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Abstract

The carotenoids in the sea bream, Chrysophrys major Temminck and Schlegel and the red 'sea bream,
Evynnis japonica Tanaka, have been separated by absorption chromatography, characterized by absorption
spectra, co-chromatography with authentic samples and the behavior on the columns. The reactions for
specific functional groups were also performed.

In the integuments of the sea bream, the existence of a-carotene, lutein, zeaxanthin, a-doradexanthin,
3, 3’-dihydroxy-e-carotene and astaxanthin was confirmed. In the internal organs f-carotene, echinenone,
lutein, zeaxanthin, 3, 3’-dihydroxy—e—carotene and astaxanthin were found.

In the integuments of the red sea bream, the existence of @—cryptoxanthin, 3, 3'-dihydroxy-¢—carotene,
lutein (trace), zeaxanthin, 3-hydroxycanthaxanthin and astaxanthin were clarified. In the internal organs,
canthaxnthin, lutein, astaxanthin and Pg-518 were found.

The carotenoids in the sea bream and the red sea bream were compared, and the most conspicuous
differences among them, the sea bream contains lutein besides astaxanthin in the integuments, on the
contrary, the red sea bream contains the traces. It is very interesting that the bright red color of the sea
bream comes from the mixture of astaxanthin (red color), lutein (yellow) and a-doradexanthin (trace).

It was confirmed that the sea bream and the red sea bream could not convert B-carotene to astaxanthin
by feeding B-carotene-15, 15'-3Hp, but they could transfer astaxanthin in the diet to their body astaxanthin.

The carotenoids in Kinmedai, Beryzx splendes Lowe, Amadai, Branchiostegus japonicus, and Akahana,
Cephalopholis aurantius, were also extracted, isolated and the metabolic pathway from plant carotenoids to
astaxanthin was proposed.

* Biig—IL. % 1 o Carotenoids iz o\ C. BAKEZELEE, 31, 947-952, 1965,
* BIRERFKEEREYLEHE (Laboratory of Biochemistry, Faculty of Fisheries, Kagoshima
University).
o BEIRBRFEKEERKET W HZE (Laboratory of Zoology, Faculty of Fisheries, Kagoshima University).
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When the results and those of previous studies are taken together, consistent patterns are seen. Thus
aquatic animals are divided into three classes on the basis of where astaxanthin is biosynthesized as follows :
1. Prawn-Form, 2. Sea bream-Form, 3. Red carp-Form.

Prawn-Form——The aquatic animals, which belong to this group, can convert g—carotene to their body
astaxanthin. Almost all crustacea which contain astaxanthin in their body belong to this group. Prawn,
lobster and crab belong to this group.

Sea bream-Form——Can ot convert fS-carotene, lutein or zeaxanthin to astaxanthin, and can transfer
astaxanthin in the diet to body astaxanthin. These animals are carnivorous, and half digested crustacea
were found in their stomach. Sea bream (Madai), red sea bream (Chidai), Amadai, Kinmedai and
Akahana belong to this group.

Red carp-Form

Can convert lutein or zeaxanthin to astaxanthin, but B-carotene is not the major
precursor of astaxanthin. They can transfer astaxanthin in the diet to body astaxanthin. These animals
contain a-doradexanthin. Gold fish, red carp, fancy red carp, yellow-golden carp, and Benibuna belong
to this group.

< &4 DFER L WD carotenoids i3 acetone THiH LAM = — 7 A #E{A L. column
chromatography iz X b #tifb LT, X a-carotene, 3,3'-dihydroxy-e-carotene, lutein, zeaxan-
thin, a-doradexanthin ester ¥ (trace), astaxanthin OFFEX HZH Lic. PIED carotenoids & LT
fB-carotene, zeaxanthin, lutein, astaxanthin OFFZER BN LTHRE Lic ¥, FLRR~L1L
i~ 41 D astaxanthin B BT 5 &, FEiE~ 51 O L1 b D3 astaxanthin O FEAH
EHLLTAWZ LML LY. o< &£ (1T p-carotene-15, 15 *He % KZihic /AR L Tl
A LTBZEAT R 3 BREIAS LT B-caratene (% astaxanthin RB I hisw o LML
L7=%. SR L astaxanthin-15,15'-3H, % #5325 & < & DEE D astaxanthin (X label Ih
CEEPEMC LTHE Lic?. 2oz Li3fikhc astaxanthin 2 &L b D% 52 5 LEBREHET
rEw¥niclic.

