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ABSTRACT

This study was carried out to investigate the effects of diverse dietary Ca levels and to deter-
mine whether bone mineral metabolism is influenced by the amount of dietary Ca when given a
choice of diets containing various levels of Ca. Forty Hy-line brown laying hens housed in separate
cages were fed self-selected Ca diets. Birds were allowed a 7-day adaptation period followed by an
8-day collection period. Feed and water were available for ad lsbitum consumption, Eggs and ex-
creta were collected at 6-h intervals during the day for mineral analysis. The Ca contents in ex-
creta and retained Ca in the body on egg forming day were proportional to the amount of daily Ca
intake. The retained Ca in the body were 0.97 g in control and 1.24~1.74 g in self-selected groups,
respectively. Daily Ca contents (%) in tibial cortex were not consistent with feeding time
intervals. The Ca content in tibial medulla in control group was lower than those of self-selected
feeding groups(P<.05). The medullary Ca content in all treatment groups increased from 10:00 to
16:00 in a day. Ca content in plasma was low between 10:00 and 16:00 and was high between 22:00
and 04:00 in the following day.

(Key words : self-selection feeding, Ca metabolism, Ca retention, tibia, plasma)
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Table 1. Dietary regimens for laying hens
Treatments Dietary regimens
C Control laying hen diet
T Self-selection among corn, soybean meal and limestone
T, Self-selection among corn, soybean meal, wheat bran and limestone
Ty Self-selection among corn, soybean meal--fish meal mix, wheat bran and lime-

stone

Table 2. Formula and chemical composition of experimental diets

Control Split diets

ftems diet Corn SBM? SBM+FM* Wheat bran Limestone

Ingredients;
Yellow corn 62.29 97.99 - - - -
Corn gluten meal 3.48 - - - - -
Soybean meal 12.54 - 97.99 81.72 - -
Fish meal - — - 16.27 - -
Wheat bran 11.81 - - - 97.99 -
Limestone 7.87 - - - - 100.00
Salt 0.25 0.25 0.25 0.25 0.25 -
Tricalcium phosphate 1.13 1.13 1.13 1.13 1.13 -
Vit.-min. mix! 0.50 0.50 0.50 0.50 0.50 -
Antibiotics? 0.05 0.05 0.05 0.05 0.05 -
Methionine 0.08 0.08 0.08 0.08 0.08 -
Total 100.00 100.00 100.00 100.00 100.00 100.00

Chemical composition;
CP(%) 15.00 8.79 44.48 46.37 15.1 -
ME(kcal /kg) 2,700 3,361 2,185 2,278 1,274 -
Ca(%) 3.40 0.36 0.65 1.18 0.42 38.00
Ava. P(%) 0.32 0.29 0.41 0.67 0.47 -

! Contained followings per kg : vit. A, 1,500,000IU; vit. Ds, 250,0001U; vit. E, 250IU; vit, Ks, 250mg; vit. By,
1,000mg; vit. Bjs, 1,000mg: choline chloride, 35,000mg ; niacin, 5,000mg: Ca-pantothenate, 1,000mg; folacin,
20mg: BHT, 6,000mg: Mn, 12,000mg; Zn, 9,000mg : Fe, 4,000mg: Cu, 500mg; I 250mg; Co, 7,150mg, UGF,

200,000mg.

% Contained 1% virginiamycin,

3 Soybean meal, ¢ ; Fishmeal,
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Ll
Jo

4 =N EE

1) SRR RL B 2} JER% B
s e MR ES

N

4 oI o] mje} pEa

5 75 el 4A e

2) & s

2t vl 24 2 vl AlEE %
5 Y 04:00~22:00747] 18A3LE ?l‘ 3AZE
2%, FARNN DFg 2

3
pad

o7 s A

A &3ttt

Heg F
‘_a
stof M

\1



o5

ojft

Aaetg L, ol Z Ale Tt BE AR E e &Y
AL WA st FAEH 13 9] 144
o Alge AL ¥ AF FATeEZA H

=2 At AFFL Adg F URE F3i50ch

3) &E BB

Clunies$} Leeson(1992 a) ] 2F&21& 2 & Ca
okl A gk 2 vjdEE wjdE BS et F
HES AT

4) BEA EE Y AR A

AYEAE 28 AF Thim# Coon(1990) o W&
o]l g3l 9& tibiag It 70C dry ovenol 48
A|ZHEet dry weight® 3% o BE
(cortex) T 38H (medulla) & sl3& w22 gt
F 8 B o3t

HAzE

Alazy-

: A2 2} AbghA| o Ca thA

5) Plasma 5]

ALE A HFY 04:000FE T3 04:004 744
24| 7F B2t 67 A0 HAS QA ol
golo Fga MY FAE ol gsted nilF T3
2.0 mLE B#kIA APslh APE FA] 41
WA B @s the 1412k olulol 3,000 rpm(4T)
oA 3087t YRSt plasma® AFSHA
(Hodges, 1970)

Abmel dudE 2 oo, AR, tibias) ZE
Aol FEshglth.

