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Table 1
Ingredient and proximate composition of the experimental diets.

Dietary treatments

DO D1 D2 D3 D4 D5 D6 i% 1 ggg{ﬂ\’fﬁ_] * SI')iZﬁj\&gﬁ)iz

Ingredient (g/kg of dry

weight)
Casein 400.0 400.0 400.0 400.0 400.0 400.0 400.0
Gelatin 100.0 1000 100.0 1000 100.0 1000 100.0
Corn starch 200.0 200.0 200.0 200.0 200.0 200.0 200.0
Cellulose 240 240 240 240 240 240 240
Mineral premixe? B0.0 800 800 8OO 800 800 800
Vitamin prrmixeh 200 200 200 200 200 200 200
Sodium carboxymethyl 2000 200 200 200 200 200 200
cellulose
Attractant® 45.0 450 450 450 450 450 450
Ascorbic phosphate ester 5.0 50 50 50 50 50 50
Choline chloride 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Antioxidant 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Fish oil” 100.0 0.0 0.0 0.0 0.0 0.0 0.0
Perilla oil* 0.0 509 638 868 0.0 0.0 0.0
Corn oil” 0.0 491 362 132 740 740 740
DHA-enriched oil® 0.0 0.0 0.0 0.0 8.7 173 208
EPA-enriched oil" 00 00 00 00 173 87 52
Proximate composition (%
dry weight)
Moisture 120 100 110 100 9.0 9.0 9.0
Crude protein 55.6 547 549 555 557 553 549
Crude lipid 10.8 108 107 108 10.8 107 107

Ash 56 5.5 55 55 5.6 56 55




Table 2

Fatty acid composition (% total fatty acids) of the experimental diets for grouper,

Epinphelus coioides.

Fatty acid Dietary treatments

DO D1 D2 D3 D4 D5 D6
14:0 3.54 0.94 0.31 0.71 0.38 0.57 034
16:0 17.32  20.81 1295 1846 12,69 13.21 12.18
18:0 596 8.70 5.83 13.09 5.16 445 3.86
16:1n-7 3.96 0.59 1.17 0.42 0.21 0.51 023
18:1n-9 2363 2879 2154 1570 2450 2237 2488
18:2n-6 (LA) 21.94 2244 2498 13.04 3821 38.51 37.71
18:3n-6 073 nd nd nd nd nd nd
20:2n-6 059 nd nd nd nd nd nd
20:3n-6 043 nd nd nd nd nd nd
20:4n-6 (ARA) 1.32 nd nd nd nd nd nd
18:3n-3 (ALA) 5.35 16,12 3365 37.13 1.38 1.12 0.82
20:3n-3 0.13 nd nd nd nd nd nd
20:5n-3 (EPA) 533 nd nd nd 7.96 542 4.44
22:5n-3 (DPA) 1.54 nd nd nd 097 0.61 0.60
22:6n-3 (DHA) 7.01 nd nd nd 797 1049 1254
3 SFA 26.82 3045 1909 3226 1823 1823 1638
3~ MUFA 2759 2938 2271 16.12 24.71 2288 25.11
¥ n-6 PUFA 25.01 2244 2498 13.04 38.21 38.51 37.71
3" n-3 PUFA 19.36 16.12 3365 37.13 18.28 1764 1922
n-3/n-6 PUFA 0.77 0.72 1.35 2.85 049 0.46 0.51
ALA/LA 024 |072 135 285] 004 003 002
DHA/EPA 132/ / / Lico 1903 2
3 n-3 LC-PUFA 13.88 / / I 16.90 16.52 17.58

nd: not detected (<0.01).
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Table 3
Growth performance, feed utilization efficiency and survival rate of juvenile grouper fed different diets for 9 weeks.'

