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Effect of Calcium and Available Phosphorus Levels on Growth Performance,
Bone Characteristic and Mineral Digestibility of Broilers Fed Diets Supplemented with
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Abstract: Two experiments were conducted to study the effect of calcium (Ca) and available
phosphorus (aP) levels in broiler fed diet containing 1,25(0OH),Ds-glycoside on growth performance,
bone characteristics and mineral digestibility using Completely Randomized Design (CRD). Experiment
1, erowth performance and bone characteristics were studied using 270 male Ross 308 broilers. All
birds were randomly divided into 3 dietary treatments with different Ca: and aP levels including, T1)
0.77:0.48%), 0.69:0.43% and 0.61:0.38% in starter, grower and finisher diets, respectively), T2)
0.69:0.43%, 0.61:0.38% and 0.53:0.33% in starter, grower and finisher diets, respectively) and T3 as
T2 supplemented with 1,25(0H),Ds-glycoside 100 g/ton. Each treatment consisted of 6 replicates
with 15 birds each. Ca:aP ratio of all diets were kept constant at 1.6:1. Experiment 2, apparent ileal
digestibility (AID) of Ca and phosphorus (P) was studied using 108 male Ross 308 broilers. All birds
were randomly divided into 3 dietary treatments like Experiment 1. Each treatment consisted of 6
replicates with 6 birds each. There was no significant difference on growth performance, bone
characteristics and AID of Ca and P (P>0.05). However, the finding from these studies showed that
the Ca and aP level in T2 with Ca:aP ratio was 1.6:1 that had no detrimental effect on modern

broilers performance when compared to T1.
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W3uaznsRmUIveInTEgniifoslinIsinn1Inis
TnguIn1siiunzay Ao waaidey (Ca) was
Woanesa (P) & P funumddglunszuiunisw
WNUDATUIBINGIU NSABETIULAENITHUATIEH
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(Saraiva et al., 2012; Li et al,, 2016) Tunsainssiu
Ca uag P luowmsliilefiliaugaeivdwmwaliinig
ﬁwuwmﬂﬁzaﬂﬁmﬂﬂaﬁﬂﬂéé’mﬂmsm817'iLﬁ'wﬁu
(Sullivan, 1994; Li et al., 2012) 5103919559
i1 P unndu Ssavdenansynuieaninuandey (Li
et al., 2016) N15UsENOUEATRIMITANIUNAIT
A9Ds 2 Uadevan Ao seAuLasdndIuTD
waadoudenaanesanldusslaviild (Ca:aP)
\esnndndinwes Ca:ap Wusnasedidmanenis
go8uarnN1IANTY Ca way P lUTEUUNIUAUDIMNS
(Adedokun and Adeola, 2013) 8¢14l3Ain1kI5
P’Lummﬂﬂ'Lﬁyat,ﬂuéfunuﬁﬁmmLLW@ A9LEsu P
Tuomnslusefufigs Sedamalvidununisndneims
Lﬂ'mgﬁu (Gautier et al., 2017) AIWYIYILAATEAU
994 Ca uaz aP lusmsoraduniadeniianunse
ilvisuuAIImsanal usssseslidimanssnune
ammmwmimémLLazqﬁumWﬂsz@ﬂ%almﬁa
Schoulten et al. (2003) wuannsiasuteuladlnna
TupsTifisziu Ca uaz aP Wiy 0.67:0.42% Tng
fidndrutes CaaP Wiy 1.6:1 dwwalilridlefion
21 Sufldwindfiiutu uazesdusznoudn Ca

nay PIums@mﬁm%u ey Cardoso et al. (2018)
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strength) M1UA5A15989 ASAE (2005) LagiLlASIE%
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28715199 AOAC (2016)
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ANsEealA (%) = 100 - [100 x (M diet x A digesta) / (M digesta x A diet)]

dle M diet = YSinavesiudiildannsinseiluems (niu/Alansudngui)

M digesta = Usunawesiuanlaannsieseiiludsges (nSu/Alansuingu)

A diet = USinaumes Ca w3 P Aildainmsinseiluemns (nfu/Alansuingui)

A digesta = Uunauwes Ca vi3e P ldannnsimseiludsdes (ndu/Alanduinguii)

Table 1 Ingredient and calculated nutritional composition of experimental diets.

