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Abstract

Effects of dietary carotenoids were investigated on the metabolism and body pigmentation of rainbow
trout(Salmo gairdneri), masu salmon(Oncorhynchus macrostomos), eel(Anguilla japonica), rock fish
(Sebastes inermis) and black rock fish(Sebastes schlegeli). Three weeks later after depletion, these
fishes were fed diet supplemented with B—carotene, lutein, canthaxanthin, astaxanthin or B—apo-8'-
‘carotenal for 4 to 5 weeks, respectively. Carotenoids dlstnbuted to and changed in integument were ana—
lyzed. In the integument of rainbow trout, zeaxanthin, B—carotene and canthaxanthin were found to be
the major carotenoids, while lutein, isocryptoxanthin and salmoxanthin were the minor carotenoids. In
the integument of masu salmon, zeaxanthin was found to be the major carotenoids, while triol, lutein,
tunaxanthin, B—carotene, B—cryptoxanthin and canthaxanthin were the minor carotenoids. In the inte—
gument of eel, B—carotene was found to be the major carotenoids, while lutein, zeaxanthin and B-
cryptoxanthin were the minor carotenoids. In the integument of rock fish, zeaxanthin, B—carotene,
tunaxanthin(A ~C) and lutein were found to be the major carotenoids, while B—cryptoxanthin, a-
cryptoxanthin and astaxanthin were the minor carotenoids. Likely in the integument of black rock
fish, B—carotene, astaxanthin and zeaxanthin were found to be the major carotenoids, whereas a-
cryptoxanthin, 8—cryptoxanthin, lutein and canthaxanthin were the minor contributor. The efficacy
of body pigmentation by the accumulation of carotenoids in the integument of rainbow trout and
masu salmon were the most effectively shown in the canthaxanthin group and of eel, rock fish and
black rock fish were the most effectively shown in the lutein group. Based on these results in the
integument of each fish, dietary carotenoids were presumably biotransformed via oxidative and reductive
pathways. In the rainbow trout, —carotene was oxidized to astaxanthin via successively isocryptoxanthin,
echinenone and canthaxanthin. Lutein was oxidized to canthaxanthin. Canthaxanthin was reduced to
B-carotene via isozeaxanthin, and astaxanthin was reduced to zeaxanthin via triol. In the masu salmon,
B—carotene was oxidized to zeaxanthin. Lutein was reduced to zeaxanthin via tunaxanthin. Canthaxanthin
was reduced to zeaxanthin via B-carotene. and astaxanthin was reduced to zeaxanthin via triol. In the
eel, B—carotene and lutein were directly deposited but canthaxanthin was reduced to B—carotene, and
cholesterol lowering effect by Meju supplementation might be resulted from the modulation of fecal
axanthin, astaxanthin and B—apo-8’ —carotenal were oxidized and reduced to tunaxanthin via zeaxanthin.
In the black roch fish, B—carotene was oxidized to B-cryptoxanthin. Lutein was reduced to B-carotene
via a~cryptoxanthin. Canthaxanthin was reduced to a—cryptoxanthin via successively B—cryptoxanthin
and zeaxanthin. Astaxanthin converted to tunaxanthin via isocryptoxanthin and zeaxanthin, and -—apo-
8’ —carotenal was reduced to a—cryptoxanthin via B—-cryptoxanthin and zeaxanthin.
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Falol= B9 g 49 Hu) ¥af ol]e} S}
wbollA] A ed ool 8] 3] o F3}7) wjol 829 A
U A A9 3} 5 FAl71ee) o] Al5Fste). Carote-
noidsel]l &3+ AF2 A YL AF3E carotenoidse]
F52 A LSl o ofa)A] A= o3l 12
v o) F9] carotenoids A Z2E HH-E 43 A 9]
2| ¢3-& Abgo] =, t}ut astaxanthing] 7] ol el A&
o] ol W} BolAde] 9], AWl A] astaxanthing
RAF A" 4 e o7 ALY F g dFE
HE 3 9lek(l).

Carotenoids F ol 2]gt o] A tAlol] H3t A7 2
£, F8919] 7%, Hata®} Hata(2,3)& Fo] %} zeaxan-
thin®] 4-keto zeaxanthin®& 713 astaxanthin® 2 A}
= v, B-carotene& echinenone, canthaxanthin, phoe-
nicoxanthing A astaxanthin® 2 A=}z 314
2L, E 5-(4)2 F0]3} zeaxanthin®] B-carotene triol,
B-doradexanthing 73} astaxanthin® 2 tjA}=]
1L, lutein® 3'-epilutein, a-carotene triol-& 7 -3}
d~doradexanthin7}#] 4+3}=| 1}, astaxanthin® & o
AbE A ekevha B sk 9lek vl ole) ] A9 Hata
¢} Hata(5)& F°]3} zeaxanthin®] adonixanthin& 7
A astaxanthin® 2 A+3}¥)1}, utein2 a-doradexanthin
742 A= e kg 2, Tsushima@t Matsuno(6), Tsu-
shima S(7)& A Al | A % Fo) & (6'R)-B,e-carotene
o} a-isocryptoxanthing -3} (6R)-d-carotenone
2 2 WstE = A3t A B2t EA8 S 23y
t} ojelE H=A 02 carotenocids?] YA WAk}
dold ¢ gl 7HsA ol #7 o] 8] A Ro] Y X
7] A1=+8}9d =4l (8-11), &, Matsuno®} Nagata(12), Ma-
tsuno $(13) ¥ #EF} & H(14)7} w7 ol zeaxanthing-
Fo|& A} parasiloxanthing 7§38t 7,8-dehydro-
parasiloxanthin©.2 #¥ 9, Katsuyama$} Matsuno
(15), Matsuno (16)°] tilapiadll F°]¥}F cantaxanthin
o] B-carotene > 2, astaxanthin®| zeaxanthin® 2 %9
2o} syl on, =3 Katsuyama 517)& FA74 4
o} ¢} tilapiacl F°]3&t astaxanthin®] zeaxanthin® 2
45} 319 ¥, Gross9 Budowiski(18)& 433+
3} dofof| Fo]3} astaxanthin®] 4-keto zeaxanthin,
B-carotene triol& 737314 zeaxanthino & A&
B a3t} ol 8} o] o] Foll & AbshA a2
7} 8 dateind, #eld AARE A EATE
B33 ik

o] of| Hkaled, Miki 5(19)%} Matsuno $-(20)- krill

oil2 o] &t e} o] T 7 of 4] astaxanthin®] triol, zea-
xanthin, 3’ -epiluteing 73] tunaxanthin &2 oj
AR} sty £, o] A2 491214 keto”]7} methylene
712 8415 3, B-end group®| £-end group 22 ¥
5w, epimerization® dolvtE HAMAE A S22 B
323 Aole}. =g Matsuno(21)7} ¥red &) whell 4 =(3S,
3’S)-astaxanthin®] (3S, 4RS, 3'S, 4'RS)-B,B—caro-
tene- 3,4,3'4 -tetrol, (3S, 4RS, 3 R)-B,B~carotene-3,
43 -triole 75319, (3R, 3'R)-zeaxanthin® 2
= o, 7)) A 2} 7o) B-end group®] £-end group S
2 WEsEE 393 gt Ex3d S91, PR 5
(22)2 B-carotene, zeaxanthin, lutein, canthaxanthin,
astaxanthin ester @ astaxanthing z}z} Fol3dte] F
E2 astaxanthin® A& 4 gick sholch 222 &%
s} ¥iEF(23)7} =rhell o] ol A astaxanthin®] £,e-caro-
tene—3,3' ~dione, 3-hydroxy-£,e-carotene~3'-one< A
A tunaxanthine. 2 WAt} 3191, 8 52 FE
o] 4] = astaxanthin®] tunaxanthin® 2, ' X o A &= lu-
tein®] tunaxanthin®.2 A=} sl o w3t 7=
(25)e @4 Fold 3le]ME  astaxanthin®] tuna-
xanthin® 2 djA}gcha B aslglch o]} 7o djAlke]
FEe 32 8Y9A QAAEE VN E AR FAHS
gt

