(4

o. ¢
P81 sl 16T o sled }‘p v
AA~AO PP /’ l
(5330w 9 Hinng3) (Y]

I lnd S 93 90 Ilind pandS (69 3O Jaud g il A il (g 15 01wl
S50 asnon 50 YIS LS g bgw ALKS ipals Sl 5

Tellos Loy 7 (680 g wldgu o Olgd (gl il dosee @

.olﬁiuu;u;%;beli:;m@:_.bcu,d;,,uswgﬁvur,u 65,5 -
il 5 55 ¢ e o835 (s 5 Jammn 5 (5555LES” 0aSCils gl oukan &S Sl S e Y

\F~TJJ;_J+L:JJ¢_J\.;'C”U \F"D‘J#:d\{_):'cl)u
CAYYAFYYVYA (J":M °"\‘.'“‘1J5 ww c)l-o—fl'
10.22092/ ASJ.2023.363190.2337:(DOI) e duli Email: s.moradi@razi.ac.ir
o>

e

foedS” 5590 (s i 5 VG LS g AT 53 b § unls” (6P Sl 3 ogibl s Skl (65 031G s9kke 4 B9
Hy -Line 4 g (Sl HIAK0skT domoys dxlad YAA SulodT 0l 53 .l ploil 105 w5l (Slddmon 30 i (9 b CIlaud amds™ (58 9 iliud
) Sl ) ol Dby 9 Dlid el gig0 (Dlind mandS” (63 ol LIl dows Balo3T 0 iy A oSkl (s VY e 50 W-36
(A 4o S © > 50 .2 5 I, 0olatul 3380 (i § 4 el Ao 0 +/T09 /1A CdAlE L) VeilT Almis” 9 bgw UlmiS 9 (paulS” oy
9 (518 288 (6 15 031Nl Cug> andS” (9 0 0> O 3. 5 515 00litwl 8580 yaud 9 mands” OIS (aaol g Olgis 4 (wip Sg0 Riko 4B
¥ Oae (155 B 30 AR domes A) (halodl dog Lid 4 S0l sy SileiT o A b coliel s i i Sl dilow
AT Sy (Bl 50 XS 0lo p Tl & (G151 4 p Kudao £10 (iad 1Y 1A (S AZaS 1O anls” (1D BT O a0 .2 ol | 39
Lo ST 335 +1¥1 3 410V (4100 i 5 4 posals” iy 57 § Dl posnll” 9590 (Dl ol (S8 3 eanlS” > oghl! it B 12
890 +/81 9 oIV L 5 4 Vgl dlms

392 i oanls” 9350 3 Dlind manl” (63 31 VL (6313 (0 3980 45 392 L WS & L2 0 oanll” k> (ol piah b o i
rolS” g0 (aud el (S (S 3o 1O O AT pornlS” (STgimo I Lot (SIS 0 Hgha pomeds” DLy 7 Hlowd 38 OIAKiuw oeds” o 38 (P<+/ )
Y™ dlous™ 31 gl (+/AF 9 +/AY (b i ) Olaud mads™ (53 9 9390 10 jaud 09l (S B i Syl .(P<+/+0) 899 g dlomis™ 9 ilaud
(P<0.01) 343 (qwyy 3380 @abio 4 31 i (SIS S0 39l 1 (+/3+0) Slaud uulS gig0 33 jaud (S B Sl O w0 4> 10 (P<0.01) 249
Yl Ious” § b gu IBuS (s Sy 357 30 epels” i it bl ( KA 1Yy 30 SIOK0SS S Ao 10 45 318 O §uid oyl b
Lo 31 Y0 9 dlio Slind mals” 9990 § Dlind mandS” (53 30 yhud it Sl ATI 53 (Al (0 Dlid manlS” 3390 § Dliud mands” (53 3 VU
29 G PL sl 9 5o o sl G110 Dlud mals” Gig0 093 (w33 3390 R

.J\.xi,.,',;%‘,aﬂ.s,rr,lf@mN};KA\,.J‘L_,.‘.*J\,,S@;@M‘;,\{G:‘saﬁlr‘slmjlg

Copyright: © 2024 by the authors. This is an open access, peer-reviewed article published by Research Journal of Livestock
Science (https://asj.areeo.ac.ir/) and distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited



https://asj.areeo.ac.ir/
https://creativecommons.org/licenses/by/4.0/

Gl

Research Journal of Livestock Science No 143 pp: 85-98

64"0@[5“5&‘3 r}l& @ L ‘\’Fro)@

Measurement of calcium and phosphorus digestibility in dicalcium phosphate, monocalcium
phosphate, limestone, soya meal and canola meal for growing pullets
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The experiment was conducted to measure the ileal calcium (Ca) and phosphorus (P)
digestibility, and total tract retention (TTR) of Ca and P in soybean meal (SBM), canola meal
(CM), limestone, monocalcium phosphate (MCP), and dicalcium phosphate (DCP)) for growing
pullets using the direct method. A total of 288 laying pullets (Hy-Line w-36) on wk 12 was
used. Five semi-purified diets containing limestone, DCP, and MCP with a dietary Ca
concentration of 10 g/kg, SBM and CM with a dietary Ca concentration of 1.9 and 2.5 g/kg,
respectively, were generated. A Ca-free diet was used to determine the basal ileal endogenous
Ca losses and calculate the true ileal Ca digestibility. In each diet, one of the tested ingridients
was used as the only source of Ca and P. Each diet was randomly allotted to six replicates (eight
birds per each) and fed for 3 days.

Ileal endogenous loss of Ca was determined to be 425 mg/kg of dry matter intake in laying
pullets on wk 12. True Ca digestibility coefficients of DCP, MCP, and limestone were
determined to be 0.55, 0.57, and 0.76, respectively and in SBM and CM were 0.91 and 0.76,
respectively. The highest true ileal digestibility of calcium was related to soybean meal, which
was significantly higher than dicalcium phosphate and monocalcium phosphate (P<0.01).
Calcium concentration in the gizzard contents of birds was higher (P < 0.01) for limestone as
compared to DCP, MCP and SBM. Apparent ileal P digestibility coefficients of MCP and DCP
(0.83 and 0.93, respectively), was higher than CM (P<0.01). Whereas, the TTR of phosphorus
in monocalcium phosphate (0.905) was significantly higher than the other examined ingredients.
The present data indicated that in laying pullets on wk 12, true Ca digestibility in limestone,
SBM and CM was higher than DCP and MCP, wherease, digestibility coefficinets of P in DCP
and MCP was similar and higher than other studied sources, and MCP had the highest TTR.

