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Lipid Profiles of 28 Minor Marine Fish Species Caught from the Waters around Hokkaido, Japan

Mikiko NAKATSUKA" and Yasuhiro ANDO?

Abstract

Lipid content, lipid class composition, and fatty acid composition were determined for 28 minor marine fish species caught
from the waters around Hokkaido, Japan. The samples include some rare fish such as dusky rockfish Sebastes variabilis “naga-
menuke” and prowfish Zaprora silenus “bouzuginpo.” Most samples had low lipid contents, and therefore, can be used in low-
fat fish foods. In contrast, the flesh of four species and the liver of eight species were rich in lipid as they contained
triacylglycerols or diacylglycerylethers as major lipid classes. Such fatty fish can be used as a source of marine lipids. The
liver of brown hakeling Physiculus maximowiczi “donko” and ocean sunfish Mola mola “manbou” was found to be useful for
both eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) supplies, because they contained high content of lipids,
including EPA and DHA. Prowfish and other two species were shown to contain tetracosahexaenoic acid in their fatty flesh
and/or liver.  These findings are useful fundamental information on the minor marine fish.

Key words : Minor fish, Lipid content, Lipid class composition, Fatty acid composition, EPA, DHA, Tetracosahexaenoic acid
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Table 1. Fish samples sujected to the lipid analysis
English name Scientific name Japanese name Number Location IIZ r?gt}lll vlje(;git :;S}Z;;
Skilfish Erilepis zonifer ‘Aburabouzu’ 1 Erimo 57.5 cm 3.5kg Flesh
Angler Lophiomus setigerus ‘Ankou’ 1 Habomai 46.1 cm 7.2kg Flesh
Japanese sand lance Ammodytes personatus ‘Ikanago’ 1 Akkeshi 6.2 cm 21.8g Flesh
Striped beak perch Oplegnathus fasciatus ‘Ishidai’ 1 Funka Bay 11.4 cm 84.0g Flesh
Slatjaw cutthroat eel Synaphobranchus affinis ‘Irakoanago’ 1 Mori 80.4 cm 6892 g Flesh
Liver
Pyloric?
Agassiz’s snailfish Liparis agassizii ‘Ezokusauo’ 2 Akkeshi 25.6 cm 362.3¢ Flesh
Antlered sculpin Enophrys diceraus ‘Onikajika’ 4 Akkeshi 18.1 cm 185.5g Flesh
Capelin Mallotus villosus ‘Karafutoshishamo’ 3 Hokkaido 13.1 cm 17.5g Flesh
Jelly eelpout Bothrocara tanakae ‘Kantengenge’ 5 Konbumori 5I.1cm 548.0g Flesh
Mori
Frog sculpin Myoxocephalus stelleri ‘Gisukajika’ 2 Funka Bay 29.1cm  1,040.8 g  Fresh
Black sole Paraplagusia japonica ‘Kuroushinoshita’ 1 Akkeshi 293 cm 2478 g Flesh
Medusafish Icichthys lockingtoni ‘Kuromedai’ 1 Mori 34.5 cm 472.4¢ Flesh
Nine spot chimaera Hydrolagus barbouri ‘Kokonohoshi- 1 Konbumori 60.1 cm 1.3kg Flesh
ginzame’ Liver
Smooth lumpsucker Aptocyclus ventricosus ‘Gokko’ 3 Hakodate 25.7 cm 1.1kg Flesh
(‘Hoteiuo”) Liver
Egg
Saffron cod Eleginus gracilis ‘Komai’ 3 Akkeshi 28.3cm 306.5g Flesh
Liver
Pink snailfish Careproctus rastrinus ‘Sakebikunin’ 4 Hidaka 29.4 cm 6754 g Flesh
Longsnout poacher Brachyopsis rostratua ¢Shichirouuo’ 1 Akkeshi 21.6 cm 51.5g Flesh
