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As the first part of the studies on utilization of polyunsaturated lipids in red muscled fishes like
sardine (Sardinops melanosticta) and mackerel (Scomber japonicus), lipid distribution in body sections,
whole body, meat, viscera, skin, and head, lipids, polar and nonpolar, and fatty acid composition
of the oils obtained from these body sections, and szasonal variations in fatty acid composition,
particularly in the content of polyenoic acids, EPA and DHA, were determined.

The content of total lipids was ranged 22.2% to 27.2% in case of sardine without broad difference
between body sections, while in case of mackerel 36.7% to 38.8% unevenly in skin and head.

The lipids of both fish were composed of more than 80% of non-polar lipid and there was not much
differences in the fatty acid composition between the lipids, polar and non-polar. The major fatty
acids of the lipids were Cis:g, Cieior Cisto, Cisite Cistty Caotts Caias Cogus, and Copie, and these acids,
Cis:s Cisior Cazer Cisior Cao:sy Crazgs Cisn, were in high quantity in order.

Seasonal variation in fatty acid composition of sardine oil did not show any great variety between
sections. There was a tendency in general that saturated and monoenoic acids began to decrease in
winter and showed the minimum in April; hereafter get to increase again, while polyencic acids
showed the maximum in April. Both Cz:s and Cpe acids were high in the season of April to July.
Variation in fatty acid content was in a width of 8% for saturated, 5% for monoenoic, and 12% for
polyenoic acid. Cyy:s and Cope acid were varied in 9.4% and 9.8%, respectively.

In case of mackerel oil, seasonal variation tended same as in sardine oil except the fact that the
saturated and monoenoic acid decreased to the minimum in the term of April to July in which the
polyenocic acid content was also higher marking 27.3% to 36.1% in average. Fatty acid variation

was in a range of 6.3% for saturated, 8.3% for monoenoic, and 13,8% for polyenocic acid but
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variation of Cz:5 and Ciae acid was 4,3% and 3,4% respectively.

When fresh sardine was stored for 10 days'at 5°C, oxidation was rapidly initiated and consequently

resulted in fast loss of Cyy:s and Cas acids.

It is concluded from the results that the catch of sardine and mackerel in the season of April to

June would be adequate for the preparation of polyunsaturated lipid condenced oil in regard to sectional

lipid distribution and its variation in seasons.
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Table 1. Lipid content in different bedy sections of mackerel and sardine (g/160g)
Mackerel Sardine

Total lipid Polar Non-~polar Total Polar Non-polar
Whole body 13.271 1. 430 11.837 9.156 0. 815 8. 340
Muscle 2. 301 0.377 1.923 2.341 0.463 1.877
Viscera 0. 996 0.117 0. 878 2.288 0.178 2.109
Skin 5.094 0.132 4.961 2.492 0.226 2.265
Head 4.879 0. 663 4.215 2.035 0. 370 1.664
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Table 2. Fatty acid composition of polar

