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 OE., KRB RAXEFREAASAKE X, § &8 R H R — =45 (MDCP) #= 5 B .45
(DCP) B E & m K F (AT H A 0.075% .0.150% .0.225% .0.300% #= 0.375% , J& 0 4 0.12% .
0.18% .0.24% .0.30% ) *F P %8 A& K ML A | dn iF & AL 36 47 A= 2 B 35 47 69 % vk, VA3 4 MDCP 2 A
e et A A R & KA A (1~21 B#) kA 960 X 1 B AL A AL R 10
Nl HHO6NEL BAATH 16 AW, KBS A (22~42 B#) LA 720 R 22 BB LR
O 8 AN FFHOANAEE AANATE 15 R, XM 42d, EFEEW1)1~21 B#,
K4 & MDCP 3 DCP & mAK-Fd 0.075% L 2] 0.225% , A% FH AR ERFHERLER
33 (P<0.05) ;0.075% MDCP 7440 P w69 #+ & 1k 2 % 3 T H 4 MDCP & 4048 ( P<0.05) ,
22~42 B #,0.12% MDCP & DCP F L i Me) FH BN E FH IR TR HF KT L
MDCP3, DCP s /m48( P<0.05) ;0.12% DCP 7 An 0 1 95 ¢ 4+ £ b & T L 42 DCP & An (P>
0.05) ,0.30% MDCP 7 #n 8 694 & 1o & F 1K T 34k MDCP FxAn8 ( P<0.05) , 2) B kR 5 &K e
KFEZAERF @ 21 B8 KRG ZREEE(P<0.05) ,MDCP AL e R Bk ER 55T
DCP A4 ( P<0.05) ;B R An K -F 2+ 21 B ¥ A8 R FIRAF0 %02 % (P<0.05), 42 B#H A
89 BB R A5 R A VAR R R TR R R BRI e R R 69 36 e KT B BERR B R KR
T 42 BEE R MR R 454 T H AR5 (P<0.05), 3)21 B# MDCP 7 A 40 K w8 & fo 3% 5
4% 2 %1&T DCP & /4 ( P<0.05) ,0.075% MDCP 3 DCP /& #nsi fn 545 #4522 55 TH
H MDCP 3 DCP 48 ( P<0.05) ,0.075% .0.150% MDCP 3 DCP 7 /w20 o i Pk B 0% B 0%
MR %3 T 4 MDCP 3, DCP iF A28 ( P<0.05) , 42 B # P o 35 B 4 Fo 250 B B2 B 76 1
i DCP 2 MDCP 7 An K- 69 F & M Z # 1K,0.12% DCP HmAt) e 54T R 55 T L1k
DCP & /48 (P<0.05) , 4 R 7 ,MDCP T vA# X DCP 4f 4 P 43 #% 69 Bk 5k /R ; MDCP # &%
RRET,1~21 B A BAARE TR AE R AR E A 0.355% ,22~42 B #& A WA E T 6 IF AL
BRAE KT A4 0.305% , & NMIKE KRG EfBREFILIELR, B MDCP 484 T DCP(100% )
oy A M F A R E52 109.85%
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B CHLEE U, (B )& DCP J& T A 1 M # 152 h
(VS TEFR TR ) , MEWE TK , 3l 4 AT 380k
3 I R AR (N B 60% ) , Hax 85 | B Bl 26 IR HE
B, BRI AR 55 Y TS Y SO R BRI A B
DCP & 3l ¥ i) K2 v (i 1] B 22 (0 Wi UL, 0 4 o AH X
B, N T i DCP H ik = DL K 78 1R R i A
o 2R A TR) AR A R R T R E iy TAELL SR
HBE IR MERE — — %5 ( mono-calcium and di-
calcium phosphate, MDCP) X % DCP [l !, J& DCP
W5 IR — & 45 ( mono-calcium phosphate, MCP) 1
MG, & — P v 5K A S
RIS Y B85 B Ab s R, 7E B bR B4 )Tz 7
Rl PR A T4 B BE Y L AR TS L YRS S I 5
%, VL DCPAE & MYy, DI A K e L i A fb TR
FRAUR B FE PR R VEE MDCP A X A= W 2= (. e
RS 0 LG ), A A PR R 5 5 v i N R R
2%,

1 #RER=E
1.1 Wit 5RFER

AR5 R AU F B ML il g i,
ey 2 AHrB BT (1~21 B R Fils )5 3
(22~42 Hi®) . I ATIHE] 960 H 1 H BBk
B RRG BENL R 10 AU, A 6 AN EE A E
216 H, R sE A 720 H 22 HIBEHESA
W BEHL A 8 N, Bl e NEE,BNEE 15
Ho SR K - A SRl R X0 21 49 i) 7 2
Rl AAAR H S in MDCP 5% DCP #: 4% H b 1355 43
K Aok, LA e 2R 31, iR 0 i S i K F o
5 0.075% .0.150% .0.225% .0.300% #10.375% ,
W 5 W B TS oK S 43 0 0.12% 0. 18% |
0.24% .0.30% , MDCP il DCP ()45 B & i WL 3%
1o 00 ) R[5 AR AR 2 Wl | Sl B 5 s LE A, At
B FRIKY 5 Bl R R A — B0, Al AR 2
BRI 2,

