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Table 1. Specification of sea-urchin gonad used as raw materials.

Sample No. Species Source Treatment

1 Bafun-uni {Strongylocenirotus

) Kitaura Shucked in fresh state
pulcherrimus)

2 Murasaki-uni (Antho'czd‘arw Kitaura Shucked in fresh state
crassispina)
3 Kitamurasaki-uni (S. nudus) Hokkaido Shucked and thf gonad was salted prior to
storage at 0-3°C for two months
4 Murasaki-uni (A. crassispina) | Korea Shucked and the gonad was salted prior to

storage at 0-3°C for twelve months

Aka-uni (Pseudocenirotus K Shucked and the gonad was salted prior to
orea N .‘
depressus) storage at 0-3°C for twelve months

Table 2. Properties of the lipids from sea-urchin gonad.

Sample No. Saponification value lodine value
1 202.8 134.9
2 186.3 103.1
3 188.6 164.2
4 194.0 125.5
5 203.3 150.4

Table 3. Fractionation of fatty acid methyl esters as urea inclusion compounds.

Fraction No. Reference

1 Crystallized compounds in the incubation at 15-20°C for three hours after
the addition of 15 g of urea.

Crystallized compounds in the incubation at 15°C {or three hours after the

2 addition of 15 g of urea to the fraction obtained from removing fraction 1.
3 Crystallized compounds in the incubation at 15°C for three hours after the
addition of 10 g of urea to the fraction obtained from removing fraction 2.
4 Crystallized compounds in the incubation at 15°C for three hours after the
addition of 10 g of urea to the fraction obtained from removing fraction 3.
5 Crystallized compounds in the overnight incubation of the filtrate from frac-

tion 4 at 0-1°C.
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Table 4. Conditions for gas-liquid chromatography.

Apparatus : SHIMADZU Gas Chromatograph Model GC-1B

Column dimentions : 300 X 0.4 cm i.d.stainless steel

Solid support : Shimalite W (60 /80 mesh)

Stationary phase : Diethylene glycol succinate polyester (10 : 90)
Temperatures : Column, 190°C; Injection, 260°C; Detector, 205°C

Carrier gas : Nitrogen; Flow rate, 60 m//min; Inlet pressure, 2.0 kg/cm®; Outlet pressure,
atmospheric

Detector : SHIMADZU Hydrogen Flame Ionization Detector Model HFD-1
Flow rate of hydrogen gas: 48 m//min
Flow rate of air : 1.8//min
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Fig. 1. Gas chromatograms of fatty acid methyl esters from S. nudus and of their
fractions separated by urea fractionation.
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Table 5. Fatty acid composition of the lipid from sea-urchin gonad (% of total fatty acid
methyl esters).

Fatty Sample No. Fatty Sample No.
acid 1 9 3 4 5 acid 1 2 3 4 5
12:0 0.1 0.1 |Trace 0.1 {Trace [|18:0 2.1 2.2 2.2 2.3 2.3
124 0.1 0.2 0.2 0.1 0.2 §118:1 5.8 6.5 4.6 7.3 6.1
13:1 0.1 [Trace 0.1 0.2 0.1 118:2 1.7 0.8 1.7 1.4 0.8
14:0 8.2 | 15.9 6.9 | 11.4 8.3 ||18:3 1.5 2.5 2.7 0.9 1.6
1401 0.2 0.7 0.3 0.5 0.4 ||18:4 8.1 5.0 6.3 5.2 6.6
14:2 Trace {Trace |Trace |Trace 0.1 [18:5(%2) 1.6 0.4 1.3 0.7 0.8
1413 0.1 |Trace {Trace ; 0.1 0.2 |19:1 0.2 [Trace |Trace 0.2 0.1
44(?2)) 0.7 0.7 0.6 | 0.7 | 06 |19:4 0.7 | 0.7 08] 0.8 0.7
15:0 0.3 0.3 0.2 0.4 0.2 120:0 5.2 2.3 3.0 2.4 2.8
15:1 0.1 |Trace 0.1 0.1 0.1 |20°1 53 | 10.1 6.3 7.8 8.5
16:0 16.7 | 16.5 | 14.2 | 16.5 | 15.5 }20:2(?) 5.5 8.8 6.7 8.0 5.3
1611 3.0 4.1 4.9 4.6 4.5 1202 0.2 0.9 0.3 0.8 0.8
162 0.2 0.1 0.2 0.2 0.2 |20:3 7.4 5.8 8.1 7.9 | 10.3
16:3 0.8 0.7 0.4 0.6 0.7 120:4 2.7 2.0 2.1 1.7 1.7
164 4.2 0.9 0.5 0.8 0.2 ||20:5 9.5 5.4 | 16.2 8.6 | 11.8
16:4(7) — — 0.6 — 0.2 121:0 Trace |Trace 0.3 |Trace |Trace
16:5(7)1 0.7 0.6 0.4 0.4 0.8 121:1 1.0 1.2 1.2 1.3 1.0
17:0 0.1 0.1 0.1 0.2 0.1 ||22:0 1.2 0.6 0.9 1.3 1.1
171 0.1 0.1 0.2 0.1 0.2 122:1 3.1 2.2 2.5 2.7 2.7
1714 0.2 0.3 0.3 0.4 0.3 ||22:2 1.3 1.3 2.6 1.3 2.1
Table 6. Proportion of faity acid methyl esters from sea-urchin gonad (% of total fatty acid
methyl esters).
s Based on unsaturation Based on chain length
ample N, Satu%';ted Monoenes Polyenes Ci2-Cos C”‘._C” Co-Cos
acids acids acids acids
1 33.9 18.9 47.2 9.5 48.1 42.4
2 38.0 24.9 37.1 17.6 41.8 40.6
3 27.8 20.2 52.0 8.1 41.7 50. 2
4 34.6 24.8 40.6 13.1 43.1 43.8
5 30.3 23.7 46.0 9.9 42.0 48.1
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Fig. 2. Thin-layer chromatogram of fatty acid methyl
esters on silica gel impregnated with silver nitrate.
Developer: n-hexane—ethyl ether—acetic acid
(70 : 30 : 1,v/v)
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o

-

Retention time (min)

3. Gas chromatograms of fatty acid methyl esters fractionated into homologues by
thin-layer argentation chromatography.
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Fig. 4. Relative retention time plotted against the
number of carbon atoms of fatty acids.
&: authentic methyl esters

O: methyl esters separated from samples
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Table 7. Gas chromatographic analyses of fatty acids from sea-urchin gonad fractionated into

homologues by thin-layer argentation chromatography.

Relative Fraction No.

Peak No. Fatty acid retention
time 1 2 3 4 5 6 7
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Figures in fatty acid composition (the fourth column) indicate the percentage of total fatty acid
methyl esters in individual fractions.
*May include 20: 4@ 6 acid
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Table 8. Percentage distribution of fatty acid methyl esters fractionated into homologues on

the basis of the degree of unsaturation.

Degree of Fraction No.
unsaturation 1 2 9 4 5 6 7

0 95.3 19.2 1.8

1 4.7 80.8 8.9

2 89.3 7.1 2.4

3 92.9 97.6 78.8 0.3
4 21.2 7.7
5 92.0
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Table 9. Fatty acid composition of non-polar lipid from sea-urchin gonad (% of total fatty

acid methyl esters).

Fatty acid Hydrogenated Unhydrogenated Fatty acid  Hydrogenated Unhydrogenated
12:0 0.1 0.1 17:5° Trace
12:1 Trace 17:57? Trace
12:37? 0.1 Iso 18:0 0.1 0.2
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14 3w6 0.5 19:279 Trace
14:47° 0.1 19:3° 0.3
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*May include 20 : 4 @ 6 acid
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Table 10. Description of the sample examined.

Number of d'Testa To.tal’ll — hGonaLd. - - ‘\}/)isc:ir.a"kd
individual lameter weight eight ipid content eight ipid content
mmdue (cm) &) (g) (%) () (%)

116 2.2-3.7 1148 126.5 4.4 125.3 1.8

* Excluded gonad
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Non-polar ipid

Ether Aqueous .
Na 2CO3
60g silicic acid column Acidify
(30 x 187 mwm ) !_ H,0 Ether ——-—-l
Hexane Discard Free fatty acid
150 mZ
15% Benzene
in hexane -
500 wl

5% Ether

Hydrocarben in hexarne
1300 mi
15% Ether

Sterol ester in hexane
1000 ml

30% Ether

Triglyceride in hexane

600 mZ

50% Ether
Free sterol in hexane
600 ml

Ether -

Diglyceride 600 mZ

Monogiyceride
Monogiyceride

Fig. 5. Separation of non-polar lipid into their main constituent classes.
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Table 11. Conditions for gas-liquid chromatography.

Apparatus : SHIMADZU Gas Chromatograph Model GC-5A

Column dimensions : 300 X0.3cm i.d. stainless steel

Solid support : Shimalite W (60 /80 mesh)

Stationary phase : Diethylene glycol succinate polyester (10 : 90)
Temperatures : Column 190°C, injection and detector 260°C

Carrier gas : Nitrogen at 30 ml/min

Detector : SHIMADZU Hydrogen Flame lonization Detector Model FID-5
Sample size : 0.1 to 0.2 21

Analysis time : Approximately 7.9 min to methy! octadecanoate
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Table 12. Lipid composition of gonad and viscera of sea urchin.

(%)
Lipid class Gonad Viscera
Polar lipid {PL) 44.0 54.7
Free fatty acid (FA) 0.2 3.2
Hydrocarbon (HC) 0.03 0.3
Sterol ester (SE) 2.2 2.1
Triglyceride (TG) 43.5 C26.1
Free sterol (S) 6.6 10.3
Diglyceride (DG) 2.7 1.6
Monoglyceride (MG) 0.7 1.7
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Table 13. Fatiy acid composition of lipid classes obtained from gonad of sea urchin. (%)
Fatty acid ~ Selative rp+  pL FA  SE TG DG MG
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Table 13. (Cont’d)

Fatty acid opRelative oy« pL FA  SE TG DG MG
16:2 9 0.84 1.0 0.2 0.8 0.5 1.0 1.0 0.7
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Iso 18: 0 0.83 0.5 0.8 0.4 8.8 0.3 0.2 0.7
10 1.00 2.6 3.8 3.1 3.9 1.2 2.0 3.0

L lwd 1.15 6.0 4.9 2.9 5.1 7.3 7.2 4.4

2w8 1.33 0.2 0.2 - — 0.4 — —

2wb 1.40 2.4 1.7 2.9 0.3 2.9 3.3 0.9

3wb 1.64 0.3 0.1 — 2.1 0.2 1.4 12.1

3w3 1.83 2.4 2.2 2.0 1.7 3.0 3.3 2.0

4w3 2.12 1.5 1.2 8.2 1.3 1.6 1.5 1.1

19:0 1.32 0.4 0.5 — 0.5 Trace 0.2 0.8

i1 1.48 0.2 — - 0.8 — 0.5 0.8

12? 1.69 Trace 0.3 — — 0.3 — —

D 3wh 2.14 0.6 0.5 2.0 — 0.6 Trace —

59 3.13 0.1 0.2 — — — - -

Iso 20 . 0 1.49 Trace 0.3 0.4 1.3  Trace 0.3 0.5
:0 1.78 0.8 0.7 0.9 0.9 1.0 1.5 0.8

