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Requirement of Young Tiger Puffer (Takifugu rubripes)
for Essential Fatty Acids and its Optimal Level*

Kyung-Nam Han
Department of Oceanography, Inha University, Inchon 402-751, Korea

The objective of this study was to investigate the essential fatty acids requirement and
its optimal level in dietary for young of tiger puffer.

The young puffer fish used in feeding trial were average body weight 3.45g. Fish were
randomly divided into 11 groups containing 30 fish each in 200 ¢ tank and reared for
8 weeks at ambient temperature. In basal diets, defatted squid meal, casein-Na and activated
gluten were used as the dietary protein source, dextrin and a-starch (gelatinized starch)
as the digestible carbohydrate source and beef tallow as the lipid source. Five fatty acids
added to diet were linoleic acid (LA), linolenic acid (LNA), eicosapentaenoic acid (EPA),
docos-ahexaenoic acid (DHA) and n-3 HUFA. Among that, the supplement of LA and
LNA were 1% of total composition of diet, respectively, and EPA, DHA and n-3 HUFA
ranged from 0.3~1% level. Growth and feed efficiency were measured to the interval of
2 weeks, and analyzed fatty acids composition of diet and liver by GCL.

As a result of 8 weeks experiment, predominant growth were shown in 0.5~1% n-3
HUFA and 0.5% DHA than others (P<0.05). In comparison of efficiency among EPA,
DHA and n-3 HUFA groups, the most results were revealed in n-3 HUFA and the least
in EPA. The adding effect was shown in EPA by increasing the fatty acids content from
05 to 1% in diet.

However, sudden decline and steady state in growth were observed in 1% DHA and
1% n-3 HUFA, respectively. The feeding efficiency and protein efficiency ratio were high
in n-3 HUFA groups and 0.5% DHA. Consequently, it is assumed that young puffer requires
n-3 HUFA both EPA and DHA as essential fatty acids. The optimal content in diets are
about 0.5% of HUFA or DHA.
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Table 1. Percent composition of the experimental diets for the young puffer fish

. Diet no.
Ingredient 1 2 3 4 5 6 7 8 9 10 11
Squid meal (defatted)*' 30
Casein-Na 20 20 20 20 20 20 20 20 20 20 20
Gluten (activated) 8 8 8 8 8 8 8 8 8 8 8
a-Starch 5 5 5 5 5 5 5 5 5 5 5
Dextrin 10 10 10 10 10 10 10 10 10 10 10
Beef tallow 10 9 9 9.5 9 97 95 9 9.7 95 9
LA (18 2n6) 0 1 \] 0 0 0 0 0 0 0 0
LNA (18 : 3n3) 0 0 1 0 0 0 0 0 0 0 0
EPA (20 5n3) 0 0 0 0.5 1 0 0 0 0 0 0
DHA (22 6n3) 0 0 0 0 0 03 05 1 0 0
n-3 HUFA*? 0 0 0 0 0 0 0 0 03 05 1
Vitamin mix. 3 3 3 3 3 3 3 3 3 3 3
Mineral mix. 8 8 8 8 8 8 8 8 8 8 8
Attractants*® 1 1 1 1 1 1 1 1 1 1 1
a-Cellulose 5 5 5 5 5 5 5 5 5 5 5

Nutrient content in dry matter

Crude protein 576 585 604 592 61.1 585 594 58,5 584 59.2 59.1
Crude lipid 9.2 9.4 9.5 9.2 9.4 94 95 93 95 96 97
Crude ash 6.3 6.3 6.5 7.1 6.8 63 62 64 66 64 6.8

*'Defatted by 95% ethanol.
*’Contained both EPA 17% and DHA 65%.

*3L-Ala 110 mg, L-Asp 18 mg, L-Gly 278 mg, L-Ser 20 mg, Betaine 574 mg (Kumai et al., 1990).
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Fig. 1. Changes of body weight of the young puffer
fish fed on each experimental diets. Vertical lines
indicate SD, and refer to Table 1 for legend.
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Table 2. Effect of the diets supplemented different fatty acids on growth and efficiency of feed utilization
of the young puffer fish

