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Tab. 1 The composition of the experimental diets (% dry matter)

Diet number

Ingredient
-1 -2 -3 -4 -5 -6
( ) Casein, vitamin-free * 30 30 30 30 30 30
Gelatin 7.5 7.5 7.5 7.5 7.5 7.5
Fish protein concentrate 10 10 10 10 10 10
Dextrin 25 25 25 25 25 25
Fish oil 9 9 9 9 9 9
Lecithin 3 3 3 3 3 3
Vitamin premix ” 2 2 2 2 2 2
( )Mineral premix, Se-free © 1 1 1 1 1 1
Attractant 1 1 1 1 1 1
Taurine 0.5 0.5 0.5 0.5 0.5 0.5
Ethoxyquin 0.05 0.05 0.05 0.05 0.05 0.05
Calcium propionate 0.1 0.1 0.1 0.1 0.1 0.1
Monocalcium phosphate 1 1 1 1 1 1
Microcrystalline cellulose 9.85 9.85 9.85 9.85 9.85 9.85
Proximate composition
Crude protein (%) 47.6 47.2 47.8 47.7 47.3 47.9
Crude lipid (%) 9.8 9.5 9.9 9.8 9.6 9.4
Moisture (%) 8.8 8.0 8.1 7.9 7.5 7.5
Ash (%) 2.6 2.5 2.6 2.3 2.4 2.3
Selenium (mg/kg) 0.08 0.16 0.27 0.44 0.66 0.96
B ( ): 92.24%, 0.84% (Sigma Chemical, St. Louis, MO., USA); ° (mg/kg ): A
,32; Ds, 5; ,5.1; a- , 120; By, 25; ,36.7; Bs, 20; Bi,, 0.1; D-
, 60; ,200; , 205 , 1.2; , 792, C, 2000, , 4000, , 12683; ¢ ( ) (mg/kg
): MgS0,7H,0, 1826; CuSO47H,0, 9.8; FeSO47H,0, 119; ZnSO,4 7H,0, 76; MnSO4H,0, 44; CoCl,'6H,0, 2; Ca(10;),:6H,0, 2.35;

, 7920

Note: * Casein, vitamin-Free: crude protein 92.24%, crude lipid 0.84% (Sigma Chemical, St. Louis, MO., USA); ® Vitamin premix (mg/kg
diet): retinol acetate, 32; cholecalciferol, 5; menadione sodium bisulfite, 5.1; a-tocopherol, 120; thiamin-HCI, 25; riboflavin, 36.7; pyridox-
ine-HCl, 20; vitamin By,, 0.1; D-pantothenic acid calcium, 60; niacin acid, 200; folic acid, 20; biotin, 1.2; inositol, 792; ascorbic acid, 2000;
choline chloride, 4000; microcrystalline cellulose, 12683; “Mineral premix, selenium-free (mg/kg diet): MgSO,-7H,0, 1826; CuSO47H,0, 9.8;
FeS047H,0, 119; ZnSO47H,0, 76; MnSO4-H,0, 44; CoCl,-6H,0, 2; Ca(105),'6H,0, 2.35, microcrystalline cellulose, 7920
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) SPSS 17.0 (ANOVA),
12 , , (P<0.05) , Tukey
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3000 r/min 15min, GPX (191,
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6 , SOD GPX 2
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Tab. 2 Effects of dietary Se on the weight gain ratio, survival rate and feed efficiency of juvenile large yellow croaker

Dietary Se levels Initial body weight

Final body weight

Weight gain rate Survival rate Feed efficiency

(mg/kg) IBW (g) FBW (g) WG (%) SR (%) ratio FE
0.08 9.18+0.04 29.82+0.83° 225.48+9.84° 75.24+5.77 0.76+0.04
0.16 9.15+0.01 32.79+0.47° 255.51+7.02% 82.38+4.36 0.80+0.07
0.27 9.17+0.02 33.50+1.23° 265.41+12.65° 78.10+3.60 0.80+0.02
0.44 9.15+0.03 33.09+0.69" 261.72+13.23" 79.52+4.59 0.78+0.04
0.66 9.15+0.01 32.91+1.34° 259.71+14.91° 76.67+4.36 0.81+0.03
0.96 9.17+0.01 33.17+0.43° 261.71+4.27° 76.19+5.41 0.80+0.10

