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Abstract

The lipid components of the gonad of sea urchin Hemicentrotus pulcherrimus, ark shell Scapharca bro-
ughtonii and “Gaebul” (Korea name, a worm) Urechis unicinctus were investigated. The total lipid (TL) contents
of the sea urchin, the ark shell and the “Gaebul” were 6.10, 0.67 and 0.79%, respectively. The percentages of
phospholipid (PL) in TL were higher in the “Gaebul” (72.4%) and ark shell(64.9%) compared to the sea urchin
(41.7%). The major lipid classes of PL were phosphatidylcholine and phosphatidylethanolamine, and the former
was rich in the sea urchin (56.2%) and the latter in the “Gaebul” (34.4%). In the class of non-polar lipid (NL),
the major lipid classes were different from species ; the sea urchin was rich in triglyceride(TG, 89.0%), the ark
shell rich in TG (69.2%) and cholesterol (ST. 26.8%) and the “Gaebul” rich in ST(70.7%). The prominent fatty
acids of the sea urchin were 16 : 0, 14 : 0, 20 : 5n-3, 20 : 4n-6 and 20 : 4n-6 and 20 : 2NMID(non-methylene
interupted dien). The percentage of 20 : 4n-6 was the highest of the investigated invertebrates, accounting for
19.8% in PL, but 22 : 6n-3 was not detected in the sea urchin. In case of the ark shell, the prominent fatty acids
were 16 : 0, 18: 0, 20 : 5n-3, 22 : 6n-3 and 22 : 2NMID, especially 22 : 6n-3(9.58%) was richer compared to
that of the “Gaebul”. The prominent fatty acids of the “Gaebul” were 20:5n-3, 16:0, 18:0 20: 1n-9, 16:
1n-7 and 14: 0. The percentage of 20 : 5n-3 (22.0%) was highest in the PL of the “Gaebul” among the three
invertebrates. These differences in the lipid components of all the sample is considered to be due to the
different food habits and environmental condition of the invertebrates.
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INTRODUCTION

Certain marine invertebrates are important marine
foods, especially in Korea and }Japan. These invert-
ebrates are essential to the marine food chain, beca-
use they serve as the link in the transfer of energy
from the primary precursors of the sea : the phytopl-
ankton to upper tropic levels, the carnovorous fishes,
mammals, and ultimately, man.

Joseph" has reviewed the lipid components of
marine invertebrates in which the detailed fatty
acid compositions obtained by wall-coated open-
tubular (WCOT) column gas-liquid chromatography
(GLC) have been reported but only in a small num-
ber of papers. The reports on the fatty acid compo-
sition of sea urchin are relatively common, because
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the gonad of sea urchins are considered gastrono-
mic delicacies in the Orient. Kochi** analyzed the
fatty acid compositions of the gonad lipid of sea urch-
ins, Strongylocentrotus pulcherrimus and S. crassisp-
ina, and showed the occurence of 20 : 2 non-met-
hylene interrupted dienes (NMID, A3,11 and A5,11).
Takagi et al.” also analyzed the fatty acid compo-
sitions of the Atlantic sea urchin, S. droebachiensis
and identified 20 : 2 NMID (A5,11 and A5,13) and
22 :2 NMID(A7,13 and A7,15). These NMID fatty
acids were also found in other species of sea urch-
ins ¥, However, no information on the fatty acid co-
mpositions of ark shell and “Gaebul” (a worm), which
are using as a marine food in Korea has been obtain-
ed so far.

In the present study, the detailed fatty acid comp-
ositions of the sea urchin, Hemicentrotus pulcherri-
mus, the ark shell Scapharca brougtonil, and “Gae-
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bul” Urechis unicinctus from the southern sea of
Korea were jnvestigated by GLC WCOT column.

MATERIALS AND METHODS

Samples

The gonad of sea urchin and ark shell were purc-
hased from a fish market in Chungmu, Korea, in July
1991, and “Gaebul” in January 1992. The 6 ark she-

lls were transported to the laboratory. The total wet " -
organic tissues of the ark shell were removed. It -

amounted to 95.3g of their mean weight. Gaebul of
50 specimens were used for analyses and average
weight 8 one specimen was 12.3g. About 200g of
urchin gonad were subjected to analyses.

