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To investigate the effects on pigmentation and carotenoid metabolism of red sea breams
Pagrus major and flounders Paralichithys olivaceus by the supplemented carotenoids, fishes
were fed the diet each containing f-carotene, lutein ester, astaxanthin, astaxanthin
monoester, astaxanthin diester and p-apo-8'-carotenal for 8 weeks. Carotenoids in the
integuments were analyzed.

In cultured red sea breams with supplemented carotenoids, carotenoid deposition and
pigmentation were higher in order of astaxanthin diester group, p-apo-8'-carotenal group
and astaxanthin monoester group. The main carotenoids of red sea breams were
astaxanthin diester, tunaxanthin and B-carotene. Difference in the content of astaxanthin
diester and B-carotene was observed from natural and cultured red sea breams.

In cultured flounders with supplemented carotenoids, carotenoid deposition and
pigmentation were higher in order of S-carotene group and lutein ester group. The main
carotenoids of flounders were zeaxanthin and lutein. Difference in lutein and pB-carotene
contents was observed from the natural and cultured flounders.

Based on the contents and composition of carotenoids in each group after feeding
experimental diet, carotenoid metabolism in red sea breams were presumed the reductive
metabolic pathway, astaxanthin to tunaxanthin, and likewise, in flounders, lutein to
tunaxanthin.

A =2 zeaxanthin 9 xanthophyllf§$} astaxanthino]
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Aol FFE7IRO] AA FTFE FoH(FE, 1973).

Carotenoids®l] 23 ol &< AWML HHIE ca-
rotenoid®l F7 A A} BolAde] o3 2
A A, 18y o] F 9 carotenoids HAMZE 2=
o 28 @353 A e deold, It astaxan-
thin®] 7]dell tislxe o Fol wel SolAo] QL
of, AAWel N HAHE & A AR} AAHE +
e olfFE a1 A H(Tanaka, 1978).

CarotenoidsF ol 23 oA diAe] &3 <A
T2+, Hata and Hata(1972), 18l 2% %(19
81)0] %ol A zeaxanthin® 4-ketozeaxanthin
A astaxanthin® 2 thHAME U, luteind 4-ketolu-
tein{a-doradexanthin) 7}*] A} i astaxanthin
2v dAEZA gev dgen, £ Hata and
Hata(1975, 1976)= Hl@ddolA zeaxanthin®
adonixanthin® #AA astaxanthin® 2 thHALHU,
luetin® q-doradexanthinZ}A] Hroll WAL A &+
g Ryt gt offe 4H8A dAERE
A Ei = i 3 A=

olo}l Wtaled, Fujita et al. (1983)& F2] wololA
astaxanthin®] tunaxanthin®. 2 ¢ diAl€cizn A
o2 Hudgon olF 44 FE(1983) A=
gl B3ty =3 4AF - SEF1987) = oY
olo] A astaxanthin®] g e-carotene-3,3'-dione& #
% tanaxanthin® 2 dlAlEt} 319w, tilapia(19
86)9} yellow-tail rocfish(1985)1 X% )& &<13}
At 283 PR %(1984)2 Bcarotene, zeaxan-
thin, lutein, canthaxanthin, astaxanthin ester 2 as-
taxanthin® ztZt FoJ3te] #EF-& astaxanthing
AgAAE 4 vk FH. ol o] HAolF{e
astaxanthin® A#AstA gon T2 FAF o
A2 g 73 ok 2y FE F(1986)
£ astaxanthin dipalmitate®] 97} 30| &35
of %24 FEo dig LAMEFI} A} dPon,
=3 Al %(1978) & #FEFNA astaxanthin® &
o o]3 =)0, £ astaxanthin®] tunaxanthin® 2
ALE A gedn 4utE 2o st

o] 9]0l carotenoidsFoio &3 o] Fo] LM HEF
o &3 dr=2=, FR %(1962)°] B-apo-2-carote-
naldl o3| A FA74ole] Ao FEFS 2 &
e} 3193, Schmidt and Baker(1969)E cantha-
xanthin®ll 93 A dol9 Foj&of LA AI}
o} ok mg Bl %(1973)& KR ApllA
F23 BA3E A FA FEY B as-
taxanthin ester®] 3ol F7l=o] A Mo] HA 3
MAdEgE Bug gt 28y gA 9 carote-

92

2=

noids°ll ¥ BiE FolE = gt

olef B AFo M= ¥4 dXe FEol i g
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1. Carotenoid & JIAlZ0] 2

1) A808

£ Ago AHg3 ¥4 g X (flounder, Parali-
chithys olivaceus) = BTAE 9om, BFAZF 7g9
AE TELANRTYL FHZENGZAAN, FE
(red sea bream, Pagrus major) & BTAH 9om,
HBEAF 11g9 RS FPYFAIZTY JHF B2
FglA 4z ol IPFAAZT Y HEEE
HiFgo 2 uldt & 1ton §F9 SUNYPE=
o AR HNANFE T3t T71E ek, & F
of 50utE]¥ 772 vhro] AR ETh a3 AL
{01F ¢ FIANH v 3] 3o, QA FE
& HA@AY 3Bem, HEAF 8509 AL, AL
A< BIEAG 25cm, BEAFT 180g9 A& 7
@ 5 M3F NSAZAA TYsl AP
SWre & A ng o FAH8 A= 3§

