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Endogenous Outputs and True Dotulgestibility of Calcium
Associated with Rapeseed Meal and Soybean in Growing Pigs by
Multiple Linear Regression Aanalysis Technique

WANG Sun-xiang'*, YIN Yu-long', LI Tie-jun' ,HUANG Rui-lin', KONG Xiang-fu', FAN Min-zhe'
(1. Institute of Subtropical Agriculture, ISA, the Chinese Academy of Sciences, Changsha 410025, China;
2. Graduate School of the Chinese Academy of Sciences, Beijing 100094, China)

Abstract: Multiple Regression analysis technique was used to measure the fecal calcium (Ca) endoge-
nous outputs and true Ca digestibility values with rapeseed meal and soybean meal in this study with
growing pigs. 5 Yorkshire X Landrace barrows, with average initial body weight of (21.6 +1.43)kg,
were allocated to one of five experimental diets, according to a 5 x5 Latin square design. The 5 exper-
imental diets were formulated to contain 5 Ca level (0.10% , 0.15%, 0.20% , 0.25% and
0.25% ) , with the rapeseed meal and soybean meal as the sole Ca source. The results showed that the
Ca endogenous output of growing pigs was (0.61 £0. 18) g/kg DMI, true Ca digestibility of rapeseed
meal was (48.72 £24.04)% , and true Ca digestibility of soybean was (67.80 £7.12)%. True Ca
digestibility rather than apparent digestibility ,showed a perfect additivity associated with rapeseed meal
and soybean meal when used in diet formulation for swine.
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D, =100% —[ (I, xP,)/(1,xP,)] x100% (1)

D, HWE H B DM &% Ca FWIELER (%) 1,
KER R H AR TIO, MR (%), P, N DM
o Ca MVREE (%) , P, A i FHIR T DM % Ca
WPE (%) 1, M TiO, BIWRIE (%) .

LA g/kg DMI ( dry matter intake, T %) i R &
) AL, FEH TCa HEIHE A (2) H5.

P,=P,x(1,/1) (2)

PR TCa WHF G (g/kg DML) , P, Ry
TCa %t (g/kg 25 DM), 1, A H AR TiO, AYMRE
(g/kg DMI) ,1, A& TiO, BIHIE (g/kg 2€ DMI)
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T AT ALES (g/kg DM) ;A SATEINEURL 45 5 B
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Dy, FARES RO AR D, LA RS 2
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D,=(D,-D,xS,)/S, (5)
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Tab. 1

Composition of experimental diets and nutrient indexes (% , as air dry basis)

H KK dietary level

43 ingredients

1 2 3 4 5
%/ % * Dextrose 15.00 15.00 15.00 15.00 15.00
FKFERS /%" Cornstarch 53.52 37.98 22.24 6.70 0.00
M1/ % Soybean meal 24.04 36.11 48.18 60.25 75.30
341/ % * Rapeseed meal 3.14 4.71 6.28 7.85 0.00
i/ % ¢ Soybean oil 2.90 4.80 6.90 8.80 8.30
L/ %! salt 0.30 0.30 0.30 0.30 0.30
IR/ % = Vitamin premix 1.00 1.00 1.00 1.00 1.00
HAbsk/ % Tio, 0.10 0.10 0.10 0.10 0.10
ST total 100. 00 100. 00 100. 00 100. 00 100. 00
EBFRIN Nutrient levels
MEH/% CP 11.87 17.79 23.71 29.62 33.22
HAkfE/(MJ - kg™') DE 3.80 3.80 3.80 3.80 3.80
¥5/% Ca 0.10 0.15 0.20 0.25 0.25
/% TP 0.18 0.27 0.36 0.45 0.47
G EL Ca/P 0.55 0.55 0.55 0.55 0.53

TE: 4 kg AR AE . 4E42 2 A 27 0001U; 4E4E % D, ,5 4001U; 442 % E,20 mg; 4E2E K K, ,2. 5 mg; 4E4E 2 B, 1. Smg; 4
HEB,,7.5 mg; HHER B, 1.5 mg; 44 E B, ,15 g EWE 0. 25 mg; 1,0 75 mg; MR, 20 mg; 12K ,12. 5 mg; E AL
Bi% 600 mg;CuSO, - 5H,0 4 31.4 mg;FeSO, -+ H,0 4 228.6 mg,ZnS0,. H,0 4 164. 8 mg, MnSO, - H,0  123. 1 mg, CalO,

1.1 mg, Na, SeO, 4 0.33 mg,ﬂflﬂ’jﬁ 500 mg,ﬁ%% 20 mg.

