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Seasonal Variations in Lipids and Fatty Acid Compositions
of Frigate Mackerel Auxis rocher*,

Katsuji Morioka,*? Syuhei Sakai,*?
Chie Takegami,*? and Atsushi Obatake*2

The seasonal variations in lipids and fatty acid compositions of frigate mackerel Auxis rochei
caught off Kochi Prefecture were examined from the viewpoint of the effective utilization of fish

wastes.

The lipid contents varied from 5.2 to 11.6% for the head, which accounted for about 42 9% of fish
wastes, and from 7.0 to 17.9% for the orbital tissue throughout the year. Docosahexaenoic acid
(DHA) was the major unsaturated fatty acid and accounted for more than 22.7% and 24.59% of the
total fatty acids in the lipids of the head and orbital tissue, respectively. This result indicated that
head portion including the orbital tissue may be useful source of DHA production.
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Table 1. Percentage of the waste portions of frigate mackerel and their proximate compositions

Proximate composition (%)

. Weight Ratio
Portion ( 0
g %) . Crude Crude Crude
’ Moisture protein fat ash
Whole fish 430 100 — — — —
Wastes 215 50 — — — —
Head 90 21 66.1 15.1 11.7 6.9
Viscera 35 8 72.1 20.8 4.8 1.9
Ventral meat 35 8 56.0 18.6 21.8 3.7
Others 55 13 — — — —
Table 2. Seasonal variations in lipid contents of seven tissues from frigate mackerel
Body Body Lipid content (%) *!
Date length weight Orbital Ventral Ordina i i
ry . Digestive
(em) (g tissue Head meat meat Liver Heart organs
Mar. 2, 1994  29.7+0.5*2 460+17 13.2+0.5 7.8+0.2 9.8+0.5 1.8+0.1 3.2+0.1 3.3£0.2 2.8+0.1
Apr. 23,1994 325+0.4 600+50 16.1+0.9 7.9+0.2 12.1+1.2 22+02 6.4+0.4 2.9+0.3 3.4+1.2
May. 22,1995 36.2+1.5 826+89 15.6+2.8 9.9+0.5 18.9+2.5 2.1+0.2 3.9+05 2.9+0.9 3.0+0
Jul. 4, 1994 36.3+0.5 774+39 13.9%5.1 5.2+23 6.9+4.2 1.2+02 3.8+0.3 2.7+0.4 2.7+0.2
Aug. 25,1994 23.1+0.1 164+ 5 10.1% 6.8 5.0 1.0 3.1 3.3 2.6
Sep. 6, 1995 23.0+0.4 156+ 4 7.0%3 6.5 6.3 1.0 3.8 3.0 3.1
Oct. 16,1995 30.9+0.6 481+ 6 14.3+1.4 8.3+1.2 9.7+3.1 1.3+04 6.6+2.6 29409 2.5+0.3
Dec. 11, 1995 30.5+0.4 430+ 4 17.9+1.6 11.6+1.6 13.9+1.6 2.1+0.4 4.2+0.6 3.1+0.1 3.2+0.2

*1 Lipid was extracted with chloroform-methanol containing 0.001% butylated hydroxytoluene (BHT) according to the method of

Bligh and Dyer.®
*2 Mean+S.D. (n=3).
*3 Three samples were combined.
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Table 3. Seasonal variations in fatty acid composition of lipid extracted from orbital tissue of frigate mackerel

(%) *
Fatty acid Mar. Apr. May. Jul. Aug.*? Sep.*2 Oct. Dec.
14:0 4.4+04 3.8+0.1 3.4+0.1 3.8+0.8 4.2 4.8 4.7+0.3 5.0£0.3
16: 0 16.1+0.8 13.6+09 10.5+1.1 17.1£3.5 20.2 20.1 14.4+06 154+%1.7
16 : 1n-7 96+0.2 11.5+08 12.2+0.8 10.3+1.4 7.6 8.6 11.3£1.1  11.6x1.5
18:0 2.1+0.3 1.7+0.2 1.1+0.2 3.3%x1.2 5.2 3.8 2.4+0.5 1.9+0.3
18 : 1n-9 12.8+0.6 125+1.1 12.0£0.5 13.2%2.0 10.1 9.3 10.8+£0.5 10.7+0.3
18 : 1n—7 1.3+0.1 1.9+0.1 1.8+0.0 2.5+0.2 2.1 2.3 2.3+0.1 2.0+0.1
18 : 2n—6 1.6+0.3 1.6+0.1 1.4+0.1 1.3+0.0 1.5 1.3 1.2+0.1 1.3+0.1
18 : 3n-3 1.0+0.0 1.2+0.1 tr*3 tr 0.7 tr tr 1.0+0.1
18 : 4n-3 1.4+0.1 1.6%0.0 1.0+0.1 1.3+0.2 1.1 1.1 1.0+0.1 1.4+0.3
20 : 4n—6 1.3+0.0 1.3+£0.0 1.4%0.1 8.0+0.0 1.5 1.7 2.0+0.1 1.5+0.1
20 : 5n-3 9.6+0.1 12.0+1.1 10.6%0.5 8.0+1.0 7.3 9.1 11.8+1.5 10.9+0.6
22 :6n-3 29.3+0.2 32217 347+0.2 27.8+3.3 24.7 24.5 275x1.0 27.5%03
Others 9.6+0.2 53+0.9 10.0+0.3 9.8+0.7 13.8 13.4 10.5+0.6 9.8+0.9

