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Lipid Characteristics of Fish Frame as a Functional Lipid Resource
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Gyeongsang National University, Tongyeong 650-160, Korea

Abstract

Lipid characteristics of 6 species of fish frame (armored weasel-fish, AW; chum salmon, CS; spanish mack-
erel, SM; common mackerel, CM; conger eel, CE and skipjack tuna, ST) were studied by determining total
lipid (TL) contents, lipid classes, and fatty acid composition. The highest yield of bone was obtained from
ST frame (64.2%), followed by CS frame (57.9%), CE frame (54.6%), AW frame (41.6%), SM frame (41.7%),
and CM frame (32.6%). The highest neutral lipid content was also found in total lipid (TL) from SM bone
(23.3 g/100 g), followed by TL from CE bone (21.5 g/100 g), CS bone (16.0 g/100 g), and CM bone (15.5 g/100
g), while those from ST and AW bones were 7.2 g/100 g and 0.4 g/100 g, respectively. The prominent lipid
classes of neutral lipids (NL) from all fish bones and muscles were triglyceride (TG), however, which was
much lower in AW than in other fishes. The percentages of EPA and DHA in NL from fish bone were in
the descending order of CS (29.3%), ST (27.1%), AW (27.0%), CM (25.7%), SM (21.6%), and CE (14.9%). Based
on the lipid characteristics, the CS frame was the best resource for extraction of a functional lipid.
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Table 1. Length and weight of fish fiqme used in this experiment

Fish frame

4 Fishes - Scientific name 7 Main products Length (cm) Weight @ Sampled state
Armored weasel-fish Hoplobrotula armata Fillet 61.3x29 310.0%£20.0 Frozen
Chum salmon Oncorhynchus keta Smoked foods 608%+1.4 233.0£14.0 Frozen
Spanish mackerel Scomberomorus niphonius Fillet 46.8 2.8 132.0£22.0 Fresh
Common mackerel Scomber japonica Fillet 283*+1.8 372+26 Frozen
Conger eel Conger myriaster Seasoned foods 55.3+3.6 23.0%2.3 Fresh
Skipjack tuna Katsuwonus pelamis Canned foods 288*1.3 33.0x5.0 Cooked
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Table 2. Proximate composition of muscle and bone from fish frame (g/100 g)
Fishes Parts Moisture Crude ash Crude lipid Crude protein
Armored weasel-fish Muscle 81.3%10.1 0.8£0.0 1.0£0.0 169+0.2
Bone 60.0=0.0 15.71+0.1 1.9%01 2247%0.3
Ch I Muscle 734£00 1.2%0.0 46+0.0 20.8+0.1
um saimon Bone 487%0.1 15.9+0.0 16.3£0.0 19.1702
Spanish mackerel Muscle 73.7%0.1 1.3+0.0 39%0.0 21.1%20.1
L Bone 405%0.0 16.8*£0.0 23.7£0.0 19.0+0.2
Common mackerel Muscle 727200 1400 4.8%+0.0 205*£0.2
Bone 452%0.0 19.1£00 16.4£0.0 19.3%£0.2
c | Muscle 80.420.0 1.0£0.0 46200 14.0£0.0
onger ee Bone 51.3+0.0 10.0+0.0 219100 16.8%0.1
Skipiack tuna Muscle 723£0.1 1.1£0.0 42%0.0 22.4%*0.1
prack tu Bone 342700 382%0.0 8.2+0.0 19.4£0.1
70.0 Table 3. Total lipid (TL), neutral lipid (NL), and polar lipid
(PL) contents in muscle and bone from fish frames
s00 | =] (g/100 g)
1 o Fishes“ Parts TL NL PL
50.0 Aw Muscle 10400 04377+ 0.9)” 06(623=32)
Bone 1901 04((218%x1.0) 15(782%x2.1)
& 400 L [T B
& : cs Muscle 46200 42(91.7£16) 04( 83*16)
% - Bone 16.3£0.0 16.0(98.0x06) 03( 2.0£06)
< 300 }
> SM Muscle 39%£00 38(979%15) 0.1(21%15)
20.0 Bone 23.710.0 233(984%0.3) 04( 1.6%£0.3)
' oy Muscle  48%00  46(958%06) 02( 42+06)
100 L ' Bone  164+00 155(947*12) 09( 53+0.2)
cp  Muscle 4600 44(9%8+07) 02(42707)
0.0 . . . . . Bone  21.9+00 215(983+10) 04( 1.7£1.0)
AW cs SM CM CE ST ST Muscle 4.2£0.0 3.6(86.6%0.65) 0.6(13.4+0.6)
Fishes Bone 8200 7.2(830+02) 1.0(120%02)

Fig. 1. Yields of fish bone to fish frame.