Supplied per kilogram of diet: vitamin A, 27 000 IU; vitamin D, 5 400IU; vitamin E, 20mg; vitamin K, 2.5 mg; vitamin

B,, 1.5 mg; vitamin B,, 7. Smg; vitamin By, 1. Smg; vitamin B;,, 15 pg; biotin, 0.25 mg; folacin, 0.75 mg; niacin, 20 mg;
pantothenic acid, 12.5 mg; choline, 600 mg; CuSO, - 5H,0, 31.4 mg; FeSO, - H,0, 228. 6 mg; ZnSO,. H,0, 164. 8 mg; Mn-
SO, - H,0, 123. 1 mg; CalO,, 1.1 mg; Na,SeO,, 0.33 mg; antawang, 500 mg; Flavomycin, 20 mg.
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N, R HARES & (g/kg DMI) D, A5 i H R4S
FMHEHE(% ) .

TSR H R A Al R R SRS T AR 2
A S HAER, BT R AT RR TR (T)
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A Excel #47 BI04, B A 45 555k 1 SAS
PN TF I 250 Hr (ANOVA 72 ) 3 « - Kt He
AL A =2 ) 1) 25 Sk

2 HR5HM

2.1 HRTYR FSEIHE LR
HH DM Fl Ca MWL RH A (1) 5

(W2), DM {HEFATLIE L, X Ca P
I A S R AT RE , W H KR 1 EH MRS
B HOR P ER & BN ER M TR (P <
0.000 1), HH Ca MFRIIEREES H KA K-
EPILEIEIN(P <0.000 1) ,
2.2 SORIFNRG AL By L AR

TR R AR A (3) I, AR R
(49.10 £13.62) % ., SEAES R fb FAR 5 4 =0
(T (F3) , 4 BRSO bR 25 5
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F2 ARKBARTURMBRIEMLE
Tab.2 The apparent diet Dry Matter and Ca digestibility values in experimental

diets as determined with the growing pigs%

TiH items

HH1 Diet1 HH2 Diet2 HH3 Diet 3 HH 4 Diet 4 HAR 5 Diet 5 SEM*

FR T4 R W L2 apparent DM digestibility  86.27
HAR Ca T LR apparent Ca digestibility 7.85¢

80.77 1.35
48.37° 5.53

80. 35
45.14*

83.26
27.60"

81.58
37.36"

L PRUELR , pooled SEM, n =5

“t AT AR TR 22 AR (P >0.05) , JHARTREARIRE 25 23 (P < 0.05)
*" Values in the same line with different superscripts differ (P <0.05).

R3 ERKBFMIERIELE

Tab.3 The apparent Ca digestibility of rapeseed meal as determined with the growing pigs

BiH items HH1Diet] HMR2Diet2 HHM3 Diet3 HAR4 Dietd SEM*
oo T g i ot 0% 0% oae s
et 5 g S WAL 2/
appareflt )’fad;?;tliiiﬁﬂgfiéfjiﬁ(ﬂ:izj in diet -120.12* -36.88° -3.8 33.22° 28.01
x HEAFRUEIR  pooled SEM, n =5
b AT AR A RIF EF D E(P>0.05) , BIFFRARZE LR BE(P<0.05)
“? Values in the same line with different superscripts differ (P <0.05).
2.3 NIEEGHEME R SORFN SRS B AR =
LA g/kg DMI ( dry matter intake, 4 Jii R & :? § 1.6 1—(}11?23(?\87;; 872
) R RS SRR AR () s £ 5, N
ST s, RSB G2 Rl ik 2 g e 22 | 3
DLIEL 1, L T AT A R RS AR = 2 :
WELIEM K (P = 0.0040), WAL (6)F i © E 18 23 28 33
i [LHEG A dietary Ca intake / ( g » kg'!) DMI

