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Effects of Dietary Granular Ark Shell Partially Replacing Limestone on

Laying Performance and Eggshell Quality in Aged Hens

T. S. Park, S. I. Ryw, S. K. Kim, B. K. Ahn and C. W. Kang'

Animal Resources Research Center, College of Animal Husbandry, Konkuk University,
1 Hwayang-Dong, Kwangjin-Gu, Seoul 143-701, South Korea
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ABSTRACT This experiment was conducted to examine the dietary effects of local granular ark shell(GAS) replacing
limestone on egg shell quality in aged hens. A total of 200 Hy-Line Brown layers of 54-weeks-old were allotted into four
treatments with five replications each. They were fed control(limestone only) 1% GAS, 2% GAS and 3% GAS diets for 6
weeks. GAS was substituted for coarse-type limestone at 0, 1, 2 or 3% of diet on weight basis. Particle sizes of limestone
and GAS were within the ranges of 2~4 mm in diameters. In vitro HCI solubility of GAS was significantly lower(6.27 vs.
7.90%) compared to that of limestone(P < 0.05). The dietary treatment did not affect feed intake and egg production rate
of the birds. Egg shell strength and thickness tended to be improved for birds fed the diets containing higher levels of GAS.
The average egg shell strength and thickness of 2 or 3% GAS groups were significantly greater than those of the control
(P < 0.05). The Tibial ash content of birds from 3% GAS group increased significantly as compared to that of the control.
Tibial breaking strength, however, was not affected by the dietary treatment. Serum Ca and P contents of the birds were
also not different among the dietary treatments. In conclusion, locally prepared GAS can be used as a calcium source in aged

layer diet.
(Key words: granular ark shell, limestone, eggshell quality, aged hen)
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¢ Bl Age Fa3 93 £ dEog, ¢
AT E D T8 HFE)e] 7ol o8l Koz &
F 87 AFE ¢ 38 AAAE & &4
213] =H|(Austic and Nesheim, 1990; Hamilton et al., 1979), 4
2 ARY 7.77%7) o)nl AlAL WellA <=5 (Roland,
1977), & 2 A AX A7]E 6~T%] F2te] &4
<= X3k F ko] oF 14%ol B3, THFIEEE
T B3A2002)00 M = Fulol A ATt AAts = Ald
FE 1079 A=, AR Y 714 & 7469 0.2 AL o o
TOo = Q1% BAA &4 A7 558U F=R AR

Ao G 4 vXe AdAE w$ ohFe,
F7 Qzlel] 2]% 9 HKang et al,, 1996b)7} AtFaE], J
2 Ay 293 2 TAH AN T 4 UrkRoland,
1988). A2 Ao 71 & JFS nXE I¢H 89e=2s
AR W Ca £F5  F IARE AFA AL W) Ca FHY
2 3349 QAR mEE dzbde WslE & do
(Roland, 1986). -2 43|47} A st 717 ©ol o] &€

a TEUE, AFZY] o|Fo G Hae 7] 99
714 BHZA o 7 o|fHHMakled and Charles, 1987). 7]
o) A7 ATE Bul A543 HRE Ca TFLOZA &
AR 71X E 7HA)E Aoz AZtE]o] gk o (Buckner et al,

' To whom correspondence should be addressed : kkucwkang@kkucc.konkuk.ac.kr
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1923), §hkzg, Qb4 A3]A 9] Ca o] 84 & A A
TFAXE 2 o7} YSithe 237} A|AFE ]t Waldroup
et al,, 1964). =2 © & Miller and Sunde(1972)%= w] 23 A
3AE tiAjste] 2 Yxie] HEE FAGE o ¢ A=
7} ATk 8193, Scott et al.(1971)% GA] 4314 <] 2/3
£ J2o g dAgS o 2R A EHot FEEHA
A=A Haskich

