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B OE: N TIRFUAR R IR IO K H R85 (Micropterus salmoides) 1 1< 5 IR W) BRI FIAI A (N) 8% (P)
HERCHIZ R, 70 50 B i PR — U85 (MCP) SR o 510 (R BEARE) (15 o/kg (X HRGRDEL) B9 3 415 (PS,
P10,P15) , 7E{IR 8% fa kL PS A0 P10 w43 5l 5 i 10 g/kg AYFFARER, 36 5 A1 S0 B0 AR pt, 4 MR A0 4 1A 5 ity
(16.0 0. 16 )g BRI BT 60 do Z5H LR, BEFE MCP YRR RN, R ARG R e i i RIE S
DURRAR WA A3 M WA A L 5+ 2% S 35 0 (P < 0..05 ), N o 4 #r ML 7 5 2 3% R (P <
0.05) , HI7E P15 kB i fHKF o 76 PS RPN IR , 35 B 1 M fAE F R ( +5. 6% ) R 3K W
ik, AR TR K - 0.05) F1 N HEL i (P <0.05) , 153 1A P10 41564 — By /K -F- (P >0.05) ;7 P10
TPk R S IR R , AR R LB T AR AR RE (P >0.05) ,IKE] T A PIS H1REA—Z /K- (P >0.05) it
Sb,4E PS I P10 Gaptst b SEATARIR , 24 T E R 1 W AL FEAR T P HECR (P <0.05) o £ BTl 7E MR
TR 10 g/ ke MFTRRIR 1T G R IF R A 1 B BRI A AT R

RERIA: KRG AP WRIR S THALER BRI

HESZES: S963 SBRARSED: A

e 7K 7 e o R B A R R
AN [ 8. Xk A ] ARk SO F 8 114 A 4 M) BE A
FHR N0 ~819% R RPIHEF R D &
B WA IR W , #4288 s = AR PR 18, o L
XA PE R R P RARAR 5 % 3h vk S5O
% V2 2 B A R B AT .
T B 1k = ARG R £ S A PR AR IS 38 R
TRL 2 kb SETCHLBE, IR — S 85, [HR, 1
ek R R R A T A i A T G i B i 31 57
GE K MR, A K B R A R

B R A P A R P 23, — B AR AT A G
FEMEA . BT, AR G 2 S T & 1
RS AR PR AR N AR (R
HEL PR M ME LA B TS I 2 A Ak o T A HILER Y
JOLFH A B S A gk DR B — E AP A R A
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TBEREI A HREE AR, AT B AT AR
THAGIE pH , DT 35 AR PR £ 10 V5 Ak B 0142 =
ERBERIFTER, S350, A VLR ] i i 25 5 Aok
W AT 22 1) B AR 0 P T R W A
TEA PR I 2 A FP IR VFLIR L T R AN
SERIRAE, K AT IR R MR, H R —E
FIE TR . A AR TE K Eh ) b B
75 & W F B 8 ( Pagrus major )" | T 8§
( Oncorhynchus mykiss ) "' Fi1 K38 % ( Scophthalmus
maximus) ' 4, B TR R IR (L3 T 4
A, I T E SR BRI

K O B 5 ( Micropterus salmoides ) P Jit fif 35
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BEEE: ¥ %, E-mail ; xjleng@ shou. edu. cn

http: //www. shhydxxb. com



476 A PN 30 &

B 2 A PR SR 02, 2018 AF [ SR B ™ 1 ik
43.20 J5 10 FER 1SRG A R A AT L S s
USRI B2 o e 14 M) T 3, DA T i 20 JE ML i
AAs 7 AT R WA G RE . AR5
FEANTRIBE KA A b b SEFT AR IR , 5 580 K H 2R
B HE AR RE VE R BOM T AR A BN S iR