B Ao u)a ety 72 Jgee of
Alel 2 who] o] 4-H 1 9l, B 7 FAAN $o,
AR o], iAol 23 sj4k o fal B H 42
)&} B-carotene, lutein, canthaxanthin, astaxanthin
%) B-apo-8'—carotenal®] Fo]A¥-& 53t carote-
noids®] AW HAE AR Al A vlasle, Fol ca-
rotenoidsel] &g+ MM MHENE HEsGch

e ® U

Carotenoid &E7tALR0| 2iEt AR

NSO

E Aol AR23F Al o] 72l ¥4 ) Fo](Rain-
bow trout, Salmo gairdneri)= 37 AA 23.7cm, 3
T AF 145g2) PIA o (RBAE)F FAL Fol AN A, AbA
o](Masu Salmon, Oncorhynchus macrostomos)+ 3
T AR 185cm, BT AF 51.8gY] AL 297 FAA
oA, Wl Aol (Eel, Anguilla japonica)+ 3T AA 40.6
cm, BT AF 126.7g2] A& F3 AN 42 74
sto], A Yew AL AFAoR $ukgk F ALS3)
et

g )4k o] F9l & (rock fish, Sebastes inermis)
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& HF AF 15cm, BT NS 49¢2) AL, 99 (black
rock fish, Sebastes schlegeli)2 37 A% 25cm, ¥
T A% 2385¢2] A& T4 FAARY o] 342
ENe A2 79l st A4 et g of4
ga) Ao g ukgt F AlSEig)

718 carctenoids Y AlE ZA|

B-Carotene2 Fluka*}(Switzerland), canthaxanthin
%} B-apo-8™-carotenal e F. Hoffman-1a Roche XHSwi-
tzerland) el 4] ZAIF A& 7 3Fed 2143150 t), Asta-
xanthin< F. Hoffman-La RocheA}l¢] A¥&<l carophyll
pink(astaxanthin, 5g/100g)& Al-¢-3t4t}. LuteinS &
A3H(marigold, Tagetes erect2)S} U 22 1€ F53)
carotenocids & AR (24)¢} U 3HA| A A AR s}sigic).

ALS ]2 A% HA2E A8 9 7|8 ALE(co-
ntrol Ak&) ¥ carotenoid A7} AL&2] A& Table 19
Zov AR(24)9} 7L e A

ApSary

FA A o], AL e] E wiAre] &= 2+ Al g o) 50=}
g4 57 &, 44§ HA73HA 4L 71E AT (2
), B-carotene 37}, lutein 3 7}, canthaxanthin
A7V 2 astaxanthin F7FFE o] 1ton £%9]
S Y Sz Q3 AAGSE FYU8Y #2214
~18°CE FA&d A, 571 & Aslw 1747 A4 A=)
¥, 357 24, 2% 28] 718 A8 E Fol, AkSElo
&# 3} &, carotenoid A7} ALBE 453 A58}
o} a8y 4 g B 7 A ovkeld 67
(A 2F A7181A] B2 718 AL TH(H2T), B-carotene
A7+, lutein A7}, canthaxanthin 3 71, astaxan-
thin 8 7}7- 2 B-apo-8 -carotenal F7}7) 2.2 o],

Table 1. Composition of the experimental diet for feeding five species of fishes

S AR - weld - AER - A5 - RS- FHF

upeke] Fof o) 40mm =719 w77} ¢l 90X60
x60cm 4% S 2o oI5 AA LT Fsld
2% 18°CE FA181HA, 3718 A5tz 17497 A
AN F 3F7 24, 07 28] 718 ALRE Fol A
-3l A3 o}, carotencid F7}F ALREE 4~5 F
7t AV§-319dt}. Carotenoids A 9] £41- d54t of
FE AR A, ARAA 25 T} AP A 4F Fol
=3 Aol Fe ARAA A, APAA 2~3F F}
ARNA 4~5F F-d|, 2=z} 150124 Q9] 534
£ 9] carotenoids A ¥2 #&]F4 ¥ A3t

Carotenoids2| £4

& carotenoid?) & U M

Carotenoids®] %&(26)-2 %92} A =2n|¢&
3}o] AL A acetonelE 33 o)A &3l 3 F
298¢ petroleum ether®} T}k B34 2] 33}
o carotenoids® pexo 2 AEAF F peFE F
4 NazS0. 34 24-4171 2 40°C 01812 Np 7] F-3tol| A
7 278 AL 60% KOH/MeOHE Y 2.2 7] 33}
o 9L EA3ES $ carotencidsZ dHgTh

% carotenoid® AL peFolA9 AR F
spectrum(350~550nm) 2] & Sl FH4 5 9
8} McBeth(27)¢] ¥ ol whe} §374 E %, =2400
2.2 slo] c}-gAle] 2sled Airstach.

Z carotenoids(mg%)=
O.D.( Amax) X Vol X 1000

E%,(2400) X weight of tissue(g)

(%)

Ingredients Control 1 2 3 4 5
White fish meal 655 65.5 65.5 65.5 655 655
a-Starch 15.0 15.0 15.0 150 150 15.0
Cellulose powder 55 55 55 55 55 55
Casein 2.0 2.0 2.0 20 20 20
Mineral mixture 5.0 50 5.0 5.0 5.0 5.0
Defined vitamin mixture 2.0 20 20 20 20 20
Choline chloride 05 05 05 05 05 05
Alginic acid 05 05 0.5 05 05 05
Defind fish oil 4.0 40 40 4.0 40 40
Carotenoids(mg) 0 10 10 10 10 10

Control : Carotenoid free diet,

1 : B-Carotene supplemented diet,

2 : Lutein supplemented diet,

3 : Canthaxanthin supplemented diet, 4 : Astaxanthin supplemented diet, 5 : 8-apo-8'-carotenal supplemented diet
Fresh water fishes were fed diet supplemented with B-carotene, lutein, canthaxanthin and astaxanthin
Salt water fishes were fed diet supplemented with 8-carotene, lutein, canthaxanthin, astaxanthin and B-apo-8’~carotenal
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Percentage(%)=

vol XO.D.(Amax)(each fraction) X 100
3 [vol X 0.D.(hmax)(each fraction)]

Carotenoide] 22| U X A|

AR (23,24)N A 9} 7] AAFth &, & carote-
noidsE p.e. : acetone(70 : 30)2] A Lo 24 Hels}
st} 3, A 33 & carotenoidE column chromato-
graphy & ¥-2]8le] TLCY pattern®} ¥ 23}4]th. Co-
lumn chromatographyi ¥ 5 7} carotenoid 8+
Zoll A ko] & FAABL sephadex LH-202 &
A 2 812 chloroform- o] 54t £ 2 2183 column
chromatography$} sucrose® ¥4 & 3l p.e. & ©)
A 492 A1-43 column chromatography 2 <3}
Ao 2 Y3t AHAE Aok 28w, #21% 7 caro-
tenoid 9] o] A9 ¥ Y GdAdLYE Fal3
7] $138led # carotencidE HPLCol 2% &2 & 3}
gon, £4x7(28)2 Table 29 Zr}.