Table 4. Fatty acid composition of polar

lipid in sardine (%) lipids in mackerel (%)
Fatty acid thoIe Muscle Viscera Skin Head  Fatty acid "I Muscle Viscera Skin Head
ody body
12:0 2.1 0.2 0.3 1.8 0.1 12:0 1.0 0.4 0.4 1.4 1.5
14:0 5.0 2.3 5.4 5.3 5.0 14:0 4.3 3.6 4.4 5.4 4.1
15:0 0.9 0.4 0.6 0.9 0.9 15:0 0.7 0.6 0.8 0.8 0.8
16:0 25.1 26.3 25.1 24,2 24.0 16:0 21.8 22.8 22. 4 22,1 22.1
17:0 1.2 0.9 1.1 1.3 1.3 17:0 1.2 1.1 1.4 1.2 1.4
18:0 6.1 5.3 6.6 6.3 6.6 18:0 6.7 8.1 7.0 6.1 7.0
20:0 0.7 0.6 0.7 1.0 1.5 20:0 0.9 0.7 0.9 1.2 0.9
Saturated 41.1 36.0 39.8 40.8 39. 4 Saturated 36.6 37.3 37.3 38.2 37.8
16:1 5.5 3.2 6.2 5.9 5.7 16:1 5.1 4.5 5.2 5.8 5.1
18:1 23.9 14.3 28.5 16.7 24.0 18:1 27. 4 25. 8 26.0 30.7 25.5
20:1 1.8 1.3 1.7 1.8 1.8 2011 1.7 1.5 1.6 2.0 1.5
22.1 1.3 0.8 1.6 1.5 1.4 22:1 1.6 1.5 1.6 1.8 1.4
Monoenoic  32.5 19.6 39.0 35.0 32.9 Monoenoic  35.8 33.3 34.4 40.3 33.5
18:2 1.5 0.9 1.3 1.9 1.6 18:2 1.5 1.4 1.6 1.7 1.5
20:2 0.4 0.1 0.3 0.4 0.7 20:2 0.7 0.5 0.5 0.8 0.5
20:3 20:3 —_ — — —_ —
20:4 1.3 2.1 1.3 1.2 1.2 20:4 2.0 2.3 2.3 1.3 2.5
20:5 5.6 8.8 4.5 4.5 5.5 20:5 4.6 4.7 5.1 3.8 4.7
22:3 — 0.3 0.2 1.1 0.3 22:3 0.3 0.3 0.3 0.2 0.3
22:4 1.6 1.9 1.6 1.3 1.5 22:4 1.7 1.8 2.1 1.0 2.2
22:5 0.8 0.9 0.9 0.9 1.4 22:5 1.2 1.2 1.4 1.1 0.8
22:6 13.4 28.9 10.2 22.8 25.1 22:6 14.2 16.1 12.5 10.0 13.0
Polyenoic  24.6 43.9 20.3 22.8 25.1 Polyenoic  26.2 28. 4 25.8 19.9 15.5
* F . . 1 1 n -