Al

=

o}
;ii=d
2) AIZHEIIE carotenoid
(1) PB-carotene Z B-apo-8'-carotenal®] ZA|

F. Hoffman-La RocheA}(Switzerland) o A A %t
Ag 7Yt FAsH

(2) Lutein ester®] ZA(Philip, 1975; Quac-

kenbush, 1972)

& 28} (marigold, Tagetes electa) ] £ o2 B-H
%3} carotenoidE wakogel B-0 : celite 545(1:1)

F3A12 3 column chromatography 2 silicagel

0

[}

=

60GE JFFAZ 3 30% acetone/petroleum
ether® A7/ &vi2 3 TLCE #a AA ZAF s
At

(3) Astaxanthin, astaxanthin monoester %
astaxanthin diester®] =A|(Maoka, 1985;
Yamaguchi, 1983)

AQ(krill, Euphausia superba) 2 ¥E F&£3
carotenoid& silicagel 60GE F&AZ 33, 20%
acetone/petroleum ether® Z/l&ulz 3 TLC=



M 9, 352 5% Carotenoids B9 HEadEd e B2

¥ 2|8l sephadex LH-20 2 sucrose® Z+zt &3
A& 7 column chromatographyE TAHOZ g
st AA dAsstA

3) AlE=H|

7N1BALE 2 carotenoid 7HALE 9] EAJ & Table
13 2on 71EALE = Yone et al.(1974) ) gl
Z3lod Z2A319 2, carotenoid ¥ 7R E 71EALE
o tate zt H7se €% carotenoid?} 10 mg%
7} 58 A g ZA A 7Hek ok

AgE 988 SR8 £2g% & ES 71 pel-
let3BR2 dtdon, AdAIREY 4& 4FUEH
ZA8 L ABFAANA Y5 Eastd @3
& Ay

4) A=

MAE H7FEA e F(UZET), Bcarotened
7}F, lutein esterd 7}, astaxanthin® 7}, astaxa-
nthin monoester® 7}, astaxanthin diester3d 7},
B-apo-8'-carotenal 3 7} 2 o] ARAAR 2F
7 BEAIR Z 3R] A, o F 28] Fo] A&
o X3 & carotencid ¥ 7} ALREA] 8F 7t AL
A=

Carotenoid A £2l E4L& AFRAIAH, AIEAA
4FF(RE: BTAY 95om, HTAY 141g ¥
R: HFAR 950m, BAEAE 8g) L AFMA 8
FE(ZE: AT 10com, BAATF 194 9A:

Table 1. Composition of basal diet for feeding red sea bream and flounder

HAAZ 10om, HTEAFT 9500 ALS3
GX8 4 AlEFAA 47 15784 4
o M9 carotencid¥& ¥ T L
A

#53%
228
A&

2. Carotenoid2| 24

1) 20l, S&HA Y AIE7(7|

A AeS 42 &l FF AT AH
A& EFAl%oln], 58] petroleum ethere 57
x99 40~60T2 AL A28t HPLC(high
performance liquid chromatography)°l+ HPLCH
(Fisher chemical’h) " & AH&-3t{ o). 122 7t
Al F4 spectrume petroleum ether& %2 2 A
Gilford Response UV-spectrophotometero] ¢]3}¢]
Z743}9 28, HPLCE Pharmacia LKB LCC 2252
complete systemo 2 z}zZt B4t}

2) Zcarotenoid?| & A Hat

Carotenoid®] #&(3} %, 1989)L #H¥9 A=
2o ekE FH3le] H29A acetonel 2 33 &3}
of §& #2& 9L petroleum ether: ether(1:1) &
Gt chege] E2A 2] 22819 caroteroidE
petroleum ether : ether2 2.2 HAEAIZ F, setro-
leum ether : ether® < ¥4 Na,SO. 22X ©4:4]7
3L, 40T ol3te] Ny71F3tlAM AAF [ Fca-
rotenoid2 3tk 2 HAE 60% KOH/

(%)
Group B
Inm Control 1 2 3 4 5 6
White fish meal 65.5 65.5 65.5 65.5 65.5 65.5 65.5
a-starch 15.0 15.0 150 15.0 15.0 15.0 15.0
Cellulose 55 55 55 55 55 55 55
Casein 2.0 2.0 20 20 2.0 2.0 20
Mineral mixture 5.0 5.0 50 50 5.0 5.0 5.0
Vitamin mixture 2.0 2.0 20 20 20 20 20
Choline chloride 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Alginic acid 0.5 05 0.5 0.5 0.5 05 05
Pollack liver oil 4.0 4.0 4.0 40 4.0 4.0 40
Carotenoids(mg) 0 10 10 10 10 10 10

Control: Carotenoid free diet,

2: Lutein ester supplemented diet,

4: Astaxanthin monoester supplemented diet,
6: B-apo-8'-carotenal supplemented diet

1: f-carotene supplemented diet,
3: Astaxanthin supplemented diet,
5: Astaxanthin diester supplemented diet,
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MeOH &0 2 ZH3sle 42 EUHES Fca
rotenoid2 3+t

% carotenoid®] A FL petroleum etherF ol A 9
7hA R F4 spectrum® FFIhR Y FAFEo
&t McBeth(1972)9] whel uwigl F#AF
E{L=240022 o} t}g Ao o3lo] A4baig).

