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The object of this study is to obtain fundamental data on cultured fishes produced in Korea to
improve their food components. For this purpose, the food components of cultured fresh water fishes
such as eel, Anguilla japonica, snakehead, Channa argus, and common carp, Cyprinus carpio, Wwere
investigated and compared with those of the wild ones.

The results obtained are summarized as follows:

1. Common characteristics in the proximate composition were that wild fish was higher in crude
protein content and lower in crude lipid content than those of cultured one.

2. Among the 9 kinds of minerals analyzed in all the samples, sodium, potassium, calcium and
magnesium contents were absolutely predominant being more than 99.52%. These four elements in
feedstuff also occupied 99.68~99.92% of total minerals.

3. The neutral lipids of wild and cultured eel, snakehead and common carp occupied 55.7~95.8%
of lipid fractions, while the content of the phospholipids in snakehead was particularly higher than
those of others.

4. The neutral lipids of wild and cultured eel, snakehead and common carp mainly consisted of
triglycerides (85~95%), and a little quantity of diglycerides, monoglycerides, free sterol ester and
hydrocarbon were also identified in the neutral lipid.

5. The phospolipids of eel and common carp were mainly occupied by phosphatidyl choline (71.3~
83.9%), followed by phosphatidyl ethanolamine (12.1~23.5%) and phosphatidyl serine (7.5~
13.8%). The phospholipids of snakhead consisted of phosphatidyl choline (50.7~64.5%), phosphatidyl
ethanolamine (28.0~35.5%) and phosphatidyl serine (7.5~18.8%). Generally, phosphatidyl choline
content was higher in wild fish than in cultured one, while phosphatidyl ethanolamine and phosphatidyl
serine contents were higher in cultured one.

6. The major fatty acids in total lipid of wild eel, snakehead and common carp were Cie:p and

Cao:5, while those in cultured ones were Cis:i, Cis:z and Cpae. The fatty acid composition of neutral
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lipids showed similar tendency to that of total lipid, and the main fatty acids in phospholipids of

cultured fishes were Cis:; and Cig:z

Cis:2 were higher in cultured ones,

7. Total amino acids contents of wild and cultured eel were nearly the same,

15.99 % respectively. The major amino acids of wild and cultured fish were glutamic acid,

In glycolipids, Cz:5 and Cyz:6 were higher in wild fishes,

while

being 16.65 % and

leucine,

aspartic acid and lysine in order. In snakehead, the contents of aspartic acid and proline in cultured

fish were higher than those in wild one, while the contents of glutamic acid, alanine, glycine were

higher in the wild one. Total amino acid content of cultured common carp was 21.7 % compared with

17.08 % in wild one. The contents of glutamic acid,

aspartic acid, glycine, proline and alanine

occupied higher quantities in cultured common carp compared with those in wild one while the other

amino acids revealed no significant difference.

8. Aspartic acid in free amino acids of cultured eel held 1.0% of total free amino acids, while

that in wild eel held 2.9%. Histidine, arginine and tyrosine content of cultured fish were two times

higher than those of wild one. But free amino acid composition of samples seemed to be no marked

differences according to cultured places.

The contents of arginine,
methionine and phenylalanine of snakehead ware higher in wild one than in cultured one,

aspartic acid, glutamic acid,

while the

contents of lysine, histidine, glycine, and alanine ware higher in cultured one. In free amino acids

content of wild common carp, histidine, glycine and lysine occupied 76.9%

of total free amino acids.

Lysine, histidine, aspartic acid, alanine, valine and leucine were higher in wild one compared with

those of cultured one, while glycine and tyrosine contents were higher in cultured fish.
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Table 1. Details of sampled fresh water fish

ARE AAsted, 47 F4x £ A& J3te A
EEANT e AQEH I ALY, F

A3, AAEA, otrl=AtzAg L fe obr =t 24
534 AR AFAE & FAstd 2 A5E

3 AR

ANE: A 8Y 27L& Table 14 eligleh. &,
W o] (Anguille japonica) 3] ALe. FE7} 5150
A R AL BN FEAA FUsha, P4
& AT HEA 2l ol B FAF T
TE AR A A Astgd . AHER] (Channa
argus) AAAL F57} 5 FALA BT T2 A
Fah, FALE Labd BF HAEHE Qo E
A &A okelgel A A AFsigoen, o
(Cyprinus carpio) A QAL FE7) 8o 4] ]2 5

AE 94 FA] T T2 7Lz, %4
Ak FAR] T T TS &4 AAs A 2
3 &4 THFARTY A AFH dFL0A 4
Fstdet. AR AR FLAFedE B ¢
o 7b5at & 214 AFe] A wed e 5
gdrh A2E A9 WSS A5e5d &

Al —30°Ce] St Fa Ao Ahgsbgl=h

YEEE (i AgrtdAzy, a9l
semimicro Kjeldahl ¥}, F=]z-& Soxhlet®, 3|2

!

& A3, 2ol AL 25% HCl2A A4
M sle] Q-2 3YUF-S Somogyiwld] 2 Bertland
ALz E4ste Adstgd.

RI1W 1 $714 24 A7 oo wom A
e g A BE A=1E-354) (Hitachis] Model 208);.-_
Al Table 28} & BHzAew Zx3tqc}h. Mg,
K, Ca-g Graham §229] wWe| weky, 7o, 7
2], '} 2 obd FAD S Flubyi™e] ¢jshg o

He o

Species Locality Date of sampling Body length(em) Body weight(g)
Eel Wild Nakdong river Oct. 26,1984 47.0~49.0 210~ 285
(Anguille jeponica) Cultured Pusan Oct. 26,1984 47.5~52.0 208~ 215

Cultured Yangsan Oct. 26,1984 49.0~49.5 196~ 225
Snakehead Wwild Nakdong river Nov. 6,1984 45. 0~50.0 905~1,100
(Channa argus) Cultured Pusan Nov. 6,1984 47.5~50. 0 1,040~1, 320

Cultured Kimhae Nov. 6,1984 47.6~49.5 930~1, 280
Common carp Wild Nakdong river Nov. 10,1984 45. 5~45.0 1,170~1, 270
(Cyprinus carpio) Cultured Pusan Nov. 10,1984 42.0~46.0 1,010~1, 305

Cultured Chinhae Nov. 10,1984 42.0~46.2 890~1,050
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Table 2. Conditions for analysis of minerals with atomic absorption spectrophotometry

Condition Na K Ca Mg Cu Zn Py Cd Hg
Wave length (nm) 589 766.50 422.7 285.0 324.6 213.77 283.15 228.56 253.55
Lamp current (md4) 8 12 20 20 10 10 10 8 6
Slit width (mm) 4 5 3 4 2.2 2.2 2.2 2.2 2.2
Air flow rate (!/min) 2 2 2 2 14 14 14 14 -—
Acetylene flow rate (//min) 5 5 5 5 2.5 2.5 2.5 2.5 —
Burner height (mm) 20 10 20 20 25 25 25 25 29
Table 3. Instrument and operating conditions of TLC scanner

