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FEH1.5 mx1.5 mx2.5 mi% M Th kAT S5, A

ABE3AN AT . 7R SIS T AA A, MR b Rk A S
36k B RLANA . R 73 F1[40 gRA% 4H.(38.24+
0.30) g, 25/ /46; 500 g% £H(529.17+5.67) g, 10)E/
FEIRT 2 fr24h, SIS0 A RFSE10 8 FI8JH, &K
08:00F117:00 /T2 X M B MR (G2 1B 45 MR 2 5 £
AN IR, 0 R A A A H R
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WAk
1 #R5ERE
1.1 ARECH SH1E

JEORM 2R FE: SOk, AR R R R

F1 ANEAREEEFESER(%, TE)

Tab. 1 The formulation and proximate composition of the experimental diets (%, dry matter)

#H 53 Group
J5 K Ingredient (%) AEER1 4b3H2 Ab 33 Ab3E4 ISR 4h3E6
Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
71 ¥ Fish meal * 31.10 31.10 31.10 31.10 31.10 31.10
fi% & [ Casein” 10.00 10.00 10.00 10.00 10.00 10.00
HfiSoybean meal * 17.00 17.00 17.00 17.00 17.00 17.00
/N ¥ Wheat meal * 18.00 18.00 18.00 18.00 18.00 18.00
/NFZ R Wheat starch” 19.35 16.35 13.35 10.35 7.35 435
ff1Jl Fish oil 0.00 3.00 6.00 9.00 12.00 15.00
K E 9P IE Soy lecithin 1.50 1.50 1.50 1.50 1.50 1.50
455 P)Mineral mixture © 1.00 1.00 1.00 1.00 1.00 1.00
Y54 R A Vitamin mixture ¢ 2.00 2.00 2.00 2.00 2.00 2.00
LA K Ethosyquin 0.05 0.05 0.05 0.05 0.05 0.05

FEE TR (%, T 2 )Proximate composition (%, dry matter)

#H2 1 Crude protein (%) 44.48 44.88 4453 44.67 44,31 44.55
AL Wi Crude lipid (%) 5.27 8.22 10.81 14.26 17.32 20.94
K45 Ash (%) 8.97 8.88 8.87 8.81 8.70 8.61

ViR, BREE AL SRRV IR AR BRI R, TR); DN Sk E BRI R R (R, (LR); R
AW (mg or g/kg diet): NaF, 2 mg; KI, 0.8 mg; CoCl,-6H,0 (1%), 50 mg; CuSO,-5H,0, 10 mg; FeSO,-H,0, 80 mg; ZnSO,-H,0, 50 mg;
MnSO,-H,0, 60 mg; MgS0,-7H,0, 1200 mg; Ca (H,PO;),-H,0, 3000 mg; NaCl, 100 mg; zoelite, 10.45 g; * 4i2E ZVE A4 (mg or g/ke
diet): thiamin (B)), 25 mg; riboflavin, 45 mg; pyridoxine HCI, 20 mg; vitamin B, 0.1 mg; vitamin K3,10 mg; inositol, 800 mg; pantothenic
acid, 60 mg; niacin acid, 200 mg; folic acid, 20 mg; biotin, 1.20 mg; retinal acetate, 32 mg; cholecalciferol, 5 mg; a-tocopherol, 120 mg;
ascorbic acid, 2000 mg; cholinechloride, 2000 mg; ethoxyquin 150 mg; wheat middling, 14.52 g

Note: * Fish meal, Casein, Soybean meal and wheat meal obtained from Guangdong Yuehai Feed Group Co. Ltd. (Guangzhou, China);
® Wheat starch, obtained from Juancheng Mingzhu Starch Factory (Shandong, China); © Mineral premix (mg or g/kg diet):NaF, 2 mg; K1,
0.8 mg; CoCl,-6H,0 (1%), 50 mg; CuSO,4-5H,0, 10 mg; FeSO,-H,0, 80 mg; ZnSO,4-H,0, 50 mg; MnSO,4-H,0, 60 mg; MgSO,-7H,0,
1200 mg; Ca (H,PO3),-H,0, 3000 mg; NaCl, 100 mg; zoelite, 10.45 g; *Vitamin premix (mg or g/kg diet): thiamin (B;), 25 mg; riboflavin,
45 mg; pyridoxine HCI, 20 mg; vitamin B,,, 0.1 mg; vitamin K3,10 mg; inositol, 800 mg; pantothenic acid, 60 mg; niacin acid, 200 mg; folic
acid, 20 mg; biotin, 1.20 mg; retinal acetate, 32 mg; cholecalciferol, 5 mg; a-tocopherol, 120 mg; ascorbic acid, 2000 mg; cholinechloride,
2000 mg; ethoxyquin 150 mg; wheat middling, 14.52 g
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23%o, pH 7.6—7.8, @& /KF<0.05 mg/L, G fA =
6.0 mg/L.
1.3 HRWESSHT

