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AAERR T AERE BRI, BLE B
] 32 B £ R A AR S DA S 4 O S
BXRFUT T AR T, R FRBR R
55 B ARDRE FP S 060 45 PR M A R g X R A K
PERE A F R A2 AR AN M T AL BT TR RO
AT AR BREGE K P FRDRE AP B 28 L PR AR IR

AR T

1.1 LT EXRRER

WEHRR _EESES IR 2. 5% (IEX
M) 2.0% .1.6% ¥ 3 Fhialkt, 73 fEBE IR — &5
SEN2 0%, 1. 6% M1 K IR N A R B

0.02% , 3t 5 ANAbBEA . & AR AVE FRK
FRE L,

SIS AR AE 38 gk Y )11 2 B F R R AL A
THIFECREE 9 CEL) . W FHMIERRE 2
T8 R 2l NP-(CT) 43.8% (FUALEY) M ARG : 1
S i B B & & 10 000 U/g, FeiE pH
5.5,fEMf 85 CLA L &R,

FIELI ARG, TR LR, BT
B Bk 5 HmEH S, B 0. 5% =F b=
B, I&ERUK , /NS AL T AR, 7E B Ak
T JG 3 DB e B i A R A4

®1 IREARARAEFRKE

Tab.1 Composition and nutrient levels of diets %

JFRl ingredients 2.5% MCP! 2.0% MCP 1.6% MCP 2.0% MCP + P? 1.6% MCP +P
f4§; fish meal 5 5 5 5 5
DDGS 10 10 10 10 10
KBk rice bran 10 10 10 10 10
M) soybean cake 15 15 15 15 15
M rape seed cake 17 17 17 17 17
M cotton seed meal 20 20 20 20 20
K&l soybean oil 2 2 2 2 2
738 1 bentonite 1 1 1 1 1
YK wheat middling 16.6 17.1 17.5 17.08 17.48
R —S%5 Ca(H, PO, ), 2.5 2.0 1.6 2.0 1.6
AL B choline chloride 0.1 0.1 0.1 0.1 0.1
£ 4 27 HilRk premix® 0.8 0.8 0.8 0.8 0.8
FE BT phytase - - - 0.02 0.02
HF%7KF proximate composition
7K43 miosture 9.8 9.9 9.9 9.7 9.8
MFEH A crude protein 33.6 33.9 32.4 32.5 33.1
MG crude lipid 5.1 5.9 6.0 5.7 5.8
M4k crude fiber 7.8 8.1 8.4 8.1 7.2
HJK4) crude ash 8.7 8.3 7.8 8.6 8.1
% phosphorus 1.51 1.39 1.29 1.38 1.30

F:1. MCP(Monocalcium phosphate) : B8 — %45 ; 2. P (Phytase) : #FRHE; 3. 8B ICHLEL LA IR A BUR A
Note:1. Monocalcium phosphate; 2. Phytase; 3. Premix was supplied by Tongwei Co. Litd.

1.2 EIYEFEE
LY RN AR AR RE N (12.8 £
0.2) g, T M)l f8FHA XK. EXLRAT
TELI ST SR 15 d, TN F YL, >
T8 R SR AR A SRAE IR o

LRWAEFKMAE (1 mx2 m x 1.5 m)
17, R E R el ALK, 35 A4
AbRE, EEAAEERBE 3 NER, LKA YIFRER)E,
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PRt A% fEH: RS — B BB AL 4, B
#6108 2, A et BEHLI MR 3 AR 1 SE S0 £
SEHH A RPN S K (8:30,11:00, 13:30,
16:00,18:30) , SL0 f5 - A R4 MR 4 1R (8:30,
11:30, 14.30, 17:30) , #iAFR N AKEK 3% ~
5% JFRE R MR EOLEAHRL AR . Lk
WK (27 £3)C, %A =6 mg/L,pH Jy
7.5 ~8.5, FRFHFLIIHFEE 90 d,
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1.3 WEHERSHZE
1.3.1 HAKPERE

SRR AER G, SLHAYUR 24 h, LIMAE
NRARER TR ER AR REMER
AR

Ryc= (W, -W,) /W, x 100% (1)
Ry =Fi/(Wf_Wi) (2)
PER=(Wf_Wi)/(FiXCp) (3)

