ELSEVIER

Available online at www.sciencedirect.com

SCIENCE<C£DIRECT®

Food Chemistry 94 (2006) 61-67

Food
Chemistry

www.elsevier.com/locate/foodchem

Analysis of lipid classes and the fatty acid composition of the salted
fish roe food products, Ikura, Tarako, Tobiko and Kazunoko

Nobuya Shirai *, Tomoyuki Higuchi, Hiramitsu Suzuki

Physiological Function LAB, National Food Research Institute, 2-1-12 Kannondai, Tsukuba, Ibaraki 305-8642, Japan

Received 12 July 2004; received in revised form 26 October 2004; accepted 26 October 2004

Abstract

This study was designed to clarify the content of lipid classes and the fatty acid composition of total lipids (TL), sterol esters (SE),
triacylglycerols (TG), phospholipids (PL), phosphatidylcholine (PC), and phosphatidylethanolamine (PE) of the Japanese fish roe
products, Ikura, Tarako, Tobiko and Kazunoko. The TL, total cholesterol, TG, and PL content of Ikura were higher than those of
Tarako, Tobiko and Kazunoko. Kazunoko had the lowest cholesterol content among these roe products. PC was the main com-
ponent in the PL class of each fish roe product. The main fatty acids of all roe products were 16:0, 18:1#—9, 20:52—3, and
22:6n—3. Docosahexaenoic acid (22:6n—3) was rich in the TL, SE, TG, PL, PC and PE fractions of all roe products. In particulars
the 22:6n—3 percentage of PC and PE fractions in Tobiko were higher than those of Ikura, Tarako and Kazunoko. These results
indicate that the lipid from fish roe products may be a useful food source for maintaining human health.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Fish roe is consumed throughout the world, and caviar
is a well-known example. In Japan, the salted products of
salmon, pollock, flyingfish, and herring roe are mainly
consumed as Ikura, Tarako, Tobiko and Kazunoko,
respectively. There have been some reports on the detailed
composition of roe lipid. In general, fish roe contains large
amounts of eicosapentaenoic acid (C20:5z—3) and doco-
sahexaenoic acid (C22:6n—3) (Kaitaranta, 1980; Tocher
& Sargent, 1984; Bledsoe, Bledsoe, & Rasco, 2003). These
fatty acids play an important role in the prevention and
treatment of cardiovascular diseases (Nordey, 2001)
and the improvement of learning ability (Yonekubo,
Honda, Okano, Takahashi, & Yamamoto, 1994; Suzuki,
Park, Tamura, & Ando, 1998). Furthermore, fish roe has
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a high percentage of phosphatidylcholine (PC) (Tocher &
Sargent, 1984). PC is effective for the improvement of
learning ability (Lim & Suzuki, 2002) and the lowering
of plasma lipids (Iwata et al., 1992).

Generally, Japanese fish roe products, such as Ikura,
Tarako, Tobiko and Kazunoko, are salted for increased
preservation and then consumed (Bledsoe et al., 2003).
However, little is known about the lipid components
of these salted fish roe food products. Therefore, this
study was designed to clarify the content of lipid classes
and the fatty acid composition of the Japanese fish roe
products Tkura, Tarako, Tobiko and Kazunoko.

2. Materials and methods
2.1. Sample

Ikura (salted salmon roe), Tarako (salted pollock roe)
and Tobiko (salted flyingfish roe) were purchased from a
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Table 1
Lipid components of Ikura, Tarako, Tobiko and Kazunoko

Ikura Tarako Tobiko Kazunoko
Total lipid content (g/100 g tissue) 14.5+0.7 37204 32%0.2 3003
Cholesterol content (g/100 g tissue) 0.59 £ 0.10 0.35+0.02 0.43+0.01 0.26 + 0.04
Triacylglycerol content (g/100 g tissue) 8.09 + 0.68 0.64 £0.06 0.42 £0.01 0.54 £ 0.06
Phospholipid content (g/100 g tissue) 5.51%£0.12 2.28+0.23 2.39+0.19 2.14+0.26
Unknown (g/100 g tissue) - 0.18 £ 0.04 - -
Phospholipid class (%)
Lysophosphatidylcholine 1.5+0.2 7104 4210 9.6t 1.5
Sphingomyelin 28+0.1 1.3£0.2 41106 29%0.6
Phosphatidylcholine 779 %0.1 68.5+0.5 76.6 £ 0.9 652%58
LPE + PS - 4.0+0.0 28+0.6 50%0.6
Phosphatidylinositol 6.7£04 3.8%0.1 39%0.0 49+0.6
Phosphatidylethanolamine 11.0+04 153109 8.4%0.1 124+25

