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BE: ALRRAEFay ey Ea XAl T AN ERERER — A0 0 6 E K
P, R ET AL I M B 4 DP( R R fw NaH, PO, 20 g/kg) F [A 14 % F& 241 DN ( F 7 #n
4% B A1 NaH,PO, ) ; 52 50 41 DO (47 4% B 2 g/kg + NaH,PO, 20 g/kg) D25 (#7#% & 2 g/kg +
NaH,PO, 15 g/kg) .D50( ## % 2 g/kg + NaH,PO, 10 g/kg) .D75( ## & 2 g/kg + NaH, PO,
5 g/kg) \DI00( M A4% B 2 g/kg) . L4 41 % A7 4% B & R NaH,PO, &y th il 2 71 & 0% .25% .
50% \75% #1 100% , 7 5| 8 = 40 46 HAE H (3.5 £0. 1) g & & , FANALE 4 3 1 fr, % & 50
B.HR8A., LREXRE MEKEKER TR EABLE 2EE KRS FHEE
TEAE MAMHEEFRTHATON. ERETF (D) AR F R HRERBR - AHE
AEHRENBEAML, BERB T EHEANARAGRE HEX FEEKE BRKTEHRZF
BEGHENEAMLZRALE, BRIEAIY 0% ~50% o, & KX & (2) L84 F 4
HFRERBR AW AETBAML, BXRG T TOR EaRURHHRAHME, FK
TEENMPHEE SHENBAMLEZRAEE EARLAM T, EEF NP & EH
KOG ERAF AT BERERBR _AH T2 ke MEA MEH K2EELEH(P>
0.05) ;18 5 X M 4140t B % 4% % & 1k Ca Mg P .Cu 5 & (P <0.05), H f & # K K-F
W EBERES E£0%~T5% ZRAKFHRERF; AETSTRAESHENBAMLA
priew EEERAGHBANTRFEZR; )RR ERENHEE 25%~75% XF5 W%
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FEAE AN BE Bl fo Uk B3 R0 R [ B I o i
BROEG VBE VEESE A BT R B ST B Y,
SR 0 2 Y W ORI A A A

FRAL LA 2 Wk T Ts g  TC % BR S R A,
B B e 3 B IS R 2K e th 2 3 T
A ST o B AR B/ ) 3 3 I A 42 v 1) )
& E, e B pH L, 2 0 1 B A 4E A R
TH AL S, $2 v LA S0 52 BE ) F S 5 A0 55 7
Mo EWNAN& TR )78 5L ( Ctenopharyngodon
idella )" ™% carpio )7 il
( Carassius ¥ 4k fa
( Oreochromis aureus & x O. niloticus @ )'° "' 4T
% ( Oncorhynchus mykiss) "™’ 2 K 7= F2 5 6F 42 |
B9 I T s R AR A — o A i AR KA .

AR AR 7 SRR M P AT RS i, b 2 R AT OX
IKIEEREE 175 Y LA K TR IMAS o A S DL B 5 4
(Pelteobagrus fulvidraco )V AW FEXT 4, LAY 15 BR
FBEIR — ZANE S SE bRt DUAE 9 1 2 1 ) B
Sy B, 3 5 TE ARDRk AR AR R I i ¥ s 2D TE L
Wl (B IR — 2000 m s n o=, X6 8 8 #  AE KPR g
A PR PERE BRI SE AT 2R AT
RIRVI TR AT Y & 15K F .

1 MRS 5k

1.1 KI& i Ffa 4

Wit 7 AR A4S B X BRZH DP (IS
NaH, PO, 20 g/kg) Fll [ ¥ %t B ZH DN (A % i A
BRI NaH, PO, ) ; S50 241 DO (#7111 2 g/kg +
NaH,PO, 20 g/kg). D25 (¥ B R 2 g/kg +
NaH,PO, 15 g/kg) . D50 (¥ & B 2 g/kg +
NaH,PO, 10 g/kg) . D75 (¥ B R 2 g/kg +
NaH,PO, 5 g/kg) D100 (Fi M 2 g/ke). S8
Sy I IR B A0 NaH, PO, 11 L 191 43 5l 2 0%
25% 50% 75% F1 100% ( ¥y iR th b i [ 2 46
A2 R0 A R A Rl 4R 4L ) o BRSO W3k 1
P A R 2 i, 2 40 H i o % BC 7 R AR IR
BHTETR 23 8% v IR 2 5 B A B R BIF B BF e, Pk I
JIF A ARV T o DR EE 30% K, SR AR
S35 2 A LN T CBORE IR f) R, HL B XL
T ARFET 20 CuktEd & .
1.2 KXW