P lw9 1.99 7.2 8.7 2.0 4.4 5.8 6.7 3.8

. 2 Isomer 2.18 6.8 6.5 6.7 5.8 7.5 5.9 5.0

P 2w6 2.46 1.9 1.6 1.4 1.2 2.1 2.1 1.2

: 3w9 2.63 0.7 0.9 3.0 0.9 0.6 1.2 0.3

P 3wb 2.82 1.0 0.3 1.9 1.3 1.2 1.4 1.0

I 3w3 3.20 8.3 12.4 4.8 4.4 5.3 7.0 3.2

Tdw3 3.66 Trace Trace 0.4 0.7 0.6 0.5 1.0

tHw3 4.16 15.2 22.4 37.5 6.0 10.0 9.3 5.5

2101 2.67 1.2 1.3 1.0 0.3 1.3 1.1 0.7
27 2.97 0.1 0.3 — — Trace — —

:3wh 3.76 0.7 0.2 — - 0.6 0. ¢ -

P 3w3 4.18 0.2 0.4 0.3 0.3 0.4 — —

22 1w9 3.48& 2.3 4.1 1.1 1.2 1.0 1.6 0.7

P 2w9 3.96 1.0 0.7 — 1.0 1.1 1.1 —

P 2w6 4.28 1.0 0.4 1.8 0.8 0.8 1.0 0.5

127 4.56 0.9 1.1 1.9 1.2 0.6 0. ¢ 17.2

c3w3 5.53 0.4 0.3 s — 0.3 0.4 —

P Hw3 7.18 Trace 0.2 — — Trace — —

I hw3 8.15 0.7 0.6 — - 0.6 0.8 —

231 4.64 0.3 0.6 0.9 —  Trace 0.4 —
Iso24:0 4,70 —  Trace — 1.7 — - —
01 6.25 — 0.3 — — — — —

*TL,

total lipid ; other abbreviations are shown in Table 12.
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Table 14. Fatty acid composition of lipid classes obtained from viscera of sea urchin. (%)

Fatty acid  Relative —pp pp FA SE TG DG MG
12:0 0.18 0.1 Trace Trace Trace 0.1  Trace 0.2

01 0.22 Trace Trace Trace —  Trace 0.3 0.5

Anteiso 13: 0 0.21 0.1 - — 0.3 — 0.2 —
.0 0.24 0.1 Trace Trace 0.2 Trace 0.4 —

1477 0. 48 0.2 0.2 — —  Trace — —

Anteiso 14 : 0 0.28 0.1 Trace Trace 1.2 Trace 0.4 0.5
it 0.32 6.7 3.7 5.6 5.0 9.8 6.3 2.5

Cle7 0. 38 0.4 0.2 0.3 0.3 0.7 0.4 0.2

D 2w9 .42 Trace 0.1 — 0.5 — 0.2 0.3

L 3wb 0.54 0.4 0.4 — — — — —

:579 (.83 Trace 0.2 — —  Trace — —

Anteiso 15: 0 0.37 0.1 —  Trace 0.6 — 0.2 —
:0 0.43 0.5 0.4 0.4 0.9 0.8 0.6 0.2

o1 0.49 0.5 — — — — - —

L 3wb 0.71 0.3 0.3 - 1.3 — — —

L dwb 0.80 0.2 0.3 — 0.9 Trace — —

Iso 1610 0.47 0.2 0.1 Trace 2.2 0.3 0.3 0.3

:0 0. 56 16.2 11.4 14.0 20.0 21.1 13.2 8.2

lwd 0.66 3.5 1.1 3.2 2.0 4.9 4.0 2.9

D 2w7? 0.80 0.2 -— — 0.1 — —

127 0.84 0.3 0.4 0.4 — 0.4 — 0.6

D 3wd 1.04 0.4 0.4 1.0 — 0.4 — —

dw3 1.19 0.3 0.2 — — 0.3 — —

4wl 1.27 0.2 — — — — — -

159 1.39 0.2 0.2 — —  Trace — —

Anteiso 17 .0 0.67 Trace 0.3 0.5 — — 0.2 —
.0 0.75 0.2 0.1 0.8 2.9 0.7 0.7 Trace

o1 0.85 0.2 0.4 — — Trace — —

7.27° 0.98 Trace 0.1 — - — — —

I 3w3 1.37 0.1 0.2 — — — - -

157? 1.80 0.1 0.2 — — Trace — —

Iso 18 : 0 0.83 0.6 1.0 Trace 3.0 0.2 0.3 0.2

:0 1.00 3.1 3.6 4.2 6.7 2.3 3.0 4.0

lwd 1.15 6.0 3.7 7.0 5.7 7.9 5.5 5.4

I 2w6 1.40 1.2 1.3 1.2 1.6 2.0 1.0 1.2

C3wh 1.64 0.4 0.3 0.6 2.2 0.7 0.8 7.3

L 3w3 1.83 1.5 1.0 2.6 1.8 2.1 2.6 2.3

4wl 2.12 1.4 1.4 1.9 0.8 1.6 1.8 1.0

. 5w3 2.38 — — — — 0.3 — —

Anteiso 1910 1.20 - 0.1 — — 0.9 —
20 1.32 0.3 0.1 0.7 0.2 0.7 0.4 0.7

01 1.48 0.4 0.5 0.5 0.8 0.6 0.6 0.2

L 3w6 2.14 0.3 0.4 0.4 1.0 0.2 — —

4wt 2.45 0.1 — — — - —

43 2.79 0.2 0.2 — — 0.2 - —

:57? 3.13 0.2 0.2 — —  Trace — —

Iso20:0 1.49 0.1 0.2 0.2 0.5 — 0.7 —
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Table 14. (Cont’d)

Faity acid eielative oL P FA  SE TG DG MG
2000 1.78 0.3 0.2 0.3 0.5 0.6 0.5

Clw9 1.99 8.0 8.7 10.9 9.5 9.0 6.7 6.1

! 2 Isomer 2.18 7.6 8.3 7.6 5.4 7.8 8.0 5.8

1 2w6 2. 46 1.4 1.3 1.8 0.6 1.4 1.2 1.1

. 3w9 2.63 1.1 1.8 — — 0.4 — —

. 3w 2.82 0.8 0.6 1.0 1.6 0.8 0.9 G.7

S 3w3 3.20 9.0 12.6 9.8 7.8 4.5 3.5 6.3

C4dw3 3. 66 1.9 1.7 1.0 1.0 0.9 1.0 1.5

(5w3 4.16 13.6 20.0 16.2 3.3 7.2 16.1 12.8

Anteiso 21 . 0 2.15 0.9 1.0 0.9 — 0.7 0.8 —

.0 2.35 0.1 Trace — — 0.3 — —

i1 2.67 0.6 0.6 1.6 0.7 0.7 0.9 0.9

P 3wb 3.76 0.2 0.3 — — 0.2 — -

P 3w3 4.18 0.2 0.3 — 0.6 — 0.4 -

L 5w2 5.51 0.1 Trace — —  Trace — —

Is0 220 2.65 Trace 0.3 — 0.6 0.2 0.2 —

lw9 3.48 1.9 2.8 1.4 1.4 1.2 1.5 1.2

P 2wh 4.28 1.3 1.9 0.4 1.4 0.8 1.2 0.3

1277 4.56 1.3 0.4 0.4 0.6 3.1 1.2 14.2

P 3w3 5.53 0.3 0.3 0.3 — 0.3 0.5 0.8

4wl 6. 40 0.5 0.5 Trace — 0.3 Trace 0.7

. 5w3 7.18 0.3 0.2 Trace — 0.3 0.3 0.4

I 6w3 8.15 0.7 0.7 0.6 — 0.4 1.0 0.8

Anteiso 23 . 0 3.90 Trace — — 0.5 — 0.7 —

11 4,64 0.3 0.3 0.3 0.4 0.5 — —

Iso 24 .0 4,70  Trace — Trace 1.5 — 1.6 —

14? 11.17  Trace 0.3 — - Trace 0.8 6.7

Abbreviations are the same as those in Table 13.

Table 15. Distribution of isomeric eicosadienoic acid among the main lipid classes of sea

urchin.

Gonad Viscera

Amount of the Distribution of Amount of the Distribution of
Lipid class isomer the isomer isomer the isomer
(mg/100g of whole (% in whole (mg/100g of whole (% in whole

visceral organs) visceral organs) visceral organs) visceral organs)

PL 80.6 27.0 51.9 17.4
FA 0.5 0.2 3.6 1.2
SE 2.1 0.7 0.8 0.3
TG 118.6 39.8 30.0 10.1
DG 5.6 1.9 1.8 0.6
MG 1.1 0.4 1.3 0.4
Total 208.5 70.0 89.4 30.0

Abbreviations are shown in Table 12.
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DEEE T THMIEHTAE5EETCIEEL, BESEELEE L AZENSHIcB 2200 2 BE
MEROBEESENL, B LA, v42bb, FHBESIVCRNRBOEE, IBEEE, EEHE, A FIx 2
FUONEL S5 ICEBERSFICE 1T 5200 2BEEGROEEE, L, ZREXNSPICEAET 220 28
é%lﬁﬁﬁ@fi&%ﬁdﬂbto FORELEISEIIRT, CORMFIEBED TCURELEZRICHFEL, KV
THFEED PL, MO PL 5 LU TG OIETEZHEL 2. Lrd, 7V ZHILEET 5420 1 2 % 24k
0%\ EFEEIFEL, 30‘,/(,75>V\]ﬁr&zz:/\%ﬁb o E7, ZORMEOHB0%1E TG 12, #44%13P L IZFHE
L, ZOMDIBERS TOSHImOTH % 75>af;o ’ '

ARy = Hbﬁﬁcofs%m%wzﬂaﬂjiﬁfﬁ 16:0, 20: 1 w9 L U220 5w3Eizo\WT Y, &EER S H
OBEEFHEA L, PLELUTGIZBITA29H%20 2BEEED I LTI, E6HOLEDEL S,

60

40

% in whole visceral organs

PLTG PL TG PLT(; PLTG
Isomeric 16:0 20:1w9 20:5w3
20:2

Fig. 6. Comparison of distribution of major component
fatty acids in sea urchin.
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DH16 0Bl T,

B38 I AOYJICREBEMGODE R

TERRERIC R A2 &N 220 D 2BRRMERIL, BIEIE B ICIAS S LTV BE A LA VEE, ) — LBk
SV L VEBRIIOEIREIIELY, BESUBILTEESR2 L DI e EEL A,

tHhoz, COREROEEZMEPIZT 2010, 57 2 EMERE» 5 2 OBMEEL S8, BHL
2o ROT, BENAEZIZONT, ZOBMEEN 20 2B TH L2 LOMREIT- 7,

B8 /a9 I BEEREGOSE

ST b sE R

HERHBEE 72132 DA F VI AT VO HE, $EEE LTI, 2<0OHEF S Y
FEMSAELEBVSRT WS,

FEIE, THAEICED(CORE (BREERBIABITLIUT LT 74 —) LREHICES S
By Y TFAVERVUNSNVERB O NS TT =) REEREL, TREOBRMEIESSHETY -
ERERIRE D REIEEE X F VT AT LA 520 | 2RERIEIR L S 8E, KL 2,