Dietary treatments

DO D1 D2 D3 D4 D5 D6
Initial weight (g) 961 + 0.01 9,61 + 0.01 9.69 + 0.05 9.69 + 0.03 9.73 + 0.04 9.71 + 0.06 9.72 4 0.05
Final weight (g) 23.16 + 1.72%° 2033 + 0.71° 21.12 4+ 096" 21.01 + 0.86" 26.64 + 1.84* 2591 + 1.07° 23.10 + 1.83%
WG (%)° 141.19 + 17.94*  [111.81 + 7.43° 11922 + 9.87° 11726 + 8.3° | 17477 + 1995° 1673 + 12.62° 137.98 + 18.11%°
SGR (% day™')? 140 + 0.11%° 121 + 0.05° 1.25 + 0.07° 1.24 + 0.06° 1.61 + 0.11° 1.56 + 0.07* 138 + 0.13*®
FCR? 1.67 + 0.18%® 213 + 025° 197 + 0.19%® 1.99 + 0.12% 1.58 + 0.15" 162 + 008 1.71 + 0.01%®
SR (%)° 86.67 + 5.81 76.00 + 10.07 88.00 + 4.00 82,67 + 5.33 8533 + 1.33 86.67 + 2.67 80.00 + 833
! Values are means + SE from three treatments of fish (n = 3). Different superscripts in the same rows indicate significant difference at P < 0.05. N
2 Weight gain (WG, %) = 100 x (final weight — initial weight) x (initial weight) . WG—i E%
3 - _1 - - . - ] - - - _1
p Specific grow'th rate (SGR, % day™ ") = 1003-( [Ln (final weight) — Ln (lrunal w.el.g!'nt)] x‘(dayi?ffeedmg trial)™ ", SGR— j:';'élz Y
Feed conversion rate (FCR) = (total dry weight of feed fed) x (final weight — initial weight) ™. ﬂ‘IE ™
5 - yoia -l
Survival rate (SR, %) = 100 x (final fish number) x (initial fish number) . =T Mz
FCR-1A 4} 22 %%
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Table 4
Proximate com position of whole body fish fed different diets for 9 weeks.'

Dietary treatments

DO D1 D2 D3 D4 D5 D6
Moisture (%) 72.79 + 168 73.56 + 0.76 7322 + 025 7248 + 1.09 71.03 £+ 0.55 7345 + 132 73.75 = 1.25
Protein (%) 1898 + 045 18.09 + 0.81 1829 + 059 1841 + 024 18.78 + 041 1863 + 0.15 18.39 + 034
Lipid (%) 4.85 + 0.17 469 + 0.25 470 + 0.51 467 + 0.36 4.76 + 021 471 £ 043 474 + 032
Ash (%) 562 + 0.12 5.51 + 0.14 5.57 + 0.09 5.54 + 0.11 5.63 + 0.15 560 + 0.13 558 + 0.12

! Values are means =+ SE from three treatments of fish (n = 3) with free fish per treatment. Different superscripts in the same rows indicate significant difference at P < 0.05.
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Tables =5 AEIGCIERB AT & A& ARSI ER B Ak o T

Liver fatty adid composition of juvenile grouper fed different diets for 9 weeks.