S e AR I B )L X TR SR R
G MR R BTE O (3.5 0. 1) g, SEE 7R A ARl

1 ( Cyprinus

auratus )" BB

REEIK =2 Be R 2 FRAE A6 3 R G0 (B LA
300 L) th kAT, S0 R A B RE T AL IR
pH Kl R4, S AT e yife 2 JA, 5w B filokt A
WM R, BRI ANER, BITMEL
TE AT H AR AH T 1 8 5 f0 4 f0 50 2

FFRT 8:30 Fi 15:30 £ 2 Kk, 1 R,
TR IR R 2 8 JH, B ORI MR £ 1/3 1K,
SH WAL Ry (24.3 £0.3) T, 4 R (6.59 =
0.15) mg/L, pH # 8. 03 + 0. 01, NH,-N %
(0.13+0.03) mg/L, NO, -N K (5.6 0. 1)
mg/L,NO, -N J3(0.013 +0.002) mg/L, /K {§ ¥
WEZ N 3.4 L/min,
1.3 #mXESHH

K T W V5 W AR R A AN S0 . R A 1 IS AR 7E
BRI /N S #EAT,60 CHETFRE , H 5 &
PR TE SR A SR TF a2 A H Ja s B e | o8 R
ZEfE, 60 CHETARE., S5 Mm% A (DO) |
pH . NH,-N # NO; -N HJ/K it 73 #r {X % ( YSI,
Ohio , USA ) Il 5& 5 7. fif & F1 & & 73 7] 5% UM 40
TR WO 35 vk (HI/T 197 - 2005 ) 16 14 i 65 1R
PRIH i 22 A0 2 OO BE R (HT 636 —2012) il &

RIS S5 R A5 24 h, 4 MS-222 (200
mg/L) BRI SE , R ICAE T oK 7R it & . & T Bl
LB 10 BARAFET -20 CH T &ALl f4
OCE 531, o B GTRE AL E 5 R B, il 3% &
3 000 r/min,10 min &.0 43 4 E T - 20 T,
I 6 AR TR & (W 3 A [ g o R ) AR
WEFEHT) o BEEL AL 20 & Bk e (MS 222,200
mg/ L) FI & A b B0 5 < K R TR S b
T AR 2 g3, AR JE R R ) 2 A A i R L 2H R
FWLP, I FHZE 18K vk, 746 105 THE6 h, HIE
U5 W B v ARG 10 1) $2 312 b BR KR D OF
BET A

6K R RE LA R SR R O . AR AR
S) % F bR i J7 % (AOAC) " il 5 . ML (1
(Nx6.25) B IR E R H IR & AN
(1030-Auto. analyzer) H 3t 17 I 5& , HL i 195 & H]
A1V BE iR B 2 7E R G il 42 {X ( Soxtec system
HT6 ) v #F 47 I % . T %) it o 78 105 °C 4t
24 hil e A HEE R0 4 Ao 7 H a9 b 550
C B 24 hoae Al A Gl IR 7 W (RS 1R : W%
AR L 1) T AL, & 25 5 DA HUIERA 5 55 55
TR 5L 33O 1% vk (ICP) 58 JC R 1 & & . 1]
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Tab.1 Formulation and chemical composition of experimental diets