1 BESSWBE—-_SNG HIE

Table 1 Calcium and phosphorus contents of DCP and MDCP %
i H Items i Description 4% Ca WP
R 455 DCP srbrat =>22.8 =17.7
Wiz — 45 MDCP EERES =14.0 =>21.0
®2 EmGAREARREFRKE(RFE)
Table 2 Composition and nutrient levels of basal diets (air-dry basis) %
i H Zri Content
Items 1~21 Hi# 1 to 21 days of age 22~42 A% 22 to 42 days of age
JE Bl Ingredients
K Corn 62.49 70.26
M1 Soybean meal 30.62 24.02
523l Soybean oil 1.60 1.12
L-#i% R L-Lys 0.18 0.16
DL-#E# R DL-Met 0.30 0.18
I3k NaCl 0.30 0.35
i >K B Betaine 0.20 0.20
iR Al Premix" 0.20 0.42
UL JEHH Choline chloride 0.20 0.20
£1#} Limestone 2.49 2.26
WAk Zeolite 1.42 0.83
A1t Total 100.00 100.00
EF2KF Nutrient levels®
fRi5HRE ME/ (MJ/kg) 12.13 12.33
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Items 1~21 Hi# 1 to 21 days of age 22~42 Hi% 22 to 42 days of age
HE B CP 20.05 17.52

5 Ca 1.02 0.89

M TP 0.37 0.38

AR HE R NPP 0.13 0.13

iR Lys 1.15 0.99

E R R Met 0.59 0.45

HAMR+Y AR Met+Lys 0.85 0.71

D FEA T 7 AR B Premix provided the following per kg of diets: VA 15 000 TU, VD, 3 900 U, VE 30 U, VK,
3 mg,VB, 2.4 mg,VB, 9 mg, VB, 4.5 mg, VB, 0.021 mg,{Z M pantothenic acid 30 mg, J& 5eBEi% nicotinamide 45 mg, M-
folic acid 1.2 mg,4&=#¥ & biotin 0.18 mg, Cu (CuSO, - 5H,0) 8 mg,Mn (MnSO, - H,0) 100 mg,Zn (ZnSO, - 6H,0)
40 mg,Fe (FeSO, - 6H,0) 80 mg,I (KI) 0.35 mg,Se (Na,SeO,) 0.15 mg,

2 AR BB RN A R W S (E, Hofh 7 3R K S S S, ME and NPP were calculated values, while the other nutrient

levels were measured values.

I T2 & X %, Bo A FLk Xk
KA A4 R R, a5 BT E] 24 hOE IR IR A
R FIEROK B R ARG (ARG IR A B Ak S 38
RGN, ISR AT LA, e w MURR 7 32E 47 P 7 S
3%, TSI [§ F W IE K%, DCP fil MDCP 41
SRR FIL sk T A= AL S5 A A FR A ] L
1.2 MERIRR T E
1.2.1 AR

S TFRER S 21 RS 42 RXF AR DL &R
R HEATRRER I SR AR R T AR 50 i A AL
55 W24k (BW) 3 H 1 E (ADG)
¥ H R & (ADFI) KLH I (F/G) FIBEHER
1.2.2 REWERBE K A5 B8

WA 21 KA 42 R, BAEEER 1 H
=S I I i X = N I IN A 7 e
ST B I BR R RO S R i R AR i T ki
A TA-XY2 B 5044 {300 7€ 112 27 8 0 (B S i
SREE) . SR B B 40 mm, i %
10 mm/min , 23 Il 48 2 A A< W 24, 10 5% 18 B W 24
B SR EE B T T 0 BE B e AR i e, AT
KR L 24 h K, 4k 2 Bkl B 24 h B
g, % D3k b 550 ~600 T K AL 24 h HI75 2B K
53 (GB/T 6438—1992) , &5 45 & & % H i 1
WOt R B B R FH A R A L
P 5 (GB/T 6438—1992)

1.2.3  IMiEA T bR
FEDEAT 1.2.2 BAEAY RIS #0088 Dk R 1fL 4 mL,

BHE 1hJ5,4 CTTF 3000 r/min &0 15 min, #i] £
LY o I35 55 75 5 FH AR B B A bb 2k 0 5 , Il v
W 2 H P 2R A e 0 5 | AL 335 el 7 2 PR il ( AKP) T
PER A 4 A sh AR A BT 30 e

1.3 HIERITSHH

K HI SPSS 19.0 /7 GLM 72 )3 X fir A 156
R AT AU T3 22 43 B, 46 85 A0 v f 95 ok
U5 IS RA e —F W EAE, A ER N 1R
RHIG, 2T W, L LSD % T
IR IA] 1) 22 5 0 35 e 5 AN A G b A v G W0 o i g
T 5 ) AR A 0 7K ST T 1 4 e ot £ s 05
SPSS 19.0 P25 H1 (9 GLM 2 )% ifie /N —3fe e ~7
ZInkPERIE T 2 .

Y=b,+b,X(s)+b,X(1),

KA.y MR bR X (s) X (1) 53 At &
DCP I MDCP, b,.b, b, HFZE, LA DCP Ayhxif
(100% ) , 2 ootk nl 53 41 % ik 38 MDCP
FHXTF DCP A P 2# R

2 HERE5HR

2.1 AERESEREFS MK EXT R EKERER
=A1|

2.1.1 AEBERIEFREINAEX 1~21 H RN

A KRB I 5 MR

S Ta) i e PR K S XF 1~21 H & s 24k
KrREmZm W2 3, R LLE BRI Ok
VR 5 IR MKE BAEXT TS R & P2 H & P
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Y H R & FoRBHE LS e A i 3 (P>0.05) , (B
BN INKT S 255 e S () R E P H B i 8
HX & k& (P<0.05), % DCP H
MDCPHE MK F-Hi 0.075% F T3] 0.225% , AT A
HOPHHNE FHHREEREERS (P<
0.05) ;1M 0.225% ,0.300% 1 0.375% ¥ /il 25 &) 0]
Z5AEE(P>0.05), 75 DCP U h 4 iy P ek
FILERARFE(P>0.05);1M0.075%MDCPZ

T2 ) TR L B e i 2 S Tt MDCP s i 4
(P<0.05) , H:Al, MDCP 78 hn 40 2 1] 22 5% A i %
(P>0.05) .

