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WE: VRHARFIRARSAFAEEFFaHE LK KARREMERE R H, L3
B — 2% (MCP) 4 # R , B %] & A %8 (AP) KF 24 % 0.52% (3 B 41) .0.61% ,0.70% .
0.78% .0.87% .0.96% 1 1.05% 1§ 7 Fr & A & LA AR, A EWHHE H(29.40£0.15) ¢
W, BHANEEINER, FNMELAR2 R&, #7560 dMAREELR, FRXRLNA:
FR AP K CF X ¥ AR & 88 F R (WGR) B E £ K E (SGR) (M7 # & # (FCR) A E (£ 1k
(VSD#H AR E R (P<0.05), L WGR A #F M igsr, Bt — K EHF AW, 74 &8 H
WEH AP KF % 0.80% . MK AP K-FHysiin, P ot Rt R 24 R F ¥ nit
KERE(P<0.05), et RkyraEEZRTEH(P>0.05), 2 & Mg R E KL REH
GEHLETR(P<0.05), AIFTEBEA ML aB R 48, FH F F &4 &1 17 K AP
W HEREQH A 0.81% 1 0.80% . F4A K AP KF 493 fo, i AE 3 R % JX 4 % (MDH) | 7 B
% s (PK) g & & M B (LPL) A fif B¢ B (HL) 7 39 B F 3 n (P <0.05) . & 4 7 % &
B (GPT) & £ 2. 3% T /& (P <0.05) , 71 4% 14 8 B 8 (AKP) % b B % £ 7+ (P <0.05) , fu 7% &
b 4 3 AL B (SOD) & M 2 S5 7H 5 e & 4 , 78 0.78% A F 4135 ¥| & A&, T A iE %9 — B (MDA)

JHL A7 B 3 R B K E  0.80%

GSEEFMRN,E0.78% KFAZM, F LB, FELERKA:F8 T4 (30~150 g) %

KB TEFEE; AR £K; K4K; FEE
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W AL R Ay b |, LA MCP Sy LB UE , 78 52
TaEBHEC 7 R LA % (available phosphorus, AP)
ST WA 1) B 1 RN A RO Wl 9 7 2 1 A S R
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a2 Al A0 1R Bf E 9 2 AR 0 SR R O
Bt , S 4 Ja S B 2B 7 R MCP B 3l 25 18 RS T
SR AL AR SRR A S M

U Rk

1.1 @

M B 3R 15 IR R, DL LB M A
GENTIE IS NGRS S -3 E S 3L B 20 EE
S ek 2L BB R OK O IR 1. AR A R o
SrVR I 0% (XFB) 0. 50% 1. 00% .1.50% .
2.00% .2. 50% #1 3. 00% K MCP ( 4 Ji| )i
fEAE T B A7 BRZ wl /N KT R B & 519, 09%

®1 BEMABEAREEZEEFRKS (KNTEHM)

Tab.1 Formulation and nutrient composition of

the basal diet( air-dry basis) %
JE R ot
ingredients content

t #y fish meal 9.00
%M1 soybean meal 21.00
HH1 cottonseed meal 11.00
3K rapeseed meal 18.00
4 wheat flour 20.00
KB rice bran 15.80
Tyl soybean oil 1.20
W 2T 4k £ microcrystalline cellulose 3.00
IRk premix 0.60
S L JHTH choline chloride 0.28
P AL 7 antioxidant 0.02
)i % 7] mold inhibitor 0.10
41T total 100. 00

& 5 A F{ nutrient composition

7K 43 moisture 10.81
FL 4 H crude protein 32.50
IR crude lipid 6.51
K53 ash 7.00
S (529) total phosphorus( measured value) 0.91

VR KL 6 T 924 FORR B ;% 150 mgs B 3.2 mas B
34.1 mg;4f 13.0 mg; it 5.7 mg;Afi 0.3 mg;4h 12.4 mg; 44 &
A 2000.0 TU; 442 D 2 000.0 TU; 4i2E 2 E 100. 0 mg; 4 4= &
K; 10.0 mg; 4/ % B, 5.0 mg; 4i4: % B, 10.0 mg; fHfR 100.0
mg; 4EA K By 10.0 mg; {2 BR 85 40.0 mg; MR 5.0 mg; 4 &
B, 0.02 mg; /E4 % 1.0 mg;4EE % C 300 mg; LA 100 mg

Notes: Premix provided per kg of diet; Fe 150 mg;Cu 3.2 mg;Zn

34.1 mg;Mn 13.0 mg;15.7 mg;Se 0.3 mg;Co 12.4 mg;vitamin
A 2 000.0 IU;vitamin D 2 000. 0 IU;vitamin E 100. 0 mg; vitamin
K, 10.0 mg;vitamin B, 5.0 mg;vitamin B, 10.0 mg;niacin 100. 0
mg;vitamin B¢ 10. 0 mg;calcium pantothenate 40. 0 mg; folic acid
5.0 mg;vitamin B, 0. 02 mg;biotin 1. 0 mg; vitamin C 300 mg;
inositol 100 mg