diets

DN DP DO D25 D50 D75 D100
JE #4245 B}, ingredients( g/kg {7 #} feed)
iy fish meal’ 250 250 250 250 250 250 250
M soybean meal' 250 250 250 250 250 250 250
3% k1 rapeseed meal’ 150 150 150 150 150 150 150
#K cottonseed meal’ 100 100 100 100 100 100 100
/NFZ 5y wheat flour! 100 100 100 100 100 100 100
=3l soybean oil 40 40 40 40 40 40 40
IR YY) vitamin premix? 10 10 10 10 10 10 10
L HREY (AL ®E) mineral premix (P free)?® 27.5 27.5 27.5 27.5 27.5 27.5 27.5
# A= & C vitamin C 6.5 6.5 6.5 6.5 6.5 6.5 6.5
S AL BE A choline chloride 5 5 5 5 5 5 5
=814 Y,0, 1 1 1 1 1 1 1
R L4 4E R carboxymethyl cellulose 20 20 20 20 20 20 20
B2 — %4 NaH, PO, 0 20 20 15 10 5 0
FrERR citric acid 0 0 2 2 2 2 2
KFi % allicin 3.5 3.5 3.5 3.5 3.5 3.5 3.5
a-2F4E & «-cellulose 36.5 16.5 14.5 19.5 24.5 29.5 34.5
FERK(g/kg FHE) chemical compositions ( dry matter)
7K 43 moisture 79.8 59.6 92.2 91.6 64.5 76.3 77.0
HLNG Wi crude lipid 104 134 126 124 102 113 123
L4 crude protein 448 443 454 451 451 452 440
K4y ash 122 118 131 123 124 121 117
45 Ca 16.31 16.33 16.34 16.26 16.18 16.40 16.15
K 8.22 8.80 9.15 8.75 9.21 8.80 9.18
¢ Zn 0.13 0.14 0.14 0.13 0.14 0.13 0.13
B Mg 2.99 2.88 2.89 2.92 2.95 2.96 2.88
Y 0.62 0.61 0.67 0.69 0.69 0.60 0.63
H# iR ¥ phytate phosphorus 11.71 11.48 11.52 11.64 11.58 11.57 11.50
JCHLM#E inorganic phosphorus 3.09 8.32 8.26 6.98 5.70 4.31 3.05
W total phosphorus 14.80 19.80 19.78 18.62 17.28 15.88 14.55
B2 % pH 5.8 5.8 5.8 5.7 5.6 5.6 5.6

{1k (g/kg THI) HLEE 624, HUIKNT 149, K5 223 5K (g/kg THI) HE A 481 HENG 68. 1, 0K 72.3; 30 (g/kg TH
BR) HE A 393, MR 66.2, Koy 1125441 (g/kg THI) HLE F 506, KL 72. 4, )5 90. 15/N42 k3 (g/kg THIR) MER 128 4
B Wi 710, 043 V1.2 (el op O s JE Db B 40 ) o 2. 2 A K AUR Y (45 ke Bl ) & 488 & K, 20 mg, MR 250 mg, 44 R B2 50
mg, 4 % B6 25 mg, 4i/E % Bl 25 mg, 32 245 100 mg, 4E4: % H 1.5 mg, R 10 mg, 4i/E % B, 0. 125 mg, 44 % C 250 mg, JJL#%, 750
mg, 4% A 17 500 TU, 4E4: % D, 2 500 1U,4iA4= % E 175 U, 3. 20 BURY (R &) (4 kg fkh 4 ) & :NaCl 275 mg,MgSO, - 7H,0
4125 mg,Na, SO, 6 270 mg,K,SO, 5 638 mg, CaCl, - 2H,0 3 218 mg, FeSO, 688 mg, calcium lactate 963 mg, ZnSO, - 7H,0 97 mg,
MnSO, - 4H,0 45 mg,CuSO, - 5H,0 8.53 mg,CoSO, 0.28 mg,KI 0.83 mg