FH AT 0L, 6T 21 H 6% PR ok Ui, A R R
i 0.225% () MDCP ( 1 # E #8 /R 8% K F K
0.355% ) & EL ¥, ¥ DCP fil MDCP R0 2
AR

R3 AREBESRBEMHRMAEI 1~21 B AR E KSR IE

Table 3 Effects of different phosphorus sources and supplemental levels on growth performance of

meat ducks during 1 to 21 days of age

WiH TN RE FHHME PHHREE BLE H
Items Supplemental level/%  Final weight/kg ADG/g ADFl/g F/G
0.075 0.22° 12.71° 16.52° 2.08
b b b
P——" 0.150 0.96C 44.49C 44.49C 1.57
DCP 0.225 1.18 55.55 68.79 1.49
0.300 1.20° 54.68° 68.11°¢ 1.52
. 0.375 1.19¢ 53.34°¢ 64.36° 1.42
?if‘ce 0.075 0.19° 10.44° 12.17° 2.12°
0.150 0.88° 39.52° 48.50° 1.54°
WEle— 4% 0.225 1.18° 54.34¢ 65.43° 1.47°
MDCP 0.300 1.14¢ 52.73° 63.86° 1.55°
0.375 1.23¢ 55.13¢ 66.55° 1.47°
SEM 0.233 6 1.138 6 2.889 8 0.043 1
RN Main effect
s WIR A4S DCP 1.62 44.14 52.68 1.62
iﬁw Wiz — — 45 MDCP 1.63 42.43 51.30 1.63
SEM 0.014 0.643 1.924 0.039
0.075 0.20* 11.52° 14.05° 2.10
i 0.150 0.91° 41.46° 47.40° 1.55
HAC 0.225 1.18° 54.96° 67.06 1.48
Supplemental .
level/% 0.300 1.17¢ 53.70° 65.92° 1.53
0.375 1.21°¢ 54.80° 65.53° 1.45
SEM 0.022 1.016 3.042 0.062
7 Model <0.001 <0.001 <0.001 <0.001
P1H Sk Source 0.232 0.042 0.067 0.834
P-value W NM/KF Supplemental level <0.001 <0.001 <0.001 <0.001
KX FN MK Sourcexsupplemental level 0.421 0.464 0.387 0.523

[RIFNE R B AR A RN F R R 22 57 B3 (P<0.05) MRS F R RRZF AL E (P>0.05), THEIF,

In the same column, values with different small letter superscripts mean significant difference ( P<0.05), while with the

same or no letter superscripts mean no significant difference ( P>0.05). The same as below.

2.1.2 N [] Bl OR VR RIS K S X 22 ~ 42 H %
PRIIS A K R 7 52 i)

AN )l SHe JE RN AR K S 22 ~ 42 H i PATS A=
KAPEREMSZ I W3R 4, HERATLLE R IR ok

U85 88 7K 7 BLAE X TR RS A K 1 g A 52 e AS I 3
(P>0.05) B @A K- 25 52 e RS () (K &
PIH RE AR E K (P<0.05), 2 Fh#ok E
0.12% W MARKE FHHIGE P HRER
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BEAR T HAL 3 41 (P<0.05) , 1 Hifth 3 20 2 7] 2%
SAREE (P>0.05), 0.12% DCP 7 /il 41 i)k} &
Foim T H 4 DCP % H4H (P>0.05), 1 0.30%
MDCP# INZH /) ) Lt 25K T H 4y MDCP 78

R4 AEBESRIEMFMAER 22~42 B ARG 4K ERE

4 (P<0.05) .

AL AT DL, X F 22 ~42 H & ISk i, MDCP
()38 BLAS INIK SE N 0.18% () #3118 1 /K F
0.305%) .

IR

Table 4 Effects of different phosphorus sources and supplemental levels on growth performance of

meat ducks during 22 to 42 days of age

WiH TN R FHHE CPHHREE R L
Items Supplemental level/%  Final weight/kg ADG/g ADFI/g F/G
0.12 2.09* 65.70° 156.55 2.59
Witk A45 0.18 2.44° 86.44° 199.98° 2.53
DCP 0.24 2.59" 79.57° 191.06" 2.41
. 0.30 2.60" 82.39" 205.56" 2.58
;’iﬁ’ie 0.12 1.49* 54.31° 119.49° 3.12°
) 0.18 2.44° 77.65" 181.36" 2.42°
Wt — 45 0.24 2.63° 86.44° 93.76° 2.32°
MDCP
0.30 2.73° 85.29" 180.16" 2.29°
SEM 0.063 3.426 2.572 0.063
RN Main effect
s WIR A4S DCP 2.33 83.67 188.22 2.96
;’ifw R — —%5 MDCP 2.32 75.81 168.69 2.54
SEM 0.065 3.490 2.776 0.044
0.12 1.56° 64.96 131.76 3.03
AN 0.18 2.43° 81.85 190.26 2.47
Supplemental 0.24 2.61° 82.92 192.47 2.37
level/ % 0.30 2.67° 83.90 192.31 2.43
SEM 0.091 4.930 3.922 0.118
FE ] Model <0.001 0.016 <0.001 0.006
P1A SKiE Source 0.956 0.116 <0.051 0.625
P-value #INKSE Supplemental level <0.001 0.255 <0.001 0.004
VR IMAKSF Sourcexsupplemental level 0.667 0.052 0.067 0.474