Alaska pollack Theragra chalcogramma ‘Suketoudara’ 2 Oshima — — Testis
Mud prickleback Ascoldia variegata ‘Doroginpo’ 5 Habomai 393 cm 686.8 g  Flesh
Brown hakeling Physiculus maximowiczi ‘Donko’ 4 Hakodate 35.6 cm 6763 g Flesh
(‘Ezoisoainame”) Mori Liver
Dusky rockfish Sebastes variabilis ‘Nagamenuke’ 1 Kushiro 403cm 1,453.1g Flesh
Liver
Pighead prickleback Acantholumpenus mackayi ~ ‘Nuimegaji’ 2 Akkeshi 34.9 cm 161.4g Flesh
Fringed blenny Chirolophis japonicus ‘Fusaginpo’ Konbumori 49.8 cm 1.8kg Flesh
Liver
Yellowtail Seriola quinqueradiata ‘Buri’ 6 Funka Bay 36.1 cm 9728 g Flesh
Shiriuchi
Prowfish Zaprora silenus ‘Bouzuginpo’ 3 Habomai 58.0 cm 4.7kg Flesh
Nemuro Liver
Barfin flounder Verasper moseri ‘Matsukawa’ 3 Samani 30.7 cm 801.2g Flesh
Ocean Sunfish Mola mola ‘Manbou’ Hakodate — — Flesh
Liver
Dybowsky’s blenny Pholidapus dybowskii ‘Muroranginpo’ 1 Akkeshi 24.3 cm 158.8g Flesh
? Pyloric caeca.
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Table 2. Lipid contents, lipid class compositions, and fatty acid compositions of the minor fish flesh
Japanese name ‘Abura  ‘Ankou’ ‘Ikanago’ ‘Ishidai’ ‘Irako  ‘Ezoku  ‘Onika  ‘Kara ‘Kanten ‘Gisu ‘Kurou ‘Kuro  ‘Koko ‘Gokko’
bouzu’ anago’ sauo’ jika® futoshi ~ genge’ kajika®  shino  medai’ nohoshi
shamo’ shita’ ginzame’
Number 1 1 1 1 1 2 4 3 5 2 1 1 1 3
Part Flesh Flesh Flesh Flesh Flesh Flesh Flesh Flesh Flesh Flesh Flesh Flesh Flesh Flesh
Lipid content (%) 34.6 1.2 55 4.6 26.1 0.5 0.9 10.2 1.3 0.7 2.7 16.2 1.3 24
Lipid class composition (wt%)*
SE 0.0 0.0 5.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DAGE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 44.0 11.2 0.0
TAG 84.6 61.7 46.6 62.3 65.1 0.0 10.7 70.3 44.9 12.1 36.0 29.9 10.3 52.9
FFA 155 5.7 12.3 0.0 159 20.8 16.9 9.1 4.1 9.0 9.7 89 11.1 4.0
ST 0.0 8.2 8.5 9.5 10.1 157 12.5 7.7 11.5 11.7 13.6 5.0 12.0 7.5
MAG 0.0 0.0 0.0 0.0 3.9 0.0 1.6 0.0 0.0 0.0 43 0.0 0.0 0.0
PE 0.0 8.0 8.0 7.6 0.6 20.2 20.4 32 122 19.7 6.3 4.9 14.2 12.9
PI 0.0 0.0 0.0 0.0 0.0 10.1 8.7 0.0 3.0 10.2 4.6 0.0 0.0 5.2
PC 0.0 16.4 19.0 20.5 44 334 29.3 9.6 24.4 373 25.6 7.3 412 17.5
Fatty acid composition (wt%)
12:0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1 03 0.0 0.1 0.0 0.0 0.1
14:0 2.1 3.6 7.6 2.1 3.0 0.4 1.2 7.0 2.8 0.7 39 4.5 0.6 8.7
14: In-5 0.1 0.2 0.1 0.1 0.1 0.0 0.1 0.3 0.1 0.0 0.3 0.2 0.0 0.2
iso-15:0 0.1 02 0.2 0.1 0.1 0.1 0.1 0.3 0.2 0.1 0.1 0.3 0.2 0.2
anteiso-15: 0 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.0 0.1
15:0 03 03 04 04 0.1 04 0.3 0.5 0.3 0.9 0.5 0.4 0.2 0.3
iso-16:0 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.0
16:0 15.0 9.4 133 233 8.9 14.9 16.4 18.2 14.1 17.6 18.2 18.5 17.1 8.8
16 : In-7 3.8 9.0 6.6 10.2 7.4 22 5.6 9.3 9.0 4.1 9.1 5.5 32 3.7
16 : In-5 0.3 0.4 0.5 0.4 0.2 0.1 0.3 0.6 0.6 0.3 0.5 0.3 04 0.3
iso-17:0 0.6 0.6 0.4 0.6 0.3 0.5 0.3 0.6 0.4 0.3 0.5 1.0 0.7 0.3
16 : 2n-6 0.1 0.2 0.1 0.2 0.0 0.2 0.2 0.2 0.1 0.2 0.0 0.0 0.4 0.0
