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Abstract

Calcium (Ca) and phosphorus (P) are essential for skeletal integrity and bird growth.
In plant-based broiler diets, Ca and P are supplied by adding inorganic sources.
Precision feed formulation involves accurately meeting the broiler requirements, and to
achieve this, evaluating the availability of Ca and P in feed ingredients is necessary.
Since Ca and P are deeply related to intestinal absorption and utilization, evaluating the
Ca or P availability in feed ingredients requires an understanding of the metabolism of
these two nutrients. Moreover, the concentrations and ratios of Ca and P in diets must
be considered. Currently, broiler diets are formulated based on total Ca and available
P contents, and generally, phytate P is used as available P. When formulating feed
based on total nutrients content, there is a risk of oversupplying Ca or P, which is
beyond the requirement. Therefore, it is imperative to accurately provide the available
amounts of Ca and P to meet the requirements of broilers. Recent studies evaluating
the digestibility of Ca or P in feed ingredients have led to the proposal of using
digestible Ca and P as terms for available Ca and P. Digestibility can be measured by
using total tract retention and ileal digestibility. However, specific standardized protocols
have not been established, resulting in inconsistent digestibility values across
experiments. Furthermore, with the constant genetic evolution of breeder companies,
recommended requirements must be adjusted to enhance nutrient utilization and
improve growth performance. This study discusses recent trends in Ca and P research
in broilers, focusing on evaluating the digestibility of Ca and P in feed ingredients and
measuring Ca and P requirements in poultry.
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Bol 875+ E}%*%g 12 ATP(adenosine triphosphate)9] T4 @ 484 ofy x] | Aol
7, BATY 24, QAL AR 75T WA Be FAROR A2, el 7
&5 902 el e CaPONOT) T4 AP ot 39 A B2

S B4 I8 A, 3 B4 SEE T 2 5

NBY LEARES 7120 HPHL 13 AR BT 243 o 97HS 3547
7] A8 F71¥5 4343} QAEA % (calcium phosphates; Xﬂl?_ AbZr42(Ca[H,PO4); - H,O)
A ARYHEE(CaHPO,) ), BE 7198 32 Bv BAMAE 50 #8 35 d&8E
AR E @A RS &4 AR W Zat 9 SRR F L5} -8 (available phosphorus)
TES VISR HFEEHAL ATH3,4]. FEJdS A W AA 9 F F =0 A F %
ol&E & U= Y AFFE KoM, diH R g Al Hidh] AA Al )l 877 S5
s Y= W v]= = EfQl(non-phytate phosphorus, NPP) #HaFS ARE-SHCH5,6]. H]T eI
% A &% Sl »eE|<A(phytate phosphorus) F-Z-2 A|<|et Q1 72 SJuleitt. Hl= L
< =0l o AR olgE & L R0l o]& 7Hs3HH, FA A HHE IS 51%-60%2]
a%keS 27 qzo[7], vlEdE] 4 7IEo R vk st 5= o84
I7F dastthe Ae & 4 U89 whEbA et High] 2HdS sl Fadly vy

gele 25t AN a7t Atk

dartad Ar U Za B 1Y AT 52014 o8 ks F Hol7t 17wl
& (total basis)e 7|EO 2 HIFHIE AT B, Am Wl 2w E 19 o84
TGS SEAIA S5AY 83 ol s B 3EE & ATH10,11]. 7 AR W ]lo]
) THE A Bz HiEHe U9 I FHOE wiEH= 19 Fol S7tet] A Aol
A FFFSE 2o7l= dllol & QUuH12-14]. w2bA FA At Al Aol FEA I
= FA oA ZH o HigHE S 07 flsiMe dEAEE §A4Y FEE o84S
st FEo] AAl MR ® She 87FE AR vk E Adshe Aol a5t Ei
AtE Yl 2t /19 vleof w2t o849 AtelE Hol7] el AHEet <l 5= sl 7}*4
ol-&dZ et 87T S AT A L ATH15-17]. 2T FA AL ST A=
Ate W Ze 9 19 4548 B7PF A&Ho] w2t 45175 eH(digestible) 2 9 /12 -8t
Y SHavailable) 24 5 QL0 AT Aloksla 9IeH818,19]. web £ fluolAE o
A 2 D Q9] 2318 W% 26 D 9] 2T 29Ul A e AL
olZ A 2L SANMY Ze R A B AFFFol| st =ostaA; it