o] A ® F7} Fodof g 2 x4
I 22 & YA Ca 339E 39S o =2 He] AA
AlZbo] F7tto2A FE offtel Wo] F4E uf £ &7
o7 o]gyy] wjFolgln AR EE=d|(Scott et al, 1971),
Rabon and Roland(1985)% 5-AFgE Qlxte] 23] Alst thoksl
T S ZALS o S8l A= 62%7H4] b
o] Z Helthy gt em, o] Scott et al.(1971)9] HEH S 5
s e datz A9k whA Muir et al.(1975)& QA
7F 2zt T, 2t sk s 9o vl g J kg niR|A]
vt Addte 23E B3 vk Qioh B e wAd ¥
S W ©& &= AL F Ho|ed], Rabon et
al(1991)2 755% o] FAIAlel & YAt - (hen-sized
oyster shell)& 50% thA]l Fol g2 wf 1 vlFo] RolaiA =
7Hite 2438 a3t A es 97 5(1981)2
AR dAe] s gl ol FaF, 3 FA 2 Gt
Ca gteFo] o7k /R = ot Fof g lol & oyt &}
At Roland(1986)= + 4 WY #AH AT 23HE g
FHoA el Fo A3yt e FA] drtz FFEHEA
H &S VA A3 AT} A g AFAE o Bt 1%
A5k, 2 ko] 433 A gS v dhEo] 5k
AU AT BaE 20% F 2o Esitta 493t
At olE e Ade HEL] F7t FFo] ofd ATt
A Al A E 2 Aol YAtz what d2bE sl
A 37 Aelsl vehd ¢ UALE AlAEe Aol

N Tegillarca granosa)yZ AAEE AN E 12kZ27)3 2]
FEFEA Z200A 4 10 m7hA] 9] & vheelA
Aleb mut, mekEsy, ttu|zsietau s gk SRl &
© 2, BE2(R%), AP o= EAo Aurls
Zo] 2k 5 em, o] 2F 4 cm, HH] 235 em H TR Fufjo]
AE et Mafiete] oM F2 Mg} FolA
AHH = sz, Ane, FueE st Azt of 34
EFErt A o Ao 2] 19 ~15E 50 E 3
=t BelE 2 slet, 2 3L, AAE 5 ohFsHA A
253 9ot 1 48} BA] ol A8l Hlx] £alam gl
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1. AEMA|, SAISE Y Atz

54575 Hy-Line Brown {FaHA] &t 200578 FAI8t &
432, sikES]| BrE 1058 ol ojufx|atAT). Ca 3.6% 5
o] AEALE(Control)ol] 1227 #¥{(Granular ark shell;
GAS)Z 1%, 2% B 3% FF2 2 A3 7} tiAete] Hriet
AHALR(GAS 1%, GAS 2% 2 GAS 3%)ZE & 6537+ 38}
At

FAAE B 7 7 1048 838k 21 HA AolA|
(UH] 90 ecm, Zo] 90 cm; 4 735 cm’)ol| A A3l Th A
Artae E2 A A 2 AR Ao, e A
AR F<F 16L8DE sttt 718 AldHe] = Al
o] #ePAQl Wil F3te] AA|8H thHy-Line Brown,
2000).

2. AR

HE o] &3 nutxAl AL I ngxs
Az djdte AE GAEE
B3l Fdtith AMRE At E S5 T
2 3l AU R(TMEn)+= 2,780 kealkgo 2, =&
TFE 15%2 TL3MA wWigets on, AdALE )
TE-E NRC(1994) a7-%o HAE F& FFA1 A
3l5he TR It AEAIE U REQ, 2olal B
2 353 olm| At BHeF FA] 22 0.30%, 0.80% 2 0.64%
2 TY FEoE Atk B HAEd o]&8E MMz
GASe] At B4 E3l Ca gtiFo] 242} 37.9%9) 38.1% %
FAEA7] Wi ZE HABAIRY Ca & 9A T3
3.6%% FYsATh YA=Y ol &g JaFE w3t
7l S8 =7 2 A48T Als ol A7 & 4z 4
3] A3} GASE AH[US screen No. 5~10 (2~4 mm)]5ted A}
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1 In vitro 3i=

E A3 o]&d M3} GASe] &3+ Cheng and
Coon(1990)e] 2]l A|<HE percentage weight loss method
(Minnesota method)S €5 74938k ZASIHTE. US screen
No. 5~10& ©] &3l 2~4 mme] AL A& 47 632
AT F MG A2 o)ttt Sl S-S 3l
H)o]FAd| do} & 100 mLe) 0.1 M HCI-E 42°C water batho]]