QLTS

Table 3. Effects of dietary regimens on calcium retention of laying hens on eggshell forming day'?

Control diet

Split diets®

Item

C Ty T, Ts
Daily Ca 4.81° 5.14° 5.51* 5.112
intake(g) +0.21 +1.40 +1.26 +1.23
Ca output 2.19° 2.39° 2.47% 2.51%
in shell(g) +0.06 +0.06 +0.04 +0.04
(%) 38.34% 38.63® 37.622° 38.68%
Ca output 1.65 1.18° 1.30b° 1.36°
in excreta(g) +0.09 +0.06 +0.07 +0.07
(%) 4.31° 3.93® 4.03%° 3.62°
Ca retained 0.97¢ 1.572% 1.747 1.24°
in body(g /d) +0.11 +0.29 +0.14 +0.17
Ca retention (%) 20.17 30.54 31.58 24.27

1 Mean +SE.

2 Figures with different superscripts in the same column are significantly different (P <0.05).

3 See Table 1.
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Table 4. Effects of dietary regimens on calcium retention of laying hens on non-egg shell forming day!?

Control diet

Split diets?

Item

C T T, T,
Daily Ca 3.81° 0.82* 1.50° 1.78
Intake(g) +0.29 +0.11 +0.25 +0.43
Ca output

in shell(g) — - - -

(%) - - - -

Ca output 1.66° 0.73° 1.11° 1.06°

in excreta(g) +0.29 +0.11 +0.25 +0.43

(%) 4.93 2.81¢ 4.01° 4.15°

Ca retained : 2.15% 0.09° 0.39¢ 0.72°

in body(g /d) +0.14 +0.04 +0.07 +0.09

Ca retention(%) 56.43 10.97 26.00 40.45
! Mean +SE.

2 Figures with different superscripts in the same column are significantly different (P<0.05).

3 See Table 1.



198 olg %

ojf

Hom HA dFshzs 4F(P<0.05) o1t A=
Zgo A THE(S98)L 2 4FHF] 234
277l 2.15 g(56.43%) 2.2 7% 2dtm Ty 77t
0.09 g(10.97%) o= 71 Fiew 2 A= delle
2|4 (P<0.05) 0] 1A= o] ek Aol = MR E
= gtz ZF 480 =UTh

ol ANEg T B o AFS BEREAT
A IR E S A AR FHR F4T fro
Zgo g a2 AW TRES 21 Aoz
e A o dojxe AEolded], ol i
BRARE) Rt ddsie] 283 Al Zg
< B0 AREA AHsIEEH Zgo] o] 8858 S =
o 4 U7 HE Aoz A

Clunies(1992a) & AHAIE ol&3te Zggod &
= A BHEER S AT A9 IpEE R S IEEA
Holl vigle Zdge] AU HTiEEC) 2o IuEk Mk
Bl Zgel FA5EE 2.5%00M 4.5%% ¥ &
S 1Y W TEES 1.45 gollX 2.35 go2 §9
Moz (P<0.05) #EmAth 3ty HEiERIM = o}
2 ztelzk Jlovt Zg HA #inol whg E3uE
o) Ee £ AE 4AT v APl kg
Clunies 5(1992b)-& ¥7& Bpgk(THK) z} gReup

DA E AR

2reA 9] Ca thA}

#(THN)-S Aarete AtaA 2A4% 2+ 10545 A
wsled Ca 3.5%, P 0.44%E F3staA] A EE
AA T A3} gskA D E-S THNo) 1.28 g(Ca¥l
£ 37.8%), THKo] 2.33 £(38.1%)°19loH 29
AN BIEES RTAS Agle] IR I
BB Hsle wodtin Baste] B Alg 483
H)Z=3F A go|th. Lennards 5 (1981) = 4§ F
25 3.4%%04 6.4%= #hA71E 2] A Fik
52 1.87 gollA 3.25 go 2 ety & 2 AlE
AF 2} vl ek AES B b ok

9. BS Y PlasmaollM2] ZhE(LH

1) BE % Plasmajy &5 28

Aol 279 2o AUl oAl FHS KE (-
bia) 3} plasmaell FHE ¢S vng 432 Ta-
ble 59} 2t}

A7) 8Y B9k AlY EiB T EERE S BF
Z83 A 385 (T3 Teoll A Al 58o] B8 2
- A9) e A3 A F gEL d2wH1Y 3T
1.56 go2 71 gskon thgo] Tyt 1.42 g, Tett
1.40 g, Tr* 1.12 g ol 2 To7-9F ok X2 At

Table 5. Effects of dietary regimens on Calcium content in tibia and plasma of laying hens

Control diet

Split diets?

