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Comparison of Carotenoid Pigments on Manchurian Trout,
Brachymystax lenok and Masu Salmon, Oncorhynchus
macrostomus in the Family Salmonidae

Sung-Han BAEK and Bong-Seuk Ha
Dept. of Food and Nutntion, Gyeongsang National University, Jinju 660-701, Korea

Carotenoids in integument of wild manchurian trout, Brachymystax lenok, and wild and cultured masu salmon,
Oncorhynchus macrostomus, which are all the Korean native cold fresh water fish, were investigated by thin
layer chromatography, column chromatography and HPLC. The total carotenoid contents of the wild manchurian
trout were 3.72 mg% which is relatively higher compare to other species of salmonidae. The carotenoids were
composed of 36.9% zeaxanthin and 14.7% p-carotene as the major compounds, 7.8% triel, 7.3%
isocryptoxanthin, 5.7% 4-hydroxy echinenone, 4.7% lutein, 4.5% salmoxanthin and 2.2% astaxanthin as minor
compounds, and other carotenoids such as canthaxanthin, tunaxanthin A, tunaxanthin B, tunaxanthin C,
B-cryptoxanthin and e-cryptoxanthin as minute carotenoids. Wild masu salmon contained more total carotenoids
than cultured one and the contents were 0.82mg% and 0.66 mg%, respectively. The composition of the
carotenoids from wild masu salmon were 20.7% zeaxanthin, 17.0% isocryptoxanthin and 15.8% p-carotene as
major compounds, and 6.2% triol, 6.1% 4-hydroxy echmenone 6.1% salmoxanthin, 5.9% canthaxanthin, 5.8%
lutein, 4.9% o-cryptoxanthin and 1.0% astaxanthin as minor compounds The composition of the carotenoids
from cultured masu salmon were 19.7% isocryptoxanthin, 18.0% B-carotene and 10.3% zeaxanthin as the major
compounds, and 8.9% pB-cryptoxanthin, 8.5% o-cryptoxanthin, 8.0% lutein, 7.6% canthaxanthin, 5.1% triol and
2.0% astaxanthin as minor carotenoids. Based on these data, wild masu salmon contained more zeaxanthin,
salmoxanthin and 4-hydroxy echinenone while cultured masu salmon contained more o-cryptoxanthin, indicating
that carotenoid pigment of masu salmon depends on their living conditions. Unlike wild masu salmon, 4-hydroxy
echinenone and salmoxanthin which are the characteristic carotenocids of salmons, were not found in the
integument of cultured masu salmon. Unlike manchurian trout, both wild and cultured masu salmon did not
contain tunaxanthin A, tunaxanthin B and tunaxanthin C.

Key words: manchurian trout, masu salmon, 4-hydroxy echinenone, salmoxanthin, tunaxanthin A, tunaxanthin B,
tunaxanthin C
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B A8 A3k A9 HEo] Manchurian trout,
Brachymystax lenek= BT A 24 cm, FAF 138¢9
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o] B39} A=) (932g), A4 AHH 9 w9}
=8 (648g) B G4 AHoj9 B9l Rgn|
(352g) 9+ #dtd HoA acetone>Z 33 o] F
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Table 1. Condition for HPLC analysis of carotenoids
in the integument of manchurian trout and

masu sailmon

Ttems Conditions

Water Rheodyne injector

Water M510 HPLC solvent
delivery system

Water M486 tunable absorbance detector
(470 nm)

HP 3395 integrator

Instrument

Column Sumichiral OA-2000 (4 mm i.d X250 mm)

Hexane : Dichloromethane - Ethanol

Mobile phase (50 © 20 - 05)

