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Met
Met >
, ( : ) [ (9.75+
s () 0.05) g] (500 L) 6 ,
3 R 30
F1 FZREARBEH(%TE)
Tab. 1 The formula of the experimental diets (% dry weight) 8: 00 17: 00 3.0 mm >
o Methionine level (%) 3% ,
neredient () Diet | Diet2 Diet3 Diet4 Diet5 Diet 6 28.5—-31.5C, 2632, =
Fish meal 25.00 25.00 25.00 25.00 25.00 25.00 7 mg/L , pH 7.6—8.0, 0.03 mg/L ,
8

Soybean meal ~ 10.00 10.00 10.00 10.00 10.00 10.00

10.00 10.00 10.00 10.00 10.00 10.00
Corn gluten meal

EAA' 174 174 174 174 174 1.74
NEAA? 14.92 14.62 14.32 14.02 13.72 13.42

Met 0.00 030 0.60 090 120 1.50
Fish oil 4.00 4.00 4.00 4.00 4.00 4.00
Cellulose 6.29 629 629 629 629 6.29

Vitamin premix*  0.30 030 0.30 0.30 0.30 0.30
Mineral premix®  0.30 030 0.30 0.30 0.30 0.30

Others* 27.45 27.45 2745 2745 2745 2745

Total 100.00 100.00 100.00 100.00 100.00 100.00
(% )Chemical composition (in dry matter)

Met (%) 071 098 126 1.57 186 2.18

Crude protein (%) 45.75 45.42 45.18 45.17 45.07 44.79
Crude lipid (%) 11.83 11.46 12.51 10.77 10.88 11.69

Ash (%) 6.71 683 648 6.80 6.62 6.88
! (%): , 0.32; , 0.01; ,
0.44; , 0.07; , 0.16; ,0.01; 2
(%): : =1:1;°3
;4 (%): , 4.00; , 1.50;
, 20.00; C (35%), 0.10; , 1.00;
0.50; ,0.05; ,0.30

Note: ' EAA(%): Arg, 0.32; His, 0.01; Lys, 0.44; Phe, 0.07;
Thr, 0.16; Val, 0.01; > NEAA(%): Asp: Gly =1 : 1; * Vitamin and
mineral premix were provided by Qingdao Master Bio-Tech. Co.,
Ltd., China; * Others(%): Soybean oil, 4.00; Soybean lecithin, 1.50;
Flour, 20.00; VC (35%), 0.10; Ca(H,POy),, 1.00; Choline chloride,
0.50; Ethoxyquine, 0.05; Betaine, 0.30

60 , )
, (
, F-75) 3.0 mm ,
-20°C
1.2
, ( s

46%),

#2 LRANSEREM(%TE)
Tab. 2 The amino acid composition of the experimental diets (%
dry weight)

Diet

AA (%)
Diet 1 Diet2 Diet3 Diet4 Diet5 Diet6
Thr 1.33 137 136 133 133 137
Val 132 132 131 129 129 132
Met 071 098 126 1.57 186 2.18
Ile 124 124 124 122 123 1.24
Leu 285 287 284 277 287 285
Lys 256 261 262 260 256 2.65
Arg 2.13 2.18 2.18 2.13 212 2.17
His 0.79 0.80 079 0.78 0.78 0.80
Phe 1.64 162 160 1.60 160 1.63
Gly 1.45 147 147 144 145 1.48
Ala 1.90 191 190 1.85 190 1.91
Cys 046 043 044 047 043 049
Ser .15 118 1.17 1.13 1.17 1.18
Glu 957 991 986 9.45 9.10 9.30
Asp 9.84 10.01 10.11 9.89 9.84 9.80
Tyr 1.04 1.07 1.07 1.04 1.06 1.06
Pro 211 212 2.02 224 2.05 2.09