anteiso-17 : 0 0.0 0.0 0.1 02 0.0 02 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
16 : 2n-4 0.0 0.2 0.6 0.2 0.2 0.0 0.2 0.5 0.5 0.1 0.2 1.1 0.0 0.3
7-Me-16: 1 0.9 0.5 0.0 0.7 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.0 0.3 02
17:0 0.5 0.4 0.0 0.0 0.4 0.8 0.1 1.4 0.2 0.4 0.6 0.7 0.5 0.2
16 : 3n-4 0.0 0.0 0.4 0.6 0.1 0.6 0.2 0.2 0.4 0.0 0.1 0.1 0.0 0.1
16 : 4n-1 0.0 0.1 0.8 0.1 0.1 0.6 0.4 0.3 0.8 0.5 0.0 0.2 0.0 0.1
18:0 34 1.5 1.6 5.5 2.0 4.8 4.6 1.4 25 4.0 3.9 33 44 1.7
18:1n-13 0.0 0.0 0.0 0.1 0.0 0.3 0.1 0.0 0.2 0.0 0.4 0.0 0.7 0.0
18 : In-9 277 26.3 5.6 15.2 303 7.8 10.0 16.0 14.8 12.3 8.5 26.4 16.5 15.4
18 : 1n-7 5.7 6.3 1.5 39 53 53 4.3 6.0 53 4.2 54 34 6.4 2.5
18: 1n-5 0.7 0.6 0.8 0.5 0.5 0.3 0.2 0.7 0.7 0.4 0.3 0.5 0.8 0.6
18 : 2n-6 1.0 1.3 1.1 1.0 0.7 0.7 0.8 1.4 0.8 1.1 0.7 0.8 0.3 1.1
18 :2n-4 0.1 0.1 0.0 0.1 0.2 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.0 0.1
18 : 3n-6 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.0 0.0
18 : 3n-4° 0.0 0.1 0.0 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0
18 :3n-3 0.6 0.5 0.9 0.5 0.4 0.3 0.6 1.3 0.4 0.5 0.2 0.0 0.3 0.7
18 :4n-3 0.7 0.4 3.5 0.5 0.5 0.1 03 23 0.7 0.4 0.4 0.5 0.1 1.2
18 : 4n-1 0.0 0.1 0.2 0.0 0.2 0.0 0.0 0.1 0.2 0.0 0.1 0.1 0.0 0.1
20:0 0.1 0.0 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.4 0.2 0.1
20 : In-11420: In-13 7.8 12.7 7.4 0.0 7.7 0.4 0.1 37 3.5 0.6 1.1 3.1 1.2 14.5
20: 1n-9 5.5 0.0 39 1.1 3.0 0.4 0.5 0.0 2.1 0.8 0.4 42 2.0 1.3
20: In-7 0.5 1.2 03 0.5 0.4 0.5 0.2 0.3 0.6 0.2 1.5 0.8 1.3 1.3
20:In-5 0.1 03 0.2 0.0 0.1 0.1 0.0 0.1 0.1 0.0 0.0 0.1 0.0 02
20:2n-6 0.6 0.3 0.1 0.3 0.2 03 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.2
20:3n-6 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.2 0.1 0.1 0.1 0.1
20 : 4n-6 04 1.8 0.7 22 0.7 5.4 49 0.7 27 8.9 3.9 1.0 2.7 0.3
20:3n-3 0.4 0.2 0.1 0.2 0.1 0.2 0.2 0.1 0.1 02 0.1 0.1 0.1 0.1
20:4n-3 0.5 0.4 0.0 0.4 0.6 0.2 0.3 0.4 0.2 0.3 02 0.4 0.2 0.7
20:5n-3 43 4.9 11.0 10.1 3.7 18.0 16.3 9.6 13.2 15.7 9.9 2.1 7.8 6.1
22 :1n-11+22 : 1In-13 7.7 4.0 104 0.1 0.0 0.1 0.1 3.1 26 0.1 0.4 5.5 0.8 7.0
22 :1n-9 1.1 1.0 0.7 0.2 94 0.0 0.1 0.7 0.5 0.1 0.1 2.6 1.1 35
22 1n-7 0.2 0.0 0.3 0.1 1.2 0.1 0.1 0.1 02 0.1 0.4 0.3 0.3 0.2
21:5n-3 0.2 0.1 0.4 02 0.2 0.1 0.2 0.3 0.3 0.1 0.2 0.1 0.2 0.2
22 : 4n-6° 0.0 0.1 0.1 0.3 0.1 0.5 0.6 0.0 0.0 0.6 1.0 0.2 0.8 0.0
22 :5n-6 0.0 0.2 0.2 0.3 0.1 0.7 0.7 0.0 0.3 0.4 0.7 0.1 0.5 0.2
22 :4n-3° 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22 :5n-3 0.3 0.9 0.8 23 1.4 2.3 23 0.5 0.7 26 6.7 08 43 1.0
22 :6n-3 2.7 5.0 11.0 11.4 6.0 24.7 20.7 7.5 10.8 16.9 13.0 1.8 15.0 12.7
24 : 1n-9 0.9 0.7 1.0 0.4 0.9 0.6 0.8 0.6 1.1 0.7 03 2.0 0.7 0.5
24 : 5n-3% 0.05 0.00 0.16 0.03 0.07 0.02 0.02 0.01 0.08 0.05 0.12 0.00 0.08 0.07
24 : 6n-3% 0.06 0.00 0.06 0.06 0.04 0.05 0.04 0.01 0.08 0.01 0.06 0.00 0.50 0.08
Others 29 3.7 4.6 3.0 29 4.0 4.6 2.8 4.7 2.8 4.9 5.6 6.7 24