S ), 2T £ HE R T, B T b S G AR R
H AP (5§ TP) 7K 4 813k 0. 52% (0. 91% , %}
) .0.61% (0.99% ) .0.70% (1.11% ) .0.78%
(1.19% ) .0.87% (1.28% ) .0.96% (1.39% ) Fl
1.05% (1.52% ) (£22) o fal kbt 5 40 H i,
2 S2IGARDRHBE B L B AR 2.0 mm f F0RE, KT, W
ARSI T, 20 CTHRAFR .
1.2 XBR&Ea5FFER

St R PO LR XK H R g, e
WRE 3% WY B R I W0 B IS, TR % AR BROKOK %
b g, DU RVEDR YA 10 d GE X SER T, 2
FEUR B (A ST 455 (29.40 0. 15) g ;9B 4E
525 B, B0 T DAL B 3 AN EE L B
HALFR 25 B KIREL Ry 392 L, /K Iy g <
HARK, B RM 4 K (8:00,11:30,15:00,
18:30) , H MR AR BT EE 1Y 3% ~5% , HR 45 55 55
R RN, B 10 R R 5, B
100% 7K 1 ¥k, RS2 8 8 Jal o 1) 37 40 18] K i
22 ~28 C,# 4 >6.0 mg/L, B A &5 <0.10
mg/L,pH 6.6 ~7.0, WA A <0.10 mg/L,
1.3 #H#FmXE. &

FEPH I A5 AT, LI LR 24 b, B4 IR
9 AP AR ,3 R TmE &, &
TR, 1 mL — kM J0 i 1 5 4 2 i Ik R
M, % EHEE 3 h 5,4 000 r/min(4 CT) .0 10
min, $EHCMLE , - 80 CHRAF, FI T 1wk A= 1k 45 bx
WE . 5 6 RAEIEUKE P FEATfE ), B I
o35 TN, OF R g 4R TR K o3, B AR IR A )5
Fa R HIAE B K (4 CH) 19 (B AL, &/
mL) JK¥A 4] 3% ,3 500 r/min(4 C) &> 10 min, L
B WA AL G, - 80 CORAE, T IE A4S bR
M5E o
1.4 $EHRNE

£ KA AR I8 AR FRI T A W5
158 24 h, HERAFR & f AR fRLE, 31O R E AR
£ & (specific growth rate, SGR) 1A} & % ( feed
conversion ratio, FCR) |1 & # ( weight gain rate,
WGR) . It i B ( condition factor, CF) Fl I {4 b
( viscerosomatic index,VSI) , & AR U T .
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¥ A K % (SGR, % /d) =100 x (InW, -
InW,)/d

Tk ZE(FCR,g/g) =F/(W,-W,)

HEZE(WGR, % ) =100 x (W, -W,) /W,

AE S BE (CF,g/cm’) = 100 x W/L’

MR (VSIL % ) = 100 x W,/ W
Xrp,w, kP R E (g); W, WA K MK
R E(g);d WM ERREGF WY HEE &
(g):W maikEi(g) L HEEK (ecm) s W, Ny
WIEE (g) .

BB FIERBE T ETARBLIEN &%

FELAG D7 25 R & IRl 42 000 2 v ML A R
LIl 28 08 e Ak, Ko R T K A3k
ERAIBE: B AR SR e ke

BRI AR Fm & TH
BB Wi R 5y AU (RR,) -

RR, (% ) =100 x (W, x CN, - W, x CO,)/
(F x CF,)
X, ON, AR AR T Y B AT g7 K5
A& i Co, s R T It 8 A AR
JR Gy R & CF, iRk 9 5t 285 B e A8 s

o RE A AL 35 AR 69 ) MLV« 45 TN 5%
Z NG (GPT) ha 14 W R il ( AKP ) 1 4 Ak 4 15 1k
it} (SOD) , ¥k HIra o #f )i AR ) AR WF 5 BT A 7
IR A 5 5 P . 8 B (MDA) SE SRR i &
fitt (MDH ) | 14 i iR % Bt ( PK) (i 25 1 g 7 ( LPL )
FUF IR G (HL ) | 4 5R F R a0 g Ak 7 i i on) & ik
T o
1.5 Rt agfnaReiasnE