Flow rate 1.0 n¢/min
Chart speed 0.5 cm/min




280 e £

Za 4 &
0|2 T carotenoids® X
HAAM d2ojs} AP g AU AHoje] B2 Y

%23 % carotenoidsE p-TLCH 23, Fig. 1914}
2o, AgtdolE ZF B9 band2 FER ester type2
2 2PFL ¢ F A 28y Hsks AP €5
ol e p-TLCAA 6749 bandZ B HI Y o] F
oj A otz 9] 2709 bande ¥ FHZ Ho} EJELE
A% 4 At o1 band® WS ¥, A 4
ste] H3}8t % carotenoids® column chromatographyE
#g 2, EFER FAEUD ot 2709 bande
ztzt Bgdo] o5 &mel S0l F7hgEd met
Fig. 20149} Zo] 2% 1~119) fraction (Fr) 22 &3
593, Fig. 49149 2o} HPLCE £418 A3, crypto-
xanthin 822 271¢] peakZ, tunaxanthin E&-& 374 <)
peak® ZtZt Rl ct FH, AL F AL A
N AL p-TLCANA 6719 bandZ #ElHA2H, o] Fol
A ol#he] 270e] band= EFEH=E Hol TFEYS
3% 4 YAtk °1E bandE U ¥, AAN7] 9
ato] A83 # carotenoidE column chromatographyE
4% 23, g2 FHIUD ot 2709 band7t
ztzk B Hol Fig 3o1A9 Zol BF 1~109 Froz
225991, Fig 49149 2o] HPLCZ #AF 2% ayp-

lo

Front

b b
O o o o

o O O

t 0 i © O i
| 0 ¢ o Q i
0 +0 04

Before wild wild cultured
Saponification manchurian masu masu
trout salmon _ salmon

After saponification

Fig. 1. Preparative thin-layer chromatogram of caro-
tenoids in the integument of manchurian
trout and masu salmon.

Absorbent : Silicagel 60G
Developer : Petroleum ether : Acetone (70 : 30)

Fr. Solvents

11 SNy 5% acetic acid in methanol

10 40% MeOH in acetone

9 70% acetone in petroleum ether

8 50-60% acetone in petroleum ether

7 \ 30-40% acetone in petroleum ether

6 20-30% acetone in petroleum ether

5 20% acetone in petroleumn ether

4 N 15% acetone in petroleum ether

3 \ 1096 acetone in petroleum ether

2 5% acetone in petroleum ether

1 \ 100% petroleum ether
N

Fig. 2. Column chromatography of saponified caro-
tenoids in the integument of manchurian
trout on MgO/celite 545 (1: 1).

Solvents

Fr.

11 AN\ 5% acetic acid in methanol

10 \ 40% MeOH in acetone

9 70% acetone in petroleum ether

8 \ \ 50-60% acetone in petroleum ether
7 30-40% acetone in petroleum ether
5 20% acetone in petroleum ether

4 \\| 15% acetone in petroleum ether

3 ?%\\\\ 10% acetone in petroleum ether

2 \\ \\\ 5% acetone in petroleurn ether

1 \ \ 100% petroleum ether

NS

Fig. 3. Column chromatography of saponified caro-

tenoids in the integument of masu salmon on
MgO/celite 545 (1 1).
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Fig. 4. HPLC chromatogram of carotenoids in the
integument from the manchurian trout and
masu salmon.

11 P-carotene 2 : isocryptoxanthin 3 : a-cryp-
toxanthin 4 : B-cryptoxanthin 5 : canthaxanthin
6 : 4-hydroxy echinenone 7 : tunaxanthin A
8 : tunaxanthin B 9 : tunaxanthin C 10 : lutein
11t zeaxanthin 12 : salmoxanthin 13 : triol
14 : astaxanthin

At wild manchurian trout B: wild masu sal-
mon C: cultured masu salmon

toxanthin o] 2719 peakz EIHACh gz B
2], A3 7 Pr.ol & pee, ethanol, chroloform 2 ben-
zene®l AoIM Y FHAE FS spectrum?) FEIYR e
Table 2] FAISHHoH, ojoizto] B HAF & Fr.e
3% 29 29 2& carotenoid® A H A
p-carotene ; 100% peE &% FroZA, 7R &
4 spectrum® &% 2™, FFIUAIL 48 4755nm
(in pe)® JEh} HE9