Table 1. Formula and chemical composition of experimental

diets”
GAS GAS GAS
Items Control
1% 2% 3%
Limestone 8.74 7.74 6.74 5.74
Granular ark shell(GAS) - 1.00 2.00 3.00
Dicalcicium phosphate 1.07 1.07 1.07 1.07
Yellow corn 6166 61.66 61.66 61.66
Soybean meal 1663 1663 16.63 16.63
Com gluten meal 2.00 200  2.00 2.00
Wheat bran 7.90 790 790 7.90
Anima] tallow 1.20 120 1.20 1.20
Salt 0.30 030 030 0.30
Lysine-HCl 0.11 0.11 011 0.11
DL-Methionine 0.09 0.09  0.09 0.09
Choline-Cl 0.10 010 010 0.10
Mineral mix” 010 010 010  0.10
Vitamin mix> 0.10 0.10  0.10 0.10
Calculated values
Crude protein, % 15.00
Ether extract, % 4.00
Crude fiber, % 3.20
Ca, % 3.60
Available P, % 0.30
Lysine, % 0.80
TSAA, % 0.64
TMEn, kcal/kg 2,780

Y GAS, granular ark shell.

2 Mineral mixture provided following nutrients per kg of diet :
Fe, 40 mg; Zn, 65 mg; Mn, 87 mg; Cu, 66 mg; I, 1.5 mg;
Se, 0.1 mg.

* Vitamin mixture provided following nutrients per kg of diet :
vitamin A, 10,000 IU; vitamin D;, 300 [U; vitamin E, 20 IU;
vitamin K3, 2mg; vitamin By, 2 mg; vitamin B,, $ mg; vitamin
B¢, 3.5 mg; vitamin Bj;, 0.02 mg; pantothenic acid, 12 mg;
niacin, 30 mg; biotin, 0.12 mg; folic acid 0.7 mg.

M 1583 60 Hz2 £50°] F3UTH A7 2 g5 A& A7
g % 0.1 M HCIo] E990E BlolA ¥a 1083t F=

ou, filter paper(Whatman No. 42)5 o]-&3te] oAz
ok Hlo]Ad dol Q= AZE &3] 717 A8l 33 &
Fr2 A sla, filter paperet A|EE 70TCA 10417 2
FAEAZ THE FAE F sl £4E FA %E =

E Yepiin.

=,

2) AR U CHEAY
AeARFE FAYH ARE 17 WHo2 EAR
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o
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Koge:2

M st ¢ A, v A
ENS S

W7} AR W ZEAFHK SRS, BT
Kt Japan) 2 o] §3te] ABe] FRRE 92stm 57
o2 AW F FAL ksl B E £ FF L &
Bk v AE 2% T dz A AG $YR b
Z} 1S A5l W7 FEA|(FHK Peacock, BT 3
AL, Japan)E B3 23T TAQ FEA 2 STk

=2
AEFE Al SIEETEHE A Fo] FANRE HAE 254
A J

=€ A 2a, A Lo

o 3%¢ 23890k AAT B2 ABE B4 A7 W
o] o] 7P AL -20ToA EA3IH tHSeldin, 1965).

Instron (Model 4465, Instron Standard Testing Machine, Cana-
da)$ o] 83t BE FAFY o) AEE S8
(Zhang and Coon, 1997), 7} Newton(N) 2. 2 ¥ A5t}
7AZ A8 2AA AlAsln 600°Col A 248759t 334471
T FAE S FJEFFS ZAIATHCheng and
Coon, 1990).

5) & L} Ca ¥ P =xo olxjle &%
AR E F7 Ao Y AR ZALE 8] 09:004] <}
15:004] 0] Z}+ wFE-T¥(rotation base)E Aak 7lx|e] )5}
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Ao A HAL AFHsle] A 17} BLE dHow Fy
2 gelstgin). 2HE RS 45U

tor, Beckman Counter, USA)E A}-&35}]
871 NelA tzte] Aloka} wg AR § FRES 2P
ZA 83 U Ca ¥ P 258 AT

4. BHENM

AgofA] dolxl A5 ES] FAEAL Statistical Analysis
System(SAS Institute, 2002)2] General Lineal Model(GLM)
Program(one-way ANOVA procedure)E ©]-8-3ta] 2181
BAHEA Aol #elA7t A3 E = 7% Duncan®| multiple
range testE ©]-8-3kd A2j7te] R A& 7% S tHDun-
can, 1955). Aozl AAA| & BT} FFA2A EAIS}
pa=s

