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Effects of Nutrient Levels and Feeding Regimen of a.m. and p.m. Diets on
Laying Hen Performances and Feed Cost

K. H. Lee" and Y. S. Ohh
Department of Feed Science and Technology, Kangwon National University, 192-1 Hyoja 2-dong, Chunchon, Kangwon 200-701, South Korea

ABSTRACT : Two experiments were conducted to study the effects of nutrient level and feeding method of split diets
for am. and p.m. on laying hen performance, feed cost and eggshell quality. In experiment 1, 384 ISA Brown layers of 30~
38wk of age were assigned to four treatments which comprise of three replicates each containing 32 birds. The control(C)
was fed a conventional single diet throughout the day and split diet groups(T1, T2 and T3) were offered high
energy/protein-low Ca diets, and low energy/protein-high Ca diets in a.m.(04:00~15:00) and p.m.(15:00~21:00), respectively.
In the split diet groups, daily ME and CP consumption, and feed cost were significantly reduced(P<0.05) compared to the
C, while the hen-day egg production, average egg weight and daily feed intake were not different among treatments. Due to
the reduced daily ME and CP intakes and feed cost, the conversions of feed, ME, CP and feed cost required per day and
per kg egg mass were also significantly improved(P<0.05) in the split diet groups. Eggshell qualities(egg specific gravity, egg
breaking strength and eggshell thickness) were improved(P<0.05) by split diet feeding. As the Ca level of the p.m. diet
increased. In Experiment 2, 384 ISA Brown layers of 50~58 wk of age were used in three treatments and each treatment
was represented by four replicates each containing 32 birds. The control(C) was fed a conventional single diet throughout the
day and split diet group(T1) was offered high energy/protein-low Ca diets, and low energy/protein-high Ca diets in a.m.(04:00
~15:00) and p.m.(15:00~21:00), respectively. T2 group was fed the diet mixed (50:50) with the am. diets in mash and p.m.
diet in pellet used Tl group. In T1 and T2 groups, daily feed intake and average egg weight were significantly
reduced(P<0.05) compared to the C, while the hen-day egg production was not influenced by the feeding system. Daily ME
and CP consumption, and feed cost were reduced(P<0.05), and the conversions of ME, CP and feed cost required per egg
were also significantly improved(P<0.05) in T1 and T2, while the conversions of feed, ME, CP and feed cost required per
kg egg mass were not different to the C. Eggshell qualities of T1 and T2 were improved(P<0.05) compared to the others.
It was concluded the feed and nutrients consumption, feed cost per day or per kg egg mass could be reduced by introducing
split diets for am. and p.m. and the feeding method of mixed diet of split diets were also convenient and effective for sparing
feed cost and improvement of eggshell quality.
(Key words : split diet, crude protein, Ca, feed cost, eggshell quality)
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Table 1. ME, CP and Ca levels of experimental diets in
Experiment 1

a. m. diets p. m. diets

Treatments  ME CP Ca ME CP Ca
(keal’kg) (%) (%)  (kealkg) (%) (%)

2,800 16,5 35
2,560 151 6.5
2320 137 9.5
2,080 123 125

C 2,800 165 35
T1 3,040 180 05
T2 3,040 180 05
T3 3,040 180 0S5

2. NEEA W A-ALR

A8 1L Table 194 H &= v} Zro] o ZTFcontrol)+=
e At5e) T8 AlE BF 5U3 G B34
A 9 Wi E S F93 I, T T2 T3 .30
BaYA S WA R A CaTFA(M IS A LE n
NIA)-DHHA-ACaAlRE FI5IH 3, 5ol CadF
A& W&o 26](T1), 38(T2), 48i(T3)Z H7Hek Aol
A- AN - 1CaA 2 S FA3I e, FAE g = vt
5 3244 44 2] 3ntE o2 ghdgle] WX stgn) B AlY
A AFEE AIFALR B3-S U E 2 Alsdrle) A
AR & Table 2014 R ulel 2th A3 2% Table 304
BE vkel o] giZFcontrol)= LAY 930 BE Y
AR E Fo89a, T1S A Be)= AetA wigt
AtBONA Cad-FAN 2SS A Ao A)- 2 -A]
CarAleE Folatla, eFole Cad g4 Ux7HY 3