. Diet no.
1 2 3 4 5 6 7 8 9 10 11
Control LA INA EPA EPA DHA DHA DHA HUFA HUFA HUFA
Average initial wt. (g) 345 346 346 346 345 346 346 345 345 346 346
+027 1028 +027 4028 1029 +028 +029 +027 +028 +027 +0.28
Average final wt. (g)*! 25.42° 24.59%0 26052 27.78%¢ 28.29%¢ 28.19%¢ 30.53¢ 28.69¢ 28967 30.57¢ 30.70°
+459 +496 +434 +587 4528 +490 +528 +428 +583 570 +528
Average weight gain (%) 6368 6107 6529 7029 7200 7147 7824 7316 7394 7835 7813
Survival rate (%) 767 80.0 933 86.7 90.0 83.3 80.0 73.3 86.7 80.0 80.0
Hepatosomatic index*'?  6.64° 6.10:°® 675%°c 7.21%b¢ 7.022>° 7.00%° 7.19* 7.61* 7.09* 7178 763
+094 +087 +1.19 1097 1127 +106 1103 +122 +068 +143 =145
Daily feed intake (%) 417 428 372 379 376 373 350 404 347 349 346
Daily growth rate (%) 346 342 348 3.54 3.56 3.55 3.62 3.57 3.58 3.62 3.62
Feed efficiency (%) 7441 7072 9155 8767 9139 89.66 9611 8297 9626 9948 98.48
Protein efficiency ratio*? 136 127 1.59 1.55 157 1.61 1.70 1.49 1.73 1.77 1.75
Protein retention rate (%)** 232 214 281 288 290 293 335 264 336 328 33l
Lipid retention rate (%)** 3.5 43 4.7 4.6 59 44 47 37 6.1 58 4.6
*'Values within the same raw which bear different letters are significantly different at p<0.05
(ANOVA, Fisher’s LSD test).
*Liver weight (g) X100/body weight (g).
*’Body wet weight gain (g)/protein fed (g).
**Muscle protein gain (g)/protein fed (g).
*SMuscle lipid gain (g)/lipid fed (g).
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Fig. 3. Effect of the diets supplemented with diffe-
rent fatty acids on the protein efficiency ratio (P.E.
R.), protein retention rate (P.R.R.) and lipid reten-
tion rate (L.R.R.) of the young puffer fish.
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Table 3. Fatty acid composition of total lipids in diet of the young puffer fish (area %)

Diet no.

1 2 3 4 5 6 7 8 9 10 11
Fatty acid Control TA INA EPA EPA DHA DHA DHA HUFA HUFA HUFA
14:0 2.0 1.7 1.7 1.8 1.8 1.7 2.0 1.9 1.9 1.8 1.8
14:1 0.2 0.2 0.1 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2
15:0 Tr. Tr. Tr. - Tr. Tr. - - - — Tr.
16:0 27.1 266 237 273 263 261 268 267 279 264 26.1
16:1 n7 2.6 2.3 2.5 2.4 2.5 2.6 2.6 2.6 24 2.5 2.5
16:2 n4 0.1 0.1 0.1 0.1 - - 0.1 - 0.1 0.1 -
170 0.2 0.1 0.1 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2
171 Tr. 0.2 Tr. - - - 0.1 Tr. 0.1 0.1 0.2
18:1 n (74+9) 40.1 397 375 404 40.2 406 396 40.2 395 405 398
18:2 n6 Tr. 35 0.2 0.2 0.2 0.3 0.2 0.1 0.2 0.2 0.2
18:3 n3 9.5 94 18.1 8.5 94 9.2 8.9 9.1 8.3 9.5 9.5
18:4 n3 Tr. 0.1 0.1 0.1 0.1 - Tr. Tr. Tr. Tr. 0.1
20:1 n (9+11) 0.9 0.8 0.7 0.8 0.8 0.8 0.9 0.8 0.8 0.8 0.8
20:2 né6 0.2 0.2 0.2 0.2 0.2 - 0.2 0.2 0.2 0.3 -
20:4 n6 0.1 Tr. 0.1 Tr. 0.1 - 0.1 Tr. Tr. 0.1 -
20:4 n3 0.1 0.1 0.1 0.1 0.1 - Tr. 0.1 0.1 0.1 0.1 0.2
20:5 n3 Tr. - 0.1 31 116 Tr. 0.1 0.1 0.9 1.1 29
221 n9 0.1 Tr. 0.1 Tr. 0.1 Tr. 0.1 Tr. Tr. Tr. Tr.
22:5 n3 Tr. - Tr. - - Tr. Tr. — Tr. Tr. Tr.
22:6 n3 Tr. - 0.1 - Tr. 3.8 64 103 2.3 3.2 9.1
24:1 n9 Tr. — Tr. — — - 0.1 - — — Tr.

