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(Pampus argenteus) (Stromateidae), ,
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Tab.1 Ingredient and proximate composition of the experimental diets
. experimental diets
composition
FO FSO SFO SO
/(g'kg™") ingredient
* fish meal® 610 610 610 610
* soybean meal® 160 160 160 160
* wheat flour” 100 100 100 100
anchovy oil 100 70 30 0
soybean oil 0 30 70 100
® vitamin premix® 20 20 20 20
° mineral premix® 10 10 10 10
/% proximate composition
crude protein 49.62 49.95 49.73 50.14
crude fat 16.29 16.36 16.46 16.02
ash 10.43 9.98 10.12 10.01
n-3 LC-PUFA 5.18 4.01 3.02 2.22
D (% ): , 67%, 10%; s 43%, 1.9%; , 12%,
1.6%. b: kg 400 mg, 150 mg, 44 mg, VB,20 mg, VB¢ 12 mg, VK; 10 mg, VB, 10 mg, VA7.3 mg, 5 mg,
1 mg, VD; 0.06 mg, VB,,0.02 mg, VC 400 mg, VE 500 mg. c: kg KH,PO,, 22 g; FeSO47H,0, 1.0 g; ZnS0O,4-7H,0, 0.13 g;
MnSO4-4H,0, 52.8 mg; CuSO4-5H,0, 12 mg; CoSO4 7H,0, 2 mg; KI, 2 mg. d: x  n-3 LC-PUFA

Note: a: Proximate composition as % dry weight. Fish meal: 67% crude protein, 10% crude lipid; soybean meal: 43% crude protein, 1.9%
crude lipid; wheat flour: 12% crude protein, 1.6% crude lipid. b: Supplied (mg-kg™" diet): myo-inositol, 400; nicotinic acid, 150; calcium
pantothenate, 44; riboflavin, 20; pyridoxine hydrochloride, 12; menadione, 10; thiamine hydrochloride, 10; retinyl acetate, 7.3; folic acid, 5;
biotin, 1; cholecalciferol, 0.06; cyanocobalamin, 0.02; L-ascorbic acid, 400; Dl-a-tocopherol acetate, 500. c: Supplied (kg™ diet): KH,PO,, 22 g;
FeSO47H,0, 1.0 g; ZnSO47H,0, 0.13 g; MnSO44H,0, 52.8 mg; CuSO45H,0, 12 mg; CoSO47H,0, 2 mg; KI, 2 mg. d: Calculated from
lipid content x ¥n-3 LC-PUFA(%).
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Tab. 2 Fatty acid composition of the experimental diets

o,
%0,

of total fatty acids

fatty acids

experimental diets

FO FSO SFO SO
saturated 29.10 28.86 27.01 25.06
X MUFAs 28.94 28.19 28.08 27.36
Cis:2n6 7.41 11.15 20.75 27.71
Cis: 306 0.18 0.24 0.28 0.30
C20: 4n6 3.13 1.69 0.71 0.63
n-6 ¥ n-6 PUFAs 10.72 13.08 21.74 28.64
Cis: 3n3 1.23 1.94 2.94 3.62
C20: 3n3 0.23 0.20 0.16 0.14
Ca0: 5n3 14.92 12.06 8.65 5.97
Cao: 5m3 1.81 1.51 1.18 0.92
C2: 6n3 12.82 10.75 8.34 6.82
n-3 ¥ n-3 PUFAs 31.00 26.45 21.27 17.46
n-3/n-6 2.89 2.02 0.98 0.61
2 n-3 LC-PUFAs 29.78 24.51 18.33 13.84
1.2 MDA ,
240 1 12 16 m’ MDA ,
, 3 (OD)532 nm
2013 10 , 2014 4 , 185d -
, , 2 1.4
(09:00 17:00), 30% + (X +SD) ,
16C, SPSS R Duncan
, 16~23°C, ,
25~28
1.3 P<0.05 , P<0.01
2013 11 20 ( I ) 2014
2 15 ( ) 2014 4 8 ( s
v ) 3 , 3 ,
100 mg/L MS222 2.1
, —80°C 1 SOD
SOD , 1 , SOD
25°C ,
50% 1 CAT SOD
[20] _25C L 100 s (P<0.05) SOD SO
1 CAT ,
T-AOC (P>0.05) SOD

(P<0.05)
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Fig. 1 Effect of dietary n-3 LC-PUFA on SOD activities in liver (A) and ovary (B) of silver pomfret during vitellogenesis