Fatty acid Initial Dietary treatments
e DO D1 D2 D3 D4 D5 D6
14:0 236 223 + 0.13 2.05 + 042 1.74 + 0.43 1.58 + 0.39 2.59 + 0.71 188 + 030 105 + 006
16:0 3448 2586 + 1.15 23.12 + 359 21.08 + 1.96 21.58 + 1.72 28.91 + 1.54 2913 + 160 2008 + 006
18:0 1051 1296 + 0.89 7.77 + 042 8.67 + 1.17 10.10 + 3.04 10.11 4 0.85 1061 + 133 1163 + 038
T SFA 4735 41.06 + 073 32.94 4 429 31.50 + 1.85 33.27 4+ 2.77 41.62 + 3.83 4163 + 084 3276 + 042
16:1n-7 536 374 + 043%® 1.65 + 033% 1.31 + 0.34° 1.67 + 0.20™ 4.01 + 0.79* 297 + 047%™ 102 + 013¢
18:1n-9 2173 2143 + 089° 23.65 + 197° 19.29 1555 + 1.14* 22,69 + 1.32* 2102 + 155® 18.74 + 0.13%
4+ 043%
20:1n-9 0.41 0.75 + 0.18 0.28 + 0.11 0.42 4 0.03 0.41 £ 0.25 0.31 4 0.10 045 + 010 086 + 004
3 MUFA 2764 2592 + 131° 25.58 4+ 1.80° 21.01 . 17.62 4+ 1.08%  27.01 + 1.99° 2430 + 186%® 2021 + 031%®
+ 077
18:2n-6 (LA) 204 1228 + 087° 22.41 21.18 15.63 & 1.12° 14.92 1660 £ 126> 2375
+ 289% + 1.15%® + 243" + 0.76%
18:3n-6 032 046 + 004 0.42 + 0.06 0.42 + 0.02 0.42 + 0.01 0.41 + 0.05 046 + 005 039 + 002
20:2n-6 043 0.74 + 0.18 0.35 + 007 0.41 + 0.03 0.41 + 0.12 0.31 + 0.11 030 + 009 035 + 004
20:3n-6 0.06 0.01 £ 0.01 nd nd nd nd nd nd
20:4n-6 (ARA) 203 121 + 020* 0.71 + 023° 1.68 + 0.47° 1.36 + 0.32*® 0.74 + 0.17° 067 + 0.10° 112 + 026®
T n-6 PUFA 488 1460 + 0.69° 23.79 23.50 17.63 16.46 1823 25.17 + 0.78*
£ 288% + 120® + 081%™ + 269% + 13g%c
¥ n-6 LC-PUFA 284 186 + 021 097 + 0.14 1.90 + 0.49 1.58 + 0.36 1.13 + 023 1.16 % 017 102 + 0.16
18:3n-3 (ALA) 2.10 273 + 030° 13.09 + 199* 17.96 + 0.84° 21.99 + 2.84° 1.96 + 0.41* 144 + 0.16° 153 + 0.16°
20:3n-3 017 036 + 003* 0.24 + 002% 0.27 + 0.02% 0.17 + 0.02° 0.25 + 0.02% 026 + 001°® 020 + 008®
20:5n-3 (EPA) 447 405 + 012° 0.37 + 018" 0.96 =+ 0.54" 1.36 + 0.68" 3.97 & 0.67* 334 + 040° 417 + 002°
22:5n-3 (DPA) 196 128 + 0.08* 0.24 + 0.11° 0.43 + 0.09" 0.47 + 0.16 1.30 + 0.31* 130 + 031* 166 + 0.14°
22:6n-3 (DHA) 874 B46 + 053° 1.32 + 0.70° 2.59 + 0.51° 2.82 + 1.09° 6.46 + 1.42° BA49 + 098° 1265 + 026°
¥ n-3 PUFA 1744 1688 15.26 22.20 + 1.15% 28.60 + 2.24° 13.93 4 2.78¢ 1483 + 134« 2022 + 040%
+ 0.90™ + 2]4
3 n-3 LC-PUFA 15.34 1415 + 064° 2.18 + 1.01¢ 4.24 + 1.15° 4.81 + 1.91° 11.98 4 2.42° 1339 + 1.42° 1868 + 025°
T PUFA 2232 3149 4 159° 39.06 R 45.70 + 2.33 46.52 + 2.7 30.40 + 5.45 3305 + 267 4538 + 052
+ 502
¥ LC-PUFA 18.18 1601 + 053% 3.14 + 087° 6.14 4 1.64° 6.41 4 1.95° 13.11 + 2.65° 1456 + 157° 19.70 + 033*
3 DHA + EPA 1321 1251 + 063° 1.69 + 0.88° 3154 4 1.04° 417 + 1.76° 10.43 4 2.09° 1183 + 136° 1683 + 026*

nd: not detected.

! Values are means + SE from three treatments of fish (n = 3) with four fish per treatment. Different superseripts in the same rows indicate significant diffe rence at P< 0.05.