Zdu

[

1. In vitro B3l

2 ¥l o] 8% M3 A3} GASS] in vitro B3] =
Ag ZIE Table 2] VERNAUTE. GAS9] in vitro 831 =
6.27%= A3 Ao 9] 7.90%0] B3] f-ol8kA e RO
EA]Q TP < 0.05). Rabon and Roland(1985)= £3l% 4
£ B3l FARE 9 319 M AF tekgt FF] o
2 ZARLS 1] S EoA] 62%71A] AolE HolH, o=
B3l 98 W} Ca] o] 8404 Adolgt G &S v|E

1

e o

¢

-8 AJAFsH= Zalo]th Cheng and Coon(1990)-2 ok

FHE o] 83t 9F2] MM 9 I =E AL
=4 HAa 12.16% A58 A 2.07%7HA] ¥olrl uf-9- =
o= 2= #23E vl v} 3 percentage weight loss
method(Minnesota method)Z- ©] &3+ &3] = A3 jA A3)A
o] k=] whet g7t oldtn, YAET} 2SS &
e 7T Stk

Ca 3HY Sall=e 24 tigt EEo] FallAA

Table 2. Comparison of in vitro solubility by Minnesota method

between two different calcium sources™™”

Limestone GAS
Solubility, % 7.90+0.41° 6.27+0.13°
" GAS, granular ark shell.
? Mean+SE.

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

I on teFet e BMEI glom, Egk £4
ol mEbA I Thdg A7E Hola Utk B A=

& @o| A28} )= Minnesota methodZ ©] &3] 4
stgom Mol iAtes dFYg YAt F2(US screen
NO. 5~10, 2~4 mm)ollA| A Ao} Fa A5 A=
o] B2 88T 7.90%2 Cheng} Coon (1990)0] 233
UAb Z2AUS screen NO. 6)2] Bt 831% 6.85%2F A
A7t oHth. Zhang and Coon(1997)2 9] W A 3] 4{ <]
AFAIZYE in virod| X & =7t Fa8FE F718ta, in
vivos) ME|Ae] SASE Casl Fo o] Z71 e}
AU STk £ 2 YRS SRS e A5y
2 2% WA o 2 AIRF HETka itk Rao and
Roland(1989)% Ca®] F-go] S7Igtel met 29 9] Cad
Sl AL, invirool A YAk MIA L AL ¢
Zre] A3 Aol Blated 9] WollA e Fet HETHI 3
o ojot 22 HPATE Sotd £ HF i 249
At 2 2719 A543 GASY] &al=ollA GAS 83
=7F ool w2 AE njFo] B uf GASe} 2 83
b e Ca FFAE iAo 2 dzbd e 22 2
IE 79 + e Ao Alrdth

2. AlEMFRF 9 oF MMM o)Xl AE

Ca FFH922A GASY +Ed AF97t A8,
Aberg 8l g3 v|X e Gkl tig A3E Table 39 U
el AL EAAFH TS ARzl BAAC foA sle &
ol& gl et A2 thxol H|E] GAS Fo 7ol A tha
71 Aoz eyt AEES GAS 3% FoTolA
7333%2 7H =943, GAS 1% S TlA] 65.95%= 714
wotot, A el Fof@t ol AAHA FUTt ¢F
AN Az 2ol & Aol FHEA &kom, GAS U]

Table 3. The feed intake and laying performances in hens fed

experimental diets supplemented with graded levels of

GAS replacing limestone"”

Treatments  Feed intake Egg production Egg weight
g/hen/day % glegg
Control 11523+£1.92  67.28+6.31 64.85+1.05
GAS 1% 11833+£3.66  65.93+5.18 64.8510.39
GAS 2% 12485+£1.52  71.85+5.26 64.30+0.69
GAS 3% 120.63+£1.47  73.3313.62 64.00+0.40

" GAS, granular ark shell.
9 Mean+SE.
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Miller and Sunde(1972) & Muir et al.(1975)°] AFA| =
Algte] AAISE APATo)A] Ca FFLEA HET M3
Ao} A Al AlR A TN 2 Zol7t gidlen,
T(198HE oFet JAEEE M0 g S F4% A
T f23t 2ol Ao, HE FoA Tl ALEAH
o] T Frkete A &S YERAth 3kt Keshavarz
and McCormick(1991) ©A] 325 o] WMAAE ZA|3}o] T
o2 M3MZ 50% WA AEAEE FHgS o U2
AEAFH Bl A ZE zbolrt fdivhe E A@R & 4X)5t
= A3E B33} v} Ik 3k Roland and Harms(1973)+
A7) o 2 ale] =l Ehen-sized oyster shell)-& A7} F
48 of vlge A A7k chzTel vla) ARAE ol
Fo3lA F71etH o, 2 A= AIRAAF FAAM 2
o7 QAT FURe AnE BEHLT

