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This study was designed to elucidate the lipid and its fatty acid composition in various tissues
of fresh water fishes. The free and bound lipids in meat, skin and viscera of crucian carp.
(Carassius czrassizs) ware extracted with ethyl ether and the mixed solvent of chloroform~
mzthanol-water (13/3/1, v/v). The fres and bound lipids were fractionated into neutral lipid,
glycolipid and phospholipid by a silicic acid column chromatography using chloroform, acetone and
mzthanol, raspactively, and quaatitatively analyzed by thin layer chromatography (TLC) and TLC
scanner. The fatty aczid compositions of polar and nonpolar lipids in meat, and these of neutral
lipid in various tissues were analyzed by gas liquid chromatography(GLC). v

The free lipid content in meat, skin and viscera was 6.22%, 9.95% and 9.76%, whereas the
bound lipid coateat in thosz tissuss was 10.01%, 3.56% and 7.36%, respectively. The neutral
lipid contents in frez lipid were ranged from 71.7% to 89.4%, and 3~9 times higher than those
in bound lipid, while the phospholipid contents in bound lipid were ranged from 42.39% to 63.2%,
and 5~10 times higher than those in free lipid. The neutral lipid was mainly consisted of trigly—
ceride (81.91~88.34%) in free lipid, and esterified sterol & hydrocarbon (41.00~59.43%) in
bound lipid. The phospholipid was mainly consisted of phosphatidyl ethanolamine(54. 56~66.79%)
and phosphatidyl choline (21.88~34.28%) in free lipid, and phosphatidyl choline (50.49~70.57%)
and phosphatidyl ethanolamine (15.74~24.929%) in bound lipid.

The major fatty acids of polar lipid in free and bound lipids were Cis:0 (17.53%, 19.29%),
Cug:1 (24.57%, 16.08%), Cig:2(8.39%, 4.03%), Corn:s(1.68%, 8.08%) and Caus (6.22%, 13.60%),
and these of neutral lipid in free and bound lipids were Cie:0 (17.67%, 24.15%), Cie (12.81%,
5.529%), Cis (24.13%, 13.029%), Cis:z (15.47%, 8.68%), Cazs (0.88%, 4.14%) and Cas (1.17%,
5.04%), respectively. The unsaturations (TUFA/TSFA) of polar lipid in free and bound lipids
were 2.02 and 2.74, and 1.5~2.0 times higher than 1.51 [and 1.23 of nonpolar lipid. In both
polar and nonpolar lipids, 3 highly unsaturated fatty acid (wW3HUFA) content of bound lipid
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was 2~5 times higher than that of free lipid. The polyenoic acid contents such as Cso:s, Coss

and Ca:6 in bound lipid were 2~5 times higher than these in free lipid. Consequently,

there

were significant difference between the lipid and its fatty acid composition in free and bound

lipids and/or in various tissues.
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Instrument

silicic

Z, silicic acid

Shimadzu dual-wave length
TLC scanner(CS-910)

Wave length  350nm

Slit height: 1.25 mm
width: 1.25mm

Scan speed 20 mm/min

Sensitivity 1X

Scanning method Reflection zig-zag by

single wave-length
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Instrument Shimadzu GC-4BPTF

Column 3.0mX3.0mmi.d., glass
column

Packing 15% DEGS on 63~80

mesh Chromosorb W

Carrier gas 16 ml/min, nitrogen

Column temp. 195°C
Chart speed Smm/min
Injector temp. 250°C

Detector temp. FID at 250°C
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Table 1. Compositions of general components
in various tissues ef crucian carp

Components Meat  Skin Viscera Total
Moisture 78.03 76.73 80.03 78.28
Crude fat 1.56 2.48 2.07 2.04
Crude potein  14.12 12.16 13.61 13.30
Crude ash 2.41 2.23 2.72 2.45
Total sugar 0.86 0.37 0.31 0.51
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Table 2. Total contents of free and bound lipids in various tissues of crucian carp

Free lipidt)

Bound lipid?