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

Wave length 350 nm

Slit height: 1.25mm

width: 1.25mm
Sensitivity x1
Scanning method

reflection zig~zag by single-wave length

Table 4. Conditions for analysis of fatty acids with GLC

Instrument Shimadzu GC-7AG
Column

DEGS on Shimalite W

Column temp. 195°C
Injection temp, 250°C
Detector temp. 250°C
Detector FID

Ng, flow rate, 20m{/min
2.5 mm/min

Carrier gas
Chart speed

Glass column (3.1mx3.2mm i.d.) packed with 15%

& AOAC™ uigel wiel £AHstge

A BR|EC| 28] : Bligh &} Dyer®)¥]o] uleg} A E
AL 553 cbS, RouserF9] wldlq wizl 4w
At FaeviEadzyer FA4XA,
UdAF = 3y

SYRED AXHY =Y 1 4g 2 FaEnlE
2@ = sl 2 FAARL D AAAY 24
L TLC o) 23t BE] EA3F 4. TLC plate =
Kieselgel 60 Fass (0.25 mm precoated Merck Co.)
% Argstgor, AAEE F4ADY AL®
petroleum ether: ethyl ether: acetic acid (80: 20:
1, v/v), 1=]"-23) chloroform: methanol: water
(65:25:4, v/v)E Az Agstgct. elzm 20%
HCIO: & WAl =2 253tz 120°Cel4] =3z
v 53 EEFY Rr3a vmstd #eiga,
Table 3¢] Zxo] wel TLC Scanner (Shimadzu|
Model CS-900)el ¢jsted 27 Ras XA A1
A dF(%)e 54 AAaslg

KNUMZRY 189 FAA4, 3x4, 9= &
%7 ¢ 1N KOH-95% ethanol 2 7 315t o2 14%
BFg-methanol 3ml & 7}ste 95°C oA 30% 3§

ERE i

7}dste] = 8lAl methyl ester ® =g o8 GLC
(Shimadzu#} Model GC-7 AG)E2 4 A 35kgi ). GLC
BAZ7L Table 49} 2o, Al $3& 53
] u}ale] retention time 31 wlm W R ukake o]
Z ZA 49 retention time 3¢ AmaEl=F o]&
stgeh. EEA Ak 2 Cuo, Cisios Cisios Cisia
C18237 CZOZO; CEO:!, C20:4, CZO:S, CZZIO, C2221 ‘;‘l CZZZS
9] methyl ester (Applied Science Lab #|)E A}L-3}
et

otoliite] =4 1 A2E F2 A=xAA 6N-HC
24 2447 sh5RE sle] ofml ;AL A5 A Al (LKB
A, 4150-a) = M A gksigl et

Relotn el =M 1A B 528 A sl 1%9]
24k 8ml & slsteq TR g B2 100w
2§ F dalEEsideh olgdAA dAd%E Ast
o] Dowex 2x8 (Cl-form 100~200 mesh)4=jzZ&
ol B3AA slaelAbe AASIL FEHE 2ok &
24 50ml 2 gk, o|F 30ml g sl Ambe-
rlite IR-1204=| AY(H* form, 100~200 mesh,
¢ 1.5x15cm)el] FARAA & 150mi 2 AH kg ch
thgel] 2N-NHOH 2 ££41A ol& zds5e &
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Table 5. Proximate composition of the dorsal muscle of wild and culfured fresh water

fish and feedstuff supplied

C %)

Sample Moisture Crude protein Crude lipid Ash Carbohydrate
Wild 60.3 16.1 22.1 1.2 0.3
Eel Cultured in Pusan 58.5 15.8 24.0 1.1 0.3
Cultured in Yangsan 60.5 15.3 22.6 1.1 0.5
Wwild 76.8 20.9 0.9 1.2 0.2
Snakehead Cultured in Pusan 81.5 16.2 1.3 0.8 0.4
Cultured in Kimhae 77.5 18.7 1.9 1.2 0.5
Wild 76.6 19.7 1.5 1.5 0.4
Common carp  Cultured in Pusan 76.5 17.9 3.7 0.9 0.3
Cultured Chinhae 78.9 17.4 2.3 1.0 0.4
Feedstuff for In Pusan 7.7 51.4 5.6 15.2 20.1
eel In Yangsan 7.3 49.5 5.9 16.2 21.1
Feedstuff for In Pusan 10.5 45.1 3.8 8.5 32.1
common carp In Chinhae 8.6 47.9 14.3 10.1 19.1

Table 6. Comparison of crude lipid and protein content in dorsal muscle of wild and

cultured fishes

( % in dry base )

Crude lipid Crude protein
Sample
Wwild Cultured Wild Cultured
57.83* 38.07*
Eel 55. 67 40. 55
57. 22%% 38. 73%*
7.03* 87.56*
Snakehead 3.88 90. 08
8. 44%% 83. 11%*
10. 90* 82.46*
Common carp 6. 41 84.19
15. 74%* 76, 17%%*
Yellow tail® (young) 10. 66 23.58 88.24 75.79
Yellow tail® (adult) 14.23 37.20 85.40 62.80
Yellow taill®) 7.31 35.93 87. 69 57.10
Red sea3? bream 5.36 16. 29 87.05 76.14
* Pusan ** Yangsan *+%% Chinhae
6) Shimizu Y., M. Tads, and K. Endo (1973)
10) Saeki K.and H. Kumagai (1979)
32) Saeai K.and H.Kumagai(1979)
ol PH2.2 FAQdFARA 25ml 2 st} obn] & 7 ¥ele] ANALF DMARTE Ao
=4k AFEAA (LKB A, 4150-0) 24 Aegkstedch, & zolr QoA A U@ o

2% % 23

UprgE ot o Fu AL Table 5504 1}
BARE WA, sheal, el 2T TEAQ
Aoz zuA Re Al ¥otm, 2

A RFe A0l ek B 0L YA 3

seh 4407 BACNE o]

AP d& Aodale] thi
5690 ulele] -

ol
Els

A4 Holsk Aele] WAl g
T edate] Ty X2 e
X33k ¥} glv}. Table 58] Ao} =%

oFAl z}o] =T} o

REAR10), {478 S99 ASAE Ed 2 Frkil A 5 Z3z)

Auue

— 199 —

AL 7|FoF vm

sl® Table 63} e},



& # =-

F B R

Table 7. Mineral content of the dorsal muscle of fresh water fish and the feedstuff

supplied
( ppm )

Sample Na K Ca Mg Cu Zn Pb Cd Hg
Wild 389.9 2,046.6 662.7 155.8 0.44 21.1 0.40 trace 0.116

