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Abstract: This study was designed to determine endogenous fecal calcium and phosphorus losses
and true fecal calcium and phosphorus digestibility with soybean meal for growing barrows by the
Linear Regression Analysis Technique (REG). Six Yorkshire X Landrace barrows, with averaged
initial body weight of (28. 6+1.76) kg, were fed in the metabolic cage. According to a 6 X6 Lat-
in square design, six soybean-cornstarch based diets, containing six levels of calcium (0.04%,
0.09%, 0.13%, 0.17%, 0.22% and 0. 26 %) and phosphorus (0. 09%,0.18% ,0.27%,0.35%,
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0.44% and 0.53%), were formulated in six experimental periods. Each experimental period
comprised 8 d with 6 d adaptation and 2 d collection of fecal samples. When expressed as g/kg
DM diet intake,increasing linear relationships(P =10.002<C0. 01) were found between fecal out-
puts and dietary inputs of Ca. The endogenous Ca output of barrow was calculated as 0. 622 5
g/kg DMI and true Ca digestibility was 44. 34 % when the dietary inputs of Ca point to zero on the
regression curve. When expressed as g/kg DMI, increasing linear relationships(P=0. 025<C0. 05)
were found between fecal outputs and dietary inputs of P. The endogenous P output was calculat-
ed as 1. 077 1 g/kg DMI and true P digestibility was 48. 78 % when the dietary inputs of P point to
zero on the regression curve. These results suggested that in the soybean diets of different Ca and
P levels, apparent digestibility of Ca and P vary a lot,but true digestibility of Ca and P are rela-
tively stable. Apparent digestibility of Ca and P were lower than true digestibility by 41. 50% and
35.51% , respectively. Current diet formulation using apparent Ca and P digestibility leads to un-
derestimation of Ca and P biological availability and excessive intake and excretion Ca and P in
pigs. True Ca and P digestibility should be determined and used in diet formulation for pigs.
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Table 1 Composition and nutrient levels of experimental diets (air-dry basis) %
S H ltem H 7K F Dietary level
1 2 3 4 5 6
% B Dextrose 10. 20 10. 20 10. 20 10. 20 10. 20 10. 20
FE K iEH Corn starch 74.26 58.83 44.00 28.75 14.12 0. 00
K] Soybean meal 13. 64 27.27 40.91 54.55 68.18 81. 82
.M Soybean oil 1. 00 2. 80 3.99 5.60 6. 60 7.08
&k Salt 0. 30 0. 30 0. 30 0. 30 0. 30 0. 30
44 Z IR B Vitamin premix 0.15 0.15 0.15 0.15 0.15 0.15
TET Y JE IR B Trace-Mineral premix 0. 10 0. 10 0.10 0.10 0. 10 0.10

=44k —#% Chromic oxide 0.35 0.35 0.35 0.35 0.35 0.35

it Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00

H £ 7K F Nutrient level
HE B CP 6.00 12.00 18.00 24. 00 30. 00 36. 00
kg DE/(MJ/kg) 16. 25 16. 32 16. 26 16. 29 16. 20 16. 00
£ Ca 0. 04 0.09 0.13 0.17 0.22 0.26
Mk TP 0. 09 0.18 0.27 0.35 0.44 0.53
Btk Ca/P 0.49 0.49 0.49 0.49 0.49 0.49

o ke EERTIRE P SA: VA 17 300 IU; VB (Z#E) 1.1 mg; DZ8R4S 1.1 mg; VBs1. 1 mg; VB,,0.012 mg; VD,
152 000 IU; VE 66 1U; VK;3.0 mg; A# % 0.1 mg; "R 0.6 mg; MR B TLR12. 0 mg; HI 0.55 g; 43 ke 7 ¥ BFE M
FHp 54 Cull.8 mg; Fe 152 mg; Mn 6.2 mg; Zn 95.9 mg; 10.6 mg; Se 0.3 mg