B-carotene (F. Hoffman-

La Roche AHA)# A gtg o, BEH co-TLC 2 co-
HPLC% 23} )7} BojA B-carotene o2 733
o

isocryptoxanthin ; 5% acetone/peZ % ¥ Fr.o2Z A,
THAE 5 spectrum®] 53 ZAH, FFFUAT}F 4475,
476 nm (in p.e)2 “YER} B-carotene type? &4 spect-
rume YEFY 2™, Matsuno et al. (1980c) ol & Fojx
ojftel EAIo] WE AL, EF echinenone (F. Hoff-
man-La Roche A}#1)¢] NaBH,ol & &9 whg A8
o] 72 jsocryptoxanthin® F4 SUHE Yehjol
isocryptoxanthin®. 2 &4 3l

cryptoxanthin ; 10% acetone/pe® £%% Fr.o24,
7PN R EFF spectrum® £ A, FFIFUATL 4475,
476 nm (in p.e)2 WE} B-carotene typed] ¥4 spect-
rum$ YERJ 21 IR spectrum® &4 23, Vmax 3450
cm ' (OH) S F4U7t Yebd, 39, 80 & A
o 39 7338 F carotenoidsE Fig. 4914 A
HPLCOl 93 %212 & A, cryptoxanthin o] 2
9 peakZ ol oH, o]& B H peakF oA peak
3¢ S54ERE g2 BE (Lee et al, 19819
a-cryptoxanthin® co-HPLCE 43 ddoi7t FolA o
cryptoxanthin® & &4 3893, peak 4% A Fv| 22 E
dLe #E (lim |, 1954)9) B-cryptoxanthin® co-HPLCE
A3 g7t dojd p-cryptoxanthine Z 22 FA 3t
Art,

canthaxanthin ; 15% acetone/pe® &&¥ Fr.o2A,
TEAE EF4 spectrumd 2A A3 F5IUAI) 459
nm (in p.e)¥ keto carotenoid S+ single band@
Eb3 NaBHo 2% 39 w3 43, 449, 476 nm
pB-carotene typed] &% spectrume JEHY 21 IR spec-
trum¢ 73 Z3, Vmax 1620cm™ ' (C=0)9 FFui7}
UEI5 o™, EX canthaxanthin (F. Hoffman-La Roche
AFAD# co-TLC 2 co-HPLCE 2 ©dui7t doiA
canthaxanthin®. 2 £33t}

4-hydroxy-echinenone ; 20% acetone/peZ &% % Fr.
o2 A, 7R FF spectrum® &3 2, FFFUA
7} 4535nm (in p.e)9 keto carotenoid 52l single
band® YEFRI, NaBH,o ¢ &9 uwh& 2T, 447,
4755nm9] B-carotene type? ¥4 spectrum® YEMH S
o, 3 Matsuno et al. (1980d) ol 93] dojz}te] ojFof
ZEAgo] S AR, IR spectrum® &4 2AF, Vmax
3300 cm ™ (OH), Vmax 1600 cm ™' (C=0) ¢ 57} U
E}t 922 4-hydroxy-echinenone® 2 ¥4 3t}

tunaxanthin ; 20~30% acetone/pe® £Z% Fr.o2
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Table 2. Absorption maxima of the isolated carotenoid in the integuments of manchurian trout and masu

salmon
Fractions' - - Absorption ma)'uma (om) - Identification
in Petroleum ether  in Ethanol in Chloroform in Benzene
1 448 4755 448 476 462.5 490 462 4875 B-carotene
2 4475 476 446 473 458 488 461 488 Isocryptoxanthin
3 4475 476 448 476 459 4895 460.5 487 Cryptoxanthin®
4 459 470 479 473 Canthaxanthin
5 4535 455 466 465.5 4-hydroxy echinenone
6 415 4375 4675 416 438 4675 422 4495 478 4245 4505 479  Tunaxanthin®
7 420 442 4705 416 4415 469 428 4555 484 430 456 4845 Lutein
8 47 474 47 4745 4595 486 459 487  Zeaxanthin
9 4195 441 470 419 4415 471 456 4845 457 4845 Salmoxanthin
10 445 468 444 468 458 484 460 486  Triol
11 468 476 487.5 480 Astaxanthin
'The fraction were isolated by column chromatography
*a-and B-cryptoxanthin
3Tunaxanthin A, B and C
A, 7R EF spectrumd 23 4d, EF53YAs o] dojFo] Solfo g ZAEE salmoxanthind ¥