AR , Sy R 1 B g P R A e 1) T i i A4
/o

ERmE R, PLS Oy TE X B ARDRE, 75 2 20 IR W )
(P5 P10) Hop 3l s n 10 o/ kg A9FT SR (PS-N I
P10-N) , A 5 5 4 S g fpkk . AR I AT AT 9,
TEXF BRI 15 g/kg MCP e, R s
mo.5 g/kg 1y =44k —42 (Y,0;) NN R
A T BRI F AL RN E . 25 2
BB eI 60 H Ui, 32 G ), T 5 R AT 5 IE AL
(SLP-45 , # [ 7K 7 B 2 IF 52 B il AL AR A 2 0F

ST BB A 2 mm BT EOR RR fh
PORE (85 =5)°C T, fale 38 KUBH i Ak i 1, &
T4 C kAR o I Tk 2 B S 57
KWL,

O R RS VRS

1.1 RHigt
] SR U (MCP) J e 5.,10,15
o/kg 103 ALRH(PS, P10, P1S) , ot PS P10

x1 EAREARREFRKFE
Tab.1 Composition and nutrient levels of diets
T #} Diets

g/kg, WALl

JER} Ingredients' )

P5 P10 P15 P5-N P10-N
f4)  Fish meal 350.0 350.0 350.0 350.0 350.0
KEWLEHEH  Soybean protein concentrate 100.0 100.0 100.0 100.0 100.0
1  Soybean meal 100.0 100.0 100.0 100.0 100.0
Ay  Wheat flour 185.0 180.0 175.0 175.0 170.0
Ek#HEH  Corn gluten meal 80.0 80.0 80.0 80.0 80.0
Ak Wheat gluten meal 40.0 40.0 40.0 40.0 40.0
WFEELE  Beer yeast 40.0 40.0 40.0 40.0 40.0
fiyl]  Fish oil 30.0 30.0 30.0 30.0 30.0
Hill  Soybean oil 30.0 30.0 30.0 30.0 30.0
KEW#iHE Soybean phospholipid 30.0 30.0 30.0 30.0 30.0
%4t Vitamin premix®) 5.0 5.0 5.0 5.0 5.0
£ Mineral premix®) 5.0 5.0 5.0 5.0 5.0
B — A4 Ca(H,PO,), 5.0 10.0 15.0 5.0 10.0
¥R Citric acid 0 0 0 10 10
41t Total 1 000.0 1 000.0 1 000.0 1 000.0 1 000.0
B FE/KF- Proximate composition
M Crude protein 466.9 466.2 465.7 465.6 465.3
HASHT  Crude lipid 104.5 104.6 104.4 104.7 104.2
JK4y  Ash 73.3 73.0 73.1 73.2 72.9
JK4y Moisture 71.5 71.6 71.2 71.4 71.5
B Total phosphorus 13.2 14.3 15.4 13.2 14.3

T 1) TREURIE T LB R A W B RS R k) 670 o/kg R THARER 650 o/kg WU 442 g/kg THIAY 136 ¢/kg  EAREN
630 g/kg ik 800 o/ke MG EERE: 524 ¢/ke; 2) diAd: ZETIREF (mg or IU/kg diet) - 442 A 10 0001U, 4428 D, 3 000 1U, 4k K E
150 TU, 4ErE % K, 12,17 mg, 442 B, 20 mg, 44 F B, 20 mg, 44 % By 100 mg, 4E4E K By 22 mg, 442 By, 0. 15 mg, 4E4= % C 1000
mg, /LY 0.6 mg, M5 8 mg,ﬂﬂ@? 500 mg; 3) ﬁr%ﬁ?ﬁiﬁ*ﬂr (mg/kg diel) {1 0.4 mg, %4 0. 1 mg,!ﬁﬁj 4mg, £k 150 mg,ﬁé 80 mg, % 20
mg, fif§ 0.1 mg,% 100 mg,

