stelel A H214e] 20k 2nshch £ Xin
et al.(2024)2] ATFNAM = 102157 LEo] =2 AHA] AL
F(2,900 keal/kg)E AFH T wf A o] ALPAIRE, A
AR 3t <5 olUA] AFE(2,750 kealkg)E A3 g
5ok frAkslGt ol S437] AAAIZE g CluA] A
A S HellA Al AFAEE 28 F dSS HoFrh
Hussein et al.(1996)-2 §737] vEAIE 45515 185) &< AL
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Table 3. Effects of dietary energy level during the pullets and
growing period (3 to 18 weeks of age) on organ index
and body size of pullets

Para- Treat- Weeks
meter ment 6 13 16 18

SEM  P-value

H  11.18% 16.92* 21.39° 21.54* 0.648 <.0001
Con 11.24° 16.60" 22.60° 2022° 0.562 <.0001
L 1048 16.85° 21.78° 2027 0.529 <.0001
VL 11.14° 14.38% 21.75* 21.23* 0467 <.0001
SEM 0376 0.513 0.632 0.655
P-value 0448 0.004 0.588 0.387

Liver

H 237 156" 148 133 0057 <.0001
Con 245* 1.57° 1.59% 125 0.051 <.0001
L 230 166° 156° 128 0059 <0001
VL 255 148™ 1.59° 137° 0.060 <0001
SEM 0.084 0.048 0.046 0.039
P-value 0219 0.090 0.297 0.174

Liver
(% of
BW)

H  236% 7.55% 3291 4775 2329 <.0001

Abdo- Con 1425 3.97% 2665 40.76* 2.543 <.0001

minal L 1.20%% 2.66°° 2425% 3748 1.673 <.0001

fatpad VL 076 0.95% 19.49% 37.97° 2101 <.0001
(8 SEM 0.163 0987 2368 3.536
P-value <0001 0.001 0.004 0.172

H; high-level diets (+100 kcal of ME/kg), Con; normal level diets,
L; low-level level diets (—100 kcal of ME/kg), VL; very low-level
diets (—200 kcal of ME/kg), SEM; standard error of means.
A7 Means within the same column with different letters are signi-
ficantly different at P<0.05.

2% Means within the same row with different letters are signi-
ficantly different at P<0.05.
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T3k B S22 giabgel 2 el @ frAl el
ofF kS mAIH, 53], BRAe At A4 d ~Eq
ol W3k =S 7713, HRkE FEE e ol
2}, ARt %seﬂ %% (Fatty Liver Hemorrhagic Syndrome,
FLHS)®] F& ¢AAx= Agatin Hislgirh
FLHS &4 7HA19] 97%0IA #egh B5A 4 3y
1 3L(Anene et al., 2023), ©|# 3t BEX|ke] &2 AL
e wTAA 3 7% Ash A3 O3 AlREE
x{—g]_ = o{q]x%o] /\gﬂﬂ z}oH_, J_F/H :l"q—(Shlnl et al.,
2019). whebs] ERAe] e ARl S agh A%
olm, F% 4hety] AL Hdste] ] Akl 4

—E“ ]7\1 1677 e|qA] ool] whE 55 A
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Table 4. Effects of dietary energy level during the pullets and
growing period (3 to 18 weeks of age) on ovary index
and follicle development of pullets

Weeks
Parameter Treatment SEM  P-value
6 13 16 18

H 0.00 0.32° 043° 0.63* 0.027 <0001

Con  0.00° 0.29° 044° 0.77° 0.042 <.0001

Ovary L 000° 028 040° 0.74° 0.027 <0001
weight | . ) )

© VL 0.00° 030° 040° 0.62° 0.035 <0001
SEM  0.000 0.016 0.021 0.061
P-value 1.000 0.294 0367 0.221

H 0.00° 0.00b° 1.00° 5.56* 0.501 <0001
Con  0.00° 0.00° 1.22° 8.11* 0.614 <0001
Follicle L 0.00° 0.00° 0.78° 9.67° 0.744 <0001
numbers VL 0.00° 0.00° 0.11" 6.00° 0.626 <0001
SEM  0.000 0.000 0.449 1.171
P-value 1.000 1.000 0.346 0.064

H - - - 1.95 - -
Con - - - 252 - -
Ovi.duct ) ) - 208 ) )
Wf;g)ht VL - - -1 - -
SEM - - - 1.017
P-value - - - 0974

H; high-level diets (+100 kcal of ME/kg), Con; normal level diets,
L; low-level level diets (—100 kcal of ME/kg), VL; very low-level
diets (—200 kcal of ME/kg), SEM; standard error of means.
24 Means within the same row with different letters are signi-
ficantly different at P<0.05.