415, 4375 467.5nm (in pe) 2 eSO T, IR spectrum
9] 24 A3, Vmax 3500 cm™' (OH) 9] Ful7F el
on §H, d5o] H79 783 F carotenoidE Fig.
4ol MAY HPLCA 1% 235 F§ 2D, tunaxanthin
YHo| MY peak® oo, 8o (Ha et al,
1992) 258 Y& X F9 tunaxanthin® Y] 39, peak
72 tunaxanthin A, peak 8< tunaxanthin B 18] i peak
9% tunaxanthin C2 242t 354

lutein ; 30~40% acetone/pe® &FH Fr.oz2A, 7t
AR FF spectrum®) &3 A, F4S A7) 420, 442,
4705 nm (in p.e)9 a-carotene typed &5 FUAE
edon, IR spectrum® 2% Z3, Vmax 3450 cm™
(09 F4u7t veldx, X&) lutein (F. Hoffman-
La Roche AHA)3 ¢o-TLC ¥ co-HPLCE A3, 9d )7}
Ao] A lutein®.E EA YT

zeaxanthin ; 50~60% acetone/pe® & H Fr.o 2 A,
NG FF spectrum® EF AT, FFFUA 47,
474 nm (in p.e)9] B-carotene typed] &+ U E e}
o, IR spectrum® &% Z3} Vmax 3450 cm ! (OH)
o} F&ui7h Jehs o, ¥E2) zeaxanthin (F. Hoffman-
La Roche AF#)# co-TLC 2 co-HPLCE Z 3, @izt
Ao|A zeaxanthin® 2 TR G}

salmoxanthin ; 70% acetone/p.eZ £&¥ Fr.oZA,
7HAI R &% spectrum®] FA A, F4FUA 7L 4195,
441, 470 nm (in p.e) 2 YEFL O™ epoxide test 23 ¥
Adoz velgon, HCIE 7H8E 7H% &5 spectrum

o 24 Ax, FFIUAZF 20nm GAFEZOR o5 H

3}e] salmoxanthin (Matsuno et al, 1980c) 2.2 538
}.

triol ; 40% MeOH/acetone®] §% 4 Fr.o 24, 7}A| &
F4 spectrum® A A3, F5FhA7} 45, 468 nm
(in p.e) 8l B-carotene type?] ¥ spectrumS FE}H O
o IR spectrum® Z3, Vmax 3300cm™' (OH) Y £
7} Ve, acetyl-OH¥HS-ol A 370 2] OH71E 913
et 283 F89) (Matsuno and Matsutaka, 1981) %1 A
He EFY triol% co-TLCT 2T ©du7t A4
triol2 T35

astaxanthin ; 5% acetic acid/MeOHZ &£ 8 Fr.o2
A, W8 F4 spectrum® A A, FFEIUAL
468 nm (in p.e) 9 keto carotenoid 59 single band=
et on, NaBH,ol 98 &4 w8 23}, 448, 474 nm
2 Bcarotene typed ¥4 FUAE et 281
IR spectrum® &% Z3, Vmax 3350 cm™' (OH), Vmax
1600 cm™* (C=0)9] F4ui7} el e, BF astaxan-
thin (F. Hoffman-La Roche AF#)#} co-TLC % co-HPLC
3 Ay} gddiy} dolA astaxanthin® 2 T3

A=20{o| T carotenoid? TA
AAA dEole E92 HH FZ3 F carotenoids?
z4%

7] 93] HPLCE ¥32l3le] Fig 491M A H
19 L d%led, F carotenoids®] FHIH £,
EA 9 carotenoids® =4 Table 3% £t} F caro-
tenoids®] FFL 372mg%2ZA Fol3} (Matsuno et al,
1980b) @] &1, Oncorhynchus keta®! £3 090 mg%, i
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Table 3. Amounts and percentage composition of
individual carotenoid in the integuments of
manchurian trout (% in total carotenoids)