LPE, lysophosphatidylethanolamine; PS, phosphatidylserine; Ikura, salted salmon roe; Tarako, salted Pollock roe; Tobiko, salted flyingfish roe;

Kazunoko, salted herring roe.

supermarket in Tsukuba, Ibaraki, Japan. The Ikura and
Tarako were processed in Hokkaido, Japan. The Tobiko
was processed in Indonesia. Kazunoko (salted herring
roe) that had been processed in Canada was supplied
by Kato Suisan CO., LTD (Rumoi, Hokkaido, Japan).
Four to eight lots of each sample were analyzed in dou-
ble. All results were expressed as means + SD.

2.2. Lipid extraction and lipid class analysis

The total lipids (TL) were extracted from the fish roe
products by the method of Bligh and Dyer (1959). Each
sample was combined with three volumes of chloroform/
methanol (1:2) and homogenized for 2 min in a Waring
blender. The various lipid classes were separated and
fractionated by thin-layer chromatography (TLC,
0.25 mm silica Gel 60 F,s4, Merck, Co, Ltd., Germany).
The sterol esters (SE), triacylglycerols (TG), and
phospholipids (PL) were separated using the solvent of
petroleum ether/diethyl ether/acetic acid (80:20:1 by
vol.), and some of the developed TLC plates were
sprayed with 30% sulfuric acid solution, and then heated
by a burner. PL classes were separated using chloro-
form/methanol/distilled water/acetic acid (65:45:2:1 by
vol.), and some of the developed TLC plates were then
sprayed with molybdenum and sulfuric acid reagent
(Dittmer & Lester, 1964). The SE, TG, PC and phospha-
tidylethanolamine (PE) were recovered from the TLC
plates by scraping off the appropriate bands and extract-
ing them with chloroform/methanol (20:1). The total
cholesterol (Chol), TG, and PLs content were quantified
by the methods of Allain, Poon, Chan, Richmond, and
Fu (1974), Spayd et al. (1978), and Rouser, Siakotos,
and Fleischer (1966) after Tween 20 was added to the
sample lipids. Each PL class percentage was determined
by quantifying phosphates, using the method of Rouser
et al. (1966) after each spot was scraped from the devel-
oped TLC plate.

Table 2
Fatty acid and dimethylacetal (DMA) composition of total lipids (TL)
in the Ikura, Tarako and Kazunoko (%)

TL

Ikura Tarako Tobiko Kazunoko
SFA
14:0 4.610.1 24%0.1 1.4%0.0 23102
16:0 11.6+0.2 21.8%£0.5 25502 263%0.5
18:0 4.610.1 24%0.0 9.8%0.1 26104
Others 09%0.2 04%0.0 2900 0.8+0.2
Total 21.6+02 269+06 39.6%x03 320%13
MUFA
16:1n—9 04%0.0 0.5£0.0 0.3+0.0 0.6 0.0
16:1n—7 5.6+0.1 33%0.0 1.9%0.0 48+0.3
18:1n—12 1.9£0.0 09%0.0 0.5+0.0
18:1n—9 179+ 0.2 9.3%0.1 89+0.1 12.1+£1.0
18:1n—7 3.1£0.1 54+0.1 24%0.0 5204
18:1n—5 0.6+0.0 0.6+0.0 - 0.5+0.0
20:1 24%0.0 3.1%0.0 0.5+0.0 0.7+0.0
Others 1.3£0.0 1.9%0.0 0.5+£0.0 0.6 0.0
Total 33104 250103 144 +0.1 25009
PUFA
18:2n—6 1.0£0.0 1.0£0.0 1.1£0.0 0.7%0.1
18:3n—-3 0.7%0.0 04%0.0 0.7+0.0 04+0.0
18:4n-3 0.8%0.0 0.8£0.0 04100 04100
20:4n—6 1.0+ 0.0 1.3£0.0 3.0%0.1 1.1 £0.1
20:4n—-3 2.1£0.0 0.6+0.0 0.5+£0.0 04+0.0
20:5n—3 13.6 £ 0.1 18.8+0.3 7.0%0.1 15.0+0.6
22:4n—6 0.2%0.0 - - 0.2%0.0
22:5n-3 5.6%0.0 1.0+ 0.0 2.8%0.0 1.3+0.1
22:6n—3 174+02 222+04 279203 226%1.0
Others 20%0.2 1.5+0.1 2.2+0.0 0.6+0.3
Total 446105 475+£09 455204 427103
16:0DMA - - - -
18:0DMA - - — -
18:1DMAn—9 - - - 0.3%0.1
18:1DMAn—7 - - - -
Unknown 0.7%0.1 0.5£0.0 0.6+0.0 -