Carotenoids2| 4

288 7} carotenoid®] AL EE 9] co-TLC,
co-HPLC & 7}FA] ¥ ¥-4> spectrum®] ®] 3.9} IR spec-
trum, NMR spectrum ¥ Mass spectrum-& &% 3}
FA 3t ek 7FAI ¥ < spectrum-2- Gilford Response
UV-spectrophotometer, IR spectrum< KBr ¢l 4]
HITACHI 270-50 spectrophotometer, 'H-NMR spec—
trum- CDCls%- ¥ o] 4 TMSE W ¥ EEEA E 3}
Bruker AM-300 NMR spectrophotometer(300MHz) —L

2] 2L Mass spectrum-2 Tandem Mass spectrometer-&
ALg-she] Zbzh R4 shqdv).

i % 1

iR MEE

AL Aol AR BRI e ANS A FF A
A3t Y AFo] 27 23.7cm, 145.2g0]151 00}, AL
2F ¥l 229cm, 166g, 4F Foll+ 25.4cm, 155g2
2 Zhslg on, AbelE AL A B AR JF A
%] 27} 185cm, 51.8gelg ot A% 25 Foll & 178
cm, 56.3g, 47 ¥l 20.5cm, 80.5g 22 F713lgx
Wgtel s ALS A HF AR B AFol 22 40.6cm,
1267ge19 2, AHS: 257 Feoll& 41.3cm, 1666g, 45
Foj| = 49.3cm, 1995g 22 2718l vl $- 22 A
A& ek 9 2 ALS A g AR F7 A
%] Z+7} 13.6cm, 145.2g0151 21}, AS- 35 Foll= 139

Table 2. Conditions for HPLC analysis of carotenoids
in the integument from five species of fishes

Items Conditions

Pharmacia LKB LCC 2252
complete system

LKB VWM detector(470nm)

LKB 2221 intergrator

Sumichiral OA-2000
(4mm id X 250mm)

Hexane : Dichoromethane :
Ethanol(50 : 20 : 0.5)

1.0ml/min
0.5cm/min

Instrument

Column
Mobile phase

Flow rate
Chart speed

cm, 39.2g, 55 Foll& 14.1cm, 45.9g 2. % 7136 1,
L Ale- A FF AR AF AFe] A7 2.1cm,
157.6ge]dot, A 35 Foll& 22.6cm, 163.7g, 55
2o+ 230cm, 173.2g 2.2 713l =@ £x223 A4
g By

ojf®el I carotenoidse &

SR 7N Eo], A, WAte], B g 93 5 X 5o
8 %9 22E ££3% £ carotenoids® 747 p-TLC
g A3}, Fig. 1949} 2Fe], 73} Aol Alge] 257}
@ bandZ vhelr} ester typeE 2AFE & 5 AU
o}, v A3 Folle, F270 $o A& p-TLCel
A 108 band2 E2Hglovt o] FolA Fr. 37 Fr.

o B2y 2 Bol EFEY S & F UKL, carote-
noids S 1t} v 2, AA 7] 43t & carotenoids
% column chromatography & 3 A% EFEZ F
A ¥ 9™ Fr. 35} Fr. 801 47t £l = o] o] 54 4719
FA o] 2718 whe} F1~99] Fr.o.2 ReE= g,
Fig. 204 ¢} 7], & carotenoids& HPLCE ¥413%t
Akel A st AA o oA = p-TLCHA 7714
band® #2)5%] 31, & carotenoidsE column chroma-
tography = #3F A3}, A 1~7¢] Fr.o 2 F==EgLe
©, o] & carotenoids® HPLCE #4 % Z 7ot o
)5}l o}, WAbo] ol A& p-TLCl A 271 2] band= #
2] 5 ¢ 3, & carotenoids& column chromatography
E 35t A7, 1~29 Fr.o.2 ¥el¥ g e, & carote-
noids& HPLCZ ¥4 3led AE Aok E5elM e
p-TLCH A 5/0¢] bandZ #8] 5 ¢ 21} o] F-| A Fr.
3% Fr. 82 #2] Fel 2 Mol EFEI S L T UM
% carotenoidsZ column chromatography & 33 2
44' E—‘ﬂ'ii 27 |91 Fr. 35 Fr. 80] zbzt 2] 5o,

F1~79 Fr.o g #E¥ %2, & carotencids&
HPLCE £A& Ao} dx3tdch 283 $34
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Fig. 1. Preparative thin-layer chromatogram of carotenoids in the integument from five species of fishes before

feeding experimental diet.

Absorbant : Silicagel 60G, Developer : Petroleum ether : Acetone(70 : 30)
1, B-Carotene ; 2, Isocryptoxanthin ; 3, a-Cryptoxanthin ; 4, B-Cryptoxanthin ; 5, Canthaxanthin ;
6, Tunaxanthin ; 7, Astaxanthin ; 8, Lutein ; 9, Zeaxanthin ; 10, Salmoxenthin ; 11, Triol

£ p-TLCA 5712 band2 £ = ¢l o1} o] S|4
Fr. 35} Fr. 8-& 228 ej 2 o}l EFEUS G+ 9l
%2, & carotenoidsE column chromatography - 3}
3 AT, ERER A=Y Fr. 35 Fr. 8] &7
22 5o, B%1~79 Fr.o.2 2859w & caro-
tenoids& HPLCZ ¥4 % ZA3pe} A sl rt. olo} 7
o] ¥ AAR 7 Fr& AN AF &3 22 4
2 59

B-Carotene : 100% p.e.ol 28] £&3 Fr.e. 24,7}
A FF spectrum- B-carotene type2] §< spectrum
22 et on F4 2|7} 450.5, 477.50mEA B
-carotene®} U3} £F2) B-carotene¥} co-HP-
LC3 A3 el o7} oA B-carotene 2 2 FA4 319 rh.

Isocryptoxanthin : 2% acetone/p.e.ol] <3 £&¢
Fr.o 24 7} A% Z4 spectrum-S 8-carotene typed)
%4 spectrum @ Yehytow F4 FoXE 445,
4725nmeoll A Yebgta IR spectrum 24 23 Umax
3426cm™(OH) 9] ¥4 7} vreht OH7 18 7FAl & iso-
cryptoxanthin® & %3 s} ).

Echinenone : 5% acetone/p.e.oll &3] 4&% Fr.2
2A, 7FA % B spectrume ¥ F =7} 452.5nm
2A4] echinenones} Y =1 8}41 31, ¥ F2] echinenone[F.

