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Studies on the Lipid of Aquatic Products (Part 4)

On the Flesh Lipid Composition of Cephalopods

Bong-Seuk Ha

College of Science & Engineering,
Gyeongsang National University, Jinju, 620 Republic of Korea

Differences of lipids, especially total lipid composition, fatty acid and sterol composition of
the flesh lipids between three species of cephalopods were investigated, since available resear-
ches concerning lipids in flesh tissues of the cephalopod are very limited.

Extracted total lipid from the flesh tissues were fractionated by silicic acid column chromato-
graphy into three lipid classes of neutral lipids, glycolipids and phospholipids.

The lipid compositions of total lipid and neutral lipids were estimated by the method of thin
layer chromatography and TLC-scanner. The sterol compositions of unsaponifiable matters from
total lipid were determined by using thin layer chromatography and gas-liquid chromatography.
The fatty acid composition of each lipid class was also. determined by gas-liquid chromato-
graphy.

Total lipid contents of flesh tissues from three species of the cephalopods were 0.5 in Octopis
vulgare, 0.8 in Octopus variabilis and 0.6 % in Loligo beka based on wet weight, the contents of
total fatty acid in total lipid were 19.3, 47.8 and 38.4 9%, and the contents of unsaponifiable
matters were 10.9, 18.8 and 41.1 %, respectively.

Total lipid was mainly composed of sterols and polar lipid-pigments as major components in
each sample and the proportion of stercls and polar lipid-pigments to total lipid ranged from
27.0 to 35.5 % and 38.3 to 63.4 %, respectively. The other lipid components of total lipid, e.g.
triglycerides, free fatty acids, and carbohydrate-esterified sterols were determined as a minor
components.

The major component fatty acid in total lipid was palmitic acid and additionaly it chiefly con-
sisted of the other unsaturated acids such as oleic, linoleic, octadecatetraenoic and eicosapent-
aenoic acid as major components of the acid.

The compositions of sterol in three species of cephalopod were found to contain mainly
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<holesterol for its proportion to total sterols was 82.4 to 89.1 %. However the other sterols
such as 22-dehydrocholesterol and 24-methylenecholesterol were determined in addition to
cholesterol as a minor components.

The result of fractional composition of lipid class in total lipid was that total lipid had large
amount of polar lipid and small amount of nonpolar lipid i, e., neutral lipid in each sample,
and the contents of phospholipid were higher than that of glycolipid in polar lipid.

Neutral lipid was mainly composed of free sterol as major components in each sample and its
proportion of free sterols to total neutral lipid was 50.0 to 70.5 %. The other lipid components
of neutral lipid showing similar in quantity, esterified sterols, free fatty acids and triglycerides
were determined as a minor components. The major components fatty acid in neutral lipid
were palmitic, oleic and hexadecadienoic acid.

Palmitic acid was the most abundant and additionaly oleic, linoleic. octadecatetraenoic and
myristic acid were the major component fatty acid in glycolipid. But, especially, glycolipid of
Loligo beka contained a higher amount of arachidonic acid which also consists of major

component in addition to those of acids.

Palmitic acid was the most.abundant and additionaly., oleic,

linoleic and octadecatetraenoic

acid were the major component fatty acids in phospholipid.
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Bt MyRGe: FAF L dv 3HEY HEM
E #AEE st o] F BHuelAd siHE RIREY B
BURER s BB 2 sterol MERE st ot

a8 3 b4 #MISHS column chromatography ¢
WA RYEIRE, WIRE ¢ HREE S#jsida,

o] & #£ lipid class 9| JRREEMEEKS st EHE
e HRIEES RBES ik B stk

R R ik

Lok B

REE FAT FEREY EEe WEEHE Table
13} e, o] 5 HEE kifkstd TH== Ekst
a, Hs AEES BRET AEE HEhd MY
gk A& REEAY 2158 5= chloroform-meth-
anol (2:1) F¥ol —BBRRUIHE 3 +=ts), Bligh
& Dyer ol wte} fRifistel MIEHE 43k

Table 1. Sample data of the cephalopods
which were caught in September
1981

Species

“MUNEOQ” (Z¢1) Sangju-Ri, Idong-Myeon

Octopus vulgare Cavler Namhae-Gun, Gyeong-

Nam

Sangju-Ri, Idong-Myeon

Octopus variabilis Namhae-Gun, Gyeong-

Sasaki Nam

“GGOLDUGI” (¥%7]) Changseon Myeon

Loligo beka Sasaki Namhae-Gun, Gyeong-
Nam

Locality

“NAKZY” (=)

« » Korean common name of cephalopod.
( ) Korean common name of cephalopod in
Korean letter.

2. SIS Mk

D REFS By 28 @ =&

fieme) mae thin layer chromatography
(TLO) ke A &% 3 FHe s

A1, wakogel B-10 =} ¥ AkE 1.1:1.99 [pE=
BAE AL 20X20cm &) galss-plateo] F7 0.5
mm 7} 5 EE @izt nlE plate T ZRFANA
g7 vksl, 105° Coll A 60 MM FEMEALAl 712,
Fil ether (B.P. 40~60° C)- ethyl ether-acetic
acid (80:20: 1) EBIEH (Kates, 19752 1R
LR kst BRIBEET S#Esides, 0.03%

rhodamine 6G ethanol -2 BER fHElS
UV-light (3,600 A)=AMs Bae BEsdw,
=3 55% HBR-K:Cr. 0, A¥S Bafs st
of 120~130°Coll A JRbA1A EEEERES RffEs}:
st RIS Ba€ RFestyct.

free sterol (FS)e] jm#hjgm=x cholesterol 5}
lanosterol (HAEFFH e}ul it E, free fatty
acid (FFA)% linolenic acid (HAKL{LBT 8
RG-S, triglyceride (TG)L: triolein (R
Sigmafb A&t #)E, esterified sterol (ES)=
cholesterol palmitate (H ALK Tikkt &t 8=
£ EHSA

ae)x TLCo ksl o 9 HEd AEe
Shimadzu CS-910 TLC—scanner of #3aj 4] R}
Ho, 25 BfFS Table 2 9} 2o},

Table 2. Operation conditions for TLC-
scanner

Instrument Shimadzu dual-wave length

TLC-scanner (CS-910)

