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FREAMTAHENARETNTEE

ERE, R, BF, HTE, RifE, NEdF, E X

(ARMGHERS K2, [ 7R HHL 524088)

@ F: R A, B S F A RRE K (7.07% |
9.92% ,12.92% ,15.95% 01 19.04% ) )& R 1Ak}, 3 EAE 278.5 ¢
WA PEE 10 B SRR FER FURHIR T K P B TH R, 0 B £ G
HER MBEERFNEARBREZH LIHE B TREH(P<
0.05) , fAkks AR Al [F) 344 B A I 5 4% A B2 AT A Z A
BHIZKFRIRNE (P >0.05) o 2fFLAKLAR I & 28 B ETR
E , M8 RS & R T e ks HEBFALAK S HER .
K5y & BEAZARBEN KB 0 (P > 0. 05) o FIE I BE A 1 L B
PRI WK B3 I i b THE e s FFA LB 8 B 7t 3R %
BCHM =0 BB S EEEEAKFHEEIR(P<
0.05) , BEAMEE ZEIEE A BE TRHE(P <0.05), FFHEATHERG.
B 1 A A SRR SR ) BRI RHIE I K P O T R B T R,
FUBRJSE S BHE J W LT R B B IR B B R L ) B AL B A o
B RS 1 BERRIE WK P B T R 2 7 b TG AR E s BRYEBE IR B E
BETRE(P<0.05) LMFEAKFPHAYE, — Kl LRBIUSH
i, SRR A A RRIR I R TR 14.44%

S £ BE £ ( Epinephelus coioides) J& T #57F
H ( Perciformes ) . fig # ( Serranidae ) . 4 I £ J§
(Epinephelus) , RFE )" 7R MG R 54 MEZ K
FREE s, HETA R AR DR UK
HEERERRRT, AEEFERRARAE
TR B ES . Bk, R ARaE
It R W 5T 2 T JF & HE M & 1Dk R
Rl AR AL AMFRE A SR R DR E,

KA EARTFERER, BEREH &
SR, R ENRE QRN S &, T
LI A  FRFHE A B4R R BT BB BE AR AU R 1L
Tt fRE H . A AR R E T HxHE R
oK AL E W R e 1A BR, (H 20 BAR &7 3t 1
e , 5 AL 17 1 S s R A RE R OR

5078 E 3 : 2014-08-06 fEE H#: 2014-10-30

HRZ A YA et i R
AB B g i X, HE IR %Rt
FALFEHEA [F R B B Bt AT Y
BEXR=SEFMEREZ LA
(4F) R, KK =3P
EHRE R AR ERN LTS
HZE FEMG,FI, K5
Y EFRVRNT R S E 50
RAE . B FRIAK =3
B AR AT
SN2 v A% o B B BTG
kL, R m IR R LR
XKEW: flrAPEE; B AR
PERE ; 4= fkdstr ; TH LG
HESES: S963.1
MERERASAS: A

B R S A BAR, K s K R,
AN I 2 BRI W AT AR AR #E K P s A K
AREES WA E A TMER

AR E RN R E A iRkE,
DA BRI YR, D 10. 9 g AP A B3RS
KR BIBE KN 10% P 5 DL A 3 01 K
(1:1) HEEWUR, ¥1EE 4. 43 ¢ MR A KA
( Epinephelus malabaricus ) {7} 1& B8 B 7K F
9% ‘s A AL (1: 1) ARRTIR,9 g (AL HF
AP IR T R 11.85% 1,1 17 g fY
B A B ARG R K BRI KN 12% ),
WIE 7.71 g B3R 5 A B ( Epinephelus akaara)
TEDRHIR WK 3% ~4% it W B R ;
VI 6.38 g W15 1 BE £ ( Epinephelus bruneu) X} )8

EEWHE : HEARMEATL CRL) BHFL1(201003020) ;) HRABRITAEH T H (2011)
EE® I HBEH(1970—) , %, {4, Bt , BEFET7 1 AK - S E 57 5%t E-mail: dongxiaohui2003@ 163. com
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Wi E RN 15% ) s E N 39.33 ¢ WHEABE
£ ( Epinephelus awoara ) 7%} i 7 & BL & B A
9.87% "', LULBIFEEN : AR ML (<40 g)
XS RN 3% ~15% , B AR AFE P
BEMART AR KR, Bk, A5L% UM E
278.5 g AV A BE A X B, TFST 35 B A
ARANENNEERER, AT SIS NG
B i AL SR AL St R

AR T

1.1 SEWigit 5EBHE

FEEERL RV R IS [ K P B 2, BE AR S
Fp AR 7K F- ) 56 AR, 186 7 & & 2 3
7.07% .9.92% .12. 92% . 15. 95% . i1 19. 04% ,
104 L1.12 13 14 F1 LS 41, PRy R 1. R
BHRYREfE 1 40 H T, 350 75 BL R & i R
PATIR A, AR5 A F 3 0K S AR T, K il B
R EERUG , A V BT RIB AP IREH S,
GG A G R R & 30% ~ 40% 7K J5 IR
5], 1 F-26 B XU B S50 (4 r B TR 5)
THERN 6 mm FFORLE R, KT 2K 0 & &
10% £ty , FE D43 T80T - 20 CUKFEIRTF
#Ho
1.2 XBRABRAFRERE
1.2.1  SEm )RR X YI4k

