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1.1 5 ( 1):1) ( HP-HL) (48%
+12% );2) ( MP-HL) (43% +12% ):3)

( LP-HL) ( 38% +12% );4) ( HP-ML) (48% +
10% ) (HP-LL) (48% +8% )
1
Tab.1 The compositions of experimental diets %
Diet designations
Ingredients
HP-HL MP-HL LP-HL HP-ML HP-LL
Fish meal 52 44 36 52 52
Soybean meal 25 25 25 25 25
Fish oil 5 5.7 6.3 2.5 0
Soya bean lecithin 1 1 1 1 1
Wheat flour 15 15 15 15 15
Vitamin mixture 1 1 1 1 1
Mineral mixture * 0.5 0.5 0.5 0.5 0.5
Choline chloride 0.5 0.5 0.5 0.5 0.5
Cellulose 0 7.3 14.7 2.5 5
40 30
min . m :V =10g :3~5 mL
6 mol « ™' NaOH pH 7.
3.0 mm 10% -20 C
. 2,
2
Tab. 2 The compositions of the experimental diets %
Diet designations
Diet composition
HP-HL MP-HL LP-HL HP-ML HP-LL
Dry matter 88.99 85.79 87.98 86.35 87.29
Crude protein 48.37 43.48 36.77 48.82 49.23
Crude lipid 12.29 12.88 13.23 10.79 8.41
Crude ash 12.96 10.95 9.13 12.50 12.02
1.2 .
30 o 2
(14.01 +0.47) ¢ 15 500 L 23 . .
HP-HL 4 8:00 HP-HL 17: 00 MP-HL
LP-HL HP-ML  HPIL ( ) 3 8
2.2 Lemin"" 24 h o
. (28 1) Co ALLAN 2“ (
>7.05mg *+ L™" pH8.05~8.23 30.16 ~35.23 <0.11mg * L") 1

2

o



1.3 24 h ( MS=222)
N o 12 4 8
4 5mlL EP 2
o 2
Bouin o 5000 r * min "' 10 min o
1.4
1.4.1 1) i 2) 1 3)
14) 600 °C 24 h .
1.4.2 ( Hitachi 7170A  Japan) o
( GPT) (GOT) ( GGT) ( ALB) (GLO) ( GLU) (TP)
( CHOL) (TG) ( HDL-C) (LDL-C)
1.4.3 10 4 °C 5000 r * min"~'
15 min o Elisa ( R&D)  Bio-Tek ELX800
N N N 6 - N o
1.4.4 Leica ( 6 pum) -
( Nikon Eclipse 80i Japan) . o
1.5 (WG) = ( - )/ x 100% ; ( PER) =
/ ; (P = / ; (PPV) =
/ ; (CF) = / ’x100% ; (VSI) = / x 100% ;
(HIS) = / x 100; = / x 100%
g cmo
1.6 + SPSS12. 0
( ANOVA) (n=3) Duncan’ s o
2
2.1 3 HP-HL (WG6)
HPLL (P>0.05) HP-L
3 8
Tab.3 The growth performance and feed utilization of juvenile Epinephelus coioides fed the experimental diets for 8 weeks
Diet treatments
Project
HP-HL MP-HL LP-HL HP-ML HP-LL
IBW /g 13.81 £0.45 13.83 +£0.83 14.10 £0.52 14.32 +0.22 13.98 +0. 18
WG/1% 142.2 £22.4 119.2 £29.6 123.6 £29.7 135.7 +£15.6 101.6 £25.2
PI/(g*kg™") 337.1+27.3ab 339.9 +37.3ab 305.4 +21.2b 356.5 +26.2ab 361.1 +13.6a
PER/% 1.74 +0.03ab 1.58 +0. 10ab 1.81 +0.30a 1.62 +0.17ab 1.39 +0.23b
PPV % 0.27 £0.01 0.25+0.03 0.30 £0.04 0.27 +0.04 0.24 £0.04
SVI1% 87.0+11.5 76.8 +6.6 84.1+13.3 84.1+£10.9 82.6 +4.4
+ (P <0.05) . IBW:
s WG ; PI . PER: ; PPV Y
Note: Values are means * sd. of three replicates and values within the same row with different letters are significantly different
(P < 0.05) similarly hereinafter IBW: Initial body weight; WG: Weight gain; PI: Protein intake; PER: Protein efficiency ratio;