% B T R LAY B BE DU 2 % GB/T
6437 —2002 fapk} b S I E J7 5

p¥ ¥ SR RIS I3 0.5% (T )
) Cr,O, BACXT AL FN2E 4 i 4R 4 &,
TE B8 & A A8 R R DR Dy A Dy o 18 B BT

B153[(29.40 £0.15) g ] iy & 4k 150 J& , B HL 53
HN2AH, HHIANER, FNERNIR 25 B,
T ST 392 L WK RELH, 43 % 45 & D, #1 D,
Yizs 2 Ja, R 2 Y (8:00 F1 15:00) . 2 J
G B RIERE 1 h JEIERRGCM,3 h 5 I IGR A
BTk WA TR ) S o 5 I 8 R Y FE 4 T
65 CHET )5, B —20 C kA RAF, T 00 5 1 Ak
AR L (AD,, ) o R IR K AL 2 B ik
D& 1R S Jefdirp Cr, 04 & i

AD,, =[1-(C,xP,)/(P,xC,)] x100%
Arp, C, MR Cr, O, 35 6 5 P, Ol JE 08 55 Wl
C, Ml Cr,0, & &P, JiaRE & B &

TAHE A A & PLES 4 21 O pr e 1 5
MCP H @ F F 3 (D ) FEDEL R AP 5 6

D, (%) =100% x (PC, x AD, - PC, %
AD,)/IP,
[rp, PC, 5 4 B S AD, NS 4 4
Tl b M FE W I AL 25 PC, Sl X IR T R R A
W AD, R R R R T AL R TP, N AR
4 R rh e L S
1.6 #HEIE

g A5 5] SPSS 19. 0 X 4l 4T FL - U5
723 ¥ (One-Way ANOVA) , | Duncan [K £ 1 H
BT AT AL 25 S o R AR WK 0,05, K
Wi M + hRifEZE (mean = SD)JEAFRox . A
TUUBS TR AT AR R 43 % WGR | 4 i i
Je A R 535 i S DR AP K EAT [R1UE 23 A

2 HiR

21 FARGERBSBONE

D, WL L3N 57.49% ,D, £
WAL 66.35% | Heit it MCP g ) 71 i ¢
H91.88% . IR, Gk oh A B = M R
W x57.49% + stk x91.88% (F 2),

R2 AMPHERBKT

Tab.2 Dietary available phosphorus levels %
415 group
D, D, D, D, D D, D,
R — %45 monocalcium phosphate 0 0.5 1.0 1.5 2.0 2.5 3.0
Y8 MW supplementary phosphorus 0.00 0.10 0.19 0.29 0.38 0.48 0.57
JE % total phosphorus 0.91 0.99 1.11 1.19 1.28 1.39 1.52
A %W available phosphorus 0.52 0.61 0.70 0.78 0.87 0.96 1.05
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2.2 ARBHBAKENTIEAERKMERE AT
FAMBAEIEIRE R

TR AP KX 2 JE it WGR | SGR, FCR |
VSI.CFRIL/HA B ZH (P <0.05) (% 3),
W& AP JKF- 1Y I, WGR il SGR & 56 7 5 [
S, TE 0. 78% 7K V21 3k 3 o5 KAH, 43 51 4K
Sof B $ B8 T 22.10% 1 12.98% . ifif FCR IF 4f-
AR, HE 0. 78% 7K 2 3k B S AIGMH , x4l
W61 9.24% , %A VST Fil CF Bt kb AP 7K
S B TH s A BT AR, T L/H G T8, e
VSI7E AP /K F 2k 1. 05% B ¢ %F B4 B AIG T

17.60% (P < 0.05), CF fl L/H 7£ 0. 52% ~
0.78% K- H LW % 2= F(P>0.05),

K kb & w1 H Jr FR LA WGR(Y) 5 1H
BAP K (X) Z IR, 58 y = -904.7x" +
1 447x -170.83(R*=0.926 2,P <0.05) ([ 1),
PR 2 B 15 2 3 & B 3k g R 13 e fE
WGR HFEE T AP (17K 0.80% K ia kL AP
TR T 45 48 A5 47 A0 G PR 2 B, & B VST, CF
EWCRE T, 1 L/H AR R IE A G, F AR
K MERE iRDRHR) 48 5 A7 7 A S 2 Y il Ze A

F3 ARBEREK TS IE G £ KR A RF R RS SR B R0

Tab.3 Effect of dietary AP level on growth performance,feed utilization and morphologic indices of tilapia