AW, Armored weasel-fish; CS, Chum salmon; SM, Spanish
mackerel; CM, Common mackerel; CE, Conger eel; ST, Skipjack
tuna.
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1)AW, Armored weasel-fish; CS, Chum salmon; SM, Spanish
mackerel; CM, Common mackerel; CE, Conger eel;, ST, Skip-
jack tuna.

2 The numbers in parentheses indicate the percentage of neutral
lipid or polar lipid contents to total lipid content.

Fo] 287 e TR A n)ste] Fals
o F w2 HE FE3 F A F FAHAA
233 g/100 g o2 714 wokar, thgo g 0] (21.5 g/100
g), de1(16.0 g/100 g), 751 (155 g/lOO g 4
s A el g el Rl shehatel o} WA g o] 7Ql B2 v7) o 7
$ 272k 72 g/100 g % 0.4 g/100 g o2 u}%— 4T91 o] Fol]
n)sle] geds] girh 9, FA 7 EokedA e F4]9
7= o] 9] figle] Hrja st @A B A A18)%}
= FARAe g duk A FEAA] A9 dAR
109% £} <ld(19) whsted, a101(2.0%), 4%1(1.6%), 1.5
(5.3%) 2 521(1.7%)°] 749 ol v} o} &4 xz]7} 2
S E FFEoldeH, B2 wW7)(78.2%) 2 7hrhake] (12.0%)
9] H$ o)} =ghrh olake] Aol B2 w]Fe Ho}
9 F W 2HE 754 XA FESLA = A9 7EF

].

Q ol A= FAA A 24N} EL A 8} b Sl



elet webs oy, v o2 e mgl o, SR A 2
Aul7t B 2o oy] Wl ivie] i 2 g o] 2
<l a1kl 474 % oo}

iy
lo
o
oft
s
]

.
-~
e
ni
_VL

A , aLgo], BAko] Bl sichEel ] &
2w 2 5E %El l FTAAAE TLCRE &3], 54T 23
(Table 4), e1% & 53} wiol] FA o] ZE FE A
triglyceride(TG), free fatty acid(FFA), free sterol(FS) %
monoglyceride(MG)e} 72 44 Ho] FA v
2 w7 E A 5% o1 F-9 & B

ub 2w Aubel] FAF ] TG F4 % (Z5% A, 719~
83.29%; W] 2|4}, 74.2~86.9%)°191 o1}, thg- 0B 8 At
9] 7% FFA(8.1~19.2%), FS(4.6~7.5%), MG(1.5~5.29%)
o] wolsledl whated, w A ke AH§- FS(5.5~155%),

2

ZA 24 e

Table 4. Lipid class compositions of neutral lipid in the

muscle and bone from fish frame (%)
Fishes! Parts TGH FFA FS MG
AW Muscle 48634 41623 91%18 0.7%03
A Bone  453%28 43432 95%16 18709
cs Muscle 756*3.1 122+22 7016 52*1.7
3 Bone ) 86.91'4.2 40*14 55X21 36*16
SM Muscle 83.1+%29 81*+18 50*14 38*14
: ! Bone 826+x24 3717 111x33 26=*1.1
M Muscle 826*32 99%x22 51%21 24*05
. Bone 74219 62*X21 150*22 46x17
CE Muscle 776+t43 144*14 46*19 34+07
o - Bone 84.4%22 40x12 80%£23 36=05
ST Muscle 71.8%27 192=x18 75%22 1508

_°'  Bone  758%30 61%20 155*18 26=02

I”See the legend of Table 3.
Z'TG, triglyceride; FFA, free fatty acid; FS, free sterol; MG,
monoglyceride.
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EA o] 2po) 7} ol F82 FAAAL o] Fof TAG
o] XF PC7} 539~70.7%% vtetulo] FA Follar, o
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gHH, Oh®} Lee(21)+= 7He}iol &, Jeong 5(22)2 B A,
Fol, Aol el, 5], £ 4eh, 35, 245, efe)

e, 44 4 naL-zrl A3 2o A AF 1258 A2
6}04 FAAAE e, FA A o Fo BAIGle] PCe}

Table 5. Lipid class composition of polar lipid in the muscle and bone from fish frame (%)
Fishes Parts PE PI PS PC SPM
A 4 | fish Muscle 20.0*1.8 3.3+0.7 83+21 62.4+36 6.0%0.7
| frmored weasel s Bone 278+16 - 63%1.1 659146 -
ch | Muscle 175+2.1 03+038 63+14 70.7%£28 52%14
um saimon Bone 19.7%22 - 49+07 75.4%43 -
Soanish mackerel Muscle 24.4%32 28+09 67106 613727 48+*13
- p Bone 264128 - 47402 68.9+24 -
Common mackerel Muscle 20.8+2.9 43+0.7 9.0+0.4 615%53 44+22
0 ] Bone 26.0+2.4 - 7.3%09 66.713.8 -
c | Muscle 21.4%2.4 69+1.0 9.4%21 539+26 84*15
onger ee Bone 29.4+22 - 128+15 578+30 -
Skipiack tuna Muscle 153%1.6 27+06 7.2+13 623220 125+1.8
b Bone 183+15 - 136%12 653522 -