APEEAN E VLT M R A KA SR
WY, LRz B, B AR (il g —
FRERAT  HEH 46% ) — &, AR L1 4
Tt &), {2 2 W3 o SR A R AR AR
1.2.2 IR

FRFESL I 7E VLT r = 5 3 ¥ 7 X A
BT, PRIEER 278.5 g 2o RIS (K%
fEtt i A AL T & M AE . RIEER
Wit 35 b, B3 ANER, BERE
— A 1.2mx1.2mx2.5 m B, BMEEIK
20 Bfa, BRFME 2 R (07:00 F117:00) , /&
ML, FRIEH 10 /o 7K 27 ~ 29.5 C,#hEH
22 ~ 26, RS ET my/LLLLE,
1.3 HEmRERSHAE
1.3.1 #FEHRE

FIALI AR ATEATR 24 h J5, B0 #
AREAETREH, LU T 78 (1: 10 000) BRI 5 FR
=R A KSR B4 RAE YL S
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R B AT AR, TR R, W& 52 BUE
F -20 CUkFERAE, AT 2t sa . &
FEALHELS R RE IR I, MAEHA 1.5 mL 15k
B, ZRTHEE4 h)FEL (3 500 r/min, 10
min,4 C) , KRR LA - 80 CIKFEIRTF,
TS AACTE PRI E . BRI i A B 0 B N
JUE , 73 5k 8 £ B PO EE BT R I L TH I
IRHFIRERR L AR5 A B B FRALAY, or 2 T3 O
4T -80 C UKAEIRAF, Fl T LA % Mo 2
Mo BJGBENLE 3 B, 7B FIE, - 80 Cuk4E
TRAF , 2 0 B FEE TS o

®1 ZHREABEARREFKTE

Tab.1 Composition and nutrient levels of

experimental diets %
_ . Akl diets

JEB} ingredient T o B ” s

.4} white fish meal 55 55 55 55 55

INER e vital wheat gluten 12 12 12 12 12

¥y wheat flour 16 16 16 16 16
a-JEH a-starch 13.82 10.82 7.82 4.82 1.82

£y fish oil 0 3 6 9 12

KEBENSIH soybean lecithin 1.5 1.5 1.5 1.5 1.5
44z Z C vitamin C (35% ) 0.05 0.05 0.05 0.05 0.05
AL T choline chloride 0.5 0.5 0.5 0.5 0.5
A E TR} vitamin premix! 0.3 0.3 0.3 0.3 0.3
TYEBURE mineral premi® 0.7 0.7 0.7 0.7 0.7
R attractant 0.1 0.1 0.1 0.1 0.1

B Hgswk ethoxyquin 0.03 0.03 0.03 0.03 0.03
A1t total 100.00 100.00 100.00 100.00 100.00
EFE/KF nutrient levels

FY i dry matter 90.48 90.75 90.85 90.56 90.54

50.57 49.96 50.27 50.85 50.53
HMUIER crude lipid 7.07 9.92 12.92 15.95 19.04
K4y ash 15.62 15.95 15.47 15.23 15.85
1 BT RBURES :V, 10 g; V3 50 g;VE 99 g5 Vgs5.0
85 Vi1 25.50 g5V, 25 g5V 50 g5 Vpyp 0.1 g5 3ZBR4G 61 g5 R
101 g; A=W &K 2.5 g; JULEE 153. 06 g; HER 6.25 g; 41 4k K 411.59
g; 2. BT ¥ IR k& KIO, 0.03 g;CoCl, + 6H,0 4. 07
g;CuSO, * 5H,0 19. 84 g; FrEBEER%EK 13.71 g;ZnSO, - 7TH,0 28.28
g;MnSO, - 7H,0 0.12 g;Ca(H,PO,), 80 g;MgSO, + H,0 12.43
g;KCl 15.33 g;Na,Se0, 2 g; ¥hA k) 824.19 g,

Note: 1. The per kg vitamin premix content: V, 10 g, V350 g, Vg
99 g, Vg3 5.0 g, Vg 25.50 g, Vg, 25 g, Vg 50 g, V0.1 g,
Calcium pantothenate 61 g, Nicotinic acid 101 g, Biotin 2.5 g,
Inositol 153.06 g, Folic acid 6.25 g, Cellulose 411.59 g. 2. The
per kg mineral premix content: KIO, 0.03 g, CoCl, - 6H,04.07 g,
CuSO, - 5H,0 19. 84 g, Ferric citrate 13. 71 g, ZnSO, - 7H,0
28.28 g, MnSO, + 7H,0 0. 12 g, Ca(H,PO,), 80 g, MgSO, -

H,0 12.43 g, KCI 15.33 g, Na,Se0; 2 g, Zeolite powder 824.19 g.