0. D.(Amax) X vol. X 1000
E{%.(2400) X weight of tissue(g)

mg% =

3) Carotenocid2| £2| % X

Preparative-TLC(p-TLC) < silicagel 60G2} Z 5
129 ¥ &2 EFT A& 20X200m9) glass
platec] 03mme F7AZ =3x8t WE plateE
110T9] drying ovenoll A 241 &43A10% &
carotenoid& line-spottingdl] petroleum ether :
acetone(80: 20) & petroleum ether : acetone(70 :
3009 HAALuizA Eesigc. 2y g9 &
carotenoid £ 8ol DYHEUE A3y s
Z-carotenoid® HPLCol| 23t &2 & gPaigen,
42 74(Ando, 1987)& Table 29 Zt} g€
2} carotenoid®] FHE ZF EFoAM LA caro-
tenoid®] EF 7] co-HPLC 2 7% &5 spect-
rum®] Hix 223 o] 93 o] 3hutgoff 93}
T8t

Table 2. Conditions for HPLC analysis of carotenpids
in the integuments of red sea bream and

flounder
Items Conditions
Instrument Pharmacia LKB LCC 2252 complete system
LKB VWM 2141 detector(470nm)
LKB 2221 integrator
Column Sumichiral OA-2000(4mm i.d X 250mm)
Mobile phase  Hexane : Dichloromethane : Ethanol(48 : 16 : 0.4)
Hexane : Dichloromethane : Ethanot(50 : 20 : 05)
Flow rate 0.8ml/min
Chart speed  0.5cm/min

27 o 2%

1. ZH=Z9| carotenoide] CHAL & HLHE=X

1) #= T4 carotenoid? =X

ZE 59245 E &3 FcarotenoidE p-TLCE
A3, Fig. 19149 2ol 4709 Fraction(Fr) 22
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O
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Fig. 1. Preparative thin-layer chromatogram of caro-

tenoids in the integuments of red sea bream.
Absorbent; silicagel 60G
Developer; petroleum ether : acetone(80 : 20)

5o, FE carotenoidd L ester typeL 2
EASFHAE H33A g dEdA E2rt 7t
¢S B 4 Ut CarotenoidE £ A7
218le] Zcarotenoid® HPLCE 3§ Z 3}, Fig 2
o Kk o] 4749 peak® #2F o TLCH pat-
tern® X394}

Fr. 1: 349 Fr. 12 7IM% &% spectrum®
243 Bcarotene type?] ¥ spectruml 2 U}
Elton, EFSUX| 7t 448, 475umEA Bcaro-
tene® AX)3}H1, EF 9 B-carotene(F. Hoffman-
La RocheAt#) 3 co-HPLCE 23 @dd)zt Ao
A B-caroteneS 2 FAH3Hch



#I GA, $52 &8 Carotenoids st HadEo mAe ¥H

Fr. 2: &9 Fr. 2% 7FA% &4 spectrum®]
2373 gcarotene type®] ¥F spectrum = 4
Ehdon EFTUX7E 415, 438, 467umEA tu-
naxanthin® YX3kar, WA(FR, 1967, iLF,
1980) 238 92 ¥ F 9 tunaxanthin® co-HPLC
& A3 97t dolA tunaxanthin® 2 &3t
.ot

Fr. 3: Pink 9] Fr. 3& 7% &% spectrum®
22743} keto carotenoid &9 single band® 1}
Blton, E4FRA7t 468 wm =2 A astaxanthin®
28t 3, TLCAA 2 RfX7} 0652 LhElsHoH,
krill{Maoka, 1985; Yamaguchi, 1983) %€ L&
E %9 astaxanthin diester®t co-HPLCE A% © ¥
7} Yo]A astaxanthin diester2 %543 8t Th

Fr. 4: Pink® @] Fr. 45 1A% % spectrum®]
2R AN keto carotenoid FH9 single bandZ
Bldon], EFI AT 468 nmEA astaxanthin@t
A 213t at, TLCA A 9] REX 7 05002 YERGS
o, krili(Maoka, 1985; Yamaguchi, 1983) 258 &
& ¥ E9] astaxanthin monoester?t co-HPLC® Z
7} relo)7} HdolA astaxanthin monoesterZ &7
st oh.