Wave length 350 nm

Slit Height; 1.25mm

Scanner speed 20 mm/min

Scanning method Reflection zig-zag by single-
wave length

2) RIRES IRBSERMK

H#Ed & Bl REBHE HXEmBoFRR%
(AAM{b2Ee, 1966)0.2 g@ibit & Rt
fapssoz 2l stiox, RSl BABRYRE
methyl ester {b(H A H MMM, 1966)3+
o} GLCo {kste] i Emstgiet. GLC o 247

Table 3. Operation conditions for gas-liquid
chromatography

Fatty acid methyl

Items ester analysis Sterol analysis

Instrument GLC (Shimadzu GLC (Shimadzu
GC-6A) GC-6A)

Column DEGS (15%) glass OV-17 (1.5%)
2m¥X 3mm 1. D. glgl;la)ss 2mX Imm

Column o

temp. 165 °C 264 °C

Detector

oven temp. 180 °C 280°C

Carrier-gas N,. 60 m!/min N.,. 60 ml/min

Chart speed 5mm/min 5 mm/min
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#4482 Table 33} 7t o], [EHFEELHES methyl ester
+ BARR{LERTERY GLC A ##Ees Aty
3, EEERCE HIR & peak o WHILE I
BREo 2 Hrstqch

3) REMBES] sterol AKX

el A delxl & ke Fépftipe TLC 24 #
#at fraction (Fr.)e 2 H@Estygcl. TLC = ¥
1t=l plate o FHE FE{LH-S chloroform o] 10
% wiel =% BEY A¢ plate® 0.3ml4
line spotting #}ed hexane - ethyl ether (7:3)¢]
EEAREEA 18 Bt

EEH L 0.01 % rhodamine 6 G ethanol iE2
EEstdx, UV-light (3,600 A= £ RE 33
154 Fr. o] 4fsle A& BERstged & o)
A} ‘ethyl ether 2 glass-filter (3G 2)& i Astw
A Elsta

ethyl ether & stz ¥& AL BRI}
Fr.19 KR 2 9, o)s}9 TLC chroma-
togram 2 Fig. 13} 7},

Solvent front

Spot line

Fig. 1. Separation of the unsaponifiable
matters from flesh lipids of cephalo-
pod by TLC.

Absorbent : Wakogel B-10(500~ in thickness)

Developing solvent : hexane-ethyl ether (7:3)

Indicator : 0.01 % rhodamin 6G-ethanol soln

28] 4 sterol &) #K-S Fr. 19 RS acetone

Bz 8 AE BB std GLCH kst 4
B, =& stgth. GLC 9 H¥if#e Table 33}
Zod, GLC AH¥S B3 Eissterol & choles-
terol, brassicasterol, campesterol, stigmasterol
3} sitosterol & BAKIEBIRHMNE £4 £/
etgich. gk E¥ cholesterol(18min)2] RRT &
HE# (1.00)2.2 4% sterol &) RRT & #HHsle fe
BEgsl e hriow FE 2 &g

E=

&

4) FEBEREY BEREY 48 9 =B

Bligh & Dyer 3ko 2 #jlisle 9 HISHL &
f column chromatography o {k&he] rrija/,
WIRE € HIBEY & lipid class 2 43 (Bader
9} Morgan, 1962; thit o} K, 1967)si9ic}.

A, R (100 mesh, Mallinkrodt f80)-& #im
KE st Bilihe BREdha, o4
2 EEel ZEWsHAl g 7t=] kel
o] {ERAMPIAA 12 Bl B A e

TEYE(ES BBk 15 2% chloroform 30~50 m! o #%
®A17A teflon cock 7} HiE= column (1.8X40 cm)
ol 3—3] FEF ©H, EIE  150~200 mg &
chloroform 5mi o] BT AL columne] HEAG
B Bt 2~3ml/min o] HiiH o = Salkowski HB
(Kuchmak ¢} Dugan, 1963)e] papke] =ul 7=
chloroform o 2 48RS #EE 19w, Anthron
B (AARLELBERHE, 197422 Bt 2« 7%
acetone ¢ 2 $EIBHS BEEta, oo ninhydrine
#5% (Rouser 4, 1961)0] o] 2w} 7+%) meth-
anol = SEIRE-S #lE 3hd o).

A9 A7k @4 B 4 lipid class & evaporator
A4 BHEE WRY oL, Fisd olid 4RS
HE sl

3. hiEfRES MK

1) $PERES Ba 28 2 &f

BERR column ol 4 3% diEfEES TLCH #
stq 2 MRS 28 =& sg )

B, 29 DellAg} o] =t plate & sl
n~hexane - ethyl ether - acetic acid (80 : 20:1)9
EBHEEGEY, 1978)2 hERY BREEe 4
Bstglox, RIREY HiB F—% Bam, o=
I REENRE S RfEe} Hggstd MR Roe F=
kg oh

azla TLCo| fkale] £t 9 mE= £mEES
3 298 D3} 2 Kk el 2g sty

BlES) MEE (29 D) 2 g (39 ))&
TLC Z 43 chromatogram 31 4= 4% J8E Y
spot & TLC-scanner off &84 3k profile 9
Bormhiss &% Fig. 2, Fig. 3¢ flRstA).

2) hYEIRES IR

REER column o f&ksle] HEIRE wiEisE A9
—WE 29 29 & FHEoE @Y % methyl
ester b 3le] 9L ELIEEHE methyl ester &
Table 331 & H#A GLC = wE shoch.

methanol
110°C

1.0
Bras
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Separation and identification of lipid
composition in lipid classes from flesh
lipids of cephalopods.
Absorbent : Wakogel B-10 (500 in
thickness)
TLC plate & developing solvent :
Plate (1) for total lipids :
petroleum ether-ethyl ether-
acetic acid (80 :20: 1)
Plate (2) for neutral lipids :
n-hexane - ethyl ether - acetic
acid (80:20:1)
Indicator : 50 ¢4 sulfuric acid-potassium
bichromate soln

Samples :

Plate (1) : 1. Octopus vulgare
2. Octopus variabilis
3. Loligo beka
1. Octopus vulgare
2. Octopus variabilis
3. Loligo beka
Components identified :