HEWE oS30 AT Rk
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ER 2aRELRSSHT WRL &6
KAALUK Sy M A IRy 53 A8 HEAE(105°C).
4 H 3L K 2 BN (KjeltecTM 8400, FOSS, Tecator,
Sweden) M 5 #47(550°C, 12h)Z B AOACH) 77321
P AR B 4 L G 0 SR T AOAC H Bk (1 %
PG P I 2 UL PR i 0 SR PR 005 Y
(viv=2: DA R 2, W 5 2 [ Hassid 7 Ab-
raham$& 19 77 200 2 7

MAEEIERS T [ HMindray A 7 24t
AR &, it & LX-20%Beckman4: H s 4460 4
A, MpE . M A . ME S . s st
=G R e AR - T R 25 R R AR - FE
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PR AR R 7 AT 5E
14 2ARERGFITHE

TEWTZE (SR, %o)y=4 R A H /A6 B % H <100%

558 K (SGR, %/d)=(LnK E-Ln#] &)/ K
#x100%

TR R (FER)= /A1 5 (15 5 )/ A RL T
H)

FFAA LU (ST, %) =RT 5/ 5 x100%

AR LL(VST, Yo)= P ik [ /44 B 100%

JE B (CF)=1A 5 (g)/[ 7K (cm) ]’ < 100

i FISPSS 17.05%F Fr 45 54 3t AT L R R 07 22 4y
HT(ANOVA), # 45 R R % 7 1.2 (P<0.05), 1 H
Tukey’ st 363847 % B L M. BT A $0E 71
THEFR IR R R

2 #R

21 HEKIEFR
W& g 105 & B B TH i, 40 ghiA% F1500 ghidg ZE

AR KR AR KR (SGR) e 7 i 1.76F10.21F 51 2
2.13%10.46, 2 J535) 2 I PGB #5(P<0.05); 40 g
A FN500 g kA% 7 8 0.1 kLR (FER) 56 43 79 M
0.484110.09F /51 #1]0.7010.20, 2 J5 ¥ 3 H BG4
#(P<0.05). LASGRNVFE Fa bR, FIF — ik i 2645
RGN E R, 40 gF1500 ghAK 25 o 0 f I 7 7
SRES BN 13.79%H113.49%; LAFERNVTEE 645,
P R M 2R AR LA 1Y, 40 gF1500 gHLAS (1)
A AR R =5 5 14.56%F113.10% (& 1.
Bl 2). 27 LRTIR, 40 ghUA%k 25 8 f (¥ s 17 75 Sk &8
13.79%—14.56%, 500 gkl % % 1 1 (1) g 17 75 5K &
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AR T 0] PEAEG i (o W I L) Pl el ) SI2 6 £, Pl M oy
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Fig. 1 Relationship between different lipid levels and SGR of
cobia at two body sizes
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Fig. 2 Relationship between different lipid levels and FER of
cobia at two body sizes



236

=

kW)

% 1R 43 %

HARIK 7 R (1 0 35 AR, AR T 5 i R T
=1(P<0.05), M 7ES00 gHl ks 2H ) R & B 3% 22 57
(P>0.05). FEFFNEAILA Y, 40 ghAE 248 1 2H 21
gt P 5 2 20 B e e o R A ) 48 S 2 T v, T2
K3 ) S B A 1 34 (P<0.05), TT500 ghiAk ZE
A b P TR R R I 2 R (P>0.05)
(£ 3—5).
23 ME%EKIEFR

B 5 GRDRHIR 5 KCSP B T s, 24 AN TR AR B B
(1) 22 8 f IS 8 H I = B8 (TG) /K3 B3 T
(P<0.05), T 37 = HH [ BE(TC) %% B g 82 1 -
[ BE(LDL-C)~ =1 % 5 I £ 11 -JIH [ i (HDL-C) F 1.
PE(GLU) & 50 HAE40 gk Ab FE 20 8] B 0 2 3 22
F£(P<0.05), 7E500 gR k& b FRZH R R I . 2 72
FE(P>0.05) (& 6)-