T RE A %5 7K/ % dietary available phosphorus levels LR (r)
0.52 0.61 0.70 0.78 0.87 0.96 1.05 related coefficient
AT/ 129.38 = 137.90 = 149.78 =+ 151.67 + 144.58 + 142.33 + 134.67 +
;Ky]ﬁ g a be ef f de cd ab 0' 955 0' 008
FBW 2.37 1.82 1.77 0.50 2.77 1.75 2.15
1R/ % 338.70 + 367.57 + 407.83 = 413.55+ 391.79 + 383.23 + 356.61
a be ef f de cd ab 0 961 0 006
WGR 7.97 6.04 5.08 2.74 9.97 5.97 7.96
BErEER/ (% /d 2,62+ 2.75+ 2.89% 2.96% 2.85% 2.8l% 2.70%
+T/\t ﬁ}: ( ’ ) a be ef f de cd b 0'964 0'005
SGR 0.02 0.03 0.02 0.02 0.04 0.02 0.03
TR R 1.19+ 1.15+ 1.11+ 1.08 1.10+  1.10 = 1.17 +
R R ‘ - N ‘ 0.967 0.004
FCR 0.02¢ 0.02%*  0.02° 0.03® 0.02° 0.01° 0.02¢
< F/ % 10.85+ 10.87 9.95+ 9.89% 9.77+ 9.50% 8.94 %
ML L/ % ) ~0.957 0.001
VSI 0.27¢ 0.36¢ 0.19¢ 0.20° 0.18° 0.30° 0.10*
WERE/(o/cm’ 3.54+ 3.48+ 3.47+ 338+ 3.34x 3.31x 3.27%
MEH 2/ (g/om”) ~0.988 0.000
CF 0.15°¢ 0.11° 0.13%  0.10®™  0.12* 0.11° 0.16°
&/ 2,38+ 242+ 2.43% 2.45% 2.50% 2.53% 2.56%
PR/ , 4 , - _ _ 0.990 0.000
L/H 0.07° 0.04°% 0.07°®  0.06™  0.08°¢  0.06% 0.09¢

T R AT R AR /NG 7 BT 5 B R 22 5 AN 3% (P >0.05) , R E/NG B RoR 22 5+ 8.3 (P <0.05) . N

Notes: In the same row , values with no superscripts or shared the same letter within superscripts indicated no significant differences( P >0.05) ,

values with different letters in the superscripts were significantly different( P <0.05). The same as the following

440 y=—904.7x2+1 447x -170.83
R>=0.926 2
420 r 3
3
2 400 !
NS !
~.S 380 f
m ) :
E}PE" 360 | |
z 340 |

320

:,/Xzo.go%
300 1 L 1 L ]
0.50 0.60 0.70 0.80 0.90 1.00 1.10
TR BT/ %

dietary available phosphorus levels

Bl EAREEAKENTEAEERNFMN
Fig.1 Effect of dietary available phosphorus level

on weight gain rate of tilapia
2.3 ARBEYBMAENEEFTEELEER

4H R, 0 46 23 #EL B B Y 22 0
Tk AP K P xF 2 3 £ 4 8K 7 & G R

FM (P >0.05), XM En Mg K5 .
ST EMALHEN SEF B EL (P <
0.05) (£ 4). FEEFE AP KV T+, 4 ol
HE2 TR 3, 24 g Z 86 R IR s i
IKAP5 T R L PHLIE 7 )2 56 B IS AR 1Y
B AR R AR AP 0.78% 2 [ X} i 21
(AP 0.52% ) HH EL , i 22 ISR 107 JTF IR s A0 JUL PR s
Wi BIEAE T 3.69% 22.10% F131.38% . 4= 1f 4
BEFIR 73 Bl AP F 34 0 S 35 & R R B AR (P <
0.05) AT L ALH o3 B 4> 00 & 5 F0 42 0 K 5 & i,
AT AT B )k A 2 2 A a4l a0 8 B R TTAR S
B EAR AP S5 H 0.81% [y =0.776 1x +
0.124 5(R* =0.966 4,P <0.05) (& 2) ] f10.80%
[y=4.043 3x +0.988 6 (R* =0.986 7,P <0.05)
(BI3) o Kkl AP JKF-F 4% 45 bp #5147 HH O 2
B, A BER A4 ORLIE 7 o 28 NG 105 I I g s 22
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WS 2 AR G A1, LAt 48 AR R 7K 43 Ab 1 R0 DR AP JKEAAAER B 35 IR A R &R
T4 AMNEYBKEXNTEELEMBSARLEFTABRNEIE
Tab.4 Effect of dietary AP level on the nutrient composition of whole body and selected tissues of tilapia
T B A i K E/ % dietary available phosphorus levels ES Y (€0
0.52 0.61 0.70 0.78 0.87 0.96 1.05 related coefficient
4 fa whole body
) 70.59 =  70.20+ 70.39% 70.19x 70.31x 70.68 %  70.33 %
7K 43 moisture/ % 0.413 0.687
1.76 1.38 0.60 3.90 0.64 1.15 1.08
] /% 17.08 = 17.59 = 17.66 17.62+ 17.69+ 17.33 =  16.67 =
HEH/ % 0.975 0.003
CcP 0.36* 0.31° 0.14° 0.68"° 0.23° 0.19* 0.22°
HLIE W/ % 9.03 = 9.06 = 8.68 + 8.75 8.07 + 7.76 + 7.66 +
MR/ % _ ‘ , , ~0.956 0.001
CL 0.10¢ 0.80¢ 0.12°¢ 0.10°¢ 0.14° 0.11° 0.10°
K 4/ % 3.15 = 3.38 = 3.83 = 4.16 + 4.23 + 4.23 + 4.18 +
o/ % ‘ 0.986 0.001
ash 0.06* 0.02° 0.02°¢ 0.05¢ 0.07¢ 0.03¢ 0.06¢
St/ % 0.54 + 0.57 = 0.66 =+ 0.73 = 0.74 + 0.75 + 0.74 +
] 0.979 0.002
TP 0.02° 0.01° 0.03° 0.01° 0.02° 0.01° 0.01°
A 40 tissues
W 2 BN Wi/ % 28.21+ 28.25% 28.19x 27.17% 26.56% 26.14x 25.71 = 0,062 0,001
MCL 0.18°¢ 0.40° 1.32°¢ 1.08% 0.31% 0.40% 0.65° ' ’
E g 17 / % 12.31 = 11.59+  10.64 = 9.59 + 8.92 + 8.69 = 8.59 =
PR /% ) ‘ . ~0.967 0.000
LCL 0.18° 0.09 0.06° 0.63 0.21° 0.17° 0.25°
& 15 / % 1.88 + 1.64 + 1.31 = 1.29 = 1.31 = 1.30 + 1.37 +
LR /% . . , . 0.976 0.002
MCL 0.38 0.17° 0.09" 0.29° 0.07" 0.51° 0.16"
0.80 2.4 ANPEEHAENESTEEARGE