F 44 DI L A D carotenoids % i % 1l LT, column chromatography iz & h#fifb L, W
fi D carotenoids & LT canthaxanthin, lutein, astaxanthin, Pz 518 DL HER L, KK D carote-
noids & LC a-cryptoxanthin, 3, 3'~dihydroxy-e-carotene, lutein (trace), zeaxanthin, 3-hydroxy-
canthaxanthin (phoenicoxanthin)®, astaxanthin OFELXHER L THE L ®. B F ¥ 11 f-caro-
tene-15,15'*H, ##E5 L Th, ~ % 1 R B-carotene % astaxanthin P Lz L% H
i Lte. FIC astaxanthin-15,15'-*H, %4535 &, 541 OFEZ D astaxanthin % label h
BT lih, FEAL<HA A, ERFO astaxanthin #FKE O astaxanthin BT B &
PRANCLTHRE LS. UEknz iy, =44, 43 s0<=E?, =D i

100 SOFMKELED p-carotene % astaxanthin CRBT B = LMK IRLD, RO
astaxanthin %#{EPJ0 astaxanthin CEREBT5 2 LKL Z L2 B LTHE LA O D910,
ABE L~ HA, 744 OOFFCEM~ L1, REFFAOBEFLEIBRLD, ThETh
TWAHHMRYECRET D LR, Fv 284, 7TFA, THA~FEOKEAROARE, XD
carotenoids % 3 HEESHEL L, &k & carotenoids A {LFAHEBI 4 RE BT LT, FE% carotenoids
® astaxanthin ~DORHLBRL bHEE LicOTHRET 5.
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I. =44 ® carotenoids D HEUFRF &L eHEARD astaxanthin D4 4 FEHD astaxanthin
DB 1 A TH 4 D carotenoids OHBFRTE : FWAKR LM 2ATHLVEALL (B
& 30cm). HE, FTEEZEDF 41T acetone I THH LT, AM=—=LITEEEL, BRAHR
ETCcEMHE L. Bbhic carotenoids {3453 Microcel-C column chromatography iz X b 438
L, HERS Gl EEC X bkt LY, alumina column, magnesium oxide column, Microcel-C
column, sugar column =X h¥EH LT, ZThEhi#li¥ed carotenoids & co-chromatography,
column DB &, BRINAR7 AL DOEE, ROWKEO radical KISEZE R X b, WD carotenoids
& LT B-carotene, echinenone, 3, 3'-dihydroxy-e-carotene, lutein, zeaxanthin, astaxanthin %,
D carotenoids & LT, a-carotene, 3, 3’ dihydroxy—-¢-carotene, lutein, zeaxanthin, a-doradexan-
thin ¥ (trace), astaxanthin DFEEXYMT L, <&M DELE 4 FEIL astaxanthin DOFfRfE 4K &
lutein DEWE 2 FEHBERG TH D Z &xWriz Lic D12,

B. =41 ICRT BEEEFD p-carotene-15,15-°H; ® astaxanthin ~ADKH & EEIFD asta-
xanthin 15,15-*H, O <4 [ kXK O astaxanthin ~D#EKH : p-carotene-15, 15'-*H, (specific
activity : 16y Ci/mg) 1mg % KREMciEML (KEih : 20g) THEATLERCBAL, ¥ 15cm
D=EA 1B o2& 4g w3 BMBHHE S L T, =& {1 DFE KD astaxanthin *H, activity % ¥
hovFvr—vavivvE—TRETHEY, <&Mt Tk, PB-carotene % astaxanthin
IR LicnW 2 R A L ® KRiIC 2 v ~= T p-carotene-15,15-*H; *#H535¢ 71
<= ') astaxanthin X label Sh 5z L 2WAIC LTBIRHE LY. coffic L Cra~v=E
iz B-carotene-15,15'-*Hs; ## & LT 7 A<= D astaxanthin 2% label ¥ bh T\ 3 & L %R
L, co7r~== 2 FERHY4cm D~ 1 —RBr o /710~ 2 B% 3 BEIHRE LT, <
KA DIEFBE D astaxanthin % B, BELRAEER Y v Fr—vav sy v 2—12T *H activity
RRE LW, =& 1 FEKD astaxanthin 1 label ShTWBZ ExWhrLi?. HEDZ & X
D= & A3k D p-carotene % astaxanthin WA 5 LI KA, ¥ D astaxanthin
< XA {KRE O astaxanthin WEBT 52 LKL ExBEMC L.