Plate (1) : a. Hydrocarbon &
esterified sterol
Unknown
. Triglyceride
. Unknown
. Free Fatty acid
Unknown
. Sterol
. Polar lipid &

pigment
Plate (2) : a. Esterified sterol

b. Unknown

¢. Triglyceride
d. Free fatty acid
e. Free sterol

Plate (2) :

Tt oo ono0 o

(1) (2}
Intcgrrtien cure f—
e
Frehia curvs [T —

S
" !
ek
and b 16 ERa um o },igx?"". £ wk T meA pw
Fig. 3. Distribution profile and integration

curve obtained by zig-zag scanning to
zones on thin layer chromatograms of
lipid classes from flesh lipid of cepha-
lopods.
Numbers on profiles obtained by TLC
scanner are represented as :
(1) : Total lipids from Octopus
variabilis
(2) : Neutral lipids from Octopus
variabilis

4. BEEIRETS BBy BRAH AR

BB column o fkste] Ar{Hlst HEIRE 3 HRE
Hiyel —#E Heted 39 209 T HEoR ER
stgl =t

R R BR
L MBES &4
AEAA MR RBH BEHR R TAdth
8 & Table 4 ¢ et

Table 4. Content of total fatty acids and
unsaponifiable matters from flesh
lipids of the cephalopods (% in weight)

Total lipid* Total fatty Unsaponi-

Species (% in wet acid in total fiable mat-

base) lipid ters in
total lipid

Octopus

vulgare 0.5 19.3 10.9
Octopus

variabilis 0.8 47.8 18.8
Loligo

beka 0.6 38.4 41.1

* Extracted by methanol-chloroform solvent
(by Bligh & Dyer method).
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SHEES £#EH Hi #BHe &R
0.67% oloz, HBREARE RETHERS 2~2.4
% (ERES KAER 0 70~75 %)7F A+

o]z, WH o #k (1975)7F 227 &M P ¥
HEWmY B IBEA R Ha HHE sl o
Lophius litulon = 0.4 9, 1 7§ o) Trachurus
trachurus | = 1.2 94, A7}=tn]
steini ol = 2.4 9%, E7}=b9|
= 2.2%, 2y
%, 2.2l Eo} Carassius carassiusoll = 1.1 %=
£&% A% A Hksld 22 FiFelzin &
+ ek

22 T4
F.5-¢] Scomber japonicus (14. 1 %), Aol Clupea
pallasii (8.3 %), &<0] Oncorhynchus nerka (8.1
9>, 2ol Plecoglossus altivelis(4.8 %) 2 Hule]
Spirinchus lanceolatus (9.9 %) o] Hdtd K3
B o fFejw, w3k Ao o] Ommastrephes sloani
pacificus & 37 9.4 o] Thysanoteuthis rhombus 2|
FEAA sl fiage &l &% 28.3%%
3.9 %7t "t Aol Weld = EAK Hne R
BHeaRL Asl 22 4REE vehla e

s, REBES Afsts Faithae LEd
B Q975)7F BT T BWel s REEC e
o] 1.7%, 5ol 0.74 %, ZA7}=bn] dl= 1.18
%, FEA e 1.75% B o] ok 5.46 %7t &4
GaETs A 3k, & HB #8 BEHEH
o] Bmgel e Eolrt MIBEA #slod 10.9%, A

Limanda herzen-
Kareius bicoloratus &

Hypomesus japonicus o) = 1.2

7} 18.8 %24 #MF3 ¥ GRET vehiz g+

HAEEA A 5, #3 FFrde Fafbiiel &5
Hell #3tod 41.1% 2A 2 R4 BHEYL =R
7t gk

o]zl & W H(1976)0] FAKIE o] Anguilla
Jjaponicus Hr3e) KARRE S Eol 24.56 % o1, IR
Hell #sle Fagibdpiol 0.92 %7 = gzisl
REgEtd s B%s| & 25 vebilz 3lol, Rk
We HEHL RBHARANE WYl KEMNY @
BEa fielstn 44l

EEBA A, #E2 EHERY Huel MBES
EFK e FiitipEe, W (19817t ARAERE 15
B RIEGA RS wRHEREC #sld 0.8~4.3%
7t 51, ol & MIBHEY Hitd Far{thRol 6.9~
33.5 %7F "tz A AE FLstgl ex, Jangaard
9} Ackman (1965)6] 2R o] Illex illecebrosus (Le
suexr) 2| el MIBES] A& 2.0%7F A2

Sebastolobus macrochir (11.9 %),

%

FRALDES RIBH Bahod
ARk A3k —Bae.

2. MRS Mk

D MRS Bt BEASY 4R

BERES fRste BREERS S TLC ¥ TLC-
scanner 2 4B, RSl o0, 2 #HE: Table 5
o zet,

MIRE S BBIBERFAA, sterol fisrs} i@
BRE—tR BEEY SRS MRE #Hald
27.0~63.4 %54 , £&fNA LEpmes & &
HE vl glol BB EHHE olF1 98
+ o 4 gl :

aEla o]Ze  Hished RffH-} 0.20% RAEMRE
o] 2 99 HREE JYebln glew, 24t TG,
FFA gl RILAE-ES BAEL V&Y %52 3)
o,

o] & Tl A= sterol g4yl SEAMI 27.0~
35.5% QL Al kst HEHEBE-GRESEY
GRAAG7L 38.3~63.4% o] 2R olzlel BEE
B ol o, HEES B B
40P EEMRERE 52 afe #Esly d&
+ 5 5 stk
Table 5. Composition of the total lipid from

flesh lipids of the cephalopods (%
of total lipid)

12.8~15.1 %7} &

Lipid Octopus Octopus  Loligo
components vulgare wvariabilis beka
Hydrocarbon 2.9 2.9 1.6

& ES
Unknown 2.1(0. 60)*
TG 3.6 2.0 1.2
FFA 0.7 5.9
Unknown 10.7 3.0(0.20) 23.9(0. 20)
ST 35.5 28.9 27.0
PL & pigment 47.4 63. 4 38.3
ES : Esterified sterols TG : Triglycerides
FFA : Free fatty acids ST : Sterols

PL : Polar lipids
* Numbers in parentheses are Rf values of
unknown lipid components.

o] #Hx Jangaard ¢} Ackman (1965)6] New-
foundland B¢ 23 o] Illex ilecebrosus &) FFihE o]
E JeEtEREe ¥ 70% BES aFdgn & A
7} 7.8l3 Hayashi ¢} Yamada (1972)7} 42 H.
discus hannai 0| W = JEMMERE] 92.1%.
Rigfthpol 6.8 %7} &% GEAT FET FK
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KEWS BBEA WY 7R (B4

o RERA S GREe "HEgolglel.