M crude protein
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1.3.2 ¥k

SEE et A UL PR R0 A T SE T 1k
J9:7K 43 105 CHETE B vk M E BBl IR RS
(Kjeltec™ 8400 %4 ) ; g /i 2% FoAHi#R 1% (Hh IR I
R L BE) MR SY 550 CRIBREE

MR AE AR AR I 2 2R A 42 B 3h A A i A
(7020 £, Hitachi, H4%)

JFFREEAR G T 175 SR FH B 8 2 B A A ] K
RN E , N ARIES UL B, W BRI
%S ELLIS™
1.4 HEAKXESGITSHR
L4.1 HEAK

Wer (%) =100 x (W, -W,)/ W, (1)
e Wi R % (weight gain rate) ; W, Jy 5210
HIRIEE () s W, HERBIEIEE(e) o

Sen(% ) =100 x (InW, —InW, ) /D, 2)
T Sop N E A2 K & (specific growth rate) ; W,
HEBIAARIEE (g) ; W, HERVIIRIEE (g) 5D,
ES TN &

Py (%) =100 x (W, - W,) /I, (3)
FoH : Pog R H R (protein efficiency ratio) ;
W HSLIHAARIRE (g) s W, HELTHIIRIAE (g) 5

I, HEARBEAR(g) o
Fep = L/ (W, -W;) (4)
o Fop AR 3R (feed conversion ratio) ;1, Ji

RS E (g) s W N E BRI RARE (g) s W, H
LRYIRIARE (g) o

Sx(% ) =100 x N,/ N, (5)
FoH Sy LG ZR (survival rate) ; N, NSLEHAR
REGN, LR R

C¢(%) =100 x B, /B’ (6)
. C R B ( condition factor) ; B, MK
(g) 3B, AR (em)

Hy(%) =100 x H,/B, (7)
P Hy i BFA H (hepatosomatic index ) ; H, A BT
WET (5) B, WK (5) .

V4 (%) =100 x V./B, (8)
FoH : Vg M HEAE H ( viscerosomatic index) 3V, N
HEE () 5B, AEE(g) o

1.4.2  SEitsr#h

g Y LOFBIME + bR ifE 2% (Mean + SD) &
7No FH SPSS 17.0 SN B HAT AR F 5 224%
H7(One-way ANOVA) , 24 4b 3 [A] 22 5 .3 (P <
0.05) i, #47 Duncan [RZHE LK

2 4

2.1 (RABIBE 7K T 3 A B & A 4K 1 BE B (R # F
e

W2k 2 i, AP ) WGR (SGR il PER ¥
£ EJtE TRE#E%; FCR 22 b % Al PER #1%,
BETHETFREES. LI SCR M Tats, —
UK ARG A5 L, R fr BEAR X ARDRE A I
MfRiET EE N 14.44% (& 1) .

F2 ARERAENARAEKEERARF AR
Tab.2 Effect of dietary lipid levels on growth performance and feed utilization of grouper
i H items Bt diets
L1 12 13 14 L5

¥IE IBW/g 277.3 1.7 278.8 1.9 277.9 0.4 278.4 1.7 279.8 +0.8
K& FBW/g 541.8 +14.00* 559.3 9. 0% 568.0 £2.5° 600.2 +2.59 548.9 +0.3%®
HER WCR/ % 95.4 £3.9° 102.8 +2.4° 104.4 £3.4° 115.6 +1.2¢ 96.2 +0.6°
HEAEKE SCGR/ (%/d) 1.03 £0.03* 1.09 +0.02° 1.10 £0.03" 1.18 £0.01° 1.04 +0.01*
& 1 %% PER/ % 1.25 £0.06* 1.32 £0.04° 1.42 +0.05% 1.45+0.01¢ 1.36 £0.01%
)k &L FCR 1.60 +0. 08¢ 1.54 +0.04< 1.44 £0.05% 1.41 £0.01* 1.50 £0.01%
RIEZ SR/ % 96. 67 +2.89 96.67 +5.77 98.33 +2.89 100.00 +0.00 100. 00 +0. 00

E: AT B NEFRARRE2ZRBE (P <0.05) , TR,

Note: Values in the same line with different letters were significantly different( P <0.05) , the same as follows.

2.2 FARBEHKENAHELERNAERK
SHIR N

i 3 AT AL, BEE 1 RHIE B K F T, A 5E
g fh L RLIR G & B2 # bt 2 K

R TR, 2Kk HE B AL K 2
EH KK A Z ARG AP B0 o
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. L.27¥=-0.0025X>+0. 072X+0. 567, R*=0. 827
g 1.1 . .
g}z 1.0 E
ﬁa 0.9 L X=14.44%
® o8 i
i ’ :
0.7 :
3 6 9 12 15 18 21
FRHIEWI K /% dietary lipid level
E1 RARBHKESAREaSEEK
#E(SGR) ZEHXF

Fig.1 Relationship between SGR and dietary
lipid level for grouper as described by

second-order polynomial regression model

2.3 {ARBERKENARERSFERRNIIE

BE& RUEHIE 7 7K SF- T+, CF 1 VST 2 ¥ |
FHiatasE  HSL B EFH(F 4) .