Table 3. ﬁz;tl?; ?:uslacl:‘gxit:l%omtmn of l‘lonpo(];r) Table. 5 g‘glt:%r lai;i‘(il scci»;n;r)l:):é{;( g:; loi:' on 0
Faty acid z&(’)g;le Muscle viscera Skin Head Fatty acid g&;g;le Muscle Viscera Skin Head
12:0 0.7 01 02 01 0.6 12:0 0.9 0z 04 01 01
14:0 7.8 7.5 88 89 9.4 14:0 50 45 49 46 52
15:0 Lz 08 L1 1.0 L1 15:0 ¢ L2 L5 L1 L5
16:0 21.3 21.6 24.6 23.0 22.0 16:0 21.5 22.4 22.4 21.5 21.3
17:0 .5 1.4 1.4 1.4 16 17:0 L5 21 22 1.8 2.4
18:0 4.5 5.1 5.3 50 5.1 18:0 8.1 6.2 6.4 .4 6.3
20:0 1.6 1.3 1.3 L2 L5 20:0 Lo L4 L4 L1 15
Saturated  38.6 37.8  42.7 40.6  41.3 Saturated  38.9 38.0 39.22 36.6 38.3
16:1 8.2 8.5 9.4 9.3 9.4 16:1 5.5 6.1 5.4 5.7 6.5
18:1 12.8  13.6 120 13.0 10.3 18:1 20.3  21.66 20.6 23.8 17.9
20:1 58 43 42 43 4.5 20:1 1. 39 87 41 35
22:1 24 24 23 24 2.4 22:1 g4 21 L7 23 20
Monoeoic 29.2 2.88 27.9 29.0 26.6 Monoenoic 31.0 33.7 31.4 35.9 29.9
18:2 2.2 1.9 1.6 .4 20 18:2 1.5 1.8 1.9 1.6 1.8
20:2 0.8 — 0.2 0.2 0.1 20:0 0.3 0.6 0.6 0.5 0.6
20:3 — — -~ — - 20:3 - - - - -
20:4 1.3 1.7 1.5 1.6 1.5 20:4 Lz 23 24 21 2.8
20:5 12.4 12,2 1.8 12.2  13.0 20:5 57 58 63 60 65
99.3 0.5 0.5 0.5 0.5 0.5 22:3 L5 05 05 0.5 0.6
22:4 Lo L3 1.0 L1 L1 22:4 29 L4 L2 12 L7
22:5 .5 1.9 1.3 L6 L6 22:5 0.8 14 14 14 16
22:6 10.4 122 100 10.6  10.1 22:6 13.66 142 13.9 127 148
Polyenoic  30.1 31.7 27.9 29.92 29.9 Polyemoic  27.5 28.0 28.2 26.0 30.4
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Table 6. Seasonal variation in fatty acid composition of sardine body oil (%)
Fatty acid DEC. JAN. FEB. MAR. APR. MAY JUNE JULY
12:0 0.4 0.1 0.2 - 0.4 0.2 0.3 0.2
14:0 8.0 12.1 8.0 7.0 8.5 6.1 8.7 7.3
15:0 0.6 0.7 0.8 1.1 0.8 0.8 1.1 0.8
16:0 18.1 24.2 22.3 21.3 17.0 20.0 22.2 22.7
17:0 0.8 1.0 1.1 1.0 2.0 1.9 0.8 1.2
18:0 2.6 3.5 6.1 5.9 4.7 6.0 3.4 4.3
20:0 1.3 0.2 2.1 - - 2.1 0.8 1.1
Saturated 31.8 41. 8 40.6 36.3 33.4 38.1 37.4 36.6
16:1 6.2 9.5 8.0 8.0 11.3 10.5 15.7 8.0
18:1 14.8 13.8 14.2 13.6 11.9 13.1 10.3 13.1
20:1 11.7 7.8 3.4 5.9 1.3 2.3 3.4 5.0
22:1 6.8 0.3 0.7 0.6 0.7 0.6 0.5 2.4
Monoenoic 39.5 33.4 27.2 28.1 25.2 26.5 29.9 28.5
18:2 1.5 1.8 1.7 2.6 5.0 4.2 2.6 1.7
20:2 0.2 1.3 3.2 1.9 2.7 3.0 2.9 -
20:3 - 0.1 1.1 = 0.2 - 0.1 -
20:4 0.6 9.8 2.5 4.6 3.0 0.9 4.8 1.4
20:5 10.3 7.4 8.8 8.5 20.6 13.8 10.9 14.5