y=0.766 1x+0.124 5
R?=0.966 4

EEBEER /%
whole-body phosphorus
S o o e
o & 9 2
S h S &

e
n
<

X=0.81%

AR

0.50
0.50 0.60 0.70 0.80 0.90 1.00

TR B /%

dietary available phosphorus levels

1.10

B2 ABAEREKkENFEEaLERKTERNHNT
Fig.2 Effect of dietary available phosphorus level
on whole-body phosphorus of tilapia

44 - y=4.043 3x+0.988 6
ia R=0.986 7
o
Mﬁ 4.0
ag 38}
&3
K236t
jﬂ? 3.4
32k
3.0

050 0.60 0.70 0.80 0.90 1.00 1.10

TR A KT/ %
dietary available phosphorus levels
3 ABERBAKENFEELERSIFEM
Fig.3 Effect of dietary available phosphorus level
on whole-body ash of tilapia

FENMEREZM

Bl AR AP KRB, T B R
TR G R 1 TR 0 5 500 T v 5 R AR A e 3,
W B B A R R DT RRAE 0. 78 % K V-4 ik
PR, B R RS T 11.91% .36, 15%
M 19.39% . BT ARAE 0. 70% 7K - 2H 3k 3|
R, WA MM E T 15 41%, H 0. 70%
KL ~0.96% KFHEFARE(P>0.05),
JiE W AR I 5 R R # (P <0.05) o BRAR T UL
U AR R AP KOV SR B 2% A 64, AR
TP B TR AL AP JKOF 20K B kil

AMRKR(ES) .
2.5 EAMPERBKTINEETEERFEEN
6 R B9 50

B %5 T L AP KOSP4 38 in, MDH  PK | LPL #
HL 5 T 55 a3, 16 1. 05% 7K -4 35 %) 5% ki,
HE ST B 4y i 4 = T 64 73% (62, 57%
90.98% A1 68. 90% , } & PK.LPL I HL 7%
0.78% ~1.05% K F-HERARZE(P>0.05), 1
MDA & ) 2 Je B ARG L TH ik 3, 7 0. 78% ik
Bl fe/ME, BN B R AR22.59% . [F] ), Bk MDA
TR AP 7K 54t 35 Ul A 56 6 R 4D,
% 1 Ik 2 280t 3 1 5 RN A RE AP KPS AR B
FHIEMHLKLR(FO6),
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x5 ABPEHBAENFEEABNPTERZIARZNZMN

Tab.5 Effect of dietary available phosphorus level on nutrient deposition efficiency of tilapia

