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Tab.1 Formulation and proximate composition of experimental diets

JEB] Ingredients Pl P2 P3 P4 P5 P6

fi k5 Fish meal®/% 30.00 40.00 50.00 60.00 70.00 80.00
H Soybean meal®/% 4.00 4.00 4.00 4.00 4.00 4.00
WL %L Beer yeast®/ % 1.00 1.00 1.00 1.00 1.00 1.00
SRR A Amino acid mixture”/% 12.82 9.92 7.19 4.69 2.41 1.07
/NFZVENY Wheat starch®/ % 38.85 32.43 25.84 19.03 12.00 4.03
BB 5 Sodium alginate®/ % 1.00 1.00 1.00 1.00 1.00 1.00
£ 3l Fish oil*/ % 9.14 8.45 7.77 7.08 6.39 5.70
K II#ENE Lecithin®/ % 1.00 1.00 1.00 1.00 1.00 1.00
%7 Mineral premix‘/% 0.50 0.50 0.50 0.50 0.50 0.50
£ 4 Vitamin premix'/% 0.50 0.50 0.50 0.50 0.50 0.50
SALJETH Choline chloride/ % 0.25 0.25 0.25 0.25 0.25 0.25
AR 455 Ca (H,PO,), - H,0/% 0.30 0.30 0.30 0.30 0.30 0.30
PHEF| Attractant/ % 0.50 0.50 0.50 0.50 0.50 0.50
5857 Mold inhibitor/ % 0.10 0.10 0.10 0.10 0.10 0.10
YA AL Antioxidant/ % 0.05 0.05 0.05 0.05 0.05 0.05
1Ak} 43 Proximate composition

HEH Crude protein/ % 36.11 40. 54 44.97 49.75 54.32 60. 03
FAE NG Crude lipid/ % 11.94 12.03 12.00 12.01 12.01 11.97
HLfiERE Gross energy/ (kl/g) 19.54 19.53 19.50 19.48 19.52 19.54
K4y Ash/% 6.47 7.77 9.13 9.98 11.39 12.84

TE: OB SR R R N VER EEIR SN AR SRR ok B R e AR MR O FRA F (BRI ) o FUB LR T1.65% L #
N& )5 6.89% ; AN KHLAE (1 45. 6% KLIGMS 1. 7% ; MU R - LB 1 53. 4% KLIRHG 0. 98% ;" ShIAZRTRIR A AL 3;° 5 Y B HUR K
(mg/kg diet) :HAREE,1 200 BRI , 105 BARE: 80 s BRI BF, 50 Bl 5,45 ; SALES (1% ) , 505 BURES (1% ) 60 AR ES (1 % ) ,20; 41
5,3 485 4 ETR K (me/ kg diet) :AEHFE B, 25 3K (80 % ) 45 4L By CGRBRMIEEE) 20548/ % By, , 105 4EE 3 Ky, 105 LR,
800; 4L 2 By (WZIR) ,60 5 MHAR 2005 IR, 203 AE W ER (2 % ) 60 4ELE 2K A 32 4538 Dy, 55 454 3K E,240,; ZAEIEMERR 3 4E2E 5K C,2 000534
mETLER 1 470

Notes:" Fish meal, soybean meal, beer yeast, wheat starch, sodium alginate, fish oil and soybean lecithin were obtained from Zhuhai Hailong
Biological Technology Co. , Ltd (Zhuhai, China). Fish meal, crude protein 71.65% , crude lipid 6.89% . Soybean meal, crude protein 45.6% ,
crude lipid 1.7%. Beer yeast, crude protein 53.4% , crude lipid 0.98% ;” Amino acid mixture composition could be found in Tab. 3;° Mineral
premix (mg kg-ldiet) : MgSO, - 7H,0, 1200; CuSO, - 5H,0, 10; FeSO, - H,0, 80; ZnSO, - H,0, 50; MnSO, - H,0, 45; CoCP, - 6H,0
(1%), 50; Ca(105),(1% ), 60; NaySeO; (1% ), 20; Zeolite, 3485;" Vitamin premix ( mg/kg diet) ; thiamin, 25; riboflavin (80% ), 45;
pyridoxine HCl, 20; vitamin B,,, 10; vitamin K5, 10; inositol, 800; pantothenic acid, 60; niacin acid, 200; folic acid, 20; biotin (2% ), 60;
retinyl acetate, 32; cholecalciferol, 5; a-tocopherol, 240; ethoxyquin, 3; ascorbic acid, 2 000 ;microcrystalline cellulose, 1 470
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Tab.2 Essential amino acid composition of feed ingredients and amino acid mixtures %
N o ) “‘a?/~‘% iy 2w ELb
e e e 2T AR

Essential amino P1° pP2¢ P3¢ p4¢ pP5¢ pP6¢

Fish meal ~ Soybean meal  Beer yeast . .
acid requirement

A Z IR Arginine 4.19 2.12 3.17 3.50 2.09 1.67 1.25 0.83 0.41

2 1% Histidine 1.90 0.83 1.44 0.80 0.16

S RL SR Tsoleucine 2.75 1.82 1.97 2.56 1.64 1.36 1.09 0.81 0.54 0.26
%R Leucine 5.03 3.17 3.51 3.69 2.01 1.51 1.00 0.50