*1 Mean+S.D. (n=3).
*2 Three samples were combined.
*3 tr: trace, <0.5%.
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Table 4. Seasonal variations in fatty acid composition of lipid extracted from head of frigate mackerel (%)*!

Fatty acid Mar. Apr. May. Jul. Aug.*2 Sep.*2 Oct. Dec.
14:0 4.0£04 4.2+0.2 4.4+0.4 3.7£0.8 3.8 4.6 4.6+0.2 4.7+0.2
16:0 18.7+0.6 154+1.4 17.6+1.8 21.6%+1.0 21.2 22.1 18.1+0.8 16.6%+0.7
16 : 1n-7 6.4+0.5 6.8+0.1 8.2+0.7 6.4+0.8 5.7 7.4 7.3£0.6 8.8+0.5
18:0 3.5+04 3.7+0.1 2.7+0.3 5.8+1.1 7.6 54 4.7+0.5 2.8+0.1
18:1n9 123x10 125+1.2 11.5+04 13.2+1.8 8.8 8.8 9.5+0.8 9.9+0.2
18 : 1n-7 1.4+0.1 2.2+0.0 2.0+0.1 2.9+0.2 2.2 2.5 2.6+0.1 2.2+0.1
18 : 2n-6 1.4+0.0 1.5+0.1 1.3+0.1 1.2+0.1 1.5 1.3 1.2+0.1 1.4+0.1
18 : 3n-3 1.0+0.0 1.2+0.0 tr*3 tr tr tr tr tr

18 : 4n-3 1.5%0.0 1.7+0.1 1.1+0.2 1.0£0.2 1.1 tr 0.9+0.1 1.0+0.1
20 : 4n-6 1.5+0.2 1.5+0.0 1.7+0.1 1.5+0.2 1.6 2.1 2.3+0.3 1.6+0.1
20 : 5n-3 9.7+02 10.4+0.5 10.2+0.4 6.6+1.1 6.8 8.9 10.9+0.6 11.2+0.4
22 :6n-3 29.7+0.2 274+03 289+15 252+2.3 26.3 22.7 27.3+0.6 28.9+0.6
Others 9.0+£0.5 8.6+0.5 104+04 10.4+0.2 13.6 14.2 10.6+0.3 10.8%+1.0

*1 42 *3 See the footnote of Table 3.

Table 5. Seasonal variations in fatty acid composition of lipid extracted from ventral meat of frigate mackerel

%) *
Fatty acid Mar. Apr. May. Jul. Aug.*2 Sep.*2 Oct. Dec.
14:0 3.5+0.2 4.3+0.2 3.6%0.3 3.1x1.4 3.9 4.5 4.0x+0.1 3.8+£0.5
16:0 20.7+0.9 21.6+1.1 187+1.6 23.6+0.7 234 23.3 19.3£0.3 16.5+0.8
16 : 1n-7 4.1+04 4.4+0.1 4.7+04 4.9+1.7 4.1 6.5 4.7+1.2 54+04
18:0 4.9+0.5 54+04 4.0+0.5 8.9+3.8 10.5 6.0 7.3+0.8 4.0+0.9
18:1n9 143+£06 10.8+1.7 11.0414 13.0+2.6 7.1 7.7 8.0+0.7 11.7+1.8
18 : In-7 tr3 2.3+0.0 2.3+0.1 3.3+£0.5 2.4 2.5 2.6+0.3 2.5+0.3
18 : 2n—6 1.3+0.0 1.4+0.1 1.3+0.2 1.1+0.2 1.6 1.3 1.1+0.1 1.5+0.1
18 : 3n-3 1.1+0.1 1.3+0.0 tr tr tr tr tr 1.0+0.1
18 : 4n-3 1.5+0.3 1.8+0.4 1.4+0.2 tr tr tr 1.0x0.2 1.2+0.0
20 : 4n—6 1.3+0.0 1.4+0.1 1.6+0.3 1.7+0.5 1.7 2.2 2.2+0.2 1.8+0.1
20 : 5n-3 8.9+0.0 10.3%x2.0 9.8+0.5 5.7£1.5 5.9 9.0 9.7+£0.6 11.2+0.5
22:6n-3 26.6+08 254+1.1 28.8+1.8 23.5+2.0 24.7 22.5 269+1.8 29.0+0.5
Others 11.7+0.9 9.7+0.2 127404 10.2-+0.9 14.7 14.5 13.1+£0.9 10.3%+0.6