Notes: 1. fish meal( g/kg dry matter) : crude protein 624, crude lipid 149, ash 223 ; Soybean meal ( g/kg dry matter) : crude protein 481, crude
lipid 68. 1 ,ash 72. 3 ;rapeseed meal( g/kg dry matter) ; crude protein 393, crude lipid 66.2,ash 112;cottonseed meal ( g/kg dry matter) : crude
protein 506, crude lipid 72.4 ,ash 90. 1 ; wheat flour( g/kg dry matter) ;crude protein 128 ,crude lipid 711 ,ash 11.2. ( Gaolong Feed Company,
Wuhan, China) . 2. vitamin premix ( per kg of diet) : vitamin K; 20 mg, niacin 250 mg, riboflavin 50 mg, pyridoxine 25 mg, thiamin 25 mg,D-
calcium pantothenate 100 mg, biotin 1.5 mg, folacin 10 mg, vitamin B, 0. 125 mg, ascorbic acid 250 mg, inositol 750 mg, vitamin A 17 500 IU,
vitamin D5 2 500 IU, vitamin E 175 IU. 3. mineral premix (P free) ( per kg of diet) ;: NaCl 275 mg,MgSO, - 7H,0 4 125 mg,Na,SO, 6 270
mg,K,S0, 5 638 mg, CaCl, - 2H,0 3 218 mg, FeSO, 688 mg, calcium lactate 963 mg, ZnSO, - 7H,0 97 mg, MnSO, - 4H,0 45 mg,
CuSO, - 5H,0 8.53 mg,CoSO, 0.28 mg,KI 0.83 mg
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R A 2 4k
(D HEAR(WOR, %) = CRU T - p)
2.1 SR EFYRRWHUERHE ;
VKT ) /0 T B x 100 - EREE.EFVRRVWBURREFEFTH

(2) 4558 2 K% (SGR, % /d) =100 x (In &
IR - In R4S YR T ) /SR B R B

(3) MR ZEC(FCR) = B8k & 5/ K 2
4

b

(4) RMHLF (%) =100 x [ 1 - (]}
Y,0, /3 Y,0,) x (FEE oo R & &/
TLRTE) ]

(5) T RRMIHARE(% ) =100 x [1 - (3£
ik Y,0,/f % Y,0,) ]

1.4 HE\EHWTSLE

S Fiv A5 % 4E R SPSS 19.0 e it B/ i AT
PR & JT 24 #1 (One-Way ANOVA) | [7] It 17
Tukey Z E L, P <0.05 hEH B ¥H, T A
P LL S ME + dRiE2E” (mean = SD) KR

R2 ARALGSFEBRERBBR_ESHNETEEKELE

Tl o S AT A IR 1) S B 2 A v T e A R A
KPERE,H S X AML 2Z R AR E (P>
0.05) (K 2). SHMX AL, B0 0% (DO) |
25% (D25) ,50% (D50 ) i) 5% 5 2H 2K 44 57 & ( final
average body weight, FBW) ¥ 5 & ( weight gain
rate, WGR ) | 5 & 4= K& & ( specific growth rate,
SGR) ¥ f. 2% 1§ & (P < 0.05), 15 ¥} & £k (feed
conversion ratio, FCR) g 2 F & (P <0.05) ; U
75% (D75) \100% (D100) F 52 55 41 45 45 br 5 B
XIHAM I, ZRABE(P>0.05) (£2), Wk
S AT A R R AR R — S B Y S 3 21 5 B P R
MRLAAH LG, W AR PO 0 T B W
THALE (P <0.05) ; B H PRI P EFRITR N Al
P& HE(P<0.05)(%3),

AL

Tab.2 The effects of different replacement ratios of NaH,PO, with citric acid on

growth performance of yellow catfish

DN DP D25 D50 D75 D100
WItE R /g IBW 3.49+0.01 3.48+0.02 3.49+0.03 3.49+0.01 3.49+0.03 3.49+0.01  3.49 +0.01
K AR T /g FBW 13.8 £0.4° 16.5+0.2° 16.6+0.7° 16.3+0.6° 16.1£0.4> 15.5£0.4%® 14.7 +0.4%
WE /% WGR 295 +12° 373 +6° 375 +18° 366 +15° 362 + 14° 344 +12% 321 + 14
HrEE K%/ (% /d) SGR 2.45+0.05* 2.78+0.02° 2.78 £0.07° 2.75£0.06° 2.73+0.06"° 2.66+0.05® 2.57 +0.06™
YR 228 FCR 1.63+0.08° 1.30£0.01* 1.29+0.04® 1.32+0.04* 1.33+£0.09°® 1.35+0.04® 1.47 £0.09%
TE BRIk B 3 A PATHRIA T ME + pRuEIR, P <0.05 A &2 5%, T