Data are prersented in the form of mean values for the replicated samples.
* SE, sterolesters ; DAGE, diacylglycerylethers ; TAG, triacylglycerols ; FFA, free fatty acids ; ST, sterols ;

MAG, monoacylglycerols ; PE, phosphatidylethanolamines ; PI, phosphatidylinositols ; PC, phosphatidylcholines.
® The GC peaks were identified by GC-MS.
¢ Very long chain polyunsaturated fatty acid.
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‘Komai® ‘Sakebi ‘Shichi ‘Doro ‘Donko’ ‘Naga ‘Nuime ‘Fusa ‘Buri’ ‘Bouzu ‘Matsu ‘Manbou’ ‘Muro

kunin®  rouuo’  ginpo’ menuke’  gaji’ ginpo’ ginpo®  kawa’ ranginpo’
3 4 1 5 4 1 2 1 6 3 3 2 1
Flesh Flesh Flesh Flesh Flesh Flesh Flesh Flesh Flesh Flesh Flesh Flesh Flesh
14 0.6 4.5 1.5 1.1 1.1 1.2 12 3.6 237 57 1.6 1.1
0.0 0.0 0.0 0.7 1.4 0.0 4.6 43 0.0 0.0 0.0 0.0 1.9
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
34 0.0 60.1 437 7.1 22.8 46.2 212 41.6 89.9 68.8 0.0 16.4
82 212 9.8 11.7 9.0 16.7 16.5 6.8 2.6 0.0 0.0 11.1 10.5
9.0 12.8 15.1 157 12.3 10.5 13.6 7.6 10.5 0.9 6.6 13.0 13.7
0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8
28.1 22.7 5.3 7.6 23.6 22.6 55 23.6 15.6 0.0 43 24.5 10.8
12.0 0.0 0.0 1.6 6.6 0.0 0.0 7.2 2.7 0.0 0.0 0.0 0.0
39.2 433 9.8 17.5 40.2 27.5 13.8 29.4 27.2 9.2 20.4 51.7 40.0
0.0 0.0 0.1 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.2 0.0 0.1
0.7 0.4 2.0 1.5 1.0 43 22 1.6 1.8 33 3.0 1.3 1.4
0.0 0.0 0.1 0.1 0.0 0.1 0.2 0.2 0.0 0.3 0.1 0.0 0.1
0.0 0.0 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.1 0.1 0.0
0.3 02 03 0.1 0.1 0.2 0.5 0.3 0.5 0.3 0.4 0.3 0.2
0.1 0.0 0.1 0.0 0.0 0.0 0.2 0.2 0.0 0.1 0.1 0.0 0.1
16.7 18.7 21.5 16.0 20.9 15.6 15.7 15.0 21.2 11.5 15.2 14.0 18.7
3.0 1.4 10.4 11.3 2.1 4.6 8.1 7.3 3.7 10.7 10.7 2.6 8.4
0.3 0.1 0.3 0.3 0.2 0.4 0.5 0.6 0.3 0.4 0.3 03 0.4
0.4 0.1 0.4 0.3 0.2 0.5 0.8 0.7 0.5 0.9 0.4 0.5 0.3
0.2 0.0 0.2 0.1 0.0 0.0 0.0 0.4 0.0 0.2 0.0 0.1 0.0
0.0 0.0 0.0 0.1 0.0 0.0 0.4 0.0 0.1 0.0 0.2 0.1 0.0
0.1 0.0 0.3 0.8 0.1 0.3 0.4 0.2 0.2 02 0.5 0.1 0.5
0.2 02 0.0 0.1 0.1 0.4 0.3 0.5 0.6 0.6 0.2 0.8 0.1
04 0.3 0.5 0.0 1.1 0.3 0.8 0.3 0.8 0.3 0.5 0.6 0.7
0.1 0.0 0.3 0.6 0.0 0.1 0.3 0.1 0.0 0.1 0.4 0.1 0.4
0.1 0.0 0.1 1.4 0.2 0.3 0.3 0.1 0.1 0.1 0.5 0.6 0.2
31 3.1 2.4 3.1 4.2 2.3 3.7 4.5 6.6 32 2.9 10.6 35
0.2 0.0 0.0 0.1 0.1 0.0 0.4 0.0 0.1 0.2 02 0.0 0.1