Ikura, salted salmon roe; Tarako, salted Pollock roe; Tobiko, salted
flyingfish roe; Kazunoko, salted herring roe; SFA, saturated fatty
acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated
fatty acids.



Table 3

Fatty acid and dimethylacetal (DMA) composition of sterol ester (SE), triacylglycerol (TG), and phospholipids (PL) in the Ikura, Tarako, Tobiko, and Kazunoko (%)

SE TG PL

Tkura Tarako Tobiko Kazunoko Ikura Tarako Tobiko Kazunoko Tkura Tarako Tobiko Kazunoko
SFA
14:0 36x1.0 21103 1.6+0.2 1.6 £ 0.1 58%0.0 48+0.2 3.1%£0.0 49103 2.1+0.0 1.1+£03 1.0x0.0 2409
16:0 8.8%0.6 143+ 1.6 132+2.7 10.0+2.6 9.3%0.1 146 1.0 27.7+0.0 18.7+ 0.9 12.0+0.9 10419 223103 255+1.8
18:0 2.8%+0.3 1.6 £ 0.1 3.8£0.2 1.8+0.8 2.0%0.0 2.8%0.1 4.8+0.0 1.1 +£0.1 89+0.1 1.5+ 0.0 11.7+0.5 32204
Others 1.2£0.3 1.0+0.1 3.1%0.1 0.3+0.1 0.8+0.0 0.7+0.0 41102 0.8%£0.5 0.8+0.0 - 2.7£0.0 0903
Total 164+ 1.0 19.0+ 1.8 21.7+32 13.8+34 18.0+0.2 229+0.9 39.710.1 255+1.2 23.7%£1.0 13.0x 1.6 37.7+£0.2 32.0x2.7
MUFA
16:1n—9 0.9+0.1 0.8+0.1 0.8%0.1 1.3+0.1 0.5+0.0 0.2%0.0 0.7+0.0 1.2+0.1 0.3+0.0 0.5+0.1 02%0.0 0.6+0.3
16:1n—7 4420 38%0.6 4.1+0.1 44+1.1 7.5%0.1 6.5%£0.2 55%0.0 112403 2002 1410 1.1£0.0 28102
18:1n—12 1.520.5 0.7+0.5 - 04105 22%0.1 14+0.1 - - 1.1£0.0 0.6 +0.1 - 03+04
18:1n—9 16.7+3.5 126 £ 1.9 16.5+ 0.9 176 £ 0.4 20.8+0.2 15202 12.3+0.0 36.8 0.6 10.7 £ 0.7 79%0.2 6.7%0.1 64104
18:1n—7 28+0.3 57%x1.0 52%0.2 54%0.5 3.1£0.1 6.1%0.1 52%0.0 4.6+0.5 34+0.2 46+04 2.1£0.1 6.7+04
18:1n—5 0.5+0.1 0.6 +0.1 0.1 0.1 0.3+0.0 0.6 0.0 0.5+0.0 - 0.2%0.0 0.7+0.0 0.4+0.1 0.6 0.0
20:1 32+0.3 36%0.7 1.8+0.1 4.7+0.5 22%0.0 8.8+0.1 1.1£0.0 1.7£0.0 2.7+0.0 2.510.1 04%0.0 0.7%0.1
Others 1.8£0.0 1.8£0.1 1.1£0.0 2.7%0.2 1.4£0.0 5.7+0.7 0.9%0.0 1.2£0.1 0.2%+0.0 0.3+£0.0 04%0.0 1420
Total 31.7£59 29.6 + 5.1 29.7+ 1.1 36.7+23 38.3%0.3 44.4+0.7 25.710.0 56.9%0.5 21.3+1.2 182+1.2 10.9+0.2 194+22
PUFA
18:2n—6 1.0+ 0.1 1.3+0.1 29%0.1 0.9%0.0 1.3£0.0 1.4%0.0 22100 20%0.1 0.5+0.0 1.0+ 0.0 0.80.0 04%0.1
18:3n—-3 0.6 +0.1 0.810.1 1.8 0.0 04100 1.0£0.0 1.0+ 0.0 1.8£0.0 1.1£0.2 0.3+0.0 0.3+£0.0 04%0.0
18:4n—3 0.5+0.2 1.1£0.2 0.7%0.0 04%0.1 1.2+0.0 3.0x0.1 0.8+0.0 09%0.1 0.3+0.0 0.6+0.2 0.3£0.0 -
20:4n—6 1.1£0.2 0.9+0.0 1.9+0.2 0.9%0.0 0.7%0.0 0.3+0.0 0.8+0.0 02%0.0 0.9+0.0 1.3+0.1 34%£1.0 09+0.1
20:4n—-3 30+0.5 1.1+£0.2 22102 9.3%0.1 2.71£0.0 0.8+0.1 1.2£0.0 0.8+0.1 1.1£0.1 0.6 0.0 0.3£0.0
20:5n—-3 18.6 +4.7 244145 11.1£0.5 17.8+29 149 + 0.1 14.1+£0.7 42100 6.81+0.7 16.1 £0.2 245122 71103 153+0.5
22:4n—6 1.2+0.7 0.4+0.0 04%0.0 94109 - - 0400 - 04%0.0 - - 02%+0.3
22:5n-3 40105 0.8+0.1 42103 1.0+0.1 55%0.1 09%0.1 54%0.0 09%0.1 6.2%0.1 21104 2.6+0.0 1.5+0.0
22:6n—3 18.7+ 3.8 19.3+1.9 15.1+£0.0 82x1.1 14.3+0.1 8.1x04 13.9+0.1 3410.1 279+04 36.70.2 334+ 14 29.0 £4.7
Others 1.7£0.2 1.7£04 55204 1.0+0.3 19103 23%0.1 3.6%0.0 12207 0.8+0.3 14102 2.1£0.2 04100
Total 50.4 + 8.8 51.8%+7.3 458+ 1.3 493+14 43.7+0.5 320%1.5 343%0.1 175+ 1.9 547%0.2 68.6 + 3.0 50.5£0.3 47.7+5.7
16:0DMA - - - - - - - - - - -
18:0DMA — - - - - - — - — — - -
18:1DMAn—9 - - - - - - - - - 0.1+0.2 - 09102
18:1DMAn—7 - - - - - - - - - - 0.2%0.2
Unknown 2.1+1.6 0.1+0.1 2.8%+0.8 02103 0.3%0.0 0.7+0.2 0.21+0.0 0.1£0.1 0.3+0.0 - 1.0+ 0.1 -