4[Key words: lleal digestibility, canola meal, soybean meal, calcium and phosphorus sources, laying pellet. ]7

dodde

(¥ Angel ; Applegate) s is s s 5 )1iKass
or kB ATl ods el €3S s oS Slallls
Slid @edS (63 @ o Dl @S sig0 53 b iy
5 Grimbergen , vaav (De Paepe , Eekhout) s
56l pas SB (g Sl G s (VA0 O
wlie Dlid @oldS” 50 Dlid odS” (65 53 b Ak
S50 peelS (63 53 b i pdn Sl 0l 1S
ed Sl g Lo s M/F 5 ANVF C 5w Dlad V"‘“K

Sl pan BB jid 5 onlS (s 1 eslizal ol oy
QGTEPJ}(Y'\VcWPSA)JJDJ}?))xb‘S\Aoﬁﬁbﬁ
ROWPREYIES 2o b a5 Ll gls Jle s ool
a,'\.u\@@f@jcwxcuosﬁubly.wgmfﬁ
34 ol ot slgriy |l Lol o oan BB oS (6,8
oxb Sl B o Sl 8 jhud Gl 4 pla LB A
HB b 5 odS w3 53 g ge sla 0313 4 555 eslizal

S e p3eny 4l Oladed 4 5L 5 03 35 pdn




Gr—*fks’)’f‘“”rf‘{r&q“ &S o3l

3 pelS dn S o L BT s (6350 slaosl
Col 355 g0 s Cmio 53 osliiul 5550 (ST 350 55 joud
Sl o plnil 6:.&; b ar g s Olalles zio
sDavid 5 Y+ IA YV Yevg Y s oK s Anwar)
Cbl ol s 3550 53 SNl Sl 55 (Y414 O
laazmes 5> Cales (SThst slpe 5o hd 5 dS s
ol el e 3 Ay b 1K
el i 5 6 A on bl eoin S (S 651 G
S 3 jad 6 b 2n Sl 5 jhd 5 @S g Al 2L
s s olaud V.:...lf}..}a ‘V‘“’K Sl S NV Al (b su

g S VY 3 e Gt 53 Slind oS

by 959 3o

Hy-Line sl )1i&ass aomes anlad YA (535, » Goios (!
s £ e Josn o 53 5 Saia VY w55 W-36
o 3 ks el 515 eﬁmlgﬁbcu,@),us S
S E I ao g bl brtomas ( S2an \Y b S5y, K
oA e Lailh 5 4 ds Ol csdie Blge el Bl
A esls

Bl p oAl el Gl oy Sl ol eln CAB e sl
0 SroloiT cpl 55 s ealizal (Y434 01, Kes 5 David) o )3
Sl S Y oS g dnS Jols iolsT 058
Ecﬁainﬁ,;;uﬂér,xtg;,owrfﬁ,sy‘wﬂ
3s50 MK e A LSS 2 53 5 45 F s 8 a s
Sosn e g A2 S LS5 i W I eslind
Sy Dlid 0dS 60 Y dlwS (e AlS) alind
3 eS0T bl e g (ol S S 5 i S
5 Dlind lS (63 YIS S g oS (i 3550
Joeed Ly hed oS el ae L (Dlid dS s e
an S alone 5 @dST s O3] O n s (51
03Ul oS 3 0o Iy Spse e 53 oS A
23 pelS 05 0 5 GleST Gl 0 SIUT 5 SLS 5 s

& Q
77
(GF33)lw 5 Hlung5y) . .

CLlE iomen 5p Ao 3 AVE 5 MO L 5w BT gl
L (55 s s bl lid S e 3 Shd
5 Shastak = ;s (YW oL, 5 Petersen)
(53 33 b o ZhB S W58 3518 (YY) ol
Loy Y ,vm\,::;.«,‘uima,v&,-.,,;gwﬁx
RPN

Sl ST Sl s sy el o edST 6 b ln LS
3 5 o V¥ S YY LS oa i ot 53 ol
on b g 3 g Ao ys FF S OF i 4 23S Glae
5o T S YA s 5 4 LK Slatmas 3 ool ik
old iyl E doys FA 50N Css 4 b S lear s o
YYY oL, g Jafari) el

4o dzen ALE 555, pe 53 VIS oS 5 L g S
Lzed oodS 0 S 0 S N S YA sl s S5
Sl 2i 8 glaar g s A5 Sl s (148 NRC)
reelS” $sn (Dlid ST (63 4 by e dS R pls
ANWAN) do s ¥V 3T YA Lo 5 4 Yl S 5 Slius
@3 4 b dS Gl e SB 5 (YA WL
Lo y3 AF 5 VA %;@QMM{}'}A, ubwr.wtf
55 (Y10 L Kes s Gonzalez-Vega) el ous i) S
AL as LB (YHYY) oL, 5 Ravindran ;iss
4 VI 5 L S (sl 5 258 lar g 3 plS
ip b Gl o 5T 035581 b 4S5y o ys OF 5 0) 5
VS S 3p50 55 5 S g dlnST S s
5 R in bl o Ko Sl s 2L 2l B
554 S Gl o VI S s S (6
3 MO0SS) wo s WA 5 (YA O s ANWar) ds s ¥
@.,u,gl&g,bgp.@uuJ,if(b\/s@,@
3 peelS s Al pan S (Cal o plon BRCSCERIPIN
SIS Ao Ve 508 Ly 4 Y S L g S
B0 8 Gl a0 T sl Sl YL oS e
Y O, 5 David) el os 5 (s



-gl.u!g,i;&tjs,:;mump)w,:a,g,a,'tr,f\n
AB ONF e (TFF YD FVOr dolie las L SUI Calises (gla
Sleie s o ST AR5 10 Sde 40 e g Sa VO g ¥o e (S
Syod JS 31 s Spgo 4y 5 A3 055 S a5 0kl S
Sl 5 3 s adin o S0le Sl 53 LS Oy o)
s 030zl 35 g0 wli )3 )3 aS pdin eSale 3l
A
3 tplS DS fold Gan b (ARLT Y
sZhang s, elel , Slivs rlS 5m 5 Slid S
o e VS G5 b W el (144v) Coon
boas 5 FY (gles 5 diss V0 Soke a0 Jlo 5 ¢ /Y &S5y IS
A 3 S Bl el S e a5l e S 5 b 8 )l
e 3 8 el O gl S ey Lo dEST L caids Ve )
- laam 13V 05T j3 Cele Ve Sode w0 2l Lo L2
dloes SV Aoy (i Sl g AE el I8 :ljf
.u\.f_b_)f
Direct ) (eis o) Sl ein Sl Cal il dloe ol
B (YA O 5 Anwar) . eslad (Method
Sred 5 odS” (AL i) 5 e g S 5 2L o 2l 2
AIDC =1 - [(Ti)/Tio) x (Bo/B))]