PE, phosphatidylethanolamine; Pl, phosphatidylinositol; PS, phosphatidylserine; PC, phosphatidylcholine; SPM, spingomyelin.
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Table 6. Fatty acid compositions of total lipids (TL) of
muscles from fish frame (area %)

- 1)

Fishes" aw cs sMm oM CE ST
Fatty acid

14:0 1.1 1.0 42 5.6 2.8 3.2
15:0 0.2 05 04 0.7 0.3 1.3
16:0 175 175 204 202 200 270
17:0 0.3 05 0.4 0.6 04 2.1
18:0 5.7 3.8 49 35 3.2 86
20:0 0.1 0.3 0.4 05 0.2 0.4
Saturates 249 236 307 311 269 426
16:1n-7 19 79 6.3 50 85 45
16:1n-5 04 04 0.3 0.6 0.3 0.4
18:1n-9 15.3 21.1 204 192 330 138
18:1n-7 3.3 4.4 3.8 42 5.4 3.3
18:1n-5 0.1 0.1 0.1 0.2 0.1 0.1
20:1n-9 2.7 14 15 2.8 19 0.3
22:1n-11 trace 04  trace 24 1.2 trace
22:1n-9 trace 29 15 0.3 0.2 trace
Monoenes 23.7 38.6 339 347 506 224
16:2n-4 05 0.4 0.4 05 0.4 0.1
16:3n-3 0.2 0.1 0.1 04 0.4 0.1
18:2n-6 15 4.2 1.3 2.2 1.0 1.1
18:2n-4 0.2 04 0.3 0.2 trace trace
18:3n-4 0.3 0.6 0.1 0.2 0.3 04
18:3n-3 0.2 1.4 09 1.1 04 0.5
18:4n-3 0.1 16 14 0.8 0.3 0.6
20:2n-6 0.2 0.3 0.2 03 0.1 trace
20:3n-3 trace 0.1 0.2 0.2 trace trace
20:4n-6 34 1.3 2.3 1.0 1.1 2.2
20:4n-3 0.4 0.7 0.4 05 0.6 0.3
20:5n-3 72 6.7 6.9 8.6 51 ° 39
21:5n-3 0.2 05 0.3 0.3 0.2 trace
22:4n-6 04 0.2 0.4 0.2 0.3 0.2
22:5n-6 0.8 0.3 05 0.5 0.3 2.0
22:5n-3 1.3 4.1 19 15 2.0 05

22:6n-3 34.6 149 178 157 100 231
Polyenes 515 37.8 354 342 225 350

YSee the legend of Table 3.

He] &7 2228 X4k 248 Table 734 2o}, &2
712 A% 18:1n-9% F = 2 alale]
39.9%2 7FAF =9k, vhg o2 22:6n-38 A H(19.0%) 2
2 3h= Z]ik35.6%) 2 1602 FAE(144%) o2 =
Z344H245%)9] olsdth Aol A4 22:6n-3L FAE
(205%) 0.2 st Ee]dlite] 475% % 79 Huk-g 4|8}
Fa, thSo 2 181n-98 FAHEU71%) 22 3h= Fxal
AH20.7%), 16:08 FAE(14.2%) 0.2 3l= Z34H22.8%)
o] ol )i, AAA 9F Aol o] 7 ¢, 181n-98 FA4
B(zF2F 21.3% 2 35.3%) 0.2 sl B dlile] 2+7F 3649
W 503%2.2 A Totw, theo® 1608 £ S
221% % 204%)o 2 &= x3AHZ 336% 2 28.4%)
2 22:6n-3-5 FAE(ZH7F 16.3% I 9.6%) . sl el
AHZE 2 30.0% E 21.3%)9] w0 glek. ol e} 7irtete] o
79 16:02 FA (A7 23.6% Y 25.9%) 0.7 3l T34k
Z}7zF 37.9% B A11%E 7}AF 9k w, 80 & 22:6n-3
S FAE(D 186% H 225%)o.2 s E2l Azt

o
M
2
o0
=

o
<

o
_o‘l

p

2
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Table 7. Fatty acid compositions of total lipids (TL) of ZMX|Ele] XM =M
3 0,
bones fr(.>m flls)h frames (area %) 2 o] 29] fish frameol Al £2]8 28 Fo ZFA e
M\ﬂj“ﬁ AW CS  SM CM  CE ST Aupak 749-& Table 83 2}, ¥-& vil7) 9] 7%, E A4
atty acn