Ikura, salted salmon roe; Tarako, salted Pollock roe; Tobiko, salted flyingfish roe; Kazunoko, salted herring roe; SFA, saturaed fatty acids; MUFA, monounsaturated fatty acids; PUFA,
polyunsaturated fatty acids.
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2.3. Fatty acid analysis

The TL was saponified with 0.5 M NaOH in metha-
nol for 15 min at 100 °C. TG and PL were transesterified
with 0.5 M NaOH in methanol for 30 s at 100 °C. The
fatty acids were methylated with 14% BF; in methanol
for 20s at 100°C, and then measured on a gas
chromatograph (Shimadzu GC-18A) equipped with a
fused silica capillary column, SUPELCOWAX 10
(30 m x 0.25 mm i.d.). The carrier gas was helium (flow
1 ml/min) with a split injection of 40:1. The temperature
profiles were as follows: initial temperature, 175 °C;
heating rate, 1 °C/min; final temperature, 220 °C (final
time, 20 min); injector temperature, 250 °C; and detector
temperature, 270 °C. The fatty acids were identified by
comparison of the retention times with those of
standard purified fatty acids (Shirai, Suzuki, Tokairin,
& Wada, 2001).

3. Results

The lipid components of Ikura, Tarako, Tobiko and
Kazunoko are shown in Table 1. The TL, Chol, TG and
PL contents of Ikura were higher than those of Tarako,
Tobiko and Kazunoko. In particular, Kazunoko had
the lowest cholesterol content among these roe products.
PC was the main component in the PL class of each fish
roe product. The LPC percentages were higher in Tarako
and Kazunoko than in Tkura and Tobiko.

The fatty acid compositions of TL from Ikura, Tarako,
Tobiko and Kazunoko are presented in Table 2. The
predominant fatty acids were 16:0, 18:1n—9, 20:5n—3,
and 22:6n—3 in the TL. The 20:57—3 + 22:6n—3 percent-
ages of all roe products exceeded 30%. Ikura was lower
in 16:0 and higher in 18:1n—9 percentages of TL than
the other fish roe products. Tobiko had a lower
20:57n—3 and higher 22:6n—3 percentage than the other

Table 4

Fatty acid and dimethylacetal (DMA) composition of phosphatidylcholine (PC), phosphatidylethanolamine (PE) and unknown fraction in the Ikura,
Tarako, Tobiko and Kazimoko (%)

PC PE Unknown