H IR Lysine 4.73 2.96 2.93 3.30 1.73 1.26 0.79 0.32

FE &R Methionine 1.98 0.77 0.81 1.49 0.86 0.66 0.46 0.26 0.06

FKN AR Phenylalanine 2.63 1.68 2.19 3.00 2.10 1.84 1.58 1.31 1.05 0.79
H R Threonine 2.81 2.00 1.77 1.54 0.61 0.33 0.04

4R Valine 3.19 2.13 2.14 2.68 1.62 1.30 0.98 0.66 0.34 0.02

T kR G TR LTI R T A SR IR AT AR T B " 5 6 ST AP A SRR A R S SE R,
Notes;* The essential amino acid composition of fish meal , soybean meal and beer yeast used in fish feed;" The essential amino acid requirement of golden

pompanot®? ;¢ The amino acid composition of the amino acid mixtures used in 6 experimental diets
BRI SROFFE  AELAfRS S R RERE Yy SRR T MR AT R B IR R KT
EREOE, Lol G AR IR IR RS, BT 6 ZH AR RN DI B R SE B e A 40 i
TRAYSERE R (32 3) A FERR AR IE IR LA AL An4a o L1122 (13 14 15 il L6 AbBie
R3 ZREMEHREFBSEK

Tab.3 Formulation and proximate composition of experimental diets

JEB} Ingredients L1 12 L3 14 L5 L6

i1 45y Fish meal */% 60. 00 60. 00 60. 00 60.00 60.00 60. 00
T H1 Soybean meal */% 4.00 4.00 4.00 4.00 4.00 4.00
P % 1) Beer yeast */% 1.00 1.00 1.00 1.00 1.00 1.00
FAE BRI A Y Amino acid mixture "/ % 4.70 4.70 4.70 4.70 4.70 4.70
/NFEVEHY Wheat starch /% 25.10 22.60 20.10 17.60 15.10 12.60
a3l Fish oil */% 2.00 2.00 2.00 2.00 2.00 2.00
Sl Soybean oil */% 0.00 2.50 5.00 7.50 10.00 12.50
KT INHENE Lecithin */ % 1.00 1.00 1.00 1.00 1.00 1.00
%1 Mineral premix /% 0.50 0.50 0.50 0.50 0.50 0.50
Z4¢ Vitamin premix /% 0.50 0.50 0.50 0.50 0.50 0.50
S ALNE, Choline chloride/% 0.25 0.25 0.25 0.25 0.25 0.25
B — 455 Ca (H,PO,), - H,0/% 0.30 0.30 0.30 0.30 0.30 0.30
PHEF Attractant/ % 0.50 0.50 0.50 0.50 0.50 0.50
Bl 8571 Mold inhibitor/ % 0.10 0.10 0.10 0.10 0.10 0.10
Pré b5 Antioxidant/ % 0.05 0.05 0.05 0.05 0.05 0.05
TaB} 843 Proximate composition

L H Crude protein/% 49.71 49.79 49.81 49.67 49.79 49.74
HAENT Crude lipid/ % 7.18 9.80 12.20 14.56 17.03 19.17
HLEER Gross energy/ (kJ/g) 18.91 19.33 19.82 20.21 20.91 21.57
K4y Ash/% 9.98 9.85 10.05 9.97 9.97 9.93

T B R MR N2 Ve R U SRR GBS R A BRI A M RHECE IRA R (BRIR) o Bk MR 71.65% KR
6.89% ; T I [ 45. 6% , UG 1. 7% 5 W30 F% B - ML 8 11 53. 4% , HLAS W7 0. 98% ;° SR S HERIR A M) A5 B2 0. 83% , R ST H ML
0.81% ,5LHFR0.5% R 0.32% ,FEAFR0.26% , KNRARR 1.31% , B[R 0. 66% ;7 P B TR AL (mg/kg diet) :AifREE, 1 200 ; B,
10 ik 80 s B EE , 50 s RS 45 s LA (1% ) 505 RS (1% ) 60 s WANERHN (1 % ) ,20 5 b A4, 3485 ; 42 FHHURA (mg/kg diet) :
YRR B,y 250K (80 % ) 45 bR B (BhRMLIET) 20 454K By, , 105 45423 K, , 105 /)L, 800 4E£E 3K By (W2 R) ,60 3 4612 ,200 5 -
2,20 HE R (2 %) 60 4543 A 32541 E R Dy, 5,4 E K E,240; LM 3 4E4E R C,2 000 eF4E R, 1 470