Total carotenoids Wild

Composition 372 mg%

B-carotene 147
Isocryptoxanthin 73
a-cryptoxanthin 22
B-cryptoxanthin 26
Canthaxanthin 26
4-hydroxy echinenone 5.7
Tunaxanthin A 13
Tunaxanthin B 19
Tunaxanthin C 19
Lutein 47
Zeaxanthin 369
Salmoxanthin 45
Triol 78
Astaxanthin 32
Unidentified carotenoid 2.6

E50l, Oncorhynchus rhodurus Joroan €t McGrecord 3
3 050 mg% 2 TLHO, Oncorhynchus nerka® X3 1.7
mgZEch A3 g FFE HAL, Y3 (Kweon
and Ha, 1996)9] 3X2, Paracheilognathus rhombea®) &
¥ 11~23mg%, E9AF, Acheilognathus yamatsutae®|
X9 08~19mg% 133 Fo]# (Lee et al, 1996)9]
27v2l, Siniperca scherzeri®] 3 21~28mg%, A7,
Coreoperca herzi®l B3 27~35mg% HU% ¥& ¢S
Bel vbA A2 =3 (Matsuno et al, 1986) 9] B2tg]o}
Tilapia nilotica® %3 470mg%, "3 o3 (Park et
al, 1994)9) W F A, Misgurnus mizolepisS) E4.76
mg% 2 v}, Misgurnus anguillicaudatus®) X3 4.00
mg% % ¥ladte) ¥ s Btk F9, Kitahara
(1983, 1985)F A0, O. keta®) EIHANA I3 AF
% caotenoids F#H0) £EL 0.16 mg% A 1.36 mg% &,
ohs2 011 mg% oA 095mg% 2 27HS R A,
£01, 0. masou® EIJNT T3 AFHAF F
carotenoids &#0] ¥ 117 mg% oA 280 mg% & 5
7Herg Btk g50le EF carotenoid® EAH|
£ XY zeaxanthin 369%, f-carotene 14.7% 7t FHE S
o|F1, 1 9 triol 7.8%, isocryptoxanthin 7.3%, 4-hyd-
roxy echinenone 5.7%, lutein 4.7%, salmoxanthin 4.5%,
astaxanthin 32%, V%9 a-cryptoxanthin, B-cryptoxan-
thin, canthaxanthin, tunaxanthin A, tunaxanthin B 2
tunaxanthin C5-0] g5 0o} ANt o) A Ao,
0. keta (Matsuno et al, 1980b) ¥3 9l 2 carotencide