Grizzle et al(1992)2 AltgAlolA d2tda) dHd 873
807 F48 g2l B ARAME HEe] g7t Ats
N TN FBE 1A B, & PHAANE 2 o]
g W 2HUnkn Hudkic. T8 Fe HYaT
A% Ca TFLY Holo wet AHgE, dF R AIREE
ol A8 ztel7t gilthe A 4] AAEUAHER
%, 1981). Makled and Charles(1987)= 4134 2] 2/3&2 o &
o2 gAlEte 16573t vimA 3712 43 AFedA A
Zrol] AET ALE &AM o3 AtolrF VrERA] %Sk
thn &} e, Keshavarz and McCormick(1991) 9 A] A+&&
I dFE 2 3 AN CA 2] A Ede I EH
2] itk oA A8 fAA T U3 AAE Btk
APAT 2 B e AAE AR 3ihd f72e oA
79 Foll & A E AR AFHTelA /o3 WEE 7
H3l7] olElg Ao Alsdrh

tot ol

3. ozt A5 9 HzZE Fjol| o|xls HE
THL LR GASY - A g7t ¢ FA9)
7t 7ol nlR)= gl tigh Z3E Table 4o VIS
GASe] A Fo FFol S whet F4 b2 e
! \&2F A7) Zkehe A Jehlid s, AA AEr)7t
B A= Azt FA7E AFHIJTHP < 0.05).
7z AR 178 A2zt & zlel7t gl e
AE717te] Aot tE GAS tiA $Fo] Eolld
w2} oA JfAE e Ak BEE AT AF 3570 GAS
2% A FoA] =T YY) 52%, GAS 3% Az FoAle
6.68% F= ¢zt A=t A=A oW oAk Yt ®

L ooyd &g

Table 4. The eggshell quality in hens fed experimental diets

supplemented with graded levels of GAS replacing
H.2)

limestone
Treatments Shell strength Shell thickness
kg/em® mm/100
Control 3.99+0.11° 36.33+0.32°
GAS 1% 4.16+0.07 37.13£034%
GAS 2% 4.27+0.06* 37.54+0.23°
GAS 3% 439+0.11° 38.13£0.34°

Y GAS, granular ark shell.
» Mean+SE.

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

S 5ERe] W Ao E Fel 3 Aol AP EHA] 9%
o1}, GAS 1%, 2% 2 3% A& Foll A thzTel] v]ste] 247}
15.89%, 16.92% 2 17.19% A =E FAor) vehygoh 33
2Tl F3o| Axgol wtel Gzt F=rt FapE e
2 of3lE e AFgS Holy W, GAS H717olM e 4
73l mel f43 2ole gRon, ¥zt BEst o )
AFAY $AH 2 JE AL E 4 dAJh

&7 A9 A, JA B Awo} fALg gkl U
Stk AENAl 15K = g7l Hla] Ae]TolA & 7
aho] Vel 8 o] gl whel GAS A 2] ol A i
He 237} e, A3k g 3 FACAM e #
Al AMAEE AHE BITHP < 0.05).

Keshavarz and McCormick(1991)& &t47] 2 £ 7)o A
S tAlste] HEE FFE ATl 50%E A Fo
39S w de] folshAl AXE ATk B st on(P
< 0.05), o} 3 ML fECZ 50% HAPH AT
A= dzbdol fesiA AxEe Ayt FRAHAG
(Keshavarz and Nakajima, 1991). ¥bH $9H7) 5(1981)2 =
B A FolA mgate] A3 gzl vlste bzt o]
M s B JRo {3t Aol ot thi
AaE A2 B3tk