7.0 10.0 16.0 10.3 11.0 8.1 8.1 9.2 16.0 14.3 13.7 10.2 8.4
52 42 6.0 4.8 4.0 24 7.2 4.8 2.8 49 5.5 23 4.1
0.3 0.3 0.3 0.3 03 0.6 0.5 1.3 0.2 1.7 0.3 0.4 0.3
0.8 0.6 0.7 0.6 0.5 0.8 1.3 0.4 0.9 0.6 1.2 0.9 1.0
0.2 0.0 0.2 0.3 0.1 0.1 02 0.2 0.1 0.2 0.3 0.1 0.2
0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1
0.5 0.2 0.5 02 0.2 0.6 0.5 0.2 0.3 0.5 0.7 0.4 0.7
0.3 0.1 0.6 0.8 0.3 1.3 1.0 0.4 0.4 0.8 0.9 0.4 0.6
0.1 0.0 0.1 03 0.0 0.1 0.2 0.1 0.0 0.3 0.2 0.0 0.0
0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.0 0.3 0.1 0.2 0.2 0.1
0.2 0.5 0.0 0.4 0.4 3.9 0.7 2.0 0.0 5.8 0.7 1.5 0.0
0.4 1.5 0.8 1.3 0.8 0.0 0.7 1.6 0.6 32 1.3 15 0.8
0.2 0.2 0.2 0.4 0.1 0.7 0.8 0.9 0.1 1.8 0.9 0.7 03
0.1 0.0 0.0 0.1 0.0 0.1 0.0 0.2 0.0 02 0.1 0.1 0.0
0.3 0.1 0.3 0.1 0.1 0.2 0.3 0.1 0.2 0.2 0.4 0.3 0.3
0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1
3.8 4.0 1.3 1.2 2.4 1.1 2.2 5.4 1.6 2.1 2.3 42 35
0.2 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.3 02 0.2
0.3 0.3 0.4 0.3 0.3 0.5 03 0.3 0.3 1.0 0.4 0.2 0.3
20.8 138 157 24.6 13.5 17.9 19.3 14.7 4.6 83 124 9.5 20.3
0.1 0.2 0.1 0.2 0.3 3.0 0.2 1.0 0.1 6.4 0.3 2.9 0.1
0.0 0.1 0.1 0.2 0.1 2.1 0.2 0.4 0.1 1.5 0.2 1.9 0.1
0.1 0.0 0.1 0.1 0.0 0.2 0.1 0.0 0.0 0.1 0.2 0.2 0.1
0.4 0.1 03 0.8 0.2 0.3 0.5 0.2 0.1 0.3 0.5 0.1 0.3
0.3 0.1 0.1 0.0 0.3 0.1 0.2 0.3 0.1 0.0 0.0 0.0 0.2
0.6 0.8 02 0.2 0.6 0.4 0.4 0.2 0.9 0.1 0.3 1.3 0.4
0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
2.5 1.7 1.3 1.6 1.9 1.1 22 1.6 1.4 2.4 5.7 1.7 1.4
27.0 342 11.9 9.9 284 21.8 12.6 18.1 27.7 5.5 9.5 18.7 18.0
0.3 0.2 0.3 0.6 0.8 0.6 0.5 0.5 1.0 0.6 0.4 1.3 0.7
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wEE(TyaY, AVFUrVY, FaFrR) RS
N7z, BEEEORI T LEBIREORDOEEIX
FEIZL-oTRBRBEZEZOND, T-—EOABETIX
DAGE DERMFR LN, RFFEOKEED SAclEELED
ZORAFA, AR FIFRALINICELTL L
ATRE NIz,

ERRERRHERL

BICBIT B EE2RIFERIZ 16:0, 18:1n-9, EPA
(20 : 5n-3), DHA (22 :6n-3) T@ o7z (Table 2)o F7214:0,
18:0, 16:1n-7, 20:4n-6 (7 7 % F¥E) b LML H -
Teo T7SHRIX, 7raw, A7FD, 41537+,
IRAYAL, Ty, KIAXyRTIZ20:1E£22:1%
%o lz, EPAR DHA DM MEIF LA EDRE T
520% TH Y — A LERTH o7z 7272 L EPAIZZ O
AT A TIE21% LKL, DHAWRT 75 RV X, 70
T4 TENEN2T%,18% LB o7z, [REEED S, -
oA 5 a7Fd, Ry XFURDDHA b 5% Bk &
FIEWETH o720 TNHLDOFETIL18: 1n-9 DM FAEDS
B, By AF RSO 3T 25-30% EHFIZEVE
THo77

