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Requirement of Standardized Total Tract Digestible Phosphorus for
78 to 118 kg Finishing Pigs
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Doo-Wan Kim, Hyunju Jin, Eun Seok Cho
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2 2% E JdFE vH|SEA YAl &4 (endogenous phosphorus loss)S 1183t EEHA QA(STTD P,
standardized total tract digestible phosphorus) &S 7157 Y& AAEHATH ATEEL 12055 605
&4 605)9 3Y¥ w=(Landrace X Yorkshire x Duroc; 7HAIAZ, 78.05+2.47 kg)& randomized complete block
designg &8 AT 128HE, ¥HEG 25 157, 5= 194 #iAstlth. AlFdARRW STTD P &2 0.14, 0.19,
0.24, 0.29 ¥ 0.34%= AHst9 ZE AFAREY S5 9 3 HE2 1.25:12 1G53 on ARFAIEL 557
YA AAFAE FRYA AFTT 654 Adste] dEZE, $54Z € XL st ZF3Hbone
mineralization) ¥ EHEAH S B4t dFSAFL STTD P =&0] Eordd wet Z71stdth(inear and
quadratic, p<0.05). FARAFF D ALZEES STTD P &0 W2 93 Wyt QI STTD PY A F
(iSTTD P)2 Aoz Z718AtHp<0.05). TS, iSTTD P:gain H]E&2 Z715F¥ tHLinear, p{0.001; quadratic,
p=0.051). €% QABEE ALRY STTD P 50| B24% Z715He AFS B YKLinear, p=0.059). HEE W 2+
9 AT 747 AF(p<0.05) E H]AP(p<0.05) §H8-& YEFATH ALgH]E STTD P/} 5855 AgHo g J7tst
AHp<0.05). EF AR EE A= W STTD P 50 G w7 &oitt. EAH ZARE 5 fo5 A9 ¢ b4
q S7HE UEtd dgS5AZl el IHEAS AARE A3, HSEQ STTD P 8472 0.23%= 1=t

Abstract This study was conducted to estimate the standardized total tract digestible phosphorous
(STTD-P) requirement for finishing pigs. A total of 120 crossbred pigs (Landrace X Yorkshire X Duroc;
barrows, n=60; gilts, n=60; initial body weight (BW), 78.05+2.47kg) were allotted by randomized
complete block design so that two pigs (one male and female, respectively) were housed per pen with
12 replicates per treatment. The levels of dietary STTD-P treatments were 0.14, 0.19, 0.24, 0.29, and
0.34%, respectively, to contain 60, 80, 100, 120, and 140% of the requirement of the National Research
Council(NRC) for finishers with the fixing of the calcium : phosphorus (Ca:P) ratio at 1.25:1. Increasing
STTD-P showed a quadratic response in the ending BW (p<0.1) and the gain:feed (p{0.05). The average
daily gain (ADG) showed linear (p<0.05) and quadratic (p{0.05) responses with increasing STTD-P. Also,
the intake of STTD-P (iSTTD-P) increased linearly (linear, p<0.05) with rising STTD-P levels. Similarly,
iSTTD-P:gain ratio increased linearly (linear, p<0.001; quadratic, p=0.051) with increasing STTD-P. Ca
and P concentration in femur showed linear (p<0.05) and quadratic (p<0.05) responses, respectively.
Similarly, ash and Ca concentrations in the metacarpal showed quadratic (p<0.05) and linear (p<0.1)
increases, respectively, but there was no statistically significant response in blood characteristics to
changes in the level of dietary STTD-P. Based on ADG with significantly linear and quadratic responses,
the STTD-P requirement was 0.23% by regression analysis using the quadratic polynomial model.