e A g7 el vX e 9 HzE 9
A3lae] aleel WA #Ho| gl X3t} Grizde et
al(1992) JA] v A3)A )27 ¥lud o ojPz} &
TS Fo3 ARG AR YRl HES EF AETOR
A @B Fog e dzhdo] /g FEiskA AAHEAT
1 25135193t} Roland(1986)E <+ 4] He] 8 A7 AxE
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Zee THA e A 39 Ede o8 32X o
o IR e HES A3 vgate} gAG AFeAE o
B} QA HA G, 2 ARk A3 M7 A PE o FH4A
o] Fo3HAl MU dF Exe 12 BA ¥
stttk ol2idt Ao dEe] A3 A B oA ¢
T 2 3N Al wet ¢z A G} Adelst
Al JeERE & 98-S AJARH= Aot} Scott et al(1971)
v &g A3 A S gAlst st FEeE S I
ATl dzte] g et NdEe Ads BAFie
g, Hoje] ¢332 A 535 Aaide 2 4R 5 S
213 FEL2 dAsle Aol v s ol HEF Zol
YA & Ca FFLL F9 2HolA vE3 A3 H
st} M35 3lH 2 vt 733 ¢zhE vhevt e Stk

E Agd A= Az 7 Gk w57 8l GAS
o} B JIREE FASHA 2Ast Als Wl JA7F F
AATh 53] GAS 2% o] H7F7ollA 2Tl B3l A
A 2E717ke] Hit 3 AEt foeA AREE 23t
| A dZE e S fElE GASE 2% 9]
%4 tiAlgE Aeo] nigdd Aoz ARHIGH

Ir e

4. 22 2T Y A M2 4ol ojxs I
GASe| Al g7t AE 9 e 2 S W 23|87, Ca
2 P gl vlX| & Gl thet AFE Table 5ol YERRSA
o A4S B ZrodMe Mzt foAte gle AR
Yebgt. GAS 3% FaTollAe tiz7ol Hste] thd 7
29| s BEot F7kske AEE JEINY GAS 1%
4 2% FATFNE 7o) H thh @5ky] &

Table 5. The chemical compositions and bone strength of tibia

from hens fed experimental diets supplemented with

graded levels of GAS replacing limestone'"?

Treat- Bone breaking
Crude ash Ca P
ments strength
% % % N

Control 3228+0.68° 1221+0.67 586+034 177.38+14.35
GAS 1% 3470+0.80° 13.67+0.51 628+025 173.10+15.43
GAS 2% 32.00+0.66° 1228+021 5.53+0.12 17576+ 9.26
GAS 3% 36.93+225° 13.80+0.85 6.06+0.36 184.77+ 9.84

R GAS, granular ark shell.
? Mean+SE.
* Values with different superscripts differ significantly(P < 0.05).

GAS WA 2 93 A aae AX] LW Roz A
ZE ek A U 3% ke GAS 3% Fo 77} ti2 7
H& Fo3A w2 FAE JERIATHP < 0.05). FZ
Ca FFoll A= At frol Aol AFHA gston,
@X) diz7) vls] GAS A7t o] 713 et ki
Z7Vehe A4S UehIdch A3 W P 332 GAS 2% F
o] FrollA] 5.53%2 7 gk, GAS 1% Fo ol A 6.28%
2 7P wkou Azt frel A Sle Aol ohgien,
GAS 7} =& dg ¥ dxx ohith

7] A g Fo B2 I A= L AR 2P W
35 AR AT s AL §7l WiEe B 3o 27
£ A9 vl ofoh A2 Ul Ca 5L Al54 Ag
o gis & W3} glo] vlwd 4% FEE fAHE =
sith I S(1981)2 2004 o] WA E FAISIH Ca
Fo] 2 AIRE F98 A ZE W Ca o] A
gzt 2 Ao] glo] dAsIAttn Bud v} glch 1y
AZ9 s Z=Ruff and Hughes, 1985)9} %3]& &k
(Garlich et al., 1982)2 AW} Ca A} 2 ZAA e 9 o2 =
E7} 9 4 Itz 3tk Frost and Roland(1991)& Aters)
71 EA AFAR U Ca 2 P FEE 2P W Al'
W Ca o] S8l wet B8] A=, A2 FA 2L 4
Z U &9 g Ve FrE de] SRtk A3
£ B33 25, Onyango et al.(2003) HE7F THFg T2
Ca¥ Po| gojol] W& Z &2 3 FFe A dRA
o] Feli= theFet Cadl Po] Fojo} TAZL Hohm 3HHA
Ca¥} P] 0] S71sel wet 40 & S8 A5
27kt 28 % 2 Wl g R 7% &
Aok & Ade ggo] old RAE o] &3 APolmg =
Alel Ca FFFIY 3FLE ¥z n = @r]7le
27 7k Aol syl A7) olglg RAeZ Az,
Ca T FTAAME A)7} §l7] el 84 72 %
< XA ZE AL A Ay A"k