Treatments”

Ingredient (%) Starter diet

Grower diet

Finisher diet

T1 T2 T3

T1 T2 T3

T1 T2 T3

Corn 29.52 1453 1453
Soybean oil 50.1 21.1 21.1
Soybean meal (46% CP)  19.32 05.32  05.32
Full fat soybean 00.10  00.10  00.10
L-lysine 230 240 240
DL-methionine 35.0 35.0 35.0
Choline Chloride (60%) 01.0 010 010
Calcium carbonate 95.0 89.0 89.0
Monocalcium Phosphate  69.1 33.1 33.1
Salt 540 540 54.0
Premix 25.0 25.0 25.0
1,25-(OH),D;” - - +
Calculated nutrient composition (%)

ME (kcal/kg) 3,000 3,000 3,000
cp 00.23 00.23 00.23
Calcium 770 690  69.0
Total phosphorus 80.0 72.0 72.0

Available phosphorus 48.0 430 430

46.55 1556 15.56
16.2 93.1 93.1
95.26 83.26 83.26
00.12 00.12 00.12
20.0 21.0 21.0
30.0 30.0 30.0
01.0 01.0 01.0
91.0 79.0 79.0
35.1 12.1 12.1
41.0 41.0 41.0
25.0 25.0 25.0

- - +

3,100 3,100 3,100
50.21 50.21 50.21
69.0 61.0 61.0
71.0 65.0 65.0
43.0 38.0 38.0

09.60 78.60 78.60
93.2 70.2 70.2
93.21 8121 8121
00.12 00.12 00.12
19.0 19.0 19.0
27.0 27.0 27.0
01.0 01.0 01.0
82.0 07.0 07.0
15.1 92.0 92.0
36.0 36.0 36.0
25.0 25.0 25.0

3,200 3,200 3,200
50.19 50.19 50.19
61.0 53.0 53.0
64.0 58.0 58.0
38.0 33.0 33.0

T1 (0.77:0.48%, 0.69:0.43% and 0.61:0.38% in starter, grower and finisher diets, respectively), T2 (0.69:0.43%,
0.61:0.38% and 0.53:0.33% in starter, grower and finisher diets, respectively), T3 (T2+1,25(0H),D5-Glycoside 100 g/ton).

2/1,25—(OH)2D3—gLycoside 10g/ton from Panbonis® 100 g/ton

nsAATIEVdayanIeaina

JtAsirgviatuwlsusau (Analysis of

Variance; ANOVA) Yastayaunaziusauiiisuainy

LANAIITENI19ALRA8H2835 Duncan’s New
Multiple Range Test Tnelglusinsu SAS University
Edition (SAS Institute Inc., Cary, NC, USA)
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NANSNAADILAZIANTA

AUTTANINNITNEAR

NAYINNISANYINUINNITAATEAU Ca Wag aP
Tus1m1591n 0.77:0.48%, 0.69:0.43% Lay
0.61:0.38% (T1) W 0.69:0.43%, 0.61:0.38% i@
0.53:0.33% (T2 uaz T3) Tuomsszesian seugquy
LAETTUTNDUAINAIA ANEa1AU Lnedldndiuves
Ca:aP Tue1misivindvu 1.6:1 lddanansznune
ANTINNNKER (P>0.05) Warn13LaIn 1,25(0H),Ds-
slycoside Tuomsiifisziu Ca waz aP anas (T3)
lldamansENUARANSSONINANTHANLYULR BN
(P>0.05) (Table 2) @ammaesnyu Roberson and
Edwards (1996) finui1n1siasy 1,25(0H),D; 1y
9157Tisyiu Ca waz aP Wiy 0.65:0.50% laed
faduves CaaP Wity 1.3:1 lildsnasiothuinga
wazUszansnmnisidomsesinidediony 21 fu
WAy 35 YU N15aA5EAU Ca way aP lue1nwisiisl
ndiuves CaaP winiu 1.6:1 8193zTAUALAA
warUTUIUTBILITILHEINRDAIUABINITVDILA
e swtienadlosannluemsiiszaiuianiiug 3
Weoanefiazdemalinisldusslovians Ca uaz P
annsaiatulalusrsmednilusyduilmnyay 39
dwalilideanunsausudsonslasuanmsisl
S¥AU Cauay Panadls lnelidinansznuse
aussaninnisiasaivle wazifleiinisiasy
1,25(0H),D;-glycoside Tuo1115 J4NUIINSLESL
1,25(0OH),Ds-glycoside ladinanaanssaninnig
wan Tuan1zfilésu Ca uay P ilsanaranis$ne
aunaveInsiduseleytues Ca uaz P N15Lasy
1,25(0OH),D;-glycoside danalwsgau 1,25(0H),D;
IuLﬁamqqéﬁu Faleszau 1,25(0H),0; luidengs
$19N1898UN15AUANLUUEUNE U (negative
feedback) Inan1s¥avanesnisaensiadudingn PTH