Notes : 1) The ingredients were purchased from Yuehai Feed company ( Zhejiang, China) ,and the protein contents of ingredients are as follow: fish
meal 670 g/kg, soybean protein concentrate 650 g/kg, soybean meal 442 ¢/kg, wheat flour 136 g/kg, corn gluten meal 630 g/kg, wheat gluten
meal 800 g/kg, beer yeast 524 g¢/kg; 2) Vitamin premix (mg or IU/kg diet) ; vitamin A 10 000IU, vitamin D5 3 000 IU, vitamin E 150 IU,
vitamin K; 12. 17 mg, vitamin B; 20 mg, vitamin B, 20 mg, vitamin B; 100 mg, vitamin B4 22 mg, vitamin B, 0. 15 mg, vitamin C 1000 mg,
Biotin 0. 6 mg, Folic acid 8 mg, Inositol 500 mg; 3 ) Mineral premix ( mg/kg diet) ; iodide 0.4 mg, cobalt 0.1 mg, copper 4 mg, ferrous 150

mg, zinc 80 mg, manganese 20 mg, selenium 0. 1 mg, magnesium 100 mg.
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1.2 XaMEAFEE

SIEBG A WA WA TN T s 3R 5
TP ST AR bV R A I S AT . R
o A A R SR YA 4 T s, BRI R .
S 5] PR (16.0 0. 16 ) g HIRH
MR 375 ST IRAE SLE, B HE 3 H K/ F Y
ZEHAKRH(5.0m x 3.0 m x 1.2 m), 41K
Yot R S5 A, K S5 00 fa B HL A AR
o BEAE 25 B ARk 3 M EE . KA
KRBT 1 A R UIVE R & K, £ Wik 5 K
IRV EET RIS 1R, At 45K & kit /K 1)
=z FRAEE N 60 d, S A], AR
MEAALREFPT IR (08:00,16:00 ) , H 437 %6 Ay £ {4 it
HN1.5% ~ 3.0% ARYEKE RS IH
# SRR R A — B R L SR ],
IKAEH A >S5 mg/L, K 26 ~ 30 C,pH 7.2 ~
7.9, %A <0.2 mg/L, WHEAREE <0. 1 mg/L,
1.3 Hmx&E

SEEGFFUR T, B 10 BB AR M ulhs e fafeAs .
FRRA LIRS, AR YL 24 b, Geit R A £
RBEGFHE., MM 2 B, HTFaefs
FUE SR B o R & 5 o e D) B XA B AL 4
K H BRI A BT i ARG, R KR I, 250
10 min(3 000 r/min) Ji5 BUM R , 74T - 80 C K
F# o B G , 37 BIVRE o fig 51, FR 5 N 0 5
I U e B, TR (CF) IR
Fe(VSD) (A L (HSI) Fig g Lk (IPF) o 4% B]
SHAO 2521 {773 , K65 593k PAY U 5 195 0 JUIL A )
PR NI 60 ~ 80 s, Fodui sk iy, Hr A A B 1 25
FHZEm KT, F 105 C BEFJE7E -20 C
PRAE Al 5 el
1.4 NEHERSFE

L4 1 AR SIEAIER
S(% ) =100 xN,/N, (1)
Wer(%) =100 x (W, -W,) /W,  (2)
Ry =W/ (W, -W,) (3)
Lis(% ) =100 x W,/ W (4)
Is(%) =100 x W,/W (5)
F.(g/cm’) =100 x W/L’ (6)

S NAFE RN, NEKRBEG RN, AW
FER s W JISEE AR W, g ZRIR TR, &5 W,
HRIER ARG, &5 Ry TR K W, D9 A et
s Ly W IFHAEE ; W, SRR, ¢ W o fLR