ZEla BB (1972)5) 586 Trochrus jeponicus
Brel £ R G &£ ¥ 1.017% BE
7t Atz @ET At kB (EH Q9707 B
37 BlETel FJiel A &:3Este ol Dncorhynchus
masou & HEFHANA HHY BEHA = FHRY
(TG)o] 58.9~75.4%, HWEfEHEel 16.1~25.5%
7t BE ABTT #BE T dE —RAEY B
Wihel #Ha 2 kst T MEY 2R/ des
& 4 3t

EE K o Ul (19747 22 Fo]9 HEE
HMEZR 3t ol & BAA HhHR BIRES hydro-
carbons ¢] 0.4~0.8 %, esterified sterole] 0.7
- ~0.9%, triglycerides 7} 58.9~75.4 %, diglyce~
rides 7} 2.5~2.7%, free fatty acids 7} 0.8~6.1
%, sterolso] 3.8~5.6 % 1.2, phospholipids 7}
16.1~25.5 % 24 #REcty § ®Eo Higsld =
BB B & R Ul

a# b Jangaard o Ackman (1965)e] 93¢}
Illex illecebrosus HEIe) ISR v hHEFRE, KA
it¥r 2 esterified sterol S 4% MIQH
¥i5ted # 3%, phosphatidyl ethanol amine 3}
sterol B4+ &3te] #37%, lecithino] # 34 %,
LB 3 RFEERERS ] #7126 %7t £4 Sf=ch
I 3 FESe & —HAC

g, Table 464 & 4 99 & ANY, EF7)
Bre BRETY FeitRe] 41.1%24 B4
o} Ao JhEte] #Esl w2 22 Table 5442}
Zol EFrlolE RFfEi7} 0.20 9] REEIE &
IBE #stod 23.9 % Hol, Fo] (8.0%), =l
(3.0 %) Rfffiz} 0.20¢] REERELE Eoi=

3~4 ffel o whol &K% HFelvln HER

Rf a7} 0.20 8 REERHE-L sterol 8 RffE7}
0.1191 ZHel Hldled Eigk alcoholql o2 Hm
v BE mEpH REE Festr ZHd.

2) RIBH Talimsk

MIBES #Este BUYRS GLCE 2 &%
= Table 63} 7c},

BRERS Kii=, RE® 14~209 fgf@
monoene B X FEEMEZ 2~5 2] polyene o2
HEREA 48 & 5 g

MFMBRET = Cuo BRI 8T GRS
7} 21.3~38.5 %)0] 7t Bt CiaoB(1.8~6.5
%ol = &2 2 gk

A, Faf@sde Cual (4.2~8.8%)

Table 6. Fatty acid compositions of total
lipid from flesh lipids of the
cephalopods (Expressed as peak
area percentage)

Fawy acids  ooobs  DROBRL gt
C 1420 1.8 3.0 6.5
C 500 0.4 1.1 1.6
C 160 38.5 22.9 21.3
C 1820 0.5 0.3 0.8
z 41.2 27.3 30.2
Cienn 4.2 2.8 8.8
C st 13.1 11.1 10.5
C - - -
p 17.3 13.9 19.3
C 162 2.8 5.7 1.7
Cis:2 10.5 6.5 17.0
Cis:s 0.7 1.3 1.0
C s 6.9 6.9 8.7
C 2012 0.3 1.3 0.8
C 2014 7.5 - 1.3
C 2015 7.8 5.4 6.1
b 36.5 47.1 36.6

C s 8 (10.5~13.1 %)% monoene @3}, C i 2
(1.7~5.7%) 4 Cu:2 8 (0.2~10.5%)9 diene
B, 272 Cuui (6.9~8.7%) 2 Cos B (6.1
—25.4 %)9] polyene Bol A Shstn L9

EL
Octopus  vuigare
30
3
obr= + 13 ﬂ I—LH + [ [l ﬂ
45
2 Qctopus  variabilis
E 30|
* ol + e ﬂ Ol - D
a5
Litigo beka
kY
15 H
ol 00 ,IH 1 N
Cia:0Ge0 Cso Gt Cigel Cs:2 Q82 Cig3 CBig Cao4 C20:5

Carbon Number ( +;present but<1.5% )

Fig. 4. The specific patterns of major compo-
nent fatty acids of the total lipids from
flesh lipids of cephalopods.

— 65 —



"

*}.

#Ee HEE Aleldl vehvie BEBERS =
£E sty fBild & HEBRBEEBRY M
BibE Fig. 44 FERstdch

REEEY BUBERAA £ 5 e ##e #8
BHEE 2544 .Cuo B AR2%7F 21.3~38.5
%2A KBE ERSE o1FH, 2 gz Cua
B &EAMSL 10.5~13.1% o, 2 4t Cua B
Cu:e® 28lm Copns BY S4BT HES Wol B
BYRS ERE olFx glcl #el Cos B BE
THABRE Eold 7.8%, BF7dl 6.1%% &%
Btz v A HEld, $A9 HHel 25.4%
7t £ Yo M =LEE vebiz gt

o] FRE FE o W (1963)7F 276, cuttle
fish @ BHBRERSE 24std  Cieo Rl
15.4 %, Cigu ol 16.4 %, Coapi Be) 11.8% 27
3 Coos Bl 12.1 %7 43S ERSE olF0n

&R EESte, 22la Jangaard 9} Ackman
(1965)0] ©.A &), Hlex illecebrosus &) gl A
T EIREA & CieoBE0) 27.6 %, CiaiBRe) 0.4%,
Cui: ol 4.9%, Consfo] 15.8% xelm Coaue
B0) 37.1 %7 &K SBYNR ©& HKESE Co
B AR Bl B &8

a2y o] #RE, LM (1967)7) 33%e &S,
23 WE o Ak (1975)7F 2258 M ¥ RS
e BER st B == Y #EREEBS
SHE #ER, CiuoB Cinn B 223 Caigu R0)
BERRERY AHHE A=A, #5 Cun 3
Cuu B2 48 AT monoene Bo] fufliy 2 FF
e ERSET ¥z A Wikstd HE
3kt