Notes; Datas are the means of three replicate mean + SE. significant( P <0.05) ,the same as the following
x3 AELGITEBREABB _SHNEFNERWEUEAREFER . BNEZN
Tab.3 The effects of different replacement ratios of NaH,PO, with citric acid on
apparent digestibility coefficients,fecal N and P of yellow catfish
I/ % FMILR (g/ke T
2 5 apparent digestibility fecal nutrients( dry matter)
treatments I E MR R £ Tk
phosphorus protein dry matter nitrogen phosphorus
DN 41.32 +1.14° 47.34 +3.42° 45.68 =1.11° 2.62 +0.04° 2.17 £0.05°
DP 49.71 +2.72° 54.9 +3.82° 55.13 £2.37° 2.60 +0.05° 2.07 0. 06"
DO 55.81 £2.71¢ 58.82 £6.34"% 57.18 £1.49° 2.44 £0.01° 1.87 +0.09°
D25 57.01 =1.26¢ 65.87 £2.66° 57.42 £2.16° 2.41 £0.05° 1.73 £0.09°
D50 52.67 £2.24° 60.79 £4.19" 59.56 £1.24° 2.37 0. 04" 1.65+0.13"
D75 53.13 £1.88° 56.48 £2.13° 61.86 £0.38" 2.30 +0.02° 1.62 +0.04%
D100 52.31£1.97° 58.01 £2.58" 59.65 £1.41° 2.31 +0.03® 1.57 £0.09°¢

22 26HNREEBLER
52 A% BEAUAR LG, Gk rb 38 Ay R A

TR — A ) S 8 X B A 4 £ K g LR S
RLE F AR 73 & B WA RE 22 5 (P >0.05)
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(F4). SHVEX IR, S0 4] B35 5 4
fi Ca Mg P .Cu FH (P <0.05) . 5FHPEMEANE
X R EE , 52 36 2 o 0 A TR R AU TR — L4

il B B 40 AE T Ca PR &5 24 P 2 i {HL 22 57
ARZFE (P >0.05) ; x5 HEE Mg 195 5 T8 i
(P>0.05)(%4),

R4 FRALLGITERERBBR_SHNEFELEAN SEBTRHZN

Tab.4 The effects of different replacement ratios of NaH,PO, with citric acid on

proximate composition of yellow catfish

DN DP DO D25 D50 D75 D100
£8/%(HBEEMNESLL) whole body ( of wet weight)
K 4% moisture 76.2 +0.2 75.6+0.3 76.2 +0.2 75.8+0.3 76.1£0.2 75.8 £0.3 76.3 £0.1
HLAS Wi crude lipid 5.47 £0.37 5.67 +0.05 5.30 £0.39 5.32 £0.23 5.30 £0.35 5.70 £0.24 5.06 £0.29
HL# [ crude protein  14.8 +0. 1 15.1£0.1 14.6 £0.4 15.5 0.2 15.0 0.1 14.9 £0.2 15.1£0.1
JK 4y ash 3.81 £0.06 3.75+0.13 3.92 +£0.07 3.85 £0.08 3.73 £0.04 3.75 £0.05 3.67 £0.07
£ f (FE) whole body (dry matter)
$E/(g/kg) Ca 51.6 £2.0° 65.4 +4.7° 69.3 +3.1° 67.7+2.1° 67.0 +2.4° 65.4+2.0° 62.7 +4.0°
£/ (g/kg) Mg 1.70 £0.05° 2.14+0.12° 2.24+0.10° 2.23+£0.08° 2.19+0.07" 2.20+0.09" 2.15+0.13°
W/ (g/kg) P 29.5+1.1° 36.7 +2.0° 38.4+1.4° 37.9+1.0° 37.3+1.2° 37.2+1.0° 36.4 +1.0°
#1/(mg/kg) Cu 16.7 +0.3" 22.1+0.5° 22.3+0.6° 22.4+0.7° 22.1+0.7° 21.4+0.5° 22.1+0.6°
BEITE/ % (S FEWESLL) vertebrae minerals( of dry vertebrae)
BE Mg 0.409 £0.011 0.434 £0.023 0.433 £0.021 0.387 £0.011 0.399 £0.034 0.406 £0.016 0.398 £0.019
WP 9.17 0. 19 9.34+0.19 9.6120.10 9.66 +0.19 9.56 +0.12 9.57 +0.29 9.49 +0.11
5 Ca 19.4+0.4 19.7 0.2 20.0 0.1 20.4 0.5 19.6 0.2 19.7+1.3 19.7 0.4