Ikura Tarako Tobiko Kazunoko Ikura Tarako Tobiko Kazunoko Tarako
SFA
14:0 29102 1.8+04 1.2+0.1 1.7£0.1 04%0.1 0.6+0.2 0.6 +0.0 14%0.7 1.9%0.1
16:0 229+36 233+14 26.3+0.5 29.0+2.6 64+12 129+ 0.6 13.3+0.5 16.2+ 0.6 73%x1.3
18:0 9.1+£0.2 24109 8.8%0.0 27103 11.5£0.0 29103 194102 33+14 0.7%0.1
Others 24+12 09+04 2.610.1 09+0.2 0.8+0.1 0.5£04 3.0%0.0 1.1x0.5 0.3+0.0
Total 37.3%5.1 284130 389%0.5 343+2.7 190+14 170+ 1.5 36.3%0.7 22.0+0.7 102+ 1.5
MUFA
16:1n—9 45133 1.7£0.8 1.1+0.2 1.3+04 05203 09+03 1.7+0.1 1.1£03 0.8%0.1
16:1n—7 1.3+0.1 1.6 £ 0.0 1.2+0.0 25+03 0.5£0.0 0.8+0.0 0.3+£0.0 3.1+£2.7 41104
18:1n—12 28+1.3 1.1£0.3 - 04%0.5 0.7 1.0 1.1 +£0.1 - 0.3%0.5 0.6 0.1
18:1n—9 8.0%0.5 7.1£0.8 7.110.1 5.0x0.1 13.1+1.2 9.9+0.3 44+0.1 12.8+73 6.7%+1.3
18:1n—7 22103 41x0.2 1.5£0.0 43103 5.5%0.0 8.0+0.2 30x0.1 9.5t19 34107
18:1n—5 02103 0.5%0.1 - 0.5+0.0 09%0.0 0.7+0.0 - 0.6%0.1 0.3+0.0
20:1 1.4+0.7 1.7£0.2 0.3+0.0 02%0.3 44103 29%0.1 0.5+0.0 1.5+0.2 1.8+0.2
Others 0.8+0.3 0.1£0.2 0.3+0.0 0.1+0.2 04102 0.2%0.0 04100 0504 1.6 0.7
Total 21.2+32 18.0x1.2 11.4+0.1 14.3%0.6 26.1%+0.3 246+ 0.4 10.4 0.1 294+ 8.6 19.5+1.8
PUFA
18:2n—6 09103 1.2%£0.5 09%0.0 0410.1 0.7%0.0 1.2%£0.3 0.6 +0.0 0.8+0.3 1.1+0.1
18:3n—3 0.3£0.0 0.5+0.0 - 0.3+0.0 0.2+0.1 03+04 0.6 0.0
18:4n—-3 - 04%0.0 0.3+0.0 0.1+0.2 0.1£0.2 - - 02%0.2 1.0£0.0
20:4n—6 02103 0.8%0.1 1.9+0.0 0.8%0.1 1.2%0.0 0.7+0.0 2210.1 0.7%0.1 2.0%+0.0
20:4n—3 04106 04%0.1 0.3+0.0 0.1+0.2 0.7%0.0 0400 0.3+0.0 04102 0.5+0.0
20:5n—3 10.0 £ 2.1 20.6 + 2.0 7.6+0.1 172+ 1.3 20.0 £ 0.7 15.0+0.6 43+0.1 12.6 £ 1.0 357%£1.8
22:4n—6 03104 - - 03104 - - - - -
22:5n—3 47+09 0.6+0.1 2410.1 14£03 5.1+£0.0 1.1£0.1 2.0x0.0 1.6£0.3 1.2%0.1
22:6n—3 245+37 274123 337103 30.8+0.4 25210.5 373109 39.81+0.6 27216.5 23.3+0.7
Others 0.1+0.2 14%0.5 2.1+0.1 0.3+0.5 1403 0.8+0.3 2.6+0.1 0.6 0.0 2.0%+0.6
Total 412+79 532%4.7 49.7+ 0.6 51.4+33 543+ 14 56.8+1.6 520%0.6 444+6.7 674130
16:0DMA - - - - - 0.5+0.1 1.4%0.0 - 04100
18:0DMA - - - - - - - 0.1+£0.2 -
18:1DMAn—9 - - - - - 0.5+04 - 331207 0.81+0.1
18:1DMAn—7 - - - - - 0.1+0.2 - 0.8+0.3 04+0.1
Unknown 03104 03%0.5 - - 0.6+0.2 0.6+0.8 - - 1.3120.1