QQ}W(}:;L?:J'QWT'O“J?-():JWWTH QTJ:S
@‘ofﬂd/ﬂf%B|}Qyw

SEL 53 (S ok p SIS 53 08) dS” S5 530
25 daly ol Lin g en ST 8L s 1) edST Oy 0 oS
T dewloes

IEBL = BoX (TI|/T|o)

w:a\:.; &Ja.l.cTh ¢ r.:...lfdls-b ot IEBL o7 4> oS
)JW%BO)CQ|QQM6}§\I~;&L&TiOMﬁ

@.rouﬁgu‘@b sle q,amm,@

sl (sla oy 53 elST Chale Ll 0 SN Jsde
wlie @S O S 5 Dlid oS 5se (Dlid @S (60
ol e o 3 Sl s g ((FAS 55 6 5N
pa eSS 53 p S X0 5 VA VG JenS 5 g dlouS
wdi T Glasles & oy 4w Do 4 Sisle3T (slae o
3 S I b 5 oelS dn S alne g
TiO2, VWR international bvba, ) psles LS
A oslizal o S LS )3 0 80 015 « (Leuven, Belgium
i gzl el 5 35T Sy g 5 s 2, p 5 4 b o
S oy b adss JolS 5oy aw Sl ey 5 poler Say 00 LS
s S w3 LSS s s el e o leT
o 4 gm0 Bl F U USG ol) 51 alold) e sill Db gimes
oo skl pan SAB (6,E ol e (S bl JLas!
Lglous on LSS o sle amas sl (sl e s S (6T
G ST S g 423 Y e gles s 5 S
dly p OBL, aes 0K Ol Ldd (IS
63 5 Dlid 0lS g oS Dl ST Gla e > lesT
oIl g (5o G3ed 5 bslin (55T mexr Dlid S
Y pdd (Sla wges pmen A plwil O ST (S
3 el 2 S o3l g e 590 03 (Celo YF D)
okl sl g S T o bl el e
s 7 glos 3 OIS 5 aalsT sla o (Y k8
38 Ol 5 eSas 03T 3 Colu VY Se 4031 § il
b gomn 5 O Db gomn (DY 2 s 6y oS LT
GBC 932 plus, ) ot code o&aws 31 oslizal 31 b g gib]
i el (GBC scientific equipment LTD, USA
UV- M51, BEL ) ;e 5 5l os Lo g5 jand ol
Fegb PA z4 Jb L (engineering SRL, ltaly
b el a8 o3 chile 4 (964.06, AOAC 2005)
Fasl BV e Job 5o sy il oBus I eslizd
As 6,8 o3Il (1448 o1, Kaa 5 Short)

e coslital 350 wlia S5 a8 cuin  Kiln s




QH;6°J°P3#KW¢*B &S o3l

5Zhang sls sass b ilas o i a5l AR5 LST

il e (YV9) o, s Anwar 5 (14av) Coon
oaslesT 5 cazia VY s e o V':“lf R E ) I )
Sl S 28 55T e ¢ SSS 50 0 8 e FYO 5
3 eslial 3yn oS i eaa CohlB Cal S b
13 @83 Ol (VYY) 0, en 5 Jafari s s s 5
‘u;,:,?ém?ﬁ,;,mm,,lm6LM>1“2;,;‘,,“4§
oS &S e e FY
Lﬁf&@u‘)b.dﬁb;&)bf‘;ﬁhija&i&ebb
5 Anwar) pf e VY0 slie 46:..2}f b ax -
0SS 53 08 e VWAV o oslie 5 (YA 0,8
Ravindran s Anwar 5 (Y+\#) Anwar Clidss s e
oy 03 peedS (S5 83 Ol comman B E1E (Y4)9)
\T’\ijV%‘jbbﬁjbéuaf)b}Q)quJyéh
s David _nlsT 5 oSas osle pfjl; 53 rjf e
Gl o Sl e ol alesT 5 s 51 E (YY) O Kes
b Julse 41:.‘»}4{‘,?.‘158: Ol o eslizul & y3 4y
cheﬁ)bD3ijj}chJ§nguﬂE
I3 86 Cos 0 PH 5oy 6 5 e 85,50k Slgse s
Q\J::»a\f:;;;}:f@;::}olj@WB&L&»\;,’\J;@
sla a5l YL IS gl amas 3 (elST s b
o izt osls el .ol Sk O e 5 & AiL (0 258
sla osls b awslis d\ﬁ\}l{w)s)im S\ amad 4 (4l
S g b eIl dr g 5> M LI sy ol bl
j)‘u\i«"ﬁ&‘.& Qyuqujb)éb? D“’A)":&
Sl aas 5> okl S D 03y oS s oS
LK 5 Kimiaeitalab) wsb J108 56 Wiy o ,liKss

(YA

o

(GF33)lw 5 Hlung5y)

dloa 13 daly ol el i ol ean S
xo

TIDC = AIDC + [IEBL (g/kg of DMI)/ B,
(g/kg of DM)]

IEBL (oodS” ad> ostll za <l TIDC 0T 55 &8
.Qﬂ\eﬁmlfw8|}ml§&\>;})&'|

SobT Jubosi 9 4 o8
S eslial b 5 dalas YlS” ~ b LIG5> ool s (glaosls
GLM «, 1 5 (SAS,9.4.1, 2014) SAS s ,LT i3l ¢
Ot ol 0 5n3T b s ke dlin . ids loss 5 4
B R e e R (LSD) ,l5 sxe

s as S

33 b3l Sl oy okl GIUT 5 ol anloes V':“K Ol e
oo aan 53 o GIUT (S Olpe ol ok B8 ) s
5T S jaud 35 0dd annloes polaas 51 5V sleT sla
590 53 Ladd (3 odd dcloes p3lie 4 U35 s 0, odd
Gy 5 oml edd T Ol sc,vbimér:...lf‘_;: Sol= o
il dls Sl b e ped S s GIUT 0l

W38 B eslinal )50 jiud 5 S s LG
HARaLT I 5 S5 ol @i 3 Jols slaesls
NISTINCI AT g O PRPSI o3lial 3540 idne lie
VAB 5 VE CIAD e e e (a8LeST N
Qwﬁﬂj}f;&wﬁﬁéscwf&@;@j
ijyjawﬁxégat,sﬁwm @isl:ﬁuﬁ
@ s, See YVA 5 A8 (3T cpl 5s esliul 540 Sliud