14:0 19 39 48 47 45 43 o] 483% 2 A A2l ¢k Autg ARk, thS o2 A

15:0 0.1 0.3 0.6 1.2 0.3 1.3 g Qlate] 27 951%9F 26.6% 9 o0, F8 FA A4k

16:0 144 142 221 236 204 259 . i ) =

17:0 0.1 0.3 05 14 0.3 19 }?l‘—xc_)‘_‘ 22611 3(3 %) 16 0 17 IC/) 181n—9(150%) TO]%

18:0 79 39 51 59 28 13 th odo], Abx] @ mEole] A% Eglal4lmt 2i<l4ke]

20:0 01 02 05 04 01 04 - . o ol

Saturates 245 228 336 372 284 411 A 332~ 37}3/ N *] 312~30.19% 492 i’l ARel7t &
—m T [e) 5 A ~ 0 H] 5}o Q o) =
6107 15 60 81 65 90 56 gl o1}, £ 3}4Ee] W 9)(23.6~31.6%)0l B]3fe] Egktl. o) &
16:1n-5 02 03 04 06 04 05 oy F9) 8 FA Aulal o B = 16:0(18.0~20.6%), 18:1n-9
18:1n-9 28.1 17.1 21.3 14.0 32.3 12.3 (19.3~921.4%) & 22:6n-3(15.0~18.1%) o]t} E3Fe o]
181n 7 41 41 49 34 49 28 . y .
18:1n-5 01 01 01 02 02 o0l 79, dubd el o] Fo Ay D] Zizdlibe] 50.4% 2
20:1n-9 27 19 14 21 03 08 7o) Aunto]ArL AR Fa, vheo 2 F3AH268%) ¥
22:1n-11 01 21 01 02 01 02 olil Halalel 2 & <24 alHhal 6 @i
22:1n-9 01 01 01 01 01 02 Fe 22 7%)01 vk Aot e o A Ak R
Monoenes 399 297 364 271 503 225 16:0(20.2%), 18:1n-9(33.6%) ¥ 22:6n-3(9.9%) 5o},
16:2n-4 09 04 06 02 03 1.1 g 7l 2] A gl slebgte] e} A4, FiAite] 41.0%E
16:3n 3 01 02 06 01 03 02
18:20- 6 10 39 11 1.1 08 15 X ] N o
189 4 02 0.3 0.3 02 01 0.2 Table 8. Fatty fxCld compositions of neutral lipids (NL)Oof
18:3n 4 0.2 0.4 02 0.4 0.2 03 muscles from fish frames (area /))
18:3n 3 02 12 08 06 0.3 0.4 Fishes" e . .
18:4n-3 03 13 14 14 03 07 Fatty acid AWS €S SMo M CE ST
20:2n 6 02 04 02 02 02 0Ol 14:0 24 07 42 58 27 34
20:3n-3 02 02 02 01 01 01 = .

) . . ; 1590 03 04 04 08 04 12
2014n 6 3.2 0.7 0.9 2.1 1.1 1.3 .
conan : : . - 1610 171 180 202 206 202 263
20:4n-3 03 16 03 03 05 02 : -

e c - 17:0 03 04 05 05 03 18
20:5n-3 58 93 62 74 47 54 . N c

on ) 18:0 50 38 50 34 30 79
21:5n-3 01 08 01 03 02 01l ) ,

. 20:0 trace 03 04 05 02 04
224n-6 06 04 01 04 04 02 Saturates 251 236 307 316 268 410
22:5n 6 05 04 02 09 03 16 : i :
22:5n 3 28 35 05 14 19 05 16:1n-7 39 80 64 52 83 48
22:6n 3 190 205 163 186 96 225 16:1n-5 04 04 04 06 04 04
Polyenes 6 415 300 3BT 213 364 18:1n-9 150 214 206 193 336 132