Table 6

Muscle fatty acid composition of juvenile grouper fed different diets for9 wui%G Z: |§_| %EE?HE ﬁf@zj_] @Hﬂ; FJSI H EHTJ_ @ézﬂ}ﬁﬁj\jﬁ-

Fatty acid Initial Dietary treatments
fish Do )| D2 D3 D4 D5 D6

140 252 243 + 020° 1.06 + 0.09° 134 + 037° 144 + 030° 1.15 + 0.11® 1.17 + 0.09° 1.15 + 0.06°

16:0 2595 2152 + 065 1736 + 056° 1766 + 056° 1725 + 1.01° 18.64 + 0.53® 18.67 &+ 0.25%®  17.22 4+ 0.64°

18:0 1026 8.13 + 048 882 + 067 810 + 1.17 803 + 0.71 7.06 + 1.13 5.93 + 0.33 5.62 + 0.18

T SFA 3873 3207 + 098* 2724 " 2709 + 0.77® 2671 + 200® 2684 + 1.36% 2577 + 0.21° 23.98 + 0.88"
+ 111

16:1n-7 667 443 + 012° 183 + 008" 204 + 028° 274 + 062° 2.12 + 0.08" 2.08 + 0.13° 1.95 + 0.21°

18:1n-9 14.14 2521 + 008* 1841 1965 1674 4 0.74% 22.85 2441 £ 1.27% 2525 4+ 1.12*
+ 0814 + 0.71%d + 1.75%«

20:1n-9 0.15 047 + 002 056 + 0.05 051 + 0.15 036 + 0.09 0.45 + 0.19 0.33 + 0.06 0.16 + 0.06

¥ MUFA 2096 30.10 + 0.06* 2079 2220 1984 + 034° 25.42 26.82 27.36 + 0.91%
+ 081% + 0.85* + 1555 + 134%<

18:2n-6 (LA) 230 1642 + 073% 2188 2098 + 047 1342 + 194° 25.34 27.88 + 0.88° 26.99 + 0.55%
+ 098 + 132%

18:3n-6 053 052 + 003° 047 + 0.04% 045 + 003%® 045 + 0,02 0.39 + 0.01® 0.40 + 0.01* 0.38 + 0.02°%

20:22n-6 051 038 + 003° 029 + 003° 026 + 002 025 + 0.02° 0.24 + 0.02° 0.25 + 0.01° 0.24 + 0.01°

20:3n-6 096 006 + 0.01° nd nd nd 0.05 + 0.01° 0.06 + 0.01° 0.08 + 0.03°

20:4n-6 (ARA) 266 155 + 035 197 + 027 1.80 + 057 177 + 022 1.37 + 0.41 0.93 + 0.10 1.08 + 0.17

¥ n-6 PUFA 6.69 1894 + 0579 2462 - 2340 & T 38 + 0.91® 2951 4 0.98° 28.77 + 0.36°
+ 093

¥ n-6 LC-PUFA 413 199 + 035 ~ 227 + 030 206 + 059 202 + 021 1.65 + 0.43 1.24 + 0.11 1.40 + 0.20

18:3n-3 (ALA) 131 478 + 053¢ 1583 + 1.50° 1759 + 1.58° 2376 + 3.06* 221 + 0.2 1.22 4+ 0.10¢ 2.53 + 0.15¢

20:3n-3 044 055 + 003™ 028 + 008% 023 i 007° 078 £037° 0504 007® 0554 001® 0504 006%

20:5n-3 (EPA) 7565 365 + 0.15% Mﬁ.ﬂuﬂ L o1 ] 2544100 | 557 4019 4.01 4 0.04%® 3.10 & 0.10* |

22:5n-3 (DPA) 269 144 + 006™ 2 > 162 . 006° LER & 0 04° 172 4 008

22:6n-3 (DHA) 18.15 745 i 023% 6.19 + 077° 540 + 1.06° 642 + 1.04° 9.38 4 0.87* 9.42 4 0.38% 10.47 + 0.27°