PPV: Protein productive values; SV: Survival ratio
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( PI) LP-HL (P<0.05) . HP-LL
( PER) LP-HL (P<0.05) . LP-HL ( PPY)
HPL (P>0.05) . HP-HL (SV)
(P>0.05),
2.2 4 HP-ML ( CF)
MP-HL HP-ML .LP-HL HPHL . MP-HL (VS
( HSI) 2 (P >0.05) . HP-HL HP-
ML (P<0.05)
4 8
Tab.4 Morphological indices of juvenile Epinephelus coioides fed the experimental diets for 8 weeks
Diet treatments
Morphological index HP-HL MP-HL LP-HL HP-ML HP-LL
CF/(g*cm™) 3.80 £0. 17ab 3.33£0. 11c¢ 3.90 £0.09a 4.04 £0.21a 3.42 £0.44bc
VSI/ % 6.34 £0.37 6.75 £0.19 6.57 £0.72 6.14 £0.54 6.12 £0.67
HIS % 1.61 +0. 14 1.95+0.53 1.73 £0.49 1.49 £0.21 1.73 +0.56
IPF 1% 0.82 0. 10b 1.10 +0. 38ab 1.02 +0. 14ab 1.25 +0.2la 0.89 0. 11ab
. CF o VSI ; HIS . IPF

Note: CF: Condition factor; VSI: Viscerosomatic index; HIS: Hepatosomatic index; IPF. Intraperitoneal fat

2.3 5 HP-ML
. . (P <0.05) HP-LL
(P<0.05) LP-HL
(P <0.05) . HP-ML (P <0.05)
(P>0.05) . HP-ML (P>0.05) .

5 8
Tab.5 The whole body muscle compositions ( fresh-weight basis) of juvenile Epinephelus fed

the experimental diets for 8 week g kg™
( Diet treatments)
Compositions HP-HL MP-HL LP-HL HP-ML HP-LL
Moisture 740.2 +7.3a 741.7 +1.2a 725.1 +4.6b 729.5 +6.1b 731.2 +6. 4ab
Protein 160.6 +4.9b 163.8 +2.5b 164.8 +2.7b 170.9 +1.5a 165.2 +3.0b
Vz:ie Lipid 79.7 £1.8b 69.2 £3.6¢ 88.8 +4.2a 73.3 £6.4bc 59.6 £4.6d
Ash 48.63 +1.66c  51.67 +1.14bec  52.20 £1.25abc  54.13 £2.35ab  55.50 £2.69a
Moisture 754.8 £9.2a  746.7 =11.0ab 744.9 +9.4ab 735.1%2.1b 748.0 +2. 4ab
Protein 198.3 £4.0b  208.6 +10.0ab 204.7 +4.4b 215.9 £3.9a 200.0 +1.5b
muscle Lipid 57.2£3.1 63.2£3.6 65.6 +10.1 67.8£4.0 62.0+7.4
Ash 15.13+0.87¢  15.20+0.43bc ~ 16.13 £0.80abc  16.27 £0.06ab  16.57 0. 06a
2.4 HP-ML ( GPT)
(P<0.05) . MP-HL ( GOT)
(P>0.05) . MP-HL ( GGT) . ( ALB) .