B, RS BAHdE Cuudt CuuiBe 4#
& A%t monoene o] R Brlx Ciao MR AN
B G HFe= Y4 B HAS HRol: #
BE E 5 990

ololzr-g M-S, M oF HE (1964 b)sl 9
9] H¥E, Hayashi && Yamada (1973)7} »}2]y]
Chlamys nipponesis PJ-2, 2813 EH (19747} u}
R & Tapes philippinaram B-& HEBE ¥ HAKRE
o} IBEBBRERAA T ot £ 4 gtk

BIEES B & EERRY 4R 2EH
A< ERT RFEB — Cu Cu, Cis Cis, Co —
Bz gt HRIL KEHAS pattern-& 333,
B4 opoe] CrR, Ci @ Ce &Eol
713 =t o

#

Ze|a Foio MEIRE-S fFiERe] 41.2%, mon-
oene fgo] 17.3%, polyene fRo] 36.5 %2 #HRs
o} ol & IBIHERY & B&HHA 95.0% olz, 4
o] RisE S fFIERe] 27.3 %, monoene #o] 13.9

%, polyene o] 47.1 %2 M=o °1& [RIR
& SRAFMES} 88.3% oIt
=3 BTV BB kel 30.2%, mon-

oene fBo] 19.3 %, polyene ko] 36.6 % = &=l
o] ol MRS AEAEHMEI 86.1% oo o
A RAEEez Joist.

3) MBI sterol MK

BBHE TLCo f&3teq Fig. 13t o]l 4=l
Fr.1(4~-desmethyl sterol) ¢ GLC =4 fE#
sterol 8] RRT 9} [h#isled 4478t sterol LS
Table 73} 2t}.
Table 7. Composition of sterols from flesh

lipids of the cephalopods determined

by GLC (Expressed as peak area
percentage)

Component in relative
retention time *

Species Sterols
0.82 1.00 1.36
Octopus vuigare 3.3 85.3 4.0
Octopus variabilis 3.9 82.4 8.7
Loligo beka 2.8 89.1 2.5

* Relative retention time (RRT) of the cepha-
lopods’ sterols are calculated in relation to
the retention time of cholesterol as 1.00 and
the sterols identified are: 0.82; 22-dehy-
drocholesterol, 1.36; 24-methylenecholesterol.
BUEES faimd A sl Fethe TLCE 4

B A5, —BiEHIRY Tt TLC-plate

ol A 2fE9) sterol Fr. HJ 4-methyl sterols} 4~

desmethyl sterol Fr. 2 4yp (¥ &, 1973)5 =

A3l 22, spot line 8] k¥ Rf sk 0.11 H &

Feo) 1S Fr. sbo] velvia o} Liste £EES =R

%%t
wetA £ HH T#bis Tl 4-methyl sterol

3} triterpene alcohol & &R LAV mE

TLC-band 2 viebhd BE NTY BIRY Aoz

#H=
Table 7 ¢fj4] cholesterol (RRT :1.00)2&

EH %2 Folol 85.3%, 1Ae] 82.4% 2¥v B

F7)6 89.1 %7 4% 4435+ 4-desmethyl sterol

o RS o] Fa Yt
ol 4, 22-dehydrocholesterol (RRT :0.82)& &

peak
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ole) 3.3%, Ixe] 3.9% 2|3 BEse] 2.8%
7} 445k, 24-methylenecholesterol (RRT :
1.36)2 F-ole] 4.0%, Ao 8.7%, 2z BFF
716l 2.5 %7t K& 4K, )& sterols] 4
B HEEY B HENLE FESE
AE HRLT F+ A4k

g o] & FME= sterol gy} peak W% &
e Toldd 92.6 %, A 94.1% zEla
TF7\ol 4 94.4% At

olgkzre] o HEEH KMo Fasle
22-dehydrocholesterol 3} 24-methylenecholesterol
2 Teshima ¢ Kanazawa (1971)7} Bz ¥
BT sterol RAZAAE BT ub gler, o &
sterol i3 BFREAAE 1~10%9 HESHE
e cholesterol Difte] D EIACR FEESD g
Aok

28 o] & sterol R4S RBE T 8EY BER
FHEAA 3EY FRENAR HiHlse] RE PR
ol HFED T Ll dorte AL HEFY
Fi@et o9 R R A

—fxho B EEEme BT ERAA cho-
lesterol Li#4}, 22-dehydrocholesterol; 24-methyl-
enecholesterol, B-sitosterol @ brassicasterol o]
go] 4% ¥ Aer dyx gler (Hayashi
9} Yamada, 1973), o|9} jhigsted % EERel HFR
= sterol B2 FEANA 549 2RL gl

=3 PHE (1961)7r R Octopus dofleini 2
Friel & Adafbipie] #ato 50.7 %9 choleste-
rolvlo] HFEIRI D § BENE HET HE.

4O FemERES BUREY 4R

MRS B column o 2 A RS JEH:
BE (FHERDS BERE ERE, BB &
#&<e Table 83 2},

Table 8 ¢ 28} o], MIEEN Bt Tl
HRES 22.1%, X9 HHERES 19.0%UH
st B9 R 48] 33.6 524 %4
=& FHAE 294

ol Aol [3led, Tol HHMEIEE L 68.0%, =
o BEIREE 79.7 %4 RAd Held TR &
‘iﬁﬁ?ﬁ-‘q wHe) 8.8 %24 HY 2 HAE =B

t}.

a3 —REel ERe, RBES Blsls BE
Bore) el WY ERAA BET R A4, BHE
Y BAN T WERE dwHREES 2 &&
BF3] Erhe Aol

Table 8. Contents of lipid classes in total
lipid from flesh lipids of the

cephalopods (% of total lipid)
Lipid Octopus  Octopus Loligo
classes * vulgare variabilis beka
N ‘fﬁg‘élsir 22.1 19.0 33.6
ES** 16.5 11.8 1.7
Unknown** 3,5(0.34) 2.1(0.34) 1.0(0.34)%**
TG** 17.9 6.1 7.8
FFA** 12,1 9.5 18.5
FS** 50.0 70.5 52.0
Polar lipids 68.0 79.7 58.8
Glycolipids* 23.3 9.7 20.2
Phospho~-  44.7 70.0 38.6
lipids*

FS : Free sterols

*  Each lipid class was separated by silicic
acid column chromatography and quantita-
ted by gravimetric measurement.