JihE g5 Ly IR L W, S A I B i, g5 Fe O
JNEWEEE s L R em,
1.4.2 EFRBI T
KAy EEE R 105 °C o T4k AR
2 i 7 SR PP /% (2300 3 3l IR E A
X, FOSS, Fij it ) LA 7 & 2 D 7 SR T U0 - st
FBE L MK 4300 5 R 550 °C H 3f b s i Ay 4%
12: (SXL-1008 Eh i e, b i 4 S o i 35 A PR A
A)) o B R R YA T A Iy R
AP IR R & 0 , 1200 & W T e mt AR )
TR ST, T FRBE 5L al b, iR B
JoT Wl TR AR i
Ry(%) =100 x (W, x W, =W, x W, )/ (W, x W)
(7)
Ey=[(RepexW,-W,)/W,] x1000 (8)
Ry WEFRYTOR R, W, LRI &,
g3 W, HWIIR IR BT, g5 W, R A 08 FR W) oL &
i,y kg W AW BB E YRS &, kg Wl
PR, o W, R RHE SR o & i, o kg By
NEFRFHE AL, ke/ts Ry B RBG W,
R E TR T g5 W, K D RETIIRUE IR
YIS, g Wy D7 L
1.4.3  ERYIREMF LR
FRIHSEH BT 2 J, D ORI B A 2 e
WA 2 ), FH T Wk A 4R I 8 B S
=20 CHRATHA . MEFE VA8 b
AOHLEE 1T B Y, 0, & i THR AR ORI Y 2%
WUTH AL #2703 R H 45 85 11K & ol i vk
(Vista MPX B HL 22 H G 5 45 25 11 & SO TE
1, Alo Alto, & [E) I % , oA G B ) 0 2 Ty 5 [
1.4.2 77,
Cyn(%) =100 x (axc—-bxd)/(axc) (9)
Coc(%) =100x (a=b)/a  (10)
K Co N E TR TR MR 0 R FEME P45
AN b SRR R R R ) s e DR
HE IR S i d D FEE R E SR Y O
Cane N T FRMTH LA
1.4.4 Haab s
SRS LSV BB + AR 229078, R 1T SPSS
24. 0 B AF AT B IR 2R 7 28 230 BT RORUIR 3R 7 2293
Br, Horh 22 57 B35 % 54T Duncan [RZ AL, 22
SR E KA P<0.05,
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2.1 ERKEEFEMEIER

W 2 firw, e W ), e 2R RO R
U, 25 20 22 ) S 2 A A b R T4k B vz
AREXER(P>0.05), iz MCP b0 13
T, KRR E R TR ERE ERE (P <
0.05) , falkt R BB EH TRE(P <0.05), 7E PS5 1

BHRERIN 10 g/kg FrPIERR , B F R4 5 5. 6% , i)
BERBPEML0.05(P <0.05) , FATEFF P10 4
—EHKF-(P >0.05) ;78 P1O fapRH s 10 g/
kg FPGEIR , TERUE 42 T & (P >0.05),
IRFNF P15 LHEEAR K- (P >0.05) . #7#5
R H MCP 7K1 32 BAE A DR R B A 3%
S (P <0.05) , 5% HoAth A5 5048 b5 1A I 25 52 )
(P>0.05),

R2 BEATEBEBR-SISNITRRAMA A O RS E KR

Tab.2 Growth performance of largemouth bass fed diets containing various levels of MCP and citric acid

T H I R i REES o H AR AR EWEE CF/ Wk JHA L
Item IBW/g FBW/g Survival/ % WG/ % FCR (g/cm?) VSI/% HSI/ %
P5 16.04 £0.07 64.10+0.47% 98.67 2.31 300.66 +2.93 1.08+0.01¢ 2.22+0.12 8.11x0.74 2.86£0.18
P5-N 16.04 £0.12  66.69 +0.57° 100.00 +0.00 316.83 +3.54° 1.03+0.01° 2.23+0.04 8.02x0.63 2.92£0.14
P10 15.96 £0.14  67.46 +0.97* 98.67 £2.31 321.60 £6.05* 1.01 £+0.02" 2.22+0.13 7.99=0.71 2.90 0.21
P10-N 15.96 £0.16  68.49 £0.55" 98.67 £2.31 328.08 £5.42* 0.99 +0.02* 2.2320.06 8.07 £0.53 2.84 +0.15
P15 16.04 +0.05 70.03 £0.65° 98.67£2.31 337.66+4.08" 0.96+0.01° 2.23x0.04 7.96x0.56 2.87+0.10
XUF Z 534 Two-Way ANOVA
MCP 0 0.821 0 0 0.892 0.644 0.426
FriERR  Citric acid 0.001 0. 663 0.001 0.005 0.836 0.559 0.507
2 H.  Interaction 0.071 0.821 0.071 0.004 0.872 0. 881 0.834