Eel Cultured in Pusan 421.0 1,975.8 369.4 187.1 0.21 14.0 2.10 trace 0.054
Cultured in Yangsan 388.9 2,038.9 436.1 275.0 0.22 7.4 0.06 trace 0.143
Wild 345.0 4,072.7 856.6 78.5 0.18 4.6 0.14 0.02 0.134
Snakehead Cultured in Pusan 278.7 3,369.1 47.9 245.1 0.13 3.5 0.19 trace 0.142
Cultured in Kimhae 372.1 8,878.9 47.9 252.0 0.18 3.3 0.12 0.01 0.089
Wild 423.7 3,567.6 658.3 338.8 0.38 7.9 0.14 0.01 0.089
Common carp Cultured in Pusan 307.8 3,559.4 544.8 279.7 0.44 7.7 0.16 trace 0.094
Cultured in Chinhae 350.6 3,324.7 637.2 300.8 0.52 5.0 0.18 — 0.061

Feedstuff In Pusan 5,850.0 4,080.4 39,675.0 1,450.0 4.94 146.3 10.25 0.75 trace
for eel In Yangsan 5,835.4 5,073.2 38,378.0 1,768.3 5.73 62.3 5.55 0.55 0.069
Feedstuff for In Pusan 2,293.8 7,856.3 7,812.5 4,612.5 4.88 64.75 3.25 0.38 0.019
common carp In Chinhae 3,993.8 2,926.7 3,550.0 906.3 3.81 19.0 2.50 0.38 trace

Table 8. Lipid contents in the dorsal muscle of the wild and cultured fresh water fish

(wt %)
Lipid content Percentage in total lipid
Sample
(%) NL* GL* PL*
wild 22.1 94.2 2.6 3.2
Eel Cultured in Pusan 24.0 94.6 1.5 3.9
Cultured in Yangaan 22.6 95.8 0.6 3.5
wild 0.9 71.6 3.9 24.5
Snakehead Cultured in Pusan 1.3 55.7 3.0 41.5
Cultured in Kimhae 1.9 65.1 3.0 31.9
Wild 1.5 77.0 1.9 21.1
Common carp Cultured in Pusan 3.7 82.4 4.7 12.9
Cultured in Chinhae 2.3 83.2 7.1 9.7
* NL: neutral lipid, GL: glycolipid, PL: phospholipid
Table 6o 4 vebd whebe] aldol} Baoluh B A4S Bold 4 Yotk ude % TEE @
AR ZRUAL AQ B2, ZALE G L E AR ABT L SR el 27 1%
A9 gl BHE AT & F Atk #5994 A77} workshop 22 A7 AW L 4
2713 48 .7¢ NEY NG B FAAEF T A ke Glsh DA EEEOL AL ¥
AR AEg Table 7] vebigich WA E A o8 FAMEF K Na, Ca, Mg@gel opalAkl
dA4ke] AL 2AR 94 AEF Na, K, Ca, Mgo] oo wobvta sbg ., R Ve ALTFZ A
g Aol vlsld YEFEkA kel Fob 99.33% A4k D kAl @R oA AEA YA oFA
2 AAsG . ol AFL oA AE shast Abo] AodAkm el o 3w 7 ukgtAlnt s e} ©E Fr
A 99.52~99.75% o™ G4 @ kA4 A A gl Ak F977 g e
EA ¢ JoleHE 22 AYE BRI AEFY £ ARAFANAE FAEme] WA, sEx, o

TR Rt FHFH T
Az 29 ARTAXAE F4]

Fol 99.68~99.92% % E k2 v% FA el Fe o
= 44389 PEUE 99.52~99.90% v} ol E 44%
o] A2 59 ofH <l ¥t —Emrs-«l FFal wlste

A7 gt WAE
Na, K, Ca, Mg 9]

AAAL Aolo] TR Ag
, BAE Y AR BE ALY 3
QAL A EelS) FARTH el 24l BaErtEa
Aoz 247 A A28 24 E Table 84 1}
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Table 9. Composition of NL and PL of wild and eultured fresh water fish

%)
Neutral lipid* Phospholipid**
Sample -
MG FS DG TG ES& HC PS PC PE
Wild .1 2.1 2.1 93.7 —_ 6.5 79.7 13.8
Eel Cultured in Pusan 0.3 2.5 1.8 94.4 — 9.8 77.3 12.9
Cultured in Yangsan 0.5 3.2 1.1 95.2 — 8.9 75.7 15.4
Wild 1.0 3.5 2.3 91.7 1.5 7.5 64.5 28.0
Snakehead Cultured in Pusan 1.1 3.1 3.8 90.8 1.2 13.8 50.7 35.5
Cultured in Kimhae 1.0 3.9 3.6 90.6 0.9 12.1 58.5 29.4
Wwild 0.3 3.1 6.5 886 1.5 4.0 83.9 12.1
Common carp Cultured in Pusan — 3.1 6.0 89.9 1.0 2.1 79.4 18.5
Cultured in Chinhae 0.1 2.9 11.1 84.3 1.6 5.2 71.3 23.5

and hydrocarbon

*) '\/IG Iﬁgnoélyceri&é: FS: free sterol, DG: diglyceride, TG:triglyceride, ES & HC: esterfied sterol

*¥)  PS: phosphatidyl serine, PC: phosphatidyl choline, PE: phosphatidyl ethanolamine
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of AR A AFLE AT WA 3
S.ot wlals}A 2 ) <3 Abe] phosphatidyl choline &}
gko] wvikgkrl, phosphatidyl ethanolamine 2. oF4] 9] e]
7} 18.5%, 23.5% % A QAL 12.1%4) o] B§
t}, o]4te] A3z 3= 9lx]7 AR 3 phosphatidyl
choline -& ] ol Ale] mk3 phosphatidyl serine & pho-
spatidyl ethanolamine & oFA1Abef| 2:-8-2 o4 9
A ol Azt KVl Ao ¥ oAl

ol
Orﬁ,
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Table 10. Fatty acid composition of TL, NL, PL,GL of wild and cultured eel

( area % )