Sl Ol e ¢ Giban e SIy3 o511 2alS L oS s 5



GV'YQMU&S"‘J (}LO @ L ‘\fra)@

(as fed basis ) islo3T Sl o > ol BT § okl duwlomo o Ol 3 9 51321 -V J9u

S s o e S OLS LedS VS S SOk (P35 35 £5) 03 S 5
Slensd Slewsd

ivro AYY/A R}23 £YA YA avy IR

1o 1o 1. 1. 1o (R S e,

0 0 0 0 0 0 Pl LSl (5

. . Yot . . . S 2l S

Y Y Y Y Y Y S

0 0 0 0 ) 0 | dans by g JoSe

. . AR . . \ Slind ol 5o

. . . . Y. . Y5 dloS”

. . . 0ee . . b g oS

i . . . . . QMV’"J;";A

. oolY . . . . owr:«lf,;f

old duloee (gbin 3) 50

YA rivy YYeA YA-Y ¥i.y YYoA kcal/kg e 20 BB (5 51

Y/a¢ YA MY Yo/-1 10/41 AIY Topls o5

\ \ \ AR /Yo o[+ 1 caeelS”

! V¢ N +/¢0 .Jo /Y4 e JS b

<IAE \/Yo /¥ AP <o <Y T SRR

\IAR <IN Al \/-0 1 -y Gd b ] pedS o

ol LT (gdre 5l 50

/o4 \/o¥ \/vY /1 /¢ AR 1 celS”

/o4 V[ /Y4 Iv¢ <IYA <IYA 7. ¢

o /8 il 08 (L YOA KB s 08 A VY E el AU Free D3 ity dU Qe A s 08 e Ve 018 85T SALST a5 el
08 o /17 BL2 bty 0,8 e VY S el 08 o VY S sk 08 e M 1S g5l ol 0 8 oo YEIYE Sl 0 5 e O/F 1 Dy 0 8
0 S VI 5508 e Y b o 8 e #0158 (0 8 L VFF (0 8 L WYF iaT (0 8 e WIY S 0 8 i Fre S 0 S e /NP

(as fed _wlw! g (a0 y3) coliiw! 390 mbo 33 ol WET Slus™ 5 1Y g

b olS ol xS S £Sist osle

VO/A YA/¥ - "/ a0 Sl oS (5

Y\/¥ ARV - AY/A 47 Olid 0S50
- \nZs4 - 44/4 a4 pelS” S S

V/A \/¥ \n7id Vo ar/o V5 s
o VYA ) A+ aF b g dloeS




Qr*—*lf@ﬁf“ﬁ prenlS e L8 &S o3l

5 Ol dS (63 (6l pelS i dn CB ol
VOVD 5 B0 s bl ol s Dlid ST s
jljoﬁg}wl.urnf&,b@mg,ws,\igf;,ﬂj
oS oredS Dl S 55 ol i 2n S S
Sgli dS 6 A i) sl sy VT Sy b
dl;;;f‘@.ujla;jlng-ﬁ4w\.ucuw,>6,b@~
S (P=0.09) 55 eslizal 5550 mbie plo 51 5YL L s
S5 o &S A odslie B, 0l 2 pelS il
DS & b 0 5V 5 Ly 03,8 L3l s Olind oS
Ldd @d& odS” DL ST gl 0y b S oy gle aned

(P<0.01)

prelST AL sl (ol i 5 (6 AL dn CB S
3 sap dasm e 53 DS Db s 53 oS bk
FIF Y s 3 (Seia Y s IS 5 gla ames
‘prﬂjs}ﬁﬁwdﬁwwqu Ll ol
e O 5 o g alie ol DL ST Dl S (6o
);xwdu,r@%u‘&gu,;.mmﬁp@u
Sl eondS 550 5 Dl ondS (63 51 VL @S Ol S
e B s W S sl s B S sy
e o 48 AL (oo (UPYA) L ST 4 by e ol
s Olaud ‘,.,..1533}., Slaws (,.,..156.5 UYL els
e Mzt (eSSl 575 VIS " L Ll ((P<0.05)

LS gl

axfllan 090 (SIBHG0I (cwid puilo O bl BI ol ( widd Jad  wdid Sl (Ao 0) DB 03Il &3 395 -V J9u
WOad edS” (53 9 Ilaud andS” 990 ¢ anels” il 7 DIKE LT SV g

ad o o5 MK.}?‘ Sliud V"“K ) (e o) 3 651000

lS b s Y8 Slud

VAA \¥/9) /a0 Y YY/F¥ Y>
/¥ VYA NFA VYN E V4/YA Y-\\$®
V0 VWY AIY$ /00 VIVE VALZRYZY
NA%s Foxy 04/0A b+ /a8 \Qis Y RRVAL
\$/9 Vo /FF Ve /0F ¥ /aA VF/e4 VATV
YF4 vy OFA ¥VA A& (GMD, PM) &3 s s ke
Y/f \AN Y/¥ \Al YV (GSD, pM) s ke 3 ldilasl U3l ol
Ab - - 4 \%4 AN

(5335l 9 Hlang53)




O35 FYL I Yot &8 59 (O 5 4 +/8) 5 +/9%) L g
Ll (S AS 53 p 5 ) VIS dlonsS 55 Sl Land Ol
o B S oKees s oS L ks (NRC, 1994)
s Selh) s o ials 1 ol oplp ) 5 258
Gld jind B 1L S ) 2alST (Y8 0]
Plumstead ) el oaz 3,18 (255 sls 452 55 0,
oS 53 olS dn SLB (NS 5b « (et al., 2008
reedST $ign 5 Dlhd ondST (65 51 YL VG S 5 L s
.g,:t,umlfog;\fwlagmgwlpﬁ;)w

an B bl (YY) o, 5 Ravindaran
50V G5 4 VG bS5 L g dlS s 0dST g 2l
2 8B e O ol Ges bt 5 6T (s ST e 1 /OF
S 5y ) adlas sl ol andlas .3 S eslizal &b wly
e 5> Vs Lpw dlS 5o dS ekl n CLB
(YN OLKes s Anwar 58 515 1 LIi&ss sl
L3S M Y 5 5 ol sl (ST Rk el B
33 (YA 0L Ken s MOSS L s VA 5 ol solie o>
bs sl ol Sl b sl ok 5515 285 gls 4 g
3G 53 ol 53 Bl o HlaST o SLS 5 4 b
25 ol eas B slie b eslinal alls e oy
o b aslie 5o pall s oy Sl ealizal L onldS S S
(8 0L s David) culoas 518 &b al p sla
reelS DS 50 S dn S 5550 5o 9L sla w3l
OLer 5 ANWAN) Conl ods iz 255 gla dr > o
e Jole 55 (YT 0L Angel «v A 5 Yoy
Mfop;,gwfrm%uxobsgw}qw
NP a5 syge mlS gy 53 Sl S Azea S8 st
prelST Dy S5 b kin 0o (ST ) 50,8
(IS b w g A SN 5 ey S YFA coslizal 3 e
Sl S5 Sl S BT E S ols by
4 g &S Yoy L£0ON 5 Manangi) ol S o,