=

(¢]

dag R 22| tiA

A Atmo] AHEE tiFRo AEAY YEARES 4FY Zed U

of 979 BAFHQl AFo] WA T Sl Z43) 0lo] RS _

Qo] FRT MG ALY 2L ARARES W/hele] REQ A7FL FIAL.
ol 912 T EAK phyt1c acid)o] 23St o= e Ql(phytate phosphorus)@} H] T HEjQI(NPP)C.2

TR & 9lov, A4 YRAE Y 919 60%-70%= WH el Fei= ZAIIITH13,20].

T1H% A= “4?1‘511 2 wolSh= phytases B4~ FH]7F A7) wizol 3€EQl o]-gof 3HA 7t
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QIEH2122]. ek AZH URARE 28 URARE A48T 34 ARHE &
82 S Qo) a7 335 Slstel ARl Bl o ARARES A8,
A ] 249 99 Wo] ATIo] Yom, 106 Boh Ei AT A5 oL T Sz}
AE AHolAY, f7lately Fr14k BAIE BA4ste] EARMT2]. ol 23t Za A
2 &4 FHoln, 4 Wl 2w Ex Y ol uet I FAE As) 2EHTH23]
o] A S 5555 (active transport) T $>5%(passive transport) 0.2 FLEG O]E]'[ll]
FHFol A& = HIHA S 2 E (parathyroid hormone) T} vitamin DOl «]OH SE440]
o|FolAH, Zg AF Tl w2 e FUAET d7|sket4] 7]&7](electrochemical gradient)
of e A9 2] sl +ErES Sl BAAH (tight junction)E S35t} FETH21,24-26].
ZrA B (calcitonin), /A S 2R vitamin D3 E43%(1,25 dihydroxycholecalciferol; calcitriol)
st 9] A ) 0] BolEe AARS2A 24 2 212 5 2 ATl Bofat
23402 084 AN FFL vl ZAEUL PPN BoEE sEEo
SOl 5 U6 S S 0 Mo} Ago e ATLE sl 85 T
58 BASHIL O 9 1% B0 ) W) S 2. iz
]*]'(paresthesm) 2595 muscle weakness) @ A] L2 H|ZE5E AHES 4
M g4 2o B2ROIHDSE] BE 26 B/ WobE Rl
d b e AR Qg S35k 7S skaLl29],
& HiEo] Haste A A &% ¢ HiEoe] S7HEH13]. ZHH o R EF Zw vk
k5 535t 9 viE SUIE Q) 8% 9 vE= ZASH "t ESL vitamin Ds
ABAJElo] AlAo|A HFHOo R E/dYPQ 1,25-dihydroxyvitamin D(1, 25(0OH),D;) 2 HTE 1,
é?ﬂ_ AlZIT}H2]. Vitamin Dy 443 (1, 25-(OH),Ds)2 A W 2
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249 FFUOE AGHE MM weklA REARG BYFBA ARAL A 154
! HHW}E g ST 24 G S7ol olele + UTH30) E,
3 Q) 7 URARE 3R URARQ 484 URAR vle) A0 FHHo] 4
s, 29 A 849 4% 2 ‘:‘E*”Oﬂ R FFS F 5 Uk AAO A AR W
275 ol W7HE sAo] BTH3031). SN, A3 QLS 2 I E: BHE
2 A Rt o 2t A sl 289k Aol AR S5 Uk FUT A
e A $A9 24 E 9 8779 Tt BAs, ok {ANMY ARARY
1AL FHAY & Utk Tgol PR RTHS AT AL AW T4 Ee
Qo] AT 2 BAHES AMste] ApiH] FHHQ wutoh FAA TA FHL B
B2 Y F FBEA SUINE £g0] B 4 9T, Bud 5o B
FS BAAA B0 WA 71072 4 k1], oleF 3D AR L Aok Al
ARAR W 2] ol87158 24 U 9 a 20| Agslojolof diek. ol 875 GFa
AR ) 9L F AR FRO| 98 A3k 4 9%k GRS Juisty, AR
SAGNAY ARAE 1 P2 0G4S BT 1) L0348 2L ol St IS A2
Vgom st g Wil A4 A AR W 24 2 99 BF 27F 352 AL F42o)