S S - 18:1n-7 41 45 38 42 51 32
1)
Sec the legend of Table 3. 18:1n-5 race 01 01 02 trace 02
20:1n-9 32 14 14 27 18 03
22:1n-11 trace 05 trace 26 1.0 0.2
= 1) 1} - _QOE. A =] 1]
35.7% 2 36.4%) % 18:1n-98 FAE(ZF7} 14.0% % 12.3%) 2211-9 oce 28 15 04 02 01
o2 Fi= R A7 27.1% E 225%)¢] wolsith = Monoenes 266 391 342 352 504 224
g, 0 754 2H AHE ‘Mﬂ EPA + DHAS®] zﬂa}h 16:2n-4 05 04 04 04 04 02
o107 92 74k ek 3 o o = lrlete 16:3n-3 trace 0.1 0.1 0.4 0.3 0.1
- 17h298% 2 71 ke, Hee - M 1027.9%), 18:2n-6 14 43 12 20 10 12
507(26.0%), B2 7] (24.8%), A 21(22.5%) %2 TOIND} 18:2n-4 trace 04 03 03 01 01
2o AFF ko) 34 Bl W Ea)dlate] 24 igigné 0.3 06 01 0.3 0.3 0.4
- _ B3n- 03 14 10 12 04 04
9 FQ R ukALEo] FA-L EA o]} rir)atel o] Ao al 18:4n-3 05 1.4 13 06 0.3 07
oA &= Zo) 7} glgl o), B-& w7], edo] Ak gl m5o]e] 20:2n-6 0.2 03 03 03 02 0.2
. - - 20:3n-3 trace 0.1 0.2 0.1 0.1 trace
3L ) 3 ES
8% A Atel7k SAsith. 1] AL, EPA FDHA 240t 3 20:4n-6 29 14 23 09 10 21
A7 ek A A" 249 ZHE @A s 45 7E 20:4n-3 0.7 07 03 05 07 02
A 2 Ao 2&:elo 7 Zeuchs Wyt st 7 5A 20:5n-3 8.5 6.3 6.9 8.3 5.2 39
g7 “] TR T dr Sk _}“4 ] e 21:5n-3 02 04 02 04 02 trace
A Edoz we A A} 7P A el 22:4n-6 03 02 03 01 03 03
2 olo], mEo]e) grolglon] Sgo] Fomal 2 e 22:5n-6 06 03 05 04 03 22
. ) 22:5n-3 18 40 16 14 20 08
ZAR 7 G B2 7], XA dEko] U2 7lr}eted], 992:6n-3 30.1 150 181 156 99 9238
7134 Aukale] AR 7L g& Eato] 29 H$ o] Eol Polyenes 483 373 351 332 227 366
ulste] MA i) Faicka b= gloh "See the legend of Table 3.
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N

P =9k 2, ohg o2 Eu] l4H36.6%) B B all4H22.4%)
9] 4ol A AukAak o 2 = 16:0(26.3%),
8:1n-9(13.2%) % -3(23.8%) Folith B2 w7 E
A 28k o] & 5% 01% %% FAAA L AAE 242 FA
Ae) xubal A3} ofF f-ALEFd AL, A H-2 dl7] &5
FAA A O] A At A o] FA) A o] X|ubak A ok E
o]

7}31%4.012}@%73@2 & A71E AAL 5T of 7

—

= A
oot FE ATt ol & 6F 01% 4 ] &
} 7154 AA Relet & 4 9le EPA+DHA z4

H)go| B& v)7)7) 386% 2 M E9kar, ohg-o & ol

5
&

)
o
N

0](27.7%), 4t 21 (25.0%), 35-°1(23.9%), 0401(21 3%) %
Ao](15.1%)2] o]l & x|z 9] EPA+DHA FA ¥
of tjsted ol F &5 FAAHL FA5+= EPA+DHA &=
23 vg FA FH- vl7]9 AS Aelrt AdAH 2, A
5% oF4 A ztolzt AAHAA st

w o] AR A o] A|ukab 2432 Table 99F 2t HS
719] 2%, 18:1n-95 FA F(24.3%) 22 3= Eio a4t
22:6n-3% FAR(178%) 22 at& F2]94H37.3%)2) =4
H 7} =9k, 16:0S A E(16.2%) 2.2 8l L 3t4ke] 255
%2 o) o) ujsle] Igkr) el o] A5 22:6n-3& FAF
(20.3%) 2.2 3}+= Felqlibo] 476% 2 79| Aukg #x] 3}
of 2Au7} A Eoka, thS- 22 181n-9F F4¥(169
9%)2.2 3l 2 aliH(29.3%), 16:0-2 F+A41 (14.4%) 2.2 3}
= E£34H23.1%)9) oItk 18, 4 9 3ol o] A
2 181n-9% FA (A7 224% E 34.9%) 2% e B
QAre] 27+ 37.3% 9 50.2% % 7FAF =9k, v ® 160
L FARET 219% % 196%)22 3= ESAHZ )
33.6% % 27.5%) ¥ 22:6n-32 FA (22 156% 2 9.8%)
22 3 Sl a7t 20.1% H 22.3%)) €olddch %
ol o} rlrietel 9] A ¢ 16:08 FA4 B(Zh72t 235% B 26.6%)
o st Eshite] zhzk 375% W 41.9% % M kT,
o502 22:6n-3& T4 (77} 18.2% ¥ 225%) 22 3=
2] WAz} 35.7% 2 35. 00) 2 181n-9% FA £
13.9% = 126%) 2.2 3l 24k 26.8% 2 23.0%)
o} o)tk o)o} & 6% o F wio] FAdA A x4t
24 59 FAX A Apat 243 A L(Table
8), B& u]7] 2 A3 5F o F W FAx X‘Ql ZlHW
o) Z2] A o] 2wkt 343 (Table 63} 7)}