Hoffman-La Roche*HSwitzerland)13 co-HPLC% 2
3} g7} AolA echinenonel.® FA 313 ch
a~Cryptoxanthin : 7% acetone/p.e.°ll 2|3 %% Fr.
o 24, 7FA % F4 spectrum B-carotene type®] ¥
4> spectrum 2.2 Vet o, F-4 7} 448, 475
nmE4] a-cryptoxanthin® 4 x]8t g3, S-45(29)
A Q& ®Z9| a-cryptoxanthin®} co-HPLCE 23}
w7} el a-cryptoxanthine 2 FA 3k t).
B-Cryptoxanthin : 10% acetone/p.e.oll &3] &&=
Fr.2. 24, 7}A ¥ F4= spectrum2 B-carotene type
2] &5 spectrum 22 bk oy F FoifR| 71 420,
443, 47inm3 A B-cryptoxanthin®} X stdw, 2249
" (30)ellA] -8 FE2| B-cryptoxanthin® co-HPLCE
A} Fd o7t Dol B-cryptoxanthin & & 54 345t}
Canthaxanthin : 20% acetone/p.e.oll &8 4% Fr.
2.2 7}A % F4 spectrum- keto carotenoid 5
2] single band® Yrebyt o, F4= FH )7} 466.5nm
24 ®E 9 canthaxanthin[F. Hoffman-La RocheA}
(Switzerland)] # co-HPLCE A3} sddl7} oA
canthaxanthin® 8 FA s o}
Tunaxanthin : 209 acetone/p.e.<ll 93l 4<% Fr.
224, 71X F4 spectrum-E, e-carotene type®] ¥
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Fig. 2. HPLC chromatogram of carotenoids in the inte—
gument from five species of fishes before feeding
experimental diet.

1, B-carotene ; 2, isocryptoxanthin ; 3, d~cryptoxanthin
; 4, B-cryptoxanthin ; 5, canthaxanthin ; 6, tunaxan-
thin A ; 7, tunaxanthin B ; 8 tunaxanthin C ; 9, lutein
; 10, zeaxanthin ; 11, salmoxanthin ; 12, triol ; 13,
astaxanthin ; Species of fishes : A, rainbow trout ; B,
masu salmon ; C, eel ; D, rock fish ; E, black rock fish

4 spectrumC. & vehtow F4 S x| 7} 415, 438,
469nmEA] tunaxanthin®} 4 x]3}4] 32, IR spectrum}
27 AT}, Unax 3426cm (O A F5Ul7H A 25 o
tunaxanthin 2.2 54 & = 91911, Mass spectrum$]
&7 A3}, 568(M",CaoHz02), 550(M-8), 476(M-92)2]
peak”} 41593, 'H-NMR spectrum®] &4 A3},
80.85,0.94, 1.62, 1.81, 2.00 ¥ 2.07ppm9] signale] v}
elv} tunaxanthin®] 3 %] 9H(31) FAFsEE 2o o]
B2l A HdL EE9 tunaxanthin®} co-HPLC3}+
grad )7} o)A tunaxanthin® 2 %33}

Lutein : 25% acetone/p.e.oll 93 453 Fr.2. 24,
7} A3} 4> spectrum<- d-carotene type2] €< spec-
trum2. 2 vept oo F A7) 420, 444, 472nm
2A4 lutein?} €23k, IR spectrum®] &3 A3}
Umax 3426cm (OH) 1A F5Ti7} &) lutein® 2
4% 4 9153, Mass spectrum®] 34 A3}, 568(M,
CaoHis02), 550(M-8)2} peak’} 5913, 'H-NMR
spectrum®] 23 A3} 50.85,0.97, 1.10, 1.32, 1.48 ¥
2.04ppm&] signalo] vFeh} lutein®] F8x](33)2} A ]
3l 2, TF 2 lutein® co-HPLC3e] &l tir} Qo]
A luteine- & £4 34}

Zeaxanthin : 309 acetone/p.e.ol] & §2% Fr.e
24], 7}A % F4 spectrumS B-carotene type2] &
4+ spectrum ©- 2 YElt oo F4 )]s} 448, 475
nmEA] zeaxanthin®} 4 2] 35}4 1, IR spectrum?] &3
AT}, Umax 3426cm (OH) A F5e7) AE 5 o] zea-
xanthin® 8 AT 4 9J2l.2.v, Mass spectrum$]
23 A7}, 568(M’,CaoHs602), 550(M-8), 476(M-92)2]
peak”} #ql5 95, 'H-NMR spectrum®] &4 23},
81.03, 1.55, 2.03 ¥ 2.78ppm¥] signale] “el} zea-
xanthin®] 3 2] (34)%} A8t g .o, E9) zeaxan-
thin(SigmaAh)® co-HPLCE A3 g7} deoi=
zeaxanthin® 2 E-A 351},

Salmoxanthin : 70% acetone/p.e.ol] ¢} 3 2235 Fr.
o 24 AR F4 spectrumS F5 FH 27} 4195,
441, 470nm$3 .21, epoxide test 23} ¥4 S el gl
I 7HA - F4 spectrum®] &4 A, F A}
20nm @34 F22 o] F 5] salmoxanthind 43|
34 salmoxanthin(35,36) 2.2 S sty

Triol : 80% acetone/p.e.dl &) 3] 5% Fr.o g4,
7HA 3 F4 spectrum< F4 =0 2] 7} 445, 468nmE
4] B-carotene typed] triolz} ¢ x)slglx FE(37)
oA 4L FE9 triols} co-HPLCE ZA3 dd)r}
dolA triol® FA st

Astaxanthin : 5% acetic acid/methanol9ll 2|3 4%
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= Fr.o2A, 7}A% F4 spectrume keto carotenoid
E-$-9] single band® Vel on], F4 SlA]7} 4665
nmA) astaxanthin® 92319 3L, krill(38)ell 4] &
$3Z9) astaxanthin®} co-HPLCE A3} vzl @
o]A astaxanthin®.2 FA G

0{&9| carotenoidse] CHAl ! AHLHEE|

X7 £0{2] AFR AlE ZF2| EI| carotenoids

2| W5t :

AFS A8 A BA]7) 40] £9)¢] £ carotenoids T
3} 3%), 233 7 carotenoids®] 24 8]+ Table 35%
2t} & carotenoids §%-E 0.71mg%EA & o1F
(24259 )3t cha 58 A 8ko) 9l 3, carotenocids®)
24L&, zeaxanthin 36.8%, B-carotene 30.0% % can-
thaxanthin 17.3%¢] 54 ¥-& ©)%7, L 4] lutein 7.0%,
isocryptoxanthin 4.0%, salmoxanthin 2.9%, astaxanthin
1.3%, a—-cryptoxanthin 0.1% ¥ B-cryptoxanthin 0.1%
9] &0 2 §43}0], dolF}o| £A) 3= salmoxanthin
& §Ha Ao Bel3rh

AL A 23 F 9 4% F E9)9) £ carotenoids TF
5} 32}, 349 7} carotenoids®) 2438 Table 4%
7). 7+ A @F9 & carotenoids & EE caro-
tenoids A 7ol carotenoids ¥} H 71741 2T
& = et on B3] canthaxanthin F7Hel4]
% carotencids #3Fo] EA veh} AH A=33t &5
7} 744 Zglch. &8 7 A1 @79 carotenoids £A3H]
o] W85 ud, B-carotene F7HFANA £ AHS 25 F
o] zeaxanthin 56.0%, B—carotene 11.0%, canthaxan-
thin 9.09, isocryptoxanthin 2.3%, astaxanthin 1.7%
2 echinenone 0.3%% ¥-31% 2, 45 Foll &= B-caro-