Item
C T T, Ts SEM?
Overall Ca retained
(g/d) 1.56° 1.12° 1.40° 1.422 0.1027
Ca in tibia
< in cortex > (g) 3.06° 2.912b 2.89° 2.922b 0.0758
(%) 19.36* 18.92b* 18.70° 19.17%% 0.1816
< in medulla >
(g) 0.33 0.33 0.35 0.34 0.0080
(%) 6.92° 7.18:® 7.33% 7.417 0.2328
Ca in plasma
(mg /100mL) 22.48 16.84° 19.94° 20.33° 0.5943
! Mean +SE

2 Figures with different superscripts in the same column are significantly different (P<0.05).

3 See Table 1.
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Table 6. Change of Ca content in tibia at 6-h intervals during a day*

Control diet

Split diets?

Times SEM
C T T, Ty

ersesenrresrassaranessaaarascsansren Cortex Ctieecarrrananassssnen vesssssssns

04~10 (%) 20.46 18.02° 18.89° 19.75° 0.3735
(g) 3.31° 2.77° 2.91% 3.01* 0.0765

10~16 (%) 19.85* 19.53 17.62° 19.15% 0.5974
(g) 3.112 3.00° 2.72 2.92° 0.2607

16~22 (%) 18.12° 19.45% 19.45° 19.007 0.4064
(g) 2.84 2.99 3.00 2.90 0.1234

22~04 (%) 19.02 18.66 18.83 18.76 0.3200
() 2.98 2.87 2.90 2.86 0.1597
Average(%) 19.36* 18.92 18.70° 19.17% 0.1816
(g) 3.06° 2.91% 2.89° 2.92% 0.0758
Meulla  +eeeerrerrereennacees

04~10 (%) 6.34% 7.65 5.59 5.88° 0.4144
(g) 0.30% 0.35* 0.26° 0.27° 0.0221

10~16 (%) 7.87° 7.90° 8.43 8.68° 0.3310
(g) 0.38 0.36 0.40 0.40 0.0087

16~22 (%) 6.80° 6.61° 7.39% 8.442 0.3515
(g) 0.33 0.30 0.35 0.39 0.0821

22~04 (%) 6.68" 6.54° 7.90°7 6.630 0.3914
(g) 0.32 0.30 0.37 0.31 0.0237
Average(%) 6.92° 7.18® 7.33 7.412 0.2328
(g) 0.33 0.33 0.35" 0.34% 0.0080

! Figures with different superscripts in the same column are significantly different (P<0.05).

2 See Table 1.
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Table 7. Change of Ca content and pH in plasma at 6-h intervals during a day!

Control diet

Split diets?

Times C T T, T3 SEM
Calmg /100mL) -+ reeeesmresvam i
04~10 24.50° 19.69° 22.30° 22.53° 0.5753
10~16 18.20* 13.81¢ 15.12° 17.34° 0.3004
16~22 21.36° 14.27¢ 17.50° 16.51° 0.0429
22~04 25.86° 19.59° 24,86 21.93 0.2572
Average 22.48° 16.84¢ 19.94° 20.33° 0.5943
04~10 8.63 8.52% 8.57% 8.41° 0.0630
10~16 8.58 8.51 8.57 8.76 0.0415
16~22 8.37 8.34 8.51 8.36 0.0473
22~04 8.18° 8.51° 8.51% 8.61* 0.0782
Average 8.44 8.48 8.51 8.54 0.0943
! Figures with different superscripts in the same column are significantly different (P<0.05)
2 See Table 1.
thal B gk b gl 10:00 ©] % 16:00 Ale]oll i@ == &l

=)

Eoiged] THAIEE EEE HEKRE RS W %
S ko HFE Zwol mANoilA IR &
Hato] oG A A o] §H =71 FHE7] Asked 40