*1 42 #3 See the footnote of Table 3.
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Table 6. Seasonal variations in fatty acid composition of lipid extracted from liver of frigate mackerel (%) *!

Fatty acid Mar. Apr. May. Jul. Aug.*? Sep.*2 Oct. Dec.
14:0 tr*s tr tr tr tr tr 1.0x0.1 tr
16:0 21.3+0.5 24.2+09 223+1.1 27.2+0.6 21.8 21.3 18.1£35 20.6x1.7
16 : 1In—7 1.1+0.0 2.2+0.2 1.2+0.2 1.4+0.5 1.1 1.3 2.3+0.5 1.6+0.2
18:0 8.1£0.1 7.5+0.9 7.0+1.3 9.5%0.1 7.4 6.8 7.6+0.7 6.8+0.4
18 : 1n-9 47+0.2 20.2%+1.1 6.9+3.3 6.7+0.7 7.3 5.7 7.3x2.7 5.4+3.0
18 : 1n—7 2.7+0.1 3.4+0.6 2.6x+0.6 2.3+0.1 2.5 2.7 3.2%0.6 2.1+1.0
18 : 2n—6 tr tr tr tr 1.2 1.0 1.0+0.2 tr

18 : 3n-3 tr tr tr tr tr tr tr tr

18 : 4n-3 tr tr tr tr tr tr tr tr

20 : 4n—6 4.0%0.3 2.1£0.1 3.4+0.2 3.7t04 4.2 4.2 3.9+1.1 4.3+0.4
20 :5n-3 104+0.1 6.5+0.7 8.5+0.9 6.5+1.2 5.9 7.2 10.3+2.1 11.3+04
22 :6n-3 35.9+0.0 21.8+1.3 358+4.6 344%1.0 34.1 32.0 31.2+5.7 31.1*29
Others 11.8+0.8 12.0+1.0 12.3+0.6 6.8+1.0 145 17.8 14.2+51 16.8%+1.0

*1 %2 *3 See the footnote of Table 3.

Table 7. Seasonal variations in fatty acid composition of lipid extracted from dorsal meat of frigate mackerel

(%)*
Fatty acid Mar. Apr. May. Jul. Aug.*? Sep.*2 Oct. Dec.
14:0 2.8+0.0 4.1+0.1 3.0+0.2 2.3+1.0 1.2 1.9 2.0x1.1 3.0+0.3
16:0 21.2+0.1 27.7+22 19.7£0.5 27.6+1.8 21.0 215 20.2+0.7 17.2x1.1
16 : 1In-7 3.9+£0.7 4.0%0.1 3.4+0.8 4.0x1.1 2.3 3.1 2.7+0.8 4.2+0.3
18:0 7.7£0.6 8.4+0.1 6.4+0.5 12.1+3.7 11.0 8.5 9.5+1.6 5.0+0.6
18:1n-9 13.6+0.7 12.0*1.4 95+1.4 12.9%2.0 7.0 7.6 8.0+0.9 10.5*+0.9
18 : In-7 tr*3 2.5+04 2.3+0.1 3.5+04 2.3 2.5 2.5+0.2 2.5+0.1
18 : 2n6 1.2+0.1 1.4%0.1 1.2+0.1 1.2+0.1 1.2 1.1 1.0+0.2 1.3+0.1
18 : 3n-3 tr 1.2+0.2 tr tr tr tr tr tr
18 : 4n-3 1.0+0.0 1.1+0.1 1.0+0.1 tr tr tr tr tr
20 : 4n—6 1.6+0.0 1.3+0.2 2.1+0.1 1.9+0.3 3.6 4.1 4.0+1.2 2.2+0.2
20 : 5n-3 7.7+£0.9 7.5%0.7 8.8+0.3 5.0x1.5 6.9 9.1 9.1£0.1 9.5+0.2
22 :6n-3 27.0+05 21.7+2.7 315£15 20.3%x2.3 33.5 30.0 33.0+2.6 32.0+0.3
Others 12.3+0.2 7.1+16 11.1+0.9 8.4+0.5 10.0 10.6 8.1+£2.8 12.5*1.1

*1 %2 *3 See the footnote of Table 3.
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Table 8. Seasonal variations in fatty acid composition of lipid extracted from heart of frigate mackerel (%)*!