2.3 mMEEBENIER

TRD kv TS T A TR 1) S 38 - B A R 2 A
P, S 4R o AL S (CAT) 1k 9y Ak
fik (SOD ) | B 1k W M2 My ( AKP) [ J3 (P <
0.05) ,H5 X MAMILZRARZE (P>
0.05) (% 5) ;W [ (MDA) e Bk & 11 (1gM)

RS TEBREKRKLTNHER

1 5 8 A o HECZH A BT A A B ) B R 22 R
(P >0.05) o FalAeh Hh o o0 A 2 X I 98 1l 1) 5
5 B A A A B R T (H S A B
A P 25 53 A 5 5 I ) 5 i A A% S 6 24 RS TR
I IER(P>0.05)(F5),

“EHMMEHEMNRIERNZIE

Tab 5 The effects of replacing NaH,PO, with citric acid on serum biochemical indicators of yellow catfish

DN DP DO D25 D50 D75 D100
4 AL/ (U/mg prot) CAT 16.08 +£3.32* 20.25 £10.5° 24.24 +4.41° 25.78 +2.24° 26.24 +2.31° 26.99 +1.84" 23.63 +7.02°
ALY AL/ (U/mg prot) SOD  10.46 +0.96* 17.67 £2.22° 20.61 +0.88° 19.92 +0.34° 19.24 +0.68" 17.71 £1.11° 16.36 +0.76"
TR RR WG/ (U/ g prot) AKP 2.91 £0.28° 4.59£0.16° 4.79 +0.22° 4.66+0.31° 4.81 +0.12° 4.52+0.14> 4.17 +0.73°
P %/ (nmol/mg prot) MDA 15.26 £1.59  14.79+2.79 14.14 +3.51 15.46£1.60 15.33+5.94 15.33+2.60 14.28 +3.38
HFEERE T M/ (mg/mL) IgM 0.65+0.03  0.65+0.03 0.63+0.06 0.62+0.04 0.68+0.04 0.64+0.03  0.66 +0.03
1ML/ (mmol/L) serum phosphorus 1.45 £0.05 1.58 £0.13 1.65 £0.21 1.60 £0.10 1.51 £0.14 1.55 £0.05 1.61 £0.27
11%%/ (mmol/L) serum calcium 3.04 £0.01  3.07+0.02 3.08+0.07 3.07+0.01 3.07+0.02 3.06+0.02  3.01 +0.04

3 3
A B v, B S B A R R A TR

SRS 5 0% 25% Fi1 50% 52 5 4 5 i 4
AR W E R e K RERRE, HE R
B A, HAH L8] TG 2 35 25 5%, 3X n] BB 2 RN 76 1%

BAUKE A Gk o nr ) T A A
PR AR R SR T AE AR F g 75% F1 100% I
A KA bR 5 B AUK - 0% ~ 50% 1 4k B2 A1
PU 5 B AT R 3, SR I AE B /K P AR BT )k rp m] )
P 5 B AN BE WG 2 #0119 T W 50K BHLAS 1 iR
AR AR o A T SR s AT AR TR AT At 2 JUL I S
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PR IE PR VE ', Partenen 45 %) 15 Hi 4R 85 & 52 )
Jpiw DS R o S S IN s DRI P 1 P S s RN
FrBE IR AT LA 2 A 4 R0 36, A E AR
B D E SR AR BT E R B RN A
i L RE S5 1L R 2 B & Q8 0 b Bl = 4, v]
S5 R A RE R L A SIR g R LW, R
P R 1 S 6 2L 41 B T e A I R A E AR K
RO T HE R, x5Em Rmg P IE
g 2B R g gt g A
58 45 RAH A .