W5 - 75

. RE

tene 33.8%, isocryptoxanthin 8.6%, canthaxanthin
24.3% 9 astaxanthin 10.3%% ZA| Z7)slg o}, zea-
xanthin 15%- 2A) 7Ha3t4c) &, FA7 019 &
Ao ALzl FF% B-carotene®] isocrypto-
xanthin, echinenone, canthaxanhting 733k asta-
xanthin©.2 A= 8, zeaxanthin® triol& 733t
astaxanthin® & HALE-& 248 4 3J%ic}. Lutein 3
7V Fell 4] AL 25 Foll = B-carotene 20.3%, cantha-
xanthin 22.1%% &#319 1, 45 Fol< B-carotene
20.0%, canthaxanthin 20.5% % 2% F.of ulg] & 3o}
= yo]A] grgror} ool u] 8 canthaxanthin®] &
go] =LA Eo} AmollA] EFH lutein®] canthaxanthin
22 gAEE A28 24T 4 Usich Canthaxanthin
A7 A e A4S 25 Foll B-carotene 19.1%, cantha-
xanthin 31.3%% §-4-319 1, 4% ¥+ canthaxanthin
o] &4 A9 3 ZAE4l f-carotene 28.8%2] F
2| & 8o 272 of 2u] 2 57} 912, canthaxan-
thin 25.9%, isozeaxanthin 3.4%7} 2 &5 o] AR elA
333 canthaxanthin®] isozeaxanthin& 7 -3t 3|
23402 P-carotene 2 BUH] AYE FHY
2 9)ir}. 28] 3 astaxanthin B7FFANA ALS 25
ol zeaxanthin 12.4%, triol 1.7%& ¥#-3t5 2
43 F-o)| = zeaxanthin 41.8% % A 273k ALR)
A 239 astaxanthin®] triol€- 73-§-3te4 zeaxanthin>-
2 AES 24 % 4 glslch. Morri $(39)& doiell
Kkrill oil# §43-8-¢] astaxanthin® 13 23} astax-
anthin diester”} ¥4 ¥-8] astaxanthin 2ct= ZA &
)7} =} 349028, Andot Hatano(28)7F <1 ll4]
astaxanthin& $%14 A8 74 zeaxanthin®.2 A
g8ty 3 nwel dxsgch

Table 3. Amounts and percentage composition of individual carotenoids in the integument from five species of

before feeding experimental diet

(% of total carotenoids)

Composition Rainbow trout Masu salmon Eel Rock fish Black rock fish
B-Carotene 30.0 19 85.1 14.6 435
Isocryptoxanthin 40 - - - -

_ a~Cryptoxanthin 0.1 . - 149 13 4.0
B-Cryptoxanthin 01 19 - 1.1 2.2
Canthaxanthin 173 0.7 - - 0.2
Tunaxanthin A - 2.7 - 39 -
Tunaxanthin B - - - 5.3 -
Tunaxanthin C - - - 79 -
Lutein 7.0 40 - 59 0.6
Zeaxanthin 36.7 64.4 - 59.0 194
Salmoxanthin 29 - - - -
Triol - 43 - - -
Astaxanthin 13 - 1.0 216
Total carotenoid(mg%%) 071 0.66 007 0.56 0.83
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Table 4. Amounts and percentage composition of individual carotenoids in the integument of rainbow trout after

feeding the experimental diet for 2 weeks and 4 weeks

(% of total carotenoids)

Composition Control 1 2 3 4
After 2 weeks
B-Carotene 23.6 11.0 20.3 19.1 50.2
Isocryptoxanthin 10.1 2.3 7.2 93 2.1
Echinenone - 0.3 - - 5.1
a-Cryptoxanthin 25 1.3 0.2 2.4 10.2
B-Cryptoxanthin 0.3 - 22 16 7.3
Canthaxanthin 3RS 9.0 22.1 313 8.7
Isozeaxanthin - - - - 16
Lutein 3.3 7.3 47 1.7 0.6
Zeaxanthin 19.8 56.0 325 15.0 124
Salmoxanthin - 4.2 57 - -
Triol - 6.9 3.7 - 17
Astaxanthin 1.9 1.7 0.1 120 -
Total carotenoid(mg%) 0.35 0.43 0.36 0.48 0.34
After 4 weeks
B-Carotene 12.0 338 20.0 28.8 126
Isocryptoxanthin 24 86 6.0 79 0.7
Echinenone - - - - 5.4
a-Cryptoxanthin 1.6 48 0.1 0.1 0.8
B-Cryptoxanthin 0.03 04 25 05 3.0
Canthaxanthin 75 243 205 259 189
Isozeaxanthin - - - 34 -
Lutein 8.0 24 8.6 304 5.7
Zeaxanthin 65.8 15.0 330 19 418
Salmoxanthin - - 0.6 - 47
Triol - 04 39 05 -
Astaxanthin 1.7 10.3 47 0.6 6.4
Total carotenoid(mg%) 0.27 0.47 0.45 0.69 051

Control : Carotenoid free diet,
3: Canthaxanthin supplemented diet,

AR AL A8 D=0 carotenoids| e} g5}

A8 A1 A Abde] 9] 9) F carotenoids e}
23], 24 % 7 carotenocids®] 2AH] & Table 33} 7t
t}. & carotenoids &8-S 0.66mg%EA X7 0]
Br} oha 3o dekS ¥ T, carotenoidsd AL
zeaxanthin 64.4%7} T4 #0141, 1 ¢ triol 4.3%, lu-
tein 4.094, tunaxanthin 2.7%, B-carotene 1.9%, B—cry-
ptoxanthin 1.9% % canthaxanthin 0.7%%} £+22 3}
fratsdct. oleldt A REF 5-(40)0] T} oF4]
Ab F-40) ol lutein 32.5%, zeaxanthin 56.9%, & 7] 4|
+ lutein 18.4%, zeaxanthin 31.7%, o]+ lutein
36.6%, zeaxanthin 31.7%, AFA 1o & lutein 36.6%,
zeaxanthin 20.0% ~18] 2 F%] 7} $=¢] ol &= lutein 77.5%,
zeaxanthin 182%% 7tz FAXL L2 FHdvhe 2
Toe o) Aol Heth

AR AlE 25 & 2 45 ¥ %9 9] % carotenoids ¥
3 B2, FA % 7 carotenoids®] £AIH]) & Table 59