Notes :* Fish meal, soybean meal, beer yeast, wheat starch, fish oil, soybean oil and soybean lecithin were obtained from Zhuhai Hailong Biological
Technology Co. , Ltd (Zhuhai, China). Fish meal, crude protein 71.65% , crude lipid 6.89% . Soybean meal, crude protein 45.6% , crude lipid
1.7% . Beer yeast, crude protein 53.4% , crude lipid 0.98% ;» Amino acid mixture (% ) : arginine, 0.83% ; isoleucine, 0.81% ; leucin, 0.5% ;
lysine, 0.32% ; methionine, 0.26% ; phenylalanine, 1.31% ; valine, 0.66% ;° Mineral premix (mg/kg diet) : MgSO, - 7H,0, 1200; CuSO, -
5H,0, 10; FeSO, - H,0, 80; ZnSO, - H,0, 50; MnSO, - H,0, 45; CoCI2 - 6H,0 (1% ), 50; Ca(105),(1% ), 60; Na,SeO; (1% ), 20;
Zeolite, 3485 ;" Vitamin premix (mg/kg diet) ; thiamin, 25; riboflavin (80% ), 45; pyridoxine HCl, 20; vitamin Bj,, 10; vitamin Ky, 10;
inositol, 800; pantothenic acid, 60; niacin acid, 200; folic acid, 20; biotin (2% ), 60; retinyl acetate, 32 ; cholecalciferol, 5; a-tocopherol, 240 ;
ethoxyquin, 3; ascorbic acid, 2 000; microcrystalline cellulose, 1 470
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ZIMARAVHIRA YA, MR A Y5 0k
JECAk O A Z A8 K, R e T AT g T A A
W SUBFF B FEHL(MYS6 x 2A) i 4 R 7 1 1
FRtEL . K TR BRI E 7 KT HL A, 50
CHEIR THIAT 8 h, ¥ AT J5 B fal ek & F W2
MBS I ORAATE - 20 CURF
1.2 SLIEHEA

S I TR RS =0 0 B BE 65 T 1
HPYAERE BN TR E W R — IR 68 654
Fofro ] MRS B S 36 AE ) 2 BH L K 7 57 4 25 b 5
AR (K x 98 x T =2 m x2 m x2 m) ik
1To SERTFUE Z A0, R AR N2 1] 45 68
BE 4L B 77 DRIE 65 65— Be st ], DL S0 55 A 3h
N ST

H BT SR A 5T R D7 55 K B 5 1 B 7
S I E XTI Z 0, LI a2 | 24 b, B
SEE, A AR IR A T REALPEZE 1 920 K/
SRR AR fH: A S 36 £ [ 2R 0 SR A 9 52
B W AG 7 4 A BT Ry (121,45 £0.22) g5 fi
15 =R AF 5 S 56 a9 0 4 7 20K 5 R
(121.33 £0.23) g ], FEBEHL BT WL 504 A
(RFRGE A8, B> A6 S5 5 fa %0 H AR ], Ry 80
FE o WA SEI6 43 P S5 0 W A6 Bl BL 434, I 43 5l
FEMEPIANSLIG 1) 6 FiAS [F] S2 00 ek, 4~ Ak 3 4
NEL,

1.3 FAEXLKWEIE

TN AH SRR RELE 12 J8] . R R 430 #E 6:30
17 .30 HEATHEME IR BN FRMIB £ )5 , B BRI
R, BERGETHEAS POAE 15 B B R T  SE
R H AT R KSR . IR DR K 28 ~
34 °C,£hF 20 ~25, %%, >7 mg/L,pH 7.5 ~8.0,
BAPTHIE <0.4 mg/L, WAKRER B Wk i <
0.1 mg/L,

1.4 SCIGEUH

SEEEE G, UNE SRS AR 24 h, T & B
(PRFREL A 1:10 000,99% 4fi i, [ 25 5 11 11k
SRR PR F 2 7] ) BRI, X B4 A6 Hh i £
PR R, T A K s . B ROA BE HL

W3 R, RAET - 20 C kAR, JH T ik
o B MIAREPLZERE 3 a1, o3 & AR 5t
B AKJA LTS RE I, SR 1 ok LA ),
PRUBEE AT R0 JEF JEE K, 3 530 38 JEE A L A JEF A
.
1.5 FEHCN
ARFIRL R L 73 4 2% ] AOAC 3%
oA, 105 CHEFEE (72 h) P Ko & s ok
11 FOSS 24 W] 2300 BUE 5t A 37 i (i)
FHEILERE RA I e ML 5 % 4 5 >R JH BUCHT 24w
36680 HURH A ERAX (Fii L) , TR AL 70 Hr
RUIR I 75 15 A UL BHA 550 “CRI%EI% (16 h) il
SERELIK 5 5 R AR D AR (Parr 1281, 56
I ) 0 A BE
L6 HEAK

Sp(% ) =100 xA/A, (1)
W (%) =100 x (w, —w,) /w, (2)
Ser =100 x (InW, —=InW,) /1 (3)
Fo=D/(W,-W;) (4)

F,=100xD /[ (W. +W,)/2]/¢ (5)

P =100 x (W, -W,)/(D, xP,) (6)

Py =100 x (W, xP, =W, xP,)/(D, xP,) (7)

Ly =100 x (W, xL, -W,xL;)/(D,xL,) (8)

E;, =100 x (W, xE, -W, xE,)/(D, xE,) (9)