K : Ry WIEE R R NIARREG P W EE
B W, RHPIE (g) s WARBE (g) 50 H5E
WRE(d) ;F, HRER;C, MABEAKRS &,
1.3.2  FUHELRNE

FRI LI LR , LI 5k A AL IRIE
0], A AEFET 15 0 Ash RSB KERE S,
SERE =S R RRISR — A, R T3 E
W SRS S, S PR it AR A A
JEASERE S ,60 CHET, -20 CURAE, Ml xE 3
FEAERL K 2 B 48 & B K4 R A 105 C it
T, BER A 66 B, 45 R AR F IR Ok %
o BEMRMERE AR (4) 115

Ape(%) =[1 - (A,/AXB/B,) ] x100 (4)

A Ap HRIIE LR A AR SR (% ) ;
A, RFETBEE R (% ) ;B AR FE R F &
®;B, HEFEPIERFINE R,
1.3.3 2o R R R E

LR YR 24 h, B MFHE 3 &, -20 C
KA RAE , FE & B F RS 5. KA R A
105 CHLF ik M FSRAPLRE Ak MU R
FAREAMAREE, KR 550 CHIBess, 45% H
LRV LR A RE T BER A

BEHEA B B E B R EH AR
(5) ~(1)HH:

Iyp = F; xCp (5)
Ry =CFFP _CITP (6)
Ryp(% ) =Ruyp/Ipp x100 (7)

KA L IR (g/fish) s Ry ABERETER Ry
(% ) ABHETRER F, AR & Cp A RHBE S &
P(%); Corp LR RN KBRS B (/) ;
Cop NEBFFRBT AT E (g B) -
1.3.4  Ji7iE H AL RS M 2

LR YUK 24 h, FMAEE4 R, TUkE
file) B B B BT BE Y 173 B, BB A G 40
2,4 CRAEB TR, AR T KA, K

A =20 CYKFEHIRAE; MERHE 1:9 (w/v) IIA
4 CHIEEIK,SHK (0 ~4 C), HARHEE L
3 000 r/min B> 15 min, B IE R E & A B
BT V€A BT P (B AR B PR E 4R
BEARAFHI &) o

PRGN E S 7E 37 CHRUG T, BrAH
BEHEARMAERP SRR 1 min, 8IHFE 1
pmol JIEH) Ry —A IS S B4 (U/g) o

HEBRALE S 7E pH 8.0,37 CHMAT,
BEWEATEARNEEQEE 58 EROLE
24k, 0. 003 B y— T S AL (U/mg) .

TERY B AL E X AR E HTE 37
C 5IEWER 30 min, K% 10 mg JFEH I 1 UE
Wy BEE 71561 (U/mg) o
1.4 HESITS5SH

Bl O ¥{E + An 2= R R, R A SPSS
17.0 T HER T EZ0 T, ZERBEEHT
Duncan [KZ 5 L, BEHEKFEH P <0.05

2 R

2.1 HKMRE

290 d R G, & Akl KR L 2,
2. 5% WEIR — S 54 BA fem ¥ B R A AR R
RPGHE 2. 0% BERR — 55D RL IS IR FR S , 76
BELRE TAKEERMEARLE(P >
0.05) , PR T 1AL REL(P >0.05) , 35 5] 52.5%
BERR — R AB A FEA —B K 7 1. 6% Bz —
SRR R R IR, 1R T AR ER( +
21. 1% ) MEEEAFE (P <0.05), BEREMKT
kLR E(P <0.05)
2.2 gy

M3 I, SO HAE 2K SELET
BEER H1.6% MR _SSHAERMHELLEA
BARKIK 78 &5 BERE R — 45 U i = i 38
fa MR BRI 2055 B S B0, T ORELAR B
RS 7E 2. 0% B — S R0 I AR R
Bl , %t fa (AR R 1 RLAG I HELIR 7 S B A R
BAEBEFW (P >0.05) ;7€ 1. 6% B2 — & 451
BHR DI BR B B 48 & T Aol E B MK 4.
BESE(P <0.05) , BEMR T AIKIEN & & (P <
0.05) , HXt kB EEABEZW(P >
0.05)
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F2 HEEEXERKEEHIE
Tab.2 Effects of supplemental phytase on growth performance