¥ n-3PUFA 3024 1786 + 0.48° b b 3474 + 067* < <

¥ n-3LC-PUFA 2893 13.08 + 0.08% | 956 + 121 805 + 143¢ | 1098 + 2.80% 17.12 4+ 0.822 15.65 + 0.42% 15.79 + 0.35%

¥ PUFA 3693 36.79 + 097¢ 5035 4937 5097 + 254* 46.71 £ 0.14%  46.18 & 1.41° 47.08
+ 071% + 0.11% + 0.10%

¥ LC-PUFA 3306 15.07 1183 10.11 + 2.00° 13.00 18.78 + 1.25% 16.90 + 0.53*®  17.19 + 0.54*

+ 0.42% + 1479 + 2,644
S"DHA + EPA 2580 11.09 + 008% 834 + 1.10v 696 + 1239 895 4 2,04 14.95 + 0.71° 13.42 + 0.40%  13.57 + 0.35%
nd: not detected.

! Values are means + SE from three treatments of fish (n = 3) with four fish per treatment Different superscripts in the same rows indicate significant difference at P < 0.05.



o2
3
o
2

RN

(4]
>
]
o

ontent of faity acid (%)
o o
Content of fatty acid (%)
I —y 8 (%]
o m o w o

-&-18.3n-3

—
(=]
T

-~ 18:2n8

g
=1
1 ¥
K
g
m §

Content of falty acid (%)
== N W & h & =~
of fatty acid (
- 'y (5]
o o o
!

go.s ~ .

ot 00 t
Muscle tissue -8-DHA Muscle tissue -.-204n6
—aEPA
8 c e 25 F —o=183086

N
o
T

-
(0]
T

Content of fatty acid (%
o

Content of fatty acid (%)
O = N W & 0h &

05 | . .
o 00 L X ) X
D1 D3 D1 D2 D3
Dietary group Dietary group

Fig 1. The integrated results of Tables 2, 5 and 6, which showed th at the hepatic contents of n-3 PUFA (B) and n-6 PUFA (E) in fish fed D1-D3 displayed parailel change pattemn with the
respective dietary levelsof 18:3n-3 (A)and 18:2n-6 (DL While the muscle con ents of n-3 PUFA (C) and n-6 PUFA (F) displayed unapparent change trend with the respective d etary levels
of 18:30-3 (A) and 18 2n-6 (D) in fish fed D1-D3. Values in B-C and E-F are mean + SE of 9 samples from 3 replicate groups.



Table 7
Albumin, immunoglobulin M (IgM), lysozyme (LZM) activity, alkaline /acid phosphatase (AKP/ACP) activity in serum of juvenile grouper fed different diets for 9 weeks.'

Immune parameters Dietary treatments

DO D1 D2 D3 D6
Albumin (g 17") 1021 + 0.62° 691 + 0.31¢ 7.52 + 0.34¢ 7.29 4 038° |1o3s + 0.51° | 9.14 + 0.40®
IgM (mg 1™ 1) 18.04 + 0.82° 1271 + 2.01° 15.37 + 0.49™ 1438 + 0.71™ 17 91 :i: 0.59 | 1822 + 0.687 16.54 + 1.32%
LZM activity (U ml™")  B9727 &+ 2008°] 20416 &+ 477°® 220.66 + 28.55® 17667 + 1625° 06 23987 + 21.68°°  197.83 + 8.43%
AKP activity (U/100 ml) 2068 + 0.71%® 16.61 + 3.35" 21.27 + 1.23® 2183 + 030% 27. 87 = 538' 21.87 = 3.09% 2424 + 1.82%
ACP activity (U/100 ml)  2.83 + 0.06 65 £ O 3.13 + 0.61 263 + 0.16 17 = 00 352 + 051 295 + 049

! Values are means -+ SE from three treatments of fish (n = 3) with four fish per treatment. Different superscripts in the same row indicate significant difference at P < 0.05.
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