At=2| carotenoid =M
U FAAASANAA) FE R F

e

t ' X -
10 20 30 40

Retention time, min

Fig. 2. High performance liquid chromatogram of
carotenoids in the integuments of red sea
bream.

1: Bcarotene, 2: tunaxanthin,
3: astaxanthin diester, 4: astaxanthin monoester

carotenoidd &% #2 #F<UF 2t carotencid®] %
AAv)E Table 3% #th

Zcarotenoid & F-& FA 1 042mg% 2 A AL
169mg% Rt AR v FFANE BYdh

CarotencidZ A& A A4 A astaxanthir diester
614%, tunaxanthin 268% &4 F4¥ 22 Jeht
AW 2HPLE ¢ F UYL, T 9 Pcarotene
9.2%, astaxanthin monoester 2.6% 22 &3
A2, F2Ao M Bcarotene 31.3%, tunaxanthin
297% 22X FAEE olFm, I ¢ astaxanthin
diester 54%, astaxanthin monoester 3.6% To2
et AANE F2)ite) ¥ Bt astaxanthin
diester®] ¥Fol & WA Bcarotene®] FFol
AN G2 A B MZ 2ol Bt

ol213 Adt, TR1967) 7 AL FEY ca-
rotenoid¥ tunaxanthin® astaxanthino] F73 o}t
o g BRue dxsigoh 34, BEF %(1974)°
HAA 2ol Faitdl B8 cryptoxanthin
cynthiaxanthin®] #3Fo] =& ¥H lutein B zea-
xanthin®] ko] &4 Al eI, WA - Bl
(1979)7 A A4} tilapias ¥4+l B34 lutein
3} cynthiaxanthin®] #%o] ¥2 ¥'9¥ tunaxanthin
A9l oA wA Jepgitha Boste] 3t
FA AL carotenoidZ=Ad ol YoIA E FFAlolE

Yeb s Ak

Table 3. Amounts and percentage composition of
individual carotenoids in the integuments of
wild and cultured red sea bream

(% in total carotenoids)

Total carotenoids Wild Cultured*
Composition 1.69mg % 0.42mg%
Pcarotene 9.2 213
Tunaxanthin 268 297
Astaxanthin diester 614 54
Astaxanthin monoester 26 36

*The samples were subjected to the experiment
immediately before feeding carotenoids supple-
mented diet.

3) AR EH=Q| carotenoid TAe) vis}

AS 43759 AR 8539 &4 F9 Fcarote-
noid& F3} carotenoid=/d ¥l Table 49} 21},

Z+ NEF9 Zcarotenoid¥FE XA, Carote-
noidd 7F7oll A carotenoid - 7H+< W Ttol H]
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st w4 JdeElen, 53 ALE 4FFE asta-
xanthin diester@ 7}l 7+ A JEbgR, 2

802 Bcarotene? 7+, astaxanthin monoester
H7e o2 B Yeldoy, AL gFfed e
B-apo-8'-carotenal 7+l M 74 A JEtW D,
2 th2 0 2 astaxanthin diesterd 7}, astaxanthin
monoester¥ 7+ 79 £22 ¥ A Yt carotenoid
o] 38§ Bapo-8-carotenal®} astaxanthin dies-
terd 7oA A et 28n dETY F
carotenoid & F2 ALS 4FFofl vl&) ALS 8FF7L
248, AA2F o] carotenoidM A S A7FEA
L ZALde EHY carotenoidd Fol AHE71E
A3 ZAagoe B(EL, 1973)% 22 4%
< 2y

Carotenoid ZA°) XM=, A2 TFNA ALS 4
F 3ol B-carotene?] FFo] T2 Foll v EL
¥ tunaxanthin®] F3Fo] WA JEbgen, At
8F%Fol:= Bcarotened] TFo|] ZAE WA tuna-
xanthin® e o 79} ¢4 Fristdo. =3
ALS 8FF & carotenoidZ H &0] ¥4 astaxa-
nthin diester® 7179} B-apo-8'-carotenald 7F7-o A
HMNZHES astaxanthin diestere] FaFo] T &

ol Bis) #A e olE9 ANMY a3t &
Roz Atgdr},

olg} o] AFFAEF Fcarotenoid¥F % caro-
tenoidz4d 2] W32 Hol &9 carotenoidd) A=
astaxanthin®l tunaxanthin®. 2 tAlEe Ho g F
A=At

o]# 8 A&, Fujita ef 2l.(1983)°] FE9 Alg
o) frozen krill, krill meal 228} krill oil 2 %€ #
2] QA% astaxanthin diester® 2z} H7}sle] 8
F7 AV&3% A3}, astaxanthin diester®] 7}t A
Ao 74 g aE JeEhIN oW, asta-
xanthin®| tunaxanthin® 2 AlEc} st ik
(198001 A& Aol ALE Bcarotene, zeaxa-
nthin, lutein, canthaxanthin, astaxanthin ester 2
astaxanthing& 2zt H713le 60U A& 3§ A,
carotenoid% 2 &< astaxanthin ester ¥ oA 7}
= vEbTn @ Ru, e %0986)0] F
¢ A&l astaxanthin 2 astaxanthin dipalmitate
£ 24 100 ppm¥ H7VEe 8533 AL A,
F2] ¥4 astaxanthin® t} ester®d ¢l astaxanthin di-
palmitate”} 8 &7} of Ackn § Bu9) vl
3t FAe AT