Lipid extraction

The samples were minced and extracted with chl-
oroform/methanol according to the Bligh and Dyer
procedure®. The total lipid (TL) content was grav-
imetrically determined.

Determination of PL and NL contents

The total phosphorus content of TL was spectro-
photometrically determined according to the met-
hod of Bartlett'®. The phospholipid (PL) content in
TL was obtained by multiplying the phosphorus co-
ntent by 25. The non-polar lipid (NL) content in TL
was calculated from the difference between the TL
and PL contents. )

Determination of lipid class compositions of
PL and NL

Lipid class compositions of PL and NL were deter-
mined according to the method of Ohshima and
Ackmah"’, using a latroscan MK-5, TLC/FID analy-
zer (latron Labgratories Inc., Tokyo, Japan).

Briefly, an aliquot of the chloroform solution of TL
was spotted on the Chromarods-Sili (latron Labora-
tories Inc., Tokyo, Japan) with a single spotting act-
ion, using Drummond Microcap disposable pipets
(1ul, Drummond Scientific Co., Broomali, Pa., USA).
The Chromarods were placed in a constant humidity
tank over saturated sodium chloride solution for
10min and then immediately transferred to the

developing tank. The solvent system for NL. was a
mixture of n-hexane/diethyl ether/formic acid (97:
3:1,v/v/v). '

For PL, acetone and a mixture of chloroform/m-
ethanol /water (65 : 35 : 4, v/v/v) were used as the s-
olvent system. The Chromarods, after developing,
were heated for 2min in an oven at 115°C and we-
re scanned using an latroscan MK-5. The air and
hydrogen flow rates for the latroscan analyzer were
2,000mi/min and 160ml/min, respectively, and the
scan speed was set at 30sec/scan. Each peak com-
ponents that appeared on a latrocorder TC-11 (latr-
on Laboratories Inc., Tokyo, Japan) were calculated
from standard curves previously obtained using aut-
hentic lipids. '

Analysis of fatty acid composition

" The TL was separated into PL and NL, using a
silicic acid Seppak cartridge (25mmx 10 mm, id.,
Waters Associates, Milford, MA, USA) according to
the method of Juaneda and Rocquelin™. Fatty acid
compositions of TL,-PL and NL were analyzed by
GLC using a Shimadzu GC 14A (Shimadzu Seisa-
kusho' Co. Ltd., Kyoto, Japan) equipped with a SUP-
ELCOWAX-10 fused silica WCOT column (30m x 0.
25mm, i.d., Supelco Japan Ltd., Tokyo). The injector
and detector were held at 250°C and the column at
195° C, respectively. The split ratio was 1 : 50. Heli-
um was used as the carrier gas at a constant inlet pre-
ssure of 1.5kg/cm?. The fatty acids in samples were
identified by the equivalent chain length (ECL) and
by comparing the R: of the standard ™.

RESULTS AND DISCUSSION

Lipid contents

TL, PL and NL contents are shown in Table 1. The
TL contents of sea urchin gonad, ark shell and “G-

Table 1. Lipid contents of sea urchin gonad, ark shell and “Ga-

ebul’ T (%)
Cia_ss A Sea urchin Ark shell “Geabul”
Total fipid 6.10 0.67 Q.79
Phospholipid 2:54 0.43 0.57
Non-polar lipid ~ 3.56 0.24 022
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(%)

Phospholipid Non-polar lipid.
Class*! Sea urchin Ark shell “Gaebul” Class** Sea urchin Ark shell “Gaebul”
LPC tr. 4.7 - DG - - -
PC 56.2 515 52.3 ST 49 26.8 70.7
PS 9.8 8.3 - FFA ~ - -5
Pi - - 55 TG 89.0 69.2 6.7
PE 21.8 254 344 GE - - 8.4
CA 12.2 10.0 8.0 SE 6.2 4.0 9.1
Total 100.0 99.9 100.0 Total 100.1 100.0 1.00.0

* LPC, lyso-phosphatidylcholine ; PC, phosphatidylcholine ; PS, phosphatidylserine ; Pl, phosphatidylinositol ; PE, phosphatidyl-

ethanolamine ; CA, cardiolipin

* DG, diglyceride ; ST, free sterol ; FFA, free fatty acids ; TG, triglycerides ; GE, glyceryl ester ; SE, stery! ester

aebul” were 6.10, 0.67 and 0.79%, respectively. The
percentages of PL in TL were either in the “Gaebul” -
(72.4%) and in the ark shell (64.9%;j than in the
gonad of sea urchin (41.7%;).