>

http://www.e-ait.org | 53



SAHNMS 25 H 2 gL HM A I

54 | http://www.e-ait.org

ARAREY o84 WP} Basic.

M 0|24 HYIHrelative bioavailability)

Zrer B Q19 o] 84 24 o]849] 7]&7] H] & B W3l 14 (slope ratio assay)S
ARgstol FHiAel oz S4 o] JATH32,33]. o] 34 ‘ﬂc}‘ﬁ‘_ HI A] 7]%0] B= duAtE
(reference ingredient)@} B] I thAFQl YT AR (test ingredient)2] AlR W H7F42-E Q55 0]
ot= goloto] AlR W A7t 5 (x-axis)o]] T2 2AFGE(y-axis)0] 2 49| 7]-&7|(linear slope)
2 b8 4 us B, 245 712 AR 71970 e v Al A e

]E H7Vsko] AthA 0]%— (relative bioavailablity)S H7FSHCH34]. Zg} 919 A4 o84

grlol= W= /\].okxéz-qu. Z 73%(bone breaking strength), & SR U Z Y s
o] gHFe Aot ZEAHES FAIYE O R it} o] WL YgAtmdE 271K o]A)9] 4=

¥ PR R3] o] AR4BL % N8 EE Hio] 9y, 24H BB
o] o] g4 URALRS] Arjd glo] ofd 7% UmALRol e A grol/] wRo] wat
H] A4 A A ol 7Fsd 24 Ei A9 Feke st shvlo] oleigo] Qo] uig] 2
of AgH s Y|2e] AgHE ArAtE ] A2 ARARY o84S BAsIA B
W AEET ek

Lr—{Nx&m

A58 53
4518 59 B9) UMY Z4 D 19 2583 SY5te] TaSHdigestible) FHFL
(o)

B2 UH 0|84 Wolo] o) YAlE T Haw ot
AR 7H"\7} A1, SA4HE Aok g2 AR S HititE U 2w e o 9
Ao] A o184 M FoIEA YA 1 olerbsT 4 L A9 FHL AT
1014 BijgH] 2] 2-go] 7hssith avked 4 AP|H Ee HES] Ao|(Rix
i )] YAo] wet AAFE2A E(total tract retention) It 34T (ileal digestibility)
]

At
a7 9] RS 3T oA 4845 11[18,35], A-51EA] o2 At
2 Wj&"ct $A4 9] AL, ZujAd7to] 9lojA Bt krt BelER] S Hir(excreta) =
&5, =5 &9 viEse 7L*3’~]r Q& 43t 3y o] AU FEo] qiAEES AA HiE
L 3 ROIE(35,36). Tl She i WI5l0] RN ol84E WA 1 BELTHEO
o B33l EUT 212388 0Ig o848
 oleie go] AAe 24 ol fATY T g B EEe 24 2 A8 AA]
olFTH36]. 2L =A AFolM= AFEHET —r7]E«] LTS SAH] ATt AF=
ol thr AT UHIT3] 24 L 919 HPASES 249 87 Ferozre 5gas)
Sl e A0 4 A 23 0] 2 L L FG Al I8
232 FHT, o] g2 SANMY L7kt A H A FFORE AL AUTH8,35].
World’s Poultry Science Association(WPSA)= ﬂ—i/\]'i H 219 3AASES 24517 ¢
% 712 02 N egression) S AKATHSL AFUE WAHTA o JPT Ao
PH) 52 ol WK o] AR BRsTH14). G2 P 3 shbel Hold
(difference method) 7]ALR (basal diet)9} 7|EAIR Y] AHE H7T YT AR (test ingredient)
= AR 77 B ]sttH40]. 25 % (direct method)> AL Wl B7t ABAEZE FATE
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716 QDO AutARl A4 Ee e YRt UE S5% d%4a 24 wiee] WAL
H(semi-purified)E AME-SH=H], o|2 s L¥HAQl 7 AlRTE ©
& % 9lo A%t $Bo] 431 A BH AES ANk B AT ek T
A 9 Aot vjwst MR e sh= AHARY Jle7t Avks Axo] Stk Anwar et
al.[15]2 3%, ol 2 Ao wet S A2)libd(CaHPO,) S 31 dagadles
2 Mol7k 91go] BIALHIS] o AFEA 248 SANAS AmAkz ) 24 2 2
o4 ASHEE Tables 1, 200 LERASLOE, 2518 e FUT F59 YRAR Tol=
Qg e} Holg ultt ojiat olgt A5Hg 2] AGE el Holt el F shid
Aog AlgHct g, 2y} oS AofA 2 o|E g (chelate compounds)S 3
43 % ol 2ite] 45180] FHL 112 4 GO9I, A U] 24 Bl ¥84T
A pH7E A5sto] Q19] A31go] agiths BI7h IUTH19). AR W 2% % Q1o