AP Sy WG, % s W WG TR, % 5 Sop HF

TEH K R (specific growth rate) ,% /d; F. h Tkl

FECRHL) s Fy WEEE A, % /d; P N HE E BIAK
% Py AT, % 5 Ly ARG, %
Ey NBREETUR, % 3 A; T A 735 2 W 30 FIZR 1Y

HARECE  w, Fw, 73 5 2 W IR LR Y F- 25

(LSENDIST O A 5 I PS I 1 B2 S NIRRT S

SR, gt R AORFREREL, d; D, 2 SR

i, e CTHIB) s PP FL P, 23 3 e W) i f A (2
AR AT R T 50) /8 55T 48, %
Ly L F1 Ly 53 B WIIG A LR R miape (T
W) WG BT R o3 %, % 5 B, B FE 5350 28]
IR ZORfARFIERDEL (T4 D) I RER k) g,

C, =100 xW,/L,’ (10)
Hy =100 x W,/ W, (11)
Vy =100 x W /W, (12)

ftqj :Cr %HE{%E,% sHSIﬂ‘:’}ﬂ:'MKHﬂ,% H Vs|j"JHE
IRLE, % s W, R AT, g W, F1W, 7350k
H?%%ﬂ W%E%ag;l’b chéﬁﬁiﬁ,(lmo
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2K F Shapiro-Wilk W ¥k 16 i 40L& 18
g5 i Bartlett 45 55, 43 51 46 35 O 8 65 4 K 4L
i AR ORI BRI 09 1E 25 73 Al #1722 5%
Mo MR R A T L IE 2 4 A i, SR L SPSS
16. O, 38 ok B 3R 5 22 43 BT 4 S 0 B i 4 7
fr e, XY Ak 2z [\] 22 5 B F (P <0.05), ]
Tukey #4725 LSBT, T A B8 LA 1 +
PRERIE R

SR FH K Y 08 7R R AT 2 A5E R 43 A 1 3
T Se B F . HYFRDRLE 1 0T 553 i oK 1 AR I A
TR, RSB A R B(R) (A
oS53 T SR A LB 1 FH T A AR AR B K R (H
(P <0.01) , gy o 3dk 75 oK o 5 B fof FH AT 2R A Al
RAFECR R AH (P <0.01) o [, >R FHIT AR
bR AR TR R 5 1 J i 7 R

2 4k

2.1 JERRFRHR
2.1.1 AERAERE

Talkek b S I AN [] e 58 1) 2 19 o DI E B 65
MG R A RE RN (£ 4,P>0.05), K
TRDA b 8 1 B B T e, TR B 5 ) 2R AR T
OB ER RFFEAERREMIBEF T & (P <
0.05) Tl e 2 WP A% (P >0.05) , Hirf P4

*x4

P5 F P6 AbPHL HAE I PEREY 24 T P1 P2 I
P3 AbBIAL (P <0.05) o filkl 2R KO R Bl
TRDA R B R 4 T o e B AR (P <
0. 05 ) Tl W AR T g e %4 (P > 0. 05 ), Herpr P4
A1 PS G- FELZH A BRI FE 8565 1) G 2R BRI B AR I
EZKT(P<0.05) 58K F (P >0.05)P1. P2 Fil P3
AL B G A S R i T R
el il S WOip &N -4 = DDA 1T R AR 2
EUUR S BUETH RS R r a3, b P4 4b Bt
HIE AR M EFRIIHREF R T (P <
0.05) 5 T (P >0.05) HiAt 5 4EFHZ

Prek R A AR R PERE (] L FIE 2)
AR R AR A SR AN FE R A, BE 5 65 x)
TPk b B 1 5 A i e R i (B 230 00 235k
48.559% F149.75% .
2.1.2 MRE B

B R P A B B e, DR R 65 4
HE A& REEBC R E TS (P <0.05) J7 £ #i
FE(P>0.05) By, ok P4 1 Po 4b BLA GIIE
BRES A th ML B A R W5 R T PLUP2 I P3 4b
HIZH (F5,P<0.05), BRILERES 4 roHLE G &
B R B R R A R T S BT R S
PRSI S, 2R AR (P >0.05) . A4
2 18], SRR B AS 4 f0 K 20 AR 70 5 A 2
EEF(P>0.05),

R R R IR B B E 5 # R E B R I R e 1 0E | A K MEREFN (R LRI A Y 2 0

Tab.4 Effects of dietary protein mass fraction on the survival, growth performance