Wwild Cultured in Pusan Cultured in Yangsan

Fatty acid

TL NL PL GL TL NL PL GL TL NL PL GL
14:0 3.7 47 1.4 3.8 4.2 0.6 0.5 7.2 3.6 36 34 50
15:0 0.8 0.8 1.5 1.2 0.3 02 0.1 03 02 0.2 03 0.5
16:0 21.6 18.8 17.0 24.1 20.1 18.0 16.8 25.7 21.0 20.2 18.0 27.5
17:0 0.4 01 08 08 05 0.3 0.3 0.4 0.3 05 0.4 0.5
18:0 51 39 68 38 37 25 61 35 34 30 7.2 8.7
20:0 1.9 1.4 trace 1.9 0.7 0.2 trace 2.0 0.4 0.6 0.4 0.8
22:0 0.9 1.2 0.7 1.1 0.2 1.0 trace 1.4 0.4 1.1 0.7 0.9
Saturates 34.4 30.9 28.2 36.7 29.7 22.8 23.8 43.5 29.3 29.2 30.4 43.9
14:1 1.5 — 3.1 40 0.3 52 4.4 4.9 0.2 0.3 0.1 0.3
16:1 13.4 17.8 5.3 11.7 10.0 12.8 5.6 89 8.3 84 48 7.7
17:1 0.2 0.5 0.8 0.1 0.2 trace trace trace 0.3 0.5 0.3 0.5
18:1 32.4 36.4 20.0 35.0 40.4 42.4 22.2 31.6 45.4 43.9 23.2 33.9
20:1 3.5 2.8 11 32 48 40 07 25 0.4 05 0.6 23
Monoenes 51.0 57.5 30.4 54.0 55.7 64.4 32.9 47.9 54.6 53.6 29.0 44.7
18:2 3.3 39 1.9 25 24 50 34 61 1.9 19 24 5.4
18:3 0.5 trace trace trace (0.4 trace trace trace 4.6 4.7 2.9 0.4
20:4 1.8 1.0 8.0 trace 0.4 0.1 1.6 trace 0.4 1.2 3.2 2.3
20:5 4.0 4.6 9.4 3.8 4.6 33 80 1.0 4.0 39 6.0 10
22:4 0.5 trace trace trace — — - — 0.2 0.1 0.3 trace
22:5 1.8 0.8 2.0 — 1.7 08 20 04 14 1.5 21 0.6
22:6 2.6 1.2 20.4 3.4 5.2 3.9 28.3 1.0 3.9 4.0 23.6 1.2
Polyenes 14.5 11.5 41.7 9.7 14.7 13.0 43.3 8.5 16.0 17.3 40.6 11.3
TEFA(%) 56 4.9 9.9 2.5 32 50 50 61 65 80 86 81
TUFA/TSFA 2.0 2.3 26 1.7 21 34 32 1.3 2.4 24 2.2 1.3
TPEA/TMEA 0.3 0.2 1.4 0.2 03 0.2 1.3 0.2 0.3 0.3 1.1 0.2

TEFA-:total essential fatty acid, TUFA: total unsaturated fatty acid, TSFA: total saturated fatty acid
TPEA :total polyenoic fatty acid

wholo] widle] AT Aol A e Agolgdr olzl AJ7= ),

Rgar 2 calqd & oAl el F=A, 28 Aedabe] oFAlAte] wla] Cier o] ZAW[AF
FAAA, A" @ G =94l 242 Table 3 oA AL Ciar B Cone 8] A7 =& AR
103 2o, gAZd ez FAE, FAARNAHE Ceo, & VEM R gle). Ohshima S8 2o]o] ZExA
Ci:t, Cign ] ZAI B 2F5dA% Cien st g ZA A Akl A vlmel A Ak 4l

] ¥l Copsde =& ubdl, Cisnd] ZA6]E &

~
Cis:1 2 54 2 3} monoene A12] ¥]go] YA Abel
A 51.0%, kAL 52.4%, 54.6% 2 Ank o] ZF 2o 2aslgch dx29 Al 24
A& AT =T polyene AL AdAE 145 Ao B G4 WA BF FoTAA YA Cane,
%, FAAE 14.7%, 16.0%24 o] wkrh Cig1 @ Cieo0151.2™ polyene Ake] ZAdw|7} Aol
ololzre Aty Qb e g sakejsl HolE ¥ Ao AR A ALY 41.7%, FAlAke 43.3%, 40.6
st A Akdoll = Canis, Cozs o] whfolel] ¥]3le %2 ¥lud =43 2% Caso]l AL 20.4%,
3o 9w ggejel e Cisin, Cisiz7b SAke ] ¥ ok A ALL. 23.6%, 28.6%2A oFAlAbe] dbike] ok
sl b Hi S99 2amsk $AT A o A D FAL WA EF 24X AR
A2 QA D oFAlal W] 2y FAASA 5 Aol st Cier F Cisro] B wtd AAAA =
QAR AR 2L AR ol F Cezie ;57F "l Bk KEBSOE 3043
AAe 90% AL FANA] AAsL Yrl AE ol 5o A A& A I A"
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Table 11. Fatty acid composition of TL, NL, PL, GL of wild and cultured snakehead
( area % )

wild Cultured in Pusan Cultured in Kimhae
Fatty acid
TL NL. PL GL TL NL PL GL TL NL ©PL GL
12:0 0.1 0.2 0.3 1.8 01 0.2 0.3 4.1 0.1 0.1 trace trace
13:0 0.1 0.1 0.2 3.4 01 0.1 0.3 3.8 0.1 trace trace 3.0
14:0 3.7 36 0.8 40 1.7 26 1.9 56 35 561 09 4.0
15:0 0.7 0.8 0.5 trace 0.5 0.6 0.5 trace 0.3 0.1 0.6 0.5
16:0 22.0 19.7 21.2 24.9 20.3 20.9 21.6 21.0 20.5 22.3 24.4 20.6
17:0 1.3 1.4 08 0.1 1.2 1.9 0.8 0.2 1.6 1.8 1.1 0.7
18:0 51 2.8 4.1 7.3 57 35 7.3 58 2.9 35 4.1 3.8
20:0 2.0 2.8 1.6 1.8 4.6 7.3 2.7 2.2 1.7 1.9 0.3 1.3
22:0 0.5 1.0 0.1 0.1 0.2 0.3 0.6 trace 0.6 0.5 0.8 2.1
Saturates 35.4 32.4 29.5 43.4 34.4 37.3 35.8 42.9 31.2 35.3 32.2 36.0
14:1 0.4 0.3 0.2 trace 0.4 0.5 0.2 trace 0.2 0.6 0.5 trace
15:1 0.1 0.3 0.3 trace 0.1 0.2 0.2 trace 0.8 0.1 0.1 trace
16:1 8.8 9.1 2.1 9.1 8.8 14.3 3.3 9.9 6.9 89 31 7.3
17:1 1.8 1.9 1.6 0.8 2.1 2.2 0.5 0.7 1.0 0.9 1.0 0.3
18:1 23.5 27.4 11.8 24.2 19.5 25.0 12.9 21.4 19.0 22.6 11.8 27.4
20:1 2.6 33 2.7 31 1.6 1.3 1.7 4.9 0.6 0.3 2.7 2.3
22:1 0.7 1.6 0.7 0.8 0.3 0.3 0.4 0.1 0.1 0.2 0.1 0.8
Monoenes 37.9 44.0 19.4 38.0 32.7 44.0 19.4 36.8 28.3 33.4 19.3 38.1
18:2 2.5 3.0 2.3 2.6 53 57 45 4.5 3.4 3.6 2.5 5.1
18:3 1.1 1.5 1.0 trace 0.3 0.4 0.5 trace 4.3 4.7 0.6 3.1
18:4 0.2 0.4 08 0.1 0.5 0.2 0.9 1.0 0.3 0.1 0.7 1.7
20:2 0.4 1.0 1.1 trace 1.6 2.1 1.5 2.5 1.0 1.2 0.5 2.0
20:4 2.5 1.9 6.6 1.2 2.6 2.2 5.1 1.2 2.7 1.2 5.5 1.0
20:5 4.6 4.6 5.8 2.8 5.4 3.6 7.1 3.5 6.6 6.2 7.5 10.7
22:2 0.3 0.7 0.4 55 0.1 0.2 0.2 1.4 0.8 0.6 0.9 —
22:4 0.6 0.5 2.1 trace 0.7 0.2 1.2 trace 0.8 0.4 1.9 0.8
22:5 3.4 3.2 4.6 2.6 34 1.6 4.5 2.9 3.3 3.0 38 0.2
22:6 10.9 6.7 26.0 3.6 12.8 2.2 19.1 3.3 17.0 10.2 24.7 1.2
Polyenes 26.5 23.5 50.7 18.5 32.6 18.4 44.6 20.3 40.2 31.3 48.6 25.8
TEFA(%) 6.1 6.4 9.9 2.6 14.0 10.3 14.1 8.5 10.4 9.5 8.6 9.2
TUFA/TSFA(%) 1.8 2.1 2.4 1.3 1.9 1.7 1.8 1.3 2.2 1.8 2.1 1.8
TPEA/TMEA(%) 0.7 0.5 2.6 0.5 1.0 0.4 2.2 0.6 1.4 0.9 25 0.7
Cie:1 3} Cigr, FRAA ") Coos, Comso] o] & polyene A}& zlodAle]l 26.5%, FAAkel 32.6%,
=] deta skt 2RAY ek 24 e 40.2%2A @ FZolgle ks e Adgrh o4
Al 8 FAA TF Cgo, Ciorn, Cisn @ ZAMZF 2 A3: AR 59 8 HEETW 2usts 4 o
2gvh QAL Cio & 22 T monoeneAle]  ASATh FAAAY ARk 24 FAA AL
AA Y 54.0%A0H, JAAL 44.7% 41.9%2 o A9 g AR AGAzAAA A
A ed Abel] ] A9 F8 FAAGAL Cus, Cisioy Cisnolgz A
A ol 4k wlal Ao Hupar A 58.5%F AR, FHAR ol EY ¥F
A5 Ciei1, Coors B sze«] H) 7]— o} 4 ‘}):57_, o] 52.8%, 61.4% 24 =z ZA¥|s} ¥lx=dAct o

