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Summary

The studies on the carotenoids in the viscera of abalone (Haliotis discus hannai) have been:
carried out. The pigments were extracted with acetone-methanol mixture (4 : 1) from the-
viscera of abalones which were caught around the coastal water of Korea from March to-
August.

The individual carotenoid in the extracts was separated and purified by the silica gel
TLC, Mg(OH), impregnated paper chromatography and Mg,(OH),CO; TLC. The isolated
eleven carotenoids were investigated and identified by epoxide test, partition test, reduction
with sodium borohydride, alkaline hydrolysis, co-chromatography and comparative test
with reference carotenoids and electronic and IR absorption spectrophotometry.

a-Carotene, f-carotene, lutein, zeaxanthin, siponaxanthin, siponein, fucoxanthin, loroxan--
thin-like and fucoxanthinol-like have been identified among the eleven carotenoids isolated..
It has been found that fucoxanthin, on alkaline treatment, was transformed to the product:

of which chromophore was the same one as fucochrome and semifucoxanthol.
the identified nein carotenoids

Among
siphonaxanthin, siponein, fucoxanthin, loroxanthin-like

and fucoxanthinol-like have not been reported previously to be contained in the shellfish.
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Yzt SEdd s KHESE carotenoidd FBERH
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cryptoxanthin, zeaxanthin, violaxanthin, auroxa-
nthin® S TS 9. Campbell 82 Mytilus
edulis @  Mpytilus califonianus = e =AM
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220 =z Mytilus edulistol 4 S-carotene,
lutein, zeaxanthin ¥ astacened 4> WEZR st A ok
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:siphonein, siphonaxanthin, hydroxyechinenone,
Tutein, diadinoxanthindg{\¥, zeaxanthiniE{Lly
2 a-cryptoxanthin$ol &5 etz 9.

Aol FlEEGulel 22 ¥ERBEY carotenoidel
B W 9 ot HE(Haliotis discus)? 7+ 2
BEEE Bt lipid® protein®, hemo-
cyanin®®EL v X3 zule) B E KRGS BRE
7t A& carotenoid®] BEE ZolE & gldh
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Bt Ssted & Bl A $edE Biesd
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7t £ de ARSOTS Yk FEe
AT o] NSl & BILES A LiEE
4 ERATY £ BEo 23¢9 9.

2. &% HHI S8

K& 2ol §FE W 50022 119 acetone
o BES Boksl kel BEE: MER do
500mle] acetone-methanol(4 : 1) E&HLES} &7
‘blendor=2 BRIl o B S Biichner 24
A% Bl BB WA BEE 500mle)
acetone-methanol(4 : 1) BEHEEHR] g A
A2 mubehe A 204 M HEsa ot Ba e
A, of #{ES WKl A9 f@o] I Ax
HES AT FBKS 40°CLUFel A rotary eva-
porator 2. JREEFEREA 718 300mle] 959% metha-
nolell A 7 et

°] 95% methanol44 & Sy sld L=
{Fig. 13} #2°] fEv} 50mle] hexaneo & 47

#HE9 et hexane MK S 25 Fof Swz
7o) Yz EhEieet 30mle] 95% methanolz
36! HiHiste] &9 95% methanol& o 3 .
hexaneZl45r& F-1 =28 3 methanolB4& F-1 9
EE EHNFHz 40°C LITFAA WEREEAA

hexane £ o2 wl&9 .

Total pigment extracts
in acetone and methanol

Evaporation
and
[Dissolving in
95% methanol

; 95% Methanol

solution

l Shaking with

hexane

( Hexane layer l \ Methanol layer

l Shaking with
~__195% methanol
! ]
Methanol layer

l Hexane layer

(F-D 1 {
‘, Combined methanol
layer
(F-II)
Fig. 1. The diagram of the fractionation of
extracts.

