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Table 1. Fatty acids used for enrichment of

Artemia nauplii.

Diet No. Kind of fatty acid™' Purity (%)
1 Control
2 Oleic acid (0OA) 91.8
3 Linoleic acid(LA) 97.7
4  Linolenic acid (LNA) 58.0*
5 EPA 25%+DHA 75%
6 EPA 50%+DHA 50%
7 EPA 75%+DHA 2%
8 Eicosapentaenoic acid (EPA)  90.8
9 Docosahexaenoic acid (DHA) 91.6

*! Ethyl esters. Each fatty acid of 0.2g was
emulsified with 0.1g of raw egg yolk and
100m! of sea water by homogenizing with
a mixer for 3 min.

*2 19% of oleic acid and 15% of linoleic acid
were contained in the fatty acids of No.4.
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Table 2. Fatty acid compositions of total lipid from Artemia used in the experiment.

Diet No.
1 2 3 4 5 6 7 8 9
Fatty acids Control OA LA LNA EPA 1 EPA1 EPA3 EPA DHA
+DHA 3 +DHA 1 +DHA 1
13:0 - - - - Tr. - 0.2 - -
14:0 0.7 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
14:1 Tr. Tr. Tr. Tr. Tr. Tr. Tr. Tr. Tr.
16:0 10.5 7.6 8.3 8.8 8.4 8.2 7.8 7.8 8.7
16:1 2.2 2.5 2.3 2.2 2.4 2.2 2.2 2.1 2.4
17:0 0.7 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
17:1 1.2 1.0 0.9 1.0 0.8 0.8 0.8 0.8 0.9
18:0 6.9 4.9 5.5, 6.0 5.4 5.1 5.1 4.9 5.4
18:1 27.6 51.5 21.2 26.0 20.9 20.4 19.6 19.9 21.7
18:2 n-6 5.0 3.9 26.3 8.3 4.0 4.0 3.8 4.0 4.1
18:3 n-6 0.6 0.4 0.6 0.5 0.4 0.4 0.4 0.4 0.4
18:3 n-3 25.8 16.0 19.8 32.6 18.7 18.1 17.4 17.5 19.9
18:4 n-3 4.7 3.1 3.9 3.6 3.2 3.2 3.2 3.3 3.5
20:0 Tr. 0.2 Tr. 0.2 Tr. Tr. Tr. Tr. Tr.
20:1 0.6 0.5 0.4 0.6 0.5 0.4 0.4 04 0.4
20:2 Tr. 0.2 0.4 0.3 Tr. 0.2 Tr. Tr. 0.2
20:3 - Tr. Tr. Tr. Tr. Tr. Tr. Tr. Tr.
20:4 n-6 0.8 0.6 0.7 0.8 0.6 0.6 0.7 0.7 0.6
20:4 n-3 0.9 0.6 0.7 0.7 0.6 0.6 0.6 0.7 0.7
20:5 n-3 3.1 2.0 2.4 2.2 13.4 19.2 26.8 31.2 7.2
22:1 Tr. Tr. Tr. Tr. Tr. Tr. Tr. Tr. Tr.
22:4 n-6 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
22:5 n-3 - Tr. Tr. Tr. 0.3 0.2 Tr. Tr. 0.3
22:6 n-3 - - - - 14.3 10.5 5.2 - 17.6
24:0 - - - - - - - - -
Total lipid (%)* 22.06 2458 22,79  23.18 2397 25.17  25.92 26.27  23.78
n-3 HUFA (%)* 0.78 0.57 0.63 0.60 6.11 6.84 7.52 7.46 5.46

* Dry basis.
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Table 3. Fatty acid compositions of total lipids from the juvenile puffer fish fed
Artemia nauplii enriched with each fatty acid.

Diet No.
1 2 3 4 5 6 7 8 9
Fatty acids Control OA LA LNA EPA 1 EPA 1 EPA3 EPA DHA
+DHA 3 +DHA 1 +DHA 1
13:0 Tr. - Tr. - Tr. 0.5 Tr. Tr. -
14:0 0.5 0.3 0.4 0.4 0.4 0.4 0.4 0.5 0.4
14:1 Tr. Tr. 0.2 Tr. Tr. Tr. Tr. Tr. Tr.
16:0 15.1 11.4 12.4 12.4 13.2 13.2 12.5 13.3 12.8
16:1 4.2 3.7 3.6 3.8 3.8 3.4 3.9 4.8 3.9
17:0 0.9 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.7
17:1 0.9 0.9 0.9 0.9 0.9 0.8 0.9 1.0 0.9
18:0 9.3 6.9 7.3 7.2 7.4 7.8 6.8 6.8 7.4
18:1 25.0 34.4 21.6 24.9 21.8 21.3 21.1 22.4 22.0
18:2 n-6 45 5.4 17.1 7.2 4.3 4.3 4.2 44 4.5
18:3 n-6 Tr. 0.3 0.2 0.2 Tr. Tr. 0.2 0.2 0.3
18:3 n-3 11.1 10.4 11.3 16.9 13.2 11.9 13.3 13.6 13.0
18:4 n-3 0.8 0.8 0.9 1.0 1.1 1.0 1.2 14 1.1
20:0 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
20:1 0.5 0.7 0.5 0.6 0.5 0.5 0.5 0.5 0.5
20:2 0.3 0.3 0.6 0.3 Tr. Tr. 0.3 0.3 0.3
20:3 Tr. Tr. 0.2 Tr. Tr. Tr. Tr. Tr. Tr.
20:4 n-6 2.4 1.8 1.9 1.7 1.6 1.8 1.6 1.4 1.6
20:4 n-3 0.4 0.5 0.6 0.6 0.5 0.4 0.5 0.4 0.5
20:5 n-3 3.1 2.6 2.3 2.4 6.4 9.2 12.3 12.9 3.8
22:1 Tr. 0.3 0.3 1.1 Tr. 0.3 0.2 Tr. 0.2
22 :4 n-6 0.6 Tr. 0.3 Tr. Tr. Tr. 0.3 Tr. 0.2
22:5 n-3 1.8 2.1 2.7 2.0 3.1 3.6 4.6 4.5 2.2
22:6 n-3 7.0 2.5 2.9 2.4 13.2 11.8 7.6 1.5 15.8
24:0 0.5 0.3 0.3 0.3 0.4 0.5 0.5 0.4 0.7
Total lipid (%)* 17.37 13.99 1448 1588 1572 15.3 16.2 17.9 16.08
n-3 HUFA (%)* 1.98 1.00 1.14 1.08 3.37 3.53 3.7 3.19 3.31