I} Hjgo] g 45120 Aole o =wolA HalH uh Qlou33,42-44], HE3t 401
HE SR AR W AH 24 2 2] R obN7K oA ggton), Exok

g7} "o £Fo] "Qst AAo|tt. Rodehutscord et al.[45]L 1739 AFALS A
WPSAGA ASs A8 RS Aoz R ¢l 438 S0t ABE X
[45]. 5L ABARE AMERZOIE E7oHL, SHE A9k80A Holg HAth A= 4
AL A AFTH O 2ol S Ao Aifof AolE A H gRloz AR 3, £A4 9
4, A= Hol 71t 9 deAtae] dA 27] B &9ked 932 A= aklel 2
% SIEH33 46,47). b 2D A S 2] AL AR 24 L o 5F
Ol QA AT R9ES T 14 A7) BaT A0 Amac

za 2 o 27 =3
NRC[48]o)| A AQtel= T
Al

e 219 R7FL 300 1 A APE EhZ A A 48]
19609 0]& x&# 0] 9%

F2 T SAY L= Amago] A FFHW WE

Table 1. lleal digestibility coefficients of calcium (Ca) for inorganic sources in broiler chickens

Ingredient Total Ca Ca:NPP ratio Digestibility Method Reference
9.0 1.1 0.32 Direct [58]
9.0 1.1 0.28, 0.34 Direct [15]
Dicalcium phosphate 8.6 1.2, 2.0 0.21, 0.25 Difference [15]
2.9-86 1.1-1.2 0.13 Regression [15]
3.35.3 0.9-1.0 0.67 Regression [59]
9.0 0.6-0.7 0.43 Direct [58]
Monocalcium phosphate
9.0 0.8 0.33 Direct [15]
9.0 1.1 0.51 Direct (58]
9.0 2.0 0.27-0.53 Direct [44]
8.0 2.0 0.46 Direct [60]
Limestone
9.0 2.0 0.57-0.62 Direct (61]
9.0 2.0 0.50 Direct [62]
3.35.3 09, 1.0 0.64 Regression [59]

NPP, non-phytate phosphorus.
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Table 2. lleal digestibility coefficients of phosphorus (P) for inorganic sources in broiler chickens

Ingredient Total Ca Total P Digestibility Method Reference
10.0 45 0.80 Direct [38]
4.4 33 0.59 Direct [63]
Dicalcium phosphate 4.2-55 3.04.0 0.65 Regression [64]
7.0 49 0.29 Direct [5]
4.4-6.4 3.247 0.40 Regression [65]
10.0 45 0.90 Direct [38]
4.4 3.4 0.78 Direct [63]
Monocalcium phosphate
4.2-54 3.04.0 0.69 Regression [64]
6.8 49 0.68 Direct [5]
10.0 45 0.89 Direct [38]
Monodicalcium phosphate
4154 3.04.0 0.60 Regression [64]

Ca, calcium.
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of ddf sA19 el I 8 AW717t Basttt. EF NRC[48]2%t oFY e}, 594
}l Aviagen 59 YTL 87T AMIME SZa HHLH] FFE 7IE2R AAEL
ATH3,48]. FmALR ] 2918 7t ARt FA WA 2T SACNM L9Pkett 2w R IS
ARERE 8 B7F A9 AL QloH4,49-53].