( GLO) HP-HL  LP-HL

(P<0.05) . HP-LL ( ALB)

(P<0.05),

( GLO)
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Tab.6 Plasma immune indexes of juvenile Epinephelus coioides fed the diets in the feeding trial for 8 weeks

Diet treatments

Immunity indexes HP-HL MP-HL LP-HL HP-ML HPL

GPT/(U L") 6.00b 2.00b 5.33 +4.04b 10.00 £1.73a 4.33 £1.53b

GOT/ (U« L") 117.0 149.0 113.7 £43.9 98.3 +18.6 135.0 £66. 6

GGT/(U-L™") 4.00¢ 13.00a 6.33 4. 16bc 11.00ab 8.67 £4.93abc

ALB/(g+L™") 4.40b 5.10a 3.17 £0.40c¢ 3.83 £0.42b 2.33£0.51d

GLO/(g<L™") 27.70cd 37.20a 28.73 +2.03bc 31.10 £1.73b 24.87 +2.93d
. GPT ; GOT ; GGT . ; ALB . GLO

Note: GPT: Glutamate pyruvate transaminase; GOT: Glutamic-oxaloacetic transaminase;

ALB: Albumim; GLO: Globulin

GGT: Glutamyltranspeptidase;

7 MP-HL
( LDL-C)

(TP) . ( CHOL) .
(P<0.05) . HP-ML
(1.77 £0.06) mmol » L' HP-LL
(1.33+0.64) mmol * L' (P>0.05) . HPHL
(4.03£0.59) mg+ L™ (3.20mg * L™") (P <0.05) .

(TG)

( GLU) HP-HL

7

8

Tab.7 Plasma biochemical compositions of juvenile Epinephelus coioides fed the diets in the feeding trial for 8 weeks

Diet treatments

Biochemical compositions HP-HL MP-HL LP-HL HP-ML HPLL

TP/( g+ L") 32.10 £0.00b  42.30£0.00a  31.90+2.31b  34.93«1.77b  27.20 =3.35¢
GLU/(mg+ L") 3.20b 3.90ab 3.67 £0.35ab  3.77 20. 12ab 4.03 £0.59a
TG/( mmol *+ L") 2.20ab 2.50a 1.87 £0.55hc 1.60 £0.17¢ 1.40 £0.17¢
CHOL/( mmol » L") 4.40b 6.60 +0.00a 3.50 +1.22b 3.50 +0.26b 3.30 +0.30b
HDL-C/( mmol * L") 1.60 1.50 1.47 £0.15 1.77 £0.06 1.33 £0.64
LDL-C/( mmol * L™") 1.80 +0.00b 3.96 +0.00a 1.19 £0.85b 1.01 £0.28b 1.33 £0.47b

. TP 7 GLU ;TG ; CHOL ; HDL-C ;

LDL-C

Note: TP: Total Protein; GLU: Glucose; TG: Triglyceride; CHOL: Total cholesterol; HDL-C: High density lipoprotein cho—
lesterol; LDL-C: Low density lipoprotein cholesterol

2.5 8 HP-ML  HPAL
(HPHL) (P <0.05) ., HP-HL .MP-HL LPIL
(13.95+2.94) (13.97+2.72) (9.30+0.01) U+ mg""
(P>0.05) . LP-HL
(P>0.05) , HPAL 6 (P<0.05) .
G-6-PD LP-HL G-6-PD .
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LP-HL
(P>0.05),
( MDH)
(P>0.05) . HP-ML
8

HP-HL
(0.06 £0.01) (0.06 +0.01)

8

MP-HL

(P<0.05)
LPHL

(0.08+0.03) U * mg™
(HP-HL) (P <0.05)