# 9] Hy-lineAE Z4aaA 4058 SHE Aol
Retell 1574 &, 2] Al %* dE ]
BREES 42 Fo, 8T ARG A E T (cfuAte 7
o) Zgo] PetE 2 AN HEE, BEH plasmaR
frE 2 FAE 52 2ABIETh s B ol A3
| Zgo] AFoz ujldd & A FHE F
A F] NAZ vlelshe AFoIUT, S At
B Pz F98 =T e 24 glEiRer g &
BRAR7T dEe #A ¥$§§°l 2o (P<0.05).
W EES HEN TF EHES 1Y9F Ao o
2 Qg F k] ol té‘ﬁﬂL Ao, BHEN Z
F g 74 Hg 25 gpEse] d8EE 16:00
o]ZRE] T3 10:00 Aloldl wlwz Hrirh
10:00 °]%F 16:00 Atoldll HEhn=le E3d& BRI,
plasmatl Zg SRS 28 A2 7oA SRRl
AP = 22:005%E T2 04:00 Afololl Etrirt

(%3] @ EBRE, Zaia, 2N, HS“:”E’;‘, il
4%)

0 =
SELE

ok

AGRISP 1985 Rural Development Admini-
stration’s AGRISP program. South Korea.

Baird TR, Reid J, Kennedy SH, Solomon SE
1980 The effect of mercury ingestion on the
avian oviduct. In: Electron Microscopy, Vol
2, Pages 411-415. Brederoo P and De
Priester W ed.

Buss EG, Merkur P, Guyer RB 1980 Urinary ex-
cretion of calcium in the presence or ab-
sence of shell formation by chickens pro-
ducing thick or thin shells, Poultry Sci 59 :
885-887.

Clagett CO, Buss EG, Tamaki Y 1977 Egg shell
quality : calcium metabolism in thick and
thin shell genotypes. Poultry Sci 56 : 703
(Abstr).

Clunies MD, Leeson S 1992a Calcium and phos-



202 olgs T AN AbhA 9] Ca thA

phorus Metabolism and eggshell formation
of hens fed different amounts of calcium.
Poultry Sci 71 : 482-489.

Clunies MD, Park OO, Leeson S 1992b Calcium
and Phosphorus metabolism and eggshell
thickness in laying hens producing thick or
thin shells. Poultry Sci 71 : 490-498.

Comar CL, Driggers GC 1949 Poultry Sci 109 :
282.

Dove WF 1935 A study individuality in the
instincts, and of the canses and effects of
variation in the selection of food. Animal
Naturalist 69 : 469-544.

Frost TJ, Roland DA 1991 The influence of vari-
ous calcium and phosphorous levels on tibia
strength and eggshell quality of pullets dur-
ing peak production, Poultry Sci 70
963-969.

Graham JC 1934 Individuality of pullets in bal-
ancing the ration. Poultry Sci 13 : 34-39.
Grunder AA, Guyer RB, Buss EG, Clagett CO

1980 Calcium-binding proteins in serum :
Quantitative differences between thick and
thin shell lines of chickens, Poultry Sci 59 :

880-884.

Hodges RD 1970 Blood pH and cation levels in
relation to eggshell formation. Anim Bioc-
hem Biophys 10:191, 200-213

Holcombe DJ, Roland DA, Harms RG 1975 The
ability of hens to adjust calcium intake
when given a choice of diets containing two
levels of calcium, Poultry Sci 54 : 552-561.

Hughes BO 1972 A circadian rhythm of calcium
intake in the domestic fowl. Brit Poultry
Sci 13 : 485-493.

Lennards RM, Roland DA Sr 1981 The influence
of time of dietary calcium intake on shell
quality, Poultry Sci 60 : 2106-2113.

Mongin P, Saveur B 1974 Voluntary food and
calcium intake by the laying hen. British
Poultry Sci 15 : 349-359.

Mongin P 1980 Proc Univ of Florida Nutr Conf
213-224.

Mueller W] and Brubaker RL 1969 Egg shell
formation and bone resorption in laying he-
ns. Fed Proc Vol 28(6) : 11-12.

Rao KS, Roland DA SR 1990 Influence of Diet-
ary Calcium and phosphorous on urinary cal-
cium in commercial Leghorn hens. Poultry
Sci 69 : 1991-1997.

Solomon SE 1975 Studies on the isthmus region
of the domestic fowl. Brit Poult Sci 16 :
225-258.

Summers JD and Leeson S 1985 Poultry nu-
trition handbook Page 83, Univ of Guelph,
Ontario, Canada.

Thim GN and Coon GN 1990 Sensitivity of vari-
ous bone parameters of laying hens to dif-
ferent daily calcium intakes. poultry Sci 59
1 2209-2213.

Tyler C and Wilcox GS 1942 Calcium and phos-
phorus balances with laying birds. J Agr Sci
32 1 43-61.