AASum 42.09 43.09 43.24 42.80 42.64 43.52

1.3
, 24h ,

, -80°C ,

[11]
b

105°C ,
(Kjeltec 8400 ), )
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550°C ( (One-way ANOVA),
) , (P<0.05), Duncan’s
GB/T18246-2000 , “ + »
(
, L8900)
(GLU) (TP) 2.1
(CHOL) (TG)
( 7600-110 ) 3 ) Met
(SOD) (CAT)
(P>0.05) Met ,
, (PEPCK) ) )
Diet3 WG  SGR Dietl  Diet6
1.4 (P<0.05) )
(Weight gain, WG, %)=( - )/ y = —0.1445x7+0.4092x+2.03(R?=0.8451),
x100; )
(Special growth rate, SGR, %/d)=(In Met 1.42% ( 3.16%) (1)
—In )/ x100; 2.2
(Protein efficiency ratio, PER,
%)=( - )( x 4 , Met
)x100; (P>0.05) Diet4
(Feed intake, FI, %) = 100x Dietl Diet5 Diet6
(@ /1( + )/2)x 1 (P<0.05) Met
(Survival rate, SR, %)= / (P>0.05)( 5)
x100; 2.3
(Feed coefficient rate, FCR)=
G X Diet3 Dietl
(Condition factor, CF, %)= (2)/ Diet2  (P<0.05), Met s
(cm)’x100 1.26% (Diet3) (P>0.05) Diet2
1.5 Diet3 Diet5
SPSS Version 17.0 (P<0.05), Diet2 Diet4
*3 EEBRWVNTARGMERKERIERABENHNE
Tab. 3 The effects of dietary methionine on the growth performance and feed utilization of juvenile groupers
Diet
Index
Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
Initial weight (g) 9.770.06 9.77£0.06 9.73+0.06 9.73+0.06 9.77+0.06 9.730.06
Final weight (g) 34.28+0.20° 35.16£1.27™ 36.11+0.25° 35.60+0.18™ 34.87+0.89™ 34.27+0.26
WG (%) 252.16£4.48"  260.15£13.31%°  270.48+£2.99"  265.17£3.12%®°  257.62£10.08"  251.43£6.25°
SGR (%) 2.25+0.02° 2.29+0.06% 2.34+0.01° 2.31£0.01%° 2.27+0.05% 2.25+0.04
SR (%) 100.00+0.00 98.89+1.92 100.00:£0.00 100.00:£0.00 100.00:£0.00 100.00£0.00
PER (%) 1.70+0.03 1.76+0.12 1.80+0.03 1.76+0.02 1.76=0.04 1.76+0.03
FCR 1.42+0.02 1.39£0.10 1.36+0.02 1.39£0.01 1.39£0.03 1.40£0.03
FI (% body weight/d)  2.59+0.01 2.54+0.09 2.53+0.03 2.59+0.06 2.54+0.02 2.55+0.03
(P<0.05),