The TL content of the gonad of sea urchin was
more than that (4.09%) of S. intermedius harvested
in December®, and more or less than those reported
for other species of sea urchins”. The PL content of
the sea urchin was over twice that (33.3%) reported
for S. intermedius®. The TL content of ark shell was
similar to the result of Mun' for the same species of
ark shell, while the PL content showed a great diffe-
rence between both ark shell ; the percentage of PL
in TL was 64.9% in the former, while that in the
Jatter was 3.03%. Such a difference in the PL conte-
nts between the ark shells was considered due to
the difference in the methods of determination ; the
former was determined by phosphorus content in
TL, but the latter was determined by TLC densito-
metry. The TL content of “Gaebul” was about half
of the result(1.89%) reported for that harvested in
May, Korea', whereas the percentage of PL was
more than twice that(39.8%) in the latter. These
results may be attributable to the differences in loc-
ation and harvesting season”.

Lipid class compositions of PL and NL

Table 2 shows the lipid class compositions of PL
and NL of the three species of marine invertebrates.
The phosphatidylcholine (PC), phosphatidylethan-
olamine (PE) and cardiolipin (CA) were commonly

found in all the samples, but lyso-PC (LPC) occurr-
ed only in the ark shell, phosphatidylinositol {Pl)
occurred only in the “Gaebul” and sphingomyelin
(SPM) was not found in any of the samples. In these
samples, the prominent PL classes were PC and PE.
The percentages of PC ranged from 51.5% (ark shell)
to 56.2% (sea urchin), and those of PE ranged from
21.8% (sea urchin) to 34.4% ( “Gaebul”).

In general, the PL pattern of a marine organism is
mainly determined by taxonomic position, particul-
ary SPM is typical of animals at certain evolutionary
stages'. That is, the SPM is poor or absent in lower
animals and rich in higher animals'”. Indeed, the SPM
was not found in Japanese oyster'®, giant ezo scallop
and sea urchin®, as well as in all the samples of the
present study, while SPM was found in ascidians®'”
and a number of fishes'.

On the other hand, lipid class compositions of NL
showed a significant difference between species.
The triglycerides (TG), sterols (ST) and steryl esters
(SE) were commonly found in all the samples, but
their proportions varied widely ; TG ranged from
89.0% (sea urchin) to 6.66% (“Gaebul”), ST ranged
from 70.7% (“Gaebul”) to 4.86% (sea urchin), and
glyceryl esters (GE) and free fatty acids (FFA) were
only found in “Gaebul”.

These results in the sea urchin gonad were likely
similar to those reported by slight differences bet-
ween both samples. This may stem from species-
specific or from the difference in the state and sea-
son collected, although both samples belong to the
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Table 3. Fatty acid compositions of total lipid in sea urchin gonad, ark shell and “Gaebul”*'