415 HE /g KE/g WER% TR R B HEBRE
group initial weight final weight weight gain FCR protein efficiency ratio
2.5% MCP 12.8 £0.1 149.5 £1.6* 1068.8 +22.2* 1.26 +0.01¢ 2.36 +0.06*
2.0% MCP 12.8 £0.2 141.6 £4.2% 1007.5 £32.3% 1.30 £0.03¢ 2.27 +0.05%
1.6% MCP 12.8 £0.1 111.1 £3.84 768.5 £33.2¢ 1.54 +0.04* 2.01 £0.05¢
2.0% MCP +P 12.8 £0.1 147.6 £4.1% 1054.8 +37.1% 1.26 +0.01¢ 2.40 +0.08*
1.6% MCP + P 12.8 £0.2 132.9 £4.3¢ 938.3 +39.4¢ 1.37 £0.05" 2.21 +0.07"
1 FSERA R R R ZRBE (P < 0.05), T,
Note: Values in the column with different letters mean significant difference (P <0.05) , the same as following tables.
®3 EERBXNEEHSHXN
Tab.3 Effects of supplemental phytase on whole body composition %
415 Vi HER" MGG~ LIV w5 B
group moisture crude protein crude lipid crude ash Ca P
2.5% MCP 77.6 £0.5 63.3+1.1* 11.9 +0.8¢ 13.5+0.3* 3.8+0.1* 2.4+0.2%
2.0% MCP 78.1+1.1 62.9 £1.4° 15.4 £0.3" 12.0 £0.5" 3.220.2° 2.2+0.1%
1.6% MCP 76.6 £0.5 57.2 £1.5° 18.7 £0.3* 9.4 +0.3¢ 2.6 £0.2°¢ 1.6 £0.1¢
2.0%MCP +P 77.7£1.8 61.9+0.8" 14.7 £0.5% 12.2 £0.2° 3.420.2° 2.1£0.2%
1.6% MCP + P 76.9 +1.0 60.9 +1.2° 16.0 +0.8" 10.4 £0.3¢ 2.8+0.1° 1.9£0.2"

T = Wi TYRERE S .
Note: * based on dry matter.
2.3 WHEREMBERVELE

HIZR 4 W, A AR B AR WLIH L R B E
TR — VB ¥ o 2 #4838 A5 2. 5% WRPR —
SAHBA R BEE TR R DR TR BRI
THALER, TIX 3 NMETRE 1. 6% BEIR — A 55415
Jafo

TE 2. 0% BEER — S5 0B b SEAE BR B , X
PR E PR R A BE W, HEE R
THERMIE LR ( +10.8% ) (P <0.05) ;761.6%
BEER — SN IR P A SEAE R AR, B TR T R
BUR( +20.6% ) BREEFIR( +10.0% ) FBER I
WL ( +17.6% ) (P <0.05)

F4 EBRBBHERENRUELEORME
Tab.4 Effects of supplemental phytase on deposition and apparent digestibility of P

41 BHEAR/ (o) BB R/ (o R) BT/ % BERMIEILH/ %

group P intake/ ( g/fish) P deposition/ ( g/fish) P deposition P apparent digestibility
2.5% MCP 2.62 +0.05* 0.88 +0.03* 33.5+0.3* 57.0 £0.6*
2.0% MCP 2.32 +0.06" 0.78 £0.03" 33.6 £0.4* 50.9 £0.8"
1.6% MCP 1.95 +0.05¢ 0.58 +£0.044 30.0 £0.9" 40.5 +1.9¢
2.0% MCP +P 2.37 £0.04° 0.81 +0.02" 34.2 +0.6* 56.4 +1.4*
1.6% MCP + P 2.12 +0.08°¢ 0.70 +0.03°¢ 33.0+0.5* 47.7 +1.6°

2.4 MpiEELEEYE

R 5 ATH, I8 vk B AR 7 B AN R 1
TEPERI R I BE A R — U5 WS i 2 1 o i PRI
HIaHTE 2. 0% BEIR — S 5 h B INAE PR B
BERS TIRIEEME(P <0.05) , X WEH B &
HEE T B E W (P >0.05) ;7€ 1. 6% R
AR S AR BRI , X VE K B A T e 2R
HEGE Y TR EZ (P >0.05)
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x5 EEREXEEECEEENZE
Tab.5 Effects of supplemental phytase on
digestive enzyme activity in intestine

g5 TERI/ e Wi/ EER/

(U/mg) (U/g) (U/mg)

group amylase lipase protease
2.5%MCP 5.8+0.9c 13.5+1.8¢ 13.5%1.2b
2.0% MCP 10.3 £0.5% 22.5%3.5° 16.1x0.7°
1.6% MCP 12.1£0.7*  30.0+2.8> 16.2+0.8°
2.0%MCP+P 9.2+1.8> 37.7%2.7*° 15.8+1.9%
1.6%MCP+P 10.0+1.5® 31.5+1.8" 14.5+1.8%
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3.1 EEREEXT 262 A4 KRR B9 R i A X B ER —
SENTH AR