T LA s K/ % dietary available phosphorus levels L ZE(r)
oo P
0.52 0.61 0.70 0.78 0.87 0.96 1.05 related coefficient
F ¥y R TR RS % 28.80+ 30.20+ 30.94x 32.23x 31.40+ 30.89+ 29.28 =
a b be d cd be a 0971 OOO]
DMRR 0.43 0.40 0.55 0.58 0.43 0.57 0.32
E R R % 38.41+ 39.99+ 44.33x 44.25% 43.49x 43.47+ 36.33 =
, 0.926 0.008
PRR 1.06° 0.91°¢ 0.71¢ 0.53¢ 0.74¢ 0.53¢ 0.72°%
S LR/ % 136.51 + 133.83+ 131.68= 130.06= 122.44z 117.18+ 109.80
MR GUBAA/ % ; . ’ ) ) ~0.968 0.000
LRR 1.42 1.01° 1.37% 1.06 3.67¢ 1.24 0.70*
I SR eI 36.65+ 38.74+ 46.81+ 49.90+ 49.53+ 47.43+ 41.77 =
RS BLRAS/ % , _ 0.954 0.008
ARR 0.34* 0.30° 0.49¢ 0.39¢ 0.51¢ 0.50¢ 0.26°¢
BULELR/ % 52.14+ 52,20+ 57.90% 62.25% 57.66+ 54.50%  46.08 =
) . ) ) , 0.915 0.027
TPRR 0.45 0.40 0.60 0.65° 0.44 0.58° 0.30°

xo6 MBPEHBHAKFXNFTEEFARABFEMELIEXLHZME

Tab.6 Effect of dietary available phosphorus level on hepatic enzymatic activities and lipid peroxidation of tilapia

TR % 7K -/ % dietary available phosphorus levels M BB (r) »
0.52 0.61 0.70 0.87 0.96 1.05 related coefficient

WK B8 4/ (U/mg prot) 8.25+ 8.79% 9.48+ 10.32+ 11.84= 11.45% 13.59= 0,969 0.000
MDH 0.16" 0.12° 0.17¢ 0.10¢ 0.20° 0.15°¢ 0.14F
9 A 2 38 6/ ( U/mg prot) 40.29+ 49.45+ 55.41% 56.42+ 60.95% 60.31% 65.50 %
PK 3.81°  5.83"% 2,13 1.46"¢  2.69%  1.59%  3.32¢ 0-947 0001
J§7E Mgt/ U/mg prot) 0.244 = 0.344= 0.386% 0.435+ 0.420% 0.421 % 0.466 = 0. 888 0,008
LPL 0.023*  0.011°  0.016™ 0.021° 0.004°* 0.009* 0.002¢
JH WG B/ (U/mg prot) 0.254+ 0.313+ 0.366+ 0.409+ 0.418+ 0.427+ 0.429 = 0.923 0.003
HL 0.008* 0.024™ 0.008™ 0.016° 0.015°* 0.015* 0.019¢

— ¥/ (nmol/mg prot 5,40+  4.62+ 4.62+ 4.18% 4.56x 4.62% 5.64z
EDA% ( sy 0.15°¢ 0.30° 0.09° 0.08 0.09* 0.08" 0.08< 0.948 0-004

2.6 ANRPFEYBAKENEETEENFENL
TEARR B0

bt 5 kL AP K P (38 i, 2 A fa i v GPT
W RBEAL (P <0.05) ,SOD 5T )5 R i
HaF (P <0.05) , 7 0. 78% K V-4 ik B K, 8 4F
TRALHER T 6.60% , 1 AKP I 1 & 3% 7+ i/ (P <
0.05) ,7E 0. 96 % 7K V- 20 i5 2| fr K AR, B0 I 20 F+
BT 67.72% . [A B}, SOD Fifa Kl AP 7K - 47
TEA I 2 R i A OGO &, 1l GPT L AKP il

BEAP PR B F LM R R R (3R T) .
2.7 EBS S 4R IE ROAE K S AT

Kbt Rt AP AP R L YR AR 1 54545 2
Z B HEAT AR S 3 M, e B AR f1 VST FIES o 41
UG & S MR G, 2t 07 A UL P L
07 5 W2 R A G, A R g T S B RDIEIE
Z I 105 5 L R 4 £ R R U A I A e S U
A MHH AL — B RIEMC KRR (K 8),

RT7 ARPERBEAKFNF EEMEENERH MW

Tab.7 Effect of dietary available phosphorus level on serum biochemical indices in tilapia

TR % W5 7K/ % dietary available phosphorus levels B (82)
P
0.52 0.61 0.70 0.78 0.87 0.96 1.05 related coefficient

AT/ (U/L) 19.27+ 19.14+ 18.97+ 18.56+ 17.89+ 17.69+ 15.82 +

. . . " " " . -0.914 0.004
GPT 0.75 0.33 0.63 0.79° 0.74 1.04 0.34°
WAL fLEE/(U/mL)  62.12+ 61.18+ 65.34+ 66.22+ 60.98+ 61.34+ 39.68 =

o . w . . . . 0.906 0.032
SOD 0.48 0.70 2.99 1.09 2.80 1.95 1.92°
BB R/ (U/mL) 17.01 + 21.58+ 21.01+ 21.60+ 23.88+ 28.53% 26.71=