o O 53 ity (6,8 ile Iy oolS wdn LB 3

GNQL:.«ch@b sle qf:mm,@

peedST 63 3 eelS an SB ) 5o 05 laesls
r@%u.cﬁw\em,&wowm&jyjow
o103 Dlid S Ssn 5 Dlid ST (63 55 @S (5 b
Siza g o3ls b sl 5 (/YA L /Y o) s ol GEslesT
Y YA T o (YA 0L s ANWar L 5 ol
6“@?})QMW}QJA)QMWM‘S§))‘)
(YY) ohKes 5 David cpomes k5 57 58 288
Sl PR 5 IR0 55 4 i 5 (5 al ds S slie
03 Slid odS (63 Sl 1) /YT 5 XY 5 Slid S e
ol s el LS BE S5s wl el sl e
23 eSS 5 dn S o 6l pre OV o 2leST
LI s gy s g 2050 e 53 )

G385 LS () 01,8 5 Proszkowiec-Weglarz
J.;U@:J&Mr:.«lfjlyﬁrf“lféﬁtlérm%léf
YO o5 3,8 oo S il o b s pdy sl o5
xbﬁrw‘dxi@é}bc))b@bQ7j|A&

o S dag o3zl bl o o hed g oS Bl
(....é.a Sl o guae esle pl e ol ) Wyl LSt
peelST e s 0249 NRC s o L& st pedlS”
ki SE Y 4 Y (23S gle g s Sl b Lhud o
s peelS R o Al e S () e 5
S ¢ Grale3T ol 53 (YA 0K sPlumstead) s §
Sl ol ) 4 Y s b () J;J.?)Asl::éﬁbjé...é:\{r:«lf
G;.»L@;.Tol}:.oe\.!L;,{bjT:)fél)}s-a:bj\s\fJ:ha\q
A 03lial b 5 ponlS 0 ST s
ij}ﬁ)}r:mi{r@%g FN0 Jle yy b s
SIS S s (V) Slas ST 63 5 (VW) Slins
Wil o sk s eds 5IE ls esls I YL &S s
das e 0l S (YN0 0L 5 Gonzalez-Vega)
.mpdﬂoju;ﬁﬁgqxsuéuafﬁg;\,,&\,\f
dlqdfjsvrﬂdlﬁj‘gﬁ@r@%lé (bl cpl o
| R e P W -V I (Ui ARV L SPRVA SV YL




Qr_..ﬁlf@,;,a.s,r._..xfr@g;:ms &S o3l

3y50 03 (g p Syse Sl ct“&:‘.ﬁ Sl g D
Sl S 4 by VWl sy 01 S O
3 (pelS Sl ST (sl Sla 0 Sl (e 0 S
e odS Aoy (Dlid S Gy Slid S
35 oml el Sl ST O3 s b Kl 5 cdidls
ISt G2le3T ol 53 Aol s b5 3 K03 e 93
Wyls S Ql,ss\fd\«;ﬂm&cuwﬁ adl .ol
044y Coon 5 Zhang) &,ls i s (6 2im 8 e
OLKas s ANWAT kas o [l 31 010K polS” ke
Lgu@ﬁ);u.\i;wv,xqﬁm;sm;j,uf(nw)
Yormdenn) Sy Ol b dS S S S 28
s S 00 23) 55 D3 8 55 6T 51 YL (e Seo

L S el s

e i 5151 e D3 o3I Al ien 33 8
PRS- FCN by « od P S LIS RG

144y (Coon 3 Zhang wise 55 |y (gdie 5 4o ods
e kB oaS Ws S 218 v ol Kes, David
i prtin S0l b oelS DS e 53 3 oS (5 2l
Gl f o 53tV 52 /FY S arly e S WY 5 FRY il
2% peelS (6 A Ll e (L3S 1S anka B s
23 IS sk (s /OA 5 2 /0V ‘rr..lf;;t{;c;ejb oo
g (S w3 (255 Gl a1 VL ekl
éu@ﬁ);wwquwmsz&uﬂ);
Sla fo o wBlys o S o le e s 23S
@b S o Sl el (VL S L Bt
oL 5 David s osls b ocGados cpl 5o odel ol
G NE 5 IOF) el s i ss la For 0> (Y2YY)

.(&&}dﬁlﬁrﬂéﬁdﬁlﬁc%;

el SLAE 9 el (5 A Sl s (Al § S A (pgihl i CubB Cal 0 i oo
.akgf’&éh\" w09 1A 455 (G domewd 3O (ow) g D80 &b K OIUKw Db gizxe 5O

JARTR| [S1.<WIPOWN g OWN gyg-R¥ N~ 1] - 2P PV ) PO T SN T P! pad Cull

foads” el 5 2

ils . /$ 00° e Sl odS” (6
N C/OYA oy P A Sl S 550
N PN N%a S eSSl S
- /0¥ N%a /pa% Y4l oS’

- VY 2y Vian U o dlloeS”
ST A e AT P< (Jloz! gebaus
JOYE /0 OF N /00 SEM®

Means in a column not sharing a common letter (a—c) are significantly different (P < 0.05).
#Each value represents the mean of six replicates (eight birds per replicate). " Pooled standard error of mean.




Gc.rowu‘@t; osle q,amm,@

S0 5 JIT mlio 33 jaud (5 A sl § jaud & P gkl piad bl ol o 0 Jou
2 SR VY Cpw 98 HIAS a5 (S dzmewd 50

Sud (5 2 syl ol 2 CLG
A s b
N <Ay Sl S (55
q a ab e . .
NEHN AV Slid odS 5550
N N Y 55 s’
ovaP e b g alloniS”
vy veed P< gdla.:‘.>-|cl=.~
R R SEMP

Means in a column not sharing a common letter (a—c) are significantly different (P < 0.05).
Each value represents the mean of six replicates (eight birds per replicate). ® Pooled standard error of mean.