II. ¥4 4 ® carotenoids DN EHFIE & EFldhD astaxanthin OF 4 4 KFXK O astaxanthin
ANDEB : A F5 14D carotenoids DHFBERIE :  FifleF £ 1 (FRH2cm) XAHH LY
A LT, EK, HMD carotenoids % Bl 4z acetone I CTHIH L, Bilil=—F L CEEBKE
O acetone % RIFET B A AK THEIEMEL, BARBRETCTRME L. 2 LTELR
- carotenoids (¥ Microcel-C % FE1#i#] & LT column chromatography iz X » 4% L C&X 53
Al & it LT alumina, magnesium oxide, Microcel-C, sugar % F5##i#J& LT column chromato-
graphy 1 X vilifb L, #lifk L7 carotenoids (XIBIR 2 =27 b AT X B B KRN F &, column |
DEIE, RICEDORIGR O D E#E carotenoids & co-chromatography & X b, PIfE®
carotenoids & LT, canthaxanthin, lutein, astaxanthin & R %1 carotenoid, Pz 518 o 7% FEZR
Lic. F&4 DFE D carotenoids & LT a-cryptoxanthin, 3, 3'-dihydroxy-e—carotene, lutein,
zeaxanthin, 3-hydroxy-canthaxanthin (phoenicoxanthin) ¥, astaxanthin OFEZER BiAs iz Uiz 19,

B. F511CRITBeEEFD g-carotene-15,15-H. ® astaxanthin ~DH & EEEHRD asta-
xanthin 15,15°H: O F %' 1 kD astaxanthin AR : FEH S5m0 F 41 2RAB L VE
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A Lz, B-carotene-15, 15'-H (specific activity : 16p Ci/mg) lmg % 200g Df FEEHERL 97 iRk
ALTH3BREEH LB & 4g 5 LIcRAERK D astaxanthin i #fi{k LT *H activity
BREVYFU—va YAy VE—FHCTHE LIER, @R B-carotene 13~ £ A it
5 ERAIBEF &£ AT D astaxanthin IIRB IRV Z EX BN LEY. B4 DESL
[RI#k, 2 A~ ~=E p-carotene-15,15-*H, # 5 L C /7 /<= D astaxanthin % label X1 T
WHZ LEHERR, cosr<=CkBHFEM 1RO 3R, WIBMES LLEFF1%K
[E D astaxanthin 2 i, #{bBRE> vFr—va vh v v g —2T Hactivity #HIEL, F
&4 FED astaxanthin i label ® bR TWABZ L2 BN L. ULDER L W F£14 Tli~< 4
1 [FiEEERIF D B-carotene X astaxanthin AR L7 A%, BRI astaxanthin 135 £ 1 A
D astaxanthin WERBT 5 LxPrc L.

III. > A454®D carotenoids DHEFEIRE : Filfin+ v 2 414 ((AKEHH 35cm) ¥ GHBL Y
REA L7, REELANED carotenoids (37 41 acetone 1 THIH L, Aifi=— 7 L ICERIABIEEK
CAKYE, BUKBRBET ClfE L.

A. AIE®D carotenoids kY astaxanthin OREIRE : P D carotenoids % Microcel-C % 7 1
#1& 3% column chromatography iz X bifi—e band %74, #Hikic L b D b#E Microcel-C
column, sugar column & X D FH LR A RRERE (U74my, F[ill=—=1d), column D)
&, BTAERMOBRFUPERE (Amex 427,451,478 mp) WOIC lobster X b 87kt astacin® &
sugar column _|--C co-chromatography iz X » Hi— band % 787-DC, astacin OFAL X MR L
1.