2.2 ARBREMBMAKENABEREERD
=AU

2.2.1 AN [R) 8 R R RS oK S XF 21 H i R R
18 B 5 s 11 5 i)

AN [ SR VR R ER K S X 21 H i PR 1 i
TGy 5 W DA R R T K5 R
W5, HEATLIE BRI SRS 3K F
HAEXT PR IR B K A S B R DL IR
K B A B2 (P>0.05) {5 5 35 5 0 P S )
JIR R (P<0.05) , MDCP ¥ 41 B9 i3 B 08 ) v
T DCP N4l ( P<0.05) . BEASMASEXS 21 H %
PRI 45 J2 B 8 A 19 52 ) 3% ( P<0.05) , HL IR A%

WA 5 By M EE KE RS
)b ST Ad =y <18

2.2.2 AN [R) 8 R R RS N oK S X 42 H i AR
18 B 5 11 5 M)

AN TR Bl R R RN S i AKX 42 H 3% P RS 1 B
JRAy 5 W DA R R T KSR R
W6, HERLIE B, BERMKTEX 42 HiEE R
8 11 25 B 6 b B 52 ] (2 35 ( P<0.05) IR B IR 43
B B A SR R R R B A S K ST Y B4 n
MEMET R . B E S5 WK BEAEX 42 H i
PRS2 B85 55k (4 5% ) I8 35 ( P<0.05) . Sl i xf
PRI 25 I H8 AR 19 52 TR 28 (P>0.05)
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Table 5 Effects of different phosphorus sources and supplemental levels on tibia
indexes of meat ducks at 21 days of age
A AT [IEE= /3 Ji& & ‘Hé%‘ Ji&-& J1& & Ji&&
WiH Supplemental Iy 5 W T KEE TR
Items level/ % Tibia ash Tibia Ca Tibia P Tibia Tibia Tibia
content/ % content/ % content/ % weight/g length/mm strength/g
0.075 34.81° 13.31° 4.28° 1.48° 64.76" 12 150.01°
L 0.150 31.32° 23.32° 4.21° 3.21° 92.43° 13 426.50°
%iﬁiﬁ 0.225 37.45" 18.12° 4.60%" 3.33" 92.01° 13 540.76°
0.300 38.48% 22.16° 5.54% 3.89° 94.31° 14 781.02°
s 0.375 41.38" 23.30° 6.37" 3.64" 93.39" 18 058.87¢
ifie 0.075 28.50* 12.72° 3.14° 1.57" 64.05° 12 969.41°
. 0.150 29.61° 12.96° 4.15 2.96" 87.26" 13 319.18°
F‘iﬁ% 0.225 36.93° 24.10° 6.42° 3.29™ 91.34° 15 501.54°
M;CP 0.300 41.11° 22.57" 6.85" 3.70° 91.17° 16 673.34°
0.375 42.11°¢ 26.42° 7.00° 3.75¢ 94.57° 20 843.27°
SEM 4.766 2.580 1.322 0.192 2.250 498.184
FEZW Main effect
K VR HIRE 45 DCP 36.69 20.04 5.00 3.11 87.38 12 315.95°
Source Wik — — %5 MDCP 35.65 19.75 5.51 3.06 85.68 15 861.35"
SEM 2.970 0.538 0.292 0.090 1.190 283.631
0.075 31.65 13.02° 3.71° 1.522° 64.40° 7 371.02°
— 0.150 30.46" 18.14° 4.18" 3.085" 89.84° 13 372.84°
SJupplemental level/ % 0.225 37.19° 21.11° 5.51° 3.313" 91.67° 14 521.15°
0.300 39.80" 22.37% 6.19° 3.792¢ 92.74° 15 727.18"
0.375 41.74° 24.86" 6.60° 3.694% 93.98 19 451.07°
SEM 4.298 0.922 0.457 0.142 1.880 448.460
P Model <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
U5 Source 0.400 0.726 0.224 0.684 0.317 <0.001
hnsK
P1{d Supplemental <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
P-value level/ %
R XA I A
Sourcexsupplemental  0.213 0.985 0.184 0.856 0.785 <0.001
level

2.3 ARBEREMBMAKENMFTELIERD
=AU

AN TR Bl R R RN S 0 AKX 210 H 3% PR RS i 3
S B e R Tl PR TR T s e LR 7
T LU B R U5O0T I i 5 1 5 ) iR 3 ( P<
0.05) ,5 DCP Mt , MDCP {5 2 [ 1% 1A 1% 1fi 375 i
T (P<0.05) , (B A R T I 75 465 5 B a1 ol i
BTG JC B S ( P>0.05) . 0.075% 48 I 4. 1fi.
HE B ERE S T HAM 4 4 (P<0.05),
0.075% .0.150% s 111 2 11 775 7 A e e it 31 1k i %

i T HAL 3 4 (P<0.05) o WIS 7K -6 L 375 45
Tl b P O 1 il 3 1 2 ) B 35 ( P<0.05) L {H.
WIS R VR 5 8 0 K P AR X I3 B | i
ol 1l 1 il 1 PR U AT (25 52 e (P>0.05)

AN TR) Bl R R RN S 0 AKX 42 H 3% PRl 3
S B e R Tl R T 1 s e L 2R 8
FET LU B /K S X6 o 35 5 ol e
Ji 3G M 5 e i 3 (P<0.05) |, i DCP fil MDCP )
PRI IV W R R ol R T M T R A
0.12% DCP ¥ Jin 41 0 15 # % & W 3 & T HoAh
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DCP W (P<0.05) o B VS 7K - % 1L 5 45 75
R B E W (P>0.05) , BRI KIS AN