£ B FH &

BE LTV ¥V A crassispina BHAYE A S E 2 H L AR L CIRBIL AR X FLT AT VR
RV

BYBRoR B2ZL (AR HETIT 7, &b, T4 IV VT VBOEMEY LT, 14-20: 28 £
v (Applied Science Lab. #) % /-,

AU T BEXFNVIATNES CORBIERIZ—TR8EH, AR A 5L & BIKEEA F L & 125
L7,

WEDE WEBATFTVEERY AR ST, 1lmmHg OWETCEZL 7,

REAMPH E1FE, S1HLEBREHFETT- 2,

BESRERT ABMH I LIOTRT 5T+ — PRIVETTS OFHE LHL 2, F4bb, de VRIES O
H ) 2o CHBIL A REEEIR S 4 B (Mallinckrodt 481, 100X v > =; FEERARE, #0.5
g/1.0g % 4 B; 120° C, 16RSRIAIBLIEEAL) 10012508 D& 5 4 + 535 % WAL TH F 4 (2.6 X63. 5cm) %
BB /oo ZHUZMIL gD AFNIZFVEIENL, TF VI —F b - BT — 7 VROREI 27T S/,
e FR BB YHFNTLC 50040 Y ) 55N G DT L— b (20%20em) #110° C 1205
BUONBE L, WEIMEIEL 720 WHMR, BB IC10% -7 ¥ 5F V- HilL — 7 VAR AN BRI T T,
ERBETa- I T h Y EERRER T, BBE - Y FA VIS T — F OEEIET 2 108 2R 0
2R 2s CHAEERTHWOSSRATZ L-DS, #20mgD AFVEAF N ESERIZAL Y P L, T
Trry-TEREMYN (1L, v/v) 2ACTLERETERE L. &%, BEEAIZLTIE, 5200
- YTV ABIS AL 9L VLD 1 EERRALTHELA,

FABNSLIOARNTTT 4~ 48 (110°C, 1805 B HISLIEME(L) % B T4 5 4(1.2 X10cm )% 5
B, B LT ~F9F 0 75ml 5 X 002ml , RO CIF VL — 5 VT5ml % & U25ml % IEKAT &4 7,
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110° C, 605 BIMBIELEL) &, n- ~FF Y -2Fbx—FI (9416, v/v) CEELZ, 2B
BEIzlE, BEES0unI ) A5V GO T — b (20%X20em; 110°C, 1805 MIMMBIEME) & FV, - ~F
Hv- ZF LTI (90110, v/v) TRELA, BER, 7L—rOMMIZ1 %I VR - A5 —VEHR
EIEFEL TNy FOMBAHERL, 20 2BEBEAES 2% L o7

= B & R
BBIAF VI ATVEETRIES TIBARSBIL 2o HREREZ &2, B5NAESHO 201 2 BREME
E8% GLC TH~, BLEEROEHVES & AV TRODIRELIT > 2 BOLNLHERIIROLE N T
HDo

Mixed fatty acid wethyl esters

’*—Nintering (5°C, overnight)

¥ T
Filtrate Residue

(- Fractional vacuum distitiation (HmmHg,N2 gas}

I<180°c 181 - 197°C 5198 _215°C | 216-236°C | 237°C
V-1 V-2 V-3 V-4 V-5
—F Urea fractionation
-1 ulz ul3 vs u-s

_[— Argentation column chromatography

Ara eeeenn Ares Ar- Are7  AreB cecescers Ar-10
I:Undecane TLC-:l
1
-1 T6 -2 T6-3 7-1 17 -2 T7-3

—I:Sﬂicic acid column chromatography-:[_
— v

56-1 S6-2 S6-3 5S6-4 §7-1 §7-2 S$7-3 S7-4

me— Silica gel-TLL
M-6 M-7

Fig. 7. Preparation of isomeric eicosadienoate from mixed fatty
acid methyl esters of sea-urchin gonad.

T4 aYLT RESE  REGWSH VA :/57') YAk THT Y 2 BB A F v EFRIL, 1§

5N EEEE A TN R WESE LT OEDITTA L 7z 2BEEROEHER i181~197°C ”\‘%ﬁ?‘é
% V-2 THRLE, -7, KIZZ 5 V-2 é):'}ﬁ‘bﬂ AL, ZEREAMERICT S 0ESICOBIL,

Table 16. Content of isomeric eicosadienoate in the frac-
tions obtained by wintering,fractional vacuum
distillation and urea fractionation.

Sample analyzed Content
Original methyl esters 8.0%
Filtrate of wintering 2.9
Fraction V-2 % 10.7
Fraction U-3 * 18.7

#Each fraction is obtained by fractional vacuum distilla-

‘tion and urea fractionation, respectively, as shown in
Fig. 7.
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2002 BBRMERIEES U-4 THRLBVEEE (21.6%) 2R LAY, ZOESCII20:3BAVEBEALEL
7eDT, MIZVEEEAL ZVES U-3 2XKOSBREORE L L,

INLDGHRIEICE > TESNAZESPO0 | 2BEEREERSIURBAF NI AFVDOZNEE
BRIZR T, ShOoODRBREIZL T, 20 2BEMEAREEEL 8% 2 5WO%IZEDHZ LI TE T,
WREERTABASLIOCETZT74— EH U-3 2 EHEGHIIR- THESB L 86 h 70k
HEMEESRIIR T, Znru~x s 754 RIZ9BOY— 2, A~1 Ftiahi, 20 2BBRMERIZ Y —

Elvant
— 1 f—1 —f—111 ——1v —v 4+—vi —]
A

)
2 aof
g
s 39k
=
=
[
= | B
b 20 .
= £
5 10} F
5 NP

0 i ! I L I 1%. i

0 40 80 120 16
Tube number (10g per tube)
Fig. 8. Column chromatogram of fraction U-3 on silicic acid

impregnated with silver nitrale.

Column: 2.6 x 63.5 cm

Eluant:  (I) 3% ethy! ether in petroleum ether, 600 mi;
(@) 5% ethyl ether in petroleum ether, 600 ml;
() 6% ethyl ether in peiroleum ether, 600 ml;
V) 8% ethyl ether in petroleum ether, 600 m/;
(V) 10% ethyl ether in petroleum ether, 300 m[;
(VD) ethyl ether alone, 600 m|

Flow rate: 2.0 ml/min

Recovery of methyl esters: 94.7%

TEBLUF TCHEVWEEZELRLEY, Y—7 EORMEIZE1L14-20 : 2BBLEAL 20T, ¥—7 E%
B2k (Tube No.77~87) & #2 (Tube No. 88~93) ¢ QEIZE L 2, BESONE, 20 2B R4k
BFEULIL M4-20  2BEHEELEITHEITRT 20 2 BEMEEIIES Ar-6 B LU Ar-7 THE WS EZETRL
o THSTESHIIZDRO 1812 B EU22: 2MARET S, 11,14-20 1 2B 5HE, BET B2 &
HTE-,

NP FRLEBYYBFLTLC 20 2 MBSk OO I A T 120N TE5 N EE S
520 2 BBk L eritical paics™ M 2o ¢ ZREFRII6 10, 1801 BRI 3BTH B L EL D
Nz,
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Table 17. Content of isomeric eicosadienoate in the fractions obtained by argentation column

chromatography.

Ei dienoat
Peak No. Fraction No. Yield [117[1640]5&1 leI‘Zan:r* Impurities

g % %

A Ar- 1 0.2778 0 0 18:1, 201, 14:0°9
B Ar- 2 0. 2088 0 0 16:1, 18:1, 17:1, 20: 1
C Ar- 3 0.1717 4 5 16:1, 14:1, 18:1
D Ar- 4 0. 0147 8 18 22192, 21:2, 18:2
E [Ar- 5 0. 0568 28 39 22:2, 18:2

LAr- 6 0. 0614 0 87 1812, 2272
F Ar- 7 0.1100 0 79 18:2, 22:2
G Ar- 8 0. 0346 0 69 18:2, 22:2
H Ar- 9 0.0196 0 65 18:2, 2232
I Ar-10 0. 0349 0 30 18:2, 22:2

* The positions of double bonds are not known at present.

o

220, BHAr-6 LU Ar-THIEBEET 5 18:2 5 L0822 2BOSR, BREEZT -1, BoNE
REFIBEITRT, HD Ar-6 LU Ar-7 £ H12, 2 FNIEH RIS N7z, 201 2 BRI HES
T6-2 5 LUV TT-2 TEVEREELRL, BEBWBOKRESEBETLILITEL, LAL, ZOEST
ICWEEZBD 0= ¥ 70 ¥ BEEL 7o

i

77

Table 18. Content of isomeric eicosadienoate in the fractions obtained by thin-layer chromato-

graphy on silica gel impregnated with n-undecane.

Fraction No. R; range eiCAESs(;xgiegxizate Impurities
%

Té6-1 0.74-0.66 3.7 16:0, 16:1, 17:27, 18:2, 19:2
2 0.64-0.54 97.9 16:0, 17:27, 18:2, 19:2
3 0.53~-0.44 86.5 2112, 22:2

T7-1 0.76-0.65 6.7 16:0, 161, 18:2
2 0.64-0.54 98.6 16:0, 17:27, 18:2
3 0.54-0.44 90. 3 16:0, 22:2

FABASLIOT IS 70— EHFT6-2HL0TI-2585 ABI7LIZRALT -y 7H VEKE
Lizo bbb, S6-125 S6-4 5LUFS7-1 55 ST-4 DS BEFITHFIL 2o 216 DES (856-1 LV
S7T-1 %) 122w T, =9 Y FhHVOEZE LU ANV TLCIZE»THENE, Boh-@B 70T b
I LEBEIMICRT, 200w 75 APLHES $6-2 BLU ST-2 Tl n-2 v 7h v RET 52,
5y S6-3 BLUST-3 TRELHFEL W EFhL S, L L, B S6-3 HLUS7T-3Cix2002 B
EMEARLISMOREEIEIEE & & 2 5 1 A N SR S s,
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Lo - - - =4 Front
g e P T
N\a
N ) B
b 4 s
! 1
[ § ®
§
! !
* ¢ ° ® ¢ ° Origin
S6-2 $6-3 S6-4 $7-2 57-3 S7-4
Fraction

Fig. 9. Thin-layer chromatogram of the fractions obtained by
silicic acid chromatography.
Peaks: A, n-undecane; B, eicosadienoate; C, impurities

SUAFLTLC EH5 S6-3 5LUS7T-3%30s 7V TLCCHEL, SR IFIFEE 2 s < 2
G AEBA, 20 2 BEMEKES S SEL, B M-6 5LUM-7 258 2, ChfESOF RO
N7 T AREIORIC, FIREEMEREEIOEICR T, Bohzsuv N T4 B2 20 2 BBEEEOKE

‘ Fraction M-6 Fraction M-7

9 20:2 1samer 20:2 Isomer

=

=]

&

o

-

Juat

8

o

s

©

e 16:0 17:2 2 vz 2

g2
10 16n 18:11 18:2 49,5 22:2 14:0 167 18011 19:2 22:2
LA e L L L :
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Retention time (min )

Fig. 10. Gas chromatograms of isomeric eicosadienoate fractions,
M-6 and M-7.