T : [P JE 7 B a8 R AR AR R 7 BE R 25 e A B3 (P >0..05) , ARV FRERR 22 5 35 (P <0.05)
Notes: In the same column,values with same small letter superscripts or no letter superscripts mean no significant differences( P >0.05) , different
small letter superscripts mean significant differences( P <0.05).

2.2 2EARUERHESB . MEBESE

H 2R 3 A1, MCP FIFFAGE R K P X K 1H R
SR LR A A BE (P >0.05),
Bl MCP 5 i A3 in , 4= foRL K 43 4 fa i 34
WM (P <0.05) , 2tk fg I & & 3% T %

TS 3 T 4 fBLIRSF (P >0.05) . 7 PS
R FPIR 5 T LSBT (P <
0.05) fEL7E P1O Gl b 55 e IR, % i B
BN R 54 (P >0.05) . KR MCP
KV B 58 A JFL X 45 3008 47 49 0 4 9 B

(P <0.05) , MHEH B MR BERY & B BEH (P>0.05),
(P <0.05), 7E PS5 F1 P10 fapk} s inAr i R
®3 BRAFEBBR-SHENTERAMNAOZRSLEHARMURESH MEHEE

Tab.3 Whole body composition, vertebral phosphorus and plasma phosphorus of largemouth

bass fed diets containing various levels of MCP and citric acid

i K *Eﬁdtél *E.HEFH B W o mﬂﬁ%ﬁ?&h , MEE B (TR )
Item Moisture/ % rude ee Ash/% Phosphorus/ % asma phosphorus/ Vertebral phosphorus/
protein/ % lipid/ % (mmol/L) (% , dry matter)
P5 71.79 +0. 86 16.64 +0.30 6.23 £0.14*  3.82+0.05° 0.57 £0.01> 2.19 +0.094 9.00 +0. 12¢
P5-N 71.48 +1.34 16.55 £0.37 6.25+0.39*  3.92+0.02¢ 0.58 +0.03" 2.45 +0.08¢ 9.28 +0.27°¢
P10 71.41 +1.37 16.74 £0.07 5.95+0.13°»  4.06 £0.06>  0.61 0.03* 2.52 0. 08 10.19 £0.46"
P10-N 71.93 +2.21 16.42 £0.55 5.94+0.10°>  4.13 £0.09%> .59 +0. 052 2.61 +0.07% 10.26 +0.23P
P15 71.09 +0.47 16.89 £0.19 5.68 +0.04>  4.15+0.06° 0.64 +0.01° 2.71 £0.02° 11.27 £0.17°
XUH Z 43T Two-Way ANOVA
MCP 0.781 0.287 0.001 0 0.028 0 0
FrEERR Citric acid 0.863 0.393 0.957 0.070 0.529 0.002 0.085
ZZH. Interaction 0.878 0.761 0.988 0.861 0.821 0.080 0.653

- WP 70 SRR bR T F 2o m 2 SR B (P >0.05) R VING TR e n B B E (P <0.05).,
Notes: In the same column, values with same small letter superscripts or no letter superscripts mean no significant differences( P >0.05) , different
small letter superscripts mean significant differences( P <0.05).
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2.3 EFRVIFHELE

H12¢ 4 W] UL, MCP FFr i R /K - L i # 2
[ A 38 B R 11 A 40 o T AL R 3] TR
HALE MR Wi H AR A B FELm (P>
0.05), s MCP KV EF+, #iH AL R B2 b