Ikura, salted salmon roe; Tarako, salted Pollock roe; Tobiko, salted flyingfish roe; Kazunoko, salted herring roe; MUFA, monounsaturated fatty
acids; PUFA, polyunsaturated fatty acids.
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fish roe products. The 22:51—3 percentage of Ikura was
the highest among the roe products.

The fatty acid compositions of SE, TG, and PL from
Ikura, Tarako, Tobiko and Kazunoko are presented in
Table 3. The predominant fatty acids of SE, TG, and
PL were similar to those of TL. Although the 20:5n—3
percentages of TG and SE were equal to the 22:6n—3
percentage of TG and SE in Ikura, the 22:6n—3 percent-
age was higher than the 20:5n—3 percentage in PL. The
20:5n—3 percentage of Tobiko was also lower in the SE,
TG and PL than were to the other roe products. The
20:4n—3 and 22:4n—6 were included in the SE of Kazu-
noko. In Tarako and Kazunoko, the 22:6n—3 percent-
age was larger than the 20:52—3 percentage in PL
while the 20:52—3 percentage was higher than the
22:6n—3 percentage in TG and SE. The 22:5n—3 per-
centages in TG, PL and SE were higher in Ikura than
in Tarako, Tobiko and Kazunoko also was TL.

The fatty acid composition of PC and PE from Ikura,
Tarako, Tobiko and Kazunoko roe are shown in Table
4. The predominant fatty acids of PC were 16:0, 20:5n—3
and 22:6n—3. Tobiko had lower 20:52—3 and higher
22:6n—3 percentages than the other roe products in PC
as well as TL. The 22:6n—3 was the main fatty acid of
PE in Ikura, Tarako, Tobiko and Kazunoko. In PE, To-
biko had higher 18:0 and 22:6n—3 percentages and lower
18:1n—9 and 20:5n—3 percentages than the other fish roe
products as also TL. The unknown fraction in Tarako
contained a high percentage of 20:57—3 and 22:6n—3,
and dimethylacetal was detected in the unknown
fraction.

4. Discussion

The TL content of Ikura was higher than in the other
roe products. Ikura also had a high amount of TG,
which was about half the level of lipid, while the other
roe products had a TG content of less than 20%. Per-
haps these differences of TL and TG contents could be
influenced by differences of species and egg size. The
cholesterol content of roe products is higher than in fish
flesh, pork, chicken, and beef, but the contents of Tarako
and Kazunoko are lower than that of a whole chicken
egg. There are conflicting reports in the literature with
regard to the effect of whole egg intake on plasma cho-
lesterol content in humans, and various studies have
shown either an increase or no change (Liebman & Baz-
zarre, 1983; Roberts, McMurry, & Connor, 1981; Buz-
zard, McRoberts, Driscoll, & Bowering, 1982).
However, some reports indicate that the consumption
of up to one egg per day is unlikely to have substantial
overall impact on the risk of cardiovascular disease
among healthy men and women (Hu et al., 1999), and
that dietary cholesterol makes no significant contribu-
tion to atherosclerosis and the risk of cardiovascular dis-

ease (McNamara, 2000). Moreover, fish roe will not
raise plasma cholesterol content since it is different from
whole egg in that it contains large amounts of 20:51—3
and 22:6n—3.