Fatty acid Mar. Apr. May. Jul‘. Aug.*2 Sep.*2 Oct. Dec.
14:0 tr*s 1.4+0.1 1.3£0.2 1.2+0.8 1.1 1.5 1.7+1.0 0.9+0.2
16:0 20.9+0.6 259+2.0 185+0.6 23.6+1.9 18.1 19.8 18.5+1.7  18.0+0.7
16 : 1n-7 1.2+0.1 1.6+0.1 1.4+0.4 1.7+£1.1 1.7 2.0 22+1.6 1.2+0.2
18:0 12.4+0.4 13.8+09 10.5+1.6 15.7+4.0 12.6 10.1 11.0+1.4 11.0+0.5
18 : 1n-9 5.5+0.1 4.3+1.6 4.8+0.2 6.5x1.2 4.1 4.2 4.3+0.8 4.4+0.3
18 : 1n-7 4.0+0.0 4.2+0.2 3.0+0.1 4.7%+0.9 3.2 3.1 3.8+0.3 3.9+£0.3
18 : 2n6 tr tr tr tr 1.2 1.0 tr tr

18 : 3n-3 tr tr tr tr tr tr tr tr

18 : 4n-3 tr tr tr tr tr tr tr tr

20 : 4n—6 1.8+0.1 1.8+0.1 2.1£0.2 1.8+0.2 2.3 2.8 2.0+1.2 2.4+0.1
20 : 5n-3 5.6%+0.1 5.6+0.4 6.1+0.3 3.7+x1.2 4.7 6.4 7.1+£2.0 6.4+0.4
22:6n-3 39.1+£0.3 324+06 433+15 31.2+35 41.0 38.5 42.8+59 44.2+1.0
Others 9.5+0.0 9.1+2.4 8.9+0.9 8.4+0.1 10.0 10.6 6.5+1.4 7.7+0.2

*1 *2 43 See the footnote of Table 3.

Table 9. Seasonal variations in fatty acid composition of lipid extracted from digestive organ of frigate mackerel

%)+
Fatty acid Mar. Apr. May. Jul. Aug.*2 Sep.*2 Oct. Dec.
14:0 1.3+0.2 1.5+0.5 1.5+0.1 1.2+0.1 tr*3 2.8 1.3£0.6 2.1+04
16:0 225+1.7 222+28 184+36 22.2+09 21.2 29.2 21.9+1.1 25.8%+1.2
16 : 1n-7 1.7+0.2 1.7+0.4 1.6+0.2 1.7+0.4 1.1 2.3 1.5+0.5 1.6+0.1
18:0 129+1.7 119425 9.8+2.0 16.3+0.3 15.2 14.9 13.3x1.2 14.3+14
18 : In-9 5.9+0.7 6.2+1.4 5.7+0.7 8.3+1.1 5.0 6.1 5.3+0.6 5.6+0.3
18 : 1n-7 1.9+40.7 2.6+0.9 2.8+0.3 3.4+0.2 2.6 2.7 2.6+0.3 2.7%£0.2
18 : 2n-6 tr tr 1.1+0.2 tr 1.1 1.1 1.0+0.2 1.0x+0.1
18 : 3n-3 tr tr tr tr tr tr tr tr
18 : 4n-3 tr tr tr tr tr tr tr tr
20 : 406 4.0+0.9 3.5+0.6 4.9+0.5 3.84+0.3 5.5 3.8 5.8+£0.7 4.5%+0.3
20:50-3 12.6+x14 10.8+2.7 9.6x+1.1 4.6+0.4 6.7 6.4 8.1+0.5 9.0+0.9
22:6n-3 282+18 29.5+3.1 350+3.1 242+04 28.9 18.7 30.1£2.2 24.4+28
Others 8.7+05 8.2+1.6 9.5+04 129+04 12. 12.0 9.1+0.1 8.9+0.6

*1, %2 %3 See the footnote of Table 3.
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