3 iTig
3.1 HEKiIEfR
SIS R I, 25 KRS 1R 4 1 AT R ARAN

ZRNGER R S BRI, X555
fifi(Seriola dumerilii)~ ¥{%ith(Pseudobagrus fulvi-

draco) R4t f1 9Lt (Epinephelus coioides)~ KN
(Pseudosciaena crocea R.) 5 HIRF 57 45 B—5> 7,
VBN B B e SR, BE & TRk b s 107 2 B i 8E n,
2R HIG I F W . SGRS FERY) 2L 6 T T
Berfasy. X522 a R e g a st
3k 5 (Megalobrama amblycephala)" ™1 5t 1) 45
R—8 EEERFN, JEEH RIS A R
P2 v B B KIS, ERDRE e h 2 g R 1 R
REZK P42 a2k 11 1) s e A A RIS 24 B 1 o
R4 IR T 2 Gk e T G A B
SRERT, IR AT 682 16 R S8 2123 bt B AR,
T 17T 5 e R P T AR AR, i B ) AR K
JR SR  hL REIEE B, B A
FEII R, SGREFRKEH, X5 Z /i Bt 7t 45 3
Rt N i £ e T AR T R A
5, AT AR g U, DR A ARG 1 K
HERER) S IR FIN, B %
HAEKEKKT, HEEVIRS KA B ET 1, H#
HINIRTE, #ia R, BEmEE. ME,
B BT WX — AR (AN I, B 25 22
I AEKRE, HUFkae /1 Z 8 5, QK-

®2 FEEMTEEKMERIEEGSR) FFEEKESGR). HRHZEFER). BEELL(VSD. FHELL(HSD. BEHEE(CF) (%, 12
=; HEHRER)*
Tab. 2 Effect of lipid levels on Survival ratio (SR), Specific growth rate (SGR), Feed efficiency ratio (FER), Viscerosomatic index (VSI),
Hepatosomatic index (HSI) and Condition factor (CF) of cobia at two different body weight (%, wet weight; Means+=SEM)*

%i'5No.  IEWifr & Lipid level (%) SR (%) SGR (%/d) FER VSI (%) HSI (%) CF

SEES 1 Trial 1 HI4G1AE: (38.24+0.30) g

A1 Diet 1 5.27 96.00+2.31 1.76£0.01°  0.48+0.01°  7.95:0.34°  129+0.01°  0.88+0.03°

4bFH2 Diet 2 8.22 96.00+2.31 1.96+0.01°  0.55£0.01°  9.59+0.47™  1.36+0.04  0.92+0.02"

LbFE3 Diet 3 10.81 98.67+1.33 2.0540.05°  0.64+0.00" 9.64+0.57  1.41£0.02  1.00+0.04™

LbFH4 Diet 4 14.26 98.67+1.33 2.13+0.02" 0.7040.01°  10.52+0.71° 1.47+0.02° 1.08+0.03"

4bFHS Diet 5 17.32 97.33+1.33 2.10£0.02°  0.64+0.01"  11.65+0.59"  1.63+0.03" 1.1620.03"

4716 Diet 6 20.94 96.00+2.31 1.86£0.01°  0.56£0.01°  13.47+0.43" 1.78+0.03° 1.22+0.04°

F 0.483 40.012 153.888 47.148 12.79 15.291

P 0.782 <0.001 <0.001 0.001< 0.001< 0.001<
SZE02 Trial 2 HIURIREE: (529.17+5.67) g

AP 1 Diet 1 5.27 100.00:£0.00 0.21£0.02° 0.09+0.01° 6.99+0.18" 1.04+0.12 0.92+0.01°

4bFH2 Diet 2 8.22 100.000.00 0.35+0.05°  0.15+0.01°  7.37+0.15°  [.1440.10 0.98+0.01"

ALFE3 Diet 3 10.81 100.00+0.00 0.43+0.02°  0.18+0.01°  8.48+0.10  [.2740.10 1.07+0.05"

LbFH4 Diet 4 14.26 100.00:£0.00 0.46+0.04" 0.20+0.01° 8.06£0.29™"  138+0.13 1.07+0.05"