AKX IV 55 W B a S ma P W IR e O PR
A EZ W (P>0.05)

6 AREBERIEMFMAFST 42 B8 AR FIEFRA 2
Table 6 Effects of different phosphorus sources and supplemental levels on tibia

indexes of meat ducks at 42 days of age

N NP H};‘E'j}—( HJX;‘E’ Hél%‘ & L, = A EL 12 B & L, i
Wi WMk S 4 B o Ry EE iELES NS i e
: Supplemental o o e Tibia Tibia Tibia
Items level/ % Tibia Tibia Tibia ioht/ lenath/ ) th
eve €1 en mm stren,
¢ ash /% Ca/% P/% weieh/ g J gie
0.12 41.32° 23.59° 5.42° 7.20° 110.75° 18 894.46°
R S55 0.18 48.38° 20.93" 6.29° 8.38" 116.87° 23 089.76°
DCP 0.24 51.35% 22.44% 6.11° 8.91° 118.57° 25 975.42°
- 0.30 51.76¢ 26.46° 6.92° 8.07™ 115.17° 24 460.44°
Sou’r‘ce 0.12 34.71% 13.32° 5.42° 6.20° 111.82° 17 685.28"
Weme 0.18 51.33" 24.59° 7.86° 8.05° 115.00® 19 364.20°
— T4 0.24 52.82° 24.87° 6.96™ 8.17° 117.78° 25 449.08°
MDCP 0.30 53.39" 30.75° 6.78% 8.58° 118.46° 26 464.61°
SEM 2.563 3.243 0.915 0.564 1.432 2 653.883
EZLN Main effect
e Wi 245 DCP 48.20 23.35 6.19 8.14 115.339 12 305.32
So ’r‘ce Wi ——45 MDCP 48.11 23.38 6.64 7.75 115.767 16 038.18
u
SEM 1.050 0.788 0.206 0.180 0.790 696.246
0.12 38.02° 18.45° 5.42° 6.70° 111.29° 18 289.87°
— 0.18 49.85° 22.76° 7.07° 8.22° 115.94° 21 226.98°
UM 7K c
Sjupplemental level/ % 0.24 50.92° 23.66" 6.32° 8.54° 118.18° 25 712.25¢
0
0.30 51.29° 28.60° 6.85° 8.32° 116.82° 25 462.53°
SEM 1.485 1.115 0.291 0.250 1.120 984.641
A Model <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
YR Source 0.950 0.978 0.123 0.122 0.705 0.385
“4 N 7 N
P{H S (iﬁjm %Tl | <0.001 <0.001 0.001 <0.001 0.001 <0.001
u emental leve
P-value p%) ‘
B SN
Sourcexsupplemental 0.105 <0.001 0.168 0.171 0.395 0.248

level

F O] DL A R TR ) AR SR WY
ISP AEFT I T 0.150% (bR E H R W 7K
SR 0.280% ), H T Sk BRI B Tl R 4 D ol
HES K I IZ = T 0.225% (] A AR A R B 7K SF
H0.355% ) 5 Ja BB TS oK 7 B & T 0.18% (4R
AR R B /K T4 0.305% ) o
2.4 EMEHRH

CEA NS PR MR ORI AR AR (£ 9) , A

3 %
3.1 BESRIEXS ARS A KRR #20

BRI A W B E AL+ e S
Jo , LA T A8 AW, SR i o A B AL A
AL, RN 80% BIWEATAE T8 8% A 146 o, A
FEAETARALGURR I b LR BE 9 8 32 B
R/ i X £ VR oA R R A S L

X}F DCP(100% ) ,MDCP Xt [ i) £ 49 2 F1) FH =&
J&109.85% .

290 ML S A T 2 TR DR S A 1 P W )
FeimBANTT K . DCP J& T4 % P i i £, eI T
KT TR R BORT R R , 3l uk HR T AR B, R
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2 AR %) B HE S 2 2R 05 v, 6 BR 5 o AR K
FT5 4L . BRINEFE AR 20 tHE4E 00 48 A% A W A 1
T MDCP, i It # DCP, MDCP /& DCP #il MCP
(L 25 5 W, o — b K P B TR R+ 5 P
fi2 £5 AR ZE A R ARDRAS IR, Ferh MCP J2& 7K ¥ 1
FREE, 295 60% . WF5E % B, MDCP fE A 5 5k U5,
Sl A SOR 53 1 W e DCP 4y, il Y
B ERE 8/ . MDCP Hil DCP 15 58 &5 1) i LAk S5 I
JRit— BRI IE ., TR I R AN TR R R
() MDCP 15l M R XS i RO Y4 T DCPL # T
MIRE SFHHMEMBEE KSR, HER
VRS KW, 5 DCP A kb, MDCP M3 1 1A 49
MR RIS E RS SR RSB AR
HoR A, H R & T R, MDCP 41 S (1Y
35 H 4 AR AR LT DCP 4L (H 22 /R
B, HE AP EY, MDCP 4 1Y i% 15 & &

i E KT DCP 41 ; MDCP 41 /4 T 9 5t F) F MK T
DCP 4l ,H2ES AR E " MHEeESE W HEENY -
MBS S, LA IR — 208 ( MPP) S Am e, R U5
AR X A 4 2 8 K 3 /MR YR Ol - MDCP  DCP
MCP MPP, % ] MDCP F1 DCP #if J2: [A) i {a) o} 45
TP B R R R 2T MDCP 1] i 3 2
i A ] (21 ~ 24 WS ) XS RY 1 H R B A
R85 4 11 L MDCP A8 5 U i) 25 349 A8 K 1 RE A
e 5 0L DCP i@k IR A TC i & 2 5,
Uil MDCP 7] LL# 4 DCP, A6t & ¥ MDCP
2 RIS B SF- 2 H 3 R R AR A LT DCP 4
kR B2ERARE, AR REN, R