Keywords : Phosphorous, Growth, Requirement, Bone Mineralization, Finishing Pigs

E =2 2408 ATARIEREIANSGPJ01448502) E 20219 E w2484 FPAHY AEATY 34 A LAG 98] 5
Pes=

*Corresponding Author : Eun Seok Cho(National Institute of Animal Science)

email: segi0486@korea.kr

Received August 10, 2021 Revised August 26, 2021

Accepted September 3, 2021 Published September 30, 2021

341



o1&l =2 A A22d A9Z, 2021

J=ALE Y (P, phosphorous)2 A4
Zgol o]

A S 5 4= FEFoH AHolA o
F A2 B2 oF FEdolt (1, 21 B3 AW o
gt AEukgol ot LA F shelil3] AF
T7HE ARG AR W IS 0.43~0.7%, A
HFE 1.86~11.97 g/d& AAlstaL Aom[1] A=
W Ff5]-8=(maximum tolerable levels)2 1.5%
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standardized total tract digestive phosphorous)°]
AcH1L TEE T FeAte U 8 daAEd
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3l HS(validation)o] BRsitt. F2o] 7 AlSFE
of tfsfl STTD P 847 B A7t =P= Ak [5, 6,
9]. Iy AFEZF o] 8H =X fAEHol ARSSE
749] Aol 2 Rl AFUolE2A A og -gHrt
[O]. Z3ER bRt AS7IPE STTD P 87 4%
< 98 d77F Fasiet 9], $49E(25~50 kg) tiE
HISE(75~100 k)9 g SA=S oF 1.24 ol =
(758 g/d vs. 917 g/d) A=A oF 1.74) S7}
BHH(1.58 kg/d vs. 2.63 kg/d; [1]). A=k} ALEAF
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2.1 AMgaA & SMs=

NEAR Y BE2AF Q422 NRC[1]o1A #Fs

= USRS EEHA Qe 0.24%5 7[&o2 20 ¢
40%R 7¥75te] 0.14, 0.19, 0.24, 0.29, 0.34%=E 571

S20% APNAY. ABARAA ol§H URARS

Y STTD P &2 NRC[1]9} oA AFE2, 3, 719

HoJel§ o]&sto] 4TIl Alm W ZQl BlE
1.258 3174s53ieh. o], @i, opu|iAlpiE
NRCI1]9] #d5Fo Foto] A5l AIgAES
ik 9 3febd 242 Table 13+ 2t
A= FHSATEY FETA BAE F 120
&, 605 ¢ 60 AT, 78.05£2.47 keg)9] 3¥
Z=(Landrace x Yorkshire x Duroc)& ©|-83}o] ALz
A 128K, WEY 2% (m, n=1; f, n=1)¥
randomized complete block designe °©]-&3}o] Hj
Akt AFFAE7I7ES 553 AXSHRLL B3t AlR

© FAR SEs5HiH

AFEATE FANY 2 SRl AF, AESFEF D A
BXHE RIste] BAMARE Aot DFSATF
< T8 9 JMAASBW, body weight)Z A5t F
ARSAeR Yiro] AGSAHZHADG, average daily
gain)< AFESHATE AMS717EERE AAEZF el AbEAt
Fe ARt T ASYLE o] d9AERAFR
(ADFI, average daily feed intake)Z AA5}iTt. A
F88(Gain:Feed; ADG to ADFI ratio)= LFSHHF
LFAEAHFFOE Hro] Fopleh. #2349 A
FZFGSTTD P, intake of STTD) YArRA T}
A& W STTD P &2 &oto] Uehilth. SAF3
Q3 iSTTD P2 iSTTD P& YGSAFOE o]
AArsHRATt
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Table 1. Formula and chemical composition in the
diets