, . . . ) . . 0.923 0.003
AKP 0.76* 0.33 0.38 0.15 1.20°¢ 0.76 0.56°
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Tab.8 The correlation analysis between selected indices

fahr 1 847 2 MR FRE(r) 845 1 Fohs 2 MR ERE(r) »

index 1 index 2 related coefficient index 1 index 2 related coefficient
JIEAA L VST JFIERE 7 LCL 0.927 0.003 fEfAk L VSI 1 Z W5 g 1 MCL 0.890 0.007
e & CF 2§l CL 0.925 0.003 4=fafigfii CL AT WE g i LCL 0.904 0.005
4 5l CL WLIA S i MCL 0.922 0.023 2 faflgfi CL 1 % NS i MCL 0.949 0.001
4Aafig i CL fig % [ BRE LPL 0.734 0.060 “4=fafigfii CL JIF g W HL 0.817 0.025
YRS LCL 5% [ sl LPL 0.921 0.003 FFREASW LCL  AFESAG HL 0.978 0.000

3 3t

BEVE NS T B e, © & B H R
KT Sl Wy R e AR T B RAR DT A 3 2K
BB SRS TR S E SR S e e B E
SRR o WS I AR AP R I B
14 T R A1 1E % I £ 1 A= KR AL 1 R 8 ik
ZEGE R TR K S Y e Bk
ZIEEAE AR GNS R R T R T R, B BT
DEETH, BHRATARE Y ALK
B A B Y S 2 A 2% B Ok 1R g i RN 4 2R
U 5 B, A 20 4 T P R R DL e BL A BT SR Ak g
TIREARSE, BIE R B EF LT R ER.
WGR ,SGR Fil FCR #7£ 0. 78 % 7K - 4H 35 2 & 1l
i, M 0.78% J5 WGR HI SGR fifi i & T [,
AT B DN B o R S B A S ALY R
PR W B 8] 2 A, 0 0 285 00 B R i A2 3 5 e, DA

Bt g KUY R R kOB, T
(1.05% ) FHAT A I ML (0.52% ) I & , A4
SR B AR A0 A K Pk e R RDRE R (H S BRI L
PUAST AR ALRE ) -

L WGR Ry P 465 b, 3 2k — 3k 8] 05 43 By &
W, k4l 8. (30 ~ 150 g) TRk b A 880w K1
0. 80% I 7] i /& H AR K /7 %2, 4 M il Rl IR 43 3 1
FE £ 2 E SR 5T T & H S R VF A B W oK
B FITLR AR R Sy M 4 B R R 4 A8 K 4y
O S AR A DR R R B AR 4y a0 8 B KT
AR B0 AR AP & #4354 0.81% 1 0.80% .
DL 25 A4 2 A a6 Ak o A R i T
0.76% ~0.86% ' I BF 55 2456 , I 5 2 4l fk 47
JI AR 45 B TR R 22 5 (0.85% ~0.86% ) 7,

e kB R AR A A0 2 AR R R R T A R T Y
[ B, 3 2 52 ) f0 2 A 2 R R 2 8RR D5 5 i, AR 5
55 % B, FRDRE rb g 1 I 25 X Al £ 4 £ K 4y T B

FHR MR T AR R K Sy A TR
Wb T AR AR DT R ORI R B R T A
HEIK 7 E W) A K B R RE DT Y AR AR AR IR B
TARE 2 A7 22, AT a0 # 4K g 1D i AR, It HL 2
T JFF I U o A S0, A 2 T 37 A 0 I o e e
XAE A ¥ "7 ( Larimichthys crocea) Fi hT i
( Oncorhynchus mykiss ) FIBIE5E Hh W45 1 AH W] 45
Wo ARSLIGIE KB, A DR AP AKSE 3G, T
YT AR BT R 3 R 8 AR R R 5 S T R R
A TR T UTRR AR R R e, Rk i AP K
SF- B 12 4 o ) RL B DT 9 T RR AR D PR AT
RE A& A7 RL By ATP A~ 5 AR Wi 92 B 179 Dy 24 92 it
TREAE WG T BRI IR i TS AR AR R 1 I 4G
B AL M AR A B R A 2R B B AR
R R A R e A K B ST 5
ZH (AP 0.78% ) iy % A JH-JUE UL A i 07 & ==
BTN GG R, & P A
i Jg ) T A 2 B ek AR UL PR AR I 19 A 7
S B 5 M R JEER T JE R D7 55 6 04 I {4 9 B R
JU7 & R R, B0 VST AR ; CF 19 T B 5 B K iR
W R O RIB R R G D K R
RS K A5 A e XS ATk
KR AR R BE S 45 S VST R CF A8 Ak —
S0, 85 ] 5 W) 4 e B 6§ ( Monopterus albus)
RS AE RAS — 3, AT g B K o Rk 2
E