Provided per kg of vitamin premix: VA 17 300 IU; VB, (riboflavin) 1.1 mg; D-calcium pantothenate 1.1 mg; VBs; 1.1 mg;
VB,; 0.012 mg; VD;152 000 IU; VE 66 1U; VK;3. 0 mg; biotin 0. 1 mg; folic acid 0. 6 mg; nicotinic acid (niacin) 12. 0 mg;
choline 0. 55 g;Provided per kg of mineral premix: Cu(as copper sulfate) 11. 8 mg; Fe (as ferrous sulfate) 152 mg; Mn (as

manganese sulfate) 6.2 mg; Zn (as zinc oxide) 95. 9 mg; I (as calcium iodate) 0. 6 mg; Se (as sodium selenite) 0. 3 mg
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Fig. 1 Linear Relationship between Ca output in fe-
ces and dietary Ca input
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Table 2 The apparent and true calcium digestibility in graded levels of
calcium soybean meal diets %
i H HA 1 HR 2 HR 3 H R 4 HR 5 H R 6 35
Item Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Average
= URERIES ) . 5 g .
Apparent digestibility —30. 14 —1.90 —2.30 4.97 23.33 23.10 2. 84
NERTERIAE S ) . . . :
Trae digestibility 48. 64 50. 23 37.68 34.97 49. 33 45. 20 44. 34
s 7 B FEAL (P=0.007<C0. 01) ; | g/kg DMI F/R 0},
S0 T T T H RS [ 455 7K - e 14 96065 5% 1 2% B R 35 (P =
S st 0. 45470 05) s Ll g/kg 3 DM 375 » 2 o il B e UL
@ém_ (55 R A% 5 A E T B8 T B n (P = 0. 005 <<
%é | 0.05); 1] g/kg DMI 27 i » & v 4]} o I 1) 415 Bt
g~ L5 85 AR50 2 22 #4398 11 (P =0. 00520, 01)
s 0 15 20 25 a0 9 3 45 th 0L T 9 45 AR5 4 A M — 0. 24
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Fig. 2 Relationship between Ca output in feces and di-

etary Ca input
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Table 3 Dietary Ca input and the partitioning of Ca flow in feces
SUH Ttem H 7K 3F Dietary level SEM?
1 2 3 4 5 6
= =8 kg DMI
f@%)\%/(g/‘ g DMD 0.79 1.19 1.55 2.07 2.38 2.81 —
Total dietary Ca input
B W A] I T2 kg DMI
R 85/ (e ke OMD —0.24  —0.02  —0.04 0.10 0. 56 0. 65 —
Apparent fecal digestible Ca
S
FERE AT/ (g/kg DMD
0. 38 0. 60 0.58 0.71 1.18 1.25 —
True fecal digestible Ca
BFEASHE Y Total fecal Ca output
g/kg #& DM 22.27 22.14 22.18 22.20 22.21 22.23 0.01
g/kg DMI 1.02 1.21 1.59 1.96 1. 83 2.16 0. 04
FEN IR HEH Endogenous fecal Ca output
g/kg 2 DM 13.53 11.41 8.78 7.07 7.63 6.70 0.05
¢/kg DMI 0. 64 0.61 1. 00 1. 24 0.65 0. 89 0.01
FEG RO H T H K4 Fecal Ca output of dietary origin
g/kg #& DM 8. 74 10.73 13. 40 15.14 14.58 15.53 0. 06
g/kg DMI 0. 38 0. 60 0.59 0.72 1.18 1.27 0.003
—. WA, £S5
—. No the data. The same as table 5
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Fig. 3 Effects of dietary Ca levels on apparent and

true Ca digestibility
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Fig. 4 Relationships between the relative contributions of
the endogenous Ca in feces as percentage of fecal

Ca contents and dietary Ca input
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Fig. 5 Linear relationship between P output in feces
and dietary P input
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Table 4 The apparent and true Phosphorus digestibility in graded levels of

phosphorus soybean meal diets %
TiH HokR 1 H K 2 HH 3 HoHL 4 HH 5 H KL 6 1y
Item Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Average
FEWLTH 1k
—21.60 12. 35 13.19 11.23 32.40 32.06 13. 27
Apparent digestibility
FLIH AL A
52.91 56.92 44,06 36. 68 52.55 49. 54 48.78