1: B-Carotene supplemented diet,
4: Astaxanthin supplemented diet

2: Lutein supplemented diet,

el 7t A7 % carotenoids §-S LE carote-
noids A 7}F-o4 carotenocids BIAH 7114 2T
v] &) A eyt o], £3] canthaxanthin 3 7H<l A
A Jeht AA Ans a3} 71 ok @9 2
A8 4] carotencids FAdu)] W3S 2w, B-carote-
ne A7}l A& ALS- 25 Fof| B-carotene 7.6% % zea-
xanthin 68.0%% #3192, 45 ¥l B-carotene
2.7%, zeaxanthin 78.8%%} 32¥]) S B}, B-carotene
& 7}a3kg] o} zeaxanthin® F71stg et &, AR
o]9) EHol A= ARl FEF B-carotene®] zea-
xanthin®. 2 hAlE &= A 25 343 < 9]¢t} Lutein
A7Vl A= ARS8 25 F-9)] B-carotene 14.3%, Lutein
5.3% 2 zeaxanthin 69.8% % 3152, 45 Fol
= B-carotene 6.7%, lutein 11.3% 2 zeaxanthin 76.6%
£ 375103 B-carotene®] &)= A3l ot lutein
3} zeaxanthin®] ek & 718l AtRoA FF%
lutein®] zeaxanthin®-2. tiAl=E& H2E A &
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Table 5. Amounts and percentage composition of individual carotenoids in the integument of masu salmon after

feeding the experimental diet for 2 weeks and 4 weeks

(% of total carotenoids)

Composition Control 1 2 3 4
After 2 weeks
B-Carotene 49 76 143 8.1 0.9
a-Cryptoxanthin 6.2 0.3 09 04 -
B-Cryptoxanthin - 26 47 46 15
Canthaxanthin 22 05 - 95 2.3
Tunaxanthin A - - - - -
Tunaxanthin B - - - - -
Tunaxanthin C - - - - -
Isozeaxanthin - - - - -
Lutein - 55 53 21 59
Zeaxanthin 843 63.0 69.8 59.9 56.3
Triol - 6.6 44 - 32
Astaxanthin - 15 - - 3.6
Total carotenoid(mg%) 0.39 091 0.90 0.92 0.21
After 4 weeks
B-Carotene 0.8 2.7 6.7 22.9 0.7
a-Cryptoxanthin 0.2 01 - 15 0.3
" B-Cryptoxanthin 52 36 19 03 2.1
Canthaxanthin 0.6 06 - 215 0.3
Tunaxanthin A 05 - - - 09
Tunaxanthin B - - - - -
Tunaxanthin C - - - - -
Isozeaxanthin .- - - - -
Lutein 26 38 11.3 - 48
Zeaxanthin 52.4 78.8 76.6 131 799
Triol 51 6.8 - - 50
Astaxanthin 04 27 - - 45
Total carotenoid(mg%) 0.37 0.38 0.63 0.82 0.54

Control : Carotenoid free diet,
3: Canthaxanthin supplemented diet,

31t} Canthaxanthin 3 7}7oll A& AFS- 25 Fof] B-
carotene 8.1%, canthaxanthin 9.5% ¥ zeaxanthin 59.9
%% FH3l9 L, 4F Foll¥& B-carotene 22.9%, can-
thaxanthin 21.5% % zeaxanthin 13.1%% §-4-31, 8-
carotene¥} canthaxanthin®] ¥=ku]E Fr)slgd o,
zeaxanthin®| v ZA FHaste AN FF
% canthaxanthin®] B-carotene, lutein ¥ zeaxanthin
2.2 ditE = A2E 53 Y 4 319 Astaxanthin
A7t A= A8 25 Foll zeaxanthin 56.3%, triol
32% ¥ astaxanthin 3.6%E g&f-3tgl 2} 4F Foll&=
zeaxanthin 79.9%, triol 5.0% ¥ astaxanthin 45% %
zeaxanthin, triol ¥ astaxanthin®] §skv)7} £7}314)
ALR oA £33 astaxanthin®] triol & A # zeaxanthin
22 dAatEe A2E FAE 5 A o)ed A
<= Schiedt 5(41)e] FA] 7} £ Y o] FxjdA]
AL o)A 235 canthaxanthin®] echinenone-g& 3
B-carotene 2.2 o A}=| =), astaxanthin- B-adonixan-
thing # ¥ zeaxanthin®. 2 HAl=ch= ¥ w9} $-A}

1: B-Carotene supplemented diet,
4: Astaxanthin supplemented diet

2: Lutein supplemented diet,

st

WAL ALS A" RIF2| carotencids 242 5}

AL A1Y A wiAe] £9)9] F carotenoids #aFa)
22, A% 7} carotenocids®] 48]+ Table 354 3
t}. & carotenoids ¥ 0.07Tmg%2A] THE o] £(24,
25)0ll vl sle] W $- e jhak-g W93, carotenoids®]
ZA]-& B-carotene 85.1%7F FA #olgl o, 1 9 a-
cryptoxanthin 149%E §-#3lgc} ol2id A=
B 5(42)°] iAo} o= carotenoids®] £E& ¥
$ glgdohE B3 9 Czeczuga(43)7) Elk & ol 44} 3}
£ wiAo) ¢} F ¥ o)+ astaxanthin, astacene, tunaxan-
thino} A o] 3 1 9] B-carotene, isozeaxanthin ¥
lutein®] 2.2 Z)3tche ¥ 7.9} v]523}9 carotenoids
ZA o4} B Aol Bt}

A A9 25 F 9 45 F 39 9] F carotenoids $HF
3} ¥, 2435 7 carotencids®] =A¥]+ Table 654
), Zb A1) % carotenoids -2 2E carote-
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Table 6. Amounts and percentage composition of individual carotenoids in the integument of eel after feeding

the experimental diet for 2 weeks and 4 weeks

(% of total carotenoids)

Composition Control 1 2 3 4
After 2 weeks
B-Carotene 141 28.7 115 224 13.8
Echinenone - 25.8 0.5 0.4 -
da-Cryptoxanthin - - 0.6 - -
B~Cryptoxanthin - - 1.0 6.0 23.0
Canthaxanthin - 30.0 - 6.1 -
Isozeaxanthin - - - - -
Lutein 5.1 - 34.8 29.8 6.4
Zeaxanthin 11.0 - 74 18.8 24.0
Triol - - - - -
Astaxanthin - - 20.2 - 42
Total carotenoid(mg%) 0.11 0.11 0.13 0.07 0.02
After 4 weeks
B-Carotene 194 79.4 10.3 78.8 16.8
Echinenone 13 0.9 - 05 -
a-Cryptoxanthin 46 0.1 1.2 0.1 -
B-Cryptoxanthin 95 25 1.0 33 239
Canthaxanthin 0.6 13 - 2.1 -
Isozeaxanthin - - - - -
Lutein 10.1 1.8 67.4 0.9 7.0
Zeaxanthin 21.8 25 9.1 34 37.2
Triol - - - - -
Astaxanthin - - 2.1 - 2.2
Total carotenoid(mg%) 0.07 0.09 0.24 0.10 0.10

Control : Carotenoid free diet,

1: B-Carotene supplemented diet,

2: Lutein supplemented diet,

3: Canthaxanthin supplemented diet, 4: Astaxanthin supplemented diet

noids 7}l A carotenoids ¥] A 7}74] 2Tl )
& %7t A debgon, 53 lutein H7HFlAM EA
b e B I e i D g o g s B+ e R R | B
carotenoids 273 ¥] 8] W3-& ¥4, B-carotene H7+7-
| A= AF§ 23 F o) B-carotene 28.7%, echinenone
25.8% 2 canthaxanthin 30.0%3% ¥-§-8lx o, 43
F.oll = B-carotene 79.4%, echinenone 0.9% % cantha-
xanthin 1.3%24] B-carotene?] ¥4 = =4 Z7}s)
%121} echinenones} canthaxanthin®] 3&ku] = 34
ZhAasle] AlgellA] 338 B-carotenee] LT E &3