**  Lipid components of nonpolar lipids were
separated by thin layer chromatography and
quantitated by TLC-scanner, expressed as
% of the lipid class.

*#*  Numbers in parentheses are Rf values of
unknown lipid components.

ololzre #RE LM (1972)7F AAol, Trachrus
japonicus A = MMISHA HWata FREiEIREC]
# 74.2 %, BHERE £ 25 %7 £& AFGL
T WELS HEEE el

zela Table 59 EIRE-& Mksle BERSY
EBAA, & RABHE PHIBERS Bz 445 =
R KE—ESESE, TG, FFA aslxm Rf {7}
0.200] =& KRE®E RERSE &% 43 A5H
sl mHEBE-AE BEeEY 4R4EE 2H, &4
= 17.2:47.4, 4X = 7.7:63.4 2gln EFI=
32.6:38.3 084 o] BL £41:2.8 1:8 2 1
127 R

-o]ziel thsled, Table 8148 & REFIZ Ak
BE BEREY SBKE 29, B47 22.1:
68.0, &7} 10.0:79.7 218lz TEss+ 33.6:
58.8 24 o] EL £4 1:3, 1:4.2 8 1:1.7 o]
S22 A% Rostn hEEES EEEEY &
B L7t Table 59 Table 864 ©f o] —Es -
MRE JEba et

Aol A2 i fRES EHEREY ARt ¢
o) A9} 7+o] Table 59} Table 844 Az Ee]A
Yebde 22 HET B 5% 2 FSHisel BR
TEE MY A2 JAEc.
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&4 Table 8¢l4) REL St 2 HIRE 48
of WRE SRyt ¥ @RS Lgowd, K &
ojo} BT/l Ae BIRES &Rl RHmERd 2
&Rl vl W3k AdAe 8 7R ge
Aoz vebyeh

3. EEREE S MK

D FERBES Blels BERSY 48

B column o 2 H#iste) 92 hiEfaE K
JBE < TLC @ TLC-scanner & 4yJ, RS
o= 2 ¥EE Table 8o FHsiglch

PHIRES B RERS T4, FS9 &
BAO%L iR EA #eled  50.0~70.5 %24 W
B 2R mEREY ERAS o1FT ld.

a4+ ES7} 11.7~16.5%, FFA 7} 9.5~18.3 %
ZE]ln TGt 6.1~17.9 %9 4EHMES R £/
Bolsd o el vlssla, oA EL FS g9
PHERES HRsle BERS S Yehia v

ol & MRv TEKES hMRERY B wiR
7b glol EEM st old S, EE (1974)7
ukx)| 2 Tapes philippinarum Bol = MBS 4R
o] Hpy 1008 B 4 F#0.87~1.57 %9 HEeA
et sta ., IR Hete RS 24.1
~31.2 %, BERES 63.7~77.0 %7t &% 245
o, fiiREL sterols o] 78.7%, TG} 6.0% =
Bl oty SERAD Lk hEEY MR
A Epstg et

T 2 HHY PHEEAA el FSY &
&3 RHREEAA Jehde sterol (ST) K4HY 4%
o H HEH SRES Wi HES 2R/
At

ol A& F&IL Mt (W, 1981)e] 4 st vl gl
= BEEY REERS Fd4, 158 HHE &
BES 3t Vel E sterol fiaro] thif: fa BRI ol
A 5 HEEAACDL FS7 s e m
9 ERAA 47 FFeln 8T A5 WHRA2
T ek

@£l Table 5ol 9} 7o), x|, EF/¢ I
st Eolo) HHAF sterol fkAre] o o] &4k
I e ALE WER .

2) HEIREY FREFRAMK

FHERS mKo#Esd d2 BERY #Re
GLC = 2#7g #%+ Table 99 23, ft3%= §H
REAeld vebvde hihIREY  BIEBRERY 2%
RE LR Bsld £ EEMREBERY &

e

%

BitE Fig. 59 sl
Fig. 5elAe} zbol, d¥iiES Hilsls BB
M2 Cuo Y S4BTV 18.0~32.4% 2 1A
B, 2 ohge® Cunfe 480%7 18.4~
Table 9. Fatty acid compositions of neutral
lipid from flesh lipids of the

cephalopods (Expressed as peak
area percentage)

. Qctopus Octopus Loligo
Fatty acids vulgare variabilis beka
Cia . 3.3 2.7 0.6
Cisio 0.6 2.1 0.8
C 60 27.8 18.0 32.4
Cisio - 4.5 1.2
% 31.7 27.3 35.0
Cien - — 2.1
Cisn 14.4 20.4 13.4
2001 1.1 1.0 —
X 15.5 21.4 15.5
Ciezz 27.9 15.9 1.1
C sz 9.6 9.9 7.7
C 83 0.5 1.0 —_
C i 1.2 5.4 8.9
C 202 — 0.4 2.0
C 2024 0.3 2.1 0. 5
C 2035 4.4 3. 2 -—
x 43.9 37.9 20.2
45
Octopus  vulgare
%
| N io.. .o
a8
- Octopus  wvariabilis
£w
Mo0. T
.\" ol I ( D + [ e B i B
49|
30 Liligo beka
15]
ot = — ﬂ + ﬂ + ﬂ t
G40 60 Ciso Cet G Ge2 Ce:2 Ce3 Co:q C20:4C208