Different lowercase letters represent significant differences among diet groups at the same vitellogenesis stage (P<0.05); different
uppercase letters represent significant differences among vitellogenesis stages within the same diet group (P<0.05).
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Fig. 2 Effect of dietary n-3 LC-PUFA on CAT activities in liver (A) and ovary (B) of silver pomfret during vitellogenesis
Different lowercase letters represent significant differences among diet groups at the same vitellogenesis stage (P<0.05); different
uppercase letters represent significant differences among vitellogenesis stages within the same diet group (P<0.05).
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Fig. 3 Effect of dietary n-3 LC-PUFA on T-AOC levels in liver (A) and ovary (B) of silver pomfret during vitellogenesis
Different lowercase letters represent significant differences among diet groups at the same vitellogenesis stage (P<0.05); different
uppercase letters represent significant differences among vitellogenesis stages within the same diet group (P<0.05).
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Fig. 4 Effect of dietary n-3 LC-PUFA on MDA contents in liver (A) and ovary (B) of silver pomfret during vitellogenesis
Different lowercase letters represent significant differences among diet groups at the same vitellogenesis stage (P<0.05); different
uppercase letters represent significant differences among vitellogenesis stages within the same diet group (P<0.05).
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Tab.3 Results of two-way ANOVA analysis used to study the effects of diet and stages of vitellogenesis on tissue antioxidant
levels in silver pomfret

) diet stage X diet x stage
item
F P F P F P
liver
SOD 25.165 0.000** 63.536 0.000** 1.416 0.286
CAT 11.893 0.001** 45.784 0.000** 1.013 0.461
T-AOC 9.714 0.002** 59.899 0.000** 4.057 0.019*
MDA 28.288 0.000%* 69.468 0.000** 4.799 0.010%*
ovary
SOD 34.712 0.000%* 89.717 0.000%* 1.599 0.230
CAT 15.430 0.000** 111.318 0.000** 1.490 0.262
T-AOC 13.061 0.000** 98.475 0.000** 2.949 0.052
MDA 6.115 0.009** 38.117 0.000** 1.605 0.228

1 * P<0.05; ** P<0.01.
Note: * P<0.05; ** P<0.01.
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Changes intissue antioxidant levels in silver pomfret (Pampus argenteus)
during vitellogenesis and the response to dietary n-3 long-chain poly-
unsaturated fatty acids

PENG Shiming, SHI Zhaohong, GAO Quanxin, ZHANG Chenjie, WANG Jiangang
East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China

Abstract: Changes in hepatic and ovarian superoxide dismutase (SOD) and catalase (CAT) activities, total antioxidant
capacity (T-AOC) and malonyldialdehyde (MDA) contents in silver pomfret (Pampus argenteus) during vitellogenesis
and the responses of their levels to dietary n-3 long-chain polyunsaturated fatty acids (LC-PUFA) were investigated.
Four iso-nitrogenous, iso-energetic and iso-lipidic experimental diets were formulated: (1) 100% fish oil (FO); (2) 70%
fish oil and 30% soybean oil (FSO); (3) 30% fish oil and 70% soybean oil (SFO); and (4) 100% soybean oil (SO). Fe-
male silver pomfrets (1 year old) were assigned to one of the four diets (with three replicates each) for 185 d. The re-
sults showed that there was an increase in SOD and CAT activities, T-AOC levels and MDA contents in the liver and
ovary during vitellogenesis, and that the levels of all the indices in the post-vitellogenesis stage were significantly
higher than those in thepre-vitellogenesis stage (P<0.05). No significant differences in hepatic SOD (except in the SO
diet group) and CAT activities, T-AOC levels and MDA contents were found between the vitellogenesis and
pre-vitellogenesis stages (P>0.05). However, ovarian SOD and CAT activities, and T-AOC levels in the FO and FSO
diet groups at the vitellogenesis stage, were significantly higher than those at thepre-vitellogenesis stage (P<0.05). The
highest levels of hepatic and ovarian SOD and CAT activities during vitellogenesis were found in the FSO diet group.
At the post-vitellogenesis stage, hepatic and ovarian SOD and CAT activities in the FSO group were significantly higher
than those in the SO group, respectively (P<0.05); however, there was no significant difference between the FSO and
FO groups (P>0.05). No significant difference was found in hepatic and ovarian T-AOC levels among the diet groups at
the pre-vitellogenesis stage (P>0.05); however, at the post-vitellogenesis stage, the hepatic and ovarian T-AOC levels in
the FO and FSO groups were significantly higher than those in the SO group (P<0.05), while there was no significant
difference between the FO and FSO groups (P>0.05). The MDA contents in the liver and ovary increased with increas-
ing dietary n-3 LC-PUFA, and this trend was more apparent in the liver tissue. There was no significant difference in
ovarian MDA contents among the diet groups during vitellogenesis (P>0.05), except for the FO group, which showed a
significant increase at the vitellogenesis and post-vitellogenesis stages (P<0.05). Statistical analysis showed that tissue
antioxidant levels increased gradually during vitellogenesis, and the optimum dietary n-3 LC-PUFA content (4.01%,
FSO group) could promote the tissue antioxidant levels in silver pomfret at the vitellogenesis and post-vitellogenesis
stages. The results of two-way ANOVA indicated that statistically significant effects of both diets and stages were ob-
served for the tissue antioxidant levels (P<0.01). Meanwhile, the significant effects of interactions of diets and stages on
the hepatic T-AOC levels and MDA content were also recorded (P<0.05).

Key words: Pampus argenteus; vitellogenesis; n-3 long-chain polyunsaturated fatty acid (n-3 LC-PUFA); antioxidant;
liver; ovary
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