3. %ol SHE Y B

3-1. Thin-layer chromatography

F-1 ¢ F-ligte] &F=E4 A&
—Xer LA thin-layer
chromatography (TLC) & #if5dtsick. TLCHRE
ko] wet silica gel G(E. Merck) & Eof W&
ol 0.4~0.7TmmFA E 3 &8 110°C ovent
oA Al 2REME IEH(EAA FERS .

BRER S TLCHY % 2cms & Add
ez stz Lel7b 28 o-& Stahl®Po] J
<22 carotenoid®] TLCol| AU E BHHRS
BHE A7 Table 19 Solvent AZ EBAA SHEs
gt BRI 52 T3 Fig. 201419 7o] F-14
AE 3EY AR%I doAx F-IdAE 5ES
EFML QAR e F-llo BRWHES 2R
¥ B-1, B-2, B-3, B-4, B-5=2 #H¥ 29t .F-1
oA feld Al mEESd T F aRBNE £
# F-1I9] B-3, B-5% —F# oz o] AEL A
T2 BEel BRSNS F-II9] w3 ole4
B-62 Wz E3d.

carotenoid &

silica gel
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F-1¢9] 5@l A8 E EEEE Solvent AR &
Hd %5 WAl Bz A4d9s ¥
AA 2 P-19] ERAE EAT HHE hexane
ol g+t

TLCHEAA 4Hd 4 BE%EL £4 f4
5 923 7 25 FAdst. zejx F-1I
o] BEMEL acetone-methanol(4: 1) Z§&of
2 Bl F-114 4B B-6= acetoneo &
HHIY . EREHKEES 40°C LTdA BME
Z&WAA hexaneo] EHglwt.

Table 1. Chromatographic developing solvents.

Code of developing

solvent system. Ratio of the solvent

Solvent A Ethyl acetate-CH,Cl,(17:83)
Solvent B Hexane-benzene-acetone

(50 : 40 : 10)
Solvent C Hexane-acetone-isobutyl

alcohol (85 : 15 : 2)

3-2. Mg(OH); #&i&# Chromatography

silica gel TLCZ 4 HEdte] 92 £ BFRE S
EHH A& ARES UL BEdY 94
Mg(OH). 5 ¥ 8% JE#E#K=Z chromatography 4
BESE o3 o

Mg(OH), 3 & JBiKE F09 FHEk& BFEA
A & 2ol wEYUT. 20cmx30cmz HE
Toyo No. 514{E:EMK 10E 119 15% MgS0,5H,0
Sgo] 271 urEgle] =714 3045 HKEBEADT
HEE Ay $9¢ debillc EBKES AAA
A WES EdA 1M KBS S0 119
6% ammonia-&fo] w71 BE 1A AAA =
HE EE9A 1247 @St wh-g A

ammonia®] 2] & ¥ JEEME ¥ ammoniavt
gleld w7AR B2 HolA Fof wigo} HilolA
1247 AzAZR%. Az"d Mg(OH),® & JE:EK
& KOHfiIe] Eo] 4+ desicatorol A A& 55
At '

20cm X 30cm¥ & Mg(OH), &< 79 TZF
2ems &= BHgEel silica gel TLCE 4HE3 & o
BFRE 18 5~Tmme HiRo g Bt =m B-1o] 4
B-5717 £ Table 1¢] Solvent C= RH5 = B-6%=
B2 hexaneo = BEEISIY o).

SEEY & BB EL Fig. 3949 o] £4
AAALE AA2 FREFST. BBKLY 58
2 & aEBE 23U methanol == methanol-
acetone(1 : 1) REBME BHSY BHS I2
hexaneF¥ o 2 wHE¢ v}

3-3. Mg,(OH),CO; Thin-layer Chromatog—

raphy

Mg(OH), ¥ & J#ifi#¢ chromatography® 4l
3 REFE e oldx o X AKEC] R
ASd denz Nitsche® #50] carotenoide] Rk .
Be= o] LMol RS E Mg (0H),C05(5829, E..
Merck) & 3838 TLCel {k3te] ol & Hfsigid.
Mg, (OH),CO; TLCHe wh&at o] A (R
th. Mg (OH).COs K& E2 wkFate] F2 4l
0.25mm FA 2 ¥ E&3to] Fifel A 248 A=A
Zt.