(7)) AT, X2 AT T AR R AR SRR L SRR IR
FHA S BT 2 LA I A AR y =
-0.6074 +0.487 2 x, +0. 678 0 x, (y HF VAT I
ARG 2, Sk FR SRR IRAS , «, S HOAR R SRR
Y55 R, =0.8125,P <0.000 1) , f [ 45 54 A] 15
AR R RS HEMER R (0. 61 £0. 18) g/kg DMI

Bl AEESHBE S 5 BRISEAE ZERIX R
Fig.1 Linear relationship between fecal Ca output
and dietary Ca input in the growing pigs

(P =0.003 1), X% 3215 10 B AL R H (48,72 +
24.04)% (P =0.059) , %} 5 K145 i) BELIE LR N
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(67.80£7.12)% (P <0.0001),
2.3 HHRASEMR

RIS H RS FH LR ] MR 4 2 (8) 115, 4
KR4,

F4 HRBEBELE

Tab.4 The true Ca digestibility values in diets as determined with the growing pigs

I H items HH 1 dietl HH2 diet2 HHE3 diet3 HHL4 died HHMLS diet5 SEM?
HAREE K/ (g - kg™' DMI) dietary Ca level 1.56 1.84 2.37 2.84 3.04
H IS FLIHILR /% true Ca digestibility 59.63 63.78 61.98 63.06 66.78  0.93
HEABFRMETR pooled SEM, n=35.
A H RS FULA B AL 3 kB, 10 H R .S 80
5% 5 1. 56 g/kg DMI M%) 3. 04 ¢/kg DMI, H o 260 = - -—s
O S A OB (262), S 2 E I/L/——"""‘_'
THALRANTE] , 56 H O A B AL R A R (P = ing -
0.45 WL 2) . S 14 16 18 2 22 24 26 28 3 32
LB 2) [R5 4 i dietary Ca intake / (g = kg™! DMID)

HRPEAZ(9) AT H RS0 AR A0 PR S
Hit i LSS HET ek 2 P U 3 B H i i )
Y HRHOR IR A HE 2, S B A R (L
F5), WHK T 2 HK S, IR HEE AR
AAE(P =0.785 1) , 1 H AR R JE A5 HE 5 B H R
BEER RN SRR (P <0.05) (W3 S)

« apparent digestibility m true digestibility

E2 BRISENENERIEGRWIEHE
MEHLENOFM0
Fig.2 Effects of dietary Ca levels on apparent and
true fecal Ca digestibility values in the growing pigs

x5 ERKEAEBRGEBANEMESGHMENTHT
Tab.5 The Ca input and the partitioning of Ca flow in feces of the growing pigs

TiH Items

FERE A& total Ca input 1.56

FWMEEHEA & apparent Ca input 0.14°
HA5HE A& true Ca input 0.93d

2% RAEHEH i total fecal Ca output 1.42
AP NURHEH 2 endoenous fecal Ca output 0.74
FEELRUET H LR I3 0.67"

fecal Ca output of dietary origin

o/kg DMI

HH1 Diet1 HH2 Diet2 HH3 Diet 3 HA4 Diet 4 HAR 5 Diet 5 SEM*

1.84 2.37 2.84 3.04

0.51° 0.89" 1.28° 1.47*  0.12

1.10° 1.47° 1.86™ 2.03" 0.03

1.35 1.48 1.56 1.58 0.06

0.60 0.58 0.58 0.60 0.11

0.76" 0. 90" 0.98* 0.97* 0.07

“MEAFRUETR , pooled SEM, n =5

who BT RIRFERAIRIE 2Z FARE(P>0.05), BnFEHAREZRDE(P<0.05)

*¢ Values in the same line with different superscripts differ (P <0.05).