Total lipid

Tissues® Crude Purified Crude Purified Crude Purified
mgleg % mgle % mglg % mgleg % mg/lg % mgle %
Meat 68.0 6.80 66.2 6.62 235.4 23.54 100.1 10.01 303.5 30.35 166.3 16.63
Skin 110.9 11.09 99.5 9.95 270.9 27.09 35.6 3.56 381.8 38.18 135.1 13.51
Viscera 111.6 11.16 96.7 9.67 203.4 20.34 73.6 7.36 315.0 31.50 170.3 17.03
Total(mean) 96.8 9.68 87.5 8.75 236.6 23.66 69.8 6.98 333.5 33.35 157.2 15.72

1) extracted with ethyl ether by Soxhlet method 2) extracted with methanol-chloroform-water
(10:9:1, v/v) 3) moisture content of samples lyophilized was 7.0%
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Table 3. Compositions of neutral lipid, glycolipid and phospholipid in free lipid separated
from various tissues of crucian carp

Neutral lipid Glycolipid Phospholipid
Tissues ) g o7
mglg % mg/g % mg/g %
Meat 784.2 78.4 12.0 1.2 64.5 6.5
Skin 717.3 71.7 107.4 10.7 127.3 12.7
Viscera 894.1 89.4- 10.2 1.0 40.2 4.0
Total(mean) 798.5 79.9 43.2 4.3 77.3 7.7

Table 4. Compositions of neutral lipid, glycolipid and phospholipid in bound lipid separated
from various tissues of crucian carp

Neutral lipid Glycolipid Phospholipid
Ti
fssue me/g % mg/g % mglg %
Meat 279.4 27.9 147.2 14.7 423.4 42.3
Skin 187.8 18.8 55.0 5.5 502.3 50.2
Viscera 74.2 7.4 51.4 5.1 632.1 63.2
Total(mean) 180.5 18.1 84.5 8.5 519.3 51.9
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Table 5. Compositions of neutral lipid in free and bound lipids separated from various

tissues of crucian carp

(%)

. MGD FSO DGA FFA® TGY ES & HCY
Tissues FL BL FL BL FL  BL FL BL FL BL FL BL
Meat 2.25 9.05 13.30 11.98 1.05 2.94 — 7.56 81.91 9.03 1.49 59.43
Skin 0.20 7.83 — 10.50 — 3.45 (0.38 11.02 86.77 18.80 12.65 47.36
Viscera 0.13 5.52 5,00 20.09 0.74 1.06 0.27 6.78 88.34 25.55 5.52 41.00
Total(mean) 0.86 7.47 6.10 14.19 0.90 2.48 0.22 8.45 85.67 17.79 6.55 49.26

1), monoglyceride;

2), free sterol; 3), diglyceride; 4), free fatty acid; 5), triglyceride;

6), esterified sterol & hydrocarbon; FL, free lipid; BL, bound lipid

Table 6. Compositions of phospholipid in free and bound lipids separated from various

tissues of crucian carp

(%)

PSH PC2 PEY FAY
Tissues FL BL FL BL FL BL FL BL
Meat 4.90 5.03 34.28  70.57 54.56 23.09 6.26 1.31
Skin 14.40  22.03 21.88  50.49 57.48 24.92 6.24 2.36
Viscera 5.60 14.21 23.43 69.16 66.79 15.74 4.20 0.89
Total(mean) 8.30 13.82 26.53 63.40 59.61 21.25 5.57 1.52

1), phosphatidyl serine; 2), phosphatidyl choline; 3), phosphatidyl ethanolamine; 4), fatty acid