o {3 AR B B 4k 38 BR, A X T DCP
(100% ), MDCP X} (A 05 ) £ 4 % F| H % &
109.85% , Bi.B MDCP A LLE: AL DCP i H F A 15
At
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Table 7 Effects of different phosphorus sources and supplemental levels on serum calcium, phosphorus

contents and alkaline phosphatase activity of meat ducks at 42 days of age

iH Wk 5 W T e Bl P
Items Supplemental level/ % Ca/(mmol/L) P/( mmol/L) ALP/(U/L)
0.075 2.33" 3.30° 1 220.63°
0.150 79° .22° .25¢
IR S 0.225 1.2?" 3?" 1 ;ig.zzb
DCP
0.300 1.63° 1.40° 363.27°
. 0.375 1.70° 1.24° 531.20°
;'ifce 0.075 2.13¢ 2.17° 1 061.06
o 0.150 1.54° 1.44° 1 021.45°
?’Eﬁz 0.225 1.39" 0.85" 679.00
M;CE 0.300 1.71° 0.92" 386.13"
0.375 1.71° 1.39° 577.88°
SEM 0.058 0.147 55.342
F%L )W Main effect
. R 455 DCP 1.81 1.61° 799.73
Z'if‘ce iR — —45 MDCP 1.70 1.35° 796.37
SEM 0.071 0.175 57.505
0.075 2.24* 2.78° 1 148.10°
0.150 1.66° 1.33° 1 100.85*
WK 0.225 1.50° 0.85" 841.38°
Supplemental level/ % 0.300 1.67° 1.16° 374.70¢
0.375 1.71° 1.31° 554.54"
SEM 0.113 0.277 90.916
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4R
i H MK 5 {3 T ol R
Items Supplemental level/ % Ca/(mmol/L) P/ ( mmol/L) ALP/(U/L)
57 Model 0.006 <0.001 <0.001
P1{H HVR Source 0.250 0.031 0.904
P-value WK Supplemental level 0.001 <0.001 <0.001
HeVEXTRIIKF Sourcexsupplemental level — 0.763 0.417 0.428
* 8 FEBESRIFERRMAFES 42 Hikb AWM FS . S MEEBBRER RN 20
Table 8 Effects of different phosphorus sources and supplemental levels on serum calcium, phosphorus
contents and alkaline phosphatase activity of meat ducks at 42 days of age
miH wmoK 5 W R ER A
Items Supplemental level/ % Ca/(mmol/L) P/( mmol/L) ALP/(U/L)
0.12 2.10 2.42° 1 323.02°
iR S5 0.18 2.25 1.67° 727.03"
DCP 0.24 2.10 1.64° 447.55°
. 0.30 2.23 0.87" 518.45"
e . . a
0.12 2.10 2.08 1 311.00
Source
B 0.18 1.92 1.78 516.18°
— A 0.24 1.87 1.63° 345.18°
MDCP 0.30 1.95 0.60° 462.57"
SEM 0.070 0.145 62.984
ERW Main effect
Wi &85 DCP 2.17 2.17 754.01
K Source Wik — — 45 MDCP 1.96 1.96 669.98
SEM 0.104 0.183 50.814
0.12 2.10 2.13° 1317.01"
. 0.18 2.10 1.72° 644.11°
Ik - Aa c
0.24 2.00 1.63 401.02
Supplemental level/ %
0.30 2.09 0.74% 490.51"
SEM 0.147 0.258 71.851
57 Model 0.873 0.040 <0.001
P1H HVR Source 0.163 0.798 0.249
P-value S Jin7KF Supplemental level 0.943 0.003 <0.001
S IFEXTRIIKF Sourcexsupplemental level — 0.863 0.959 0.886

&9 MDCP WM EMZEF AR
Table 9 Relative bioavailability of MDCP

JIT B ROV A5 bR ZIeE N [l )3 75 MDCP [ AH % A 127 ] ¢ N
o L Pa PN
Selected effect Multiple linear Relative bioavailability of Povalue R
index regression equation MDCP/ %
21 3
H e Y=0.245+316.873X(s) +287.927X(t) 90.87 0.016 0.691

Body weight at 21 days of age
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ik 9
ST R AR H B ZIuk M [l ) 75 MDCP [1JAH X 2 )~ ) I % v
o T P MRARK
Selected effect Multiple linear Relative bioavailability of Povalue R?
index regression equation MDCP/ %
1~21 H V-2 B E
Avera iliji’]a?n Efﬁn 1to21 Y=15.294+13 116.606X(s) + 94.2 0.018  0.625
ge daty & & 12 355.394X( 1) : : :

days of age

SRS =11.524+: . +
21 H I B Y=11.524+3 551.939X(s) 109.43 <0.001  0.651
Tibia Ca content at 21 days of age 3 386.727X (1)
21 HIR IR E o i Y=2.869+908.485X (s) +

133.36 0.001 0.859
Tibia P content at 21 days of age 1211.515X(¢) <
21 HEE K& Y=26.911+4 045.039X(s) +
107.73 0.001 0.804
Tibia ash content at 21 days of age 4 357.667X(t) <
21 H RIS H o =62.366+30 391.° s)+
. Eﬂr%ﬁx B R Y=62.366+30 391.576X(s) 130,39 0.016 0.691
Tibia strength at 21 days of age 39 628.424X(1t)
42 Hix =1.469+430. +
H ﬂ?’%ﬁiﬁ ¥=1.469+430.65X(s) 101.26 0.038 0.729