True digestibility

s 3 3¢ DM Sy itd 507 I . 2 0 ) HEWE i BE OB B O £
2 §§2;W AAEALEN(P=0.077>0.05); ) g/kg 2 DM 3
SE IR« VLR 0 HE th B FL R BRI T 35 0 R (R
2 220 BB EIKFE(P=0.383>>0.05); A g/kg DMI FE R
=S I FR KPR LG 1 B8 B W 22 5 B (P —
# o 0.124>>0.05); L g/kgZé DM 7, 2% v 1) Bl ok R
R e DV (05 B I 2 88 8 00T 9 (P = 0. 022 <
Dietary Ca input 0. 05) s Hlg/kg DMIZ R I , & h Al o 5 i i B H
Eo6 ARBMENSEBEHNER BB B 15 52 48 P2 8 i (P = 0..003<20. 01)
Fig. 6 Relationship between P output in feces and hmFESAEAE, W ML #EE B A A —0. 31
dietary P input g/kg DMI # i 3] 1. 98 g/kg DMI , H 14 1k # M
x5 BMBASEBRTRNHS
Table 5 Dietary P input and the partitioning of P flow in feces
SUH Ttem H 27K 3F Dietary level SEM?
1 2 3 4 S 6
R PRBA B/ G/l DMD 1.45 2.42 3.50 4.24 5.41 6.18 -
Total dietary P input
S sh LT 3 L 688 /C/ kg DMD | _
Apparent feen] digestible P —0.31 0. 30 0. 46 0.48 1.75 1.98 —
A/ (2/kg DMD .
0.77 1. 38 1. 54 1. 56 2.84 3.06 —
True fecal digestible P
BFEHHEE Total fecal P output
g/kg 2§ DM 38. 34 38.75 42.63 42.67 44,16 43. 77 0.12
¢/kg DMI 1.76 2.12 3.04 3.77 3. 64 4.20 0.01
N EBEHE Y Endogenous fecal P output
g/kg & DM 21.49 13. 06 20. 47 24.72 9.14 9.11 6.62
g/kg DMI 1.01 1.08 1.08 1.08 1.09 1.08 0.01
WPk 3 F H M4 Fecal P output of dietary origin
g/kg 2§ DM 16. 85 25.69 22.26 17.95 35.02 34.63 5.32
g/kg DMI 0.75 1. 04 1. 96 2.69 2.55 3.12 0.01

0.77 g/kg DMI # fin 3] 3. 06 g/kg DMI, [ 1t 1% WA FE I
B FEAR S HORR b I Al v T 2O AT A L WY Wil R Bl 7 ST 14 185 9l 1) 2 00 T b R B
T A 5 i 28 Wl %) S HE it R T X P IR Al 1 i B (P=0.000 1<C0. 01) . [fif EL W b F ok kA B3
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Fig. 7 Effects of dietary P levels on apparent and true P
digestibility
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4, G 25 R — 20, W) IR I 0 15 S Y P TR HE
it R LT AR R A AT LR X — R

K REG 5 00 75 P4 585 1 HE il 54 0. 622 5
g/kg DMI, 4 24 F 0. 744 g/d, NRC (1998 #fi: %%
20 ~ 50 kg FEEG A H @ 22 7.2 g/d. IR
HE Y A T B 10. 33 %0 PN LB A
1.077 1 g/kg DMI, #| ¥4 F 1.30 g/d, NRC
(1998 HEH# 20 ~ 50 kg 4 BB 1Y 2 0 2
0.50% A R A 75 B L 0.23%, A S T 6
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AR E R 12.3% . A SR 26. 600 A2 8
AR W, A K N TR W A HE BN 0,526 6
g/kg DML, X —Z5 LRI, oy I 45 il 1) HE Tt X 200
b 281 52 T AN e 22 A0 o AT T 2 5 T 5 L 3R U3 £k
R EER R R ER I E AR Sl T R
JCW ORI 5 IR B I — % 48 7 ik L W] 5| R 3l )
Bl Z i 5 I TR) 7 28 78 v 2 v il A 050 1) R i [] osf
TETEMAE B 52 AN %2 A R B i il i, iR 8 2 7R AR
KO B B AT I P R R I L 2 RS AR I
56 301 18] 2 Wy B AT 305 Wl ik = 0, DR O FH Ok b 7 1%
N7 PN YL 2 DA A £ RE R 48 T L 2 4 Dy TR B
iEH

R NN T O S VIR [ f A o |
2.84% 1 13.27% , ELIE L3 4 5 O 44.34% F
48.78% . FHFEWLIH 1L b B A K 41. 5%, B
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T 85 ol B A 2 A TR IR ARG T B R AR 2
RN 38 8 H AR ] Pl A A AR L s 1 3l )
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