Some reports indicate that the fatty acid composition
of fish roe is influenced by diet but does not depend on
the degree of maturation (Kaitaranta & Ackman, 1981;
Shirai et al., 2001). In this study, the SFA percentage of
Tobiko was higher than those of the other fish roe sam-
ples in TL and each lipid class fraction. The SFA per-
centage of fish lipid increases with rising water
temperature (Reiser, Stevenson, Kayama, Choudhury,
& Hood, 1963). Therefore, the fatty acid composition
of Tobiko may differ from the other fish roe because it
was caught in Indonesia. In the TG and SE fractions,
the 20:5n—3 percentage was greater than the 22:6n—3
percentage in the Tarako and Kazunoko though the
opposite occurred is in Tobiko. The fatty acid composi-
tion of TG is easily changed by diet (Lie, Hemre, &
Lambertsen, 1992; Shirai, Terayama, & Takeda, 2002;
Shirai, Suzuki, Tokairin, Ehara, & Wada, 2002), and
plankton lipid contains a high percentage of 20:5n—3
(Linko, Kaitaranta, & Vuorela, 1985). Therefore, the
fatty acid percentages of salted roe of pollock and her-
ring may be a result of ingesting plankton on plank-
ton-feeder fish. Kaitaranta (1980) indicated that the
fatty acid pattern of TL from fish roe was similar to that
of fish flesh. However, the 20:5n—3 and 22:6n—3 per-
centages tend to be higher in the TL of fish roe in this
study than that of fish flesh (Kinsella, 1990). Perhaps
this depends on the higher amount of PL in fish roe than
in fish flesh.

The unknown fraction from Tarako contained a high
percentage of 20:5n—3 and 22:6n—3. This fraction ap-
peared between the TG and SE bands in TLC. The posi-
tion where the band appeared is either wax ester or
diacylglycerolether (DAGE) when the solvent ratio in
this study was used. However, dimethylacetal, which
was released from the lipid (Ohshima, Wada, & Koiz-
umi, 1989), was detected in this fraction. Therefore, it
is inferred from these facts that the unknown fraction
may be DAGE. However, this result differs from the
fatty acid composition of DAGE in the other fish, which
contained a high percentage of monounsaturated fatty
acids (Kang, Lall, & Ackman, 1997). Further study is
needed to identify the unknown fraction.

The LPC percentage of fish roe products in this study
was high compared to those of raw fish roe (Tocher &
Sargent, 1984). The LPC increases with salting and stor-
age period (Ohshima, Yankah, Ushio, & Kiozumi,
1998). The periods of the salting process in Kazunoko
and Tarako are longer than that in Ikura. Therefore,
the LPC percentages of Kazunoko and Tarako were
higher than that of Ikura. Baskaran, Sugawara, and Na-
gao (2003) indicate that LPC may play an important
role in the intestinal uptake of carotenoids solubilized
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in mixed micelles. These findings suggest that the influ-
ence of salted fish roe products on the intestinal absorp-
tion of nutritional components might differ from that of
raw materials.

The results of this study demonstrate that each fish
roe product contained a large amount of PC, and much
22:6n—3. Therefore, fish roe products are expected to be
a source of PC containing a high percentage of 22:6n—3.
Lim and Suzuki (2000) have already reported that PC
and DHA intake is effective for the improvement of
learning ability. Furthermore, Cansell, Nacka, and
Combe (2003) show that marine PL may contribute to
the improvement of PUFAs absorption. This indicates
that fish roe lipid may be a useful food source for main-
taining human health. Moreover, the lipids of fish roe
products may be effective for the improvement of learn-
ing ability and plasma lipid content. However, further
studies in both human and animal models are needed
for determining the effect of fish roe lipid on brain func-
tion and plasma lipid levels.

In conclusion, this study indicates that lipids of
Japanese fish roe products contain large amounts of
20:5n—3, 22:6n—3 and PC, and that these may contrib-
ute to an increase in learning ability and prevent dis-
eases resulting from lifestyle. However, it is necessary
to take care of an excessive intake of salted fish roe
products because a large salt intake might be a danger
to health.
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