—f%IZEPA & DHA AR E L ) DM E R 5
LHHEIREICE S EENS (FE, 1991). DHA OMlKE
HED o 72 EFC 4 FEIZE T TAG %° DAGE &\ o 7z f
EHEETHY, —J7, DHA OHBIEI S o 725 (25-
30%) Tl PCASEERIBE Y A TH o270, REY
5 AFARLDIE AT EPA %° DHA OFREOE S [Z28EL
TWhEEZONS, %7, DHA % & DESERRIMIERS
BRIZESFIRRRABR o€ / AERFIRIF R IS R T AL F—
ELTHEESNIZ AW a7l EoRESA T DHA
PEEICERSNTVWAHEALLTEZLNTWS G
BE, 1996)o DHA 2MEWETH -7 4FEDHLorux 54
DAMIEEMETH D720, TRVEF—OEEI LN
&4 DHA OMBEIVERNC LIZBERLTWwAE EEZ SN
bo EE INOEFETIET/ EMEHE18: 1n9 D
EASE o 720

— 75, FFHE (Table 3) TI216:0, 16:1n-7, 18: 1n-9 A%
FELZPEEECTH D, EPA T721E DHA 7 10% L ETH o
7Difa<4, KNra, 7HFUR IR THol,
HAFIEETIL 18 In-9 2SR D <, IIB L UMERTIL 160,
18 :1n-9, EPA, DHA 2°FZETH o 72,

&ff%# LT, DHA % EPA DMEES BV AREIRIEE
BEMEL, BEEENE VA TIE EPA ° DHA O
BAEIERNETH Y, JEEAEE TH 2 EPA % DHA O
MARES HVEBER O o/ LAL, Fraok
< VAR O TIE EPA 2% 11.2%, 7.4%, DHA %% 8.8%,
11.0% & — A ICIE L 22055, FEE & E 13 65.0%,
578% L JUDIEHOREEED 2fEHE{ Thol, T
DIz, I 2FEOFHEIE EPA & DHA OfRIHE L
TERTHDLEEZ NS, TR Y IIRICKEICRE
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ENEEHEL D253 720, EPA & DHA OLEIESE 72
UL Z OB %S0,

BRESET R

FRRFEE AT ORGSR, RFRH 24 OBREEE BN
BTHhsr7 NTaY YT UEE (24 503, TPA) &7 F
T aYAFH LB (24 6n-3, THA) 2 &0 AFEIFD 5
N7z (Table 2 & Table 3)e RV XF U ROFFUTIL, IR
FEREICH 5 o OMBEEIZENFN011% & 1.16%
Thotze RYXFYRTIIFEICDH TPA & THA 2R
LN, FRIZBIT 520 OEBE I E N2 0.06%,
0.62% THolzo TOMIZ THA G TN/DIL, aa/
RYXFHFADEHNA (0.50%), KK (0.78%), 7HF KD
5 (0.53%), JFHE (0.88%) TH - 72

THA % EPA 7 & DHA MENTEBL S N A B O HR4
BEThHY, REOROERNIZET B RNLEENE 2V
EEZHLNTWA (Swoetal, 2015)s LAL, 7 AIZxfL
TIXDHA & RO KEERAE TR T I EPRESN
(Ishihara et al,, 1998), X 52k DIl Z H\W-ifET
X EPA, DHA &9 dIREERLHNT 28R HNI L
HERE SN TV D (Nagao et al, 2014)e & D728 THA i34
HASEERL S & L CRLA A, L L THA 2 EELC
UL 7 E 1 N7 (Takagi et al.,, 1986 ; Kawasaki et
al,2000), 7 A H L A (Otaetal,1994), ¥ A L 4 (Fukuda
and Ando, 2011) 2 EAEENEDHTH B REFFETIL,
BABEDSNOWEERE L TIaa / FxYFUFRA KX
FUR, THFUROBAL L IO EHEEF 2 THA
WO5-12%EENDZEPHLPIIh 272, ThED
THA O#BMEIX 7 E L + T D 13.9% (Kawasaki et al., 2000)
I HEND, RESEIZZER FFD05% 25k
23R F U AOFETIEH 1000/, 7HF RO
B TER 3548, Ko XF U ROBA, T 50 F
EIEFIZE V. LoTINS 3L THA OHHRIEE LT
HifFsn s,