2.4 ARBERKENARENRENIERIE
1]

BEA RDRHIR 5 7K Pt e , A0 B I 3 A
(glucose, GLU) | H il = ( triglyceride, TG) . &
JiH [# EE (total cholesterol, TC) F1 15 &% & I8 & H
(high density lipoprotein cholesterol, HDLC ) 7K 3
¥ I, AR % B IR & E (low  density
lipoprotein cholesterol, LDLC) #11 & & H ( total
protein, TP) & ¥ FR&E(P <0.05), WFES5,

=3 ABEHAKENARESEMIAERESHZR (FHOR)
Tab.3 Effect of dietary lipid levels on whole body and muscle composition of grouper (DM) %
i H items Bt diets
L1 12 13 4 L5
481 whole body
7K 4y moisture 68.46 +1.32 67.39 +5.53 69.09 +3.37 69.44 +4.23 69.96 +2.93
HBEE crude protein 61.13 +1.14 60.64 +0.71 60.07 +0.42 60.09 +0. 16 59.97 +1.25
HJE crude lipid 21.56 +0.89* 21.96 +3.21* 22.87 +1.86* 24.02 +1.39% 26.41 +1.66"
K4y ash 13.56 +0.92° 12.88 +0.73" 13.99 +0. 86" 11.40 +1.36% 10.79 +1.18®
JULY muscle
7K 4y moisture 77.05 £2.8 77.16 +1.53 77.04 +1.37 76.48 +1.32 76.86 +1.09
HMB ] crude protein 86.59 £0.53 86.15 +0.41 86.21 £0.77 85.19 £0.94 85.14 £0.27
HLE; crude lipid 4.86 +0.30° 5.24 £0.47% 6.02 £0.33" 6.93 £0.62° 7.07 £0.23¢
K4y ash 5.92+£1.28 5.49 £0.35 5.42 £0.27 5.31£0.20 5.37 £0.28
F4 ARERAENARARSFEEROIN
Tab.4 Effect of dietary lipid levels on CF, HSI and VSI of grouper %
TUH items Rl diets
L1 12 13 4 L5
Bk EE CF 2.43 £0.15* 2.48 £0.19° 2.89 £0.12° 2.74 £0.12% 2.88 £0.24"
JHF4A L HST 3.90 +0.19* 4.33 £0.07° 4.30 £0.28° 4.31 £0.25° 4.79 +0.09¢
ML VST 8.93 +0.24* 9.09 +0.35* 10.03 0. 62° 9.98 +0.29° 10.05 +0. 48"
=5 ARBERRAFEXN AR A DR EN BRI
Tab.5 Effect of dietary lipid levels on plasma biochemical parameters of grouper
SUH items ikl diets
L1 12 13 4 L5
MEE TP/(g/L) 43.00 £1.00>  40.67 £1.53>  37.00£1.73* 37.00 £2.00* 34.67 £1.52°
#i%jk% GLU/(mmol/L) 1.72 £0.05% 1.58 +0.04* 1.90 +0.04° 2.25 +0.08°¢ 3.15+0.29¢
H3l =& TG/ (mmol/L) 1.11 £0. 14* 1.78 £0.02% 1.73 £0.44% 2.64 £0.99% 3.28 £0.62°
24 JIH[E 2 TC/ ( mmol/L) 3.57 £0.31° 4.13 £0.23* 4.03 £0.25* 5.30 £0.62° 6.10 £0.50°
B EENE E 1 HDLC/ (mmol/L) 0.91 £0.11* 1.22 £0.22b 1.19 £0.15% 1.37 £0.14° 1.68 £0.16°
&2 BEAS & 1 LDLC/ ( mmol/L) 1.91 £0.34° 1.46 +0.69% 1.56 £0.26% 1.32 £0.14® 0.94 +0.29*
2.5 {ARBERA/K T3 A BT & AT AR EE R A9 ( hepatic lipase, HL ). J§ & H B

BE & 1R RE W K SF Tt e, B RE T B

http: //www. shhydxxb. com
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dehydrogenase, MDH ) I f7 ¥ 2 2 i T P& H, A,
12 i = B (lactate dehydrogenase, LDH) I% 712 ¥}
LFto JHF RE 8 1 B B2 B§ ( alkaline phosphatase,
AKP) . #8 & 1k ¥ ;4L B ( superoxide dismutase,

SOD) F¥ i (lysozyme , LZ) 1M 2 & E1e 5E
Fa# BREWEBR R (acid phosphatase, ACP) &
WTREEE(FR6),

6 {RRIBE R KT B & BT AR R M R R0
Tab.6 Effect of dietary lipid levels on enzyme activities in liver of grouper

¥l diet
i H items Bkt diets
L1 13 14 L5
JiFHgHE HL/ (U/mg) 0.73 £0.05¢ 0.65 +0. 14" 0.49 +0.09% 0.48 +0.09% 0.46 +0.06*
MR E GG LPL/ (U/mg) 0.77 £0.05" 0.70 0. 09" 0.65 +0.06" 0.50 £0.11* 0.45 +0.01*
A SH LDH/ (U/mg) 1083.24 +£66.45% 1224.61 +127.74® 1254.01 £29.40°> 1379.01 +218. 83" 1493.64 +35. 54¢
SR BRI S UEE MDH/ (U/mg) 7.86 +1.48" 7.63 +1.47° 6.47 £0.62% 5.94 +0.28% 4.86 +0.37*
WML EE AKP/ (U/g) 12.23 +0.79° 14.95 £1.58%  14.24 +0.86®  17.63 +3.76" 15.53 £2.18%
ER PR RREE ACP/(U/g) 154.55 £7.03°  144.12 +11.52¢ 121.49 £9.08® 126.24 +3.05>  108.82 +7.99°
#E ALk SOD/ (U/mg) 51.08 +4.09*  58.46 £2.69®  65.06 +3.02"  75.34 +6.68° 68.34 +2.71%
VG L2/ (U/mg) 150.00 £9.00*  185.00 +13.23> 212,00 £13.11¢ 205.67 +3.79%  220.67 +17.62¢
3 3 j‘i A ( Rachycentron canadum) (20] gy s ok Btk S 48
N TE