TH(P <0.05) s 42— MCP K F B i 7
LB T 1T BB L 7 (P <0.05),
{EL % 5 A PR R B AL SO A 35 0 B
(P>0.05),

*4 BRAFEABBR _SENTRRAMNAKOBYEFURRUWELE
Tab.4 Apparent digestibility of nutrients of largemouth bass fed diets containing
various levels of MCP and citric acid %
TiH ToREARE EAKEARE JIg 7 i Ak BRIHALR
Ttem ADC of DM ADC of CP ADC of CL ADC of Phosphorus

P5 78.94 £1.92 92.01 £0.73 89.03 +£1.00 48.14 +0. 144
P5-N 80.32 +0.44 92.33 £0.17 88.67 £0.25 50.26 £0.97¢
P10 79.64 £0.65 92.21 £0.25 88.04 £0.38 53.53 0. 65"
P10-N 79.22 £0.84 92.15 +£0.32 87.73 £0.49 55.80 £0.12*
P15 79.94 +£1.69 92.15 +0.66 87.49 £1.06 56.39 +£2.72*%
WK ZE 38T Two-Way ANOVA
MCP 0.971 0.991 0. 066 0.000
Fr#ER  Citric acid 0.907 0.787 0.722 0.030
22 H.  Interaction 0.446 0.815 0.817 0.930

TE : [FIS0JE 7 B a8 R AR AR ) PR R 2 A B3 (P >0.05) , R/ NE FREFROR 25+ B2 (P <0.05) o

Notes: In the same column,values with same small letter superscripts or no letter superscripts mean no significant differences( P >0.05) , different

small letter superscripts mean significant differences( P <0.05).

2.4 EFYRNARERN.PHINE

H 2% 5 Al L, MCP FIF7 6 R K 7 X R 1 P 6
RRMI BRI AT B (P >0.05) , K% MCP
IR R, A RUTRR B E R (P <
0.05) , Tfii B L LK AE P10 Fil P15 48] TG 25 5
(P>0.05) ¥ 5 2F P5S 41(P <0.05), 7£ P5
TrAsk R S 0 A R R S B T B DTSR (P <

0.05),

PR R K AR T N (P <
0.05) fHALIE N T P HEHR (P <0.05) . FE[F]—
TR KF T AT R 5 PR 1 P i
(P <0.05) 7 PS5 et rp B IFT IR 1 35 B Ik 1
N HERCE (P <0.05) o #FRBER AN MCP 9 28 H.AF:
R T N B (P <0.05) .

£S5 BRAFEAHMBOSISNITERAMNAORPERYRARER NP HHE

Tab.5 Retention of nutrients and N and P excretion of largemouth bass fed diets containing

various levels of MCP and citric acid

5 BRI R BUTBR N HFRC P bt
Item Protein retention/% Lipid retention/% Phosphorus retention/% N excretion/ P excretion/
(kg/1) (kg/t)

P5 32.50 +0.54¢ 58.88 +1.94 48.04 +0.29" 58.62 +1.10¢ 7.66 £0.18"
P5-N 33.79 +0.75" 61.53 +4.97 50.29 +0. 46* 51.95+0.97° 6.61 +0.23°
P10 35.08 +0.73" 59.19 +1.28 50.10 1. 50" 49.13 £2.11%*  7.90 £0.22"
P10-N 35.27 +1.81™ 60.09 +1.66 51.71 +0.70* 47.25 £2.35" 6.91+0.12°
P15 37.15 +0.26" 58.30 +0.25 50.39 +0.49° 43.44 £1.10° 8.26 £0.26°
KA Z 3 H1 Two-Way ANOVA
MCP 0.001 0.861 0.015 0 0.009
Eﬁ%ﬂd 0.415 0.259 0.007 0.001 0
Iﬁimm 0.172 0.569 0.583 0.031 0.803

T« [R5 o B BRSO AT [ 5 B m 22 52 R .35 (P >0..05) A [Al/NE P B RoR 225 3% (P <0..05) .