Table 4. Amounts and percentage composition of individual carotenoids in the integuments of red sea bream after

feeding experimental diet for 4 weeks and 8 weeks

(% in total carotenoids)

Group
\ Control 1 2 3 4 5 6

Composition

After 4 weeks

Total carotenoids(mg%) 0.34 0.56 0.38 0.43 0.43 0.60 0.32
B-carotene 48.8 13.7 185 30.0 20.5 124 22.2
Tunaxanthin 364 68.8 65.6 57.7 684 68.4 64.0
Astaxanthin diester 14.7 17.3 159 12.3 111 158 11.7
Astaxanthin monoester - 0.1 - - - 34 21

After 8 weeks

Total carotenoids(mg%) 0.32 0.38 0.14 048 047 0.56 1.07
B-carotene 18.7 24.1 220 194 17.7 164 244
Tunaxanthin 649 674 70.0 63.1 69.5 54.6 55.6
Astaxanthin diester 16.4 85 6.8 13.7 12.8 29.1 16.4
Astaxanthin monoester - - 13 38 - - 3.6

Control: Carotenoid free diet,

2: Lutein ester supplemented diet,

4: Astaxanthin monoester supplemented diet,
6: B-apo-8'-carotenal supplemented diet

1: B-carotene supplemented diet,
3: Astaxanthin supplemented diet,
5: Astaxanthin diester supplemented diet,



#5 9, 252 MK Carotenoids i@} BEYF Ve B

2. Hx|2| carotenoid?| CHAL Y HLHEHN

1) X #E7 carotenoid2| S

YA g3 22 %23 FcarotenoidE p-TLCF
A7, Fig. 30ixie #Zo] Astdde @Y Froe=
Uepgton, AstFols 89 Frez ¥Ho
g9 carotenoidt =F ester typeo 2 EA8=
AL ¢ 4 AU 1Y carotenoidE ¥ A A
8l7) ¢ated 7313t F FEcarotenoid® HPLCE 8
3 A3} Fig. 401219} 2o 879 peak2 ¥l ¥ o]
TLC# pattern®t A & rt,

Fr. 1: &4¢ Fr. 1& 7IA%F §4 spectrum®]
23 2D EEFHY co-HPLCE 43 Bcarotenel 2
T38|t

Fr. 2: 849 Fr. 2& 7% &4 spectrum?
2343} g-carotene type2] 4 spectrumlE
Elgton, F5IA7} 420, 443, 471emZA o
cryptoxanthin® ¥ X892, £-4=4=(Petzold, 1960)
oA & EF9 gcryptoxanthin® co-HPLCE 2
7 A7t doA g-cryptoxanthin® & 5335
o},

Fr. 3: Orange®} 9] Fr. 3& 7% &F spect-
rum® &4 Z3 Bcarotene type® &4 spectrum
o2 yetgod, FFIH A7} 448, 475nmm =2 B-
cryptoxanthin® A Y 1L, 2FGei(LA, 1954)
M A& FEES Beryptoxanthin? co-HPLCE 2
3 @A 7t dojA Beryptoxanthin® 2 533t
t}.

Fr. 4: 349 Fr. 4= 7% ¥4 spectrum®
27 3@ EEFH co-HPLCE Z3} tunaxanthin®
2 F3s A

Fr. 5: #8489 Fr. 5% 7FA% &5 spectrum®
ZR A% g-carotene type?] &% spectrumoE U
Elton, F&FUR 7L 420, 444, 472nm A lu-
tein® YA 3tY 3L, P (Kuhn, 1931014 4& &
F9 lutein® co-HPLCE A7 9zt AolA
lutein®. 2 334

Fr. 6: 389 Fr. 6& 7IN% FF spectrum9
24 A3} Bcarotene type® &% spectrumoZ
e, FFIUA7L 448, 475 mmEA] zeaxan-
thin® AASFHL, 2FEA(la, 195004 B2
EEZ 2 zeaxanthin® co-HPLCE A7 @duist o
o] 7 zeaxanthin® 2 %% 3%t}

Fr. 7: 849] Fr. 7€ 7H%¥ &% spectrum®]
2 A3 Bcarotene type?) S spectrumlFE
eBxten, F4FAA7E 450, 478 nm=A crythia-
xanthin® YA, Lol A3 ojAsubgolA

o7

F53UX 7L 439, 467 nmEA 11w blue shiftdh
fdow, FAFR (-3, 199DAA g2 #2F9
cynthiaxanthin® co-HPLCE 23 g du)7} dolA
cynthiaxanthin®. £ S48t ch

Fr. 8: 49 Fr. 8& 7% &% spectrum®)
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Fig. 3. Preparative thin-layer chromatogram of caro-
tenoids in the integuments of flounder.
Absorbent; silicagel 60G
Developer; petroleum ether : acetone{70 : 30)

[ S\
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40

Retention time, min

Fig. 4. High performance liquid chromatogram of

carotenoids in the integuments of flounder.