A AE W Zde w20 AT & A 52 Al Ul 2w aE2 oUA 2 o
YL ol &S ASAZITH17,29]. WEbM Alm W 2g 28 HE75F oUA % 992
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o ATEE FYHATH7,55,56]. £4 FEE Zad Q 87F HrHED] dig Wi
Table 30 YERH I
2T, SAATANM Am W 2 E Ql =0 wet o]
ot AR Y F R71E S5 FA0 1 8 7} 2R3 BQlt) o]d S
Agst] M9 Alm W ZE E

Ao Zg 3 Y 87T AdoMe T2 IANES
7 U Zde e ? aEvs 596d
=
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A9 FES SAATS5] T AH] AP, AL
(axis)2 AMES o UL, Zgd} A 2 FAO) SHEsE 12T S gl Alm W T
e A7kezd mE A4S Adiz a3sh] offve ©do] Stk webM Alm U
i Q19 A 12E 93 HoR = AR W e} /19 58 SAl0] 125t
RS AE ERISFAY(S5], WS- H H(response surface methodology)S AME-SF 4= it} BES
EHHS A2 AFFE F I o9 FHHek-axis) F AHBAE st 87F2 54
< o dohs Aol Aok ESE, 7 7HA] ol R4 (y-axis)oll Tiet 229 27FS SA
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Table 3. Calcium (Ca) or non—-phytate phosphorus (NPP) requirement in broiler chickens

Response Age NPP Total Ca SID Ca Reference
10 NA NA 3.32 [49]
21 4.30 6.23 NA [57]
Weight gain

21 34 NA NA [56]

24 NA 6.11 3.05 [4]

10 NA NA 5.30 [51]

21 NA 9.3 NA [17]

21 4.75 6.44 NA [57]

Tibia ash 21 3.7 NA NA [56]

24 NA NA 5.15 [52]

24 NA 7.28 3.69 (4]

42 NA NA 3.70 [53]

21 NA 8.8 NA [17]

Tibia breaking strength

21 3.9 NA NA [56]

10 NA 8.9-9.8 4.36-4.78 [49]

Bone mineralization

21 4.0 NA NA [56]

21 NA 9.2 NA [17]

Bone mineral density

21 3.8 NA NA [56]

Tibia ALP protein expression 21 NA 9.0 NA [17]

ALP, alkaline phosphatase; NA, not applicable.

https://doi.org/10.5187/ait.2023.10.2.51

2792 NRC[48] goeh UorcHs7], BAZM AR 1) 247 A9 JuuAg
Tejstol 24T a7 Avke RET 44 g
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e, e A= s 7Rt A EEE 2T B3 A HiETE HasP]
ko dRAtze] ot /19 AA0lEE S4 A7t £PE Aot AUl Zedt A =
F2 4 F71Ee] F ol 9% € = 9o, e AR e A 3E2 4 e
olg % FFE AT & 3o F2 A FFEE T ol&S A5 2 o184
BIEE] AR 28y @A dRE] The ARClME F sEdE AR TS
olftE =Y ol8Ae 1A ok FEEN HuEH S VEor HAHL . A,
A AR g 23S As SAIM ] dEARE ol 8vkstt Fe B < ¥ AT
o 5 Qe PHeE 2vkE SHE ARSI AR adkse Zw B 2 fads B
AE 4ot 7€z AYHL ot AR o)l +3" AF-solA A W Aolof

Zg 9]l &9kgo] 2 Wol7h FRIFlL, o2t WolE Eol7] ¢

Zt ks
A Y S AT A9 2ed) H]lth ke qiAlz SAA Y e o 7% B
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