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Lipid Profiles of 28 Minor Marine Fish Species Caught from the Waters around Hokkaido, Japan
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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.
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Table 1. Fish samples sujected to the lipid analysis
English name Scientific name Japanese name Number Location 1]:1?;151 v]x?e(;gi t ::;nysoirs
Skilfish Erilepis zonifer ‘Aburabouzu’ 1 Erimo 57.5 cm 35kg 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 689.2 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 51.1cm 548.0g Flesh
Mori
Frog sculpin Myoxocephalus stelleri ‘Gisukajika’ 2 Funka Bay 29.1cm  1,040.8 ¢  Fresh
Black sole Paraplagusia japonica ‘Kuroushinoshita’ 1 Akkeshi 293 cm 247.8 g  Flesh
Medusafish Icichthys lockingtoni ‘Kuromedai’ 1 Mori 34.5 cm 4724 ¢  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 28.3 cm 306.5g Flesh
Liver
Pink snailfish Careproctus rastrinus ‘Sakebikunin’ 4 Hidaka 29.4 cm 6754 ¢ 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 39.3 cm 686.8 g  Flesh
Brown hakeling Physiculus maximowiczi ‘Donko’ 4 Hakodate 35.6 cm 676.3 g  Flesh
(‘Ezoisoainame’) Mori Liver
Dusky rockfish Sebastes variabilis ‘Nagamenuke’ 1 Kushiro 403cm 1453.1g Flesh
Liver
Pighead prickleback Acantholumpenus mackayi ‘Nuimegaji’ 2 Akkeshi 349 cm 161.4 g  Flesh
Fringed blenny Chirolophis japonicus ‘Fusaginpo’ 1 Konbumori 49.8 cm 1.8kg Flesh
Liver
Yellowtail Seriola quinqueradiata ‘Buri’ 6 Funka Bay 36.1 cm 972.8 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 801.2 g Flesh
Ocean Sunfish Mola mola ‘Manbou’ 2 Hakodate — — Flesh
Liver
Dybowsky’s blenny Pholidapus dybowskii ‘Muroranginpo’ 1 Akkeshi 24.3 cm 158.8 g  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’ ‘lkanago’ ‘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 5.5 4.6 26.1 0.5 0.9 10.2 1.3 0.7 2.7 16.2 1.3 2.4
Lipid class composition (wWt%)*
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 15.5 5.7 12.3 0.0 159 20.8 16.9 9.1 4.1 9.0 9.7 8.9 11.1 4.0
ST 0.0 8.2 8.5 9.5 10.1 15.7 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 12.2 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 52
PC 0.0 16.4 19.0 20.5 44 334 29.3 9.6 24.4 373 25.6 7.3 41.2 17.5
Fatty acid composition (wt%)
12:0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.3 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 3.9 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 0.2 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 0.3 0.3 0.4 0.4 0.1 0.4 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 8.9 149 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 3.2 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 0.4 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 0.2 0.0 0.2 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 0.2
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 3.4 1.5 1.6 5.5 2.0 4.8 4.6 1.4 2.5 4.0 3.9 33 4.4 1.7
18 : In-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 27.7 26.3 5.6 15.2 30.3 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 3.9 5.3 53 43 6.0 53 42 5.4 34 6.4 2.5
18 : In-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 0.3 2.3 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: 1n-11420: In-13 7.8 12.7 7.4 0.0 7.7 0.4 0.1 3.7 35 0.6 1.1 3.1 1.2 14.5
20: 1n-9 5.5 0.0 3.9 1.1 3.0 0.4 0.5 0.0 2.1 0.8 0.4 4.2 2.0 1.3
20 : In-7 0.5 1.2 0.3 0.5 0.4 0.5 0.2 0.3 0.6 0.2 1.5 0.8 1.3 1.3
20: 1n-5 0.1 0.3 0.2 0.0 0.1 0.1 0.0 0.1 0.1 0.0 0.0 0.1 0.0 0.2
20:2n-6 0.6 0.3 0.1 0.3 0.2 0.3 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 0.4 1.8 0.7 22 0.7 5.4 4.9 0.7 2.7 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 0.2 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 0.2 0.4 0.2 0.7
20:5n-3 43 49 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-11422: In-13 7.7 4.0 10.4 0.1 0.0 0.1 0.1 3.1 2.6 0.1 0.4 55 0.8 7.0
22:1n-9 1.1 1.0 0.7 0.2 9.4 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 0.2 0.1 0.4 0.3 0.3 0.2