TEASSE5 b, Bl RLAR B 7K P 19 i, WGR
1 SGR RIVKHFTF )G T REMESE, R EHH
PTE 14 1, KRR & & a8 s s, 7T LA
R B f B ARG, TR 5 B ARDRH AR B 7K 7 T
RAPEAERAR, BR1E M RHE B KA R I,
= BRI 7K EU AR R Wi 7K B B i A KR, AR
YE“RE Wi xt & AR B9 Ao ", B dha
(Argyrosomus regius ) ") F1 4 ¥ 4 ( Atractoscion
nobilis) ' RS T A LMANF ML R, (Hik
AHFERM, R RS 2 IR AT S Bk
BE R M AE KT B, W% 8 ( Dentex
dentex) "™ SEEARM( Carassius auratus gibelio) Fl
B #ifi ( Leiocassis longirostris Gunther) ", Z<Hf
FEEERFW, HIARHIENT & Bik % 14. 44% i, £
P ) AR RE R R BOA B B (B 1), B
FBRCR R R R B s iR E AR
WA FEIR . AL, BEE RURHIE B K e
PER 25 ARG S, X 54068 K J7 bl
( Takifugu rubripes) "' FIBF 2 45 R — 3., A
WrsE R, B B BRI R K 2 —E K
AL o X AT B T — R K B4 A 1
I Y Rk b AT R A B BB, {8 2R 1 B4 4L BB R
fi%, TR R T & BRI TTRE,

2 S5 R A B 4 F R0 L PR B T O W
EF. KW tfgh sl & &EE H RIS
KFEHF RN, RERE  EEm

PRBE I & B S1RDRHIE I 7K 7 2 1EAH 56 ; 45 S 56 o
R KA B AENAEASSELE
ERW, 505 A RS REL, T A
( Siganus rivulatus ) ' FRYBIF 5% 45 5 2% B AR R B
MR T & FMULA K E B & &, SHEARER
22BN by .25 B 1R B4 32 TR R R R (LA
PEFIGE) RSN R (DR A 5E) My 3L [F] 2 ma
HAREAMKS SRS ARMERIBE(NER
R)EX, MK & & EEZINEREZ0 .

FTE A8 bR 51 R 5 7K T 25 D) AR
SRR VST K 3k d7 9 HIS'™ B 4 ek i
5 7K 3 i B T, SA LR, FFH
UK CF BEE BRI K E A" 25 LA E
TR T Sk 65 ) CF )2 ¥ 7+
#EE T FH R WU 8% ( Elopichthys
bambusa) ' 5L 16 45 T E B CF K 24708 B
IKPH N, SEER S5 R AN [R] AT BB YR T 4]
BRI 7K RSk IR R RN T E A
I

HERR AR 1 28 9 I VR AR AL TS A 1 28 AL AR
BHRITFT i a2 fg iR 0 K3 4R 6HE 577K 7 A
BIRPEHATIEAE " o BE8( Cyprinus specularis)
IMi¥E TP TG TC F1 GLU ¥ B Fifi & g 17 7K ~F- iy 3
I A S U 4 R — B A PR S R
48 Ry i |k VP 62 ( Gadus morhua
L), M BAEE A SIS (B H
MW=H8) 456 )5 M MLz B BT, DA 46 JFF Ik

http: //www. shhydxxb. com
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OB RSN JE 4L 2 B W AR R 35 P > . 78
AL, A REHR B K7 19 7t 1% HDLC
B FH R, LDLC T [ 5 7 JE i 553 4 = 0 )y i )
BHIRI KB 7 = L HDLC ¥ 2 i i , T
LDLC ¥ 2356 L FHE FRemBH ™ . i
% HDLC 1 LDLC ¥ B 24 BB AR 1 7K ~F- i v i o
60 o SCURSE A2 5T BRI T A R VR %5
IR LLEEAR 5 i 3% GLU ¥ B [R) 1)t fi s
AKFRIEART  BEE R KT8 ,
3 TP B P BRI GEREA B,

HL F1 LPL 2 28k 2 5 B s K g iy i
T SCHEEG , HL A] {23 LDLC 0L BEGSCRL BRI A
P4, 3F B2 5 HDLC #i %%z fl HDLC kL
MRS . LPL RESE/K A & & H it =g A i 2
H, PR AR AR o A SIS SRR W
KFFH, AP A FIE HL #1 LPL 5 & T
ek 5 1 B AR r 5 0 O 22 ¥ g 3y {8 5 £ AR B s
AR . (AR (WIE S. 4 g) LB REK
B, BETRHIR 7K P59 7t , HL A LPL #3574 18
EARET LR RAANF A REIE T A L
AYVIRARE TR AR AP AR, SERBRIG
2V (MDH ) 7178 %5 ¥ 7S BERR Ji 2088 ( G-6-PD ) 1§
PERR IR E # R R 2| NADPH () 4 i & , 3 T 3%
WA R BT A R ZEAR SR B 1
BHEI K=, FFIE MDH & J 28 PR iX 5
%ot 9E N il /R #85 ( Solea senegalensis ) ) f) B 5% —
B ULIBEE BRI K PR S E—E R E EW
il T AR B e & R, BEE R K
I R FLER i S (LDH) ¥t i B 7t
et RS BIMGS R

AW TR B, BEE 1R 5 7K -3 n, A4 B
fa i AKP SOD F1 LZ 3% /3% b F+, ACP &
Wk, R ARARMPIREIREN, LZ [EHER
TR 2 B S I R IE AR S o i T e A
Hh SOD 1 77 BEAE W 7K FH = T R, ) s
Wik Fxt AKP St e tshnii s BEwm™ . %
8 I/ SOD 1% P4 Fif & 1) BLAR W5 7K F i s 25
IR T e GBI SOD A LZ BT
RS 7K (38 i e 7 Ja PR o et
JI IR R P BB BB AR AR 5 7K R AR
W RIIRR S BRI INA K.