(Area %)
ECL* Fatty acid Gonad sea urchin Ark shell “Gaebul”
11.95 12:0 - - 0.23+0.02
13.00 13:0 - 0.61+£0.27 0.28+0.01
14.00 14:0 8.69+0.06 4.33+0.14 3.18+0.01
14.41 14 : 1n-5 0.58+0.05 0.60+£0.14 -
14.68 15 : 0 anteiso - 0.05+0.00 -
15.00 15:0 0.51+0.01 0.494+0.06 0.87+0.01
15.38 15:1n-6 0.15+0.00 0.86+0.12 0.1940.01
15.52 16: 0 iso 0.081+0.02 0.18+£0.04 -
16.00 16 : 0 235 +0.24 21.7 +0.81 14.2+0.17
16.16 16 : 1n-9 - 1.304+0.06 0.62+0.01
16.30 16 : 1n-7 2.544+0.01 5.76+0.13 4.90+0.02
16.41 16 : 1n-5 1.521+0.02 - -
16.50 17 : Qiso - 0.42+0.05 0.85+0.01
16.68 17 : 0 anteiso 0.19+0.00 0.4240.05 0.34+0.03
16.90 16 : 2n-4 0.11 £0.01 0.68+0.11 1.03+0.04
17.00 17:0 0.24+0.00 2.05+4+0.02 1.324+0.01
17.18 16 : 3n-4 0.05%+0.00 0.26+£0.06 0.67+0.02
17.26 17 : 1n-8 0.11+0.01 0.54+0.03 -
17.36 16 : 3n-3 0.17+0.00 0.25+0.06 0.64+0.01
17.49 17 : 2n-8 - 0.03+0.04 0.1940.01
17.58 16 : 4n-3 0.52+0.02 0.581+0.09 4.27+0.14
17.67 17:2 0.254+0.01 - -
18.00 18:0 3.2440.02 9.26+0.11 6.74+0.02
18.12 18 : 1n-11 0.821+0.02 0.36+0.02 1.15+0.14
18.21 18 :1n9 4.86+0.05 1.91:0.06 2.66+0.08
18.28 18 : 1n-7 2.86+0.04 4.47+0.15 5.16+0.09
18.47 18 : 1n-5 0.34%0.01 0.13+0.04 0.20+0.03
18.61 18 : 2n-7 0.94+0.01 0.22+0.11 0.17+0.01
18.68 . 18 : 2n-6 1.37+0.01 0.9310.02 0.97 £0.06
18.88 18 : 2n-4 0.16+0.00 0.4640.04 0.15%+0.02
18.97 18 : 3n-6 - 0.26+0.01 0.16+0.01
19.00 19:0 0.504+0.01 0.25+0.02 -
19.14 19:1+18 :3n-4 - - 0.47+0.00
19.32 18 : 3n-3 0.89+0.01 0.39+0.01 0.13+£0.00
19.64 18 : 4n-3 1.95+0.02 0.87+0.02 0.28+0.01
19.67 18 : 4n-1 - - 0.161+0.02
19.92 19 : 3n-6 0.931+0.01 0.32+0.00 3.92+0.15
20.10 20 : 1n-15411 397+0.06 2.65+0.02 6.86+0.03
2015 20 :1n-9 5.58+0.03 2.7740.08 -
20.23 20 : 1n-7 1.35+0.01 3.17+0.07 1.50£0.06
20.31 20 : 2NMID (A5, 11) 4.73+0.14 0.69+0.03 -
20.37 20 : 2NMID (A5, 13) 1.85+0.10 0.36+£0.01 0.28x0.91
20.44 20 : 2NMID 1.44+0.00 - 0.53+0.02
20.61 20: 2n-6 1.09+0.01 0.30+0.00 0.631+0.05
20.89 20: 3n-6 0.51+0.04 0.15+0.09 -
21.12 20 : 4n-6 8.14+0.04 2.77+0.03 2.37+0.01
21.27 20 : 3n-3 1.11+£0.00 - -
21.52 20 : 4n-3 0.88+0.01 0.24+0.00 -~
21.77 20 : 5n-3 8.08+0.03 10.5 +0.19 20.5 +0.07
22.08 22 1n-11 - 0.39+0.02 -
2217 22 1 1n-9 2.74+0.06 0.56+0.04 0.22+0.06
22.27 22 : 2NMID (A7, 13) 0.11£0.01 1.94+0.05 2.78+0.09
22.35 22 : 2NMID (A7, 15) 0.33£+0.11 5.47+0.26 1.55+0.02
22.76 21 :5n-3 - 0.52+0.02 0.60+0.05
23.10 22 1 4n-6 - - 0.85+0.04
23.69 22 :5n-3 - 0.77+0.50 2.55+0.13
23.98 22 : 6n-3 - 5.58+0.08 2.73+0.11
Saturated acids 37.0 39.8 28.0
Monoenoic acids 27.4 25.5 239
Polyenaic acids 35.6 34.8 48.1

* The data are presented as the mean +standard deviation of three determinations
*2 ECL, equivalent chain length )