and feed utilization of golden pompano

T AL BEAH Diet Py Py P Py Ps P

175 % Survival rate/% 97.81 =1.48 99.69 £0.31 99.38 £0.63 99.69 +0.31 99.06 £0.94 96.56 £2.00
WG AT Initial mean body mass/g ~ 122.02 0. 13 120.28 +0.36 121.23 +0.47 121.33 +0. 66 121.85 +0. 64 122.00 +0.58
AN T Final mean body mass/g 361.35 £5.43%  429.90 +7.09"  498.40 +5.95¢  584.25 +5.64%  579.08 £8.33¢  570.28 +13.15¢
14T Mass gain/g 239.33 £5.44%  309.63 £6.91"  377.18 £6.31°  462.93 £5.279  457.23 +8.111  448.28 +13.03¢
J T 2% Mass gain rate/% 196.13 +4.492  257.41 £5.43>  311.20£6.17°  381.56 +3.71¢  375.24 +6.3649  367.44 +10.614
i 3% Specific growth rate/ (%/d) 1.29 £0.02° 1.51 £0.02" 1.69 £0.02¢ 1.87 £0.014 1.86 £0.024 1.84 £0.034
Kk} 2% Feed conversion ratio 2.17 0. 054 1.86 0. 04¢ 1.64 +0.02P 1.47 +0.02° 1.48 +0.032 1.54 +0. 032
%K Feed intake/% /d 2.55 +0.04¢ 2.49 £0.04bc 2.38 £0.01" 2.29 +0.02° 2.29 +0.03° 2.37 £0.02
BB TR Protein efficiency rate/% 128.13 £3.30"  132.96 +3.27>  135.32 +1.28" 137.16 £1.83¢  125.03 +2.21>  108.36 +2.07*
T R Protein retention/% 18.43 +1.022 21.18 £0.76%  24.12£0.57"  26.67 £0.58° 23.89 £0.57%  21.31 £0.50°"
S ITFY Lipid retention/% 64.34 £1.432 72.53 £2. 140 83.30 +0. 83¢ 91.40 £1.714 88.61 £0.51°0  86.45 +2.53¢d
£ 5 T Energy retention/ % 23.59 +0.76* 28.06 +0.83" 33.42 £0.40° 38.38 £0.74¢ 37.27 £0.50¢ 36.42 +£0.92¢

T : Al —47 o BA AR [ AR B i B o) BA B3 22 5+ (P <0..05)

Notes ; Values within the same row with different letters are significantly different (P <0.05)
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4 1 BHPERIES , A5 o v FRCEL I B IR TE SR 65 X0 (rDRL A 15T A 17 B9 305 P oR 571
5 2.00 [ y=1. 853-0.045(48. 559-x) x<{48.55 451. 30 y=374.69-13 (49. 75-x) x<<49.75
> 190 { y=1.853 x=>48.559 . . 401. 30+ y=374.69 x=49.75 R .
A .5 = . . g :
I 1.80 [ R?=0.974 . < 351. 301 R=0.970 .
g L7 £ 301.30
» 1.60 s = 251.30
¥ 120 # 201.30 :
W 140 A R BROE 7 R 48, 559% & 151.30 B A RBOE TR R ER49. 75%
Y %% Optimum dietary protein 48.559% gr 101. 30 Optimum dietary protein 49.75%
® 110 51. 30
# 100 1. 30

30 35 40 45 50 hbh 60 65
ERE AR R &S Dietary protein mass fraction/%

1 ARFERRSESNKEE
BEERKEMEXEST
Fig.1 Regression analysis between SGR and

dietary protein levels in golden pompano

30 35 40 45 50 55 60 65
PR R A F 253 Dietary protein mass fraction/%

B2 fE#PEARSES MRS
BEZRMEXRDNT
Fig.2 Regression analysis between WGR and

dietary protein levels in golden pompano

®5 ARPRMAERERE B B I8 824k H p Y 3

Tab.5 Effects of dietary protein levels on the whole body proximate composition of golden pompano %

Tl AbFELR Diet PI P2 P3 P4 P5 P6
7k 43 Moisture 63.50 £0.29 63.50+1.19 63.75+0.50 62.50 £+0.50 61.75+0.25 62.00 £0.41
B Crude protein 14.95+0.32" 15.98 +0.22° 17.40 +0.23" 18.75£0.27° 18.48 £0.29* 18.90 +0.19°
HLISI; Crude lipid 13.80 £0.04 13.98+0.11 14.45+0.09 14.48 £0.27 14.13+0.17 14.28 +0.19
J4y Ash 4.03+£0.31  3.65+0.18  3.85+0.29  3.70+0.18  4.00+0.11  3.88+0.19

V< [l — 7 U R T b B RO LA 8 5 2% 5 (P <0.05)

Notes; Values within the same row with different letters are significantly different (P <0.05)

2.1.3 JEMRdER
W DR R B T SRR AR RS Y
NS 96 2 S BRSE T e i ARG 1 a4, T T B A e

(#£6,P>0.05),

R 6 FARARMAERERE B R PSR AAIERN R
Tab.6 Effects of dietary protein levels on the body index of golden pompano

PR OIS BRSE IR R T i i 3, 22 5 A B

Tt b #4H Diet P1 P2 P3 P4 P5 P6
JES# % Condition factor/(g/cm®)  4.88+0.32  5.11+0.07  5.03+0.19  5.51+0.23  5.02+0.29  4.37 +0.33
KL Viscerosomatic index/% — 5.98 £0.22  5.98+0.22  6.08+0.11  5.10+0.11  5.61 £0.21  5.730.22
JFF4A . Hepatosomatic index/% 1.59+0.17  1.320.06  1.43+0.06  1.17+0.05  1.61+0.06  1.53%0.13

T : [Al—47 o B A AR 6 R B i B o) BA B3 122 5% (P <0..05)

Notes ; Values within the same row with different letters are significantly different (P <0.05)

2.2 BERAERWTAR
2.2.1 AERAMERE

TRk IS AN [ 35 IR W, AN 52 1 B 65
BRAAFIE R (R T,P >0.05) o Bl GRS
FRATE R, IR BR S I A KPR RE, (46 ZOR IR
JREE A 0 R AR ORI B RO
R EBUCTH R R R E S, o L3 14 (LS Al
L6 AbPRZH 9 AR KPR RE 2 T L1 A L2 AR B
(P <0.05) falAhRBOMISR AR B Tk P R
IRV FR R o T 22 B i AR s 4 (P < 0..05)
SRR W B 20 & = 12. 20% I Al 3 50
BEREUWRENBEH (P >0.05), HHARII

TR D ORI RE S DU AR B g o 66 32 1) T e 3 22
BRI Ja B AR e 4, e, S il k e i M o
HITECN 12.20% B, 85 BT IR W LR A BE
WA R KMEIF B & T (P <0.05) gim T
(P>0.05) HAthAbFHA .