Y= cHEONE - SR Eni, Lhd, 202 BEERY — 7 O FHIEBIEES M-6 & M-7 T
éf < “ﬁk L fCo



11

Table 19. Fatty acid composition of the fractions M-6 and M-7 obtained by silica gel TLC.

Fatty acid Relative retention time* M-6 M-7
% %
14:0 0.31 0.1 0.1
16:0 0.57 0.1 —
1611 w9 0. 69 0.1 Trace
1819 1.18 0.1 0.1
18:2 7 1.28 0.3 0.1
182 wb 1.44 0.6 0.7
19:2w6 1.83 0.5 0.3
20 2Isomer 2.24 97.8 98. 4
22.2w9 3.97 0.4 0.3

* Relative to methyl octadecanoate

LETBEOSHBEGEIGHRITI 2L IEoT, BRAFVI ATV (20.68) 2 5 FAENZ 20 :
BRI R 2 TN 8% 5 L U8 4% &R T 5%, M-6 (12.3mg) 5L M-7 (23.3mg) ééﬂa«%bf:o

Z %=

CEEAHE OB BET A b b BRSBTS ue NS 7T 4 —DORILE L LT,
FFHREAFNVZATNVETL V5 7, BESEBLUREFNGHOZEFEICE > TERGEIL, ¥
I UEEG R TERU s BN HS BB EE S A B T LU NS T T4 —THBIL, 2ORER,
THMELRUT2RERPBO RS 555, BETAZLI0&-T, 20! 2BEMFEAEDOTV 2H
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Table 20. GLC analyses of isomeric eicosadienoate fraction, M-7 , before and after hydro-

genation.
Before hydrogenation After hydrogenation
Fatty acid Relgtivg % Area Relgtivg % Area
retention time retention time
18:0 — — 1.00 0.8
01 1.14 0.1 — —
12 1.38 0.4 — —
19:0 — — 1.32 0.5
L2 1.79 0.4 —
20:0 - — 1.79 98.1
. 2Isomer 2.19 98.4 - -
220 - - 3.20 0.6
L2 4.01 0.8 — -

TERIESHORME ES M-7 0.932mg 2 AW TKRRNE Y BE L2, B5h KRR s #1115
R T o ARERBRIUEIFICONRICFHIZEL, RIEIL 128.06l Th - 72 Z OIRILE 1L 20 2 BT Za0RIY
BN B8%Thory ZOESDEEISHMA LA T4/ 4 V8 2001 8) ThoTh, BHIIEL
KERNEERY, LALAAS, 9-181 180 ECLfE12 181303 MO 2 R & BIFEL ¢, 11-1811 &
DEEE SRR E PR AT EY, LkdoT, 201180 ECL {13 20 : 2 BN 2 1 &
DEPBDAES, 20:303BMOZNLIEEELVEEL NG, T2, 2020 2 BRI AN &
2B D O RIERME, T4 b EEMIS S LUBBBERY T L2057 4 -2, oY
IYBEE-BHER L, Lo, HS M-7T 0T Bl 20: 28 TH 52 & 5FEEL -,
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Fig. 11. Hydrogen-uptake of isomeric eicosa-
dienoate fraction, M-7 (0.932 mg).
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Table 21. Comparison of relative retention time and separation factor of methyl eicosa-
dienoates in present study with those in reference.

Present study Reference®
Fatty acid Relative** Relative * *

Separation factor Separation factor

retention time retention time
202 wb 2.46 2.53
201 09 1.99 1.24 2.01 1.26
20 .2 w6 2.53
202 w9 2.37 1.07
20:2 w6 2.46
20 2Isomer 2.18 1.13
20:2w9 2.37
201 w9 2.01 1.18
20 . 2Isomer 2.18
201 w9 1.99 1.10

% Calculated from ACKMAN’S data'*®, DEGS column at 190°C
# % Relative to methy! octadecanoate
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Fig. 12. Mass spectrum of isomeric eicosadienoate
fraction, M-7, obtained from lipid of sea-urchin

gonad by chromatographic procedures.
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Fig. 13. Gas chromatogram of the methyl esters of the
acids resulting from oxidative cleavage of isomeric
eicosadienoate fraction, M-7.

Column temperature: 160°C
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Table 22. Composition of oxidative cleavage products of isomeric eicosadicnoate fractions,
M-6 and M-7 , estimated as methyl esters of mono- and dicarboxylic acids (mole %).

Fatty acid Fraction
M-6 M-7
Monocarboxylic
Cs Trace _
Cs Trace Trace
Cs 100.0 100.0
Dicarboxylic
Cs Trace _
Ce Trace _
Cs 22.3 34.6
Cs 27.7 50.0
G, Trace Trace
Cs 50.0 15. 4
Cs Trace —

M-6 and M-7 were fractionated from lipid of sea-urchin gonad by chromatographic procedures.
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Fig. 14. Possible positions of double bonds in
isomeric eicosadienoic acid deduced from
Cg-monocarboxylic acid, and Cs-, C4- and
Cg-dicarboxylic acids obtained by periodate-
permanganate oxidation.
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Fig. 15. Absorption spectra of isomeric

eicosadienoate fraction, M-6, before

Fig. 16. Absorption spectra of methyl
and after alkaline isomerization

linoleate before and after alkaline
isomerization.
Solid line, before alkaline isomeriza Solid line, before alkaline isomeriza-
tion (0.1080 g/1) tion (0.1080 /1)
Dotted line, after alkaline isomeriza- Dotted line, after alkaline isomeriza-
tion (0.0600 g/1)

tion (0.0064 g/1)
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Table 23. Proportion of conjugated acids in isomeric eicosadienoate fraction, M-6 and con-

trol specimen, commercially available linoleate before and after alkaline isomeri-

zation.
Fraction M-6 Methyl linoleate
Fatty acid Before After Before After
isomerization isomerization isomerization isomerization
% % % %
Conjugated dienes 0.30 6. 02 0.20 94. 72
o irienes 0 0.02 0.02 0. 38
z tetraenes 0 0 0 0
> pentaenes 0 0 0 0
Others 99. 70 93, 96*! 99.78 4.90%2
*#1 Almost exclusively isomeric eicosadienoate
%2

Almost exclusively oleate

Table 24. Composition of isomeric eicosadienoate fraction, M-6 and control specimen, com-
mercially available linoleate, calculated from the data shown in Table 23, compared
with their composition by GLCanalysis.

Fraction M-6 Methy! linoleate
Fatty acid ) Alka.line. GLC ) Alka.line. GLC
isomerization isomerization
% % % %
Conjugated dienes 0.30 0.3 0.20 —
7 trienes 0 — 0. 02 —
Methylene interrupted
» dienes 5.72 1.5 94, 52** 9.1
» trienes C. 02 — 0.36%* 0.2
Others 93, 96*! 98.2 4,90%* 5.7
*1

and *2 the same as those shown in Table 23

# linoleate ; **, linolenate
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Table 25. Conditions for gas-liquid chromatography using capillary column.

Apparatus : SHIMADZU Gas Chromatograph Model GC-5A
Column : 45 mX0.05 cm, stainless steel
Solid support : Column wall
Stationary phase : Butanediol succinate polyester (BDS)
Temperatures : Column, 168°C; injection and detector, 280°C
Carrier gas : Nitrogen at 2.2 m{/min
Detector : SHIMADZU Hydrogen Flame Ionization Detector Model FID-5
Sensitivity : 1000 MO
Range : 0.08V
Theoretical plates (n) : Approximately 23,000
Analysis time : Approximately 23 min to methyl palmitate
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Fig 17. Gas chromatograms of isomeric eicosadienoate frac -
tions, M-6 and M-7 (capillary column, BDS, 45m).

Peaks: A, 5,11- or 6,11-cicosadienoate; B, 3,11-eicosa-
dienoate; C, 8,11-eicosadiencate; D, 11,14-
eicosadienoate

5, ThSQE— 7 O FEERE S LU 11,14-20 1 28~ L0 SF 2827 I1IRT. 2hE60R
LR DR EIFIFEIE 8, 11-20  2BED ZF L L D B0 hE ok, LA s, MEEKOMEMERREOZ
WIEEIDEL, F2 IV —FFL2B0TH, 2FREIISEBLEBVNILERLTY S,

Table 26. Comparison between fatty acid composition based on capillary column analyses and
oxidative cleavage.

Composition based on

Fraction Capillary column analyses Oxidative cleavage
3, 11- 5, 11- or 6,11-
Peak A Peak B 202 209
% % % %
M-6 31.4 68. 6 70.6 29.4
M-7 70.8 29.2 30.3 69. 7

Table 27. Relative retention times and separation factors of eicosadienoates separated by
capillary column.

Peak No. A B C D

position of

double bond 5,11 3,11 8,11 11,14
T1s 2.29 2.33 2.43 2.61
SF 1.14 1.12 1.07 —

713 : Retention times relative to methyl octadecanoate

SF: Separation factors between 11,14 -eicosadienoate and others
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Fig. 18. Separation of isomeric eicosadienoate on silicic
acid impregnated with silver nitrate.

Colurmn: 2.6 % 62.5cm
Fluant: (1) 5% ethy! ether in petroleum ether, 500 m/;
() 6% ethyl ether in petroleum ether, 600 m/;

(I1) 7% ethyl ether in petroleum ether, 600 m/;
(IV) 8% ethyl ether in petroleum ether, 400 m/;
(V) 9% ethyl ether in petroleum ether, 200 m/;
(VI) ethyl ether alone, 400 m!

Flow rate : 2.0 m//min

LI oT, EUEE/ BEIUVANF UV BOMREZANLZ L2857, 20 2BEREKORESE 2 ¢+
BIEHTE B,

B M-7 ORIV BABTMOFN A 70~ 7 I LeBIKIRT, 20O7av 7 I 4 Rz 2@
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RERHAALOEL VRS, 5- 5413620 1BOVWThPrOC— 0 THLILEZ5N5,

ZOMHETMEBBR TLC &> THHIL, T/ ZVBES 2SI A05, @3 EF Y7 L-
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Fig. 19. Gas chromatogram of hydrazine reduced isomeric
eicosadienoate fraction, M-7’ (packed column, DEGS, 3m).

Peaks: A, arachidate; B, assumable other eicosenoate;
C, 11-eicosenoate; D, isomeric eicosadienocate

Too RONAFREBBRIIRT, E/ANKVBELTWE/ FUvBENRVETFYLVE, VANKVBRE
LT@EIWENVBRE D YT v TBAERIZERL 72,
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Table 28. Composition of oxidative cleavage products of monoencic acids formed by hydrazine
partial reduction of isomeric eicosadienoate fraction, M-7’, estimated as methyl

esters of mono- and dicarboxylic acids.