salmoxanthin 324 %, antheraxanthin 13.1% 2 zeaxanthin
96% 019, %9] 0. masou (Kitahara, 1985) X339 FQ
carotenoids= salmoxanthin 39.2%, zeaxanthin 224% %
antheraxanthin 11.0% A A} v idte] §Fa 240 4
oj&t et 18y &40, O. kisutch® 3 carotenoid]
FA o] zeaxanthin 246%, salmoxanthin 157% %
antheraxanthin 13.8% o™, EE %0, 0. rhodurus Joroan
et McGrecor® EH carotenoid® FAEo] zeaxanthin
206% 2 salmoxanthin 16.0% 91 A (Matsuno et al., 1980
b) ¥ wliLate] fAbabw E3E 20, Plecoglossus alfivelis
(Matsuno et al, 1974a), @aol, T. nilotica, (Matsuno
et al, 1986) 2 %o, Mugil cephalus (Matsuno et al,
1974b) ¢ £ carotenoid®] £ zeaxanthing 774
2oz #ydds A G509 fAEg W 2
20]9| isocryptoxanthin 7.3%, f-cryptoxanthin 2.6% %=
a-cryptoxanthin 22% 9 41 E T2 doj7e} wl s
£, Bcryptoxanthin®l 912} (Matsuno et al,, 1980e)°l
Fagdioz EXgces AR YA}, isocryptoxa-
nthin®) &40, Salvelinus leucomaenis Matsuno et al,
1980e) ol At ol 2AH=ARE o] E BT T3
4-hydroxy echinenone 57% % &fule JF4 o7
(Matsuno et al, 1980b)lX= EAEA Egtot, ¥
AL AVR ) Oncorhynchus masow macrostomos 2 FA 3%
B0, Salmo gairdnerii iridens (Matsuno et al., 1980
DANE 27t 93%, 48%7F FHdcke ATdE A
A Jebsttl tunaxanthin C 1.9%, tunaxanthin B 1.9% 2
tunaxanthin A 13% 2] #%Y%= tunaxanthin®] HAAF
E49 carotenoid? A= dANA Fgon, £,
0. masou masou, +A S, 0. masou macrostomus, 7+ &3,
Channa argus, B57, Lepomis macrochirus, 5°1, M.
cephalus, BEYH o} T nilotica 2 F-EAZ ), Anguilla mar-
morata (Matsuno et al, 1980a)1M % tunaxanthin B,
tunaxanthin A 2 tunaxanthin C9 £2.2 g43d 3o
G50l FFAME tunaxanthing 3= o F7F &4
e ¢ 5 AT 23 dEAE T8 dofF (Ma-
tsuno et al,, 1980d; Matsuno et al, 1980b) 2 tunaxanthin
HuE 0~4.7% 24, 8141015 (Matsuno et al., 1974b)
o A7), Trachunus japonicus, 573, Takifugu niphobles
2 7}A 2, Diodon halacanthus's ©) 33.3% ~694% 9= &
olE& Bgrth ¥ Matsuno and Yamashita (1990)<
g0l 70 Bl Micropterus  salmonidesS]  FE T o X
tunaxanthin A 9.2%, tunaxanthin B 134%, tunaxanthin
C 16.1%, tunaxanthin D 6.5%, tunaxanthin G 61% 2
tunaxanthin H 157% 9 9%% tunaxanthin °}8# 7}
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EAFe AL BRIy, £ Matsuno et al.
(1990) & 27+, S. scherzeri®] ¥ oA tunaxanthin A
2.1%, tunaxanthin B 9.6%, tunaxanthin C 1.2%, tuna-
xanthin D 7.4%, tunaxanthin E 2.5%, tunaxanthin G
6.8%, tunaxanthin H 5.0% % tunaxanthin [ 0.5% 9] tu-
naxanthin ol A7} 2QFde AL Hiasle g
#ol @& tunaxanthin® ZAo] N2 & ¢+ U
& 4 AT salmoxanthin 4.5% < FH¥le Ao,
O. keta, &9, 0. kisutch, £2°1, 0. nerka, 5°1, 0.
masou L FEES, 0. rhodurus Jorpan et McGrecorS
B FHEo2 £4E-E Matsuno et al. (1980b)
o] Hngtgom, doj} EF9 carotenoids (Matsuno
et al, 1980c) 2t &tk #H Kitahara (1983, 1985) <
AeEAF 9 dol, 0. keta®) EI A salmoxanthin©]
A 411% 94 AEF 206% 2 HAFS Hudd
I, A3 AZFY Fo, 0. masond EHNME salmo-
xanthin®] 2H&hd 392% oA 4&% 223%2 2 24 FS
B3ttt 18]3 astaxanthin 3.2% 9 FHHle iy
B o] doj3} (Matsuno et al, 1980b) 8] Ed o= 22~
156% 2 &g} 3t F7H g AolE HYth
kitahara (1983, 1985, 1984)& A& 3| A5 oo, 0.
keta® Fo EAT F carotencidsF S astaxan-
thin A 926% oA A TFF 64% 2 Tt vy,
EooM e 4TA 3.0%0A4 A4FF 151%2 5715
o, 01, 0. masou GA =59 astaxanthin® &H
80.0% oA AH&E 227% 2 £ady, YA e A
A 19%0A A2F 218%2 F/HETR Rusd &
ANz BAAYE Ao F3ET.