Tab.8 The activities of enzymes in intestine and liver tissues of juvenile Epinephelus coioides fed the diets

in the feeding trial for 8 weeks

Diet treatments

Enzyme activity

HP-HL MP-HL LP-HL HP-ML HP-L
/(U*mg™")
. 13.95+£2.94a  13.97 +£2.72a  9.30 £0.01ab 7.51 £2.52b 6.62 £0.42b
Lipase
intestine /(U *mg™")
. 2 501 £249 2 513 £350 2 000 £423 2 300 £527 2 300 £342
Trypsin
G6PD/( Usmg™) 0.37 £0.08b 0.21 +0.06¢ 0.15 +0.07¢ 0.23 £0.06¢ 0.48 £0.03a
i (IDH) ?/(kIU * mg™')  5.78 +0.44b 12.42 £6.10b  23.57 £6.25a  11.08 £2.57b 6.88 £1.21b
iver
(MDH)*/ (U+smg™') 0.06£0.01b 0.06 +0.01b 0.08 £0.03ab 0.12 +0.03a 0.09 +£0.03ab
. G-6-PD: ; IDH: ; MDH:

Note: G-6-PD: glucose-6-phosphate dehydrogenase; IDH: Isocitrate dehydrogenase; MDH: Malate dehydrogenase

2.6 |
HP-HL. HPLL
( [ -ace ) o HP-
HL ( I -f )
o LPHL HPLL
( I -hj )
3
19
%-2 Bouvarel ¥
. ( 48 h)
31 .JGQin ®
( Channa striatus) o
/ HP-LL 2,
( GPT) ( GOT) o
- L O Kim .

34

35

36 .
o S Morais
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Effects of Dietary Protein and Lipid Levels on the Growth
of Orange-spotted Grouper ( Epinephelus coioides)

ZHU Xianlong WU Xiaoyi LI Weifeng WANG Jun CHEN Guohua
( Ocean College Hainan University Haikou 570228 China)

Abstract: Orange-spotted grouper ( Epinephelus coioides) was fed diets containing different levels of protein
(48% 43% 38%) and lipid (12% 10% 8%) at different feeding regimes for 8 weeks. The grouper fed the
diets containing different levels of protein or lipid in the afternoon showed no significant difference ( P >0.05) in
weight gain ( WG) feed efficiency ( FE) condition factor hepatosomatic index ( HSI) and viscerosomatic index
( VSI) . The grouper fed the high protein and low lipid ( HP-LL) diet in the afternoon had significantly lower
protein ratio (1.39 +0.23) % than those fed the low protein and high lipid ( LP-HL) diet (( 1. 81 £0.

30) %) and had significantly lower body lipid content than those fed the other diets; the grouper fed the high
protein and medium lipid ( HP-ML) diet showed significantly higher body protein content (170.9 £1.5) g *

kg™' and muscle protein content (215.9 £3.9) g+ kg™' than those fed the other diets. The grouper fed the
HP-LL diet contained evidently lower glutamate pyruvate transaminase ( GPT) albumin and total protein than
those fed the high protein and high lipid ( HP-HL) diet and the HP-ML diet but had significantly ( P <0. 05)

higher liver glucose-6—-phosphate dehydrogenase ( G6-PD) activities than those fed the other diets. The grouper
fed the LP-HL diet had significantly ( P <0.05) higher liver isocitrate dehydrogenase ( IDH) activities than
those fed the other diets. Number of hepatocytes did not significantly differ among the grouper fed the experimen—
tal diets. The grouper fed the LP-HL and HP-LL diets exhibited enlarged hepatocytes with apparent steatosis in
hepatocyte and their hepatocytes contained the most vacuoles among those fed the other diets. It is concluded
that reducing dietary protein level (43% or 38%) or lipid level ( 10% or 8%) in the diet fed in the afternoon
did not give any negative impact to the growth of the grouper when the grouper were fed the HP-HL diet in the
morning.

Key words: Epinephelus coioides; feeding regime; protein; lipid; growth
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I (40 x)
a f. HPHL b g MP-HL :c h: LP-HL .d i HP-ML ;e jo HPLL o

Fig. 1  Photomicrograph of Epinephelus coioides intestine and liver ( photo at 40 x)
a f: Fish were fed ( HP-HL) diet; b g Fish were fed ( MP-HL) diet; ¢ h: (LP-HL); d i: (HP-ML); e j: ( HPLL)