Monocarboxylic acid Dicarboxylic acid
Component mole % Component mole %
Cs 0.8 C, 1.1
C, 37.2 Cs 35.4
Ci 0.5 ) Cs 3.6
Ci, 0.6 C, 3.4
Cis 1.9 Cs 1.6
Cu 8.4 C, 7.1
Cis 36.4 Cio 11.8
Cis 14.2 Cn 36.0
Ci Trace
% %=
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Table 29. Description of the sample examined.
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Stripped shellfish

Common Japanese Number of Average Total Muscle Viscera
name name Season individuals  size weight Weight Yield Weight Yield
(em) (g) (@ (%) (@ (%)

Razor clam Mategai Dec. 330 8.7% 1600 590 36.9 140 8.8
Venus shell Kagamigai Dec. 72 5.2% 2413 319 13.2 130 5.4
Abalone Kuroawabi Jan. 17 8.0% 966 382 39.5 166 17.2
Top shell Sazae Jan. 18 D.3** 1564 264 16,9 260  16.6
Tegula Ookoshitakagangara  Nov. 135 3.4%F 2400 197 8.2 201 8.4

* Shell length
** Shell diameter

X B B =R
BABLUNBOBEEEL SRR T, BHOBESRIE, HATLI~2%, FIET2-~-3% &0

2,
Table 30. The lipid co

FAIYIAT A THBTIEHNE % TH -7,

ntent of shellfishes.

Species

Lipid content (%)

Muscle Viscera
Razor clam 1.3 2.5
Venus shell 1.2 2.3
Abalone 1.1 2.7
Top shell 1.7 3.4
Tegula 1.7 4.8

T HA BGRAEEDIEHEB A F VI AT VOREAHBOT A7 0= b 7T A E0RIRT . KR
Orav I ATI4:0216:0, 16:0 218:0, 18:0 £20:0, 20:0 £22: 08O k&2 -7 DM

ZEhFh2~3HOE~7 PR S5

Nhe ZDIH B,

1 oA BRREESBO Y- ThH 20, i

HAIRIESIE O Y — 7 Tk Vv, Zh50Y—7 A~H ZWTFh &8ssl -7 Lt s

16:0 18:0

After hydrogenation

Detector response

22:0
H 210 23:0 2410
. .
3.0 4.0 5.0 6.0 7.0
16:0
Before hydrogenation
20:2 {(Isomer}
182 201 X 2005 22:6
. 20:0 %K)Awh 22:2 23 2204 5
4 A T,
2.0 3.0 4.0 5.0 6.0 7.0 8.3 9.0

Relative retention time

Fig. 20. Gas chromatograms of fatty acid methy! esters from muscular lipid of razor clam.
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N3, Ues D BEUH AR, M0 =20 equivalent chain length (ECL) %) ¥, 831% TR+

E VA VEE LT VA v RO BRSSO ECL & 13I8 L /e LAaFoT, E— 7
ACERIVUGE2FRFNAV14:0, £v16:0, {/V18:0HKU4( V2008, ¥~-7BHLUF
5T vFA V1510 BEUTYFAVI0BEREL A, £/, ¥—2 D iU HIZEAXOHESRE

Table 31. Equivalent chain lengths (ECL) of authentic branched chain fatty acid methyl esters
and the esters (A-H) appeared on chromatogram after hydrogenation (c/f Fig. 20).

Authentic esters Examined esters
ECL Symbol ECL
Iso 14:0 13.48 A 13.48
Anteiso 15:0 14.58 B 14.55
Iso 16:0 15, 47 C 15,43
— — D 16.47
Anteiso 17:0 16. 66 - -
Iso 18:0 17.55 E 17.51
Anteiso 19:0 18.74 F 18,70
Iso 20:0 19.57 G 19.53
— — H 20.52
Anteiso 21:0 20,74 — —
8.0
6.0
4.0 : Straight—-—h{
& Iso
'E 2.0
g R
5 1of
® 08k
2 ogf
g mﬁ
0.2+
0.0 ? ] g 8 { | L

i
12 14 16 18 20 22 24

Mumber of carbon atoms

Fig. 21. Relative retention time plotted against the number of
carbon atoms of fatty acids.

EEH- RREERTA VO RSERIR L ENER L HFET 52225, AVITI0BEU V2110
BeRIELZ. LALEHS, ¥—7EDESFRIRAB A F LI A7V TRL%, 2 OREPTIEE A%
ThHokDT, 4V 18 0BDIELIz Cy D4 VERAHS HSHIRI B O FE AR & 7z A FL T
AFNDT AT LT T LTEOAEMAIERBRAES > THIRL Twa L EZ oMY —713, B



Table 32. Fatty acid composition of the lipids from shellfishes.

(%)
Fatty acid Razor clam Venus shell Abalone Top shell Tegula
Muscle Viscera Muscle Viscera Muscle Viscera Musele Viscera Muscle Viscera

12:0 Trace 0.1 Trace Trace Trace 0.1 Trace 0.1 Trace 0.1
13:0 Trace Trace Trace Trace 0.1 0.1 Trace Trace Trace 0.1
Iso14:0 0.1 0.1 0.1 0.1 — —  Trace 0.1 0.1 0.1
20 1.8 2.1 0.7 2.4 3. 6.3 1.6 4.7 1.8 5.9

i1 0.2 0.2 0.2 0.2 Trace 0.3 0.3 0.6 0.1 0.4
S3wb? Trace Trace Trace Trace Trace 0.8 0.2 0.1 Trace Trace
Anteiso 15: 0 0.3 0.6 0.1 0.4 — — Trace Trace 0.3 0.4
20 0.7 0.6 0.4 0.5 1.0 1.1 2.6 1.9 1.1 1.0
Iso16 .0 1.7 1.1 1.4 0.8 1.8 1.2 0.5 0.3 1.6 1.1
20 16.3 2.3 18.2 16.1 21.9 231 23.3 18.9  20.0 23.8

1l w7 1.2 2.1 0.5 2.9 0.9 0.9 1.2 1.3 1.8 4.2
2 wd 0.2 0.1 Trace Trace Trace 0.2 0.2 0.8 Trace Trace
(3wd 0.2 0.1 Trace Trace Trace Trace Trace 0.8 Trace Trace
i 4 w3 Trace 1.3 0.2 0.1 0.1 0.1 Trace Trace Trace Trace
Iso17: 0 2.7 1.8 2.6 2.2 — —  Trace Trace 2.2 1.1
20 2.7 2.2 2.5 1.9 1.3 1.4 2.2 1.6 3.6 2.1

01 0.1 0.2 Trace Trace Trace Trace Trace 0.4 Trace 0.4
Is018:0 1.9 1.7 2.7 1.4 2.0 2.3 3.4 2.3 5.0 3.8
20 3.5 2.9 0.3 2.5 4.5 3.1 1.8 1.8 1.3 3.4

Iso 1 3.5 3.0 5.0 3.3 0.4 — 3.4 1.4 2.4 —
1w9 10.6 16.5 8.2 14.8 12.0 10.2 8.0 12.1 9.1 150

12 wh 3.2 7.1 1.7 4.3 1.3 2.1 3.4 2.6 2.5 2.5
3wk 0.3 0.7 0.3 0.5 0.1 0.3 0.2 0.4 0.3 Trace

13 w3 1.1 1.7 1.0 1.7 2.8 4.1 1.6 1.8 1.5 2.2

L4 w3 2.5 2.1 3.3 2.2 1.0 2.6 0.5 1.3 1.2 0.7
Anteiso19: 0 0.5 0.4 0.5 0.4 — — - — — —
] 0.2 —  Trace 0.4 — — — 0.3  Trace —

01 0.2 0.2 Trace Trace Trace 0.2 0.2 Trace Trace 0.4

57 0.3 0.4 0.6 0.1 0.7 0.6 0.6 0.6 1.2 0.5
Is020:0 0.3 0.2 0.6 0.4 0.4 0.6 0.5 0.5 0.5 0.4
20 0.1 0.3 Trace 0.3 0.5 0.8 0.3 0.4 0.3 0.7

tlwg 4.4 5.4 3.1 4,7 3.7 4.7 1.7 4.2 2.6 4.0

. 2 Isomer 1.1 1.2 0.8 1.1 0.4 1.1 0.4 1.0 0.5 1.0

L2 w6 1.5 1.7 1.6 1.2 0.3 0.5 0.3 0.6 0.4 0.4

$3 w9 Trace 0.5 — — — — — - 0.3 0.4

L 3wk 0.3 0.4 0.2 0.2 0.2 0.3 0.3 0.6 0.3 0.4

T4 we* 4.0 3.4 3.7 2.7 8.7 7.6 11.3 12.5 9.0 4.9

L4 w3 0.6 0.2 0.5 0.7 1.3 0.8 1.2 0.7 0.2 0.7
(hw3 7.0 5.3 10.7 9.8 3.8 9.3 5.6 7.3 7.5 5.8
Is021:0 0.3 0.6 0.7 0.6 0.4 0.4 0.3 0.3 0.5 0.5
10 Trace — — —  Trace —  Trace — — —

11 wg? Trace - — — 0.2 0.3 Trace —  Trace —
12w7? 0.2 0.3 — — 0.4 0.3 Trace 0.5 0.4 0.3

13 w6? —  Trace 0.3 0.1 0.3 0.3 0.2 0.2 Trace 0.2
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- Table 32. (Cont’d)

Razor clam Venus shell Abalone Top shell Tegula

Fatty acid
Muscle Viscera Muscle Viscera Muscle Viscera Muscle Viscera Muscle Viscera

211 5w2 0.7 0.4 0.7 0.5 — — 0.8 0.6 0.3 0.3
Is022:.0 - — - — — —  Trace 0.2 — —
20 Trace — 0.7 0.3 — 0.2 0.2  Trace — —
1wy 0.3 1.0 0.3 0.5 0.3 0.4 1.0 0.4 0.7 0.2

L2 wh 4.1 3.9 4.2 4.3 4.9 4.2 3.9 3.3 5.2 4.1
3wk 0.6 0.8 0.3 0.3 0.3 0.4 0.5 0.6 0.5 0.3

(3wl 0.9 0.5 1.0 0.4 2.3 1.2 4.1 2.7 1.0 0.3

L4 w3 1.0 0.9 1.0 0.6 0.4 Trace 0.7 0.5 1.1 0.5
5wl 2.1 1.5 2.3 1.5 9.3 5.0 8.9 4.2 7.1 3.3
16wl 14.0 8.3 15.1 9.8 0.4 Trace 0.9 0.7 2.3 1.4
Anteiso23: 0 — 0.7 0.6 Trace — — — — 0.6 —
:0 Trace 0.3 - — — — 0.5 0.7 0.6 —
L2wh? — — - —  Trace 0.2 — — - —
3wh? — — 0.5 0.5 —  Trace - — — —
Is024:0 — — — — 0.4 — 0.4 — — 0.3
20 0.5 0.5 0.6 0.3 0.6 — 0.4 0.6 0.8 0.4

i1 — — — — — 0.3 — — — —
Is025:.0 - — — - - — 0.4 Trace — —
10 — — — - — — — 0.5 — —