Carbon Number ( + : present but<1.5% )
Fig. 5. The specific patterns of major compo-

nent fatty acids of the neutral lipids
from flesh lipids of cephalopods.
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14.4 % o135t 28 Crez BB, Cusc o
KEBZ FEIRIMRe E#E ol Fx

el a Cons B9 BETHMRE ol 4.4%,
gdlol 3.2 %7t G4 BRAHAL hEBE
£ sl R got ol o} A4y Cops BRE —
#TGY Wiz st Aoz #RR
o},

o] #HR X Jangaard ¢} Ackman (1965)¢] 2.3
o}, lllex illecebrosus & [Lido) A1 ArpEgt iIRE
o] = Cisnn B20] 16.2 %, Ciaofol 15.2%, Caou
Bol 13.4 % zlm Cags ol 10.6 %7+ A4S
FE BREHRE 152 oif CuL B 0.4%,
Cugs L 0.6 %7 £ & @i s
59 R QS & F Ut

v HHMW o HBO (1964 ¢ D7t KRR 29,
Plecoglossus altivelis & RN A LD h¥ERE
(TGl = C e fiho) 26.2 %, CielBo] 16.5%,
Cun el 14.9%, Cuaafol 10.0% 2elm Cous
BRel 5.1 %7}t &% &4 2Ash, kA Q97271
A 7ge), Trachrus japonicus §Bihe) vht:IRHE =
Cus:i BBo) 30.7 %, Cieo B0l 21.8%, Cieu ol
7.6 9% 283 Cas 0] 3.9 %7t &4 F= o o]
o] BB AHLE AXAAba @iET A
I} Heggslw KEE s

2z E FRA, ol dHEMES ARl
31.7%, monoene §#o] 15.5 %, polyene o] 43.9
%= £4& BEEW ol% BEBY & &35t
91.1 % olz, =& HiiREE ffniRel 27.3%,
monoene o] 21.4 %, polyene o] 37.9 %= #&
BEl= ol & IS &R & EsT 86.6 %ot

=3 BFU1Y hiEEEY iR 35.0%,
monoene o] 15.5 %, polyene Bo] 20.2 % & ¥
=M o5 HREERS] AR AFHEZE 70.7 % olF vt
A& RAELE dkvh

4. mEEPRES BRERRMAL

1) wiREY RSB

BRES hAoMd 2 BHRY SRS
GLC = H#73 &R Table 103 23, IABH
Ve SRR RIEBRERS) 2RE Hilk#sdst
7] B3l & BERRMEIERY MBS Fig. 6
ey i R

Fig. 6c4 & 4 Q& 24", #HBEE Eist
+ BHRERE Ci®) SR 22.2~46.5
%2 AR g3, 2ugez CuaRY SBRAG)

C 18:0 BRo}

Table 10. Fatty acid compositions of glyco-
lipid from flesh lipids of the cephalopods
(Expressed as peak area percentage)

. QOctopus Octopus Loligo
Fatty acids vulgare variabilis beka
Cio 1.7 2.7 7.8
Ciso 0.2 0.6 1.2
C 15:0 46.5 22.2 41.1
C s 0.1 0.6 -
> 48.5 26.1 50.1
C 1611 0.7 0.3 6.5
C13;1 31.1 26.6 8.9
C2on 0.7 0.5 -
x 32.5 27.4 15.4
C 62 4.0 3.4 1.0
Cis:2 0.9 16.8 9.9
Ciss 0.2 0.6 —
C 18:4 0.5 10.8 1.8
C 202 0.4 6.0 —
C 2018 0.9 1.0 15.9
C20:5 1.1 1.3 —_
= 8.0 39.9 28.6

8.9~31.1 %017, 4 Cis2®, Crea B ¥ Cuno
fRo] ABBZ KRREREFERY LT olFx Slol Atk
BEs FEUE pattern g Holx gl

2 MRS PERE A dege Cosi

45
Octopus  vuigare

30
195
olt= + + b+ + 4 4+

48]
3 Octopus variabilis
8 30
ey
E 15 '—,
Y s + 1 + + _+
45
Liligo beka
30
i5
I O P o P ]
C4:.0 CGeo Gao  Ce Cisil Gis:2z Gaz Ge3 Gse Caa Coo8

Carbon Number (+; present but <1.5% )
Fig. 6. The specific patterns of major compo-
nent fatty acids of the glycolipids from
flesh lipids of cephalopods.
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Blis) A Fgen,
G

o) BETHARY EEEAd <
Coo R0] BF71 BIRE 15.8 %9 &
4+ Vbl e SRk

BEIRHSe R & BERBRY £BE 2F
Hae ERY KEH —Cuw Cu Cu Cus
Bz Astd #RL KER 7 pattern & B,
Folo] HHIRES Cumol 1.7%, Cislol 51.2%
Cuiigol 32.8% 271 Cofe] 3.1 %2 MRS
o, dale] HERES Cu@ol 2.7%, CiBel

25.9%, Cigfipo] 55.4% 2ejx C o] 8.8 %2
=3 AR

Z2§ BFr19 ERES Culel 7.8%, Cul
o] 48.6 %, Cig o] 20.6 % 123 CpoERe] 15.9
%= £45 BES A, BE 257 o o] RIBEA
A AE C, CisB 2 ColRel HEEMIRY
XA AR skn g+ £ 4 U

a3 3m Foi8) HERE-S saFifRe] 48.5 %, mon-
oene Fio] 32.5%, polyene fpe] 8.0 42 K&k=+
o] % FBEFERY] AH AIEZL 80.0% o]z, A
$EIRE < BMMRe) 26.1 2%, monoene fRo] 27.4%,
polyene Eo] 39.9 %= Hk= = o] & BB &
B &3S 93 4/ o] t}.

= g, Brle] BIEES ffERe] 50.1%,
monoene iRo) 15.4 %, polyene o] 28.6 %% g
K= ol & BB &8 A3HMHEE 4.1 %7 Hu
Us e RAELE Fsteh

o] 5 FEREZ W] Fo] ¥, Fo] o EFJ] #@H
HREE RS T AY A8 BY K
Er #Bm=EA, 3 B BRES g F
R 1:2.64 KEZ @IS ¢ 4 "dddn
EREAL kY 22 489 BEFERERY #
#3ln Sle AE BEY + A9t

2) BIRES RPFBER

BIRES mkoRsld 4L Riikke Mg GLC
2 o5 #Re Table 1131 2=, REf e}
U= SRR RBBRERY ERS sl 8§

o & EEHRIEGRY MRS Fig. 74 &RRsh
gt

Fig. 7604 A%, #BES #itle RIBMK
& Cie:o B2 BN F7E 19.8~57.6 2 A &
or, 2 }&o 2 Cign Bl 9.0~21.7%, Cis:e
ol 8.0~24.4 % 2313 Cas 0] 6.4~12.4 %7}
#& aF% olE BB GRA% A= v
st BEIRESY BRBHRY ERE oFxm v A
<+ & F 3t