damalitann1sdaAsIEi PTH (Proszkiwiec-Weglarz
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and Angel, 2013) Judanisviteruaes 1-
hydroxylase fieann1sduAs1edt 1,25(0H),0, uay
N3¥AUNIINIIIUYBY 24-hydroxylase THEN13
FaA3189 24,25(0H),D; %aﬂugﬂmmualaﬁﬁum
ofiuilandourinanuuwnuy 1,25(0H),0; luan1ie
flangaves Catduund tleniuausedu
1,25( OH) ,D; Tu 1 d @ a ( Combs, 2008;
Boontaveeyuwat, 2010; Proszkiwiec-Weglarz and
Angel, 2013)
AMANYMENIEAN
NAINNITANBINUIINITANTEAU Ca Wag aP
Tus1n1s91n 0.77:0.48%, 0.69:0.43% Lay
0.61:0.38% (T1) W 0.69:0.43%, 0.61:0.38% Loy
0.53:0.33% (T2 uay T3) luenmsszasiin sz
LAYIZEENOUAINaIn ANARU LneAIdAaIUTDY
Ca:aP Tuawnsnnnguwiiu 1.6:1 laldanansenusie
audnvuznszgnvesiiiile (P>0.05) feilnsiady
1,25(0H),D5-glycoside Tuamsiifinisanszdiu Ca
way aP (T3) Yu Lidenadoaudnwuznszgn
WUt (P>0.05) (Table 3) gonadasiu Cardoso
et al. (2018) inuidloliiiieldsuonmsiidsysu Ca
way aP vi1Avu 0.61:0.39% laslidnaiuvey Ca:aP
Wiy 161 funlumsazaunssiglunsegnifisty
Wway Rama Rao et al. (2003) finuindloliomisia
\Hefifidndruves Ca:aP anaadu 1.5:1 lulrie
szugldn (1-21 Ju) leedlseau Ca way aP winnu
0.60:0.40% fnuudsvasnszgniniilridedilézy
91157l AU Ca uae aP Wiy 0.70:0.45% u
ae13l3inu BIAUTENBULEINTEANUAL AZLULATIY
AnUndeosinudn lduandefy yenaini
Roberson and Edwards (1996) WuU31n15L@35Y
1,25(0H),D; luomasifissfu Ca uaz aP wirfy
0.65:0.50% lneiidndiuwey Ca:aP winnu 1.3:1 lal

! ] s & & v & A )
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Table 2 Effect of calcium and available phosphorus levels on growth performance of broilers fed

diets supplemented with 1,25(0H),Ds-glycoside

Treatment”
Parameter” SEM P-value
T1 T2 T3
1-14 DOA
Fl (g/bird) 605.97 601.72 604.48 5.6088 0.9559
BWG (g/bird) 516.37 511.04 508.61 1.8791 0.2332
FCR 1.173 1.178 1.188 0.0100 0.8263
Mortality (%) 0.00 1.67 1.67 0.6553 0.4223
15-28 DOA
Fl (g/bird) 1823.68 1819.75 1839.58 10.7119 0.7367
BWG (g/bird) 1314.67 1310.47 1317.62 6.6624 0.9118
FCR 1.387 1.389 1.389 0.0034 0.9744
Mortality (%) 0.00 0.00 1.14 0.3952 0.4103
29-35 DOA
Fl (g/bird) 1445.07 1385.03 1408.75 12.4419 0.1392
BWG (g/bird) 822.54 811.09 812.45 5.9739 0.7121
FCR 1.724 1.707 1.735 0.0130 0.6848
Mortality (%) 0.00 0.00 0.00 0.00 0.0000
1-35 DOA
Fl (g/bird) 3853.64 3826.31 3852.80 20.3077 0.8432
BWG (¢/bird) 2640.99 2621.03 2638.67 9.9407 0.6883
FCR 1.450 1.453 1.453 0.0048 0.9557
Mortality (%) 0.00 0.00 1.14 0.3786 0.3847

YT1 (0.77:0.48%, 0.69:0.43% and 0.61:0.38% in starter, grower and finisher diets, respectively),
T2 (0.69:0.43%, 0.61:0.38% and 0.53:0.33% in starter, grower and finisher diets, respectively),
T3 (T2+1,25(0H),D5-glycoside 100 g/ton).

?F|= feed intake; BWG = body weight gain; FCR = feed conversion ratio

idloemsiidnduves Ca:aP luonswiiiu  avaslunszqnanas dleldilelesu ca uay P an

1.6:1 n13aATEAU Ca wag aP 21N 0.77:0.48%, ®1117amAaY Lﬁaﬂﬁ]ﬂﬂa’]ﬁ’]iﬁi%ﬁU Cauway P (5‘1;’]