Ingredients’, % Dietary STTD P, %

0.14 0.19 0.24 0.28 0.34
Corn 74.66 7470  74.77 7482  74.88
SBM, 45% 17.41 17.56 17.68 17.84 17.96
Limestone 0.82 0.80 0.78 0.75 0.73
Molasses 2.50 2.50 2.50 2.50 2.50
Wheat bran 3.00 2.50 2.00 1.50 1.00
SBM oil 0.70 0.70 0.70 0.70 0.70
Salt 0.30 0.30 0.30 0.30 0.30
DCP 0.11 0.43 0.76 1.08 1.41
L-Lys, 78% 0.25 0.24 0.25 0.24 0.25
DL-Met, 98 0.03 0.03 0.03 0.03 0.04
L-Thr, 99% 0.04 0.04 0.04 0.04 0.04
VitMin premix’ 0.20 0.20 0.20 0.20 0.20
Total 100 100 100 100 100
Calculated analysis4
ME, kcal/kg 3,320 3,315 3,310 3,305 3,300
NE, kcal/kg 2,509 2,505 2,501 2,498 2,494
CP, % 14.00 14.00 14.00 14.00 14.00
Fat, % 3.73 3.72 3.71 3.69 3.68
Fiber, % 2.37 2.32 2.28 2.23 2.19
Ash, % 3.45 3.74 4.03 4.32 4.61
Total Ca, % 0.41 0.48 0.56 0.63 0.70
Total P, % 0.33 0.39 0.45 0.50 0.56
Available P, % 0.09 0.15 0.21 0.27 0.33
ATTD P, % 0.12 0.16 0.20 0.25 0.29
STTD P, % 0.14 0.19 0.24 0.29 0.34
Catotal P 1.25 1.25 1.25 1.25 1.25
SID AA®
Arg, % 0.77 0.77 0.77 0.77 0.77
His, % 0.35 0.35 0.35 0.35 0.35
Tle, % 0.49 0.49 0.49 0.49 0.49
Leu, % 1.16 1.16 1.16 1.17 1.17
Lys, % 0.77 0.77 0.77 0.77 0.77
Met, % 0.24 0.24 0.24 0.24 0.24
Met+Cys, % 0.47 0.47 0.47 0.47 0.47
Phe, % 0.60 0.61 0.61 0.61 0.61
Phe+Tyr, % 1.01 1.01 1.01 1.01 1.01
Thr, % 0.47 0.47 0.47 0.47 0.47
Trp, % 0.13 0.13 0.13 0.13 0.13
Val, % 0.53 0.53 0.53 0.53 0.53

'SBM, soybean meal; DCP, dicalcium phosphate

ISTTD P, standardized total tract digestible phosphorous.
*Provided per kg of premix: 10,000 IU vitamin A; 2,000 IU
vitamin D3; 80 mg vitamin E; 2 mg vitamin Ks; 1.8 mg vitamin
Bi; 5 mg vitamin Bz: 3.3 mg vitamin Bs; 0.04 mg vitamin Bi2:
0.2 mg biotin; 30 mg pantothenic acid; 40 mg vitamin niacin;
1 mg folic acid; 25 mg Cu; 30 mg Zn; 50 mg Fe; 18 mg Mn;
0.3 mg Co; 0.2 mg L.

‘_‘CP, crude protein; ATTD, apparent total tract digestible
°SID AA, standardized ileal digestible amino acids.
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oA EFsict. EF W TAEE(ALT, alanine
aminotransferase; AST, aspartate aminotransferase),
s, Zohz =9 4ZFABUN, blood urea
nitrogen), FE/XWAHNEFA, non-esterified fatty
acid)& AYsksHEA7](7180, Hitachi, Japan)E ©|-&3}
of BYaigict. U  IgGe WHEAEY=(Pig
IgG ELISA kit, E101-104, Bethyl Laboratories,
USA)E ©]&sto] EAst3irt.

<,
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AIFAES A2+ 9= 6%(m, n=3; {, n=3)4
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A Fe 204 12A17F5<t die & Bo] 22 45,
A 9 AARAE AASHIT Y AGAAE s
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S HlolE &2 SAZEIH(SAS ver. 9.1)F ©]
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AutEog syl JHAaNE 2T & Q= JAE,
A 9 wo] EAATtof tisf A=A, 48 2 8917t
AeAge] OE 'IE RIS 8 two-way
ANOVAEZ AHAIRH 2% 48 9 435 217t glo] 44
A= 7ol YERAA 2dth A= Wi STTD P 429
3t liner @ quadratic effect® AATZ] s
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polynomial contrasts AAStHTt, 27FS AHS
A3t S|AEAL liner®} quadratic effect”} p<0.05
ok A9 AASH I SASS] NLIN procedured] 9
3] broken line linear (BLL), quadratic polynomial
(QP), broken line quadratic (BLQ) models& o]-&5}
o Frlstgict

3. E:m I uF

3.1 4Lt

ZEAZL A= Y| STID P9 2710 w2t quadratlc
responses YEFHTKTable 2; p=0.053). YFSAF
A=Y STTD P 429 S71ol weh S71skghlinear
and quadratic, p<0.05). AHE&ES  quadratic
effect(p€0.09)%F E2A5t9tE. £ A4 Alg W
STTD P AYTEY dFSAHFE 1.07~1.14 kg/d=
SR} ol2fgt Ak AYATEIL 6, 1010041 H]
SE SAFA 0.74~0.97 kg/dErt 2t &9k AR