fir e jo

o

Table 2. Formula and chemical composition of experimental diets in Experiment 1

a. m. diets p- m. diets
C T1~T3 C Tl T2 T3
Ingredients(%o):
Yellow comn 63.00 68.39 63.00 57.61 5221 46.81
Wheat 5.00 5.43 5.00 4.57 4.14 3.71
Wheat bran 1.60 1.74 1.60 1.46 1.33 1.19
Soybean meal(45%) 11.00 11.94 11.00 10.06 9.12 8.17
Com gluten meal(60%) 5.00 543 5.00 457 4.14 3.72
Fish meal(60%) 5.00 543 - 5.00 457 4.14 3.71
Tricalcium phosphate 0.79 0.86 0.79 0.72 0.65 0.59
Limestone 7.89 - 7.89 1578 23.67 31.56
Salt 0.25 0.27 0.25 0.23 0.21 0.19
Vit.-min. premix' 0.20 0.22 0.20 0.18 0.17 0.15
Additive® 0.27 0.29 0.27 0.25 0.22 0.20
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition’:
ME, kealkg 2801 3041 2801 2561 2321 2081
CP, % 16.51 17.92 16.51 15.09 13.68 12.26
n-p-P % 0.25 0.27 0.25 0.23 0.21 0.19
Ca, % 3.55 0.60 3.55 6.50 9.45 12.40
Lysine, % 0.75 0.81 0.75 0.69 0.62 0.56
Methionine, % 0.32 0.35 0.32 0.29 0.27 0.24
Feed cost, won/kg 171.25 183.88 171.25 158.62 145.86 133.23

'Contained per kg : vit. Ks, 30,000mg; vit. By, 22,500mg; vit. B, 60,000mg; vit. Bs, 45,000mg; vit. Bi2, 225mg; biotin, 1,650mg; folic acid,
9,000mg; Fe, 40,000mg; Co, 300mg; Cu, 3,500mg; Mn, 55,000mg, Zn, 50,000mg; I, 600mg; Se, 130mg.

*Contained per kg : natural chitin/chitosan, 45,000mg(CP, 8% T; CF, 2% 1 ; moisture, 15% | ); fomic acid ammonium, 176.6g; formic acid,
49.5g; propionic acid, 41.2g; calcium binding factors 100g; plasma buffers, 120g; bone calcium regulators, 40g; carrier, 740g.

3Calculated values.
*n-p - P : non-phytic phosphorus.
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Table 3. ME, CP and Ca levels of experimental diets in Experiment 2
a. m. diets p- m. diets
Treatments
ME (kcal/kg) CP (%) Ca (%) ME (kcal/kg) CP (%) Ca (%)
C mash 2,300 16.5 35 mash 2,800 16.5 35
T1 mash 3,040 18.0 0.5 mash 2,320 13.7 9.5
T2* mash 3,040 18.0 0.5 pellet 2,320 13.7 9.5

* Diets for am. and p.m. were mixed in 50:50 ratio and fed together.
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Table 4. Formula and chemical composition of experimental

diets in Experiment 2

a. m. diets p. m. diets
C T1-T2 C T1-T2
Ingredients(%):
Yellow corn 63.00 6839 63.00  46.00
Wheat 5.00 543 5.00 -
Wheat flour - - - 7.63
Wheat bran 1.60 1.74 1.60 2.05
Soybean meal(45%) 11.00 11.94 11.00 7.12
Corn gluten meal(60%) 5.00 5.43 5.00 6.14
Fish meal(60%) 5.00 543 5.00 4.14
Bentonite - - - 2.00
Tricalcium phosphate 0.79 0.86 0.79 0.65
Limestone 7.89 - 7.89  23.67
Salt 0.25 0.27 0.25 0.21
Vit.-min. premix' 0.20 0.22 020 017
Additive’ 027 029 027 022
Total 100.00  100.00 100.00 100.00
Chemical composition™:
ME, kcal/kg 2801 3041 2801 2321
CP, % 16.51 17.92 16.51  13.68
n'p-P % . 025 0.27 025 021
Ca, % 3.55 0.60 3.55 9.45
Lysine, % 0.75 0.81 0.75 0.62
Methionine, % 0.32 0.35 0.32 0.27
Feed cost, won/kg 171.25 183.88 17125 145.86

'Contained per kg : vit. K3, 30,000mg; vit. B;, 22,500mg; vit. B,
60,000mg; vit. B, 45,000mg; vit. Bz, 225mg; biotin, 1,650mg; folic
acid, 9,000mg; Fe, 40,000mg; Co, 300mg; Cu, 3,500mg; Mn,
55,000mg, Zn, 50,000mg; I, 600mg; Se, 130mg.

*Contained per kg : natural chitin/chitosan, 45,000mg(CP, 8% 1 ; CF,
2% 1; moisture, 15% |); fomic acid ammonium, 176.6g; formic
acid, 49.5g; propionic acid, 41.2g; calcium binding factors 100g;
plasma buffers, 120g; bone calcium regulators, 40g; carrier, 740g.
3_Calcu1ated values.