8 ERTR EAR LR T AAE 278.5 g &2
A H SR B R A BE £ X AR o AR 7 I R I R

http: //www. shhydxxb. com

EEN14.44% ,

SELH:
(1] REP. SASERBROGHIT (D). PRt LRI
%#,2009 .72 -78.

SONG L P. Study of nutritional requirement of jade perch
(Scortum barcoo) [ D]. Jinan: Shandong Normal University,
2009:72 -78.

[2] NG W K, ABDULLAH N, DE SILVA S S. The dietary
protein requirement of the Malaysian mahseer, Tor tambroides
(Bleeker) , and the lack of protein-sparing action by dietary
lipid [J]. Aquaculture, 2008, 284 (1/4) ;201 -206.

[3] LUOZ, LIUY J, MAI K S, et al. Effect of dietary lipid
level on growth performance, feed utilization and body
composition of grouper Epinephelus coioides juveniles fed
isonitrogenous diets in floating netcages [ J]. Aquaculture
International ,2005,13(3) ;257 -269.

[4] ©LINY H, SHIAU S Y. Dietary lipid requirement of grouper,
Epinephelus malabaricus, and effects on immune responses
[J]. Aquaculture, 2003,225(1/4) ;243 -250.

(5]  ERZE, W, M3Es, & R En B A Rk

Xb i A BE A i [T]. DRk, 2010, 31
(14) .7 -9.
WANG Q K, CHEN C X, XING K Z, et al. Effects of
dietary protein, carbohydrate and lipid on growth performance
of grouper ( Epinephelus malabaricus) [J]. Feed Industry,
2010, 31(14) ;7 -9.

[6] TUAN L A, WILLIAMS K C. Optimum dietary protein and
lipid specifications for juvenile malabar grouper ( Epinephelus
malabaricus) [J]. Aquaculture,2007,267 (1/4):129 -
138.

(71 S YRJmh g 5w £ BE %) py kIS 1 3 BR 5%
[J]. B HE,1996,15 (s):55 -58.

MA P. Influence of lipid diet on fat accumulation in gut of
juvenile red-spotted grouper [ J]. Journal of Oceanography in
Taiwan Strait, 1996,15 (s) ;55 —58.

[8] YOSHII K, TAKAKUWA F, NGUYEN H P, et al. Effect of
dietary lipid level on growth performance and feed utilization
of juvenile kelp grouper Epinephelus bruneus [J]. Fisheries
Science,2010, 76 (1) :139 - 145.

(9]  JASLLL, $AZRA , Brae e, A BEA RS A R b s i &
B RPI (1], BITKEBeH,1995,17 (2) :13
-17.

ZHOU L H, HU J C CHEN X H. The most suitable content
of fat in the artificial diets to culture Epinephelus awoara
[J]. Joural of Xiamen Fisheries College, 1995,17 (2) :13
-17.

[10] ELLIS A E. Lysozyme assays [ M]//STOLEN J S,FLETCHER
T C, ANDERSON D P, et al. Techniques in Fish
Immunology. SOS Publications, Fair Haven, NJ, USA,1990:
101 -103.



134

R, 5 SRR A A R R R 91

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

YIGIT M, KOSHIO S, TESHIMA S, et al. Dietary protein
and energy requirements of juvenile Japanese flounder,
Paralichthys olivaceus [ J]. Joural of Applied Sciences,
2004,4(3) : 486 —492.

CHATZIFOTIS S, PANAGIOTIDOU M, PAPAIOANNOU N,
et al. Effect of dietary lipid levels on growth, feed
utilization, body composition and serum metabolites of
meagre ( Argyrosomus regius) juveniles [ J]. Aquaculture,
2010, 307(1/2) :65 -70.

LOPEZ L. M, DURAZO E, VIANA M T, et al. Effect of
dietary lipid levels on performance, body composition and
fatty acid profile of juvenile white seabass, Atractoscion
nobilis [ J]. Aquaculture, 2009, 289 (1/2) :101 -105.
ESPINOS F J, TOMAS A, PEREZ L M, et al. Growth of
dentex fingerlings ( Dentex dentex) fed on diets containing
different levels of protein and lipid [ J]. Aquaculture, 2003,
218 (1/4) :479 —490.

PEI Z, XIE S, LEI W, et al. Comparative study on the effect
of dietary lipids level and feed utilization for gibel carp
( Carassius auratus gibelio) and Chinese longsnout catfish
( Leiocassis longirostris Gunther ) [ J ].
Nutrition,2004,10(4) :209 -216.