1: B-carotene, 2: a-cryptoxanthin,
3: Bcryptoxanthin, 4: tunaxanthin,
5: lutein, 6: zeaxanthin,

7: cynthiaxanthin,  8: triol(S-carotene type)
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Z2AAD Bcarotene typed] ¥ spectrum&.® U} Table 5. Amounts and percentage composition of

gyton, EFFUWA7t 447, 474nm=2A P-caro-
tene type®l triol¥ YX3tH B-carotene typesl
triol 2 A3

A} O QFA|A}

2) ML 3 UAIM

Aas g FALHAL
carotenoid & 7 ¥l
A= Table 59 2t}

Zcarotenoid & F& T2 0.12me% 24 B
138mg% Bt AN @ FFXNE BAYTh

Carotenoid =2 Hd4tol A zeaxanthin 49.5%,
lutein 23.4%, B-carotene 15.0% 24 FA4FE o2 1}
Bl AU ZEYYE € 5 UL, 1 9 triol 34
%, B-cryptoxanthin 2.9%, tunaxanthin 2.9%, cyn-
thiaxanthin 24%, o-cryptoxanthin 05% To.2 &
F3F 3, FANA A= zeaxanthin 48.2%, lutein
365% 24 FAHEE olF9, 2 9 tunaxanthin 80
%, p-carotene 5.0%, B-cryptoxanthin 1.8%, a-cryp-
toxanthin 05% T2 Ff3led, AN F24t
o] ¥]&tq B-carotene®] FFol ¥ WA lutein
tunaxanthin® o] e ZAFPEL B Mg Ao
& 29,

oleid A=, 8 5(1992)0] ¥ E ¥ 9 caro-
tenoid=A4 2 A Aol A  zeaxanthin, PB-carotene
type® triol, tunaxanthin % lutein®] FAJH o[,
FA Ao = lutein® zeaxanthin®] FARE o] F
of, AH& G2ite] vFlo =%
triol®) ¥3o] E& WHH lutein ¥ zeaxanthin®] %
o] W e AL Ho ME o7} Jdvixn
g B9 vmste] G g zolrt AN
o} ey 2(1993) 0] %24t dA9 EF 9 ca-
rotenoid &4} & zeaxanthin, lutein®] F4E& olF
™ 1 9 tunaxanthin, B-cryptoxanthin, cynthiaxan-
thin 2 B-carotene 50| L2FAJELE EA3ct=
Bl vjmele N2 e AL HY di
H 99 carotencidZgol A FAHEQ lutein@ zea-
xanthin®] o] M2 UR)h= AL FHI oF
M 2L pattern? carotenoid® FFF e A
€ AET ZHoln, AFFEAA zolE YERHE
RAE Yojop A2 T ABAHNA o= Ao
2 Holxr},

3) A X9 carotenoid TAie| Bi5}

S 455 ALY 85 F Y Z o] Fcarote-
noid& % carotenoid® A ¥l+= Table 63} 2T}

Z+ ANYT9 ZFcarotenoid¥FL B, A% 4F

Xx|2| carotenoid =4
AlA) ga #1399 F
AE 7 carotenoid®) =

5
=
H

N

Ty
k13
g

2+

L

tunaxanthin

98

individual carotenoids in the integuments of
wild and cultured flounder
(% in total carotenoids)

Total carotenoids Wild Cultured*
Compositiofn 1.38mg % 0.12mg %
B-carotene 15.0 5.0
a-cryptoxanthin 0.5 0.5
B-cryptoxanthin 29 18
Tunaxanthin 29 80
Lutein 234 36.5
Zeaxanthin 49.5 48.2
Cynthiaxanthin 24 -
Triol(B-carotene type) 3.4 -

* The samples were subjected to the experiment
immediately before feeding carotenoids supple-
mented diet.
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Table 6. Amounts and percentage composition of individual carotenoids in the integuments of flourder after

feeding experimental diet for 4 weeks and 8 weeks

(% in total carctenoids)

Group
\ Control 1 2 3 4 5 6

Composition

After 4 weeks

Total carotenoids(mg% ) 0.08 0.11 0.10 0.08 0.12 0.09 0.16
B-carotene 6.6 104 71 9.6 6.2 14.8 10.9
a-cryptoxanthin 8.0 46 22 6.5 6.1 2.6 49
B-cryptoxanthin - 48 32 10.1 - 89 11.8
Tunaxanthin 47 138 138 126 14.8 123 9.7
Lutein 231 258 387 248 29.3 251 234
Zeaxanthin 54.5 39.6 35.0 32.1 427 36.3 388
Triol(B-carotene type) 31 1.0 - 44 1.0 - 0.6