0.69:0.43% uaz 0.61:0.38% (T1) 1Uu 0.69:0.43%,

0.61:0.38% way 0.53:0.33% (T2 way T3) dInaln

JNNYITEas Ca uag P MNNISHN Lﬁ@%ﬂ‘lﬂ’]ﬁﬂﬂa

9995¢9U Ca hay P Tulden wagiNoanNansenuuad

mmu%waangmmz Ca lunszgnanas Mellena  n1slasuusunm Ca wag P Nlag19dninsanis

Wp991niinnsanseau Ca way P lus uisanali

Ui Ca uag P ansilndlelasudnsuldlunis

13Ul (Vieites et al., 2018) iws1zuanuiloan

Nsafansegnuad Ineunidn IUndeen1suIsInme
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Table 3 Effect of calcium and available phosphorus levels on bone characteristics and apparent

ileal digestibility of broilers fed diets supplemented with 1,25(0OH),Ds-glycoside

Treatment”
Parameter SEM P-value
T1 T2 T3
Bone characteristics
Breaking strength (N) 433,10 389.55 387.4 11.6019 0.1626
Ash (9%DM) 53.83 53.30 53.46 0.3749 0.9353
Ca (%DM) 19.17 18.35 18.28 0.2433 0.3616
P (%DM) 9.93 9.76 9.66 0.1726 0.7884
Apparent ileal digestibility
Ca (%) 50.77 46.44 47.53 2.8584 0.7864
P (%) 57.52 55.50 54.45 1.3080 0.6322
T (0.77:0.48%, 0.69:0.43% and 0.61:0.38% in starter, grower and finisher diets, respectively),

T2 (0.69:0.43%, and 0.53:0.33%

T3 (T2+1,25(0H),D5-glycoside 100 g/ton).

0.61:0.38%

A409UUAA1UTUNTEUIUNISILLNUBATU DU Tu
S19N18A2Y LTU NISVIIUVDINATULHBWAL NS
191uveaauleyl (Underwood and Suttle, 1999)

I3 i

agalsfiny mﬂmimﬁﬁmﬁy’mmﬁjﬁmﬁu GUEDD!
um’%éﬁﬁa@uﬁangnﬂwmm 95% Lagil
AudIAyRenI1uwdIveInszn (Rath etal,
2000) fleiinnszuaumsaaensEgiite sy
Ca waz P lunszuaiton Jedwmalosnusynouves
WITIALAYAIULTIVRINTEYNANAT
Ansdaslduuuusngiidléidnduuane
HAIINNITANBINUINNITANSEAU Ca uag aP
11815310 0.69:) %43.0T1) 11 0.61:0.38% (T2
way T3) lneddadiuves Ca:aP luo1wisimaiu
1.6:1 lsldswansenusa AID ve9 Ca wag P (P>0.05)
wansliifiuinmsidndiuves Ca:aP # 1.6:1 tuldl
danaliinnsdavananisldusslevddetunaziu
sszmw'ﬁmﬁgaaaaﬁnﬁm (antagonistic) LagWuI
M 1,25(0H)2D3-glycoside Tuamsiifinisan

s¥AU Ca hay aP (T3) lldsnansznusa AID v89 Ca
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in starter,

grower and finisher diets, respectively),

uay P \uiReaiu (P>0.05) (Table 3) fiafitiiosann
91MsilsEiu Ca way P fvmngaudensnwiauna
nsldusslovivesndsnisansvia uazszdu
Aandiuf 3 Tuemsiifivanedfiezdawaliliide
annsaUfuisenslisuomsiifissdiu Ca uag P
anas TuTadndIuTes CaaP Wity 1.6:1 enaaglal
guAuluvdedAuluaunssnusenisgesuaznisge
F11 Ca uay P uan9nil Li et al. (2012) wud1e1vng
fildndrunes CaaP AU 1.2:1 wog 2.2:1 dawalvi
liidefaussoninnisndn aruudsvosnszgn
padUsznauduay Ca lunssgnasniilidedilasy
o IAfidndiuves CaaP winfu 4.1:1 uasiile
pnsTdnAILTes CaraP winfu 1.2:1 demalvilaidle
i P lunszgngenhilnidefilésuemsiifidadauves
CasaP WinfU 2.2:1 uag 4.1:1 Aud1iy awandli
diuhemsiiflsziunasdndruves CaaP Mliauna
ansndwmansgnudensliussloivesussnig
ansvfiauaziilugnisazauussnglunsegnuesla
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n15ansEavU Ca way aP lue1ns lngludl
dnd1uves Ca:aP luomswindu 1.6:1 sauduns
W@ 1,25(0H)2D3-glycoside laldananaaussanIn
N13NAR AMENYMENTEAN WAz AID ¥8d Ca wag P
vodlaitle agnslsfinu msUsenovgnsomsiide
Tiilszdu Ca wag aP 11U 0.69:0.43%, 0.61:0.38%
waz 0.53:0.33% Tusrezin seeyiu wazsresnou
danann muau Tneddnaiuves Ca:aP asiivinfu
1.6:1 lUdINaNTENUADANITONINAITNARN LAYy

anunsalidunadoniunisanduyuemslaiiels
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