26.0 — — — — 0.6 — - — — —

*Includes a small amount of 20: 3@ 3 acid

BT, 18105211 181 LB Y — 7 LISMI AL 2 Ve WoLFE 550 M¥okE ) 7 - Je Bz 1811 ik
SHRSREEEE R M L, FEATIRSRRRE AT 1.01TH A L ME L T A RERE TLC ¢t/ = v Ee
SETAESO 7O ST A1 05 LTI 1 BOAE R — 7 AFET LD, 41V 18 18D
Ve 3T 22 L TR, VI VBESICEAV I8 2BY -7 3HFLEL Ao/, 2D eh b,
BB Cie 4 v BIRRFIORHIERERIZ A v 18 1 1 B L HEE s n/es 20 1 2 BRI, B AT AT
MOraw N7 AT 4B —osDBFIzy a vy Lo THBL, EH’E%&K—?}:L’(#ﬁ&’(“%
Bhoh?d, WEETLCO YL yBESD /O 54T 20 206 Y- OERNICHLSPEE -2
LTE LN, 2ORFESHERESN,

T4 OBRIER EFRICL T T A4 ONEIBE, Z2otho BEOHA L NEIEE O IRIFERILK £ 5
L7 BoNAEREEREIITT, BERBEOBRIEIE: U C4T-5BEO BB PRk s i, %
DAL, BhaEBERL, T A/ OHBRIBETIZ16:0, 1811, 20:5 XU 22:6BTHY, FNEIEE
Ti316:0, 18:1, 18:2, 20:1, 20:5 8L U268 Th-7, T/, PHITLOF NI, HHEIEEE

T16:0, 4V 18:1, 18:1, 20:5 5 L0226 BTHY, WEIEETIZ16:0, 18:1, 20:5 LU
6T hHolhe YTHAEAFTIHA OHNE LURBISE O ISIEMENR ICBEE 2RI 5 i »
27,

BRECET33BEORHIIEWTY, HREAZGHBIEE ORISR IZIZEML, HRIEBEOBD
AERRENFERIL 1610, 1811, 20:4 w6, 20:5 B L2 58BTHY, Wﬁfﬁﬂb“@%him 0, 16:0,
18:1, 20:4 wb HLV20: 5&2&15%@; BRERBISETIZ 1410 3L U225 BRI S LSS
EIRDOSN, HAT2 58, AETU 0BEEEIEDr -7,
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s, THEBLEREOHAIEE OSIFREREIET 52, 2014 06, 2215 L0226 BEEEHIC
E}ibf)‘@iﬁz’?‘ AH L, “HET22 68, BEHET20:406 U225 BEEEFELro72.
5™ 4 BEH I 10w THE—ER E R TV b0 WIIEE 20T b B4 M A0 5 s, Bl
BRI LCHEETE L o,

2BBUSRBRL 2T TORBERECSHL, ZOAFERIIMRT0.8~1.2%, HLERT 0.4
~1. 1%’(269to THRECERE BALRBORECEEEICEE 2 ERIRO S o kW, B
DHANRE TRREL - /2,

Z %

TR LUBEREIBONA L L UNEOTNT @E"E" 2012 BBRIER IR T B L HE D
YA or. FOGERE, 0.4~1.2%T50, BE0BE " LizESL por, THELEREBET
204 wh, 225 B LUN22. 6 BEEAERICHS »LERITRD bi’tf: A, ZORMIEEEEIC i.unﬁ%tﬁ%i
RO SN2 -7,

¥, Vo LERICEANT, L2 ER-ERICERLTY %Eiﬂ%‘éﬁﬁ”’?@ 20 : 2 B EMA A AL
BBk DL, BEERAERL Y, BERESRDO ZDEMHKE WCHARTIREIZD 2
Botze LA o, 200 2 BBEMILEEES TR E T 2 EET -%?&E/‘]QHEW!@ET‘% LEFEZSL
L&V,

moE MEEMICHETZSH
HIFIZ & %ém'Zﬁﬁﬁmw“ﬁ"wai E AR RGN
T, SR LY S ECREEIET A7 v I LU Py M TR 5 20 1 2 SRR

ZIS’E'T
ﬁ :ﬂj\flo

x B F &
s LOEILERE TR L - v < I Stichepus japonicus LU hvF T Asterina
pectinifera % vz, BEOFMIEH, HAEEYE, AESIUREL XEHEIBRIIRT,
BEOMES LURBHEBST F2HLARLAETIT /2,

Table 33. Description of the sample examined.

Number of Body Boby Yield
Species Season individuals length weight Muscle Viscera
(cm) (g) (%) (%)
Manamako Nov. 5 10.5-18.0 44.0-75.0 92.3 7.7
Ttomakihitode Dec. 7 3.5-4,2% 21.5-34.2 — —
*Disc length
xR B B

T F Y IOBALFES LUA LR L FOREEREBMUEIRT, REBUOREERE, »ih
L% <, 0.5%KRMTH > /o

Table 34. The lipid content of echinoderms.

Manamako Ttomakihitode
Muscle Viscera Whole
% % %

Lipid content 0.4 0.4 0.2
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Kz, THSIEEOIITEHEKR L H3BF IR T, v I DGR L FBISE o IeiE s S EE L 7~ 25,
AIIFEC P TOENEIRRRE 52, ZRBICHEZ B 2 EEEHEIX16:0, 1810, 1811, 20:1,
20:3a3 BXU20:58THY), ZOEITFYIFATIO B, NET22: 6L b 2 Bs B

Table 35. Fatty acid composition of the lipids from echinoderms.

Fatty acid —Manama;l.m_ Ito.maki- ‘ Fatty acid Manamvilg— Ito.maki-
Muscle Viscera hitode Muscle  Viscera hitode
% % % % % %

12:0 0.6 1.9 0.1 181 4w3 Trace —  Trace

1 0.3 1.1 0.1 572 Trace Trace Trace
Is013:0 0.5 Trace — Anteiso 19: 0 0.6 Trace 0.5
0 Trace 0.5 0.1 0 0.9 0.9 1.2

1 0.4 - 0.3 1 0.6 0.6 1.5
Iso14:0 —  Trace 0.4 2 0.3 0.2 Trace
Anteiso 14 .0 0.6 Trace — 4w3 Trace Trace 0.1
0 1.4 1.0 1.0 Is020:0 Trace Trace 0.4

1 0.2 0.1 0.1 0 1.1 1.3 0.6

2 — —  Trace 19 7.0 4.8 18.8

3w3 Trace 0.1 — 2Isomer 1.0 0.6 3.4

47? — —  Trace 2w9 0.4 0.4 0.2

Iso 15: 0 — — .1 206 0.6 1.9 2.0
Anteiso 15: 0 2.4 1.1 - 3wb 0.3 0.4 —
0 0.9 1.0 0.7 w3 13.5 169 13.4

1 Trace 0.3 0.1 4w3 Trace 0.1 0.1

2 - — 0.1 5w3 10.0 15.9 13.1

37 Trace Trace — Iso 21 : 0 — — 1.1

3w3 Trace Trace Trace Anteiso 21 1 0 Trace 0.6 —

57 0.1 0.1 0.4 0 1.0 1.2 0.4

Iso 16:0 0.8 0.6 0.7 1 1.4 1.0 L1
0 9.2 5.0 4.7 2 — — 0.2

1w9 7.6 3.1 1.7 39 0.1 0.7 0.8

2w7 — — 0.4 w3 0.3 0.9 —

3w 0.2 0.3 — 502 Trace Trace 0.3

3w3 0.1 0.3 - 22:0 1.5 1.6 0.9

59 Trace Trace Trace 1lw9 1.8 1.6 1.0
Is017:0 1.1 0.5 0.6 206 — — 0.3
0 2.0 0.8 0.9 3wb Trace 0.3 0.3

1 0.3 0.3 0.2 3w3 2.2 0.4 0.3

37 Trace 0.1 0.7 4w3 1.6 2.0 0.3

3w3 Trace 0.2  Trace 5w3 1.0 3.1 0.5

dw3 - —  Trace 6w3 3.8 6.0 1.8
Iso18:0 0.6 0.5 0.6 Anteiso 231 0 —  Trace Trace
0 6.3 4.6 7.7 0 1.3 0.9 0.4

w9 5.7 6.5 8.2 1 2.2 2.2 0.2

206 1.2 0.9 0.6 240 0.4 0.4 0.6

3wb — — 0.8 109 2.0 2.0 0.9

3wl 0.6 0.3 0.2 25:0 — — 0.9
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2 BB, EELATNTORBOAL, v~ 38R L URBISE ¢1.0% 5 £ 000.6%,
A b=Fe bTIBET3A%TH -,
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20 2MEMAE T v IOBRALNEB LU FvF e b FRASHTAIEFHE L o, LD
L, ZDEFHIC 17%73&4 FvX b FFIEBETABYVOZEFMRDENL, T4 bbb, BEEDS b
¥t FTFIRETEEEIEL, TN 7X%£U%?%¢E’S:EEH LT vV alBETEL -2,
/2, 4 bvFe brﬂb"’*mzo 2BEMGEREE, vaBEILENTL2 0K, BEREN 1
FOEDENEL ST, vFTIDE mscmmmm@ @%léwaﬁwiﬁiﬁﬁm@%h& IIFZELS
D7z L7727 oT, 2012 BB Y 2B R ISR T A 55 13E 21,

EIE EREICEIZSH

KR, BRES JUBESMIC BT 5 20 2 BEMEOSH I VW, S1HsL0E 2900
EEICI, T AER e Lﬂfﬁﬁzbﬂ:%iﬂ%@/&& IDWT 202 BEEGROSE LN,

X B F &

BE I LOBICERRE CEEL /27 5 X Eisenia bicyclis, # ¥ A Ecklonia cava, 75 * Undaria
pinnalifida, ¥ ¥ % Hizikia fusiforme, 7 3 7 / 4 Sargassum thunbergii, / 2% ") %7 Sargassum
serratifolium, <7 Gelidium amansii B L7 57 4% Ulve pertusa & 7z,

FEE O 522 & FEL HETIT - 7

BERSBRA FILZZAFIVDHEE H 15, 815k LTHEEL .,

BEYRMON H2BLRLFETIT> 7.

X B #& R

HREOIRE &R S L OB % 5536 5 L USTEIIR T, AEOBEARE, —BIid%<,0.1~
0.6%Th o7,

Table 36. The lipid content of seaweeds.

Species Lipid content
Brown algae 9%
Arame 0.2
Kajime 0.2
Wakame 0.1
Hijiki 0.3
Umitoranoo 0.6
Nokogirimoku 0.4
Red algae
Makusa 0.2

Green algae

Anaaosa 0.1
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Table 37. Fatty acid composition of the lipids irom seaweeds.