£ 34 4 oot Lutein H7}Fod A= AL 23
% o] B-carotene 11.5%, Lutein 34.8% % astaxanthin
20.2%% 319 1, 45 ¥ = B-carotene 10.3%, lu-
tein 67.4% % astaxanthin 2.1%24] lutein® ek
= 3ZA F718bg 21} B-carotene ¥ astaxanthin®] 3
il Fasle] Az el F99 Lateine] 292 =
Ag & FAE 4 94} Canthaxanthin A7 FFA =
A8 25 Fo| B—carotene 22.4%, lutein 29.8% % zeax-
anthin 18.8%% 3319 12, 45 $ol| & B-carotene 78.8
%, lutein 0.9% ¥ zeaxanthin 3.4%% 35149, 5%

7} %0yl A 9} 7¥o] canthaxanthin®] 8414 wA}e] F
ZAFE-Ql B-carotene?] &7} A F7FeEd 2, lutein
9 zeaxanthin®] kv & 34| 24t AL g86lA 7
F9 canthaxanthin®] B-carotene 22 #A =] &3
H& 54 4 9t} Astaxanthin H7H-AE A
& 25 Fol B-carotene 13.8%, B-cryptoxanthin 23.0%
2 zeaxanthin 24.0%% 5314 12, 45 Foll = B-caro-
tene 16.8%, B—cryptoxanthin 23.9% ¥ zeaxanthin 37.2
%2 zeaxanthin® a7} = A Z27}sle] A5 4
o], AbH o] of| 1] &} 7o) A} FE o) 4] -ZF-F astaxanthin®]
zeaxanthin® 2 AIE S 4 4~ dglch o3¢ 2
& Fujita $(44)-2 FHE2] A} 8.l] astaxanthin diester
Z #H7}3}lo] astaxanthin®} tunaxanthin® 2 dj A&}
= nwe} 2o]lE ¥ glon Hatadt Hata(45)7} o,
Foi oA A8 29 astaxanthine] <5 2 %7
S 2 E 2-Ecud B AeolE Byt

22to| AMR AlB M&2| carotenoids A2 H5}
AR A1 A 28 899 F carotenoids ¥
2], 4% 7} carotenoids®] ZAH]& Table 37 e},
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2 carotenoids - 056mg%EA] FA] 7] £, 4+
e 282 T2 013F(24,25)0) W) 8} oA Fe F
-8 B¢ 7, carotenoids®] A& zeaxanthin 59.0%,
tunaxanthin 17.1%, ¥ B-carotene 14.6% 2. 54 £°]
32, 1 9] lutein 5.9%, d-cryptoxanthin 1.3%, B-crypto-
xanthin 1.1%, ¥ astaxanthin 1.0%2] ¢o2 43}
sk o2 § A= AR (24) A Ad4 FES] 55
o} = astaxanthin diester 61.4%, tunaxanthin 26.8%, B-
carotene 9.2% ¥ astaxanthin monoester 2.6% & &
oz Ragt A3 Mol myon), Hodi |x|9
E el zeaxanthin 49.5%, lutein 23.4%, B-carotene
15.096, B-cryptoxanthin 2.9%, d-cryptoxanthin 0.5%
9 cynthiaxanthin 2.4%7} &-f-3t= A §-Akskgg ot

AL A9 35 F 2 55 F-2] 99| % carotenoids
ekl ¥l T " 7t carotenoidsy 2AIM] = Table
73} 7l ZF A1) & carotenoids ¥ 2E caro-
tenoids A7}l 4] carotenoids ¥ 71141 2T

34 - A2 - ol - WS - A5G - UAS  FAF

8] 3] EA e, 53] lutein F7HFNA & caro-
tenoids &3o] EA el A A93 a7 7
At 2 A 8F2 carotenoids =419 HEE B
, B-carotene A7l A& A1-$- 35 Fol| B-carotene
91.4%, lutein 0.6% 2 tunaxanthin 1.8%% 3-f-3t32
], 55 F.ofl+= p-carotene 81.4%, lutein 6.5% ¥ tunax-
anthin 5.5%324] B-carotene?] kvl E FHAaslgn
lutein ¥ tunaxanthin®] &84 = 25 Frlsld A5
o4 ZF% B-caroteneo] lutein #-f3te] s4ko]
o de] &3+ tunaxanthin® 2 AIHE ARE
FA4% 4 ) Lutein A 70l A & AL 3F F-oll
B-carotene 73.7%, lutein 2.19, zeaxanthin 17.29% %
tunaxanthin 5.1%8 3-#3}% 1, 55 F9ll+= B-carotene
17.2%, lutein 6.2%, zeaxanthin 55.1% = tunaxanthin
16.4%24, B-carotene?) )& 743441 3L zeaxan-
thin®] §3vl& ZA F71892.7 lutein ¥ tuna-
xanthin®] 30| = 247k Frlsle] AlgellA] 39 lu-

Table 7. Amounts and percentage composition of individual carotenoids in the integument of rock fish after feeding

the experimental diet for 3 weeks and 5 weeks

(% of total carotenoids)

Composition Control 1 2 3 4 5
After 3 weeks
p-Carotene 307 91.4 737 52.9 477 49.8
Unidentified carotenoid - - - - 20 2.1
a-Cryptoxanthin 37 0.1 15 6.3 5.0 1.7
B-Cryptoxanthin 05 0.1 14 0.8 49 11
Canthaxanthin - - - - 0.2 -
Adonirubin - - - 05 0.2 -
Tunaxanthin A 35 05 11 14 15 3.0
Tunaxanthin B 52 0.6 16 19 2.2 34
Tunaxanthin C 75 0.7 24 31 25 2.4
Isozeaxanthin - - - - - -
Lutein 6.6 0.6 21 24 2.0 24
Zeaxanthin 56.6 6.0 172 26.3 313 311
Triol - - - - - 31
Astaxanthin - - - 0.3 05 -
Total carotenocid(mg%) 0.48 1.06 0.74 0.75 0.67 0.65
After 5 weeks
B-Carotene 8.0 81.4 172 37.7 20.7 118
Unidenfified carotenoid 9.6 - - - 76 54
a-Cryptoxanthin 12 2.1 38 17 76 16
B-Cryptoxanthin 1.1 15 13 1.7 76 16
Canthaxanthin 0.1 6.0 - 0.2 09 -
Adonirubin 02 ~ - - - -
Tunaxanthin A 25 1.0 35 29 36 46
Tunaxanthin B 33 22 54 46 44 54
Tunaxanthin C 2.3 2.3 75 5.6 5.0 47
Isozeaxanthin - - - - - -
Lutein 21 6.5 6.2 46 5.0 47
Zeaxanthin 69.5 - 55.1 409 446 60.4
Triol - - - - - -
Astaxanthin - - - - - -
Total carotenoid(mg%) 0.40 0.92 1.12 0.90 0.56 0.89