P Db ol igm (sl FA B /FY s (Y21Y)
s Slewd r:wlf 83 s b g alb —ar Sl LW S
Van Lug As OlslsT 51 50 (A ol ilsT
Van ;5.1 8 el AY/F s i 48 (Y41Y) o, s Harn
SOF 1, Laus ¢ ol sl & (144Y) Versteegh , der Klis
PVl 6l s S el Sy s S Dol 0/
o 03 Sl b b 4 oS Lol 035 ol GRLST
(TN Slas NK}S}AJ(\/\‘\) pr‘:‘*lfcs-’ Sl sla
e NRC pseisaog V a Y Cos 1 5 ol & Wil
5 (YY) oL, 5 Mutucumarana "
ar S e dal) (Y0)F) olL,Kes s Wilkinson
Il proman (das o OLES ‘)r:mu\f\:«m.';)ﬁméd‘ 034,
oSl sl (o HHE 6 o sl 3550 Jiud mbe D3
ol o eslaal 5y Slews V"“‘K 63 Obhd geds ks
Gt O dle (5 by D)3 sy es S ArF (iuleiT

335 oo lr CAB 154 e 4 Wl O )
ar Sl Ol 55 aadlls s ((Y019) 0,80a sBikker
L;:;QMWML;:J@‘QMV.,J{}&)M)M@%|
VIV VMY 5 (258 sl o (sl Dl oS
55 (1Y) oL, 5 Shastak s 57 2,18 dsys 04

gl 03 s gl sl 5 b o al aa Bl S
TG (RO N 3 U RS TR
@Q,L&&;ﬁgwﬁﬂésg.bﬁfﬂgﬁtb
ol o (P<0.01) cals ¥ 5I5 dlowiS 5 b g S L (g1
elS sse s Dlid dST (65 50 Jhed g alb de B
AL e b ol e Dl aS s AT 5 AT Slaus
V5 S 4 by o fhd oo 2l p2n bl s S o S
350 mle G 53 pied AL SR IS 61 pme Dl s
AL il oy Y0 (P<O.01) csls 3oy w)
BS 3 oy S 3 (1400) i e85 53 i
ar bl @Sl 355 b ks odalia (/YY) Y IS
2L Old dS Sy Slhd dST 60 3 gl
eedS 30 52 jid (6 AL elbl Ll (L2IL 6l (s D]

2 g Olhd dST 60 5l YL Dled
b gtne e )3 Jaud e S s)5e 55 (oS sle o3l
LSKes 5 Van Harn alesT 55 s,0s 5 (s 535
S5 Sld ldST (65 )3 b an SLB S (YY)
G A S bl W Sy ey b Olaus o
4 a5 e L8 5,18 1) Ao, s AYF 5D (ul
o, 5 Rodehutscord ¢ piomen il o ol 2oleiT




Gr—*fks’)’f‘“”rf‘{r&q“ &S o3l

Olge 4 b gw dbuS™ 51 (Y +#) Adeola ; Dilger . 5a o7
an Sl 5 3 S e3lital Jid 5 lS oS uald ae g3
El a5 & LS IS IMA L Y L e gl
poelS el 0392 Gy (i) 25 ) 03 3 SRLeST ()
o NS s 3 Gl i ads MG Co
dr 5 5 sm e Dlaglin 53 b5l oy sl (5 age 355
oS b wdn S (YY) 0L 5 LU s,
(Y 5 V8 Y /A) pd @ S Caliies Sl o 53 | g
o ke AL FE s S Bl 5 L3S ey

5L
35003 skl pan Sl 5 AL R S SO
oty b5 L3l Gijb Ol pid @3 a5 Ll (o e
O 5 Shastak) wst ekl 5 dn i mi 5 Ol
252500 5F0 235 Gl e (655 2 S e s (VY
s S il sl 56 ) Sl ek )1 p S
d’: a7 al s (s rby’\ Ol Gk 5l jeud 8; gy alis
Ll Sl ol (il o Sid o s> /YA L /oA o 3 i
3358 (o 5103 b 85 Gl B ge e a1 5L
Manangi) ol sds 5wl 5L 51 2hs Siud S das e Ol
Wb b i o ST caddlls opl 3 (Y20v COON
S 3y e FS 03 0 S YAV dS sl sls o o
s e w0 Y LT L g ol o a1 VL
sdalive VY55 S gl sla oﬁ):r.‘l_;ac.:b't; S
S ws S 58 (19 o, s Mutucumarana ..
S oS o Sain (&l b i ol phd g5 s
4 pan BB i polie g (S slge 3 pln LB
e pled 53 Bld g jid p3lie S VL g s BB Ol
4 odd fat jiud Sl hdw AST (o lgiiy o dies (S
(IS s 5,8 e eslinul 3yge 0y bw g (Sl
Sge 53 Old 4 odd fuame jaud Sl esliiul Gl 0k SUls
‘.\.aﬁvoup;\jul{@c),u;nrnb_‘dbm;\,};

Ol g cMcr.:..JfQﬂ]a.l.cJaLz 635 sla, STl (e

& Q
77
(GF33)lw 5 Hlung5y) . .

Gl s S )3 Jiud pdn CohB Aoy 3 adllae
Gl e 5o | Slhd dST 63 5 Dlhd g sl
L3S S Ao YA 5V G w ) ais aw 285
el s Doge 4 old M pe gled S
Q)wﬁauﬁj\&,ﬁué\,powrfﬁdagjuw
sloul Cel oS L QMVTWL;LSJ }Qumér:...lfjsf
Sl oMews JS 3 i er S 5 Sl s sl
(Y 0L 5 PELErson) Wi jius Calse sl
oBaws JS 53 jiud oan Sl oy phud Ol i
OLKes 5 Peterson gass s syl s 5t IS
W/F ) Slid odS 5m YL e b gl 3 o(Y4)Y)
4 s (S s p ST e FVIY dalne S ASTe 8
0 S ASTe EVN ) Sl oS gigo oy e b (loo
JS 53 b wdn CLB (S i 0 S S /p S OV Uslae
25 (Ao ,3 08/ blas 1300 /V) ol 1S oKaus
SIS (W) 01, Ken s PEtErsen giss ool b b ale
S (63 53 i i 5 6 p pan B S S s S
ar S Tl i Dlid S e 5 Dlaud
AA/HJQM‘.:..K);}UQM‘.:A{L;;);MG;?&
D3 eSS AY/E 5 AV/D @Tdﬁmr@\;&u,/wh
L3S SIF S

s IS 56 JT s 55 jid s Sy o3L5 Julpe
Ooda b sy addllas s (Y4VV) O, 5 Rodehutscord
e Slp s dwS 5o jid gl el CAB e
Gl w505 55 1y Aoy 0) B4 I Ssline palie ¢ 255 (sl
g5 S w58 s BT L85 518 et 2T 0L
Lol s s Gr by o 03 s ) B e g (616 Ll
Sl o SKan (513 5 &5 505) LiulojT a0 51 L3 s STl =
35 ool e 53 s s3 AEL e ST mb
W5 3335 ol g S ol8ans 3505 Wl gin i 53 3 50
2 2grae Bd b 4 o Sl A Sl L 3T S

3 ok oslazwl (olg y> 9 aud gl JUT} g;‘jﬂ'.'.‘ Ol gies



V.,é.ag;:l.;lﬁ (pomad "}ijil-’ @M@A}Jj‘jy\{r«l{
j}}ﬂj&MW&}))Mdﬁ&v@A%@%‘j@
\iydl;,.:fﬂj‘ﬂl.:&:ﬁ~/AY’3~/QY’;T."JJ34;.QL&.“$W~1§

P e s S’*“‘Kf.f S 53 e Y5 dlus

Sl sy 00 5o (i Olalas (ils 1y 6,8l il s e

O 03 5 ke (S slise 03 jhd 5 endS s
ML@JL:;JJ}A)‘&J&LA%))M

Angel, R., Proszkowiec-Weglarz, M., Jimenez-
Moreno, E., Kim, S, and Plumstead, P. (2013).
Impact of the time and dietary calcium and
phosphorous deficiencies on their digestibilities in
single ingredients. 19th European Symposium of
Poultry Nutrition, 26-29.