(%)
Fatty acid Arame Kajime Wakame Hijiki Umito- Nokogi- Makusa Anaaosa
ranoo rimoku

12:0 0.2 0.1 — 0.2 — 0.2 0.2 0.3

1 0.6 0.7 - 0.1 0.4 — 0.1 Trace

3 - -— — 0.4 — -— 0.1 Trace
Anteisc 130 -— — - 0.3 — 0.2 — —
0 0.5 0.5 — 0.5 0.3 0.3 0.2 —

1 — — —  Trace 0.3 0.3 - —
Iso14:0 - 0.5 — 0.4 0.4 0.4 — —
0 5.4 6.1 0.6 4.8 4.9 4.3 6.8 0.9

1 Trace Trace — 0.1 0.1 Trace 0.5 0.4

2 0.2 Trace — — — 0.3 0.1 —

37? — — — — — -~ Trace 0.3

4 ? — — — — 0.9 — 0.2 —
Anteiso 15: 0 2.5 1.5 — 1.7 0.6 0.3 — —
0 0.3 0.6 0.6 0.2 0.2 0.1 0.9 0.7

1 0.1 — — 0.2 Trace Trace — —

3 wb Trace 0.3 — —  Trace — — —

3 w3 - 0.3 — Trace Trace — — —

4 ? 2.0 1.5 — 2.0 — Trace Trace Trace

4 w3 Trace Trace - - 0.3 — — —

Iso 16 . 0 0.4 0.3 — 0.4 0.5 0.3 — —
0 19.2 19.3 30.3 31.4 28.3 27.4 76.0 31.8

1 w7 9.3 9.4 3.2 7.0 7.5 5.3 2.8 6.9

2 w6 0.6 0.7 Trace Trace 2.2 0.5 0.6 1.8
27 0.7 0.5 — 0.6 — — —  Trace

dw3 0.5 0.8 — 0.3 0.2 0.5 Trace Trace

4 wb — - — — — — — 3

4 @3 Trace - — 1.1 0.2 Trace Trace 11.3

5 ? — — — 0.6 0.2 Trace 0.3 —

Iso 170 —_ —_ — — 1.5 - — —
0 0.2 0.7 — 1.0 — 0.3 — -

1 0.3 0.3 — — 0.6 0.1 0.6 1.8

3 0.5 — — —  Trace Trace 0.4 0.2

5 — - 0.7 — — — — —
Iso18:0 0.6 - — — — 0.3 — —
0 0.6 0.5 1.6 0.6 1.5 0.9 3.0 0.6

1 @9 10.3 14.0 11.6 11.0 6.8 10.8 5.0 10.6

2 wh 7.5 6.7 11.7 4.2 4.9 5.1 0.3 8.6

3 wb 2.1 2.0 — 0.6 0.5 0.4 0.6 1.5

3 w3 5.0 5.5 6.4 6.7 13.0 9.9 0.3 10.6

4 w3 5.5 5.8 7.9 1.8 0.8 6.0 1.8 2.9

5 w3 — — — — — — 0.3 0.3
Anteiso 19: 0 1.1 — — — 1.0 — — -
0 — — — 0.4 —  Trace Trace —

2 0.6 — — — — — — —

3 w6 — — — 0.5 0.7 0.4 — —
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Table 37. (Cont’d)

Umito- Nokogi-

Fatty acid Arame Kajime Wakame Hijiki ranoo  rimoku Makusa Anaaosa

19: 4 w3 — — — - — —  Trace 1.1

5 7 — 0.7 — — — — — 0.6

2010 0.6 — 2.0 0.6 — 1.8 0.5 —

1 @9 6.9 0.4 — 2.4 2.5 1.0 0.6 0.7

2 [somer 0.2 Trace Trace Trace 0.7 Trace 0.2 0.1

2 w6 0.2 0.6 Trace Trace 0.3 0.6 0.4 0.4

3 wb Trace 0.6 — -—  Trace 0.4 Trace 1.1

3 w3* 9.6 13.2 14.0 10.3 8.7 13.8 3.2 1.1

37 — — — — — — — 0.3

4 w3 0.9 1.3  Trace 1.6 1.8 0.8 0.8 0.3

5 w3 4.3 4.6 3.0 2.6 5.4 4.8 1.3 0.3

21:0 — - — — — — — 1.1

3 w3 — — 1.0 — — —  Trace 0.4

5 w3 - — — — — — — 0.3
Is022:0 — — — — - — — 2.5
0 — — — 0.3 — 0.7 — 1.0

1 @9 — - — 2.5 1.3 1.0 — 0.6

3 w3 - — — — — — — 0.5

241 — — — — — — ~—  Trace

*May include 20 : 4 w6 acid

HEREEEO R D S HEEISIsERL14:0, 16:0, 16:1, 18:1, 18:2, 18:3 w3, 181 4w3x L1203
SEBRETH-e UL, BEEIZE-T2 ﬂbﬁiﬂj‘@%@aﬁm BhRODERPED LN,

20 0 2 BREMEMRIRMA L 2T NTOBEHIIAHE LY, AERIEhbOTEr ok, ThbE, T3 b

I/ ABETOT%E|mEEL, TIX, w04 HLUT7F 74 HIEET0.1~0.2%, 2 DMOISE LB

BB E L o7

Z -3

BRI QRSB 2 D W TR WL D A DO F S 3 5 , 2012 BEERDTFE
WTHESN TV RV, ULALEAS, BEEOHE, AIEE | B J UBRE 1 iz >w» sl %ﬂﬁzénﬂ
SOMUTAER, ZhSEEET NI 20 1 2 BRERS DA T2 2 e RSz, L2 L, ZOHFE
i, EhOTELS, Y3 b5/ 4 5B 50.2%KBTH - 72,

TZRTINI/A, AVX, JAF)EI ZEOEBBREYIFATEBETAZ LS NTVS
?ﬁ:gﬁiﬁ’é‘ 3, VIMI/ADRBEEES LU0 2 BREREEESRELHVY, BESELEEIIANE

IPT/ARDIDEMEEREE T ZOFNICHRTE LD 2V, LA 5T, wofIzBFET 5201 2
Mﬁﬁﬁma‘/\f AEBEERERICEART AL E 250 EBO L I TH 5,

+111,112,180,181)

119,120)
o

BA4E BRIIBIZ9H

BIEIREITIE, 8,11- 5 2001, 1420 1 2 BAYEC AL T 0 A4 ) 25 20 oA HRE A

R, T/, 2002 MEMEROFEIIOVWTOREIRS 25 4w,
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727, Y LEERESICERT A NS, sasd BRUEEEEDO Y 7 Y FETAIZDONT
20 1 2 BB O G & N,

x B K B
sl | OEUEISE T I0F g s g ) T Pseudolabrus japonicus, 7T # 4 Acantho-
pagrus schlegelii ¥k UEISENENT6 B Fali@gEs iy s Y FEy4 Cypselurus helerurus
diderleini OHE X OMEOFR, FHE, EREES L OWE PR, EEESLUZ 58RO 2RV
BEOHBES SUEHEBEMT S2BLRABLHETIT» /.

Table 38. The lipid content of marine fishes.

Species Male Female A
Muscle Liver Gonad Viscera* Muscle Liver Gonad Viscera™®
% % % % % % % %
Sasano habera 1.3 7.0 2.3 12.0 1.7 8.2 5.1 17.3
Kurodai 2.7 13.2 2.3 15.5 2.7 3.4 11.1 8.1
Tsukushitobiuo 0.7 4.1 2.4 4.7 0.9 3.6 2.6 3.1
* Excluded liver and gonad
Table 39. Distribution of eicosadienoic acids in the lipids of marine fishes.
Ispmer i 201 209 201 206
% % %
Male Muscle 0 Trace 0.5
s Liver 0.2 0.2 0.5
—§ Gonad Trace Trace 0.5
”§ Viscera 0.3 0.2 0.8
b Female Muscle 0 Trace Trace
& Liver 0.2 0.1 0.4
Gonad Trace 0.1 0.4
Viscera 0.1 0.1 0.4
Male Muscle 0 0.8 0.8
Liver 0 0.4 0.5
5 Gonad 0.3 0.3 0.4
B Viscera 0.3 0.4 0.3
2 Female Mauscle 0.5 0.4 0.2
Liver 0.3 0.4 0.1
Gonad 0.4 0.3 0.2
Viscera 0 0.8 0.5
Male Muscle 0 — 0.3
g Liver 0 — 0.4
'_g Gonad 0 — 0.1
E Viscera Trace — 0.3
_g Female Muscle 0 — 0.2
5) Liver Trace - 0.4
Gonad 0 — 0
Viscera 0 — 0
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BE ik LoUILEESEEEDEBEICE B3, 11-
LU S5-I T UBOBEERE

ATET, 20 2MBNFIY 0BT, SEBEBENTCOBT 226 E2ME2IZL A, 1284
BT, v ERERIEE RO 20 I 2 BB S 3,11- L U5, 11-20 1 2EELRE L, 2R 5 BRI/ Sy o R
BT LERGE GLC ST, S8 L HY 2B,
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FABCT, VoEBREEETIIHEET S 20 2EEMNAE3,11- 5LU5,11-20 1 2E8CH B I EE M5
1Zl720 UL, P2ilB 332N BEEROGFELRIITRHETH 3,
2T, ToEMEESJOWNEEE I CEITS 3,11- 5L U5,11-20: 2B D EEILR R T,

= B 5 &
HE S2BCHEHBEL AV AMES L UREO TL, PL 5L USRERMEIEE (NL) OEIFEA F LI X
TUEMBRIR TLC ILL>THEL, BohaVz vBES Vs,
IERFEE MR HF4E, S4HEER2BETIT 7,

£ B E R
Y oHTER B X UREO TL, PL 5 LU NLOFAZ O F T L1102 NFN4ED 0 2B — 7 K%
anr, 2hs 3ESEEE LUEED 11, 14-20 . 28125+ 5 SF 25 3,11-, 5,11-, 8,11- & 011,
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Table 40. Relative amounts of eicosadienoic acids in the lipids from gonad and viscera of

sea urchin,

Position of double bond

Lipid class

(3, 11) (5, 11) (8, 11) (11, 14)
% % % %

TL 30.6 4.6 4.2 20.6

Gonad PL 46.0 37.7 2.4 13.9
NL 29.8 44.8 3.8 21.6

I'L 34.8 48.8 4.5 11.9

Viscera PL 45,3 45.9 3.1 5.7
NL 32.9 47.1 4.9 15.1

NEE2LHIIRT, FMESLVURBOTNTORET 3,11- XU 5,11-20: 2 BOGFALREIFL,
§,11-20 . 2B 2 NABELED - 72,
T, EEEEIUARE HI2 TL & NL T3, 3,11-20: 28 &0 % 5,11-20 2B S <, 20:2
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BRREAOMO0% & 7z, Zhizxtl, PL T 3,11-20 1 2B B A 008, EEH O PL 720 12
FREVER D%, PIBS PL CHI50% % &z,

100
80

60}

Proportion (%)

40

20

0
PL NL

Gonad Viscera

Fig. 22. Proportion of 3,11- and §, 11-
eicosadienoic acids in the lipids from
sea urchin.
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Table 41. Relative amounts of 3,11~ and 5,11 -eicosadienoic acids in various marine animals
and seaweeds.

Materials (3,11) (5, 11)
Shellfish % %
Mategai Muscle 0 100
Viscera 0 100
Kagamigai Muscle 84 16
Viscera 54 46
Kuroawabi Muscle 63 a7
Viscera 35 65
Sazae Muscle 55 45
Viscera 57 43
Oockoshitakagangara Muscle 74 26
Viscera 100 0
Echinoderm
Manamako Muscle 49 51
Viscera 48 52
Ttomakihitode Whole 0 100
Seaweed
Arame Whole 100 0
Kajime Whole 5 95
Wakame Whole 24 76
Hijiki Whole 0 0
Umitoranoo Whole 5 95
Nokogirimoku Whole 14 86
Makusa Whole 100 0
Anaaosa Whole 100 0
Fish
Sasanohabera (Male) Liver 21 79
Gonad 34 66
Viscera 43 57
(Female) Liver 33 67
Gonad 79 21
Viscera 43 57
Kurodai (Male) Gonad 56 44
Viscera 56 44
(Female) Musecle 70 30
Liver 63 37
Gonad 68 32
Tsukushitobiuo (Male) Viscera 47 53

(Female) Liver 60 40
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2028, TIA, voHBEEUT ST AFIEETING,11-20 1 2B IIFAEL P07 MO E I
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Summary

The component fatty acids of a vast number of marine organisms have been clarified
since the gas-liquid chromatographic technique came to be applied to fatty acid analysis
in biochemical research. However, most of these investigations have dealt with the
composition of major fatty acids.