Note: Significant differences among the means are indicated by different letters (P<0.05), the same applies below
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235 Diet5 Diet6 Met 5
_ ¢ , Diet6 , Diet4 Diet5
=
2 P>0.05); Met
< 230t ( )
S (P>0.05)
% 2.4
ﬁ 225} )
H
i x=1.42 .
= 7 Diet3 SOD CAT
220 1 1 1 J .
0.5 1.0 15 2.0 25 SOD Diet4 ,
TR E E K P<0.05): CAT
Dietary methionine level (%) ( -05);
(P<0.05) Diet4 PEPCK
1 SGR .
Fig. 1 The relationship between dietary methionine and special Diet3 >
growth rate of juvenile grouper (P<0.05)
%4 BEMNREANESEFENMS(%TFEMBHEHHMN
Tab. 4 The body composition (% dry weight) and condition factor of juvenile grouper
Diet
Index
Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
Moisture 69.76+0.50 70.06+0.44 70.01+0.46 69.56+0.02 70.40+0.31 70.08+0.46
Cp 55.77+0.36 55.33+0.19 55.79+0.20 56.09+0.25 55.75+0.74 56.06+0.39
EE 27.94+0.23 28.08+0.41 28.17+0.25 28.20+0.21 27.98+0.64 27.41£0.66
Ash 13.31£0.22 13.92+0.76 13.65£1.36 14.29+0.42 13.84+0.28 14.37+0.68
CF 2.30+0.15° 2.5120.11% 2.58+0.11* 2.73+0.14° 2.3240.13° 2.32+0.14°
®5 REBRMNTAREHENACFTRERAMNIZIN%TE)
Tab. 5 The effects of dietary methionine on EAA composition in the muscles of juvenile groupers (% dry weight)
Diet
EAA
Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
Thr 3.64+0.17 3.69+0.20 3.66+0.21 3.63+0.20 3.73+0.23 3.73+0.36
Val 3.64+0.20 3.76+0.14 3.64+0.22 3.69+0.30 3.81+0.31 3.94+0.37
Met 2.50+0.11 2.55+0.09 2.50+0.16 2.48+0.15 2.56+0.17 2.57+0.23
Ile 3.65+0.12 3.69+0.19 3.70+0.18 3.64+0.18 3.75+0.21 3.75+0.38
Leu 6.64+0.28 6.79+0.32 6.71+0.39 6.62+0.40 6.84+0.43 6.86+0.66
Phe 3.34+0.12 3.43+0.17 3.52+0.22 3.34+0.17 3.47+0.18 3.54+0.38
Lys 7.66+0.30 7.82+0.40 7.76+0.45 7.62+0.42 7.84+0.48 7.92+0.78
His 1.78+0.09 1.81+0.08 1.77+0.09 1.78+0.10 1.84+0.08 1.80+0.15
Arg 5.08+0.29 5.12+0.21 4.99+0.33 5.01+£0.27 5.08+0.34 5.19+0.48
EAA Sum 37.93+1.63 38.66+1.78 38.26+2.22 37.81+2.17 38.92+2.41 39.30+3.78
F6 BRBKEXNRGEARELNEMFHEXERBIMN
Tab. 6 The effects of dietary methionine on the serum index of juvenile groupers
Diet
Serum index Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
GLU (mmol/L) 4.47£1.13% 5.37+1.15° 2.16+0.21° 2.68+0.37% 2.92+1.57% 2.80+0.79"
TP (g/L) 42.88+1.63% 47.29+2.73° 47.31+0.68° 43.40+0.11% 41.2143.85° 43.93+2.04"
CHOL (mmol/L) 2.46+0.20" 2.99+0.34% 2.4140.04% 2.05+0.27* 2.37+0.00% 1.79+0.01°
TG (mmol/L) 2.43+0.56 2.95+0.45 2.90+0.25 2.37+0.30 2.49+0.29 2.30+0.39
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Tab. 7 The effects of dietary methionine in diet on enzyme activities in the liver of juvenile groupers

Diet
Enzyme activity Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
SOD (U/mg) 52.54+0.37°  69.79£5.76°  86.52+5.91%  76.20£6.71°"  66.08+5.14°  48.98+5.59"
CAT (U/mg) 73.38+£9.96°  87.05+8.58° 112.04+8.95°  82.66+4.59°  67.85+2.52% 50.70+11.99*

PEPCK (ng/mL) 186.78+5.36° 126.27+14.10° 107.02£1.03"™ 93.93+6.14" 168.88+6.72° 166.28+11.62°

, Met
3 , , iy Met (0.58%)
3.1 Met (3.08%) ,
, Met “W”
SGR ; (. Met 0.75%
(9.75 ¢) SGR 1.09%—2.35% Met
1.42%( 3.16%),  Met (0.75%) Met (2.35%) ,
, , (Sparus SGR Met 1.71%(
macrocephalus) ! (Cyprinus carpiovar Var. Jian)'® 0.31%)") Luo !
(Pseudosciaena crocea R.)[S] (Dicent- Met ,
rarchus Zabrax)[g] , Luo 7] 1.34% L 1.34%
(13.25 g) Met 1.31% ( SGR Met Diet3 (1.26%) Diet4
0.26%), Met (1.57%) Met 1.26%—
) 1.57% ,
, , Met Met
WG Diet3 (1.26%) MR
, PER ) )
FCR  FI ; Craig
Moon!"®! , (12%)
WG PER , (22%) -MR  6h
[12]; , ,
Met, Carig " Met Met
(Scophthalmus maximus L)WG, 48h , ,
PER  FI (131 Met ,
(n (Salmo gairdneri)"" , ATP ,
% (Trachinotus ovatus L.)"™ Met Na- 2(SGLT2) ,
, Met , 2a(UCP2a)
Met 1.57% 3.3
) , 0.71% ,
SOD CAT ,
3.2 )
[20] [21] ’
1% Met SOD