1) S W dstst X|®
7371 AFA] ol w2 dA ) A5}t M= Table 5
of Jepiith g9 A& 253, A9, 24 2%, Al 5
o] M54 8217 FF, 4 T F74 aQlol] JgFs vt
= Ao F A Ut Wyss and Kaddurah-Daoukr, 2000). 2
& A3z} F3 Wl T. chol, GLU, TP, AST, ALTE 2E F5 o]
A )77t 27 Afelz) waER] g9tk TGY] 73-%- 165
ol et VLA 2] 77} H2} Con X 2]7tol] H]3) fejzoz ot
& Tﬂ HERASITE
Z thilg o ornnlyl FrEo R TAF o] glon o
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Table 5. Effects of dietary energy level during the pullets and
growing period (3 to 18 weeks of age) on serum
biochemical profiles of pullets

Para- Treat- Weeks
meter ment 6 13 16 18

SEM  P-value

F47] A Alg W dllvA]

H  145.04° 117.45% 109.61° 125.73° 4271 <.0001
Total  con 146,65 124.56° 116250 118.54° 4313 <0001

C}t“’lel' L 144.54° 124.06° 110.63° 113.90° 4.815 0.001
stero
(ng/ VL 145.68" 131.34™ 115.86° 121.19° 5.898 0.007

dL) SEM 6943 3468 4.496 3.790
P-value 0997 0.066 0.626 0.189

H 3721 68.14 3944 4285 8.996 0.077
Trigly Con 3834 6178 44.03" 4465 5692 0.050
ceridle L 37.76° 63.06" 34.96™% 41.78° 4.557 0.001
(mg/ VL 33.00° 36.94° 28.60% 3448 1787 0.020
dl) SEM 2122 10.152 3.487 4.190

P-value 0291 0.154 0.027 0351

H  259.10" 199.29° 247.71* 228.50° 5451 <.0001

Glu- Con 25593 199.23° 262.84° 221.95° 6.593 <.0001
cose L 255.59% 202.45" 244.18" 235.75" 8.456 0.001
(mg VL 25923 212.61° 238.28" 230.25" 5.642 <.0001

dl) SEM 5371 6.889 6.848 7302
P-value 0938 0482 0.095 0.616

H 3.60°  4.07°  3.68° 444 0.086 <.0001
Con  3.66° 407" 406" 430° 0.103 0.001

Tottafl 335° 396" 379" 445 0.087 <0001
otcin
I(J;/dL) 3.58° 398  3.87° 459" 0.105 <.0001

SEM  0.090 0.089 0.101 0.101
P-value 0.106 0.742 0.083 0.265

H 217.39" 273.44* 216.88° 225.61° 6.362 <.0001

Con 224.28" 273.66" 219.21° 22228 6.876 <.0001

AST L 220.71° 284.25" 219.53" 237.06° 8.532 <.0001

(UL) VL 23426° 291.25" 220.54° 220.16" 5.446 <.0001
SEM 4928 8859 6.515 6.707
P-value 0.111 0425 0982 0307
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(Alalade et al., 2007). Hussein et al.(1996)2] &A= 15

Table 6. Effects of dietary energy level during the pullets and
growing period (3 to 18 weeks of age) on age at Ist
egg and days to 50% production of pullets

H 227 2.00 224 220 0.135 0.509

Con 233 2.06 2.63 237 0.133 0.050

ALT L 2.13 1.96 233 226 0.146 0312

(UL) VL 2.16 212 2.12 211 0134 0.994
SEM  0.138 0.134 0.146 0.130
P-value 0.702 0.840 0.102 0.559

H; high-level diets (+100 kcal of ME/kg), Con; normal level diets,
L; low-level level diets (—100 kcal of ME/kg), VL; very low-level
diets (—200 kcal of ME/kg), SEM; standard error of means.
AB Means within the same column with different letters are signi-
ficantly different at P<0.05.

*7° Means within the same row with different letters are signi-
ficantly different at P<0.05.

Treatment Age at 1st egg Days to 50% production
H 136.43 142.8°
Con 137.57 143.7°
L 136.00 1445
VL 138.14 145.8°
SEM 1.041 0.766
P-value 0.452 0.047

H; high-level diets (+100 kcal of ME/kg), Con; normal level diets,
L; low-level level diets (—100 kcal of ME/kg), VL; very low-level
diets (—200 kcal of ME/kg), SEM; standard error of means.

*® Means within the same column with different letters are signi-
ficantly different at P<0.05.
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