Angel, R., Saylor, W.W., Mitchell, A. D., Powers,
W. and Applegate, T. J. (2006). Effect of dietary
phosphorus, phytase, and 25-
hydroxycholecalciferol on broiler chicken bone
mineralization, litter phosphorus, and processing
yields.  Poultry Science, 85: 1200-1211.
http://dx.doi.org/10.1093/ps/85.7.1200

Anwar, M. N. (2016). Measurement of true ileal
calcium digestibility of feed ingredients for
broiler chickens. Phd. Diss. Massey Univ.,
Palmerston North, New Zealand.

Anwar, M. N., V. Ravindran, V., Morel, P. C. H.,
Ravindran, G. and Cowieson, A. J. (2018).
Measurement of the true ileal calcium digestibility
of some feed ingredients for broiler chickens.
Animal Feed Science and Technology, 237:118-
12.
http://dx.doi.org/10.1016/j.anifeedsci.2018.01.010

Anwar, M. N., Ravindran, V., Morel, P. C. H.,,
Ravindran, G. and Cowieson, A. J. (2015).
Measurement of true ileal calcium digestibility in
meat and bone meal for broiler chickens. Animal.
Feed Science and Technology, 206:100-107.
http://dx.doi.org/10.1016/j.anifeedsci.2015.05.018

Anwar, M. N., Ravindran, V., Morel, P. C. H.,,
Ravindran, G. and Cowieson, A. J. (2017). Effect
of calcium source and particle size on the true
ileal digestibility and total tract retention of
calcium in broiler chickens. Animal. Feed Science
and Technology, 224:39-45

6‘4”&&“{[3‘@‘3 (}l& 4.3.}&: ‘\fro‘)@

jauuﬂij;)jTJé cQLﬁ}clil\a-)s;:bb- coJ::.-ﬂ.}cD?)
CLle ¢ 5 o gl o 51 oS cdimn SIS 36 i s e
(Yoo 8 oL, sANgel) e oo el

G R
jamﬁxjsy‘cwmw\f@,“@w&w

Sl S 53 4 2 WIVE 5 OV /00 i 5 4 edST DL S

&b
http://dx.doi.org/10.1016/j.anifeedsci.2016.12.002
AOAC. (2005). Official Methods of Analysis (18th
ed.) Association of Official Analytical Chemists,
Washington, DC.

Applegate, T., and Angel, R. (2014). Phosphorus
requirements for poultry, Animal Sciences,
Purdue University Cooperative Extension Service,
West Lafayette, IN. pp. 1-8.

Bikker, P., Spek, J. W., Van Emous, R. A., Van
Krimpen, M. M. (2016). Precaecal phosphorus
digestibility of inorganic phosphate sources in
male broilers. British Poultry Science, 57, 810-
817.
http://dx.doi.org/10.1080/00071668.2016.122260
4

Browning, L.C., Antipatis, C. and Cowieson, A. J.
(2012). The interactive effects of vitamin D,
phytase, calcium, and phosphorus in broiler
performance and skeletal integrity. In Proceedings
of the 23rd Annual Australian Poultry Science
Symposium, Sydney, Australia, 19-22 February
2012; p. 81.

David, L. S., Abdollahi, M. R., Ravindran, G.,
Walk, C. L. and Ravindran, V. (2019). Studies on
the measurement of ileal calcium digestibility of
calcium sources in broiler chickens. Poultry
Science, 98:5582-5589.
http://dx.doi.org/10.3382/ps/pez314

David, L. S., Abdollahi, M. R., Ravindran, G.,
Walk, C. L. and Ravindran, V. (2020). Studies on
the measurement of ileal calcium digestibility of
calcium sources in broiler chickens. Poultry
Science 98: 5582-5589.
http://dx.doi.org/10.3382/ps/pez314

David, L. S., Abdollahi, M. R., Bedford, M. R. and
Ravindran. V. (2021). True Illeal calcium




QJ&:):)}J)WKM@Gh;;gl@

digestibility in soybean meal and canola meal, and
true ileal phosphorous digestibility in maize-
soybean meal and maize-canola meal diets,
without and with microbial phytase, for broiler
growers and finishers. British Poultry Science 62:
293-303.
http://dx.doi.org/10.1080/00071668.2020.184955
9

Dilger, R. N. and Adeola, O. (2006). Estimation of
true phosphorus digestibility and endogenous
phosphorus loss in growing chicks fed
conventional and low-phytate soybean meals.
Poultry Science, 85:661-668.
http://dx.doi.org/10.1093/ps/85.4.661

Gonzalez-vega, J. C., Walk, C. L. and Stein, H. H.
(2015). Effects of microbial phytase on apparent
and standardised total tract digestibility of calcium
in calcium supplements fed to growing pigs.
Journal of Animal Science 93: 2255-2264.
doi:10.2527/ jas.2014-8215.

Hy-Line. (2018). Management Guide. Brown
commercial layers Australia.
https://www.hyline.com/filesimages/Hy-Line-
Products .

Jafari Arvari, A. R., Mirzaie Goudarzi, S. and
Abdollahi, M. R. (2022). Determination of
apparent and true ileal digestibility of calcium in
limestone with different particle sizes in broilers
and pullets. Journal of Livestock Science and
Technologies, 10(2), 67-75.
https://doi.org/10.22103/jlst.2022.20440.1439

Kimiaeitalab, M.V., Camara, L., Mirzaie Goudarzi,
S., Jimenez-Moreno, E. and Mateos, G. G.,
(2018). A comparative study on the effects of
dietary sunflower hulls on growth performance
and digestive tract traits of broilers and pullets fed
a pullet diet from 0 to 21 days of age. Animal
Feed Science and Technology, 236: 57-67.
http://dx.doi.org/10.1016/j.anifeedsci.2017.11.023

Liu, J., Chen, D. and Adeola, O. (2013).
Phosphorus digestibility response of broiler
chickens to dietary calcium-to-phosphorus ratios.
Poultry Science 92, 1572-1578.

http://dx.doi.org/10.3382/ps.2012-02758

Manangi, M. K. and Coon, C. N. (2007). The effect
of calcium carbonate particle size and solubility
on the utilization of phosphorus from phytase for
broilers. International Journal of Poultry Science
6, 85-90.