HAl, AR L X THBRE R E A k4 Kk
RERYIRIE . X BEA R I BTFE R A 1 M
ER0.79% FHBRBE R 0. 45% HYEEREFRL P 7R I
500 ~2 000 U/kg, A fifa AR R 772.27% ,
P 833.68% ~1027.25% (P <0.05) , {7k
ZBOM 1.27 (K9 1.17 ~1.08(P <0.05) ;7
SAEYEE (LR _EE5) M ARE P
1 000 Urkg HHIERES , B E I8 T AR E A KR
TR RACR, AR TR R 5 ok &
B, % B 200 mg/kg A FR i T 5 5 Fa 1Y B RN
859. 3% R 5 947. 2% ; T 2> 2E 47 KL VR
fi3 000 U/kg.1 500 U/kg HEERES , B35 42 15 T 6
I E R, KT AR RS S RURE I F T
gt gpast LTEER Y & ARSI TE SR
TR _ES RN RN 1. 6% i 3L Al 4R kL E
2 000 Urkg AHERHEG, &5 T ARG ER 21. 17%
(P<0.05) , B RARR R %L 11.04% (P <0.05),
5 bR HGE F A — B, 2 B VR IR T A BRI 7T LA
Rt KRR,

DA B RN TEAR , 7E BN 0. 59% [t f117)
B ER AN 1 500 Urkg 3 000 U/kg AEERES , HoAE A
WAy BIAH 24 F VRN 0. 69% 1 0. 8% BEMR — 4,
5120 S EBE A SR i 6 R R i 300,500 .1 000
1500 i1 2 000 U/kg FEERES , 7T 43 B A 4R R
0.47% 1.11% .1.18% .1.38% FI 1. 41% KIBBR
—EE S TES 20% kY 32% T 12% K
1 SR B RDARL S A ER S 200 me/kg , AR FHAK
FARLG T 1% BB 8480 . Ak, &
1. 6% BEER — 451 6 S M IR G/ , 2 R 3
BERE2 0% R _EBHCLEELER, KH
2 000 U/kg f PR IEMEFREGAH X T 0. 4% BER —
SR FIRCR . A5 SC 56 BT FH AR BR 6 Oy BR A
FREG,EH pH R 5.5, REFFRERAXLZRET
To B HTEZ 2P, — AN BR A R
EAA B, TG T N 4 R A AR I ) T
Mo MASZIRZEIRKRE , I RRES)S v L B 3%
e e KR, RAREAERBAS %
M, X TCE A B A E MM E, Ah, A
SLI6 BT R R R AR AR PR A0 T E i KL (IR

90 CZEA) T TR, W T 0 gl M BR A B2 T
SBRAE = AT AT

3.2 EERENEEBERENRIEAENY
U]

FEDE A5 S R Sl AR R 5 1 300 ~2 000 U/kg
FIAE RS , FT {5 8% ) R I fL 3R /i 60. 95% $&
$]77.35% ~89.17% , 3 H.BEWAR T BEHE M2
FIBAL{S 36 T 0 S W HE M B s SR A VR i 4 000
U/kg HRREG R BHE , iR ULIH LM 12.8%
(X IR, TR BRER RN ) 42755 32.8% ' s 76 1B
B RIS e % B, DR R S DA BR A TR
T B 2 UL Ak R 30 B 3 LT A
it kg e ELE et Ak
WFRAEREIR —EUSRINE K 2.0% 1. 6% ikt
AN 2 000 U/kg HIBRH , MBI (LR 4 B4R
5 10.8% .17.6% (P <0.05) , 5 FiRgE REA
—3

AL, R _EEHEMEN 2.5%
2.0% 4, LA JAE 2. 0% BEER — A 55 1Rkt s i AE
FREGA , Lo il PR R B A — 3, X R B, 1A k)
2.0% BEER — R4S O R A B T B e B T
R, BOE R TCie 2 — R R A
IR (2.5% ) , BRI BR AR , % B LR Y
READEHES 1. 6% BERR — 451 kL Al
ARG, TR RS, XEHT
TEBBRZ ) (R0 R 700 R A ) 6 B A 2
. BERERKEEERUNEERNEZ —,KH
LR 37 A S Bl ) B, D K 3R 3575
MEERRED . ASLRTEE R P R R AR
TR TR L TA b 2R B A AR, BRI T B HE
B 0 FRAK ARG B A EEE L,