ANOVA
F 1.380 4.480 4.228 0.941 0.334
P 0.299 0.021 0.025 0.504 0.833
+ , n=3; (P>0.05);

Note: Mean+SD, n=3; Values in the same column sharing a common superscript letter were not significantly different (P>0.05); the same

applies bellow
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Tab. 3 Effects of dietary Se on the whole-body compositions of juvenile large yellow croaker
Dietary Se levels (mg/kg) Moisture (%) Crude protein (%) Crude lipid (%) Ash (%)
0.08 72.66+1.32 16.94+0.60 7.76+0.90 3.58+0.14
0.16 73.50+0.77 16.62+0.10 8.07+0.68 3.44+0.09
0.27 73.48+1.30 16.25+0.32 7.84+0.64 3.42+0.11
0.44 73.55+0.87 16.78+0.63 8.05+0.85 3.42+0.07
0.66 73.54+0.88 16.33+0.20 7.95+0.46 3.47+0.12
0.96 73.54+1.58 16.84+0.53 7.99+1.17 3.55+0.07
ANOVA
F 0.516 2.332 0.137 2.900
P 0.792 0.068 0.982 0.300

x4 ARENXE AR

Tab. 4 Effects of dietary Se on the body indexs of juvenile large yellow croaker

Dietary Se levels (mg/kg)

Hepatosomatic index HST (%)

Viscerosomatic index VST (%)

Condition factor CF (%)

0.08

0.16

0.27

0.44

0.66

0.96
ANOVA

1.28+0.18 3.40+0.6
1.24+0.25 3.04+0.5
1.36+0.21 3.57+0.5
1.34+0.28 3.57+0.5
1.29+0.19 3.45+0.4
1.31+0.18 3.48+0.4

0.426 2.006

0.828 0.086

5
0
9
6
5
9

1.61£0.14
1.62+0.14
1.66+0.13
1.62+0.13
1.65+0.13
1.65+0.17

0.738
0.596




245

2
x5 ARNBHXEEFRNBESENZMN
Tab. 5 Effects of dietary Se on the Se concentrations in juvenile large yellow croaker
Dietary Se levels (mg/kg) Whole-body Se concentration (mg/kg) Vertebrae Se concentration (mg/kg)
0.08 1.32+0.15% 1.20+0.20°
0.16 1.66+0.34* 1.58+0.26"
0.27 1.76+0.32% 2.43£0.55
0.44 2.22+0.21% 3.01+£0.39"
0.66 2.54+0.23¢ 3.19+0.47°
0.96 2.51+0.26° 3.26+0.33¢
ANOVA
F 18.146 25.822
P <0.001 <0.001
2 300 y=2.525-2.328 (0.575-X), R*=0.987 7 , 0.08—0.44 mg/kg
2 (0.575-X) =0 when X > 0.575
€326} 1 : , GPX GR
)
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g
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Tab. 6 Effects of dietary Se on the activities of the enzymes in serum of juvenile large yellow croaker (mean + SD, n = 3)

Dietary Se levels Glutathion peroxidase GPX Superoxide dismutase OD The total antioxidant capacity T-AOC

(mg/kg) (U/mL) (U/mL) (U/mL)
0.08 55.85+10.96° 134.42+2 82° 0.73+£0.17°
0.16 59.51+8.73% 137.23+3.56" 2.3540.15°
0.27 69.54+8.59" 152.33+4.87¢ 2.66+0.23°
0.44 77.80+5.96" 144.68+3.70° 2.56+0.20°
0.66 76.59+3.46™ 132.65+4.41° 2.57+0.28°
0.96 76.83+6.38% 124.08+4.91° 2.53+0.18°

ANOVA

F 4.610 34.344 77.798
P 0.014 <0.001 <0.001

R T ABERN K E & AT T ESIE IR A RN

Tab. 7 Effects of dietary Se on the activities of the enzymes in liver of juvenile large yellow croaker