Control : Carotenoid free diet,
3: Canthaxanthin supplemented diet,

1: B-Carotene supplemented diet, 2: Lutein supplemented diet,
4: Astaxanthin supplemented diet, 5: B-Apo-8'-carotenal supplemented diet
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tein®] tunaxanthin® 2 thAlE| A} zeaxanthin® &
AAd F tunaxanthin® 2 AIE = A 2E AT
sl 2l th. Canthaxanthin 37} el A= AL 35 Fof] B-
carotene 52.9%, lutein 2.4%, zeaxanthin 26.3% 2 tun-
axanthin 64%% -39 3, 55 = B-carotene
37.7%, lutein 4.6%, zeaxanthin 40.9% % tunaxanthin
13.1%%5 314, B-carotene?] kvl 43ty
I zeaxanthin®] $eku]& =A F7}481% 2.9, lutein
% tunaxanthin®] 28] = 77} 713t ALRCAM F
¥ canthaxanthin®] zeaxanthinS- 73 3} tunax-
anthin®. 2 A E & A2 E 33 5 o) Astax-
anthin 7}l A& AFS- 353 F4| B-carotene 47.7%,
tunaxanthin 6.2% 3 zeaxanthin 31.3%E& ¥H-3l5o
o, 5F Fo|& B-carotene 20.7%, tunaxanthin 13.0%
3 zeaxanthin 44.6% % 373149, zeaxanthin®} tunax-
anthin® e8| 7} F713ke] ALR A FFH astax-
anthin®] zeaxanthin® 73-%-3}] tunaxanthin® &
A E = ARE A S 9)4dt} B-Apo-8'—carotenal
A7}l A 35 Fof| B-carotene 49.8%, tuna-
xanthin 8.8% ™ zeaxanthin 31.1% %29, 55 3=
B-carotene 11.8%, tunaxanthin 14.7% 2 zeaxanthin
60.4%5 &-f-3ted Al Z o)A FF5 P-apo-8'-carotenal
o] zeaxanthin® 7J-%-3t°d tunaxanthin® 2 AlE&
FAT = At oAt AAEL, #3} BHA46)7H
ule], FE 9 I S|4 astaxanthin®] B-carotene,
triol, 3-epilutein® 74 §-3}] tunaxanthin®.Z wjAlg]
thi= 75} v w2ste] f-A13}t). & B-ionone¥te] e-ionone
o2 il A= AL 3 AN £ of
FY o|F A Ul Z AdA H& Aoz A3
He AU L2 cyclohexane® s 43¢ polyene 4}
o] 34 o]F A7l 2% 314 B-carotene 1174,
a-carotene-S 107} L8] 22 e-caroteneS- 7o) B2, o}
A= B-iononedHell 4] e-ionone® o & 18T 2, cyclo-
hexane¥t2] 43}, 812 FA4A o & A e= 7] o
ol 4-keto-B-end group2- 7}*]+= canthaxanthin 2
astaxanthin® B-end group2- 7}*) &= B-carotene, lutein
% B-apo-8'-carotenal-Z £-end groupS ZH+- tunaxa-
nthin®. & #4444 A5 #AXe AeZE A=)
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tenoids A 7}7-o| A carotenoids ¥] A 774l 2Tl
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27} oA & carotenoids Eke] A Vel A
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o 77 B-cryptoxanthin®] ¥5kv| &= 2A F71ste] AR
A FF%9 B-carotene®] B-cryptoxanthin®. 2
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13.8%, zeaxanthin 12.0%, B—cryptoxanthin 6.0% 2
lutein 5.0% % 3--319].2.1, 45 F-oll= B-carotene 67.2
9%, a -cryptoxanthin 13.4%, astaxanthin 8.7% 2 zea-
xanthin 6.3%2.4], B-carotene2] ¥=n]& A F7}
3 3 a-cryptoxanthin®] vl 25 Fo w8 45 F
& da gagent giz2To u8 =ZA Fol A=
of| A} £FH luteine] a-cryptoxanthing 73} B-
carotene .2 A =& dAARE 34 F dth
Canthaxanthin 7}l A& A 25 Fol zeaxan-
thin 66.1%, B-carotene 23.0%, lutein 6.2%6, a-crypto-
xanthin 0.3% % B-cryptoxanthin 0.8% % 2}, 45 ¥
ol & zeaxanthin 51.0%, B-carotene 24.096, a-crypto-
xanthin 9.0% = B-cryptoxanthin 6.0%2A4], a-crypto-
xanthin® B-cryptoxanthin®} 8]+ 7131, zeax-
anthin®] su)E 253 Fof vl & 45 Fo b 34

o0}, 2T B &) ZA Fot AR FFE can-
thaxanthin®} B-cryptoxanthin®} zeaxanthing 73 -f-5}
&) B-ionone el 4] e-ionone> 2 HWF = o] d-cryp-
toxanthine 2 HAlg& A2E 4T 4 31wt ¢
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Table 8. Amounts and percentage composition of individual carotenoids in the integument of black rock fish after

feeding the experimental diet for 2 weeks and 4 weeks

(% of total carotenoids)

Composition Control 1 2 3 4 5
After 2 weeks
B-Carotene 400 59.7 59.7 23.0 61.8 53.6
Isocryptoxanthin - 9.3 - 19 13.0 43
a-Cryptoxanthin 370 2.0 138 0.3 15 04
B-Cryptoxanthin 76 1.1 6.0 0.8 38 12.0
Canthaxanthin - 03 34 - - 04
Tunaxanthin A 0.8 - - - ~ 01
Tunaxanthin B - - - - - -
Tunaxanthin C - - - - - -
Isozeaxanthin - - - - - -
Lutein - - 5.0 6.2 - 0.2
Zeaxanthin 145 185 120 66.1 19.0 386
Triol - - - - - -
Astaxanthin - 9.1 - 0.3 - -
Total carotenoid(mg%) 0.04 0.16 0.09 0.25 0.08 0.10
After 4 weeks
B-Carotene 58.2 432 67.2 240 46.0 54.0
Isocryptoxanthin 58 46 - 7.0 19.0 -
a-Cryptoxanthin 45 11.3 134 9.0 2.0 12.0
B-Cryptoxanthin 04 331 37 6.0 1.0 9.0
Canthaxanthin 1.7 0.1 - - 4.1 1.6
Tunaxanthin A 1.1 05 - - - -
Tunaxanthin B - - - - 3.0 -
Tunaxanthin C - - - - 1.0 -
Isozeaxanthin - - - - - -
Lutein 26.3 15 0.7 - 0.1 1.0
Zeaxanthin 0.1 0.2 6.3 51.0 15.0 22.0
Triol ' - - - - _ _
Astaxanthin 19 4.7 8.7 - 70 -
Total carotenoid(mg%) 0.03 0.18 051 0.26 0.11 0.30

Control : Carotenoid free diet,

1: B-Carotene supplemented diet, 2: Lutein supplemented diet,

3 : Canthaxanthin supplemented diet, 4: Astaxanthin supplemented diet, 5: B-Apo-8'-carotenal supplemented diet

7 f-8}4 tunaxanthin 2.2 djAt=& A3} 2o S By
t}. Astaxanthin H7}oll 4 = AHS- 25 Fo]| B-carotene
61.8%, zeaxanthin 19.0%, isocryptoxanthin 13.0%%1
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xanthin 81% 24} B-carotene?] v+ 243t
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£ 7#3l9 tunaxanthin® 2 A& 34 4 9]
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gl 3 F7}1319 T zeaxanthin®] )& 23
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e o
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