B. £ A5 4 DFK LY 3,3-dihydroxy-c-carotene, astaxanthin OF%®E : FEF X b i L
7c carotenoids D= — = L ¥ X Microcel-C iz & » 53# L yellow @ Band-I & red & Band-II
Woridic. Band 1 OfEFXFEE X @bl Y, WHEEARINIER (415, 438, 468my), column
Lg%, RO~<& 1 X biEi-fti 3, 3-dihydroxy-e-carotene & Microcel-C column @ co—chro-
matography & & h B— band %7 DT, 3,3-dihydroxy-ec-carotene DEEZEFER L 1.
Band-1I. o &3 #{k#% Microcel-C column, sugar column 12 X Y §fifb3% &, ZORHEHHEAK
IWARZ bV (Amax 474 1mp), BB D AT EIBMBUL A2 F 4 (A max 427, 451, 4765,) ZRIFE L
astacin THAHZ BN LE.

wWOE LR R

KEBWC AT % carotenoids DRI OWTIL, HL X v#EMNH 5. B NicoLa 1918 i
e b 5% F\ T carotenoids %l L % o %L p-carotene — cryptoxanthin — 3-hydroxy-4'-
keto—f-carotene — 3, 3'-dihydroxy-4-keto-f-carotene — astaxanthin ThH % 5 L #iE L CTHE LT
\w5%. THoMMEN'? (% Daphnia 122 Ti% B-carotene — echinenone — canthaxanthin & fS#3 3
THHD EHELTWS. NICOARA® 51 3HRIA Arctodiatomus silinus (Dady) X D3P carote-
noids ‘C# % crustaxanthin % B U CHESRE LT, p-carotene, hydroxy-echinenone, astaxan-
thin, crustaxanthin ORICA{LFRIMEESx RO S B Z L HEE LTV 5. CHICHESTER & 19 %
Brine shrimp 12 #J5C * C-B-carotene % #¢%4 LT B-carotene 7% canthaxanthin ~o Bk
DM THBZ LWL Lic.
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p-carotene —> echinenone —> canthaxantin

Lol

isocryptoxanthin 4-hydroxy-4'-keto-p-carotene

Lo

iso—zeaxanthin

f3-Carotene

Isocryptoxanthin

OH

Echinenone

Canthaxanthin

3-Hydroxy-canthaxanthin

oH

Astaxanthin

HO

0

Fig. 1. The metabolic pathway from g-carotene to astaxanthin in Prawn-Form.
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F 5T GILCHRIST & 29 %, ¥ Ulva @ carotenoids % M“C ¢ label LT, # = Emerita
analoga (sand crab) 1z 5 % 5 & keto-carotenoid #3352 LB HZ T\ 5.

—FHEETIE WALKIE® [ ZREEBERD ALV FAL=TED 24 UIRRAR Pimelometopon
pulchrum % JA\~, 3 D astaxanthin ester @ & BT 3, 3'-dihydroxy-e—carotene ester D& E
LB L, astaxanthin ester @ RijEK#E L 3, 3'-dihydroxy-e—carotene TH5 5 L HEE LT
5.

—J}7#E 1% *H, “C T label L7 carotenoids #KEEMCHE LTH bhHELEREL
T, KEBW% “Astaxanthin ~DEAK LESBRLVGETH LROMLTHB .

L 7L<z A (E& UTFERB) AT pcarotene % astaxanthin 1Z&kd 0 < R #
T530TH5 (Fig.1).

IA=ZE D 4 g8 a0 iy Fy ) Lo 7 3 BIE
7.

I #4148 : (kg B-carotene, lutein, zeaxanthin % astaxanthin W fA#I3 5 & L1k B3k
WO 0 Rl D astaxanthin #{AF D astaxanthin CIEBT 5 = LAHES (Fig.2). <&
149, FL40, T=EL, ThHrd, ¥V AL EOBEFRGBRIOBCET.

Q

OH

Astaxanthin in the diet

HO

Astaxanthin in their body

0

Fig. 2. The transformation of the astaxanthin from the diet to their body
astaxanthin in Sea bream-Form.