KIKUCHI K, FURUTA T, IWATA N, et al. Effect of dietary
lipid levels on the growth, feed utilization, body composition
and blood characteristics of tiger puffer Takifugu rubripes
[J]. Aquaculture,2009,298 (1/2):111 -117.

AR, EER, XIS0K, 5. FRIE K38 A
KVEFY BN B AR A B [J]. TL9R R3],
2012,28(5) :1088 —1095.

ZHANG C N, WANG A M, LIU W B, et al. Effects of
dietary lipid levels on growth, nutrient digestibility and body

Aquaculture

composition of Chelon haematocheilus [J]. Jiangsu Journal of
Agricultural Science,2012,28(5) ; 1088 - 1095.

Boak, ik, B30, 45 Kyrshghe BRb B Ry
WHFRERP [J]. KEWEH K ¥H,2013, 28
(2):179 -184.

CHEN B, PENG Q, LIANG W, et al. Optimal macronutrient
composition of formulated diets for juvenile longsnout catfish
Leiocassis longirostris Gunther[ J]. Journal of Dalian Ocean
University, 2013, 28(2) :179 - 184.

fss, Y, M, & FEEMLaxEa R
Wi Btk A iR BBESE [T]. LRkl REA%4K,
2014,41(1) :30 -37.

HE J X, CUI K, XU X Y, et al. Optimal dietary
requirements of protein, lipid and carbohydrate for juvenile
gibel carp ( Carassius auratus gibelio) [ J]. Journal of Anhui
Agricultural University, 2014,41(1) :30 -37.

WANG J T, LIU Y J, TIAN L X, et al. Effect of dietary
lipid level on growth performance, lipid deposition, hepatic
lipogenesis in juvenile cobia ( Rachycentron canadum) [J].
Aquaculture, 2005, 249 (1/4) ;439 —-447.

GHANAWI J, ROY L, ALLEN D A, et al. Effects of dietary

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

lipid levels on growth performance of marbled spinefoot rabbit
fish Siganus rivulatus [J]. Aquaculture,2011,310(3/4)
395 -400.

SHEARER K D. Factors affecting the proximate composition
of cultured fishes with emphasis on salmonids [ J].
Aquaculture ,1994,119(1) ;63 - 88.

FFHBH, 22076, XISOR, . RIFEEEBAEIKEx
1 Sk A K M R AN R AL [J]. KA A
#2,2012,36(5) :826 —836.

JIJANGY Y, LI X F, LIU W B, et al. Effects of different
protein and lipid levels on the growth performance and body
of blunt
Amblycephala) yearlings [ J]. Acta Hydrobiologica Ainica,
2012, 36 (5) :826 - 836.

B, mis, XA, . FF O RUE AR IS BRI
ERMPIIT [J]. S FF#,2007,19(3) :232 -236.
DUAN B, XIANG X, ZHOU X H, et al. The optimal lipid
content of feed for Schizothorax prenanti[ J]. Chinese Journal
of Animal Nutrition, 2007,19(3) ;232 -236.

RIGIR, RIBBE, M, & DRI I K P g £ A
KRBT B AR BRI [J]. ARl KA
#2,2012,31(3) :357 - 363.

ZHAO Q E, ZHU B K, SHEN F, et al. Effect of dietary
body composition and blood
biochemical indices of juvenile yellowcheek carp ( Elopichthys

composition snout bream ( Megalobrama

lipid levels on growth,

bambusa) [J]. Journal of Huazhong Agricultural University,
2012,31(3) :357 -363.
BOND C E. Circulation, respiration, and the gas bladder
[M]// BOND C E. Biology of Fishes. London; W. B
Saunders Company Press, 1979 347 -374.
WAKR, VPR, EWE, % AFEEE T BRI AP
S AR B ATy £ JH U U S N M R L ¥ A Ak B T 4L
SErRsE [J]. ZRAeRl K241 ,2012,43(9) 1118 -
126.
XUQY, XUZC, WANG C A, et al. Effect of dietary lipid
levels on liver free fatty acids, serum biochemical parameters
and liver histological structure in mirror common carp at
different temperatures[ J]. Journal of Northeast Agricultural
University, 2012,43(9) ;118 -126.
MARTE A K, ANNE V, GERD M B, et al. Characterisation
of lipid transport in Atlantic cod ( Gadus morhua) when
fasted and fed high or low fat diets [ J]. Aquaculture,2009,
288(3/4) : 325 -336.
DEPLANO M, CONNES R, DIAZ J P, et al. Intestinal
steatosis in the farm-reared sea bass Dicentrarchus labrax
[J]. Diseases of Aquatic Organisms, 1989,6 (2):121 -
130.
FEE, #hY), RIEY, F. REHRE KI5 e 55 o ]
MABAEACTRFR R [J]. BRI aRess i A ARRE
i ,2010,29(3) ;222 -226.
WANG A Y, HAN B, SONG L P, et al. Effects of dietary

lipids on the serum biochemical indices of sooty grunter[J].

http: //www. shhydxxb. com



92

E® B ¥ K ¥

|

24 %

[31]

[32]

[33]

[34]

[35]

[36]

Journal of Zhejiang ocean University ; Natural Science, 2010,
29(3):222 -226.

CHOI S'Y, GOLDBERG I J. CURTISS L K, et al. Interaction
between ApoB and hepatic lipase mediates the uptake of
ApoB-containing lipoproteins [ J]. Joumnal of Biological
Chemistry, 1998,273(32) :20456 —20462.