22:3 0.4 1.0 0.4 1.6 0.5 0.7 1.3 0.5
22:4 1.6 - 1.2 0.4 ~ 1.0 0.2 1.1
22:5 1.6 0.8 1.5 0.1 1.9 1.7 1.3 1.7
22:6 11:3 4.7 13.2 15.5 7.5 10.2 7.9 12.7
Polyenoic 27.5 26.9 33.6 35.2 41.4 35.5 32.0 33.6
Table 7. Seasonal variation in fatty acid composition of sardine muscle lipids (%)
Fatty acid DEC. JAN, FEB. MAR. APR. MAY JUNE JULY
12:0 0.2 0.1 0.2 - 0.4 0.2 0.5 1.9
14:0 7.7 6.6 6.7 5.2 8.4 7.3 6.0 6.7
15:0 0.5 1.2 0.9 0.7 0.8 0.5 1.0 0.9
16:0 19.5 21.5 19.0 25.6 16.9 23.1 16.5 21.2
17:0 0.7 1.3 1.0 0.7 2.0 1.5 1.0 1.6
18:0 3.2 3.5 5.7 6.6 4.7 5.4 4.4 5.2
20:0 0.7 0.4 1.2 0.4 0.5 0.7 0.8 1.3
Saturated 32.5 34.6 34.7 39.2 33.7 40. 6 30.2 38.8
16:1 8.6 9.5 9.6 5.7 11.2 10.6 7.1 7.7
18:1 15.7 13.8 13.4 19.9 11.9 11.8 9.6 10.5
20:1 9.3 7.7 4.5 4.1 1.3 1.8 8.8 3.9
22:1 5.2 0.3 0.8 0.3 1.0 1.9 0.2 2.2
Monenoic 38.8 31.3 28.3 30.0 25.4 24.2 30.8 24.3
18:2 1.3 1.8 2.0 2.2 5.0 2.5 2.2 2.0
20:2 - 1.3 2.6 1.8 2.7 2.5 1.6 0.4
20:3 - 0.1 0.1 0.1 0.2 - 0.1 -
20:4 0.7 9.8 3.5 2.4 3.0 0.7 7.1 1.8
20:5 14.5 7.4 9.2 7.5 20.5 16.0 10. 4 11.8
22:3 0.4 1.0 0.8 0.4 0.5 0.4 2.0 0.5
22:4 0.5 - 0.5 1.0 - 0.7 0.3 1.4
22:5 1.8 1.8 1.9 1.5 1.9 1.2 1.8 1.8
22:6 8.5 4.7 16.2 14.2 7.5 10.9 18.0 15.8
Polyenoic 27.7 27.9 36.8 31.1 41.3 34.9 43.8 35.5
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Table 8. Seasonal variation in fatty acid composition of sardine viscera lipids (%)
Fatty acid JAN, FEB. MAR. APR. MAY JUNE JULY
12:0 —_ 0.1 —_ — 0.2 0.2 1.2
14:0 5.9 10.9 4.2 — 7.2 8.0 7.8
15:0 1.1 0.6 1.0 — 0.8 1.3 1.1
16:0 23.1 20.3 27.1 — 19.8 23.4 21.2
17:0 1.2 0.9 0.9 — 1.8 1.4 1.6
18:0 4.2 6.3 6.0 - 4.9 6.0 5.1
20:0 0.3 1.7 0.1 —_ 1.4 1.0 1.5
Saturated 35.8 40.8 39.3 — 36.1 41. 4 31.7
16:1 7.4 9.6 9.1 — 11.3 10.3 9.3
1851 18.2 13.4 14.9 — 12.4 10.8 11.7
20:1 4.3 4.5 0.9 —_ 3.3 4.7 4.4
22:1 0.5 0.8 0.4 —_ 3.0 0.5 2.3
Monoenoic 30. 4 28.3 25.3 — 30.0 26.4 27.7
18:2 2.1 2.0 1.5 - 4.3 2.2 2.1
20:2 1.9 2.6 0.7 — 3.0 1.4 0.4
20:3 0.2 0.1 — — — — _
20:4 3.9 3.5 2.0 — 0.8 5.3 1.8
20:5 11.4 9.2 10.8 — 14.4 10.0 12.5
22:3 0.5 0.8 0.1 - 0.5 —_ 0.5
22:4 0.2 0.5 0.6 — 0.9 1.9 1.1
22:5 1.4 1.9 1.4 — 1.6 1.1 1.6
22:6 10.7 16.2 18.2 —_ 8.4 10.5 11.2
Polyenoic 32.3 36.8 35.3 — 33.9 32.2 31.2