olol o}, B& wiv)e] A9, FxA Y Ak
zpo) 7} ol o F w o) FAXAL T4
DHA =4 8] &< deolrt 203%= 743 #9441, thgex
7heyebe] (27.1%), F-2 w171(27.0%), 3L501(25.7%), 4]
(21.6%) 59 wolodir, 3417t 149% 2 tha Isheh. o]
o} 22 ol wo] F4dx) A2 EPA+DHA 24 v|&2 &
2 A% Aene W f2 239 EPA+DHA 24
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Table 9. Fatty acid compositions of neutral lipids (NL) of
bones from fish frames (area %)

. D
Fishes® aw cs sM oM CE ST
Fatty acid
14:0 2.8 39 5.0 49 4.3 4.6
15:0 0.1 0.4 0.4 1.3 03 14
16:0 16.2 144 219 235 196 266
17:0 0.1 04 05 1.4 0.4 2.0
18:0 6.1 3.9 5.3 59 2.7 6.9
20:0 02 0.1 05 05 0.2 0.4
Saturates 255 231 336 375 275 419
16:1n-7 34 58 7.8 6.8 89 5.4
16:1n-5 0.3 03 0.4 0.7 05 05
18:1n-9 24.3 169 22.4 139 34.9 12.6
18:1n-7 5.1 4.2 5.0 35 5.1 2.9
18:1n-5 0.1 trace 0.1 0.1 0.3 0.1
20:1n-9 38 1.8 15 16 0.3 0.9
22:1n-11 0.1 0.1 trace 0.1 0.1 0.3
22:1n-9 0.1 0.2 0.1 0.1 0.1 0.3
Monoenes 37.2 29.3 37.3 268 502 230
16:2n-4 0.6 0.6 0.5 0.3 03 09
16:3n-3 01 0.2 0.6 0.1 0.3 0.2
18:2n-6 1.0 42 1.1 14 0.9 1.1
18:2n-4 0.1 0.3 0.2 0.2 0.1 0.3
18:3n-4 0.3 04 0.3 0.3 0.3 03
18:3n-3 0.2 1.3 0.8 0.7 0.1 0.4
18:4n-3 0.2 15 14 09 0.3 0.7
20:2n-6 0.2 0.3 0.2 0.3 0.2 0.1
20:3n-3 0.2 02 0.1 0.1 0.2 trace
20:4n-6 3.2 0.7 0.9 24 1.1 1.4
20:4n-3 0.4 14 0.3 0.3 0.5 0.2
20:5n-3 9.2 9.0 6.0 75 5.1 46
21:5n-3 trace 0.7 0.3 0.2 0.2 0.1
22:4n-6 0.6 0.4 trace 05 04 0.2
22:5n-6 0.5 05 0.2 0.7 0.3 1.7
22:5n-3 2.7 56 0.6 1.6 2.2 0.4
22:6n-3 178 203 156 182 98 225

Polyenes 373 476 291 3B7 223 351
USee the legend of Table 3.

B &I fAFSsA T
;{.glxl)é!g_l x|u}A} XM
Fish frame®] &% Fd 34 X2 9] xjup4l 248 Table

103} e}, 32 w79 3% 22:6n-3& T4 F(36.2%) 22

s FEldlate] 2Au7) 53.1%2 At o| & AR sk

Eolelgd i, o222 1608 FAB(17.8%) 22 3+ 3}

4H24.8%)2 18'1n-9F FAE(154%)2 3= Bk

(221%)2] olglon, &5 %EH FA) A9 AuHat 2

& o]z} giddth o] 9} 22 A= F2 W72 A5, FA

A 2] 62.3%7F FA A A (Table 3)0]1 7] dj Fola} Fhs] ¢

t} Aol o) A= E-L wr] e} 7o) 22:16n-3-% 4 F(16.1%)

o2 3= Zejdlate] 40.3% 2 g x| sty ot &

2 7] @] thEo® 181n-95 FAE(181%)° %

= Rxl4k(355%), 16102 FAE(161%) 22 3te Z

4h(24.2%)9] woladvh, el 4bx], arge] 2 sirtEte]

o} 7§ 22:6n-3& F4 (44

-

'o?.: 2,

o

21.9%, 16.8% B 26.4%)2
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Table 10. Fatty acid compositions of polar lipids (PL) of
muscles from fish frames (area %)