Pre& AR A A K PERE (B 3 fi4) ,4)
SRR AR AE RN R 1 R AR T BAR L, I
R 5 DL P i 107 11 9 T R = (B 50 oy
BR12.20% F112.27% .

2.2.2 KA

Wit 25 Lt R T 7 2 1 R, B T B 5 L

PRI T RCHLIR 7 & S 2 e TS e R E
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(K 8) , HA L3 14 (L5 I Lo 4b ML ARLE
EFPRLAR 05 K P 2. 3% 5 L1 A L2 AR B2 (P <

0.05) o A[Fl ik BELZH B I 63 65 1) 7K 90 K 93 35 i

i

BAH RFXESF(P>0.05)

F7 ABRRRNARERES BEVRERAXT I 8882175 | £ REFIIA R B RIS 0
Tab.7 Effects of dietary lipid mass fraction on survival, growth performance and feed utilization of golden pompano

TR FEZH Diet Ll 12 13 14 L5 L6
AEIE2R Survival rate/ % 99.69 £0.31  99.38 £0.62 100.00 +0 100.00 +0 100.00 +0 99.69 +0.31
WA it Initial mean body mass/g 121.55 £0.66  121.15+£0.58 121.35+0.71 121.33 +1.32 120.85 +1.58 121.38 +0.86
SR KT i Final mean body mass/g 497.92 +4.37* 529.98 +2.70" 581.73 +2.13° 578.25£2.19°  574.25+3.22¢ 573.88 +3.10°
K3 E Weight gain/g 376.38 +4.19° 408.83 +2.81" 460.38 £2.29° 456.93 +2.01°  453.40 +2.79° 452.50 +2.81¢
TR Weight gain rate/% 300.64 £3.08% 337.47 £2.76" 379.40 £2.64° 376.64 £2.46°  375.20 £2.48° 372.81 £1.82¢
B KR Specific growth rate/ (%/d)  1.68 £0.02°  1.75+0.02"  1.87+0.01°  1.86 £0.01° 1.86 £0.01°  1.86+0.01°
Tkl %% Feed conversion ratio 1.71 £0.02" 1.67 +0.01" 1.47 £0.02° 1.49 £0.02* 1.50 £0.02a  1.49 +0.03*
PR Feed intake/ (% /d) 2.47+0.01"  2.50£0.01">  2.28£0.01°  2.31 +0.01° 2.32£0.01*  2.31 £0.02°
R T Protein efficiency rate/% 117.31 £1.66" 119.52 £1.53" 136.54 +2.87" 134.47 +3.83"  133.52 +3.88" 134.24 +3.13"
ZE TR Protein retention/ % 21.37 £0.06°  22.42 +0.18" 26.94 £0.30°!  26.33 0.07° 26.02 £0.20°  26.00 +0.31°
BEITAR Lipid retention/ % 71.88 +1.05° 68.36 £0.80° 85.73+1.15'  70.46 +0.55° 61.77 +0.60" 55.79 +1.01°
HEHE IR Energy retention/ % 24.15+0.19°  27.88 +0.38"  38.50 £0.37' 37.73 +0.20% 38.23 £0.26 38.31 +0.43¢

TE - [Al—47 o B A [R5 ) B o) BAT B35 22 5 (P <0..05)

Notes: Values within the same row with different letters are significantly different (P <0.05)

< 2001 y=1.855-0.036 (12.2-x) x<<12.2
X Lo0y=1.855 x=>12.2 .
S 1so | F=0.963
A L70 .
% 10 R RO T R B 12, 20%
# 1.50 Optimum dietary lipid 12.20%
1 140
i
1305 5 10 15 20 25

e i B 4> B Dietary lipid mass fraction/%

3 fARRRER R E S IR e 6
BEERZELSHHT
Fig.3 Regression analysis between SGR and
dietary lipid levels in golden pompano

145. 00
140. 00
135. 00
130. 00
125. 00
120. 00
115. 00
110. 00
105. 00
100. 00

y=134.08-3.78(12.27-x) x<<12.27
y=134.08 x=12.27
Rk=0. 855

Viaw Bis m R B 12. 27%
Opt};mum dietary lipid 12.27%

FIBiR % PER/%

&

0 o) 10 ‘ 15 20 25
HeWi &4 % Dietary lipid mass fraction/%

4 (AR HRSRA ANk 5 DR R BR S
ERRBEMEST
Fig.4 Regression analysis between PER and
dietary lipid levels in golden pompano