4bFHS Diet 5 17.32 100.000.00 0.36+0.05°  0.16+0.01°  8.80+0.39"  1.1540.03 1.1740.04®

4716 Diet 6 20.94 96.67+3.33 0.26+0.06"  0.11£0.01°  9.36:0.20° 1.38+0.06 1.23%0.08"

F 1.000 15.524 20.923 2.185 13.851 5.866

P 0.458 0.001< 0.001< 0.12 0.001< 0.001<

T U = A E R KT, SR A 78 EARFROR 18 22 Tukey 2 EAR I8 22 7 AN 835 (P>0.05); T [+

Note: *Date are means of triplicate. Means in the same row sharing the same superscript letter are not significantly different determined

by the Turkey’s test (P>0.05); the same applies below
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B Tt . DRI, 2 DL B DR R I A 3R 1 1

BRAEFF B BB FRAC BT

EAEKR TR EEFRRA,
32 & RKELRER
TF 50 3% W a4 i 7 6 B 52 2 AN TR 3R

*3 AMABNEEELEER(%, TE; HEATER)
Tab. 3 Effect of lipid level on whole-body composition of cobia at two body weight (%, wet weight; Means+SEM)

PNU=R

B N2 S Bk

He

omi™ . AHE R, 40 g UK O R R IG 7
BRI R FERFK TR E A RS E, 1500 g
A% B 2 R KR S AR S R AR, X 5
K B4 RS L Z IR,
JIg 17 2 2 4 15 i 2R JEE AR I 5 4 LR B SR

%m"5No. A6 i & 2 Lipid level (%)  7K43Moisture (%)  £& [ fiCrude protein (%)  HEWiCrude lipid (%) K43 Ash (%)

SEEG 1 Trial 1 FIGAMARE: (38.24+0.30) g

KbFET Diet 1 5.27 73.44+0.05" 18.01+0.05" 5.86+0.06' 3.33+0.13

ALFE2 Diet 2 8.22 73.12+£0.24° 17.4840.15® 6.51+0.09° 3.14+0.17

473 Diet 3 10.81 71.77+0.34° 17.40+0.13° 7.97+0.14° 2.96+0.04

KP4 Diet 4 14.26 71.60+0.18° 17.18+0.07™ 8.48+0.06° 3.25+0.11

4bFES Diet 5 17.32 72.19+0.28" 16.69+0.18° 9.01+0.15" 3.36+0.09

AL FE6 Diet 6 20.94 71.8240.16° 15.94+0.08° 9.87+0.10° 3.06+0.07

F 11.551 36.662 201.570 2.035

P <0.001 <0.001 <0.001 0.122
S862 Trial 2 WIATRE: (529.17+5.67) g

AbFE 1 Diet 1 5.27 77.67+0.70 15.33+0.26 6.14+0.08 3.60+0.16

4LFE2 Diet 2 8.22 77.11+1.64 16.23+0.66 6.15+0.06 3.44+0.23

4bFE3 Diet 3 10.81 74.89:0.80 15.78+0.52 6.20+0.05 3.56+0.08

Ab¥H4 Diet 4 14.26 75.96+1.03 15.1140.61 6.32+0.14 3.50+0.12

4bFE5 Diet 5 17.32 76.57+0.26 15.93+0.27 6.25+0.09 3.76+0.11

46 Diet 6 20.94 76.51+0.64 15.46+0.28 6.18+0.08 3.56+0.04

F 1.034 0.793 0.592 0.643

P 0.441 0.575 0.707 0.672

F4 BMAEHESGRFIRER (%, TE; HEHVER)
Tab. 4 Effect of lipid level on liver composition of cobia at two body weight (%, wet weight; Means+=SEM)

4%5No.

i & & Lipid level (%) 7K4>Moisture (%) & [ )i Crude protein (%) fi/liiCrude lipid (%) #%JHGlucogen (mg/g)