&2 2 A7 APATED fARE £AE B
(355 ~385 vs. 346~404). A EEES 1 kg9 ARE
AHAPE W AFY 37Hs gRlste A#olth. AtEA
FFL 3.03~3.21 kg/dO.& ¥ISE(BW, 75~135 kg)
9] HHAEAHT Ml 2.64~2.93 kg/di‘jr ==
FAE HRITH1]. wabA, AgAtet vluslE of 2t
2 YESAEE SR dAEAFFOR Qs 5
AlFo] S7ket ZoR ArmEh

A@ARR W STTD P &2

=7

[

ol AdYPAF= LA/, 6. EZ

Z71= STTD P A=
7FAZtHTable 2; linear, p<0.01). o]&st 23}
SAE oiH

o
=
v
T

STTD P AFF= E7FicHlinear, p<0.01). & A7o]
A ARA RS ATt §o0% Zpo| 7 A Yot
STTD P A#HS A& Y STTD P $=&o| &olglof u}
g Z7KsE oz Holdh

3.2 3 U=

HISEARR W STTD P 4] @3 tiAbAI R WA
B2 Table 30 Uedlch. EH ff £48 ST
T 6.78~7.00 g/dLE ZHIEQlT contrast
effects= TEEA ottt F84449 EAA 9
9= 8.08~9.50 mg/dLel™ STTD Pefl whe AL
Hsl= gl A RE(AST, ALT)= AHFFE Zjol7t
glom A% 77 43.58~55.75 U/L 9 47.17~
55.42 U/LZ gRI=tt. 8F F2A4R STTD P
Ao & Aol7} glom EAA= 184.83~2606.67
uM/L H91E UElth ol2gt a9 75 EAA=
Klem et al. [11]°] AAISE A Sl(reference value)
of =Rt FAAFARE =A SF=E AT AR
AbZ ATiALS] A 7R o]-GE= gEolH A YL
“‘:Lako] FEoMH AR A A FEEo] Al o
a5 ki 24
= )\QO}— J/P‘qoﬂ/ﬂ 12A17F HAE AA|
t @ o] Alm [ olvA FEHE

wREolA] S AL B RO

L

L

A]
=

4 2 % Ak Hels 247 10.98~11.16
mg/dL 9 8.97~9.46 mg/dLZ &AFH}I A5z
L AU STTD P4E0| &olzlof we} Z4sl= 4
o&L— B tKLinear, p=0.059). AFATLAT | w=w
Qle] 0.56, 0.84, 1.02% & Z7F Z3HE AlRE Foigh

Table 2. Growth performance in pig to fed diets including 5 levels of standardized total tract digestible

phosphorous
Items’ Dietary STTD P % Contrast
0.14 0.19 0.24 0.29 0.34 SEM Linear Quadratic
Initial BW, kg 77.96 78.25 77.96 78.30 77.79 0.32 0.904 0.727
Ending BW, kg 115.58 117.45 119.30 119.01 117.70 0.52 0.115 0.053
ADG, kg/d 1.07 1.12 1.18 1.16 1.14 0.01 0.048 0.038
ADFI, kg/d 3.03 3.17 3.15 3.03 3.21 0.02 0.141 0.955
Gain:Feed 355.28 353.22 376.76 385.46 355.06 4.42 0.289 0.047
iSTTD P, g/d 4.24 6.03 7.55 8.77 10.92 0.30 <.000 0.329
iSTTD P, g/kg gain 3.96 5.46 6.42 7.57 9.63 0.26 <.000 0.051