CZO -

#

®

Table 11. Fatty acid compositions of phospho-
lipid from flesh lipids of the
cephalopods (Expressed as peak
area percentage)

. Octopus Octopus Loligo
Fatty acids ) ore  ariabilis  beka
C o 2.3 7.1 9.5
Ciso 0.7 1.4 1.7
Cero 57.6 24,7 19.8
Cis:o 0.4 1.4 0.3
> 61.0 34.6 31.3
Cienn 0.8 4.2 1.4
Cis 13.5 9.0 21.7
C 201 0.8 — 0.9
pay 15.1 13.2 24.0
Cie:z 1.9 1.3 1.3
C g2 1.1 8.0 24.4
Cis:s 0.4 —_ 0.6
Cis:e 6.4 12.4 7.8
C 202 - _ 0.5
Co -~ 6.0 0.7
C 2028 - - -
= 19.8 27.7 36.3
48
Octopus wulgare
- )
15
N R | N =
* Octopus  varigbilis
» 30
g 15|
5 ol [1 H a1l 0 H I
2
45
Liligo beka
ES .
B R B A

Q40 Q80 CBO [oT-1 e 1] Ce2 Ce:z Cie:3 C18:4 C20:4C20:8

Garbon  Number ( +;present but <15%}

Fig. 7. The specific patterns of major compo-
nent acids of the phospholipids from
flesh lipids of cephalopods.

o]}t ¢ #fE Jangaard o Ackman (1965)
o] 9. o] IHlex illecebrosus §Bihol 4] 4yiEst leci-
thin 31 phosphatidyl ethanol amineoj C 2
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o] 36.1~40.7 %, Cis:0BR0] 16.6~27.8%, Coos
Bho] 14.6~21.2% zelx CsafRo] 3.8~4.8 %7}
LAst TEBREHRE ol E-te Wit st
= *ﬁiiﬂ-‘}-‘

v FEE % (1963)e] Fobabw] Hippoglo-
ssoides dubius | Bjhol A SHE=l lecithin Krts)
= BHRE 2EpBREA] #80%7 Cu@st
Ci@oz HRsla #3] Cuo@Be £ 40
%%, CuuBe #9120 %E 45k, o2e 2T
Co L Lo HEMEREMM-S acetone WY I8
B A e ¢ 5o Filskgd =

a3 ol PEIRE-S KrFIfRe] 61.0%, mon-
oene fRo] 15.19%, polyene o] 19.8 %2 HHnks
= o] & JRERY AR A3 95.9% olm, WA
Bifsr e fafiERe] 34.6 %, monoene o] 13.2 %,
polyene fRo] 27.7 %2 HBE=™ ol BB®RY &
B &3HESr 75.5 %ol g+

=3 BT WIBHE fARe] 31.3%, mon-
oene o] 24.0 %, polyene Bo] 36.3 %5 K=
o] ol& ML && 43S} 91.6 %7t Hla )
N2 e REELEZ Yool

E #

FHEEY DRREY BEs 47 Bsld 3EY
EREE BB sl ol & HHAA BIRE-E Hil
341 m, ©]& thin layer chromatography, column
chromatography % gas-liquid chromatography
2¥ 3 TLC-scanner § Flfstod @EHS Mt
£ BBEES, PRI, sterol Mk iz #EhR
BAA o@g iR, EEE 9 SRR B
BARS =R o3 2L #HRd dslk

1D 45858 BIRAGRS £REA Hald £4
7F 0.5%, =7} 0.8% 23 EF7 0.6% 4
I ol E EHBELAES 0.6 %40, 1 RIBHE
2 LBIBRE-L Fols) 19.3%, IAs 47.8%,
T-E7 38.4% dom, Tk Foist 10.9
9%, %A7 18.8%, EFFI/} 41.1%24 2L &
22 vetll=

2) MRS WGt RS ZE, sterol B4t

miERE—-aE BAEY SESH7 EERC
%sled K% 27.0~35.5% oEl3 38.3~63.4%
2A HElA o ol E& HRS el gle
MRl ERAE ol £H, el Hade e
e} sterol X9 A&l ¥+t

2 24 PRy E triglyceride, HEEMREIER
o pR{LAkE—esterified sterol [R&He) LEE [
&= sl et

3) #EEY MBREARS kA o o] pal-
mitic acid 7} ERHE o]F3 24t oleic acid,
linoleic acid, octadecatetraenoic acid I eicosap-
entaenoic acid 7} BREERY E8BE olFz A
o}, #Es] Heolo MIME = palmitic acid &} eicos-
apentaenoic acid 7} A2 ¥ %¢ B2 FASH
A ERSE lFx d9h

4) sterol Rl el FHEAA ok o] £
sterol fi4re] &k cholesterol 8] &EA4TE/T 82.4
~89.1 %24 A% B¢ 24 PRESLEA 22-
dehydrocholesterol 3} 24-methylenecholesterol ¢]
& HE FEmes 42 gtk

5) RIRHAA 2 JeEERE(PREBR &
HIEY aRte HifdA o Ze] FFEERERE
o} BHIRES &Rl €4 . zHln W
BZAAE BEiRERC HBIRE) €& #%d ¥
=t

6) PHERES Blste Roo2: HHEE sterols
9 GEATET PHIEES #id 50.0~70.5 %=
A EFEAE ol FH, 1 gL AR sy Hoex
JEE esterified sterol, RSB 9 trigly-
ceride 7} 48 FlE= o o} )

2elm M-S MRsle fEBAES palmitic
acid, oleic acid, hexadecadienoic acid 7} FEi4r
ol givh.

7) WIEES #KE s RE-S  palmitic acid 7F
74& w3 4} oleic acid, linoleic acid, octade-
catetraenoic acid, myristic acid 7} #ptfa5ERY)
ERAE o) Frh. v HE] B ERECAd<
o] % JeBiBisle] arachidonic acid 9] &Hol M&E
3 ol ERAY ik

8) HIaES Hsl: BIBS palmitic acid ¢}
4o) 744 rgkm 2.4t oleic acid, linoleic acid,
octadecatetraenoic acid 7} HEIEBFERS TRk 4ro)
et

X Pk 19814 NEATIRMRRY XEeR

o] 3o Hee Waleh

X 18
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