[e] fifj(Sebastes schlegeli)!'" 5] Met
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SOD
221 Met
(Ctenopharyngodon idellus) SOD CAT
2, SGR , DL-Met
1.58%, TBARs ,
Met (241
, Met , SOD CAT
S Met

PEPCK ,

PEPCK s
[25]
PEPCK 261,
fif]
Eryghroculter ilishaeformis Bleeker) PEPCK (27]
(Eryg
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(29] [30] , PEPCK mRNA

PEPCK
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s Met s PEPCK
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Met DNA
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PEPCK
) mRNA PEPCK
5 PEPCK1 mRNA (
)[32] B-
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B- mRNA
Met R
Met 33]
Met -6-
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Met (2 mmol/L)
PEPCK Met
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EFFECTS OF DIETARY METHIONINE ON THE GROWTH PERFORMANCE,
ANTI-OXIDATION AND ACIVITIES OF GLUCONEOGENESIS-RELATED ENZYME
IN JUVENILE GROUPERS, EPINEPHELUS COIOIDES

CHI Shu-Yan, WANG Xue-Wu, TAN Bei-Ping, YANG Qi-Hui, DONG Xiao-Hui, LIU Hong-Yu
and ZHANG Shuang

(Laboratory of Aquatic Economic Animal Nutrition and Feed, College of Fisheries, Guangdong Ocean University, Zhanjiang
524088, China)

Abstract: In this study, we investigated the effects of dietary methionine (Met) on the growth performance, the serum
index, the activities of key enzymes in Met metabolism, and the oxidation of juvenile groupers (Epinephelus coioides).
Six iso-nitrogen and iso-lipid diets were prepared with DL-Met supplement at different concentrations, 0.71%, 0.98%,
1.26%, 1.57%, 1.86%, and 2.18% (Dietl-Diet6). Each treatment was randomly assigned to a triplicate of 30 fish [initial
weight (9.75+0.05) g] per aquarium. Fish were fed at 8: 00 and 17: 00 every day and were maintained in a flow- through
aquaria for eight weeks. The results showed that the weight gain and the specific growth rate of the Diet3 group were
significantly higher than those of the Dietl and Diet6 groups (P<0.05). The condition factor of the Diet4 group was
significantly higher than that of the Dietl, Diet5 and Diet6 groups (P<0.05). The levels of serum total proteins of the
Diet2 and Diet3 groups were significantly higher than that of the Diet5 group (P<0.05). The level of blood glucose of
the Diet3 group was significantly lower than that of the Dietl and Diet2 groups (P<0.05). The level of serum total cho-
lesterol was gradually reduced in the Diet3 group, and it was significantly decreased in the Diet4 and Diet6 groups
compared to the Diet2 group (P<0.05). The activities of superoxide dismutase (SOD) and catalase (CAT) in the liver of
the Diet3 group were the highest (P<0.05). There was no significant difference in the activity of phosphoenolpyruvate
carboxylase kinase (PEPCK) between the Diet3 and the Diet4 groups, but it was significantly lower than that in the
other groups (P<0.05). Quadratic regression analysis of the specific growth rate corresponding to the level of dietary
methionine indicated that the optimal concentration of dietary methionine for the growth of juvenile groupers was
1.42% of dry diet in the presence of 0.46% cystine (corresponding to 3.16% of dietary protein on a dry weight basis). At
this level, the blood glucose, the serum total cholesterol and the activity of PEPCK could be relatively low, which would
help improve the energy efficiency in fish metabolism. Also the increased activities of SOD and CAT may help protect
the body from oxidative damages.

Key words: Methionine; Growth performance; Serum index; PEPCK; Epinephelus coioides