S2B6 1 Trial 1 HIEA1AE: (38.24+0.30) g

4bHE 1 Diet 1
4EFE2 Diet 2
4bFE3 Diet 3
4b34 Diet 4
4bFE5 Diet 5

LbFH6 Diet 6
F

P

SEB2 Trial 2 HJUAMRE: (529.17+5.67) g

A3 Diet 1
AbF2 Diet 2
Qb3 Diet 3
Qb ¥4 Diet 4
RS Diet 5
A6 Diet 6
F

P

5.27
8.22
10.81
14.26
17.32
20.94

5.27
8.22
10.81
14.26
17.32
20.94

73.84+0.55"
73.2120.31"
71.84+0.51™
72.44+0.69
71.2240.52"
70.5620.28°
6.079
0.005

abc

74.79+0.52
76.24+0.24
75.66+0.87
75.59+0.46
75.21+0.68
73.71+£0.97
1.696
0.210

12.7740.25 12.35+0.35° 4.33+0.42°
12.98+0.14 13.69£0.44% 4.05+0.20"
13.30+0.14 15.2040.35° 3.46+0.26"
12.14+0.67 17.4140.33° 3.4240.21°
11.92+0.57 17.68+0.68" 3.20+0.33"
12.5240.45 17.39+0.34" 2.49+0.21°
1.485 27.077 5.298
0.265 <0.001 0.008
14.36+0.76 7.69+0.90 4.50+0.06
14.00+1.17 6.90+0.90 4.5620.29
13.200.34 8.47+0.76 5.06+0.34
11.96+0.67 10.00+0.96 5.37+0.24
12.88+0.48 8.68+1.56 5.44+0.16
11.46:0.21 11.57+0.49 5.38+0.13
2.743 2917 3.583
0.071 0.060 0.033
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XA Re R IE AR VSIFICE F A E 2R .
i gyt 4 40 i 5 BB TR PR B S BT A AL AR A B, TT LHEDN A 7 R AR
RE T R(P<0.05), 500 gk i 2 44 I i I LR, SO RS R R RE 7132 ET N 5, X
x5 FHHEHEEENRERM(%, BE; HEHRER)
Tab. 5 Effect of lipid level on muscle composition of cobia at two body weight (%, wet weight; Means+tSEM)