2.2.3 JEIRTERR
L5 F1 L6 4bH2H UPE 68 65 1 HE 56 2 0 & = T
L3 AbHRLH BRI iR 65 (R 9,P <0.05) , 11 5 L1 12
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LA A BREAAR 22 S AN B35 (P >0.05) . 16 4k
BZH BT A L R T Al S AR B (P <
0.05) o N[ b FHZH DI IE 68 6% 14 A L AT 0355
Z5(P>0.05),

3 e

EEBMET 2 KL TEERRZ
—, B R E S KRR, BT T
Hh R £ S B B9 T B8 65 X6 ) ek B TR ) Bl
SREWFIY . LI S5 B, 2k dor g T ok
12% B}, P 2E [l B 30 A A= K il 4k 2R, AR
157 B B 65 65 363 54k b 2 1 R 1) A 7 SR
H 48.56% ~49.75% . X5 RWIRFFTE" 1
PP 5 % 4y f0 1) RL 2 1 0T Al i oK 1 (BT i 43
BO ML (45% ~49% ) o ARG 5 HAbRF 5> ™
FROFRENIN 25 50 25 S R XD HE 260 LU fa ol
F R R R, 8 5 3 e B LA A K £, R B
Ly 41 [ B ORI B8 05 06 2 11 9 19 9 325 7 R e (R
A0 43 B 45.75% (BT 8.9% ~9.4% ) , X
W S IG 2 R R ], T 2 S i P B 6
6514 % 7 B B R0 3 Al 4] Rk C 7 1 225 S B0
rh s fA Y B BRI B8R 65 fRDRH R (1 o oK i
VRGO fih (48% ~ 50% )™ F 6 (45% ~
50% ) (5] VIR OGO B ( Epinephelus akaara,
48% ~50% ) Y HIE | KT REEE(57% ) M



4 4 BT, 55 « v i e ) B DT 808 65 X6 A e 2 11 o AN g Uy )3 e oK 573
x8 (AR INR E BE 5 $ ) A B X U 68 62 4 28 R A B2 M
Tab.8 Effects of dietary lipid mass fraction on whole-body proximate composition of golden pompano %
TR FEL Diet L1 12 13 14 L5 L6
7K 43 Moisture 65.5+1.71 66.75 £0.95 63.00 0 61.75 +£0.48 62.25 +0.63 61.75£1.71
HEH Crude protein 17.70 £0.04*  18.15 +0.07" 18.98 £0.09" 18.85+0.06" 18.78 +0.17"  18.67 +0.27"
FNE NG Crude lipid 8.68 £0.13* 10.53 £0.11" 13.85 £0.18° 13.80 £0.04°¢ 14.18 £0.13° 14.30 £0.16°
K4y Ash 3.25+0.06 3.83 +0.14 3.61 £0.32 3.61 £0.09 3.63 +0.15 3.58 £0.21
s [ — AT EA A FART R R B B W2 5 (P <0.05)
Notes ; Values within the same row with different letters are significantly different (P <0.05)
x99 (ARRRNARERE S BBERA X P 8 82 (R fE AR AU RSN
Tab.9 Effects of dietary lipid mass fraction on body indices of golden pompano
TR AL FEZH Diet L1 12 L3 14 L5 L6
A BE Condition factor/ (g/cm®)  4.90 £0.14%  4.84 +0.15®  4.61 £0.14* 5.05+0.13** 5.47+0.10> 5.84 +0.15"
WA E Viscerosomatic index/ % 5.69 +0.07 5.60 £0.04 5.54 +0.05 5.56 +0.10 5.65 +£0.05 5.79 £0.10
JIFA [ Hepatosomatic index/ % 1.29 £0.04° 1.31 £0.03* 1.22 £0.03* 1.31 £0.03* 1.41 £0.04* 1.67 +0.08"

T : Al —47 o B A AR [ AR Bk i BB o) BA B3 22 5 (P <0..05)

Notes: Values within the same row with different letters are significantly different (P <0.05)

Tl (55% )7, B F oK (42. 7% ~
48.3% )" bR HE 0k £ (45% ~ 46% )7 BEA
Rl (45% )™ 0 (44.5% ) i
(44. 3% )" | q6 65 (42%)" | BT /N G
(40% )" FF f (38% ). &L A H B M
( Epinephelus coioides) (45% ) B2

Hh R F B B R TR B8 65 1) A K B il 1 R
AR B R AR AT AR, 24 Gk v B
(S50 M 36. 11% T 5 49. 75% i), 5
TEERES I A KR RE TR F T RCR B R TTIL &
fflEATEEARET SMaE, X5KE
B0 2 1) B 1 T SR S I 5 R AH A AP
N FEIE B AR (T, RE S B R S A K
A, P HL R RO W JR TR R
FEARSEG R, AR B 0 (R 50 M
49.75% Fti5 £ 60. 03% B}, v p £ B B DR IE B 6%
AR R A AL R & i R IR R 1Y
A AR [ RACR AN FRUTBSCR S BRI
A, X 5 IR 7E O 68 65 &) 0 1 B 5T 45
SR XU, R R RS
YT BRES A KR RE (A 7E— AR LK T 3h
Yrxt B SR T AL Rl R RE T o BEA, B
Rk R S AR A T, PR £ B B B O B
M P 1 et S BT I AR S5 AR I A i
5 R TE ORI SR 540 o b ORI ST R 2,
FIRE 5 2 5B AN R 2 1 KPRl i 1 48 2 #b
AT LTI G - fa B A B P o A o I 1 )

