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Table 1
Formulation and proximate composition of the experiment diets (g/kg dry matter).

Ingredient D/E-0.61 D/E-1.02 D/E-1.46 D/F-2.32 D/E-2.75

Fish meal 400.0 400.0 400.0 400.0 400.0
Soybean meal 200.0 200.0 200.0 200.0 200.0
Wheat gluten 120.0 120.0 120.0 120.0 120.0
Wheat meal 144.0 144.0 144.0 144.0 144.0
Vitamin premix” 10.0 10.0 10.0 10.0 10.0
Mineral premix” 10.0 10.0 10.0 10.0 10.0
Monocalcium phosphate 10.0 10.0 10.0 10.0 10.0
Choline chloride 10.0 10.0 10.0 10.0 10.0
1-Ascorbyl-2-polyphosphate 2.0 2.0 2.0 B 2.0 2.0
Ethoxyquin 0.5 0.5 0.5 g 0.5 0.5
Soy lecithin 20.0 20.0 20.0 20.0 20.0
Sayhean oil 15.0 15.0 15.0 15.0
ARA enriched oil” 6.0 6.0 6.0 ¥ 6.0 6.0
Olive oil 18.6 20.3 224 22.7
EPA enriched oil? 299 20.0 5.0
DHA enriched oil” 4.0 122 24.8
Proximate composition

Crude protein 529.1 533.7
Crude lipid 120.0 121.6
Ash 115.3 114.4
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Table 2
Fatty acid compositions of the experimental diets (% total fatty acids).

Fatty acid D/E-061 D/E-1.02 D/E-1.46  DJE-1.91 DJ/E-2.32  I/E-2.75

Cl14:0 1.36 1.29 1.35 1.40 1.32 1.36
Cl6:0 13.68 13.37 14.02 14.08 14.16 13.96
C18:0 3.88 373 3.77 3.85 3.74 3.67
ESFA 18.93 18.38 19.15 19.33 19.23 18.98
Cle:1n-7 1.52 1.57 1.56 1.53 1.55 1.64
C18:1n-9 20,72 20,99 21.79 22.01 22.34 21.83
Cl18:1n-7 2.14 201 1.99 1.87 1.85 1.81
EMUFA 2437 24.58 2535 2541 25.74 25.27
C18:2n-6 21.18 20,93 21.19 21.22 21.4 21.15
C20:4n-6 3.69 3.42 3.15 3.02 2.94 2.91
En-6 PUFA 24.87 24.35 24.34 24.26 24.35 24.07
C18:3n-3 2.27 2.34 2.22 2.14 2.18 2.24
C20:5n-3 13.92 11.37 8.94 7.52 6.62 5.93
C22:5n-3 1.36 1.82 2.03 2.29 241 2.43
C22:6n-3 8.54 11.59 13.06 14.34 15.35 16.32
¥n-3 PUFA 26.10 27.12 26.25 2628 26.56 26,92
En-3 LC- 23.83 2478 24.03 2415 24.38 2468
PUFA
En-3/En-6 1.05 1.11 1.08 1.08 1.09 1.12
DHA/EPA 0.61 1.02 1.46 1.91 2.32 275

SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated
fatty acid; LC-PUFA: long chain-polyunsaturated fatty acid.
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Table 4

Muscle fatty acid compositions of tongue sole fed the experimental diets (% total fatty acids, means

+ standard error, n = 3).

Fatty acid

D/E-0.61

D/E-; 42

D/E-1.46

D/E-1.01

D/E-2.32

D/E-275

C14:0
Cl16:0
C18:0
LSFA
Clé:1n-7
C18:10-9

1.31 = 0.06
18.18 + 0.21
8.37 + (0.87
2786 + 1.21
1.85 + 0.07
MWAET_+ (144

1.9 = 0.19
16.84 = 0.21
5.24 + 0.60
23.77 + 0.62
271 = 0.23
2205 + 028

1.47 = 0.20
16.88 + 0.82
6.66 + 1.35
25.01 + 1.89
219 = 0.19
220+ 080

1.31 = 0.21
17.21 = 045
7.00 + 1.68
2553 + 1.92
200 = 0.44
2212 4+ 095

1.52 = 0.25
16.15 + 0.33
4.84 + 0.05
22,50 + (.62
238 = 0.29
24 23 + 56

1.62 + 0.35
17.29 + 0.44
6.44 + 1.53
2525 + 1.62

246 + 055
.53 + 157

I Cl8:1n-7

294 + 0.05°

2.84 + 0.04°°

2.69 + 0.03""

2.63 + 0.06"

2.53 + 0.14"

2.58 + 0.04"