Fatty acid Compositions of Three Species of Marine Invertebrates 295

Table 4. Fatty acid compositions of polar lipid in sea urchin gonad, ark shell and “Gaebul”*

(Area %)
Fatty acid Gonad sea urchin Ark shell “Gaebul”
14:0 2.78+0.04 2.08+0.10 4.29+0.24
14 : 1n-5 - 0.13+0.03 -
15:0is0 - - 0.30+0.06
15 : 0 anteiso - 0.50+0.00 -
15:0 0.26+0.03 0.63+0.03 1.134+0.03
16 : O iso - 0.16+0.02 0.24+0.03
16:0 14.9 +0.22 243 +0.27 16.5 +0.06
16 : 1n-9 0.241+0.01 - 0.50+0.01
16 : 1n-7 0.931+0.03 1.95+0.06 4.98+0.05
17 : 0iso 0.61+0.05 0.56+0.01 0.79+0.02
17 ¢ 0 anteiso 0.18+0.03 0.36+0.05 0.551+0.04
16 : 2n-4 0.09+0.02 - 1.01+0.02
17:0 0.26+£0.01 3.13+£0.04 1.41+£0.03
16 : 3n-4 - 0.29+0.00 -
16 : 3n-3 - 1.19+0.02 0.2910.01
16 : 3n-1 ~ - 0.13+0.01
17 : 2n-8 - 0.25+0.00 0.204+0.01
16 : 4n-3 2.791+0.04 0.90+0.01 2.81+40.02
18:0 3.94+0.04 8.65+0.04 6.50+0.06
18 : 1n-N 1.52+0.02 0.21+0.00 -
18 : 1n-9 2.411+0.04 1.33+0.08 2.65+0.04
18:1n-7 2.68+0.01 3.70+0.05 6.18+0.11
18 : 1n-5 0.41+0.02 0.45+0.01 -
18 : 2n-7 0.561+0.01 - 0.17+0.01
18 : 2n-6 0.88+0.00 0.94+0.03 0.53+0.01
18 : 2n-4 - 0.28+0.01 0.17+£0.01
19:0 0.53+0.01 0.84+0.02 0.32+0.01
19:1+18: 3n-4 - - 0.40+0.04
18 : 3n-3 0.24+0.01 0.2540.0t 0.13+0.03
18 : 4n-3 0.20+0.01 0.33+0.01 0.33+0.01
18 : 4n-1 - - 0.15+0.02
19 : 3n-6 - - 2.871+0.02
20:0 0.341+0.01 0.18+0.01 0.15+0.01
20: 1n-15+11 4.944+0.07 3.18+0.04 5.59+0.05
20: 1n-9 3.59+0.34 3.22+0.03 -
20 : 1n-7 0.83+0.37 2.621+£0.06 1.71+£0.03
20 : 2NMID(AS5, 11) 6.49+0.15 1.60+0.04 0.28+0.01
20 : 2NMID(AS5, 13} 2.49+0.19 0.42+0.03 0.27+£0.02
20 : 2NMID 0.50+0.13 - 0.53+0.00
20 : 2n-6 1.48+0.03 0.53+0.13 0.291.0.01
20: 3n-6 - 0.06:0.00 -
20 : 4n-6 19.8 £0.28 4.43+0.05 2.604+0.10
20 : 3n-3 0.26+0.03 - -
20 : 4n-3 0.22+0.09 0.334+0.09 -
20 : 5n-3 21.5 +0.50 9.95+0.16 22.0 +0.20
22 :1n-11 - - 0.18+0.11
22:1n-9 1.16+£0.03" 0.28+0.05 0.621+0.01
22 : 2NMID(A7, 13) - 2.68+0.02 2.47+0.03
22 : 2NMID(A7, 15) - 6.09+0.07 1.52+0.02
21 :5n-3 - 0.43+0.09 0.54+0.04
22 :4n-6 - 0.30+0.02 0.62+0.04
22 :5n-3 - 1.15+0.05 2.52+0.07
22 :6n-3 - 9.58+0.15 2.52+0.09
Saturated acids 23.8 40.8 324
Monoenoic acids 18.7 i 17.1 22.6
Polyenoic acids 57.5 42.2 449