* FL : free lrpid, BL: bound lipid.
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Fig.1. Comparison of main fatty acid composition
of polar lipid in meat of crucian carp
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Fig. 2. Comparison of main fatty acid composition
of nonpolar lipid in meat of crucian carp
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Table 7. Comparison of fatty acid compositions of polar and nonpolar lipids in meat of

crucian carp

Fatty acid Nonpolar lipid

Polar lipid

Total lipid

compositions Free Bound Free Bound Free Bound Reference*
Saturated acid 39.95 40. 85 32.56 26.53 34.83 30.79 31.70
Monoenoic acid 40.23 24.04 39.17 29.94 39.96 22.34 40.20
Polyenoic acid 19.86 26.23 26.52 42.72 24.12 46.15 28.20
TUFA/TSFAY 1.51 1.23 2.02 2.74 1.84 2.22 2.15
TPEA/TMEA? 0.49 1.09 0.68 1.43 0.60 2.10 0.70
TEFA(%)® 16.71 11.31 14.14 10.07 16.73 13.37 10.20
w3UHFA(%)Y 2.92 14.71 10. 62 28.18 6.21 28.51 14.60

1) TUFA/TSFA, total unsaturated fatty acid/total saturated fatty acid; 2) TPEA/TMEA, total
polyenoic acid/total monoenoic acid; 3) TEFA(%), total essential fatty acid; 4) «3HUFA(%),

»3highly unsaturated fatty acid
*Yamada’'s report(1975)2"
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Table 8. Fatty acid compositions of neutral lipid in various tissues of crucian carp %

. Meat Skin Viscera
Fatty acids Free Bound Free Bound Free Bound
Saturated
Ciz:o - - - - - -
Ciso - - - - - -
Cuazo 2.41 2.31 2.88 9.73 3.78 2.50
Cis:o — — 0.79 2.80 0.61 5.64
Cisio 20.11 19.44 18.53 27.10 24.31 16.16
Ciz:o 0.53 0.51 0.45 0.61 0.59 1.15
Cis:o 7.54 7.21 9.31 13.72 9.16 9.78
Cuo 2.26 2.16 1.26 — 2.43 1.46
sz:o _ - - - - -
Total 32.85 31.63 33.22 53.96 40. 88 42.84
Monoenoic
Cien 1.51 1.4 0.29 — 1.79 3.21
Cien 1.46 13.95 12.09 3.46 13.33 11.22
Cisu 27.45 26.26 26. 20 11.90 20.11 19. 49
Cuot 2.21 0.26 0.78 2.43 0.49 -
Caz1 0.42 0.37 0.57 0.22 0.47 _
Total 33.05 42.28 39.93 18.01 36.19 33.92
Polyenoic
Cis:z 17.60 16.83 14.39 9.00 12.74 5.39
Cia:a 2.49 2.19 3.59 — 2.18 1.09
Cao:2 0.23 —_ 0.63 —_ (.41 —
C20'.3 - - —_ - - -_
Co:4 1.41 1.35 — — 1.34 0.77
Cao:s 0.87 0.95 0.68 3.98 0.56 1.70
Cozs 1.01 4.14 0.84 — — —
Cas 0.88 — 0.80 6.08 — —
Caze 1.11 5.04 — 13.38 1.14 5.81
Total 23.62 30.50 20.90 32.44 18.37 14.76
TUFA/TSFAD 1.73 2.30 1.83 0.93 1.33 1.33
TPEA/TMEA? 6.77 0.72 0.52 1.80 0.51 0.44
TEFA® 21.50 20.37 17.98  9.00 16.26 7.25
©3HUFA® 5.35 8.18 5.07 23.44 3.88 8.60

1) TUFA/TSFA, total unsaturated fatty acid/total saturated fatty acid; 2) TPEA/TMEA, total
polyenoic acid/total monoenoic acid; 3) TEFA, total essential fatty acid; 4) «3HUFA, 3

highly unsaturated fatty acid

) 3 0.77%®HB)A2 HEAANE A9 gt

Cauis, Consy Coe M 59 HETHMRBRY 48
< KRS RERRERAA A2 3.98%, 6.08% U
13.38% 2 7% ¥%oH 2 vhgo] RERAL.
ol & BETMMBIRY 4@y ¥ SHEygos
T8 FHE 2 gl