Mejicanos, G., Sanjayan, N., Kim, I. H. and
Nyachoti, C. M. (2016). Recent advances in
canola meal utilisation in swine nutrition. Journal
of Animal Science and Technology, 58: 7.
https://doi.org/10.1186%2Fs40781-016-0085-5

Moss, A. M., Chrystal, P. V., Dersjant-li, Y., Selle,
P. H. and Liu, S. Y. (2018). Responses in
digestibilities of macro-minerals, trace minerals
and amino acids generated by exogenous phytase
and xylanase in canola meal diets oered to broiler
chickens. Animal feed Science and Technology,
240:22-30.
http://dx.doi.org/10.1016/j.anifeedsci.2018.03.011

Mutucumarana, R. K. gnd Ravindran, V. (2016).
Measurement of true ileal phosphorus digestibility
in meat and bone meal for broiler chickens using
the direct method. Animal Feed Science and
Technology, 219:249-256.
http://dx.doi.org/10.1016/j.anifeedsci.2016.06.025

Mutucumarana, R. K., Ravindran, V., Ravindran,
G. and Cowieson, A. J. (2014). Measurement of
true ileal digestibility and total tract retention of
phosphorous in corn and canola meal for broiler
chickens. Poultry Science, 93(2), 412-419.
https://doi.org/10.3382/ps.2013-03419

Mutucumarana, R. K., Ravindran, V., Ravindran,
G. and Cowieson. A. J. (2015). Measurement of
true ileal phosphorus digestibility in maize and
soybean meal for broiler chickens: Comparison of
two methodologies. Animal Feed Science and
Technology, 206:76-86.
https://doi.org/10.1016/j.anifeedsci.2015.05.011

NRC. (1994). Nutrient Requirements of Poultry. 9th
rev. ed. Natl. Acad. Press, Washington, DC.

Petersen, G. I., Pedersen, C., Lindemann, M. D. and
Stein, H. H. (2011). Relative bioavailability of
phosphorus in inorganic phosphorussources fed to
growing pigs. Journal of Animal Science, 89, 460-
466. https://doi.org/10.2527/jas.2009-2161

Plumstead, P. W., Leytem, A. B., Maguire, R. O.,
Spears, J. W., Kwanyuen, P. and Brake, J. (2008).
Interaction of calcium and phytate in broiler diets.
1. Effects on apparent prececal digestibility and
retention of phosphorus. Poultry Science, 87:449-
458. http://dx.doi.org/10.3382/ps.2007-00231

Proszkowiec-Weglarz, M. and Angel. R. (2013).
Calcium and phosphorous metabolism in broilers:
effect of homeostatic mechanism on calcium and
phosphorous digestibility. Journal of Applied
Poultry Research 22: 609-627.
https://doi.org/10.3382/japr.2012-00743



o i

Ravindran, V., David, L. S., Abdollahi, M. R. and Trairatapiwan, T., Ruangpanit, Y., Songserm, O.
Bedford M. R. (2020).True ileal calcium and Attamangkune, S. (2018). True ileal
digestibility in soybean meal and canola meal, and phosphorus  digestibility of  monocalcium
true ileal phosphorous digestibility in maize- phosphate,  monodicalcium  phosphate  and
soybean meal and maizecanola meal diets, dicalcium phosphate for broiler chickens. Animal
without and with microbial phytase, for broiler Feed Science and Technology, 241: 1-7.
growers and finishers. British Poultry Science, 59, https://doi.org/10.1016/j.anifeedsci.2018.04.005
811- 819. Van der Klis, J. D. and Versteegh H. A. J., (1993).
https://doi.org/10.1080/00071668.2020.1849559 The Availability of Phosphorus from Windmill

Rodehutscord, S. M., Adeola, O., Angel, R, Dicalphos for Broilers. Report No. 164. COVP-
Bikker, P., Delezie, E., Dozier, W. A. , Umar DLO, the Netherlands.

Faruk, M., Francesch, M., Kwakernaak, C., Van Harn, J., Spek, J.W., Van Vuure, C. A. and
Narcy, A., Nyachoti, C. M., Olukosi, O. A, Van Krimpen, M. M. (2017). Determination of
Preynat, A., Renouf, B., Saiz del Barrio, A, Pre-cecal Phosphorus Digestibility of Inorganic
Schedle, K., Siegert, W., Steenfeldt, S., van Phosphates and Bone Meal Products in Broilers.
Krimpen, M. M., Poultry Science, 96: 1334-1340.

Shastak, Y. and Rodehutscord, M. (2013). http://dx.doi.org/10.3382/ps/pew458
Determination and estimation of phosphorus Wilkinson, S. J., Bradbury, E. J., Bedford, M. R,
availability in growing poultry and their historical and Cowieson, A. J. (2014). Effect of dietary
development. World’s poultry Science Journal, nonphytate phosphorus and calcium concentration
69, 569— 585. on calcium appetite of broiler chicks. Poultry
http://dx.doi.org/10.1017/S0043933913000585 Science, 93: 1695-1703.

Shastak, Y., W.itzig, M., Hartung, K. and http://dx.doi.org/10.3382/ps.2013-03537
Rodehutscord, M. (2012). Comparison of WPSA, Working Group No 2 (Nutrition). (2013).
retention and prececal digestibility measurements Determination of phosphorus
in evaluating mineral phosphorus sources in availability in poultry. World's Poultry Science
broilers. poultry Science, 91, 2201-2209. Journal, 69:687-698.
http://dx.doi.org/10.3382/ps.2011-02063 Zhang, B. and Coon, C. N. (1997). The relationship

Short, F. J., Gorton, P., Wiseman, J. and Boorman, of calcium intake, source, size, solubility in vitro
K. N. (1996). Determination of titanium dioxide and in vivo, and gizzard limestone retention in
added as an inert marker in chicken digestibility laying hens. Poultry Science ,76:1702-1706.
studies. Animal. Feed Science. Technology. 59: http://dx.doi.org/10.1093/ps/76.12.1702
215-221. http://dx.doi.org/10.1016/0377-

8401(95)00916-7



http://dx.doi.org/10.1016/0377-8401(95)00916-7
http://dx.doi.org/10.1016/0377-8401(95)00916-7
https://doi.org/10.1016/j.anifeedsci.2018.04.005