*The data are presented as the mean +standard deviation of three determinations
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Table 5. Fatty acid compositions of non-polar lipid in sea urchin gonad, ark shell and “Gaebul”*

(Area %)
Fatty acid Gonad sea urchin Ark shell “Gaebul”
14:0 12.2 £0.19 8.87+0.19 5.24+0.07
14 : 1n-5 0.69+0.01 - -
15 :0iso - - 0.24+0.01
15:0 0.64+£0.01 0.71+0.03 1.55+0.02
16 : 0 iso - 0.12+0.04 0.29+£0.01
16:0 25.9 £0.23 29.6 +0.21 261 £0.13
16 : 1n-7 3.19+0.05 10.1 +0.05 5.71+£0.05
16 : 1n-5 2.20+0.05 - -
17 : Oiso - ' 0.13+0.01 0.794+0.03
17 : 0 anteiso 0.16£0.01 0.31+0.03 0.79%+0.03
16 : 2n-4 0.19+0.03 0.99+0.04 -
17:0 0.20+0.01 1.79+0.01 2.61+0.03
16 : 3n-3 0.14%0.01 1.03£0.02 0.38+0.01
16 : 3n-1 0.18+0.00 0.18+0.02 0.22+0.01
17 : 2n-8 - 0.151+0.02 0.29+0.02
16 : 4n-3 0.41+£0.01 - -
18:0 2.061+0.07 6.76+0.06 10.4 +0.08
18 : 1n-11 0.5240.01 0.33+0.01 0.26+0.01
18 : 1n-9 5.27+0.11 2.09+0.04 6.14+0.25
18 : 1n-7 3.24%0.01 5.78+0.05 9.41+0.16
18 : 1n-5 0.311+0.02 - -
18 : 2n-7 1.03+£0.02 0.16x0.00 0.18+0.01
18 : 2n-6 1.80+0.03 0.84x0.02 0.771+0.01
18 : 2n-4 - 0.5240.01 -
19:0 0.73+0.01 0.814+0.01 1.481+0.01
19:1+18: 3n4 - - 0.16+0.01
18 : 3n-3 1.30+0.00 0.4610.01 0.224:0.01
18 : 4n-3 3.491+0.02 1.44+£0.03 -
20:0 0.67x0.01 - ’ 0.27+0.00 0.28+0.07
20: 1n-15+11 2.27+0.04 1.15+0.02 6.11 £0.10
20:1n9 4,78+0.00 1.72+£0.04 -
20:1n-7 1.23+0.00 3.30+0.08 793+£0.10
20 : 2NMID(AS, 11) 3.39+0.06 1.03£0.00 -
20 : 2NMID(A5, 13) 1.58+0.05 0.52+0.03 -
20 : 2NMID 1.23+0.01 - -
20 : 2n-6 0.95+0.02 0.38+£0.00 0.73+0.02
20: 3n-6 0.494:0.02 - -
20 : 4n-6 5.97+0.09 1.92+0.02 0.72+0.03
20 : 3n-3 1.10+0.03 - -
20 : 4n-3 1.06+0.07 - -
20 : 5n-3 7.57+0.17 12.7 +0.29 3.924+0.06
22 :1n-9 1.82+0.05 - -
22 : 2NMID(A7, 13) - - 0.77£0.13
22 : 2NMID(A7, 15) - 0.84+0.02 0.29+0.22
21:5n-3 - 0.14+0.14 -
22 :5n-3 - - 5.28+0.07
22:6n-3 - 2.83+0.05 0.79+0.04
Saturated acids 43.0 49.4 49.5
Monoenoic acids 25.5 24.5 35.7
Polyenoic acids 31.9 26.1 14.8

*The data are presented as the mean % standard deviation of three determinations
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same species. No available information on the class
compositions of “Gaebul” and ark shell have been
found so far.