AUWERX J, LEROY P, SCHOONJANS K. Lipoprotein
lipase: recent contributions from molecular biology [ J].
Critical Reviews in Clinical Laboratory Sciences,1992,29(3/
4).243 -268.

AR, ERR, XSOK, % FRIENIAKEX R A 1EV
VIR WA B DT ARG P i [T]. op (K™
Bl2,2013,20(1) ; 108 -115.

ZHANG C N, WANG A M, LIU W B, et al. Effects of
dietary lipid levels on fat deposition, lipid metabolize enzyme
and antioxidantic activities of Chelon haematocheilus [ J].
Journal of Fishery Sciences of China, 2013,20(1): 108 -
115.

SCOTT R A, COMNELIUS S G, MERSMANN H J. Effects
of age on lipogenesis and lipolysis in lean and obese swine
[J]. Journal of Animal Science,1981,52(3) :505 —511.
LEE Y B, KAUFFMAN R G. Cellularity and lipogenic enzyme
changes activities of porcine intramuscular adipose tissue
[J]. Journal of Animal Science,1974,38(3) :538 —544.
JORGE D, REBECA R J, STEPHAN P, et al. Effect of
dietary lipid

deposition and metabolic hepatic enzymes in juvenile

carbohydrate-to-lipid ratios on growth,

http: //www. shhydxxb. com

[37]

[38]

[39]

[40]

Senegalese sole ( Solea senegalensis ) [ J]. Aquaculture
Research, 2004 ,35 (12) :1122 - 1130.

HERE, ZE0R, SR, 4. FRNIR K XA B A ek
A AR R B BRI [J]. RERABe
#%,2011,18(2) :23 -31.

CUI P, JIANG Z Q, HAN Y Z, et al. Effects of dietary lipid
levels on body pigmentation, growth, partial physiological and
biochemical indexes of omamental carp ( Cyprinus carpio L)
[J]. Joumal of Tianjin Agricultural University, 2011, 18
(2):23-31.

LIN Y H, SHIAU S Y. Dietary lipid requirement of grouper,
Epinephelus malabaricus, and effects on immune responses
[J]. Aquaculture, 2003,225(1/4) ;243 -250.

INEE, Bk, LEMR, F. FRIRIK xR Ak AR
JUI e R R RN [J]. RIEMWFERFEEH, 2011, 26
(5) :397 -401.

SUN X J, LUO L, JIANG Z Q, et al. Effects of dietary lipid
levels on body pigmentation and immune indicators in Koi
carp Cyprinus carpio[ J]. Journal of Dalian Ocean University,
2011, 26(5) :397 -401.

VA, XINE, fRarA, . RBEEREDRIE WK P X AT
b RATAMRE ) [J]. RIEWwHR M,
2012,27(5) :429 -435.

XU Z C, LIU H, XU Q Y, et al. Effects of dietary lipid
levels on immunity and antioxidant function in Songpu mirror
carp at different temperatures [ J]. Journal of Dalian ocean
University, 2012,27(5) :429 -435.



134 R, 5 SRR A A R R R 93

Dietary lipid requirement of grow-out grouper ( Epinephelus coioides )

DONG Xiaohui, YANG Junjiang, TAN Beiping, YANG Qihui, CHI Shuyan, LIU Hongyu, ZHANG Shuang
(Fisheries College, Guangdong Ocean University, Zhanjiang 524088 ,Guangdong, China)

Abstract: The present study was performed to investigate the requirement of lipid for grow-out grouper. Fish
(initial body weight 278. 5 g) were fed isonitrogenous diets containing five graded lipid levels (7. 07% ,
9.92% ,12.92% ,15.95% and 19.04% ) of fish oil and soybean lecithin for 10 weeks. The results showed
that: Weight gain rate, specific growth rate and protein efficiency ratio significantly increased, then decreased
(P <0.05) with increased dietary lipid levels. Feed conversion ratio showed an opposite trend with weight
gain rate. Survival of treatments were not significantly affected by the dietary lipid levels( P >0.05). Whole
body and muscle crude lipid content first gradually increased, then stabilized and whole body ash gradually
decreased with the dietary lipid level increased. Moisture and crude protein in whole body and moisture,
crude protein and ash in muscle were not affected by dietary lipid levels (P >0.05). With increased dietary
lipid levels, condition factor and viscerosomatic index gradually increased and then stabilized and
hepatosomatic index gradually increased. Plasma glucose, triglyceride, total cholesterol and high density
lipoprotein cholesterol levels significantly increased with increased dietary lipid levels (P <0.05), and total
protein, low density lipoprotein cholesterol decreased significantly (P <0.05). With increased dietary lipid
levels, the hepatic lipase, lipoproteinesterase and malic dehydrogenase activity gradually decreased, but
lactate dehydrogenase activity gradually increased. Alkaline phosphatase, superoxide dismutase, lysozyme
activities first increased, then stabilized with increased dietary lipid levels and acid phosphatase vitality
significantly decreased (P <0.05). On the basis of specific growth rate, the optimum dietary lipid level,
determined by second-order polynomial regression analysis is 14.44% for grow-out Epinephelus coioides.

Key words: Epinephelus coioides ; lipid; growth performance; biochemical parameters; digestive enzyme
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