III. 548 : lutein % Fig.3 Ofn<, a-doradexanthin ester? #% & C astaxanthin ester 1
Rl 5. ZORBLBRIFE LD THE L Y, CHICHESTER & 2 3 1 Cilutein Z#5 LT
WAL, EEL® P L. ZORMR)ET 5KEBML fcarotene % astaxanthin 1z fE
TBHZ EITHRR2, R & A B L AR iFR D astaxanthin % ffA D astaxanthin BT
BILEMNHEB D, oA FuFa bW -oxoq 2002 8308 BT 252 3
zeaxanthin A% astaxanthin DO RERYE TH B L ME LTV 5.

~HA, FEA X DMOWERERDOPMINT 5 carotenoids o HA 0N & BT IRIRT 5
$tR D carotenoids DK, FEC L VEHNRALIS. HoTIhBRRD<EAL, FL41%D
DG ENREBIHDAMED carotenoids 1%, ARG, WERHC X VRSB, KRR~ &1 DEKKD

carotenoids & LT astaxanthin, 3, 3'~-dihydroxy-¢—carotene 2® (tunaxanthin 2) O {48 D lutein %
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OR!

Lutein ester
RO

(o]
OR!

A

a-Doradexanthin ester 1)
RO

Astaxanthin ester

Q

Fig. 3. The metabolic pathway from lutein ester to astaxanthin ester in
Red carp - Form.

EHELSOBRELTVDEH, RROF XA FOBOEERERDEKZD carotenoids 12 iX lutein X
A L\ C, astaxanthin O E $ < &1 KK D astaxanthin B X H % { (Table.1), EIFHSLHE
EXIT, FEEXELTWS. #o T 41 kI astaxanthin # &7 s ONEIOEXBALT
#5353, lutein ZEiekE EOREMY, RRHEE (L LTRE) 2HMT 22 Lh0
ETohprrtBEbhs., 2Oz ditFv¥Fay, ea(® =oFaq 80 =750 O
St LTV B RECRTD lutein 13EDTEELREL LT3,

KR=< XA DFFED carotenoids DK E, KRF &1 L OMMEEEREBERDEKD carotenoids
DEROMHERL, BORKAKIZ2LDOTHSS.



Table 1. Spectral characteristics and relative abundances of the carotenoids of the internal organs and the
integuments in sea bream (Madat), red sea bream (Chidai), Kinmedai, Amadai, and Akahama.

Spectral characteristics

Relative abundances (%)

BRERFKESTICE H22% $H15 (1973)

Pigments 4 Emw_ (mg) max (mp) A max (mg) Red sea ) ) )
Petroleum o in Sea bream Kinmedai Amadai Akahana
ether after reduction | Chloroform bream
a-Carotene 422, 444, 473 — | —, 455, 484 4 — — —_ —
a-Cryptoxanthin 415, 444, 473 — | 428, 453, 481 — 1 - — -
m 3, 3'-Dihydroxy-e-carotene | 414, 438, 468 — | 424, 449, 479 20 7 37 9 4
& | Lutein 422, 446, 476 — | 430, 458, 487 10 trace — - —
% | Zeaxanthin 425, 451, 481 — | 432, 462, 492 5 1 - 0.5 —
a-Doradecin 454, 471 424, 446, 476 — trace — — — —
3-Keto-canthaxanthin 468 426, 451, 479 —_ —_ 2 — — -
Astacin 474 427, 450, 476 — 60 88 62 90 95
B-Carotene —, 451, 477 — | —, 462, 485 10 — — trace —
Echinenone 456 428, 451, 479 — 20 —_ — — —
a Canthaxanthin 468 427, 451, 478 — — 8 — — —
mb 3, 3'-Dihydroxy-e-carotene | 415, 438, 468 — | 424, 449, 479 10 — — — —
.m Lutein 423, 448, 475 — | 423, 459, 487 5 2 — — -
Im Zeaxanthin 427, 451, 480 — | 433, 462,'492 4 — — 2 —
Astacin 474 426, 451, 472 —| 50 | 50 100 98 99
Pg-518 487, 518, 550 | —, 461, 490 - — | - - -

70
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