Total lipid (%)™ 9.2 9.5 9.4 9.2 9.4 9.4 9.5 9.3 9.5 9.6 9.7
n-3 HUFA (%)* 0.1 0.1 0.3 32 117 3.8 6.6 105 3.3 4.4 12.3

*Percentage in dry basis.

Table 4. Fatty acid composition of total lipids in liver of the young puffer fish (area %)

Diet no.

1 2 3 4 5 6 7 8 9 10 11
Fatty acid . .Control LA INA EPA EPA DHA DHA DHA HUFA HUFA HUFA
14:0 1.8 1.8 1.0 1.1 1.0 1.2 1.2 1.1 1.2 1.2 1.2
14:1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
15:0 - - - - - - - - - - -
16:0 273 272 228 227 218 228 229 224 236 235 240
16:1 n7 2.4 2.5 7.3 6.6 6.3 6.3 6.1 5.3 6.2 5.9 5.5
16 .2 n4 0.1 0.1 0.1 0.1 0.1 - 0.1 0.1 0.1 - -
17:0 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2
17:1 - - 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2
18:1 n (74+9) 39.3 407 46.5 475 466 46.7 464 452 474 469 452
18:2 n6 84 8.7 6.9 6.9 7.4 7.5 7.7 84 6.6 6.8 7.3
18:3 n3 0.3 0.3 1.8 0.3 0.3 0.3 0.3 0.4 0.2 0.3 0.3
184 n3 0.1 - 0.1 0.1 0.1 - - Tr. - - 0.1
20:1 n (9+11) 0.8 0.8 14 1.5 1.5 1.6 1.5 1.7 1.7 1.5 1.5
20:2 n6 0.2 0.2 0.3 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.4
20:4 n6 0.1 0.1 Tr. Tr. 0.1 Tr. Tr. 0.1 Tr. 0.1 0.1
20:4 n3 - - Tr. Tr. Tr. — — — - — Tr.
20:5 n3 0.1 Tr. Tr. 2.0 8.0 0.1 0.1 0.1 0.3 0.5 1.3
221 n9 0.1 Tr. 0.3 0.3 0.2 0.2 0.2 0.2 0.3 0.2 0.2
22:5 n3 - - 0.1 0.3 0.7 0.1 0.1 0.3 0.1 0.1 0.3
22:6 n3 - 0.2 0.1 0.1 0.1 2.0 40 16.3 1.1 2.0 5.9
241 n9 - 0.2 0.2 0.2 0.2 0.1 0.1 0.2 0.1 0.1

Total lipid (%)* 760 67.6 743 75.6 73.3 77.5 79.6 811 792 78.3 82.3
n-3 HUFA (%)* 01 02 02 24 88 22 42 167 12 23 63

*Percentage in dry basis.
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Table 5. Effect of the diets supplemented different fatty acids on the proximate composition (%) of

dorsal muscle and liver

Diet no. Moisture Crude protein Crude lipid Crude ash Glycogen
Dorsal muscle

Initial 80.7 18.6 1.2 1.9
1 80.2 19.3 0.6 1.5
2 81.1 184 0.7 1.3
3 80.3 18.9 0.6 1.3
4 80.0 19.9 0.6 14
5 79.5 19.9 0.7 1.3
6 80.3 20.1 0.6 1.3
7 79.7 21.8 0.6 14
8 79.7 21.2 0.6 1.4
9 80.0 20.6 0.7 1.4
10 799 21.2 0.6 1.4
11 79.3 213 0.6 1.3

Liver

Initial 49.8 12.1 359 1.1
1 51.7 9.8 36.7 1.1 0.3
2 57.7 11.2 28.6 1.4 0.3
3 49.0 8.8 37.9 2.2 0.6
4 50.0 8.0 37.8 0.9 0.9
5 484 8.0 37.8 1.0 1.5
6 47.5 7.3 40.6 0.9 0.7
7 43.6 6.8 44.9 0.8 1.2
8 46.6 6.8 43.3 0.7 1.4
9 47.6 7.4 41.5 0.9 0.7
10 48.3 6.7 40.5 1.2 1.1
11 459 6.2 44.8 1.0 1.3
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