'BW, body weight: ADG, average daily gain: ADFI, average daily feed intake; Gain:Feed, ADG to ADFI ratio; iSTTD P, intake of STTD P.
’STTD P, standardized total tract digestible phosphorous; SEM, standard error of means.
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Table 3. Blood metabolites in pig to fed diets including 5 levels of standardized total tract digestible

phosphorous
Items' Dietary STTD P % Contrast
0.14 0.19 0.24 0.29 0.34 SEM Linear Quadratic
Total protein, g/dL 7.00 6.88 6.78 6.96 7.07 0.05 0.592 0.119
BUN, mg/dL 9.50 8.08 9.00 9.33 9.08 0.28 0.838 0.469
AST, U/L 55.75 43.58 44.00 55.00 47.08 2.49 0.737 0.362
ALT, U/L 54.25 47.17 50.92 53.00 55.42 1.25 0.355 0.099
NEFA, uM/L 217.58 327.50 211.42 184.83 266.67 18.95 0.734 0.830
Ca, mg/dL 11.16 10.98 11.03 11.03 11.05 0.06 0.710 0.499
P, mg/dL 9.37 9.46 9.18 9.15 8.79 0.11 0.059 0.466

'BUN, blood urea nitrogen, AST, aspartate aminotransferase, ALT, alanine aminotransferase; NEFA, non-esterified fatty acid, Ca,

calcium; P, phosphorous.

2STTD, standardized total tract digestible: SEM, standard error of means.

A3} calcitriol® Z4(573, 392 & 292 pM/L,
respectively), FEAATZELS Z7K2.26, 6.19 &
10.51 pg/mlL, respectively), FAATEZELS ZhA
(0.81, 0.82 & 0.47 ng/ml, respectively)EAcH14].
olgidt A= AFRY QI4Fo] A WEH|o] JFS
v Sl AR 18U, % de 2 eke
Al W 1ol whE §i5t glirh4]. Hhdof, 2 <l
T AT ARE FootH EF A AAEHA
15l =AY EF Zdeskd A4Ede 10.02~
12.42 mg/dLolH 12 8.63~13.33 mg/dLE AlAIo}
I QeH11). @A A+ EF A Aske A
&

AW AL de=

i

o> ol
)
i)

[u]

3.3 i L X3, & Y

HElE W 23189 =2 AEAEol| T2 contrast
effect7} YAT Zr(linear, p<0.05) ¥ Ql(quadratic,
p€0.05)2 STTD P 0| wordd wat J7ketath

| O] =

(Table 4). S04 R3E2 STTD P 40| &oHd
2 Z7II9 A (quadratic, p{0.05) Z&S F7kk=
AFE HeEPtH(p=0.097). ol&3t dia&2 o]d A+
A= fAbith §44E STTD P4E(0.15~
0.52%)°] =255 35 W Zw(38.6~37.9%)2 7+
23R QI(17.6~18.0%)2 S7I6IRY. TE4E, &
A%, F71EFE S7FITHIL. NRC[1]91A A6k
STTD P 45 oi®] 80, 90, 100, 115, 130, 150%= I
FEZ AT ARE ST A, SPHISEY 55
29| 2IEFFL 60.8~61.9%2 SHF o] AFHo
2 Z7FTHe). O dTolAe sl 2245
W 23 EFFS F7ISHARE e sEdle s
of wet A7t S-S BstirH14]. AR FR1eE
o] Z4(0.59~0.41%)3tH T=4E ¥ R3|Ro] A
gieH16l. olEd A+ZaT:ES AkE W ?1°] bone
mineralization®] FFE vIFS AARITH

Al U Q19] o842 e}l HlETE Afol Ut

Table 4. Bone mineralization in pig to fed diets including 5 levels of standardized total tract digestible

phosphorous
Items’ Dietary STTD P’ % Contrast
0.14 0.19 0.24 0.29 0.34 SEM Linear Quadratic

Femur, %

Ash 62.48 62.19 61.70 62.12 63.15 0.28 0.537 0.153

Ca 22.00 24.04 22.34 23.80 24.04 0.30 0.024 0.751

P 12.93 13.03 12.22 12.52 13.18 0.13 0.997 0.032
Metacarpal, %

Ash 60.96 62.62 61.92 61.71 60.97 0.22 0.522 0.016

Ca 22.82 24.09 24.45 23.83 25.21 0.37 0.097 0.811

P 13.32 13.36 13.55 13.34 13.36 0.07 0.921 0.457

!Ca, calcium; P, phosphorous;