8
0
r_,d
>N

Cisior Cis 8] ®lE TRt kel

EXY FAA, T4AZ

O]z ZE1.9

248 Table 110] st FA48 Fa %zg
AWAEe A R FAAL L3 GAeld At W%
g ot Cong o] ®lA Hokel 7HERY EFXAF

22 9] polyene Ab-& = dAbo] 50.7%, oFAAke] 44.€
%, 48.6% %27 polyene ALFo) A Caxe o] 24947
Akl oAakR T Fokeh. o] R KBTS0
ZEel] disted 2ugt st Z2 Agoldwh s
2 A Fa TAAREE Ad ¥ G4
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Table 12. Fatty acid composition of TL, NL, PL, GL of wild and cultured common carp

(area % )
Wild Cultured in Pusan Cultured in Chinhae

Fatty acid —
TL NL PL GL TL NL PL GL TL NL PL GL
14:0 2.3 2.1 1.2 3.7 1.3 1.3 58 33 07 1.2 1.0 0.9
15:0 0.8 0.4 0.7 0.4 0.3 0.2 1.5 0.6 01 0.1 0.9 0.1
16:0 19.6 18.9 20.5 20.6 17.7 17.9 16.5 21.7 17.3 17.8 21.2 17.0
17:0 1.6 1.7 31 05 0.3 0.1 01 0.9 0.2 0.2 trace 0.2
18:0 4.5 4.6 6.2 4.5 0.2 2.1 4.2 6.3 4.9 4.1 4.5 5.9
20:0 6.5 7.6 1.6 1.0 0.2 06 1.2 05 51 7.8 3.8 6.7
22:0 1.0 1.2 (0.5 trace 0.1 0.1 0.8 3.1 0.1 trace trace 0.1
Saturates 36.3 36.5 33.8 30.7 22.1 22.3 30.2 36.4 28.4 31.2 31.4 30.9
14:1 0.4 0.2 05 05 0.2 0.2 0.9 0.6 01 0.2 01 0.1
15:1 0.2 0.2 0.1 0.1 — — — — —_ —_— — —
16:1 9.4 9.2 4.1 8.4 11.0 11.5 8.4 9.5 5.8 7.8 45 7.2
i7:1 1.4 1.5 1.3 0.5 1.1 0.9 1. 1.1 0.3 0.3 trace 0.3
18:1 23.4 24.2 13.7 42.4 49.1 50.7 24.6 31.4 53.7 46.3 20.9 50.4
20:1 0.8 0.9 0.8 0.5 0.3 0.3 2.1 1.1 0.9 0.5 0.2 1.3
Monoenes 35.6 36.2 20.5 52.4 61.7 63.6 37.6 43.7 60.8 55.1 25.7 59.3
18:2 3.9 4.5 2.4 2.0 6.1 59 6.3 7.9 4.5 5.1 5.2 5.2
18:3 6.0 6.9 1.7 4.9 2.7 2.8 30 34 33 2.5 1.1 2.6
18:4 0.2 0.2 0.2 0.4 0.1 0.1 1.6 1.0 trace 0.2 0.2 0.1
20:4 3.5 2.7 84 09 0.3 0.2 2.4 4.6 0.4 0.6 2.5 0.4
20:5 6.0 6.8 6.5 3.9 1.9 1.6 55 1.1 0.8 1.4 7.5 0.7
2214 2.0 3.6 5.5 trace — —_ — — trace trace 0.2 —
22:5 1.2 0.6 2.7 09 0.7 0.8 1.6 0.8 0.3 0.7 4.7 0.2
22:6 5.1 2.0 185 4.1 4.3 2.5 12.1 1.0 1.7 3.0 21.4 0.6
Polyenes 27.9 27.3 45.9 17.1 16.1 14.0 32.5 19.9 10.8 13.5 42.9 9.8
TEFA(%) 13.4 14.1 12.5 7.8 9.1 9.0 11.7 15.9 8.2 8.2 8.8 8.2
TUFA/TSFA(%) 1.7 1.7 20 23 35 85 2.3 1.7 2.5 2.2 2.2 2.2
TPEA/TMEA(%) 0.8 0.8 2.2 0.3 0.3 0.2 0.9 05 0.2 03 1.7 0.2

2% Cieoy Cigit, Cren o] m, TIAY w]g-2 A HAALY 23.4% 2rf 2] olAtelgl e}, Cis0d)

JALo] 43.4%2A oFAlArY 36.0%, 42.9%%
17.6%, *A4
g Rgvh

%21}, polyene A&

20.3%, 25.8%2A Asl A
HAed B A4l deoje FAA, FAAA,
x4 8] APz Ad-2 Table 128} e}k, 73

A edAte]

o=

5} ek b1 3o

|
X

17.3%, 17.9% 2 34t 19.6

%F

k- A
17F FAlAbel A 2} =9k
o &

Al &F ol

C1823y C2025, C2226‘To:

. 0]