3 itig

AR, REG E5 2R G VGRS , 12 M
FHTF0 52 5 P VR R A DR B A LTS fL R, B
VT, FAN 255 306 REG N FH 4585 P JR-HEIHE: AR
RS LI AR A I, AR 56 1 SRR SR C
Ll , RN FH REG 150 R 3 X a8 /N ) Al AL 55 £
FIHE, 500, MAHEIE 2R ¢/kg DMI
(YR E ) B, 5 H RS AR B R MEAG,

UEIAASI I AR B ST, e [ 04T, $UA Hh 0
TS HARSHES A S S R R 5 R (R
=0.7623,P <0.000 1), H AR H A KGN
P45 HE Wt B (0.61 +0.18) g/kg DMI (P =
0.003 1), XFHIEG A ELIH L4k (48. 72 £24.04) %
(P=0.059), % & A1 55 09 EIE 1L %8 (67.80 =
7.12)% (P <0.0001), [FH], 7E8A B K-
JU A, TR HEM AR AN AR (R 5) Tl H AR
KIRAZER LA IN (% 5) , X WUER] T A
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=0.45) , 4% RE AT 0k i 2R s 4 3 HS A0 SR 2 0
WAL K 2 H O K S om ok, N
—120.12% ~33.22% (P <0.0001) (£ 3), A i
T HES 1) ELTH Ab 30 ELAT ARG T i 28 LT Ak
RERZ AN, 2£4 (in press) T e 58
T RHEE T A R 0 T AR B AL 2 e
HMEATRIS T, CORFISRIVE S BRI 1 Yol —
VR VTS BE E AY TRIEE , R A AR ot S
BEEERAIN( £ 1), TLAAS H, HOARBE RIS (1 K7
AL HEAT RE S ) ELH AL R, TS T 20
13 SPENCER %' HEANEY!® il FAN 4%
WA FIRERYZEE (DA R ARE >

B IHEXF R ERE Ca FIH R RIE D, 75
FHRARLLEAE R R I H TR AR M AEAE, LA
BZ R HERN HARE Ca A=W H) ARG, 22 57
RPY, s AR E I T 2R A R Ry
Boxt S IE AR, 7E R R S0 6
FHES 2T LR 5 H RS AT AR AL B (AR
BN 5 Y SR U AL R AE — 52K T, 22
SERUIN) IR LR E . I HAERZEER
Hp 0 SR (RAT K S H KR, 5 % R85 A 2 L
AR R T, 156 B DA E AR H IR AR P 1465 AN BE b
AR, [FIE T LUE 1 R R A =28 R
A KBS X RS B AR 25 AR AR K
(67.80 +7.12)% ; (44.34 £7.51)% " | B T
WA 5% (36.00 + 12.60)% ", /N BEJ% (23.41 +
3.21) % "V FIZS TR (27. 00 £5.00) % ' R,
T B AN R A P 2RO [R] AR K B BERE Rl e 5 1)
FHEHA T3 E

TEAIE B H AR ES K AR Ak, PN 55 HE
MR AERFARE (P =0.995 1) o ARERIAFAY A K
FE VR A5 HE (0,96 g/d) 5K Ha 4 (0.98 g/
d) MO HE 2 A — B, R E A T R,
PR P HEE B PR TS (0. 04 g/d) - Bl /NEE
$(0.29 00 F1 0. 341 g/d) B AR KA H) 28 75 B

1 (2.06 g/d) " BRI A X A] 2
F T P U4 i 25 2 B 250 0 A ) A TR) TG AR Ak
P, 2 B AN RS FOR R R A = B B, A
[P 1), AN [] it oo A 46 HE il R AT R GRS
Gy A AR Ik H 410 A5 B A R P TR
ST AL 28 7 BR AR B 98 3 1 25 2R
(115 F1 1,12 g/d) " AR —F, {H & T FER-
NANDEZ-* (338 (0. 55 g/d) . K1k REG A LLFN
R 28 7 B o — FE G F T RS D o, {H 2
REG J7 ¥ 11 5 | {81 2 Gy B4 AR, 8 A 2R
B 125 TN A

4 HFig

3 22 TR R I A A5 AR SRR
— SR HORE B Y TR S HE SR 0. 61 g/kg
DML, X SRR FORES 1 HLIH AL 2R 53501 (48. 72 +
24.04)% M(67.80 £7.12)% ) , 5509 F I LR
FEBC TR HARAS BT, i B fh R B A TR AY
A,
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