“n - p - P : non-phytic phosphorus.
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Table 5. Effect of feeding split diets for am. and p.m. on

laying performance in Experiment 1

H-D' egg  Average Feed intake(g/day/hen)

Treatment production egg weight

(%) ) am. diets p.m. diets Total

C 90.42 62.17 - - 125.8

T1 89.51 61.91 56.80 63.61 1204
T2 91.04 61.51 57.83 64.65 1225
T3 89.57 61.35 58.21 66.16 1244
SEM 1.550 0.752 5.815 3.009  3.64
Significant NS NS NS NS NS

'H-D = Hen-day egg production.
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Table 6. Effect of feeding split diets for am. and p.m. on daily nutrients intake and daily feed cost in Experiment 1

ME (kcal/kg) CP (g) Feed cost
Treatment
a.m. diets p:m. diets Total a.m. diets p-m. diets Total (won)
C - - 352.4° - - 20.77° 21.55°
TI 172.7 159.9° 332.6% 10.18 9.44* 19.60% 20.35%
4y 175.9 150.1* 325.9° 10.36 3.88 19.21° 20.06™
T3 177.0 137.7° 314.7° 10.43 8.11° 18.54° 19.52°
SEM 17.68 7.96 13.29 1.042 0.469 0.783 0.796
Significant NS * * NS * * *

abyalues with different superscripts within the same row differ(P<0.05).
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Table 7. Effect of feeding split diets for a.m. and p.m. on nutrients and feed cost required per unit of egg production in Experiment 1

Per egg Per kg egg mass
Treatment
Feed (g) ME (kcal) CP (g)  Feed cost (won) Feed (kg) ME (kcal) CP (g)  Feed cost (won)
C 139.1° 389.6" 22.96* 23.82° 2.24% 6268 369.5° 383.2°
Tl 134.5° 371.6° 21.89® 22.73* 217 6005 353.8" 367.3*°
™ 134.5° 357.9% 21.09% 22.03% 2.19° 5821% 343.1% 358.4°
T3 138.8* 351.0° 20.68° 2177 2.26° 5719° 337.0° 3547
SEM 2.19 10.42 0.613 0.616 0.033 147.5 8.69 8.78
Sl@]lﬁcaﬂt * * * * * * * *

®"°Values with different superscripts within the same row differ(P<0.05)



Lee et al. : Nutrient Levels and Feeding Methods of am. and p.m. Diets for Laying Hens 201

Table 8. Effect of feeding split diets for am. and p.m. on
eggshell quality in Experiment 1

Egg specific  Egg breaking Eggshell

Treatment . 5 .
gravity strength (kg/cm’) thickness (xm)

C 1.0856" 331° 377.3°
T1 1.0874° 3.46™ 389.8°
T2 1.0883" 3.53° 392.5°
T3 1.0894° 3.72° 395.7°
SEM 0.00224 0.19 11.3
Significant * * *

*"“Values with different superscripts within the same row differ
(P<0.05).
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Table 9. Effect of feeding split diets for am. and p.m. on laying performance in Experiment 2

H-D' egg Average Feed intake(g/day/hen)
Treatment s .

production(%) egg weight(g) am, diets p.m. diets Total
C 84.04 65.76° - - 127.7°
Tl 82.74 64.04° 65.19 60.05 125.2°
T2 82.59 64.67" - - 125.3°
SEM 1.037 0.785 - - 1.17
Significant NS * - - *

*"*Values with different superscripts within the same row differ(P<0.05).

'H-D = Hen-day egg production.
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Table 10. Effect of feeding split diets for a.m. and p.m. on daily nutrients intake and daily feed cost in Experiment 2

ME (kcal/kg) CP (g) Feed cost
Treatment : A

a.m. diets p.m. diets Total am. diets p.m. diets Total (won)
C - - 357.8° - - 21.09* 21.87°
Tl 1983 139.4 337.6° 11.68 8.22 19.90° 20.75°
™ - - 3334° - - 19.65° 20.53°
SEM1 - - 3.33 - - 0.196 0.203
Significant - - * - - * *

** Values with different superscripts within the same row differ(P<0.05).

Table 11. Effect of feeding split diets for am. and p.m. on nutrients and feed cost required per unit of egg production in Experiment Z

Per egg Per kg egg mass
Treatment
Feed (gy ME (keal) CP (g) Feed cost (won) Feed (kg ME (kcal) CP (g) Feed cost (won)
C 152.0 4255 25.08"° 26.01° 2.31 6,476 381.7 396.0
Tl 1513 408.5° 24.07° 25.10° 2.36 6,378 375.8 391.9
T2 151.7 404.3° 23.83° 24.89° 2.35 6,250 3683 384.8
SEM 2.85 7.82 0.461 0.479 0.058 158.0 9.81 9.70
Significant N§* * * * NS NS NS NS

25 vValues with different superscripts within the same row differ(P<0.05).



Lee et al. : Nutrient Levels and Feeding Methods of am. and p.m. Diets for Laying Hens 203

Table 12. Effect of feeding split diets for am. and p.m. on
eggshell quality in Experiment 2

Egg specific  Egg breaking Eggshell
Treatment . 2 .
gravity strength (kg/cm®)  thickness( z m)
C 1.0859° 335 399.1°
Ti 1.0892° 3.57 419.3°
T2 1.0910° 3.55 415.9°
SEM 0.00207 0.31 9.8
Significant * NS *

**Values with different superscripts within the same row differ
(P<0.05).
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