LoldlAE B az

39 442¢ 4

Al g ekAAlY] AupalzAd-L @] e v &E
Ciz:1, Cisioy Ciei1 &) ZA¥IVE k3 o], 7}
Ex 9t 28 Coor Coos, Ciaizd] A7 w&
A Eohrh. A4l dojel s CiaH Cien S FAR
3} monoene 4+8] H]§-o] 35.6% % okAlALe] 60.8
%, 61.7%3 % 1 @ee]l A4l wgkeh. uksl poly-
ene AL-& A eiare] 27.9%2A A4S 10.6%,
16.1% R} Eoton 33ALE od4le] 36.3% A
FAALS 22.1%, 28.4%8 7 9ok A ¥ &4
Al od e8] FAA L X ukal 249 Aol ofAALY
AL 5 2 AR 2o Cigrol 49.1%, 53.7%

£ o

e = urALe] Aol Coe-d 3 2 5l polyene
A9 gel B2 lstd Al Egm 404
22 Cur S FAl 2 3l moncene A2} wjgo] ¥
2 AL EF Ak 29 G, Cue, Cozsd) 24
vl Adale] o4 ESvh el BxA L 74
B FOAWAE A4 P AL BT F 7047
EE Cis1, Cisto, Cieir 0] AATFLEA Wiztele] A
-2t frAbstl et A A Gl Al monoene Abo] A=
e v A A 52.4%, FAAAE
48.7%, 59.3% polyene At A alabe] 17.1%, ofAl
AL 9.8%, 19.9% 9t}
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Table 13. Fatty acid compcesition of feedstuff for eel and common carp

( area %
Feedstuff for eel Feedstuff for common carp
Fatty acid
Pusan Yangsan Pusan Chinhae
12:0 — 0.2 — 0.3
14:0 4.4 5.0 0.7 3.9
15:0 0.4 0.5 - 0.5
16:0 17.0 16.5 21.6 24.1
17:0 —_ 0.2 - —
18:0 2.9 2.9 4.7 0.5
20:0 0.1 0.2 0.4 0.4
22:0 — 0.9 — -
Saturates 24.8 26.4 27.4 29.7
15:1 0.2 - — —
16:1 7.7 9.7 1.2 6.2
17:1 0.7 0.8 — —
18:1 17.2 15.4 33.5 23.2
20:1 2.2 3.6 0.4 2.5
Monoenes 28.0 28.9 35.1 31.9
18:2 2.0 3.7 16.9 7.2
18:3 5.2 5.7 15.1 6.7
18:4 0.2 0.2 0.2 0.2
20:2 — 0.1 —_ —_
20:4 3.6 3.9 — —
20:5 18.4 16.9 1.6 11.3
22:2 1.1 0.2 0.1 0.1
22:4 0.3 0.4 0.2 0.2
22:5 1.2 1.8 0.6 0.7
22:6 15.0 11.0 2.9 11.3
Polyenes 47.0 44.6 37.6 38.5

Y0 2| AlYLEgR AR

oA & AL

i

o elel o)
Table 132 el ol =},
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Cig:z o] FoTAA=8kAle] g},
Takeuchi 538 @ 5492 20, £o] T WAt
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ene A9} ZAJul7b Eokeh Al WAl AdA4k
of #& Coos B Cae 58 FA4
9 At 243 BAS A& AoE A4 &
el Aupar 244 FA
w7t 49.1%, 53.7% 24 A Ak 23.4%¢] w8 2
W ol L AL 44 Asl q R4 A
A A EA F Cisnr & §hgFo] 77h 23.2% W 33.5%
2 e A A 9 ez FHA
ofolimdt 24 : AEeld] obveal 24¢ BAH
A3 z}7z} Table 14, Table 15 3 Tablep 163} 3
oh, Wge]l 8] ofm|wmAle] &L AR 100g%
16.652 o 15.99 g2 = 2 AtTt kAt 2
ol7b glgleh. AldAbf Ao o] obuliAlE ¥l B
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partic acid 8.7%, lysine 7.9% 24 o]|EL& =AA Y
2%53, FAAE IF okelwate] A okl i
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Table 14. Amino acid composition in the dor-
sal muscle of wild and cultured

ZeF E £

Table 16. Amino acid composition in the dor-
sal muscle of wild and cultured

common carp
( g-A. A. /100g-wet muscle )

eel ( g~A.A. /100 g-wet muscle )

Amino acid Wild Cultured in Pusan
Ile 1.01 (6.1) 0.80 (5.0)
Leu 1.68(10.1) 1.51 (9.4)
Lys 1.32 (7.9) 1.43 (8.9)
Phe 0.72 (4.3) 0.76 (4.8)
Met 0.48 (2.9) 0.47 (2.9)
Thr 0.67 (4.0) 0.61 (3.8)
Val 0.86 (5.2) 0.76 (4.8)
Tyr 0.58 (3.5) 0.57 (3.6)
Cys —_ —
Arg 1.03 (6.2) 1.10 (6.9)
Gly 0.91 (5.5) 0.99 (6.2)
Asp 1.45 (8.7) 1.56 (9.8)
Ser 0.58 (3.5) 0.52 (3.3)
His 0.81 (4.9) 0.66 (4.1)
Ala 0.96 (5.8) 0.99 (6.2)
Glu 2.68(16.1) 2.41(15.6)
Pro 0.91 (5.5) 0.85 (5.3)
E.A A ¥* 6.74(40.5) 6.34(39.6)
Total 16.65 15.99

* Number in parenthesis gives the % to total
amino acid

*% E, A.A.: Essential amino acid

Table 15. Amino composition in the dorsal

muscle of wild and cultured

snakehead (g-A.A./100g/wet muscle)

Amino acid Wild Cultured in Pusan
Ile 0.93 (5.5) 1.06 (5.1)
Leu 1.67 (9.9) 1.82 (8.7)
Lys 1.48 (8.7) 1.85 (8.8)
Phe 1.11 (6.6) 0.97 (4.6)
Met 0.69 (4.1 0.70 (3.3)
Thr 0.66 (3.9) 0.92 (4.4)
Val 0.93 (5.5) 1.15 (5.5)
Tyr 0.88 (5.2) 0.75 (3.6)
Cys — —
Arg 0.97 (5.7 1.14 (5.4)
Gly 0.83 (4.9) 1.36 (6.5)
Asp 1.48 (8.7) 2.03 (9.7)
Ser 0.57 (3.4) 0.75 (3.6)
His 0.46 (2.7) 0.66 (3.2)
Ala 1.02 (6.0) 1.32 (6.3)
Glu 2.69(15.9) 3.48(16.6)
Pro 0.57 (3.4) 0.99 (4.7)
E.A.A. 7.47(44.1) 8.47(40.4)
Total 16. 94 20.95

Amino acid Wwild Cultured in Pusan
Ile 1.00 (5.5) 0.93 (5.0)
Leu 2.07(11.5) 1.80 (9.7)
Lys 2.00(11.1) 2.06(11.1)
Phe 0.85 (4.7) 0.77 (4.2)
Met 0.58 (3.2) 0.57 (3.1)
Thr 0.77 (4.3) 0.72 (3.9)
Val 1.15 (6.4) 1.03 (5.6)
Tyr 0.69 (3.8) 0.57 (3.1)
Cys — —
Arg 1.19 (6.6) 1.26 (6.8)
Gly 1.15 (6.4) 0.98 (5.3)
Asp 0.96 (5.3) 1.63 (8.8)
Ser 0.69 (3.8) 0.67 (3-6)
His 0.50 (2.8) 0.58 (3.1)
Ala 1.27 (7.0) 1.08 (5.8)
Glu 3.26(18.1) 2.84(15.3)
Pro 0.73 (4.0) 1.03 (5.6)
E.A.A. 8.42(46.4) 7.88(42.5)
Total 18. 06 18.52