’STTD P, standardized total tract digestible P; SEM, standard error of means.
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Ao R 1:1~1.25:1% ARIL Qled] HlEo] o
A Qlgeo] Aarol 244 o] XA

iZoltH1]. Z2iu AR W Qlo] FE5] ZFE ] S
A v F8/d0] st 235]8 2:101449 o A4
A3t W go] ZUIRITH17]. 2 AFolAEs BE AIEAE
59 79l B8-S 1:252 13 AlE U] STTD P
o & tEE 9 $4Z9 mineralizationo] ©lu]gt
FEFE T2 AoE Amdrh

Y

Q

o+
oA STTD PE Foigt A3t fofgt
linear @ quadratic responses YeRH dZA| o]
8l SHEA-S AASFA T broken line linear (BLL),
quadratic polynomial (QP), broken line quadratic
(BLQ) modelE #8353t (Fig 1). IARAA] BLL
2dE A835t A7} breakpoint® 0.23%°]™H 95% Al
FEZHCDE 0.04 E 0.43%°]3 R*= 0.88°]th. BLL
714t S AFAS breakpoint] mIF U o]AlYd ALE
Ueo] & 4= 9lom o2t 2t} ADG kg/d = 1.1614
- 0.95 x (0.2327 - STTD P) if STTD P < 0.23%,
and ADG, kg/d = 1.1614 if STTD P = 0.23%
(p=0.121). QP HHS HEA| Q7 0.27%°]H
95% AFF7ES 0.23 9 0.31%°]2 R*= 0.940]ch
QP 29 7|t 3 A4S ADG kg/d = 1.1719 - 6.2619
x (0.2681 - STTD P)* (p=0.058)0]c}. wpA]d} meo]
BLQ #-&A] breakpoint= 0.25%, 95% AlFF#7F —
0.03 € 0.54% 181 R2%E 0.85% AXtEoH 39
A2 ADG kg/d = 1.1594 - 6.7801 x (0.2546 -
STTD P) if STTD P < 0.25%, and ADG, kg/d =
1.1594 if STTD P = 0.25% (p=0.149)22 EI=| 3]t

BLLY BLQ Z¥& &3t 3|AENEy 873
0.23% 9 0.25%% B7I=93 NRCI1]oA AAIgE 5]
|=9] STTD P 271 0.24%2] 96% H 104% &=
oF ZRIFc. YF APAFE2 STTD P 84
< B15kglc BLLY QP9 3] AR o83t A=(11
~23 kg)9] STTD P 872 0.34%~0.42%% KI5}
Fct5]. BLL 2ES 83 S/8=(20~40 kg)olAl
STTD P 872 0.39~0.41%[9). SAHL=(24~
130 kgl QP 2ES A& A] 0.31~0.41%2] 8+
FS 7= Zo& B ATHe]. olEgt old ATtE
o] 87952 NRCO Q% dfH] 103-132% =0l
o} & Aot AgPATE Afol= HE5 BE EX4o] ¢

°ld 4 9ot Broken line R¥@9 breakpoint

2f

(o]] 2f

—

3

mEH

A=z

A4
= TR

plateaus= JTH A=Y Bt thiEste] Ha
{7 Aol A%t QP& gk 7I8te R oo
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Fig. 1. Requirement of standardized total tract digestible
phosphorus (STTD P) of pigs by quadratic
polynomial and broken line linear
regression model for average daily gain
(ADG). Red-, blue- and- green dash line
were fitted line with broken line linear
(BLL), quadratic polynomial (QP), broken
line quadratic (BLQ) models, respectively.
The BLL breakpoint was determined at
0.23% (95% CI: [0.04, 0.43]%; R* = 0.88). The
regression equation was ADG kg/d = 1.1614
- 0.95 x (0.2327 - STTD P) if STID P <
0.23%, and ADG, kg/d = 1.1614 if STTD P =
0.23%. The QP model was determined at
0.27% based on maximum ADG (95% CI:
[0.23, 0.311%; R* = 0.94). The regression
equation on QP was ADG kg/d = 1.1719 -
6.2619 x (0.2681 - STTD P)’. The BLQ
breakpoint was determined at 0.25% (95%
CI: [-0.03, 0.54]; R* = 0.85). The regression
equation was ADG kg/d = 1.1594 - 6.7801 x
(0.2546 - STTD P) if STTD P < 0.25%, and
ADG, kg/d = 1.1594 if STTD P = 0.25%.
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