Notes: In the same column, values with same small letter superscripts or no letter superscripts mean no significant differences( P >0.05) , different

small letter superscripts mean significant differences( P <0.05).
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3.1 AFEREAR K OB E KB R

BEEAEN A KM AT hRE 2 CH W
YER . Bk = 25 5 30t 285 8 2 I B AR )
BORAERVERE™ . B MCP & &8 in, K
H R3S B A 4 5 (P <0.05) ] RLii /K
SR T ORI R AR G, X T R
HES N 5 .10 g/kg 1) MCP Jf AN 2 R 111 2R
AR R KB 2, TE3X 2 A ARDR S A7 5 R
o BIANFFR B AR TR R G AR RN T
Tkt R A 2S00, TEARBA T rp A8 Iy s R e
P T BRI R IR KRR A
B 5 ToHLB AR — B K, X R IR IR nT
AT H B A A R A O R K, A
i) B4k 1 ( Oreochroms mossambeus) ™ St &
RN ( Carassius auratus gibelio) 1 g g ( Cyprinus
carpio var. Jian) 260 e R W ( Huso
huso) ) |- #RAT IS .

PARTANEN %' 4 1, 55 40 1 16 % 10 42 75
BT AT DLRR (K K F- o ZHU 40 i 5 3 B
TEEHPE N 2 o/ke ATIEIR, 02 55 1 B ifA
( Pelteobagrus fulvidraco ) 138 T 2 I [ T 1)k}
FBGZHANG 2500 L, G R RN 16 g/kg 7
BRI ] DA 5 K ( Larimichthys crocea) 5 58
R ARV R . T B e s
2. 1 gkg 7 B R OA AL fE B T OB
( Ctenopharyngodon idella ) Xt Z2 Fhi™ ) 5t 5% W WA
FH IG5 T 0 T Ak B TR 1, AT A2 1 A
Koo B AN AE SRR ) 1), SR B JS
AL B s 2 5 2, O s P A g
R BAN KR IR LA IR I 05 R, I
BABIFMEEER, W1 — & FE FIgmss e
B ARSI LS AT R 4 e 4 1 R
MBI, (H E 7 2 S8 DR 5T A A A5CR , % 4k 2
LB R R A — 2, WR A B B R B B
R, ATREAM IR I E RO S 35,

3.2 HEBMAKORHEESSEUARERY
JB i A WR ST B 2 i

Fy AR B AR OGS R 151 R 4 £ 1 /K 3 KL AR
EI UG D7 & 5 A W (P >0.05) o T2
i o AR FBIF T I TR 45 2 B R A 5
VA 35 5 4t K o HLER 1 OHLAE 7 AL K
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Sy X AED AR B2 B £ ( Oreochromis
aureus x 0. niloticus) > #8( Cyprinus carpio) "’
MG SR TE . A5 IR T 3 AR B4 1 5 Tl
FESE X T YRR L FER
e gt R Y RaE,
BERS AT BERR IS I T 2 Bk & & R
AN 10 g/ kg APREERON TR R 4 B B IR
A RFRF R (P>0.05) ,{H7E PS ik s
10 g/kg ATIEIR W2 F i T WEDIAAA (P <0.05) ,
X5 R R A K R R A DA O

B MCP /K- BT, #EH AR B35 Bt
(P <0.05) , 33 = 2 P oy B ft f] ek v 28 00 A %6
G, TS o %) ST MLt T A 238 o, CERE B) T A 3R
BETC AL B 45 0 i 0 3 g T, X R AR
SHAO ') %} M ( Sparus macrocephalus ) .
JOKINEN 25 %o} B i fi: ( Coregonus lavaretus L. )
MIBIEFE P A SAGE o A, 7[R — MCP /K
T ATEERR B A AL W E G TR R B R T
(P <0.05) . DAL 25" S K35 6F 1O BT 58 K&
LN 30 o/ kg AR WG M TR AL 3
TEB R RIFETE R, BN 2 o/ ke FPARTR 1 25 521
TR I AR 7 SRR A R
B R A TSN 30 o/ kg FPARHR AT DL
JIBCH 5%k 2 11 JR B A 2 R R 2 A
BRI AL R B 2 FEEH D TS &R
PR i AL TE 1 38 1% R A AR T LA B s it B 1)
MR R T AR B T & AR AR A
AR AS T VA R A AT B> B kL T MCP
AN R 4, I S A AME R AR RS
(P <0.05) ; FEARBEIRVRL P S IFT AR , o 2 25 2
IR AKCE (P <0.05)  {H XA & B A
W (P > 0. 05), £ i 1 ( Acipenser
sinensis) T PBIFGE ARV B R th B R T
MR A B 5 5 AT IR AS B A RE A i A TR
B AR | A BR ALV PRI RE BV
FRRRTE ", AT DT 42 s ek b T ) B AV
PR A AR S R I 8 i 3
TR T X FR B AR A o
3.3 FPEREEN NP HEARI