9 43224 ALY #xd AFld=. EAY
79 Table 156 4] &} 7ro] eFAALL o] 5 o}m|x
Ake] 43.9% 241 WAook w53t Agoigo, A
& AL aspartic acid B.x} alanine o] thi  wholA]
glutamic acid, leucine, lysine 2 alanine o] A ]}
47.7% 5 A= stgith. 8l Table 166 4] B.x o) ¢of
Y ALE ] wxe] el o] glutamic acid 15.9%,
leucine 9. 9%, aspartic acid 8.7%, lysine 8.7% %
A olE ovlieate]l AAAGIA 43.2% olPe
oFAlAlel] A & 43.8% G v}

kel et FFE At FHA] Aol
AZ vmetd B3] 40.5% 2 39.6%, sHEH
£ 46.6% 9 42.5%, o= 44.1% 2 40.4%2A
AF ol e Aol glfont T olFY A
A4 F44L Aelel e 2 Aelrt dgieh BeE
olzzil el st R Adels] ebelxal 244 Wz
@3 & Aolsk ggon, F 5 BT Bsolol
xAto] AR EE H] &L 45% % Eeo] 1 glutamic acid,
aspartic acid, lysine o] o}z o 3 gkgro1} cystine
% histidine ¢ of¢ Frm Rusigsh =
ﬁmi Warel o w718 obulieAt 23S EAHE B

ol e] A glycine, glutamic acid, aspartic
ac1d, 9 lysine o] A o}m|x=ALe] 46.8% 2 x| 5}
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927 tryptophan, cystine, methionine, tyrosine AGdAF A §2 ol ALF glycine 16.9%,

2 histidine L o) & Arly Rosg). alanine 13.2%, leucine 8.2%, proline 6.8% = ly-
ottt =Y r g B ofaAlAl W], SE sine 6.2% 24 o]ge] AA H2loln| =41 o 51.2
3 % Qels) feletslabzd & Table 17, Table %% sAshglom whde] $%o] = ool wherd

18 2 Table 194 telulgle}, Table 176] A 9} 3to) arginine 3l tyrosine, serine-& x]-§2] o}r]Ale]

Table 17. Free amino acid composition of the tissue extracts from wild cultured eel muscle
( mg/100 g-wet muscle )

Amino acid Wwild Cultured in Pusan Cultured in Yangsan
Ile 40.5 (4.8)* 20.4 (3.1) 29.7 (4.5)
Leu 71.3 (8.5) 50.7 (7.7) 42.9 (6.5)
Lys 55.1 (6.6) 54.2 (8.2) 64.1 (9.6)
Phe 37.3 (4.4) 32.1 (4.9) 24.0 (3.6)
Met 36.6 (4.4) 49.3 (7.5) 42.5 (6.4)
Thr 30.2 (3.6) 17.3 (2.6) 19.6 (2.9)
Val 44.6 (5.3 21.1 (3.2) 25.0 (8.8)
Tyr 13.6 (1.6) 28.9 (4.4) 34.1 (5.1)
Cys — — —_—
Arg 14.0 (1.7) 30.4 (4.6) 26.0 (3.9)
Gly 149.0(17.8) 101.5(15.4) 96.4(14.5)
Asp 24.3 (2.9) 3.6 (0.5) 6.8 (1.0)
Ser 21.7 (2.6) 25.3 (3.8) 20.0 (3.0)
His 40.5 (4.8) 57.7 (8.8) 68.1(10.2)
Ala 116.4(13.9) 96.8(14.7) 88.1(13.3)
Glu 45.7 (5.4) 28.8 (4.4) 36.1 (5.4)
Pro 59.7 (7.1) 30.6 (4.7) 32.9 (4.9)
Tau 38.4 (4.6) 8.7 (1.3 8.4 (1.3)
Total 838.9 657.4 664.7

* Number in parenthesis gives the ‘% to total amino acid

Table 18. Free amino acid composisition of the tissue extracts from wild and cultured

snakehead muscle ( mg/100g-wet muscle )
Amino acid Wild Cultured in Pusan Cultured in Kimhae

Ile 101.41 (4.8) 90.3 (4.4) 85.5 (4.0)
Leu 107.2 (5.0) 99.7 (4.9) 83.5 (3.9)
Lys 159.8 (7.5) 292. 8(14. 4) 258. 4(12.1)
Phe 159.8 (7.5) 29.1 (1.4) 33.8 (1.6)
Met 60.4 (2.8) 36.2 (1.8) 31.8 (1.5)
Thr 38.4 (6.5) 145.3 (7.2) 139.3 (6.5)
Val 60.4 (2.8) 42.5 (2.1) 37.8 (1.8)
Tyr 54.6 (2.6) 41.4 (2.0) 45.7 (2.1)
Cys — - —

Arg 4.8 2.1) 25.5 (1.3) 19.9 (0.9)
Gly 178.8 (8.4) 298.1(14.7) 332.9(15.7)
Asp 389.9(18.4) 78.2 (3.8) 59.6 (2.8)
Ser 62.4 (2.9) 60.7 (3.0) 55.6 (2.6)
His 124.8 (5.9) 202.7(10.0) 186.9 (8.8)
Ala 273.0(12.9) 392. 3(19. 3) 421.4(19.8)
Glu 64.3 (3.0) 35.8 (1.8) 21.9 (1.0)
Pro 74.1 (8.5) 87.2 (4.2) 91.6 (4.2)
Tau 02.2 (4.3) 74.1 (3.7) 221.2(10.4)
Total 2,123.5 2,031.9 2,126.8
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Table 19. Free amino acid composition of the tissue exiracts from wild and cultured common

carp muscle

( mg/100g-wet muscle )

Amino acid Wwild Cultured in Pusan Cultured in Chinhae

Ile 8.9 (1.0 5.4 (1.3) 4.6 (1.0)
Leu 13.2 (1.5) 3.2 (0.7) 2.8 (0.6)
Lys 40.7 (4.6) 18.6 (4.3) 19.8 (4.5)
Phe 5.4 (0.6) 7.6 (1.8) 8.2 (1.9)
Met 22.5 (2.5) 7.6 (1.8) 5.4 (1.2)
Thr 58 (0.7 52 (1.2) 7.1 (1.6)
Val 8.5 (0.9) 3.2 (0.7) 7.6 (1.7)
Tyr 5.8 (0.7) 5.2 (1.2) 7.1 (1.6)
Cys — — —
Arg 5.8 (0.7) 3.4 (0.8) 2.7 (0.6)
Gly 49.8 (5.6) 160.1(37.3) 82.3(18.7)
Asp 7.9 (0.9 3.0 (0.7 3.8 (0.9
Ser 7.2 (0.8) 6.6 (1.5) 7.0 (1.6)
His 321.7(36.4) 68.0(15.9) 75.1(17.1)
Ala 26.4 (3.0) 7.8 (1.8) 11.9 (2.7
Glu 3.5 (0.3) 3.6 (0.8) 8.2 (1.9
Pro 5.0 (0.6) 4.6 (1.1) 3.9 (0.9
Tau 345.6(39.1) 115.9(27.0) 181.7(41.4)
Total 883.7 429.0 439.2