Table 11. Fatty acid compositions of polar lipids (PL) of
bones from fish frames (area %)

. D
Fishes" Aw ¢S sM CM CE ST

. 1
Fishes" Aw s sSM CM CE ST

Fatty acid Fatty acid
14:0 0.3 3.0 43 4.7 1.8 19 14:0 16 3.1 4.2 39 36 31
15:0 0.1 0.3 0.4 0.9 0.1 0.7 15:0 0.1 0.5 0.3 1.3 06 16
16:0 178 161 287 253 180 228 16:0 139 154 233 242 217 244
17:0 0.3 05 05 09 04 2.4 17:0 0.3 0.4 04 0.9 05 18
18:0 6.1 3.9 44 5.1 45 96 18:0 85 59 6.0 6.5 36 89
20:0 0.2 0.4 0.3 0.4 0.3 04 20:0 0.1 0.2 0.5 05 03 05
Saturates 248 242 386 373 251 378 Saturates 245 255 347 373 303 403
16:1n-7 0.6 8.0 45 3.3 6.9 3.7 16:1n-7 5.0 6.2 6.6 59 73 43
16:1n-5 0.3 0.4 0.3 0.4 0.2 0.3 16:1n-5 0.2 0.2 04 0.3 04 02
18:1n-9 154 181 185 158 252 156 181n-9 303 205 259 185 345 187
181n-7 3.0 36 3.3 38 6.5 35 18:1n-7 35 4.1 4.8 3.6 48 31
18:'1n-5 0.2 race trace trace 0.1 trace 18:1n-5 0.1 trace 0.1 0.1 02 01
20:1n-9 2.6 14 1.0 1.3 0.9 0.5 20:1n-9 2.2 16 1.0 1.3 04 06
22:1n-11 trace trace trace 1.8 05 trace 22:1n-11 0.1 0.3 trace 0.1 0.1 02
22:1n-9 trace 4.0 1.0 0.7 trace trace 22:1n-9 trace 0.1 trace 0.1 0.1 0.3
Monoenes 22.1 355 286 271 403 236 Monoenes 414 330 388 299 478 275
16:2n-4 05 0.2 0.3 06 0.4 0.5 16:2n-4 1.0 0.7 0.7 0.7 09 07
16:3n-3 0.3 0.1 0.3 0.3 0.4 0.1 16:3n-3 trace 0.3 05 0.1 03 02
18:2n-6 1.6 33 1.0 19 05 0.7 18:2n-6 0.8 29 07 1.8 07 08
182n-4 0.3 0.1 0.2 0.1 0.1 trace 18:2n-4 0.2 0.3 0.3 0.1 02 02
18:3n-4 0.3 0.6 0.4 0.2 0.1 02 18:3n-4 0.2 0.2 0.3 0.1 02 02
18:3n-3 02 0.2 0.8 0.8 0.1 0.1 18:3n-3 0.2 15 0.6 05 0.1 0.2
18:4n-3 0.1 0.2 0.8 0.7 04 0.2 184n-3 0.3 1.0 0.9 0.6 03 04
20:2n-6 0.2 0.1 trace 0.3 04 trace 20:2n-6 0.1 0.3 0.3 0.2 0.1 0.1
20:3n-3 0.1 0.1 0.4 04 0.1 trace 20:3n-3 0.1 0.2 0.2 0.3 03 01
20:4n-6 3.7 0.2 2.6 1.7 19 2.4 20:4n-6 2.9 1.2 14 2.1 2.0 15
20:4n-3 0.1 0.7 0.7 0.3 0.2 0.1 20:4n-3 0.3 0.8 0.2 04 03 01
20:5n-3 6.7 121 6.6 8.8 6.9 3.7 20:5n-3 4.3 75 49 6.4 39 60
21:5n-3 0.2 0.2 trace 0.2 0.1 trace 21:5n-3 trace 0.3 05 0.2 0.1 0.1
22:4n-6 05 0.1 0.3 0.2 0.3 0.3 22:4n-6 05 0.6 0.1 05 04 03
22:5n-6 0.9 0.2 0.5 0.7 0.6 3.3 22:5n-6 04 0.2 0.3 0.4 0.3 1.9
22:5n-3 1.2 5.8 15 1.6 3.2 0.6 22:5n-3 2.8 5.1 1.0 16 15 05
22:6n-3 362 16.1 219 168 189 264 22:6n-3 200 184 136 168 103 189
Polyenes 531 403 383 356 346 386 Polyenes 341 415 265 328 219 322