5. @ f Ca ¥ P sZof ojxle A

GASS] tiA] 71 4 W] Ca £ P ol "X = 9
o thgt ZZE Table 60 VERAATE B W Casl Po] 4=
A& Mol & 2olrt Qe Aoz Yehdth ey
< 27(09:004])9F 29(15:00) AA Bt A AH
3 83 A8 BMAT GAS 3% M2 Foll A 9 U] Cagl
ol 2630 mg/dLZ 71 Egkot M ztel] {-9fjt 2po]
E QAR gt zAo2 P 35 GAS 3% X F
A 3.66 mg/dLZ 71T Rk ot o] T X Tl F4
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Table 6. The serum Ca and P from hens fed the experimental

diets supplemented with graded levels of GAS repla-

cing limestone'"?

Treatments Ca P
mg/dL mg/dL

AM

Control 25.73£0.95 3.85+0.26

GAS 1% 25.84+1.06 3.79+0.44

GAS 2% 25931090 , 4.02+0.37

GAS 3% 26.3010.71 3.6610.34
PM

Control 27.81+£1.05 4.08+0.31

GAS 1% 25.02+0.58 3.44+0.29

GAS 2% 25.19£+0.71 4631042

GAS 3% 26.52+ 1.03 3.631£0.26

b GAS, granular ark shell.
% Mean=SE.

o] JIBHE FFEL oAUk 2T AHT A F4A
AAl H2|zhel] & Aole gl AoE UEon, 244
AT AT AR FE FFEolqlt

Keshavarz and McCormick(1991)2 t}oFgt Ca 239 ol
& AP Ca FgAol g Y ] Cad} P T, 3]
i, Ca A F{AIZE el e ALR W Cad] 35 Felol @&
g3gko] gtk 3R B A= GASE Ca FF¢
o2 N3N gA Fodges 4 Ul Ca v ¥l
w2 dztde] Wslg #gstnz siRov, 3 W Ca g
pe] 3ol = Hal} gle A2 YENT o]+ Ca 3¢
o] FHR7F €9 Y Cad P F=ol I&8E FA ¥dth=
Keshavarz and McCormick(1991)2] R3¢} A% A3tz 3
gk

T AgAME AFR Ul Ca FFLY Ao) T Ca &
ol @2l o vehte 89 W Ca % P F=9 Wde
A7l whel o Ayt Agoldhy, Gt E e Ay FA
4 83}%] %t} Keshavarz(1986) Ca 4:30] 27] T & Al
£ F% 23 4 W Cadl Pl oA A3t & 2
o]7} YUTHT 1T Kang et al.(19962)2 dzbdo] S5
g At 18R] E2 A E v mg AN EF Ca T
=rb ¢ d & grkely] A% 2 A B2t o g Budt
A=, B AFAME ol E AR ke 27 Ve AR
AlRHEh

5 2

£ Age A dg FF9e2A I3t 19z
HE(GAS)S A3 7} thA|ste AddFr]el Gzt el w3
= 9IS A, FE 459 AR A3 7Fed S Al
H3l7] A3k Exo 2 851t 5433 Hy-Line Brown
Variety AFHA] 48 200578 TS, Ca 3.6% FF2
A FAF(Control)ol] FAFEE U= GASE 1%, 2% 2 3%
FEoZ MIMn At Hrte HPALR(GAS 1%,
GAS 2% 2 GAS 3%)E 637 sk

Invitro §A =& A3 A vls] GASOIA freldtA @&
Ao E JEFTHP < 0.05). ABAATF 2 & AN E
A7kl BAAL FA0] e Aol WHEHA F3ich
GASe] ti#] FFo] S7Heel met 8 ¢ A= 9 J7t
A7 S7bshe e el L, WA A7) B
bzt A= g A Al e M2zt {7k 2ojrt
AHHAATKP < 0.05). BF I Aol A= 22j3de] 2 A
o7t uilort, A& i B E FFL GAS 3% g 77t HiE
ol vl feldlA e A& vehigich. @3 Wl Ca g
Pe] FxE Az & XolE Holx] gsirh

£ Ad3e 20228 ARRAIEY 34 Fuat e
270 qE2E A FAE B3 4EFr] dHEY 3
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