Pk, RO CILdbiREREED 28 O~ [ S —AD
FEEEMTHLMI Lz, 2O, HEAnlzL ALY
BIREEENHREMEL, KEHORERE LTAATH
LrEz b —), RESEOEV4EEOHADL
SO SABEOFEI EESN, IhSBEEELTE
HATHAWMEEEIRE ISR, FraBlUwry Koo
BTiEiiX EPA & DHA OfAGIEE 2 018, /AR X¥
ROWHAW, a3/ FFVFA THFXF R RIIF
YROFFE, AL THA OMARIEE L THRETH -7,
IS DERIEISHE~ A T REFETEOLEEER
LLTEETH S,
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Table 3. Lipid contents, lipid class compositions, and fatty acid compositions of the minor fish liver and other parts

Japanese name ‘Irako ‘Koko ‘Gokko’ ‘Komai’ ‘Donko’ ‘Naga ‘Fusa ‘Bouzu  ‘Manbou’ ‘Gokko®  ‘Suketo ‘Irako
anago’  nohoshi menuke’  ginpo’ ginpo’ udara’ anago’
ginzame’
Number 1 1 3 3 4 1 1 3 2 3 2 1
Part Liver Liver Liver Liver Liver Liver Liver Liver Liver Egg Testis Pyloric?
Lipid content (%) 19.1 53.8 8.8 223 65.0 16.3 17.5 30.7 57.8 4.0 0.6 239
Lipid class composition {wt%)*
SE 5.6 0.0 28.5 0.0 4.6 6.2 235 10.6 0.0 13.7 0.0 19.2
DAGE 0.0 49.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TAG 453 322 37.4 589 81.5 522 55.8 61.4 923 414 0.0 71.1
FFA 13.9 11.7 6.0 9.6 5.1 15.7 11.9 11.5 0.0 0.0 10.3 0.0
ST 12.6 7.0 83 9.2 6.9 11.6 8.8 8.6 7.8 6.0 232 3.7
MAG 6.7 0.0 0.0 33 0.0 49 0.0 0.0 0.0 0.0 0.0 0.0
PE 9.3 0.0 6.0 6.7 0.0 3.9 0.0 0.5 0.0 159 20.8 0.0
PI 0.0 0.0 0.0 2.3 1.4 0.0 0.0 0.0 0.0 0.0 147 0.0
PC 6.7 0.0 13.9 10.0 0.4 5.5 0.0 7.4 0.0 23.0 31.1 6.1
Fatty acid composition (wt%)
12:0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14:0 49 1.0 9.1 2.0 3.7 3.0 32 1.9 2.7 45 0.9 3.1
14 : 1n-5 0.1 0.1 0.2 0.1 0.1 0.4 0.5 0.1 0.1 0.1 0.0 0.1
iso-15:0 0.1 0.1 0.4 0.2 0.1 0.1 0.1 0.0 0.1 0.1 0.0 0.1
anteiso-15: 0 0.0 0.0 0.1 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0
15:0 0.1 0.1 0.4 0.4 0.2 0.1 0.4 0.1 0.4 0.3 0.2 0.2
is0-16: 0 0.0 0.1 0.1 0.2 0.1 0.0 0.5 0.1 0.1 0.1 0.0 0.0
16:0 10.9 14.6 11.8 133 16.0 14.4 10.8 12.5 14.5 13.5 18.7 9.7
16 : In-7 6.4 5.0 4.8 10.8 6.5 18.4 12.4 9.1 5.9 3.1 22 7.0
16 : In-5 0.1 0.4 0.4 0.3 0.3 0.4 0.6 0.2 0.2 0.5 0.2 0.2
is0-17:0 0.2 0.7 1.2 0.6 0.4 0.7 1.4 0.8 0.9 0.6 0.5 0.3
16 : 2n-6 0.0 0.4 0.0 0.4 0.1 02 0.9 0.1 0.1 0.1 0.1 0.0
anteiso-17 : 0 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.2 0.1 0.0 0.0 0.0
16 : 2n-4 0.2 0.0 0.4 0.4 0.5 0.2 0.3 0.2 0.2 0.5 0.1 03
7-Me-16: 1 0.0 0.4 1.7 0.1 0.2 0.6 1.2 0.6 0.9 0.2 0.6 0.2
17:0 0.0 0.4 1.1 0.5 1.0 0.5 0.5 0.3 0.7 0.3 0.4 0.7
16: 3n-4 03 0.0 0.2 0.3 0.2 0.1 0.1 02 0.1 0.0 0.0 0.1
16 : 4n-1 0.0 0.0 0.1 0.2 0.3 0.1 0.1 0.0 0.1 0.1 0.0 0.1
18:0 39 34 0.6 2.1 3.2 2.0 1.2 2.5 7.6 2.5 3.0 2.4