After 8 weeks

Total carotenoids(mg%) 0.06 0.26 0.11 0.03 0.02 0.03 0.07
B-carotene 115 8.2 38 3.7 18 1.3 35
a-cryptoxanthin 54 18 54 5.1 239 2.9 7.9
B-cryptoxanthin 0.6 2.7 0.6 7.5 215 7.0 4.1
Tunaxanthin 174 25 172 24.7 8.1 24.6 57
Lutein 317 16.2 329 26.5 13.8 18.8 263
Zeaxanthin 29.5 45.0 344 25.2 211 44.9 46.0
Triol( B-carotene type) 39 23.7 5.7 7.3 9.7 05 6.6

Control: Carotenoid free diet,

2: Lutein ester supplemented diet,

4: Astaxanthin monoester supplemented diet,
6: B-apo-8'-carotenal supplemented diet
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1. B-carotene supplemented diet,
3: Astaxanthin supplemented diet,
5: Astaxanthin diester supplemented diet,

rotenals Z& HME ALS 24 873 AMERE 4
Fe & 2.

D ZFol AoIA carotenoid 53 & astaxan-
thin diester @ 7F7lA 7} A veht Aq7RA
Ba7F 71 #H Ao, Bapo-8-carotenal, astaxan-
thin monoester¥7}79 £22 &3} FHAh

2) #E9] carotenoid A 2 astaxanthin©]
tunaxanthin® 2 S+ 393 tiAA3 & 7Mxe
Aeg FHHAY, ‘

3) FE ¥ carotenoid MAE astaxanthin
diester, tunaxanthin 2 p-carotene®] FAE-L o} F
AA2T AL astaxanthin diester$} S-ca-
rotene®] & FolA M2 o]7t UAUrh

4) YA lelM carotenoid FH &L Bcaro-
tene A 7HFA M AR A deERY AL B9}
7V ARem, 2 Lo 2 lutein esterF 7Y
o2 VERT

A,



B EHK SEH - ETK-PIER

5) Y9 carotenoid A Z & lutein®] tuna-
xanthin® 2 FARAIHE 202 43T £ AN
=3

6) 92 ¥ carotenoid WA zeaxanthin,
luteino] FAHAE LS o|F 3, AT F4AE lu-

tein® Pf-carotene®] FHFAA A2 o7t AU

Al At
2 a7t 1990d 2ay R2AEAL AHB
BHA FgERAHUE FYPr|gonz o)d AL
Arelg =94,
2o

Ando, S. and M. Hatano. 1987. Metabolic pathways
of carotenoids in chum salmon Oncorhynchus
keta during spawning migration. Comp. Bio-
chem. Physiol, 87B, 411~416.

Fujita, T., M. Satake, T. Watanabe, C. Kitajima, W.
Miki, K. Yamaguchi and S. Konosu. 1983. Pig-
mentation of cultured red sea bream with as-
taxanthin diester purified from krill oil. Bull.
Japan. Soc. Sci. Fish., 49(12), 1855~1861.

Fujita, T., M. Satake, S. Hikichi, M. Takeda, S. Shi-
meno, H. Kuwabara, W. Miki, K. Yamaguchi
and S. Konosu. 1983. Pigmentation of cultured
yellowtail with krill oil. Bull. Japan. Soc. Sci.
Fish., 49(10), 1595~ 1600.

Hata, M. and M. Hata. 1972. Carotenoid pigments
in goldfish-IV. Carotenoid metabolism. Bull. Ja-
pan. Soc. Sci. Fish, 38(4), 331~—338.

Hata, M. and M. Hata. 1975. Carotenoid metabo-
lism in fancy red carp, Cyprinus carpio- 1. Ad-
ministration of carotenoids. Bull. Japan. Soc.
Sci. Fish., 41(6), 653~655.

Hata, M. and M. Hata. 1976. Carotenoid metabo-
lism in fancy red carp, Cyprinus carpio-11. Me-
tabolism of “C-zeaxanthin. Bull. Japan. Soc.
Sci. Fish.,, 42(2), 203~205.

Ikuno, Y., M. Shimizu, Y. Koshino, T. Maoka and
T. Matsuno. 1985. Stereochemical investigation
of carotenoids from yellow-tail rocfish Sebastes
Sflavidus. Bull. Japan. Soc. Sci. Fish, 51(12),

2033~2035.

Kuhn, R, A. Winterstein und E. Lederer. 1931. Zer
kenntnis der xanthophylle. Z. Physiol. Chem.,
197, 141~160.

Maoka, T., M. Katsuyama, N. Kaneko and T. Mat-
suno. 1985. Stereochemical investigation of ca-
rotenoids in the antarctic krill Euphausia supe-
rba. Bull. Japan. Soc. Sci. Fish., 51(10), 1671~
1673.