The component fatty acids of the gonad lipid from sea urchin are very complex as
compared with those of other marine animals, and show severe overlapping of many peaks
in gasliquid chromatography (GLC) on DEGS column. The elucidation of the fatty
acid composition of the gonad lipid will be of great value not only from the viewpoint
of lipid research of marine organisms, but also from the standpoint of food chemistry.

Urea-fractionation technique or argentation thin-layer chromatography was, therefore,
adapted to preliminary fractionation of the mixed fatty acid methyl esters according to
the degree of unsaturation for the purpose of detailed studies of component fatty acids
of the gonad lipid, including the detection of minor components and unusual fatty acids.
And then the fractions obtained were applied to GLC.

By means of GLC combined with urea-fractionation technique, it was found out
that fatty acid composition of the gonad lipids from sea urchins, Strongylocentrotus
pulcherrimus, — Anthocidaris crassisping, Strongylocentrotus nudus and Pseudocentrotus
depressus, differed from that of marine fish oils in comparatively high percentages of
14:0, 18:4, 20:1 and 20:3 acids, and in a high proportion of long-chain faity acids in
spite of the fact that C,, polyunsaturated fatty acids and longer chain ones than Coy
fatty acid were not detected. The differences in the fatty acid composition among the
different species and sources of sea urchin were not distinct. Through urea-fractionation
technique, however, the total esters could not be resolved efficiently enough for quantifi-
cation of the components.

The combination of GLC and argentation TLC showed satisfactory separation, giving
detailed and accurate fatty acid composition of the gonad lipid from a sea urchin, A.
crassispina. A total of 76 fatty acids, including a number of branched-chain fatty acids,
polyunsaturated odd-numbered ones and positional isomers of unsaturated fatty acids, were
tentatively identified on the basis of chromatographic behavior. The major components
were 14:0, 16:0, 18:1w9, 20:1w9, 20:3w3 and 20:5w3 acids.

In these experiments isomeric 20:2 acid which had not been previously reported in
marine source, was detected in fairly large quantities in the gonad lipids of all sea-urchin
species examined.

This finding led the author to the clarification of the distribution of the isomer in
the lipid classes of a sea-urchin species, S. pulcherrimus. The lipids from the gonads and
the other viscera were analysed for their fatty acid components by GLC, after being frac-
tionated into the main lipid classes by silicic acid column chromatography. The isomer
is widely distributed in afl the lipid classes from both the gonads and the other viscera.
Its percentages in the gonads and the other viscera ranged from 5.0 to 7.5%, and 5.4 to
8.3%, respectively. Furthermore, much of the isomer was present in only two classes,
i.e., polar lipids and triglycerides, in the amounts of about 95% of the total weight of
the isomer in the whole visceral organs. Its quantity in the gonads amounted to about
70% of the total.



151

The isomeric 20:2 acid was separated in considerably high purity from the gonad lipid of
a sea-urchin species, 4. crassisping, by using a variety of analytical techniques. The mixed
fatty acid methyl esters were subjected to wintering, fractional vacuum distillation and
urea fractionation. A fraction rich in the isomer was thus obtained. The fraction was
purified further by argentation column chromatography, TLC on silica gel impregnated
with n-undecane, silicic acid column chromatography and silica gel TLC. Two fractions
of comparatively high purity of the isomer were obtained after the final process, the
purities, expressed as percentages according to GLC peak areas, being 97.8% and 98.4%
respectively.

In addition to the results of GLC analysis, both chain length analysis and hydrogen
uptake measurement were carried out with one of the final products. Quantitative
hydrogenation of an aliquot of the isomer produced methyl arachidate, its hydrogen up-
take being 98.8% of the theoretical value for 20:2 acid. Accordingly, the isomer was
confirmed to be a dienoic fatty acid with straight chain of 20 carbons. Relative reten-
tion time and separation factors of the isomer were not same as those of 8,11-20:2 acid.
These observations gave evidence that the acid is isomeric 20:2 acid itself.

The double bond positions in the isomeric 20:2 acid were determined by means of
mass spectometry, periodate-permanganate oxidation, alkaline isomerization, GLC analysis
on capillary column and hydrazine partial reduction followed by periodate-permanganate
oxidation.

The isomeric 20:2 acid of the lipid from sea urchin was proved to consist of two posi-
tional isomers on the basis of GL.C analyses of periodate-permanganate oxidation products
of the final two products. One of the isomers yielded mainly nonanoic and suberic
acids on oxidative cleavage, and gave no characteristic absorption of conjugated dienes
in the UV region after alkaline isomerization. These findings indicated that the isomer
was a hitherto unknown acid, ie., 3,11-20:2 acid. The other isomer was identified as
5,11-20:2 acid which is rarely demonstrated in marine organisms. It produced nonanoic,
glutaric and adipic acids on direct oxidative cleavage and nonanoic, pentadecanoic, glutaric
and undecanedioic acids on oxidative cleavage of its partial' reduction products.

It would be interesting to find out if such isomers are distributed in the lipids of
marine organisms. For that purpose, the distribution of isomeric 20:2 acids in various
marine organisms was investigated. The isomers were proved to be present not alone in
the lipids of sea urchin but in other lipids from many marine animals and seaweeds.

In the shellfishes examined, the isomers were widely distributed in both the muscular
and visceral lipids from all the species with a range from 0.4 to 1.0%. No distinct difference
in the percentages was appreciable between the following two classes, i.e., two bivalves,
Solen strictus and Phacosoma japonica, and three gastropods, Nordotis discus, Batillus
cornutus and Omphalius pfeifferi carpenteri.

Of the echinoderms, trepang, Stichopus japonicus, contained the isomers in a level
similar to those of shellfishes in the muscular and visceral lipids, but the lipid of sea star,
Asterina peciinifera, showed a high percentage of the isomers second to sea urchin among
the marine organisms examined.

The lipids from the seaweeds, six of the brown algae, Fisenia bicyclis, Ecklonia cava,
Undaria pinnatifida, Hizikia fusiforme, Sargassum thunbergii and Sargassum servatifolium,
one of the red algae, Gelidium amansii, and one of the green algae, Ulva pertusa, contained
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the isomers in traces or in very low percentages.

In the marine fishes, the distribution of the isomers in the muscular, liver, gonad and
visceral lipids of both the male and female varied widely with the species. Labridae,
Pseudolabrus japonicus, and sparidae, Acanthopagrus schlegeli, contained the iscmers in
traces or very low percentages in the lipids from several different tissues. Flying fish,
Cypselurus heterurus doderleini, however, contained the isomers in traces in the lipids
from only two different tissues.

Their quantity was much smaller in these marine organisms than in sea urchin. These
findings disclosed that the isomeric 20:2 acids were no characteristic constituent of
sea urchin.

The proportion of 3,11- and 5,11-20:2 acids in the lipids of sea urchin, S. pulcher-
vimus, and of marine organisms in which the isomeric 20:2 acids were detected, was
estimated. All the lipids of sea-urchin gonads and viscera were proved to contain both
3,11- and 5,11-20:2 acids. In the total lipids and non-polar lipids, 5,11-20:2 acid
was present in a slightly higher proportion than 3,11-20:2 acid, but in the polar lipid
of gonads the relative proportion was reversed.

Shellfish lipids showed a high proportion of 3,11-20:2 acid and the lipids of tegula,
0. p. carpenteri, contained only the acid. However, the acid was present neither in
the muscular lipid nor in the visceral lipid from razor clam, S. strictus.

Of the echinoderms, trepang, S. jepomicus, showed about equal proportion of the
two acids in the muscular and visceral lipids, but the lipid of sea star, A. pectinifera,
contained only 5,11-20:2 acid.

Seaweed lipids showed a high proportion of 5,11-20:2 acid, but the acid was not
detected in the lipids of E. bicyclis, G. amansii and U. pertusa.

Of the marine fishes, P. japonicus and A. schlegelii, showed a high proportion of
5,11-20:2 acid and 3,11-20:2 acid in the lipids, respectively. Flying fish, C. h. doderleini,
showed about equal proportion of the two acids in the visceral lipid of males and a
slightly high proportion of 3,11-20:2 acid in the liver lipid of females.

The 3,11- and/or 5,11-20:2 acids were found not only in sea-urchin lipids but
also in various lipids of marine animals and seaweeds examined, excepting A fusiforme.
There was no regular pattern relating to any of the taxonomical groups, tissues, feeding
habits or sexes in the proportion of the acids. However, sea urchin was distinct from
other marine organisms with large amounts of the structurally unusual fatty acids, 3,11-
and 5,11-20:2 acids.

The origin of the acids in sea urchin, therefore, had to be considered. Sea urchin
feeds mainly on seaweed, although it has a omnivorous tendency. Essential difference
was found in the amounts of 3,11-and 5,11-20:2 acids between sea urchinand seaweeds.
Thus, the amounts of 3,11- and 5,11-20:2 acids in the gonads were respectively about
300 and 50 times as much as those in seaweeds which contained each acid in largest
amounts among their species, and these amounts in viscera about 150 and 20 times of
those in the seaweeds, respectively.

This difference. between herbivorous gastropods and seaweeds was not so distinct as
that between sea urchin and seaweeds. In view of these differences, it is almost unlikely
that the acids derived directly from diets are accumulated remarkably only in sea urchin,
Accordingly, biochemical conversion of the dietary fatty acids in sea urchin may be
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responsible for the accumulation of greater part of the acids.

The lipid from sea urchin showed lower percentages of 16:0 and 18:1w9 acids, and
higher percentages of 20:1w9 and isomeric 20:2 acids as compared with the lipids of
seaweeds, but the percentage of 20:0 acid was not so distinctly different in both the
lipids.

The possibility of biosynthesis of fatty acids with double bonds at the 34- or 5,6-
position has been presumed or proved in Aster alpinus, slime mold and rat.

The following probable conversion pathway may be analogized from the basis of above-
mentioned findings for 3,11- and 5,11-20:2 acids in sea urchin.

o 3,11-20:2

16:0 —> 18:0 —> 9-18:1 —> 11-20:1
° ~~ 5112022

Fatty acids containing non-methylene interrupted arrangement of double bonds have
been previously demonstrated in terrestrial plant oils, and were recently found in some
marine shellfish species.

It is noteworthy, however, that the sea urchin contains fatty acids with hexamethylene-
and tetramethylene-interrupted arrangement of double bonds, 3,11- and 5,11-20:2 acids,
in larger amounts than any other marine organism. It is possible to consider that 3,11-
20:2 acid may play a physiological role associated with reproduction of sea urchin.