Fatty acid compositions of TL, PL and NL

The fatty acid compositions of the TL of three
species of marine invertebrates are shown in Table 3.
The number of identified fatty acids were 43 in the
sea urchin, 49 in the ark shell and 44 in the “Gae-
bul”, respectively. The prominent fatty acids were
16:0,14:0, 20: 4n-6, 20 : 5n-3 and 20: 1n-9 in
the sea urchin, 16:0, 20:5n-3, 18:0, 16 : 1n-7,
22:6n-3 and 22 : 2 NMID(A7,15) in the ark shell,
and 20:5n-3,16:0,20:1n-9, 18:0 and 18 : 1n-
7 in the “Gaebul”, respectively. The percentages of
polyenoic acids in the TL were the highest in the
“Gaebul” and the lowest in the ark shell. However,
the percentage of 22 : 6n-3 in the ark shell was 5.
58%, the highest level in the three invertebrates, and
no detection in the sea urchin. On the other hand, in
the TL of the sea urchin, 20 : 4n-6, one of the
important prostaglandin—precursors, was identified as
one of the major fatty acids(8.14%) in the TL of the
gonad of sea urchin, but the fatty acid was found as a
minor fatty acid in the ark shell and the “Gaebul”.
Therefore, these results indicate that the diet of the
invertebrates is different from each other. In general,
sea urchin is a seaweed feeder, while ark shell and
“Gaebul” are plankton feeders, and these animals
ingest the decomposed materials of plants or animals
sedimented at the bottom of the sea as nutrients. In
fact, sea urchin was rich in 20 : 4n-6 and 20 : 5n-3
but poor in 22 : 6n-3. These distributions of the poly-
unsaturated fatty acids are very similar to those of sea-
weeds, Undaria pinnatifida and Laminaria japonica,
the main diet of sea urchin®®. Accordingly, this
indicates that certain fatty acid compositions of the
sea urchin are related to those of its diet. The NMID
fatty acids were commonly found in the three inver-
tebrates. The content of 20 : 2 NMID (A5,11) was rich
“in the sea urchin and that of 22 : 2 NMID{A7,15) rich
in the ark shell. The biosynthetic pathways of the
NMIDs were first suggested by Ackman and Hoo-
per®™. Thatis, 18 : 1n~7 and 18 : 1n-9 could be for-
med as the chain elongation products of 20: 1n-7

{A13) and 20 : 1n-9(AT1), and then the two ge-
ometric isomers of 20-carbon NMIDs were bi-
osynthesized from 20-carbon monoenes by desat-
uration of the 5-6 carbon bond ; 22~carbon NMIDs
could then be formed by a 2-carbon chain elonga-
tion. Therefore, the content of 18 : 1n-9, a precursor
of 20 : 2 NMID (A5,11), was relatively rich (4.73%) in
the TL of the ark shell. The fatty acid composition of
the TL in the sea urchin was similar to the results of
Jeong® and Itabashi and Takagi® and Takagi et al.”.
This study for the fatty acid compositions of the ark
shell and “Gaebul” is the first such comprehensive
study.

Table 4 shows the fatty acid compositions of the
PL in the three invertebrate species. The prominent
fatty acids of PL were similar to those of TL, but the
percentages of polyenoic acids such as 20 : 5n-3,
22:6n-3 and 20 : 4n-6 were higher than those of
TL. In the case of the sea urchin, the percentages of
20 :5n-3 and 20 : 4n~-6 in PL were more than twice
those in TL. This indicates that the molecular spe-
cies of PL such as phosphatidylcholine, phosphati-
dylethanolamine, etc mainly consisted of polyunsa-
turated fatty chains.

On the other hand, the percentages of saturated
fatty acids of the NL in all the three invertebrates
were higher when compared with those of TL and
PL, respectively (Table 5). In the case of the ark
shell, the percentage of 14 : 0 was higher in the NL
(8.87%) than in TL(4.33%), and that of 16 : 0 was
higher in the former(29.6%) than in the latter (21.
7%). Therefore, this indicates that NL (mainly TG) is
rich in the molecular species having the short and
saturated fatty acid chains.

Consequently, these three invertebrates were rich
in polyunsaturated fatty acids such as 20 : 5n-3, es-
pecially in the “Gaebul” that is one of the important
invertebrates as a marine food in Korea. These differ-
ences in fatty acid compositions among the three
marine invertebrates were considered to be due to
their food habit and environmental conditions.
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