BHRF, Pt E i, DR H A A 2 5%
B A TS A A fRDRHN, B 2R R 2 A
R E o

TEARATEE 1 o i 3k i >R o A Al |, i — 25
BOTF 2B BCTT , LA 7 B 50% 35 11 50 ARl e
T3 WRLER B s {A, a8 i B i AN [a] 1 g 105 B
JZ , WIS v ok e Iy s B9 T 8 65 6wl s} v g 07 194 B
W R SRS AR, AT 2 [l A R R4
B AR LT AT B bt B B DR B 65 %) 1]
e R I 0 i e oK (B 280 o 12.2% ~
12.27% . 3% 5 oAl Py 1k £ 26 b AL 6 A
( Lateolabrax japonicus) "' Sk 0> K35 ")
Fh B B3R BR 65 ( Trachinotus carolinus) "™ 1) 8 i
FRcE 7 oR A (5T 20 B0 A (430 12%
10. 7% 9.34% ~16.5% F118% ) , (B & FHE &M
AN A B A S Y R U7 di a7 oK (5
), Ui £ ( Mylopharyngodon piceus) (4.5% ~
6.5% )P 5t ( Ctenopharyngodon idellus )
(3.6% ~ 8% ) N A ) ( Sarotherodon
mossambicus) (6% ~ 8% )™, X W] AE F B & fa
P ) AN T 71 501 e P R 2 e 2 ) ) e
i 7 ) s SRR, S R BEATTRE A — € R
AR R OK S PR I RE ORI, A B
P SO T ARDRL P i B K A6 40, PR X 4]
AR T ) R AR

)R v i 7 5 R S BN 7. 18% Tt i F
12.20% I}, v g £ B BT B 65 14 £E I PERE | 19
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(Atractoscion nobilis ) ™' 1) & i 52 3 B 5% 45 5 2%
6L - ARl ok S R B 7 A R R 2% i
TR Z 5, RES B 25 3 e B 2R A A I P RE L 1
BHEALER, 3 sh 8 R DTSR . Rl A 5
BRI, 25 kL v ) I 7 (BT A H0) B
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R PB TR 0 R B T R B TR AR )
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SR IR A5 00 A AR T R T 5 E R
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L) PR g 4 AR L. SRS, AR SR R B,
JIg D5 ek Ak B 2 B IE R 5 1) B3 R IR TR
BEIWTALFRZH , 3 5 5 A0 5% 45 R 2L Akt b i
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F 200 Rl S bl R GRRE RO A A 4R
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Dietary protein and lipid optimum requirements for on-growing golden
Pompano ( Trachinotus ovatus )

HU Haibin' > QIAN Xuegiao', XIE Shouqi*, YUN Biao', ZHUANG Jiecheng’

(1. Animal Husbandry and Fisheries Research Center of Guangdong Haid Group Co. , Lid. , Guangzhou 511400, Guangdong,
China; 2. Siate Key Laboratory for Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of
Sciences, Wuhan 430072 ,Hubei ,China; 3. Sheng Long Bio-Tech International Co. , Ltd of Haid Group Co. , Ltd. , Long An
850000, Vietnam )

Abstract Six isolipidic practical diets were formulated to contain different levels of fish meal (six graded
protein levels were named P1-P6 respectively). Fish was fed by hand twice daily until apparent satiation. The
growth performance of fish including weight gain rate as well as protein efficiency rate significantly increased
(P <0.05) with increasing dietary protein levels ( P1-P6) and then kept steady (P >0.05). Growth
performance of fish fed P4, PS5 and P6 was significantly higher than that of fish fed P1, P2 and P3 (P <
0.05). While feed conversion ratio and feed intake decreased significantly (P <0.05) with increasing levels
of dietary protein up to 49. 75% and remained nearly the same thereafter. Feed conversion ratio and feed
intake in P4 and P5 were significantly lower than those of fish fed P1, P2 and P3 (P <0.05). Regression
analysis showed that the recommended optimum dietary protein level for on-growing golden pompano was
49.75% (mass fraction). On the basis of dietary protein requirement, another 12-week feeding trial was
conducted to evaluate dietary lipid requirement for on-growing golden pompano. Six isocaloric practical diets
were formulated to contain different levels of soybean oil ( six graded lipid levels were named L1-L6
respectively ). With the increase of dietary lipid levels (L1-L6) , growth performance of fish including weight
gain rate and protein efficiency rate first significantly increased and then kept steady (P >0.05). Growth
performance of fish fed L3, 14, L5 and L6 was significantly higher than that of fish fed L1 and [2 (P <
0.05). Feed conversion ratio and feed intake decreased with increasing levels of dietary lipid up to 12.20%
and remained nearly the same thereafter. Feed conversion ratio and feed intake in 1.3, 14, 15 and 16 were
significantly lower than those of fish fed L1 and 12 (P <0.05). Regression analysis showed that the
recommended optimum dietary lipid level for golden pompano (121 =580 g) was 12.20% —12.27% ( mass
fraction) .

Key words: on-growing period; golden pompano; optimum protein requirement; optimum lipid requirement ;

specific growth rate
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