Table 9. Seasonal variation in fatty acid composition of sardine skin lipids (%)
Fatty acid DEC. JAN, FEB. MAR. APR. MAY JUNE JULY
12:0 0.3 —_ 0.2 — 0.6 0.2 0.2 0.7
14:0 7.9 7.1 7.8 10.2 8.4 7.1 7.3 8.3
15:0 0.5 1.8 0.8 0.5 0.6 0.8 1.5 1.0
16:0 17. 4 24.8 20.1 22.9 16.9 19.7 16.5 21.2
17:0 0.7 1.4 1.1 0.6 1.8 2.1 0.9 1.3
18:0 3.0 5.4 6.0 6.6 4.6 5.6 4.5 50
20:0 1.1 0.7 1.5 0.3 — 2.0 1.0 1.6
Saturated 30.9 41.2 37.5 41.1 32.3 37.5 34.8 39.1
16:1 9.3 6.6 9.3 5.6 10.6 12.4 10.4 9.0
18:1 16.2 15.5 14.5 15.8 10.9 12.3 11.5 12.0
20:1 9.7 6.6 4.7 5.7 4.6 1.9 4.7 4.9
22:1 5.1 0.5 0.8 0.3 0.8 1.9 0.5 2.3
Monoenoic 40.3 29.2 29.3 37.4 26.9 28.5 27.1 28.2
18:2 1.8 3.0 2.1 2.2 3.8 4.8 3.2 2.1
20:2 0.8 2.2 2.6 2.4 2.9 3.2 2.4 0.
20:3 -— 0.1 0.1 0.1 0.2 — 0.1 —
20:4 0.6 5.3 3.6 3.1 5.6 0.8 6.0 1.7
20:5 13.5 6.1 9.1 6.1 17.3 14.5 12.7 12,7
22:3 0.6 0.9 0.8 0.7 0.9 0.6 1.2 0.5
22:4 0.7 0.5 0.3 0.2 1.0 0.7 0.2 1.1
22:5 3.2 1.0 1.3 1.4 2.2 1.7 1.4 1.6
22:6 6.7 8.6 13.3 5.1 6.2 7.6 10.9 11.6
Polyenoic 27.9 27.7 33.2 21.3 39.5 33.9 38.1 31.9
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Table 10. Seasonal variation in fatty acid composition of sardine head lipids (%)
Fatty acid DEC. JAN, FEB. MAR. APR. MAY JULE JULY
12:0 0.3 0.1 0.2 - 0.4 0.2 1.7 1.3
14:0 7.9 6.9 9.7 6.8 7.5 7.7 8.0 8.5
15:0 0.5 1.2 0.6 0.9 0.8 0.9 0.9 1.0
16:0 17. 4 21.0 20.5 24.5 16.5 19.4 16.5 20.8
17:0 0.7 1.4 0.8 1.0 1.7 1.9 1.1 1.5
18:0 3.0 3.9 5.3 5.5 4.5 52 4.2 5.1
20:0 1.1 0.1 0.9 0.5 - 1.5 0.8 1.5
Saturated 30.9 34.6 38.0 38.7 31.4 36. 8 33.3 39.7
16:1 8.4 9.7 9.2 7.2 10.3 1.6 9.4 8.9
18:1 16.3 14.3 12.4 18.9 11.4 11.8 11.5 11.0
20:1 9.7 4.9 4.4 4.5 5.3 3.2 8.6 4.9
22:1 5.1 - 0.6 0.4 0.6 3.0 - 2.3
Monoenoic 39.5 28.9 26.6 31.0 27.6 29.6 31.1 27.1
18:2 1.8 1.6 1.7 2.4 3.9 3.9 3.5 2.0
20:2 0.8 1.9 2.3 2.3 2.4 2.6 2.4 0.7
20:3 - - 0.1 - 0.1 - 0.6 -
20:4 0.6 7.3 4.1 3.5 5.1 1.0 7.5 1.7
20:5 13.5 16.8 9.2 8.7 17.0 13.6 13.1 12.7
22:3 0.6 0.6 1.2 0.3 0.7 0.7 0.1 0.5
22:4 0.7 1.3 0.3 1.0 1.5 1.5 2.2 1.0
22:5 3.2 1.5 1.3 1.3 2.1 1.7 1.2 1.6
22.6 6.7 10.5 14.9 10.1 9.2 8.5 5.9 11.5
Polyenoic 27.9 41.5 35.1 29.6 42.0 33.5 35.6 31.7
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Table 11. Seasonal variation in fatty acid composition of mackerel whole body lipids (%)