EMUFA
Cl8:2n-6
C20:4n-6
En-6 PUFA
C18:3n-3

2546 = 0.52
15.23 = 0.51
373 = 0.01
18.95 + (.51
1.16 0.09

27.59 + 0.02
16.84 = 0.20
3.04 = 0.14
19.87 + 0.34
1.54

26.38 1.31

p
16.14 = 0.68
332 = 0.25
19.46 + 0.50
1.29 0.16

2674 = 1.40
16.38 = 047
3.10 = 0.36
19.48 = 0.11
1.21 0.18

29.14 += 0.14
17.35 = 0.56
246 = 0.07
19.81 + 0.63
1.44 0.02

27.57 = 2.14
16.04 = 0.26
3.10 = 0.35
1913 + 0.38
1.31 0.15

| C20:5n-3

7.57 0.12°

6.03

4.71 0.03°

414 + 0.15°

385 + 022°

413 + 0.07°

CL2:5on-3
C22:6n-3

En-3 PUFA
En-3/En-6
DHA/EPA
En-3 LC-PUFA

3.16 0.13

9,50 + 0,319
2152 * 0.27°
1.14 + 0.03
1.27 + 0.06¢
20.36 £ 0.24"

I+ 4+

4.90

033‘
22.9‘3 0.77%
1.16 + 0.06
1.96 + 0.06°
21.38 = 070"

+
X

3.20 .32

12.95 + 0.40"
21.68 + 034"
1.14 + 0.05
276 + 0.12"
20,54 = 0.41™

x
=

TG F 0.17
14.14 + 0.33°
2288 + 0.35%
1.17 + 0.02
3.43 + 0.13°
3167 + 0.29™

I+ |+

594 + 0.03
13.40 + 0,10
2203 = 0.28"°
1.11 + 0.05
3.49 + (.18

20.50 + 0.2

3.28 0.14
15.31 + 0.49"
24.04 = 0.08"
1.25 + 0.04
3.72 + 0197
22,70 + 0.18"

Values in the same row with different superscript letters are significantly different (P < 0.05). SFA: saturated fatty acid; MUFA: monounsaturated (atty acid; PUFA: polyunsaturated fatty
acid; LC-PUFA: long chain-polyunsaturated fatty acid.




Table 5

Liver fatty acid compositions of tongue sole fed the experimental diets (% total fatty acids, means + standard error, n = 3).

Fatty acid

D/E-D61

D/Feq

D/E-1.46

D/Eq a1

D/E-2.32

DfEeg s

C14:0
Cl6:0
C18:0
ESFA
Clée:ln-7
C18:1n-9
C18:1n-7
EMUFA
Cl18:2n-6
C20:4n-6
En-6 PUFA
C18:3n-3

075 + 0.03

17.84 + 028

17.52 + 0.94%
36.10 + 1.01%
0.56 + 0.04
12.29 + 0.80
2,15 + 0.09°
15.00 0.90
11.19 0.57
7.19 + 0.30
18.39 + 0.57
0.47 + 0.07

==
=

0.75 = 0.03
18.27 + 0.28
17.11 = o.a3%®
36.13 + 0.36°"
0.69 = 002
14.40 + 0.41
2.08 = 0.04°"
17.17 + 0.45
12.09 + 0.00
6.28 = 0.02
18.38 + 0.02
0,52 + 001

0.67 + 001
17.97 + 0.21
19.14 + 0.36"
37.78 + 0.17°
0.63 + 0.08
12.90 + 0.26
2.01 + 0.04""
15.53 + 0.28
10.94 + 0.23
675 + 0.20
17.68 + 0.36
0.40 + 0.03

= o
+

073 + 0.01
17.72 + 0.24
17.26 + 1.31°
35.77 + 1.57°°
0.59 + 0.10
13.20 + 0.30
1.84 + 0.03"
15.63 + 0.39
12.61 + 0.65
6.87 + 0.07
19.48 + 0.70
0.47 + 0.06

+
+

0.75 + 0.01
1812 + 0.18
16.34 + .83
35.21 + 0.79%
0.59 + 0.03
13.87 + 0.18
1.82 + 0.04"
16.27 + 0.20
12,60 + 0.14
6.54 + 0.20
19.14 + 0.32
0.49 + 0.04

=
=

0.79 + 0.06
17.28 + 0.57
14.18 + 0.25"
32.25 + (.30
073 + 012

13.36 + 0.78
1.83 + 0.08"
1592 + 0.96
1305 + 0.84
6.89 + 0.30

19.94 + 0.60

+
+

lc20:5n-3

7.56 0.29°

4.34 + 013"

3.99 0.14°

C22:5n-3
C22:6n-3

En-3 PUFA
En-3/¥n-6
DHA/EPA
¥n-3 LC-PUFA

235 + 0.14
12.99 + 093"
23.37 = 1.07
1.27 + 0.07
1.71 + 0.06¢
2291 + 1.08

b o

5.21 + 0.05"
246 + 0.03
13.99 + 0.04°
2217 + 0.05
1.21 = 0.00
2.69 + 0.04°
21.65 * 0.04

+

4.41 + 0.04
1.76 + 0.09
15.72 + 1.12%
22,30 + 1.44
1.26 = 0.06
3.57 + 014"
21.89 = 1.43