AHA0]2] HEI carotenoid2| XA

HAA 2 ksl Aol BY 7 BE #%3 £ caro-
tenoids®) £AE &7 #39) HPLCZ ¥&3t9 Fig 4
oA Ay HEA AHoly B 114y &g &
22 AHolo] Bulo X 979 HRS 7t dglen &
carotenoids®) &3 ¥z, 5HE carotenoidd] ZAJH]
© Table 49} 2t} % carotenoids® 32 HA4to|
082mg% el vgte FALFE 066mg%E Vel
Ao g £ FHE B dFol FHg v
wate] w9 e deolglon FA4 AbHo] H3 9
% carotenoids 3L %24 Hojy} (Matsuno et al,
1980d) 8] FRAME, S. gairdnerii irideus 3 0.06~
0.10mg%, &%, S. leucomaenis® E3) 0.04 mg%, 59,
0. masou masou®) B3 003mg%, TEv7), S. fontina-
s 3 003mg% ¥ FAN Fol, S tuttad ®EH
003 mg% ¢ vlwate chhk =eh A EH car-

a4

Table 4. Amounts and percentage composition of
individual carotenoid in the integument of
masu salmon (% in the carotenoids)

Total carotenoids Wild Cultured
Composition 0.82 mg% 0.66 mg %
B-carotene 158 180
Isocryptoxanthin 16.6 19.7
a-cryptoxanthin 49 85
B-cryptoxanthin 6.7 89
Canthaxanthin 59 76
4-hydroxy echinenone 6.1 -
Lutein 5.8 80
Zeaxanthin 20.6 103
Salmoxanthin 6.1 -
Triol 6.2 5.1
Astaxanthin 1.0 20
Unidentified carotenoid 4.2 11.6

otenoid®] FAHIE R HF4 AHo)d= zeaxan-
thin 20.7%, isocryptoxanthin 17.0% % B-carotene 15.8
%7t FAEE olF1, 1 9 AFFEY Bcryptoxan-
thin 6.7%, triol 6.2%, 4-hydroxy echinenone 6.1% 2
salmoxanthin 6.1% % £ 22 {30, FAAF 2o
o< isocryptoxanthin 19.7%, B-carotene 18.0% 2 zea-
xanthin 10.3% 7t FAEE o] F1° 1 9 2F4EY o
cryptoxanthin 8.5%, B-cryptoxanthin 8.9% % lutein 8.0
%9 £o2 R glo] AN E FAA aFA oo
© €09 22 tunaxanthino] EA3tA ggkon, %
A Abdojel= HAMT ¥} 4-hydroxy echie-
none™ salmoxanthin®] EA3A ol FolFAt.
Matsuno et al. (1980d)& Gol#te] FAA F40f, S
leucomaenis® EF ol lutein 32.5%, zeaxanthin 56.9
%, FRAMNEol, S. gairdnerii iridens® EF & lutein
775%, zeaxanthin 18.2%, ¥, 0. masou masou® i
9ol £ lutein 36.6%, zeaxanthin 414%, ¥ SE7], S.
fontinalis®] B3 )= lutein 18.4%, zeaxanthin 31.7% 7}
Z+2y geaet sl o, =3 Matsuno et al. (1980b)
2 dojTte HAM 4, 0. keta®] BI o lutein
(EA %), zeaxanthin 6.1%, EEE, 0. rhodurus Jox-
pan et McGrecord EH A€ lutein 2.5%, zeaxanthin
206% 2831 9], 0. masoud EINE lutein 0.5%,
zeaxanthin 252% 7} 4% %3t} 39 lutein &
T AARET A EYo A 453 L AL ¢ S
otk §#, Matsuno et al. (1974a)2 HE 4 2o P
altivelis®] E Yo & zeaxanthin 41.3%, cryptoxanthin
28.4% 2 cynthiaxanthin 175% 7} FAEE o|F3 1
9] astacene 52% % lutein 51%9 Fo=2 &
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3, AT 2ole) B zeaxanthin 68.0%, lutein
200%7F FHEL 0|23, 1 9 cynthiaxanthin 100%
2 B-carotene 20% S} #02 FHPTta Buste A
Ao Ha) FA] EI NN luteind] FFo] ESS =
& 2 4 e, Ha et al. (1992)¢] 9312 E caro-
tenoid 24N A lutein®] $FHI7E HAY 164%, FA
382%7t FHFUL Bidte, Aol E Faito)
A ¥l luteing] FTHuI7F 2A Jelue EAL
7HAE 222 AF&E), 4-hydroxy echinenone salmo-
xanthin &) $HirHlE ALt A4H0j9 By X 27 61
%4 AEFEHAO FAA B3ole EodE EA R
ottt o] 942-& AT 4-hydroxy echinenone® 4]
7h Aol#e] FAF F59, S leucomaenis®) BT 2.0
%, 2H 0, 0. masou macrostomus®) E3) 93% 181
FRANE, S. gairdnerii irideus® ¥ o= 48% 7} 247}
&3kt (Matsuno et al, 1980d) HAAS] Ao), O, keta,
TS, 0. rhodurus Joroan et McGrrgor 18I 3,
0. nerka® EHNXNE AEHA G943 (Matsuno et al,,
1980b), £ & salmoxanthin®] FrHl7h Aol AA
Ao, 0. keta® FEIo| 289%, FES, 0. rhodurus
Joroan €t McGrecor® EF o] 137% aga 49,
0. nerka® Bl 224%7) 44 AEH Yo (Mat-
suno et al, 1980b) Foloe] Fa4 BAA%0, S gair-
dnerii irideus, 3501, S. leucomaenis, 51, 0. masou ma-
sou, TEW7), S. fontinalis 2B FAN Fo1, S tru-
ta®] BRIGAE FEHA gevhe 23 (Matsuno et
al, 1980d) s} ®mate] Fzhe] ztols}t 9l Byt