Body weight at 42 days of age 436.201X( 1)
22~42 H -2 H 3%

H@Trﬁ],a E‘fi Y=51.797+
Average daily gain during 22 to 103.11 0.035 0.588

42 days of age

42 HE IR 5 o i

Tibia Ca content at 42 days of age
42 HE IR B0 it

Tibia P content at 42 days of age
42 HIRIE B K

Tibia ash content at 42 days of age

42 HIR IS B oR
Tibia strength at 42 days of age

MDCP ) AH % A 925 ) I %
Relative bioavailability of MDCP

Y=12.397+4 886.790X(s) +
5 556.543X( 1)

Y=5.172+502.840X ( 5) +
673.827X(1)
Y=31.980+7 538.889X(s) +
7 865.278X (1)
Y=13.571+4 421.441X(s) +
4 246.225X(t)

11 574.753X(s) +11 935.247X( 1)

113.71 <0.001 0.584
134.11 <0.001 0.737
104.33 <0.001 0.687
96.32 <0.001 0.700
109.85%

3.2 BEARINOKFXT P RS A <1 B 9 2 I

5 RN W R S W MLAR BT 75 R e
B EEENEIRS EEEW YN AR KT, R
A Wit 2k B RN B & 2 J5 B 56 3 A B e 1)
TRHECRE M Gl R RS B B TR A A
W MCFNAE - % T B U R, 5 8 Lo v sl I R
Me 15 Bl 1 R G A TC AR, s Y B S BE 1k Bh ) 58
S, HE PR AD 23 3 ™ E IR SR S e R
et 'O RIF 5T 3 IH 1R Al K O S IG 2 R A 7 2R
S I O s i LI = R RS N
Gordon%5:1"") F1 Sohail %" WF 58 2 01 | b 25 W45 A
RS, X CRE EARE S, P A A LS
W s i, HESN R EMN, 5 0.19% ~
0.27% AE R R 15 /K - AH L, 0.11% A1 0.15% AE A iR
W7KF- dnb 2 A AT B X 1) 7 2 38 R B} o K 18

#4125 kL& . Vandepopuliere %% & B, 5
0.3 % P A A R Bl 7K1 EL ) AR Sl A R 5 K S R
0.2 % I} XS 7= F 8 R i F1OF- 34 2 I 5 R
AR 5 FARBE A R — 5, WK P H B
P H R RUREEE Fb 24 [ R2 b 2 38
WK F 52, % DCP 8% MDCP %5 K - i
0.075% L F+% 0.225% , AT 21 H i AE ¥ H
WE OFHHREEZIIES, 2 Mook IR
0.12% 7 MALR) 42 H RS P HMSE P H
KB W EARTHAD 3 41, i Al 3 2 H 2= %A 5
F, AR R, AT 1~21 % 0k 3t A
AN 0.225% B MDCP 5% 3 0.355% f4 1) A5 A
PR Wl 7K S 2 i RO IR 5 X T 22~ 42 H IR S Sk
Ui, [AK MDCP (1385 B8 K SF- 24 0.18% 5834 i
T AR B A AT R KPR 0.305%
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3.3 EESRIREANR MK FEXT AR BISRAEMm

BRI A P A% A B Y 32 B3 o, X 4R R
PSR Y i o Fa iR A 2+ EEA/E R, &
TRP Y BT 0, A PR 0.14% 35 A R W /K - 1Y
X E AR T R B85 . Said & B gT &
B, 0.4% 1 B B8 7K - 5 35 B IR RS I8 K 4 1 5
i B S KO B T Y R K A i
Wi, Hulan 282 F1 Venildinen 5 4R BN Ny,
B i | B KT B T R TR R R A B i R
AR = R |l KT U 2 A IR B K Ay B
] v il (M BR B 7K - 0.65% ) 1) HiL ¥ A3 BEAIG
PRSI 5 Bl i, AS IR R I, R e KR
ORI SR R Y R A R B K F AT oA
0.505% ,J5 10 0.425% . ELIAWS IR & K4y 45
a7 B INTTES 4 A o =
DI AR B (Il A R 9 7K SF 0.3% ) Tl ARt 35 AR T
R RSy S AR R, X5 Yan %Y Aten-
cio % PR TS AR IR 45 R — 3, X ATk
2 R TR R R 0 B R A B AL, SO T
Ll 517 5 R 1A, 78 3h T AR T8 R B RO AT e L
PR FH S B 526, DT ek 2D v K A3
MTRL, RIS, 20 BT Ik R AT BB 2 i 15 B 7 AT 0
A K TR e, A I T R T AR v
(R SO RE T A2 IS AR K R B I T 22, IR I
Bl FH B R TR A B LA SR M AR T Bl AR R X
FERR 2 (B0 AR B B, e 2 1 I R B R AR
PR LA i 1 E AR RN A R i — 2B T
3.4 BESRIREFAAR MK F XS P ES M0 E £ IERAN
=AU

B Tl TR G A 5 2 R 0 7 A ) 2 S5 A T
TR, 7E I PR 5 27 b 0 S el R R ) 9
CL A2 W A0 A T 22 b s 1 B B B e ol
T2 it 2 2 FH T BHL 2 | D R M o | 4k R T B
9 IETH R B I R S A A, AR X S B, I 40
Jif0 3 o 3t el P A S, 42 AR 1L 3 R 82 2R A I
W, [RVASE FR O P T R T O R RS R A
LT 25 A o 58 Tl e ol . v P S T T B IR
a5 o B T I M RO Y O R A LV W
R B B I SRR R © RS, &
B T 0 O 5 b A R RN R T RE R Y el
153 {9148 i 2ot F 328 5B A AR A7 IR, AR 17 il 2R
FW M TE B & = /DT 0.81 mmol/L Y 4 7 K
(88.0% ) B2 IfL 1 W & & KT 0.81 mmol/L K 4= 77