Fatty acid JULY AUG. SEP.  OCT. NOV. DEC. FEB. MAR. APR. MAY JUNE
12:0 0.3 06 06 02 03 0.1 - — - — o1
14:0 40 38 53 48 54 46 43 43 63 31 3.6
15:0 9 08 L3 L1 05 L7 09 1.0 08 08 1.2
16:0 20.9 211 215 22.8 19.4 224 243 222 189 19.8 17.2
17:0 23 L4 20 L6 09 27 L0 1.2 1.3 L2 17
18:0 6 63 46 55 35 69 63 57 55 7.8 .8
20:0 .4 1.5 1.8 1.4 0.8 13 0.7 06 0.4 ~ 06

Saturated  37.4 355 371 37.4 30.8 39.7 37.5 350 332 327 8L1
16:1 48 49 49 7.4 57 7.2 71 71 91 43 6.0
18:1 20.7 254 216 20.8 20.8 16.8 20.5 23.2  20.8 20.6 10.5
20:1 40 49 58 35 98 32 32 30 44 48 3.9
22:1 20 22 L7 L7 67 16 0.3 03 04 37 0.4

Monoenoic  21.5  37.4  34.0 33.4 43.0 288 40.1 33.6 847 334  29.7
18:2 1.7 1.7 2.6 1.8 1.4 1.7 1.9 2.2 2.3 2.0 2.8
20:2 7 09 07 04 03 04 1.3 1.2 L2 L9 18
20:3 - - - ~ ~ - 02 02 01 - —
20:4 %6 1.1 1.4 23 L0 33 20 26 55 L1 40
20:5 68 58 7.0 85 88 57 49 7.1 10.8 7.1 89
22:3 0.5 0.2 0.3 0.5 0.4 0.7 0.8 0.8 1.0 0.5 1.4
22:4 1.6 1.1 0.7 0.6 0.2 1.7 0.4 0.6 0.3 1.8 0.5
22:5 .4 1.3 1.1 L7 23 22 07 L2 16 L0 1.4
22:6 14.0 140 183 120 10.6 146 9.4 147 9.6 183 183