* Dry basis.
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Fig. 1. Growth in total length of the ju-
venile puffer fish fed on the
Artemia enriched with various
fatty acids.

BRIl X A BBRIED LN Lol HHRBOR
BICEL T, SROEBREIZN~40%DEFHTEM
Bz, BXOMICERBO SN a» o7z (Table
4).

% £

SE, —fBRRKBOVLERBEL S TWD
LA, LNA (Lee et al., 1967; Castell et al.,
1972a, b, c; Watanabe et al., 1974a, b, c¢; Yu
and Sinnhuber, 1972 ;T &, 1980) &, #HEEMA
DYIENR B TdH 5 EPA, DHA %o n-3 HUFA
(%, 1971 ; Yone and Fujii, 1975a, b ; Owen et
al., 1975; Cowey et al., 1976a, b; Fujii and
Yone, 1976) % O &R H, TVT37
WRERIC BT S T 7 7 OLIEIRIFBRER 2 RET L7,
DR, EPA 256% - DHA 75% D 5 X & EPA 50
% - DHA 50% % 6 X O] g i B iR & X THE 725K
ErEons, 2ol kid<¥ 1 (Izquierdo et al.,
1989b ; Fr S, 1991a), 77U (MFA S, 1989 ; &H
5, 1991), ¥ <7 (lzquierdo et al., 1988) ¥
LU 5 2 (Izquierdo et al., 1988) 7 & iff B 5
LR, P T TOBEBIFEE (RIS, 1978)
W THAIZBWTH EPA ® DHA % ® n-3
HUFA #ERMEEE L TERT A LERLTY
5. %72, EkEESE LToOEPA &£ DHA A%
HELBL-ER, DHA BEHO9XH EPA BH®
SELOHETHo7D, OAZMILLIZ 2K Sk
LNA 2 b L2 AR ERTHENITERE 2 ER
RO ol SEOEBEENSIEZ T 77D
7T I TRES BT A NERBROEES R L1
BTLIEIETELRDPo72%, EPA & DHA 2 #H

Table 4. Effect of Artemia enriched with various fatty acids on growth,
survival rate and activity of the juvenile puffer fish.

Diet No. 1 2 3

4 5 6 7 8 9

Fatty acids used

Control OA LA

LNA EPA 1 EPA1EPA3 EPA DHA

+DHA 3 +DHA 1 +DHA 1

Initial number of fish 300 300 300

Initial total length (mm)
(Mean+SD)

Final total length (mm)*! 16.0* 16.6* 15.7%

(Mean=+SD)
Survival rate (%) 750 71.7 - 62.3
Activity test (%) 315 30,0 445

300 300 300 300 300 300
10.4
+0.64

16,7 17.9" 17.6* 16.9* 16.7*° 17.1®
+1.69 +1.17 +1.47 +1.36 +1.59 +1.48 =139 *+1.60 *£1.58
69.0 650 72.7 747 67.7 13.0
22.3 40.0 40.0 334 30.0 40.0

*1 Same letters indicate not significantly different (p<0.05).
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Summary

A 15 days feeding experiment was carried out to investigate the requirement for essen-
tial fatty acids (EFA) of the juvenile puffer fish Takifugu rubripes, using Artemia
nauplii enriched with various types of different fatty acids. Experiment was conducted
under laboratory condition and ambient water temperature. There was no significant
difference in the growth among the juveniles fed on Artemia enriched with oleic acid
(OA), linolenic acid (LNA) and eicosapentaenoic acid (EPA) alone. Whereas, the re-
sults obtained show that docosahexaenoic acid (DHA) alone or n-3 highly unsaturated
fatty acids (n-3 HUFA) were much more effective as EFA for juvenile puffer fish to
achieve the best feeding performance. On the other hand, final survival rate and activity
test of juvenile puffer fish were not significantly different among all of the groups dur-
ing the experimental period. The best results, however, were obtained in the groups fed
on Artemia containing n-3 HUFA rather than enriched with fatty acids of either EPA
alone or DHA alone. These results suggest that the juvenile puffer fish required both
EPA and DHA as their EFA, although DHA was more effective than EPA.