FEAR LIS E5 F v, 5256 40 D100 (Fr 6 R B AR
IR — Z AN 7K F S 100% ) 5 B4 % i 41 DN
(RIS R ) L, B8RS T
W P 2R LT Ak 22, [m] B R AR 1 2 0 v il 9 5
X ULH TEAE P 1 R R RS AT A R A e E
B 4 0] Bl T I 4R v R R R A A
PG R ARET g B E a RT 5Y
ZE S, Sugiura"* 45 3¢ T 081 920 KW 4
RIS I 5% ) F7 5 IR, B 1 2R OWL T 1k 2 N 68.
3% 47 F) 84. 4% , FE W % & M 32 000 png/g
FEARE 14 300 pne/g. f B & 5 52 90 0 F) FH 210
PR A A HE M SRR AR TR A AT A R
FIF A5 AR B ] f) S O 20 4 S P R T AR
Wl VEE 0 DA R T R R LT R R, HL R LT 1
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Replacement of inorganic phosphorus by citric acid for juvenile yellow catfish
Pelteobagrus fulvidraco fed with plant-protein based diets

CHENG Niancheng, LEI Wen, FENG Meihui, WANG Chunfang
( Freshwater Aquaculture Collaborative Innovation Center of Hubei Province,College of Fisheries

Huazhong Agricultural University, Wuhan 430070, China)

Abstract: A feeding trial was conducted to evaluate the optimum ratio at which dietary sodium dihydrogen
phosphate ( NaH,PO, ) was replaced with citric acid in the diets of juvenile yellow catfish Pelteobagrus
fulvidraco. Seven diets were formulated ; positive control group ( DP) that contained only 2% NaH,PO, and
negative control group ( DN ) that consisted of neither NaH,PO, nor phytase; and five treatment groups
supplemented with 2 g/kg citric acid and 20,15,10,5,0 g/kg concentrations of NaH,PO,. Thus, dietary
NaH,PO, was replaced with citric acid at ratios of 0% ,25% ,50% ,75% ,and 100% ,respectively. The groups
were desjgnated as DO, D25, D50, D75, and D100. Triplicate tanks were each filled with 50 juvenile ind.
(3.5+0. 1) g, which were fed with one of the seven experimental diets. After eight weeks, growth
performance ,apparent digestibility , body proximate composition, vertebra minerals and antioxidative capacity
were investigated. The results showed that. (1) Citric acid supplementation enhanced weight gain and specific
growth rate ,reduced the feed conversion ratio compared with the negative group,but there were no significant
differences with the positive group. ; (2) Citric acid supplementation significantly enhanced the apparent
digestibility of dry matter, protein and phosphorus and decreased fecal phosphorus and nitrogen content
compared with negative group, while no significant difference with the positive group. The content of fecal
nutrients decreased with the increasing of replacing level; (3 ) there were no differences among control groups
and treatment groups in body moisture, crude protein, crude lipid and ash ( P > 0. 05). Compared with the
negative control,citric acid supplementation significantly improved the retention of Ca,Mg,P and Cu in the
whole body. The highest retention of these nutrients was observed between 25% and 75% replacement levels.
(4 ) Antioxidant enzymes activity ( CAT, AKP and SOD ) reached the highest between 25% and 75%
replacement levels compared with the negative group while no differences were observed in serum MDA and
IgM content. In conclusion,in order to reduce nitrogen and phosphorus output in the aquaculture water bodies,
the replacing level of sodium dihydrogen phosphate with citric acid in yellow catfish diet between 25% and
50% will not affect fish growth performance and will help to improve nutrients utilization under the current
conditions.
Key words; Pelteobagrus fulvidraco; citric acid; sodium dihydrogen phosphate; replacing Ilevel;
phosphorus utilization
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