Polyenoic  80.3  26.1 27.1 27.8 25.0 30.3 21.6 30.6 323 83.7  39.2
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Table 12. Seasonal variation in fatty acid composition of mackerel muscle lipids (%)
Fatty acid JULY AUG. SEP. OCT. ©NOV. DEC. FEB. MAR. APR. MAY JUNE
12:0 0.5 0.5 0.5 1.2 0.5 0.1 — - — —_ 0.3
14:0 4.3 3.5 4.2 4.1 6.6 4.1 2.9 3.5 3.7 3.1 4.0
15:0 2.0 1.0 1.3 1.2 0.6 1.2 0.8 1.2 1.3 0.8 1.2
16:0 20.9 20.4 20.6 19.2 17.7 18.9 24.5 22.0 18.5 19.6 19.5
17:0 2.2 1.7 1.8 1.7 1.0 2.1 1.0 1.0 1.2 1.7 1.3
18:0 6.7 5.8 5.2 5.8 2.9 6.3 10.8 7.3 7.3 7.6 7.3
20:0 1.4 1.5 1.6 1.4 1.5 1.2 0.7 0.8 0.4 0.1 0.7
Saturated 38.0 34.4 35.2 34.5 30.8 33.9 40.7 35.8 32.4 33.9 34.4
16:1 5.0 4.1 4.5 5.6 5.2 5.7 4.3 5.6 7.3 4.3 6.7
18:1 17.4 23.5 23.4 23.6 18.2 17.0 19.1 21.3 18.7 21.3 24.6
20:1 3.7 4.7 52 4,5 7.2 4.4 1.8 3.4 3.4 4.5 4.4
22:1 1.6 1.7 1.5 1.8 3.6 2.7 — 0.7 0.3 4.0 0.3
Monoenoic  27.7 34.1 34.6 35.5 34.2 29.8 25.2 31.0 29.7 34.1 36.1
18:2 1.8 2.1 2.4 2.1 1.9 1.8 1.9 2.5 1.8 2.3 2.4
20:2 0. 66 0.9 0.8 0.5 1.9 1.8 0.4 0.9 0.7 1.7 1.7
20:3 - — — —_ — — — 0.2 -— —_ 0.2
20:4 2.7 1.3 1.5 1.7 0.7 2.2 2.4 2.1 4.9 1.3 4.0
20:5 5.9 5.9 6.6 6.2 7.4 6.8 5.3 5.6 8.9 5.7 7.8
22:3 0.5 0.3 0.3 0.4 0.4 0.5 1.1 0.4 0.9 0.5 0.9
22:4 1.6 1.1 0.7 0.6 1.9 1.0 0.7 1.4 0.7 1.8 0.3
22:5 1.3 1.1 1.1 2.2 0.7 2.6 1.1 0.9 1.6 1.2 1.1
22:6 16.4 17.2 15,2 15.7 10.5 19.3 19.8 17.4 18.3 17.4 12.2
Polyenoic 30.0 29.9 28.6 29.4 23.7 34.8 32.7 31.4 37.8 31.9 29.5
Table 13. Seasonal variation in fatty acid composition of mackerel viscera lipids (%)
Fatty acid JULY AUG. SEP. OCT. NOV. DEC. FEB. MAR. APR. MAY JUNE
12:0 0.1 1.5 0.7 0.1 0.3 0.2 — — — 0.1 0.1
14:0 4.3 4.8 4.5 4.3 6.6 5.5 3.9 4.3 4.5 2.3 2.8
15:0 1.1 1.6 1.5 1.1 0.5 1.4 1.2 1.0 1.4 0.6 0.7
16:0 19.8 19.8 20.4 19.8 17.8 22.5 24.1 22.2 18.7 22.3 19.3
17:0 1.8 2.3 1.2 1.8 1.0 2.3 1.4 1.2 1.4 1.5 2.4
18:0 5.6 5.0 4.9 5.6 2.7 6.8 9.9 5.7 6.6 8.3 6.7
20:0 1.2 1.8 1.5 1.2 1.4 1.2 1.1 0.6 0.5 1.0 0.3
Saturated 33.9 36.8 34.7 33.9 30.3 39.9 41.6 35.0 33.1 36.1 32.4
16:1 5.8 4.8 4.7 5.8 5.5 7.0 5.7 7.1 8.6 3.7 6.4
18:1 23.5 19.5 26.9 23.5 17.8 17.4 18.6 23.2 18.8 31.0 24.3
20:1 4.4 5.3 5.1 4.4 16.1 4.2 2.1 3.0 3.3 4.0 3.3
22:1 1.7 1.5 1.5 1.7 3.0 2.4 0.4 0.3 0.3 2.7 0.5
Monoenoic 35.4 31.1 38.2 35.4 42.4 31.0 26. 8 33.6 31.0 41.4 34.4
18:2 1.9 2.5 2.3 2.6 1.9 1.8 2.1 2.2 2.5 1.6 2.0
20:2 0.7 0.5 0.5 — 0.3 0.4 1.0 1.2 1.1 1.7 1.2
20:3 — ~— —_ — — — 0.4 0.2 — — 0.2
20:4 3.0 1.4 1.6 2.1 0.8 2.0 4.2 2.6 4.3 1.1 2.8
20:5 7.0 6.6 6.2 7.0 9.6 6.7 4.9 7.1 9.6 4.4 9.0
22:3 0.6 0.3 0.3 0.5 0.4 0.4 1.9 0.8 1.1 0.3 0.3
22:4 1.6 0.9 0.8 0.6 1.5 0.9 0.7 0.6 0.6 1.5 0.3
22:5 1.6 1.3 1.3 2.4 1.3 1.5 1.2 0.2 1.6 0.6 1.3
22:6 15.6 16.6 15.0 14.1 10.7 13.8 13.7 14.8 15.1 11.1 15.0
Polyenoic 32.0 30.1 28.0 29.3 26.5 27.5 30.1 29.7 35.9 22.3 33.2
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Table 14. Seasonal variation in fatty acid composition of mackerel skin lipids (%)
Fatty acid JULY SEP. OCT. NOV. DEC. FEB. MAR. APR. MAY JUNE
12:0 1.1 0.8 — 0.4 0.2 —_ - — — 0.5
14:0 4.7 4.2 5.1 6.3 52 6.3 4.3 4.8 4.0 4.8
15:0 2.2 1.1 0.7 0.6 1.3 1.1 1.0 1.3 0.9 1.2
16:0 20.6 21.1 21.1 17.7 19.8 25.0 22.3 18.4 19.9 19.3
17:0 2.3 1.7 1.3 1.0 2.2 1.2 1.2 1.5 1.3 1.5
18:0 6.5 55 58 3.0 6.4 7.9 7.4 55 6.6 6.8
20:0 1.5 1.5 0.8 1.0 1.1 1.1 1.1 0.5 1.5 0.8
Saturated 38.9 35.9 34.8 30.0 36. 2 42.6 37.3 32.0 34.2 39.1
16:1 51 46 72 61 57 76 67 91 57 7.7
18:1 20.6 26.8 249 19.3 17.0 23.2 246 20.8 240 26.0
20:1 45 51 43 137 44 26 34 35 47 52
22:1 2.2 1.5 2.3 10.2 2.7 — 0.3 0.3 3.8 0.3
Monoenoic 32.4 38.0 38.7 49.3 29. 8 33.4 35.0 33.7 38.2 39.1
18:2 2.0 2.2 1.4 1.3 1.8 2.0 2.3 2.3 2.6 2.6
20:2 0.7 0.6 0.8 0.2 0.6 0.7 1.1 1.3 1.8 1.9
20:3 — — — — — 0.5 0.3 — — 0.2
20:4 2.3 1.4 1.9 0.7 2.2 3.1 2.2 3.9 1.2 3.4
20:5 5.9 6.0 7.9 6.7 6.8 5.4 5.1 9.4 5.5 7.1
22:3 0.5 0.3 — 0.3 0.5 0.9 0.5 0.7 0.5 0.9
22:4 1.3 0.6 — 1.4 1.0 0.5 0.5 0.6 1.5 0.2
22:5 1.3 1.0 0.8 — 2.6 0.9 1.0 1.6 1.4 1.0
22:6 12.0 12.2 12.2 9.2 19.3 8.2 13.1 14.3 13.0 8.7
Polyenoic 26.0 24.3 24.6 19. 8 34. 8 22.2 23.1 34.1 27.5 26.0