21:5n-3 0.2 0.1 0.4 0.2 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 2.6 6.7 0.8 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 0.3 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 2.4

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
1.4 0.6 4.5 1.5 1.1 1.1 1.2 1.2 3.6 23.7 5.7 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 43.7 7.1 22.8 46.2 212 41.6 89.9 68.8 0.0 16.4
8.2 21.2 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 15.7 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
28.1 227 5.3 7.6 23.6 22.6 5.5 23.6 15.6 0.0 4.3 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 0.2 0.3 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 0.3 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 0.2 0.5 0.1 0.5
0.2 0.2 0.0 0.1 0.1 0.4 0.3 0.5 0.6 0.6 0.2 0.8 0.1
0.4 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
3.1 3.1 2.4 3.1 42 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 0.2 0.0 0.1
7.0 10.0 16.0 10.3 11.0 8.1 8.1 9.2 16.0 143 13.7 10.2 8.4
52 42 6.0 4.8 4.0 2.4 7.2 4.8 2.8 49 5.5 23 4.1
0.3 0.3 0.3 0.3 0.3 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 12 0.9 1.0
0.2 0.0 0.2 0.3 0.1 0.1 0.2 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 0.2 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 0.3 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 1.5 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 0.3
0.1 0.0 0.0 0.1 0.0 0.1 0.0 0.2 0.0 0.2 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 12 2.4 1.1 22 5.4 1.6 2.1 2.3 42 3.5
0.2 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.3 0.2 0.2
0.3 0.3 0.4 0.3 0.3 0.5 0.3 0.3 0.3 1.0 0.4 0.2 0.3
20.8 13.8 15.7 24.6 13.5 17.9 19.3 14.7 4.6 8.3 12.4 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 0.3 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 0.2 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 28.4 21.8 12.6 18.1 27.17 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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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 23.9
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 453 322 374 58.9 81.5 52.2 55.8 61.4 923 41.4 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 8.3 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 15.9 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 14.7 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 4.9 1.0 9.1 2.0 3.7 3.0 3.2 1.9 2.7 4.5 0.9 3.1
14 : In-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 2.2 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
iso-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 0.2 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 0.3
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 0.3 0.0 0.2 0.3 0.2 0.1 0.1 0.2 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 3.9 3.4 0.6 2.1 32 2.0 1.2 2.5 7.6 2.5 3.0 2.4
18 : In-13 0.0 0.3 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 31.5 21.4 159 21.7 29.3 18.0 29.2 16.0 12.0 13.6 26.8
18: In-7 6.1 5.4 33 9.2 7.4 5.2 6.6 5.7 2.5 2.8 5.3 4.6
18 : In-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 0.4 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 0.4
18 :4n-1 0.0 0.0 0.2 0.1 0.2 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-11+20: In-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 22 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 0.3 0.6 1.0 1.1 1.8 0.7 0.2 0.4
20: In-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 2.2 0.9 0.2 2.1 1.6 1.2 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 23 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 11.2 5.5 10.9 6.0 7.4 19.6 16.5 3.1
22:1n-11+22: In-13 0.9 2.0 3.6 0.2 1.9 2.1 0.6 3.7 23 1.6 0.5 12.4
22:1n-9 0.4 2.6 3.2 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 0.3
21:5n-3 0.0 0.2 0.3 0.5 0.5 0.2 0.3 0.2 0.3 0.3 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 3.4 8.1 8.8 42 6.9 5.9 11.0 18.2 22.1 45
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 4.3 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.

4 Pyloric caeca.
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