Hayashi $9& o 79 mMpk ik #FHrdA:
Czo:s ';% C22:6 @% Hﬁ g‘l Viﬁiq‘ %lﬁ %‘°ﬂ E%' '

ket Bigstdedl REBE LEkstE 9gtsl «E

o 1 #Re AL BUsigded, & KR B8
HHeA HSe ETEWES AR G2
B BETEMERR Ak %t 2oz 4
& Ao il 30 &EEARY BRRER TR
A Coe B SRS WERUL 15~30% 24 Kk
et ¥4 A4, BAR F 209 W FeAE
1.3~2.5% 2 o}F @Ak Fof, Wo] F 44 K
& Cone B AR-2 14.9~28.9% 2 BWERKY A
4 ZAvta HEstgor Tashiro 5L drole] #

— 340 —



gkl REY 33 R

4250 JREFRR MR BEAA Couee 48 mé
pel 22.6%, ¥@EWe] 9.1%, el 11.6% stz
st el A HRelAs WAL, REERH 2R:
KAk Foe] CosBY SEL 1.11~13.38%9
He el el

= g (TUFA/TSFAYE 2a WERT L
7T9(HEE) 9 2.30(HA)EA Yamada T2 @ikt
A8 —%3slg e, monoenoic acide] W poly-
enoic acid &8 H(TPEA/TMEA)X el #om
BE A9stas Yamada 5208 bl —Eshgl
. LERHBY ARE ET 21.50%GERED 9
20.37%(RABIRA 7 wskor R AR
Ae BEREAA 2 4R BeREL) o 2%
AE % o3 BETHTRERY 48 3.88~
23.442 9 99 dslerd WAH, BEREA
2 AYT Z2HE 44389 1 48 AR =
L Bie KR MEeRE=R 23.4% % vela
A e o] CueBpo] 4ffo] 13.38% 2 /14 &
2o = FRe] etm A=

= #J

BKE F 2 S FHAE I E HEE &
o WEM, KX, K 5 s g U 2ol
H-& #iH, silicic acid column chromatography &
HEIRE, ERE 3 SRS 5386l thin layer
chromatography(TLC) o
BEHZY RE MRS
4E RE 488 HBsdc. = gas liquid chro-
matography(GLC)el #jsle] ol % FAES HERIRES
B #RE S, HEstd 247 #RE dgrld

&1t

Lo#frB) wE X SAREY ARCY k54
B AEHMsL 6.22% 9 10.01%, RZst 9.95%
gl 3.56%, HRH7L 9.67% 4 7.36%9 20+, 4
A B2 BERES HekRY e WES 1:
1.52, prEf-F 1:0.35 P 1:0.7602 AL
Bz A3 ZR =g,

2. RERBRH BRBEE 4B_S higsld 23 %
BERE -2 RHEIREe] 71.7~89.4%, ¥REo] 1.0~
10.72%, #BREo] 4.0~12.7% =2 Ho] Y3, LR
B ik fREe] 7.4~27.9%, ¥I5He 5.1~14.7
%, GAMRE) 42.3~63.2% = = of glo}, WHERZT
< & FHERER s & dbd HARESE &

TLC scanner 2 o=

Fe 2 Fhsbod ool

BE=2 = dgled, B 4343 #ER/) dA
Had.

3. IREBS A BRRE MRS Hhigsd 24 &
BT =9 BRge triglyceride(TG)7t 81.91
~88.3¢% = A HE& AXsE il HEABE F
9] RS esterified sterol(ES) & hydrocar-
bon(HC)7t 41.00~59.43% 2.2 714 & 4 &
Jeix gosh. = BERE 59 BEES phos-
phatidyl ethanolamine(PE)7} 54.56~66.79% =
743 23 7 ©}-&e] phosphatidyl choline(PC)7}
21.88~34.28% = = l& W HEBE T &
BEe PCs) 50.49~70.57% = 7}% &3 2 &
o] PE 2 15.74~24.92% & A s} 914l

4 B Y RARE Fo EEETY To MR
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16.08%), C1s:2(8.39%, 4.03%), Cu:5(1.68%, 8.
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JEREl: R A B8 BREBRE Cieo(17.67
%, 24.15%), Ci16:1(12.81%, 5.52%), Cis:1(24.13
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16~16.55%) B} 2fFo] 49 &L &&E& el
I R

6. WALA PHEMRES KR ERE kst »
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