To R ZE 7 (P>0.05). HRIE40 gF1500 ghiAk %

ELRE) JIg 07 K> 4=V Jig 17 Y Yix IR
No. Lipid level (%) Moisture (%) Crude protein (%) Crude lipid (%)  Ash (%)  Glucogen (mg/g)
SEE61 Trial 1 IR (38.24+0.30) g
Ab¥1 Diet 1 507 78.72+0.29" 19.41+0.20 5.27+0.11° 1.52+40.04 0.18+0.01"
A2 Diet 2 8.22 77.95+0.10° 19.77+0.14 541009  1.48+0.04 0.15+0.01*
473 Diet 3 10.81 76.84+0.35" 20.16:0.23 5.55+0.06" 1.47+0.03 0.15+0.00™
4b ¥4 Diet 4 14.26 76.47+0.17" 20.17+0.11 5.52+0.10° 1.47+0.01 0.14+0.02"
4bFES Diet 5 17.32 75.79+0.31% 20.19+0.41 6.18+0.10" 1.62+0.02 0.10+0.01"
AL HEL6 Diet 6 20.94 74.09+1.12° 21.2040.80 6.58+0.17" 1.60+0.04 0.08+0.01°
F 10.068 231 22.526 4.674 11.517
P 0.001 0.109 <0.001 0.013 <0.001
52862 Trial 2 WIARE: (529.17+5.67) g
4bFE1 Diet 1 5.27 79.30+0.45 18.42+0.28 5.50+0.45 1.33+0.01 0.14+0.01°
4bF2 Diet 2 8.22 77.91+0.45 18.97+0.40 5.50+0.42 1.38+0.02 0.14+0.00"
4b 33 Diet 3 10.81 78.18+0.28 18.21+0.06 5.50+0.04 1.39+0.01 0.09+0.01"
4b 34 Diet 4 14.26 78.88+0.69 18.35+0.30 5.38+0.54 1.31+0.04 0.09+0.01°
4L35 Diet 5 17.32 79.28+0.51 18.45+0.39 5.62+0.59 1.40+0.03 0.07+0.01°
4b 6 Diet 6 20.94 79.12+0.46 18.51+0.28 5.76+0.24 1.33+0.02 0.06+0.01"
F 1.486 0.715 0.092 1.893 14.164
P 0.265 0.624 0.992 0.169 <0.001
#* 6 BWHIBHNEE&MEENIEIR (%, BE; YEHREIR)
Tab. 6 Effect of lipid level on serum biochemical indices of cobia at two body weight (%, wet weight; Means+SEM)
'S Jig & & TG TC TP LDL-C HDL-C GLU
No. Lipid level (%)  (mmol/L) (mmol/L) (g/L) (mmol/L) (mmol/L) (mmol/L)
S0 1 Trial 1 AR (38.24+0.30) g
A Diet 1 5.27 1.03+0.05° 1.52+0.06° 28.5+0.2 0.0768+0.0130°  0.4518+0.0511° 0.90+0.29°
4EFE2 Diet 2 8.22 1.05+0.07° 1.76+0.03 28.840.3 0.0886+0.0092"  0.5923+0.0429" 1.95+0.32°
43 Diet 3 10.81 1.31£0.02° 1.760.01°  27.8+0.4 0.1101+0.0039™  0.7100+0.0784™ 2.45+0.23%
4bFH4 Diet 4 14.26 1.37+0.05" 1.79+0.01°  27.6+1.1 0.1063+0.0088"  0.7473+0.0633™ 3.70+0.54"
4315 Diet 5 17.32 1.36+0.03° 1.88+0.02"  27.2+0.7 0.1269+0.0059"  0.9159+0.0091° 4.1120.15"
4bFH6 Diet 6 20.94 1.5940.03° 1.92+0.01° 27.4+0.8 0.1298+0.0034" 1.0305+0.0373" 3.96+0.30"
F 23.494 21.826 0.869 6.659 16.496 15.41
P <0.001 <0.001 0.529 0.003 <0.001 <0.001
SEES2 Trial 2 HIARIAE: (529.17+5.67) g
AP Diet 1 5.27 0.69+0.15" 1.45+0.16 28.1%1.7 0.1031£0.0166 1.0208+0.1751 3.10+0.53
4L 2 Diet 2 8.22 0.90+0.21° 1.78+0.15 27.6+0.4 0.1117+0.0118 0.4410+0.2075 2.7140.59
AbFE3 Diet 3 10.81 1.1240.24" 1.93+0.14 27.9+1.8 0.0986+0.0167 0.9687+0.1406 3.2740.87
4b T4 Diet 4 14.26 0.90+0.18" 1.59+0.10 26.4+3.4 0.1066=0.0054 0.9571+0.1145 2.02+0.79
4L S Diet 5 17.32 1.25+0.13" 1.47+0.14 23.7+1.2 0.0967+0.0201 0.6918+0.0871 2.7240.21
ALFE6 Diet 6 20.94 1.63+0.18" 1.64+0.19 23.942.5 0.0899+0.0191 0.6236+0.0528 4.02+0.57
F 3.159 1.544 0.939 0.24 2.791 1.131
P 0.048 0.249 0.49 0.937 0.067 0.396

v . SHYH —BETrnglyceride; . &E[EEETotal cholesterol; RS otal protein; -C. R NE -HE E| B2 Low
7 TG. s H i =ReTriglyceride; TC. i JIH [ ¥ Total chol I; TP. /&% [Total in; LDL-C. iK% % g 8 1 -H & B L

density lipoportein-cholesterol; HDL-C. /% ¥ If 8 - IF [& B Low density lipoportein-cholesterol; GLU. i %j #Glucose
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S apra . ket B R g R e 8
(1. [, IX AT et AR TES00 g R ¥ 45 & £ i
JE R PR 25 2 2 AR R R 6 2 S, b R
325 B AT AR EE(P>0.05) Y TR IA] o S 2N AT R
% P 228 A5 A [ 7 % 2E R PR DR, SR S &4
W, HR TR SR HA e 2 5. X REE
BT RS AN ), f A 2 23 1) R T EOIR G & =
(EAEZE ST IE R, T340, AN TR R 25 f8 2 [a] 4R
W75 SR RE R T i AR KRR
33 MBE%EKIERR