220 + 0.26
1566 + 0287
2266 = 0.69

1.16 + 0.02
3.63 + 017"
22.19 * 0.63

207 + 0.09
16.87 + 1.11%
23.43 £ 1.35
1.22 + 0.05
421 + 0.16™
22.94 + 1.31

X
+

19.61 + 0.47°
26.67 + 0.72
1.34 = 0.03

466 + 0.12°
26,07 + 0.63

Values in the same row with different superscript letters are significantly different (P < 0.05). SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty
acid; LC-PUFA: long chain-polyunsaturated fatty acid.
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Table 6
Lipid metabolism related indices in serum of tongue sole fed the experimental diets (means * standard error, n = 3).

Index D/E-0.61 D/F-1.0 D/E-1.46 Li: D/E-2.32 D/E-75

014" |
0.62
0.39"

0.23* 5.26
0.49 4.84
0.12° 1.77

0.24"
0.36
0.17°

023" 3.83
0.38 3.98
021 2.98

0.39° 4.59
0.20 4.39
0.29% 2.65

TG (mmol L 1Y) 575
TC (mmol 1.~ 1) 4.36
HDL-C (mmol L™ 1) 2.84
LDL-C (mmaol L %) 1.19 + 0.20°" 1.03 + 0.11** 0.90 + 0.16" 1.52 + Q.22 1.82 + 0.13"
Bile acid (umol L.~ 1) 5.68 + 0.41 5.20 + 0.10 5.29 + 0.23 5.82 5.69 + 0.11 5.69 + 0.40

MDA (nmolL™ ") 17.78 + 2.14% 18.41 + 3.55" 12.90 + 1.20" 2457 + 6.71° 71.67 + 5.24" 84.94 + 0.41°
SOD (units mL™ ") 371.31 + 9.78" 368.83 + 4.50° 333.45 + 4.49" 313.22 + 7.07° 361.08 + 7.20°° 338.95 + 933"

4.63
4.48
1.77
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TG: triglyceride; TC: total cholesterol; HDL-C: high density lipoprotein-cholesterol; LDL-C: low density lipoprotein-cholesterol; MDA: malondialdehyde; SOD: superoxide dismutase.

Table 7
Growth performances of tongue sole fed the experimental diets (means + standard error, n = 3).

Parameter D/E-0.61 D/E-y 02 D/E-1.46 D/E-yay D/E-2.32

Initial weight (g) 23.11 0.01 23.31 + 0.10 23.54 = 0.19 23.49 = 0.29 23.59 = 0.19
= : - +

Final weight (g) 7053 + 0.80° 71.32 + 1.30° 8058 + 1.92° 79.33 + 2.05% 7214 + 1.49%
Weight gain (%) 205.09 + 3.43" 206.00 + 4.93° 242,31 + 6.52° 237.58 + 4.64" 205.83 + 6.81"°
Feed intake (%) 0.96 + 0.04 0.98 + 0.04 1.00 + 0.05 0.99 + 0.01 1.00 + 0.03
Feed efficiency 1.11 + p.p2™ 1.19 + 0.02°° 1.21 + 0.01° 1.15 + 0.03"% 113 + 0.02°%
Survival (%) 83.33 + 1.93 91.11 + 4.01 91.11 + 2.94 81.11 + 4.01 87.78 + 1.11

Weight gain (%) = (Final weight — Initial weight) / Initial weight » 100; Feed intake (%) = total feed consumed » 2 / ((Final weight + Initial weight) % days of feeding) »x 100; Feed
efficiency = fish weight gain / feed consumed.
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Fig. 2. Effects of dietary DHA/EPA ratio on the mRNA expressions of lipogenic proteins in
the liver (A) and muscle (B) of tongue sole. Values (means *+ standard error, n = 3) in
bars that do not have the same letter are significantly different (P = 0.05). ACC: acetyl-
CoA carboxylase; FAS: fatty acid synthetase; PPARal: peroxisome proliferator-activated

receptor al; SREBP1: sterol regulatory element-binding protein 1.
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Fig. 3. Effects of dietary DHA/EPA ratio on the mRNA expressions of f-oxidation-related
proteins in the liver (A) and muscle (B) of tongue sole. Values (means * standard error,
n = 3) in bars that do not have the same letter are significantly different (P < 0.05).
ACO3: Acy-CoA oxidase 3; CPT-1a: carnitine palmitoyl transterase-1a; PPAR: peroxisome
proliferator-activated receptor.
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Fig. 4. Effects of dietary DHA/EPA ratio on the mRNA expressions of triglyceride me-
tabolism-related proteins in the liver [A) and muscle (B) of tongue sole. Values
(means + standard error, n = 3) in bars that do not have the same letter are sig-
nificantly different (P < 0.05). GPAT4: glycerol-3-phosphate acyltransferase 4; ATGL:
adipose triglyceride lipase.
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