R(67.5%) . MLIEHEAE R 52 W 02 I 21 I 2 8
T B — T i b S AE B R 2R I i S 18
T ZPE BT 0 B TS S A e AR IR R,
Bifi#F DCP F1 MDCP F9US I, 1075 W 2 £ R0l P g
i TG P 20 T R K (L L 375 465 2 o S A2 )RR R
SRUF A AT B 520 I Wl 2 1 s A B
FHHRFZ DI RE R | 12 E TR A 4 i K D
g | HUIR AR D RE T | B0 T R | R R v B |
FLIR B 45 5 10 6l ol 1 2 — o Ty B M I,
TR TR il 0% 1k T R B S R R IR S B A G, W]
U, BEAERE A RS B 1 F A= BRI E , MDCP () 8 7k
SEAE R0 = T 0.15% (A R lE A R W K 7 R
0.280% ) , 1 5 Ay 50 JRk %) i W 2 i 44 BT, MIDCP
IS K 3% 5 T 0.225 % (48R 3F F R W 7K
9 0.355%) ; J5 B MDCP B i i 7k °F W & T
0.18% (T ML AEFE RR B 7K F-h 0.305% )

4 5 g

O Zra WM R RN AR B0 L FE b5, A1
XFF DCP(100% ) ,MDCP % [N TS %) A 1) 2% F1) F %
J&109.85% .

@ XF 1~21 HIE A, R MDCP 1)1 H
BINIKSE R 0.225% 3 %7 F 22 ~42 H i ARG, 4 f1
MDCP (P38 B MK R 0.18%
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A Study of Relative Bioavailability of Mono-Dicalcium
Phosphate on Meat Ducks

LI Wenjing CHANG Wenhuan® CHEN Zhimin ZHENG Aijuan LIU Guohua

( Key Laboratory of Feed Biotechnology of Agricultural Ministry, National Engineering Research Center of Biological
Feed, Feed Research Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract; This experiment was to study the effects of dicalcium phosphate (DCP) and mono-dicalcium phos-
phate (MDCP) and their supplemental levels ( prior period: 0.075%, 0.150%, 0.225%, 0.300% and
0.375% ; later period: 0.12%, 0.18%, 0.24% and 0.30% ) on performance, serum biochemical indexes and
tibia indexes of meat ducks by two factor randomized block design, and to assess the relative bioavailability of
MDCP for meat ducks. A total of 960 one-day-old Cherry Valley ducks were randomly divided into 10 groups
with 6 replicates per group and 16 birds per replicate in the prior period (1 to 21 days of age) ; and a total of
960 one-day-old Cherry Valley ducks were randomly divided into 8 groups with 6 replicates per group and 15
ducks per replicate in the later period (22 to 42 days of age). The experiment lasted for 42 days. The results
showed as follows: 1) during 1 to 21 days of age, the average daily gain (ADG) and average daily feed in-
take ( ADFI) of meat ducks were significantly increased with DCP or MDCP supplemental levels rising from
0.075% to 0.225% ( P<0.05) ; the feed to gain ratio (F/G) of meat ducks in 0.075% MDCP group was sig-
nificantly lower than that in other MDCP groups ( P<0.05). During 22 to 42 days of age, the ADG and ADFI
of meat ducks in 0.12% MDCP or DCP groups were significantly lower than those in other MDCP or DCP
groups (P<0.05), the F/G of meat ducks in 0.12% DCP group was significantly higher than that in other
DCP groups (P<0.05), the F/G of meat ducks in 0.30% MDCP group was significantly lower than that in
other MDCP groups ( P<0.05). 2) There was a significant interaction in tibia strength of meat ducks at 21
days of age between phosphorus source and supplemental level ( P<0.05) , the tibia strength of meat ducks in
MDCP groups was significantly higher than in DCP groups ( P<0.05) ; dietary phosphorus supplemental level
was significantly affect the tibia indexes of meat ducks at 21 days of age ( P<0.05). The tibia ash, calcium and
phosphorus contents and tibias strength of meat ducks at 42 days of age were linearly increased with the phos-
phorus supplemental level increased ; there was a significant interaction in tibia calcium content of meat ducks at
42 days of age between phosphorus source and supplemental level ( P<0.05). 3) At 21 days of age, the serum
phosphorus content of meat ducks in MDCP group was significantly lower than that in DCP group ( P<0.05),
the serum calcium and phosphorus contents in 0.075% MDCP or DCP groups was significantly higher than
those in other MDCP or DCP groups ( P<0.05), the serum alkaline phosphatase activity in 0.075% and
0.150% MDCP or DCP groups was significantly higher than those in other MDCP or DCP groups ( P<0.05).
At 42 days of age, the serum phosphorus content and alkaline phosphatase activity of meat ducks were de-
creased with DCP or MDCP supplemental levels increased, the serum phosphorus content in 0.12% DCP group
was significantly higher than that in other DCP groups ( P<0.05). In conclusion, MDCP can be used as phos-
phorus source replacing DCP in duck diets; in this case, the optimal non-phytate phosphorous levels in diets for
meat ducks are 0.355% and 0.305% for 1 to 21 days of age and 22 to 42 days of age, respectively. According
to body weight, body weight gain and tibia indexes, the bioavailability of MDCP relative to DCP (100% ) is
109.85%.[ Chinese Journal of Animal Nutrition, 2018, 30(9) :3364-3376 |

Key words: meat ducks; MDCP; DCP; bioavailability
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