Table 15. Seasonal variation in fatty acid composition of mackerel head lipids (%)
Fatty acid JULY OCT. NOV. DEC. FEB. MAR. APR. MAY JUNE
12:0 0.6 0.1 0.9 0.2 —_ — — - 0.5
14:0 5.1 4.5 5.9 4.9 6.1 6.4 5.0 5.1 4.7
15:0 1.8 0.9 0.6 1.2 1.2 0.9 1.2 0.6 1.1
16:0 22.0 20.1 19.6 19.4 24.5 24.6 19.7 23.8 18.7
17:0 2.7 1.5 1.2 2.0 1.4 1.1 0.8 0.2 1.3
18:0 6.9 5.2 3.4 5.0 7.1 5.9 5.6 6.4 5.8
20:0 1.6 0.8 1.0 1.2 1.1 0.4 0.3 0.9 0.6
Saturated 40.7 33.1 32.6 33.9 41.4 37.6 32.6 37.0 32.6
16:1 5.8 6.8 5.9 7.5 9.0 7.5 8.5 7.0 7.5
18:1 15.4 23.2 19.7 19.6 18.6 25.1 21.2 22.9 24,1
20:1 3.7 4.0 10. 7 4.2 2.2 2.5 4.1 2.7 5.6
22:1 1.9 2.5 8.0 2.8 0.3 0.1 0.3 2.2 —
Monoenoic 26. 8 36.5 44.6 34.1 30.1 35.2 34.1 34.8 37.2
18:2 2.0 1.2 1.3 1.8 2.1 1.5 0.9 1.9 2.5
20:2 0.6 0.6 — 0.3 0.8 . 8 1.3 1.3 4.3
20:3 —_ — — —_ 0.4 — — — —
20:4 3.2 1.8 1.2 1.8 2.5 2.1 4.7 1.1 4.4
20:5 6.0 8.0 7.9 7.2 6.3 6.2 9.4 6.3 6.5
22:3 0.5 0.4 — 0.4 1.2 0.9 1.3 0.2 1.4
22:4 1.4 0.5 — 0.8 0.5 0.5 0.6 1.0 0.3
22:5 1.4 2.1 1.5 1.1 0.9 1.7 0.7 1.1
22:6 12. 4 13. 4 11. 3 16.1 12. 4 12.9 13.4 14.1 9.7
Polyenoic 27.5 28.0 21.7 19.9 27.3 25. 8 33.3 26.6 30.1
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Table 16. Changes in freshness and lipid de-
terioration in sardine during the
storage at 5°C

Storage time (day)

0 3 5 10
VBN 21 38 55 87
POV 24 32 39 90
cov 18 28 30 51
AV 0.8 0.9 1.05 1.14

Table 17. Changes in fatty acid composition

of sardine stored at 5°C (%)
. Storage time (day)
Fatty acid 0 5 10
12:0 0.2 0.1 0.2
14:0 6.1 0.6 9.3
15:0 0.8 0.3 0.2
16:0 20.0 19.6 20.3
17:0 1.9 1.2 1.4
18:0 .0 5.2 57
20:0 2.0 1.1 1.7
Saturated 38.0 41.0 40.0
16:1 10.5 10.0 9.1
18:1 13.1 13.9 17.2
20:1 2.3 3.0 2.9
22:1 0.6 — 0.6
Monoenoic 26.5 26.9 29.8
18:2 4.2 3.1 3.9
20:2 3.0 2.7 3.4
20:3 — 0.1 —
20:4 0.9 0.8 0.5
20:5 13.8 13.2 11.2
22:3 0.7 0.7 0.6
22:4 1.0 1.0 0.7
22:5 1.7 2.1 1.4
22:6 10.3 8.3 8.5
Polyenoic 35.6 32.0 30.2
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