Matsuno, T., M. Katsuyama, T. Hirono, T. Maoka
and T. Komori. 1986. The carotenoids of tila-
pia, Tilapia nilotica. Bull. Japan. Soc. Sci. Fish.,,
52(1), 115~119.

McBeth, J. W. 1972. Carotenoid from nudibranchs.
Comp. Biochem. Physiol, 41B, 55.

Petzold, E. N. and F. W. Quackenbush. 1960. Zie-
noxanthin, a crystalline carotenol from corn
gluten. Arch. Biochem. Biophys., 86, 163~
165.

Philip, T. and J. W. Berry. 1975. Nature of lutein
acylation in marigold(Tagetes erecta) flowers. J.
Food Sci., 40, 1089~1090.

Quackenbush, F. W. and S. Miller. 1972. Composi-
tion and analysis of carotenoids in marigold
petals. J. A. O. A. C, 55, 617.

Schmidt, P. J. and E. G. Baker. 1969. Indirect pig-
mentation of salmon and trout flesh with can-
thaxanthin. J. Fish. Res. Bd. Canada, 26(2),
357~ 360.

Tanaka, Y., T. Katayama, K. L. Simpson and C. O.
Chichester. 1976. The biosynthesis of astaxan-
thin-XIX. The distribution of a-doradexanthin
and the metabolism of carotenoids in goldfish.
Bull. Japan. Soc. Sci. Fish., 42(8), 885~891.

Yamaguchi, K., W. Miki, N. Toriu, Y. Kondo, M.
Murakami, S. Konosu, M. Satake and T. Fujita.
1983. The composition of carotenoid pigments
in the antarctic krill Euphausia superba. Bull.
Japan. Soc. Sci. Fish,, 49(9), 1411~1415.

Yone, Y., S. Sakamoto and M. Furuichi. 1974. Stu-
dies on nutrition of red sea bream-IX. The ba-
sal diet for nutrition studies. Report of Fishery
Research Laboratory, Kyushu Univ,, 2, 13~24.

& - 384, 1991 ZKER 9 carotenoid] &4
. L £893% 3F9A 249 carotenoid¥ &
AEe v, g=tg gl Fers A, 2004), 369~

100



H#I 94X, 359 #H Carotenoids RS} BEEd e g

375.

AEH, 1993, F2 Y9 WPy g 3
AR v, Addsty g dAEe =
¥, 53~55

sBA - BEF - 295 - 9ol 1992, X9 B
A 9) carotenoid® A4 ¥, 2 G %2 F3tI] K],
21(4), 407~413.

A - A - LT - DAL 1989, MAEH
a2l W& WEMSF9 carotenoidd 29t A
AR st FFAFHFTHA, 18(D),
71~92

TR%E—. 1967. EDH0F 2 4 F. BKEE, 3309),
866~871

BRE-- - Fih #1 - BEHEE - RHERK. 1962. 5
wT BEU ZVTRIIHTE BT EAITT
F— VDR BEAE. BKEE, 28(7), 709~714.

LT EE - RS, 1987, A/5F Thunus obesus
nHOF /4 PR EZhSORB. BKEE,
53(10), 1893~1896

FEHREC - £ B - HhRA - BKETH 1986. 7
Ay XY LFLETAYXHFINNI
F- bk b7y A 0BENUEAR. KERE,
34(2), 77~80.

PEFRE. 1989. @D HaF /4 F&ZDRHE.
BEBELE 45(5), 219~232.

REFRS - NAFET - XEHFE—. 198L *F>¥3
Carassius auratus 125113 lutein 5L zea-
xanthin D7 A U7 / 4 FADAERBRAH.
HIKEE, 47(5), 605~611.

EFEESE - BBIUERE. 1979. O IO F /4 NiZ
BT 2B AEMBHRE-XIV. 75704
oy /4 MRS — 1. AKEE, 45(12), 1533~15
38

REFES - KHEK— - BEBA - BIUBH.

1974.
Tanhur /{4 FERKS. BKEE  40Q),
73~177.

RERE - BEET - BB - kBEFE— 1980

AP tunaxanthin F5 & D ZEBRER tuna-
xanthin A, tunaxanthin B ¥ & ' tunaxanthin
C O3B BK:E, 46(3), 333~336.

R - BHEZE) - AL - I ERE. 1984
kB R A S N e A ) Y B s
FER P L UBRY CRIETEE, JUEE KB
W, 113, 29~41.

By X - PNIFEN - IUE A - FfE #1973, &
v A DBEREFIIFTIHE L T A)AF
VA=B®ZAuF 4 FORESR BEAS
REEBIMICE, 12, 40~59.

e B 1954, "2 TOsDREDHT /4 FEREK.
JURE({LE), 2, 31~33.

&£ oL 1973. £ARGIZLETOHaF /4 FE
RICHETATR. BIEKE  HBEHY
234~249.

HIUEBA. 1978. KEBHDO AT /4 F.
EBER. =R 49.

2N

19934 2€¢ 1Y A=
1993d 3¢ 59 44

101