5.6%¢1 =3stsih

B AR o

GFolgdeh =, R olulAlY 24 ol w
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Table 20. Comparison of free amino acids eomposition in muscle extract of cultured com-
mon carp and eel to the amino acids composition of feedstuff supplied

( Unit:g-A. A. in 100 g feedstuff and mg-A. A. in 100 g wet muscle )
Cultured common carp Cultured eel
é—\crindino Pusan Chinhae Pusan Yangsan
Feedssuff Muscle  Feedstuff Muscle  Feedstuff Muscle Feedstuff Muscle

1le 2.19 (4.8)* 5.4 (1.7) 1.97 (4.8) 4.6 (1.8) 2.48 (4.5) 20.4 (3.1) 2.12 (4.4) 29.7 (4.6)

Leu 3.54 (7.8) 3.2 (1.0) 3.21 (7.7) 2.8 (1.1) 4.55 (8.2) 50.7 (7.8) 3.80 (7.9) 42.9 (6.6)

Lys 3.02 (6.6) 18.6 (5.9) 3.01 (7.3) 19.8 (7.6) 4.47 (8.0) 54.2 (8.3) 3.60 (7.5) 64.1 (9.8)

Phe 1.71 (3.7) 7.6 (2.4) 1.61 (3.9) 8.2 (3.1) 2.04 (3.7) 32.1 (4.9) 1.88 (3.9) 24.0 (8.7)

Met 2.03 (4.5) 7.6 (2.4) 1.93 (4.7) 5.4 (2.0) 1.84 (3.3) 49.3 (7.6) 2.24 (4.7) 42.5 (6.5)

Thr 5 (4.0) 5.2 (1.6) 1.24 (3.0) 7.1 (2.7) 1.84 (3.3) 17.3 (2.7) 1.56 (3.2) 19.6 (3.0)

Val 2.70 (5.9) 3.2 (1.0) 2.25 (5.4) 7.6 (2.9) 3.19 (5.7) 21.1 (3.2) 2.96 (6.2) 25.0 (3.8)

Tyr 0.76 (1.7) 9.4 (3.0) 1.08 (2.6) 11.0 (4.2) 0.92 (1.7) 28.9 (4.4) 0.92 (1.9) 34.1 (5.2>

Cys — — — - - — — —

Arg 2.98 (6.5) 3.4 (1.1) 410 (9.9) 2.7 (1.0) 5.15 (9.3) 30.4 (4.7) 4.48 (9.4) 26.0 (4.0)

His 2.31 (5.1) 68.0(21.4) 2.05 (4.9) 75.1(28.7) 2.55 (4.6) 57.7 (8.9) 2.20 (4.5) 68.1(10.5)

Gly 3.86 (8.5) 160.1(50.5) 2.27 (5.5) 82.3(31.4) 4.15 (7.5) 101.5(15.6) 3.32 (6.9) 96.4(14.8)

Asp 4,93(10.8) 3.0 (0.9) 4.06 (9.8) 3.8 (1.5) 6.03(10.9) 3.6 (0.5) 5.08(10.6) 3.6 (0. 6)

Ser 1.19 (2.6) 6.6 (2.1) 0.92 (2.2) 7.0 (2.7) 1.20 (2.2) 25.3 (3.9) 0.96 (2.0) 20.0 (3.0)

Ala 2.78 (6.1) 7.8 (2.5) 2.29 (5.5) 11.9 (4.6) 3.31 (6.0) 96.8(14.9) 2.88 (6.0) 88.1(13.5)

Glu 7.59(16.6) 3.6 (1.1) 7.75(18.7) 8.2 (3.1) 9.10(16.4) 28.8 (4.4) 7.64(16.0) 36.1 (5.5)

Pro 2.47 (5.4) 4.6 (1.4) 1.73 (4.2) 3.9 (1.5) 2.67 (4.8) 32.9 (5.1) 2.24 (4.7) 30.6 (4.7)

Total 45.61 317.3 41.47 261.4 55. 49 651.0 47.88 650.8

* Number in parentheses gives the % to total amino acid
U Azl vk ARk A AggAE o ¢leke] gt
thl ol kel Wbl AL BOS LAO 4 AL R FAL dgel, AA, Qels 5
o wlstd 2m=le] gk A=A triglyceride 7} 85.0~93.2% 24 w438

AAetgd 1, 18le] diglyceride, monoglyceride,
o oF free sterol Bl sterol ester, hydrocarbon Ho] A%
-z ha ] -

A& 9+

[T Ao AFALE A Adg gg 5 RACIst ol A 242 phosphatidyl cho-
A 2ARE 27 fste] Wgel, 7HeA), ey lineel 71.3~83.9%2 o ¥3% HAskglw phos-
AdAlst ekAlale 2 FEalm, ASHL st phatidyl ethanolamine o} 12.1~23.5%, phosphatidyl
LAY Iy QFAFAE ofwf ok 2} serine o] 2.1~9.8% 2 4k Zalxgl =),

1. Fole Ak ABZ T2 ERL 3odALe =3k 7FER] Y XA 2412 phosphatidyl choline
Zepil g ghero] w@a okAALS EX A gl @3t o] 50.7~64.5% 24 1 o] wigelgl doja ¥
t}. 3le3 vl4 rebe}. phosphatidyl choline & 3] o Alo]

2. AdAL WG], FLE3], oolg F9 ZrAS kAl Alel] wlEl . §FFFe] wkow  phosphatidyl
JES, FE5e, D, slads 5 245 959 ethanolamine & phosphatidyl serine & ¢kAl&to] ut
oA ZEke] 99.75~99.90%2 A stgod, ok %=t
AAAAE o] F 4F9 Frldo] 99.52~99.92%9] 6. Fx49 Al AL WA, AEA, oo
Be g vehiglth. ®= g AEE o]l E 4FY F 2T AdAE Ceor Cons 7F wWoka, FAAbe &

714 0] 99.68~99.92% 2 ¥h3kct,

3. ARG L F4APe] o], AHEA, oo
5 55.7~95.8%2A WAEe AXstz glon
AL Qx| Bol 24.5~41.5%24 W], ool

Cis:1, Cisz, Coms o] BESLTH
FAAAY AGd 24 L FAA fAsR o,
Q1= "L °b‘7/‘1~°] Cig:1 3} Cisea 7b 233k 3

AF L A ako] Copis 8} Cong o], ekAlale
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