-S
Dietary Se . Superoxide The total antioxidant Glutathione Glutathione
levels Gh,‘ctlathlocr}lpx dismutase SOD capacity T-AOC S-transferase GST reductase GR C(Iajt/aﬁigs;iﬁ')f
(mg/kg) pe(rlcj);;;?)iot.) (U/mg prot.) (U/mg prot.) (U/mg prot.) (U/g prot.)
0.08 1.93+0.38* 59.75+2.00* 0.49+0.02° 29.04+6.21% 16.79+£3.01* 76.18+2.82%
0.16 2.87+0.73" 70.18+3.14% 0.52+0.02% 23.71£3.67° 18.00+1.87% 97.92+3.56"
0.27 3.56+0.43° 71.75%3.15° 0.56+0.03" 23.34+3.54° 19.2241.27% 91.88+4.87°
0.44 6.53+0.55° 65.96+2.82° 0.53+0.02* 27.1048.11% 23.3742.76 65.41£3.70"
0.66 6.06+0.88° 68.34+2.24" 0.53+0.04™ 28.52+0.65™ 14.13+1.04° 56.19+4.41°
0.96 5.77+0.82° 67.78+1.79% 0.54+0.03% 38.61+6.16° 17.83+0.96" 81.61+4.91%
ANOVA
F 68.178 15.910 3.864 3.286 7.052 6.610
P <0.001 <0.001 0.008 0.042 0.030 0.020
10—20 mg/kg ,
, Lin  Shiau™
, , 4 mg/kg
, 2.02 mg/kg
3.2 , 1.38 mg/kg ,
, (0.21 mg/kg)
[23] , , ,
) ( 3 0.575 mg/kg
4) (3] , ( 2) 0.387mgkg( 3)
fife] (4] 33
, Elia
[24] (Cyprinus carpio) R
025 1 mgke 60d , (Oreochromis spp.) **
1 mg/kg (Cyprinus carpio L.) [27] 21 (Brycon
cephalus) ** (Oncorhynchus mykiss)™>"

Hamilton*”! (Carassius auratus gibelio)™" SOD
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DIETARY SELENIUM REQUIREMENT OF JUVENILE LARGE YELLOW
CROAKER LARIMICHTHYS CROCEUS

CAO Juan-Juan!, ZHANG Wen-Bingl, XU Wei', MAI Kang—Sen1 and SUN Rui-Jian!?

(1. The Key Laboratory of Aquaculture Nutrition and Feeds, Ministry of Agriculture; the Key Laboratory of Mariculture,
Ministry of Education; Ocean University of China, Qingdao 266003, China; 2. Tongwei Co., LTD., Chengdu 610041, China)

Abstract: To study the effects of selenium to the juvenile large yellow croaker Larimichthys croceus, six experimental
diets were formulated to contain the following diets with increment levels of selenium 0 (control), 0.05, 0.2, 0.4, 0.6 and
0.9 mg/kg, respectively. The final content of selenium in each diet was 0.08, 0.16, 0.27, 0.44, 0.66, and 0.96 mg/kg,
respectively. Each diet was randomly assigned to triplicate groups of 60 large yellow croaker juveniles [initial body
weight: (9.14 £ 0.09) g]. Fish were fed twice daily (5:00 and 17:30) to satiation for 10 weeks. The results showed that
the weight gain rate (WG), whole-body, and vertebrae Se concentration significantly increased with the increased dietary
selenium levels (P<0.05), and no further increases when the dietary Se concentration was 0.27 mg/kg or higher in the
diet. No significant differences were found in the survival rate (SR), feed efficiency (FE), body compositions, hepato-
somatic index (HSI), viscerosomatic index (VSI), and condition factor (CF) cross the 6 treatment groups (P>0.05). The
serum glutathione peroxidase (GPX) activity, superoxide dismutase (SOD) activity and total antioxidant capacity
(T-AOC) significantly increased with the increasing of dietary selenium levels (P<0.05) with the highest activities at
0.44 mg/kg and 0.16 mg/kg of dietary selenium, respectively. The GPX activity, SOD activity, T-AOC, catalase (CAT)
activity, and glutathione reductase (GR) activity in liver had a similar trend with serum enzyme activity. The liver glu-
tathione S-transferase (GST) activity significantly decreased with the increasing of dietary selenium levels (P<0.05),
and then increased (P<0.05). The highest activity was found in the highest Se level (0.96 mg/kg). Based on WG, the
dietary Se requirement of juvenile large yellow croaker was 0.178 mg/kg. Based on the whole-body and vertebraec Cu
concentration, liver GPX activity, the minimum dietary Se requirements were 0.575, 0.387 and 0.440 mg/kg, respec-

tively.

Key words: Large yellow croaker; Selenium; Growth; Antioxidation; Requirement