JFFIE S 3h 40 Mg AR o o A R A
LG W7 73 ffe Wty 3 060,355 5 25 11 G 1 ( LPL) 01 i g
fity (HL) , & #% Jy SR . LPL & —FhobE 245 1, Ak
e S H I =R IR & B, o AR R IR
B AT R D (P S %Ak A A 3
PR il 2 — B o 4 1R s 1t =X PN B R A ADP 5% 712
TN TR R A ATP, PR R AT 4 A I AR A iR & T
CoA HEA =R BR G ¥ sl 5 R Wi R o P 2R IR Mt
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2 (MDH ) 4 £k 59 S i i &0 2E BCRE ik 2 1R, 5 Tk
LR 4 T CoA [A] R = F& TR 1 24 1 A& 46 W
JiRCY L SCE kB, B AP KO 193 i, MDH |
PK .LPL A1 HL 3% M 52 b JF %, i B ) sk op i
il v] LA 2E 27 1 £ - OB 1% A 0 = R R 1 2F 3K
B 148 1= Ho AR W S Ak A9 il B 3 A A DG 4 A
AR FIE S, Y, AR i 7 R T R, 2
5 is i ) A A R A O FE I e R e B
HLJ2 A 2 356 B 105 7 6 B 2 DA RO = KA A
PEE MR — WS A AR £ E
B BV A R T 4 8 I B U S R 2
HAUR PR AR T, B8 5m s A A 42 2F 5 85
Ak .

4 e

ARG SATN ,H E P AE0(30 ~ 150 g) XA
Tl bt Bz 3E AP JKEH 0. 80% , 75 1% K F F X2 &
B AR A B AR RDRE 2R BOR £ R L PR s 7
W N R BT YT R TR, SR T ALK
P AL RE 1 7 ) BB AU .
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Effects of dietary available phosphorus on growth performance,
body composition and biochemical indices of
GIFT tilapia( Oreochromis niloticus )

BAI Fujin', LUO Li'*, CHEN Renxiao', CHEN Yongjun', LUO Hao’, LI Yu’, LI Yun', WEN Hua’

(1. Key Laboratory of Freshwater Reproduction and Development ,Minisiry of Education ,Key Laboratory of Aquatic Science
of Chongqing , College of Animal Science and Technology, Southwest University ,Chongqing 400715, China;
2. Technology R&D Center of New Hope Group ,Chengdu 610041, China;
3. Yangtze River Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Wuhan 430223, China)

Abstract; To evaluate the effects of dietary available phosphorus( AP) levels on growth performance, body
composition and biochemical indices of GIFT tilapia ( Oreochromis niloticus ), seven practical diets
(isonitrogenous and isocaloric ) were formulated to contain 0. 52% ( basal diet, control) ,0.61% ,0.70% ,
0.78% ,0.87% ,0.96% and 1.05% of AP supplied with monocalcium phosphate( MCP) . Each diet was fed
to triplicate groups of 25 fish with an initial average body weight of (29.40 +0.15) g for 56 d. The results
showed that dietary AP levels significantly affected weight gain rate ( WGR) , specific growth rate (SGR) ,
feed conversion ratio ( FCR ) and viscerosomatic index ( VSI) ( P < 0. 05). Quadratic regression analysis
projected the optimal dietary AP level of tilapia to 0. 80% based on WGR. With the increase of dietary AP
level, the total phosphorus and crude ash contents of whole body markedly increased and then leveled off
(P <0.05), while moisture contents of whole body were not significantly affected (P > 0. 05) , whereas
crude lipid contents of the whole body, mesentery and liver significantly decreased( P <0.05). Broken-line
analysis showed that dietary AP requirement of tilapia were 0. 81% and 0. 80% respectively, based on the
total phosphorus and crude ash contents of whole body. With increasing dietary AP level,hepatic activities of
malate dehydrogenase ( MDH ) , pyruvate kinase ( PK ), lipoprotein lipase ( LPL ) and hepatic lipase ( HL )
markedly increased( P <0.05). With an increment of dietary AP level, activities of serum glutamic-pyruvic
transaminase ( GPT ) significantly decreased ( P < 0. 05) , but alkaline phosphatase ( AKP ) markedly increased
(P <0.05). Serum superoxide dismutase ( SOD ) activity initially increased and then decreased, but liver
MDA concentration showed contrary trends to that of SOD as dietary AP level increased. Highest hepatic
SOD activity and the lowest liver MDA concentration were both recorded at 0. 78% AP. In conclusion, the
overall results in this study suggest that the optimal dietary AP level for GIFT tilapia (30 - 150 g) was
0.80% .

Key words: GIFT tilapia; available phosphorus; growth; body composition; requirement
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