1v'See the legena- ;)f vTable 3

2 8l ZEg) a7} 383%, 356% H 38.6%)7 16:0%
FAF(287%, 253% H 228%)°o2 st F3HAHE86%,
37.3% H 37.8%)0] FAFE 24 2. 2 18:1n-9% FA 2-(ZH7
18.5%, 15.8% 2 15.6%)2 2 3= mixfike] An)(2z;
23.1%, 27.1% ¥ 23.6%) B b= Bels] Eotch 28w, 33
o]2) 7 181n-9% FA4F(252%)2 2 sl RiedAlo]
403% = 71 w9k, oh& 2 2 22:6n-3-4 A #(18.9%).°.
2 3l g N4H34.6%), 1608 FAE(180 %22 3=
E34H25.1%) 52 woldth & w7 & A 93 5% 4 F
T8 el FAAA L 2l A& A A9 Akl 24
= A3 &folzl olgli=t), o] = FAd 2 A o] v Flo] Ex
AL P FAA ALY A wigo] Jgkr] wEele) 3

Al

L 3Ee, el 9 shetetels) w)
d-2 Table 115} 2l w) f-2)
A 2 H& W79 A4S 181095 F

d £l
A 3(30.3%) 22 3t 2 qlabe] 41.4% 2 74 Egkar, o

USee the legend of Table 3.

o] odole] A% 22:6n-3% FAE(184%) 0.2 3}
Feldlate] 415%E 71 E9kar, tH& 22 18:1In-98
FAH(205%) 0.2 3l Rl 4H(33.0%) H 16:02 4 ¥
(154%)2.2 3= E3H4H255%)2] wolgdrt. 4Fx] el B
olo] A4 H-& vi7|e} 2ol 18:1n-9F FA4 E(H7 259%
9 345%) 2. 3= B ol Abo] zhzt 38.8% 9k 47.8% 2 71 A}
EUIL, R 1608 FA (A 23.3% U 21.7%) 02
st Z3pH(ZHZ 34.7% 2 30.3%) ¥ 22:6n-3& FA H(2H
7k 136% 9 10.3%) 2.2 3t= Ze] k(b7 26.5% 2 21.9
9%6)2] ol e a, sFe] e} rirltel ) A9 160
TR 242% W 244%)e 2 Fe E3M4be] 7zt
37.3%%} 40.3% 2 7V ¥R, thS- o8 22:6n-38 FA B
(7 16.8% = 189%)0. s} Z2) ol A(zh7zh 32.8% 2
32.2%) ¥ 18:1n-9% FA (42 185% L 18.7%) & 3}
T Exabbz 20.9% 9 275%)9 soluich o]9) e
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6% o] F w Fe FAAA AL XUl 2AL & R A o] x|uk
Abell Blahe] B wi7]e] S fAlsta o), o] g Alsl g
5% o179 A% Aol Asieh

Q ot
el =

FAZFE FAHEQ fish framed 7154 A A #2402
A19] o] & 75 A& A E 8] f18ted 6% fish frame( &2
u 7], edo, 4bx], aige], Bl Zhvheke] S)d gk 1A
AR EAdo tisle] A ®otv) Fish frameol] 3 o F
o} g 7}1:}3%1 7} 64.2%2 4 Eoka, thgo 2 o

©1(57.9%), B4 (54.6%), ¥ o71(42.0%), A+ (41.7%)
9 el ml TE5o)7} 326%2 7b Uroprh o] F w
frell FAA F FAAAAY - A7) 233 g/100 g2

VA wokal, v}gii BA4e§(21.5 g/100 g), Ao1(16.0 g/

100 g), 225-41(155 g/100 g)9] <olglo, 7ivetoi e}l &
< w718 AS 2 459 o] fol nlste] Fadd| ghr)
He w5 A 5% ol F F m;g 2Esl 28 Y
w kel FAGO] TG7F T4 B (TEA 4, 71.9~83.2%;
w2k, 74.2~86.9%)0]1 9 2, :}g.o_z Z5A o] A$
FFA(81~19.2%), WX -9 FS(55~155%)°]%dt}.
F2 79 A, SR ALY TR TG =AM (Z5
A1, 48.69%; W 2|k, 45.3%)7} TFE o] Froll B]sle] e
o, FFAS] 3A4n) =3 Z8-A|4H41.6%) ¥ w=|at
(43.4%)l FTAGle] ZF 5%2] o] F-ol v]sle] 3tals] =9t
t} o] f w o] FAJ |2l o] EPA+DHA 242 21017} 29.3%
27 Eoka, of-8- 0 2 sr}ake](27.1%), B2 w727, o%
a5-01(25.7%), AHA(21.6%)2] wolda, EAbele A
14.9%<} B33ttt ol S8, A A &k §g ]
4k 24 % EPA+DHA x4 u]§9 éﬂr o] fe) B
7154 XA FEHo2E A7t MY el 2, ok
2 Ak, 3], 3%, sty ~«l oo, ¥
w719 79 yAAschy gk
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