Sl s, e e = Bl i iR
1 (Lipoproteins)£ i M A1 P Y12 A G 3R
/Ny v FLBETICRE (CM) 538 /I igg I\ 9 i i 1 P
577 R ONAMIEE IR AR, T A YR MR AR R FE AT
AR % BE IS 28 11 (VLDL) Al 7 2 W 6 28 3 A0
i) % 2 i 2 14 (IDL) A 3% B i 2 (4 (LDL)™ ™,
Ty A, EAFAE A A R 2 2 1 I e
32 3% A JFF A AT AR5 7 25 B2 i 2R (1 (HDL) ™. 4%
£ = M TR 75 A a3 A H I =S .
SMHFEEE . LDL-C/K -3 &, X 5 B A (Creno-
pharngonideﬂus)“l4ﬂ\ 148 7R )7 i (Takifugu rub-
ripes)[w]\ ﬁﬁ@[m*ﬂﬁ%@(&:ophmal musmax-
imus L)°_E R 7045 B — 500 AT (AR
TN I I Ao, A IS TG & T+
Fe (A, M3 s E KPS H i = EeR R &
e FRIA} 2H 2 o £ JFFAIF VDL A b B g3 b . 15 1
F AR BRI b 1) 2 R 5 T VLDL G #5 LPLF% fig, It
BAEACALDLEY . 2 BT F AT 3 B fa k1 58
I PAR i 4250t i 5 O e is b AT R %, MR &
B, AT 2 fapoB 1004 VLDL ) £H %
Ayt RN IR R B K FE fn-3
LC-PUFA), M ] B A6 AT JIE VLDL 24 3 B3
SFLJBE R PO AR S RT3 B TR PR AR M S TG IR
UAASE 4000 1) FEF O A P P R Bl 25 £ 1)
ARKKRE, ZRTRTIREN AT RS B R
o DRI, DA BH K PR B P A SR IR AR 2 TR 1
KR, I T X AR K B0 R R B ) ek 22
1 I A S B 10 95 1 B 3R KT B RS 4T
W,

2t FATR, LSGRAMFER FE TEHR, 40 ghihk
ZEH A I G T 75 SR BN 13.79%—14.56%; 500 gkt
M IR T 75 SR BN 13.10%—13.49%. [
TR B KBS D, S TG VSIS CFY .3 Tt
e /NS ) i TC. HDL-C. LDL-
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THE EFFECT OF DIFFERENT LIPID LEVELS ON THE GROWTH
PERFORMANCE, BODY COMPOSITION AND PLASMA
BIOCHEMICAL INDICES IN COBIA (RACHYCENTRON
CANADUM L.) AT TWO DIFFERENT SIZES

LIU Ying-Long, MAI Kang-Sen, XU Wei, ZHANG Yan-Jiao, WANG Zhen and Al Qing-Hui

(The Key Laboratory of Mariculture (Ministry Education of China); Key Laboratory of Aquaculture Nutrition and Feed (Ministry of
Agriculture), Ocean University of China, Qingdao 266003, China)

Abstract: The purpose of this study was to investigate dietary lipid requirement and the effect of different lipid levels
on the body composition and plasma biochemical indices in cobia (Rachycentron canadum L.) at two different body
sizes (initial weight: 40 g vs. 500 g). Six isonitrogenous diets were formulated using fish meal, soybean meal and wheat
meal as the protein source and fish oil as lipid source, with six different lipid contents of 5.27%, 8.22%, 10.81%,
14.26%, 17.32% and 20.94% (at a dry matter basis), respectively. Fish at two different growth stages were randomly
distributed to seawater floating net cages (1.5 mx1.5 mx2.5 m) at a density of 25 and 10 fish per net cage, respectively.
Each diet was fed to triplicate groups of fish twice daily to satiation for 10 weeks (40 g) and 8 weeks (500 g), respec-
tively. Specific growth rate (SGR) and feed efficiency ratio (FER) significantly increased and then decreased with in-
creasing dietary lipid levels at both developmental stages. The Viscerosomatic index (¥'S/) and Condition factor (CF)
increased significantly with the increase of dietary lipid levels. Significantly higher Hepatosomatic index (HSI), whole-
body, liver and muscle lipid contents and lower moisture and protein contents were observed in fish feed the diets con-
taining higher lipid among small fish groups, but no significant difference was detected among large body size groups
among above parameters. In addition, the contents of TC, TG, HDL-C, LDL-C and Glu increased significantly with the
increasing lipid levels among small fish groups, there was no significant effect among large fish groups in these indices
except TG. The overall results showed that based on SGR and FER, the diet containing 13.97%—14.16% and
13.18%—13.47% lipid was most suitable for the cobia culture at the body size of 40 g and 500 g, respectively.

Key words: SGR; FER; Body composition; Plasma biochemical indices; Requirement of lipid; Cobia