18: In-13 0.0 03 0.0 0.3 0.1 0.0 0.0 0.2 0.2 0.4 0.0 0.1
18: 1n-9 48.3 315 214 15.9 21.7 293 18.0 29.2 16.0 12.0 13.6 26.8
18: In-7 6.1 54 33 9.2 7.4 52 6.6 5.7 2.5 2.8 5.3 4.6
18: 1n-5 0.3 0.7 0.7 0.5 0.5 0.7 1.6 1.5 0.6 1.3 0.5 0.4
18:2n-6 0.4 04 1.9 1.5 0.9 0.5 0.5 0.3 0.8 1.0 0.3 0.6
18:2n-4 0.1 0.0 0.2 0.3 0.3 0.1 0.2 0.1 0.1 0.2 0.1 0.1
18:3n-6 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18 :3n-4° 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
18:3n-3 0.2 0.3 0.9 0.9 0.6 0.3 0.2 0.2 0.7 0.6 0.1 0.4
18:4n-3 0.1 0.2 1.1 1.0 1.2 0.5 0.6 0.2 1.2 1.4 0.2 04
18 :4n-1 0.0 0.0 0.2 0.1 02 0.1 0.2 0.1 0.1 0.1 0.0 0.2
20:0 0.1 0.3 0.0 0.1 0.1 0.1 0.1 0.1 0.2 0.0 0.0 0.1
20 : 1n-11420: 1n-13 35 2.5 10.1 0.8 2.0 3.0 2.7 4.1 1.8 4.0 1.7 9.0
20: In-9 2.2 3.8 1.3 0.9 2.0 0.0 2.1 2.0 2.6 1.9 1.6 3.6
20 : In-7 0.2 2.4 0.5 0.8 03 0.6 1.0 1.1 1.8 0.7 0.2 0.4
20: 1n-5 0.1 0.5 0.1 0.1 0.1 0.0 0.2 0.3 0.1 0.2 0.0 0.1
20:2n-6 0.1 0.4 0.3 0.5 0.2 0.1 0.3 0.1 0.6 0.2 0.2 0.1
20 :3n-6 0.1 0.1 0.2 0.2 0.1 0.0 0.2 0.1 0.1 0.1 0.1 0.1
20 :4n-6 0.7 1.0 0.3 22 0.9 0.2 2.1 1.6 12 0.5 2.7 0.5
20:3n-3 0.0 0.2 0.2 0.2 0.2 0.1 0.2 0.1 0.3 0.1 0.1 0.1
20:4n-3 0.2 0.2 2.3 0.4 0.5 0.6 0.9 0.7 0.6 0.9 0.3 0.5
20:5n-3 1.1 3.1 5.4 16.7 112 5.5 109 6.0 7.4 19.6 16.5 31
22:1n-11+22: 1n-13 0.9 2.0 3.6 0.2 1.9 2.1 0.6 3.7 2.3 1.6 0.5 12.4
22:1n-9 0.4 2.6 32 0.1 0.4 1.7 0.4 1.0 3.9 0.9 0.2 1.5
22:1n-7 0.0 0.5 0.1 0.1 0.1 0.1 0.0 0.1 0.2 0.1 0.0 03
21:5n-3 0.0 0.2 0.3 0.5 0.5 0.2 0.3 0.2 0.3 03 0.2 0.2
22 :4n-6° 0.0 0.0 0.6 0.2 0.2 0.2 0.6 0.0 0.0 0.0 0.1 0.1
22:5n-6 0.1 0.6 0.0 0.3 0.2 0.0 0.1 0.1 0.4 0.1 0.3 0.1
22 :4n-3° 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
22:5n-3 0.9 1.8 0.7 1.9 1.5 0.7 2.3 2.5 3.9 1.2 1.5 1.0
22:6n-3 4.6 33 34 8.1 8.8 4.2 6.9 59 11.0 18.2 22.1 4.5
24 : 1n-9 0.2 0.9 0.5 0.2 0.5 0.3 0.0 0.5 0.7 0.4 0.5 1.2
24 : 5n-3%¢ 0.00 0.11 0.03 0.02 0.06 0.06 0.04 0.06 0.05 0.03 0.06 0.09
24 : 6n-3*¢ 0.00 0.78 0.02 0.01 0.03 0.03 0.88 0.62 0.08 0.07 0.04 0.03
Others 2.0 7.4 43 3.8 2.1 2.5 4.1 2.8 3.6 2.6 4.0 2.7

Data are prersented in the form of mean values for the replicated samples.

* SE, sterolesters ; DAGE, diacylglycerylethers ; TAG, triacylglycerols ; FFA, free fatty acids ; ST, sterols ; MAG, monoacylglycerols ; PE, phosphatidyl-

ethanolamines ; PI, phosphatidylinositols ; PC, phosphatidylcholines.
® The GC peaks were identified by GC-MS.
¢ Very long chain polyunsaturated fatty acid.
¢ Pyloric caeca.
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