e B K P B E FRAR T N R (P <
0.05) ,fHL EH A 1 P iy ki & (P <0.05),
X A P S WK P Y B 4 T A 1 BT AR
R HOD TN HER, T A TR R B B
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FERERA T B gt s
A ETE PR A B, TRDRE b SERT IR 1 AT LA R
RBEHERCE . SARKER 2577 56 F KL B 5T, 7]
FHRESIN 30 o/keg FPBIR , ol A A HE TR AT 29
ke/t AR 3. 58 keg/ts RS BFAY FRL RN 30
o/ kg [OFFBEIR L 0 3 R A T B HEIR ™ FE IR —
TARHBRACE T BN 10 g/kg P I o 12 25 1K
T PR (P <0.05) , X4 T #H AL R AT
R o, TE RS A BEA S I s 00 F , &
HBEHED o X R, FERRL P AN TERT R R
A DAAE— R R RE L sl JC AL A 45 T, A T ik
DHERHERL o

Zi b AR TR R IR N 10 o/kg MUAT AR R
AR OR  R A  F  RDREANAE FR M R
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Effects of citric acid supplementation in low phosphorus diets on growth and
nutrient utilization of largemouth bass ( Micropterus salmoides )

WANG Pu'??, YU Yifeng'??, LI Xiaogin'??, XU Zhen'*?, JI Dong'*’, YANG Pinxian'*’, HE
Ming'*?, LENG Xiangjun'*"

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China; 2. Cenire for Research on Environmental Ecology and Fish Nutrition, Ministry of Agriculture and Rural Affairs,

Shanghai Ocean University , Shanghai 201306, China; 3. Shanghai Collaborative Innovation Centre for Aquatic Animal Genetics
and Breeding, Shanghai Ocean University, Shanghai 201306, China)

Abstract; The effects of citric acid supplementation in diets were evaluated on the growth, nutrient
utilization, and nitrogen (N) and phosphorus (P) secretion of largemouth bass ( Micropterus salmoides ) .
Three diets were prepared with the addition of monocalcium phosphate (MCP) at 5, 10 (low-P diets), and
15 g/kg (positive control) ( PS5, P10, P15 ), then 10 g/kg of citric acid was added into the two low-P diets
of P5 and P10. The five diets were fed to juvenile fish [ initial body weight (16.0 + 0.16) ¢] for 60 days.
The results showed that the weight gain (WG ), whole body P, crude protein retention, P digestibility,
vertebral P and plasma P significantly increased, and N excretion, whole body crude lipid decreased with the
increasing MCP level (P <0.05); P15 group showed the best performance among all the groups. The
addition of citric acid in P5 diet significantly increased WG ( +5.6% ) and serum P level, and reduced FCR
( =0.05) and N excretion (P <0.05), which reached the similar levels to the P10 group (P >0.05). The
addition of citric acid in P10 diet numerically improved the growth performance with similar levels to the P15
group (P >0.05). The supplementation of citric acid in both P5 and P10 diets significantly promoted P
digestibility and reduced P excretion (P <0.05). In summary, the addition in 10 g/kg citric acid in low-P
diets can improve the growth and the utilization of P and diet in largemouth bass.

Key words: largemouth bass; citric acid; monocalcium phosphate ; digestibility ; phosphorus utilization
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