2 ¢

Bt olfol #d Hla A3ty A7) Ygo g A,
vt B4tel YEA g5 oF9 AN dEolg
HAY 2 FAY AHoe B9 carotenoidsd TLC,
column chromatography ¥ HPLCZ #3131 NaBH,d
g FANS, Lol 3 o] Adghukg L uy-visible spect-
rophotometer® 33 ¥w, HEF FAde g
#o,

dEo] EHY % carotenoids FFL AR 372
mg% 224 AojFe] thE o)Fd vl§ Fao] Egto
] carotenoid 34 zeaxanthin 369%, P-carotene 14.7
%2AM FHEE olF, 1 9 triol 78%, isocryptoxan-
thin 7.3%, 4-hydroxy echinenone 57%, lutein 4.7%,
salmoxanthin 45% % astaxathin 22% 9 ©22 Jelyt
2.9, canthaxanthin, tunaxanthin A, tunaxanthin B, tuna-

xanthin C, B-cryptoxanthin 2 g-cryptoxanthin®] 1] &4

To2 rHodd). 4Ho] B9 % carotenoids &
Fe AN 082 mg%Au vste FAAe 066 mg%
BA HHsto] Falte] H)E) o] E3toh. carotenoid
23L& HAAA zeaxanthin 20.7%, isocryptoxanthin
170%, B-carotene®] 158% £2A FHEE o]F1, 1 9
B-cryptoxanthin 6.7%, triol 6.2%, 4-hydroxy echinenone
6.1%, salmoxanthin 6.1%, canthaxanthin 59%, lutein 5.8
%, o-cryptoxanthin 49% 2 astaxanthin 1.0% 9 €22
Rt FA2FlE isocryptoxanthin 19.7%, B-carotene
18.0%, zeaxanthin 10.3%°] F4E & o]FH, 2 9| fr-
yptoxanthin 89%, a-cryptoxanthin 8.5%, lutein 8.0%, ca-
nthaxanthin 7.6%, triol 51% % astaxanthin 20% ¢} &
o2 Rt 3 A9 AbHoloE zeaxanthin,
salmoxanrhin £ 4-hydroxy echinenone® ¥%o] E&
BHE okt AbHolol = gcryptoxanthing #ako] o}
M2 OZ AgE 2o Aol

FHL Adejdle A AHojde ¢, doH

E

[¢]
59 carotenoid$] 4-hydroxy echinenone™ salmoxan-
thinol AEH A FAR T3 FAA L F42 Adoje
HAL €509 99 tunaxanthin A, tunaxanthin B 2
tunaxanthin C7} &#8}A] e¥gte}

il
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