3.3 EEREmYREEERRSHEME

HABEATHR _AENEBRERE, 2
R BER  B 1. 5% BEIR — R4S B,
kS>3 & B E AR s A 2 bt & BU, Bk
R SRR, 2 el El SR EE
K hn, WK A8 B B PR, XA RRRE Y
TR B Z B, BRI B AL R Z B, R
BOE SR A TARA . 5@k SRR R
BRI EREE, W e T A B TR )G, Ak
JemiK Rt &R T, X RS a2 |
K#gta™ B P RR R SR, DA AR
SR SRR — A4 1. 6% AR AN A IR
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B ERNENT & & T REMEE. Wb EFE A
HIBE S ik & B, FE R R RN 1 000 ~ 1 500 U/
kg HEPRAE , B339 I T 2B RE B R BR 2 B5
B ESR A akEEASRTRERW
3.4 (EEREEXEEH LA SRR
Hig b, MERE AR RAER S NREEER
B FEA G RTINS & , 1R E SR R AR
FIZR . eI EN N 1 000 U kg HABRAR, T 3%
P B A 0 2 AR 0 TR AR L 18 2K L TR
BEIEHE™) ; AR RR G AL Bk S RIME 5 4 f A 4
FNEEARBEE . R /e R
Bl & Je % A £ I e A0 i 1 2 9 i O 18
I S PRG3R
BTG E) o ek 0BG R RL R TR I RS, %
HE R R BE M TG B2 R, HAE B R
FHE MITERNEAREE™ . ALkh, &
EBER A 2. 0% Tk PR AR PR, 1R T
SRR B R (P <0.05) , WX 2 F B S A0 B IS
VEBA BE RN . AT DL, AR X TH AL B TR
Wi R4 A — B, Ho R R ] BE AR R 5 VK AL B
HMZ5E 5 pH AR, AR A AHAE, [Fl— &4
WEAFFAL, 8 [F — AL FER TR Pris H pH
I ; Be o, 38 S5 R AR VR L S I8 f8 AE K i
Bt AR SRR B [H] S K . A AR AR B TE
AR P B9V R AL, 45 1 2 3 8 A B I 1k 1 72
Wi , A TR — BT

B2k
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Effects of supplementation of phytase in diets with various monocalcium
phosphate levels on growth, phosphorus utilization, body compeosition and
digestive enzyme activity of Jian carp ( Cyprinus carpio var. Jian )

1,2 .. . L
QIN Weilun', [YANG Yi| ~, LENG Xiangjun'>*® | WU Jiang’, LI Xiaoqin'
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Sichuan Aquaculture
Engineering and Technology Research Center, Tongwei Co. Lid. , Chengdu 610081 ,Sichuan, China; 3. Shanghai Engineering
Research Center of Aquaculture, Shanghai 201306, China; 4. Aquatic Animal Breeding Center, Shanghai Ocean University
(ZF1206) , Shanghai University Knowledge Service Platform, Shanghai 201306, China)

Abstract: The present study was conducted to evaluate the effects of supplementation of coated acid phytase
in diets with various monocalcium phosphate levels on the growth performances, phosphorus (P) utilization,
body composition and digestive enzyme activity of Jian carp ( Cyprinus carpio var. Jian) with initial body
weight of (12.8 £0.2) g. Five diets were prepared as diets supplemented with 2.5% , 2.0% , or 1. 6%
Ca(H,PO,),, and diets with 2 000 U/kg phytase supplementation in 2.0% or 1.6% Ca(H,PO,), diet.
After 90 days feeding, the fish fed 2. 5% Ca(H,PO, ), diet had the highest weight gain (WG), the lowest
feed conversion ratio (FCR) and body lipid content, and the fish fed 1.6% Ca(H,PO,), diet had the lowest
growth and the highest body lipid content. The supplementation of phytase in 2.0% Ca(H,PO, ), diet did not
significantly affect the growth, P deposition and body composition, but improved P apparent digestibility and
intestinal lipase activity. The supplementation of phytase in 1. 6% Ca(H,PO,), diet significantly improved
the growth, contents of body protein and ash,P deposition, and P apparent digestibility, and decreased FCR
and body lipid content, but had no effects on intestinal digestive enzyme activity. Results above showed that
the supplementation of phytase in 1.6% Ca(H,PO, ), diet could improve the growth and P utilization, and
decrease the body lipid content of Jian carp.

Key words: phytase; Jian carp; growth; phosphorus; digestibility; body composition; digestive enzyme
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