Mg (OH), J%38#&t chromatography2 ZHEd #-
BEE T WL Mg (OH),COs TLC #iel #Hik:
o2 #fste Table 19 Solvent A =& Solvent:
Bz BHAA s

4. E# Carotenoid2| Bt

authentic cartoenoidS-¢ 7] 43t FrEE~l 8%
MR KRWEWEZ 38 fucoxanthin, lutein, zea-
xanthin, a—carotene ¥ p-caroteneL B3Il o)..

4-1. Fucoxanthine| EEgE

et v) Q (Undaria pinnatifida)d] 200g-8 500mF
9] acetone-methanol(4 : 1) BEEHES &4 blen-
dorz JEREslel EBIEBSIAS. BEES T4
blendor2 &7 3 acetone-methanol B&EHES F
7 Bt S REEESAS. BBRE
RE Ro} 40°Col A HEET ZEEAZCH

EBAEYS  100mle] 95% methanoldl ¥ S
Zgrlz &7 2% &FEwd 30mle] hexaneo:
2 30 #HstE . hexanefiHKS ¥ 2 Z me-
thanolf&-& HEETo] JB#ESFY) acetoned] ¢ v}.
o] acetonelFWK-E 3-1°] FHikel whel silica geb
TLCZ ZBEstel RIfE # 0.28 & Aelo] HEE
9 ARFE 4.

TLCHEl SEER 4kes BFFE Folulef
acetone-methanol(4 : 1) ESEKE BHAh.
o] BREWE BiMEtd 3-29 i == Mg
(OH); =] Z98:B# chromatography = 5 Etstg o
TRk Lol £HEE £FEY ARFE L84
methanol2 #H3 Y ch o FHKE RET &
#E oh-E acetoneo] o] 3-39] Hike] whel o
S HEAT. o Wy ke dsto part-
ition test, epoxide test, W& spectrumiliE &) -
52 AA fucoxanthing & FIst4 o}.

4-2. Lutein®] BERg

200g9] AFH ¢-€ 500mle] 10% KOH ethanoll
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5 7 blendorz & # @ g FAAFAHY
. BES thA 200mle) acetone-hexane(3:1) &
Lo BEsd Az mabsd A 305H ik
BA 7t KRS, o) 23E aF) A
o] WA o4& #H7x wEey .
% 25 Eof 40°C o} 3l A sl < 50mlz
FEG o oAoe 150mle] E-& sMetm FE9
o] F-Alo] HujztA w3l wiel 25mle] ethyl ether-
hexane(1:1) EF4= odw F23q
etherFZ 8¢ % Rof B33tz 3-19 ik
w2t silica gel TLCE =] dtelch. TLCHKSY Ry
il 0.265 = Aelo] Hfd @EHE FoluA
acetone-methanol(4 : 1) E¢&9 =z $E3H.
of MALZHE FFHE] 329 Jigko) vhe} Mg
(OH) el A & =] 319l ot

gl

methanol® 4&8 %k, o) £2AL FHd 3-
ez A AASA L. o WAL ot
o] partition test, epoxide test, &k spectrum =
AL RS = luteind & Feolztgldh.

4-3. Zeaxanthine| B

A S¢H 200g€ 500mle) 10% KOH
ethanol§-4 7 g4 blendorz =l sty =}, A FH
AN e 2dom @& ethataf FE5LAL
3-19] Hikol =l silica gel TLCE & dte] Ry
B 0.255 = =eldl (LiBE3 KFEBmS BRFE S
oJ o} acetone-methanol(4:1) EALEHNE 235
g o £29¢ FEE 3-29 Fike) wet
- Mg(OH); H 5o aAxz Eddch. REK L
RAE 0.309] frEe #ke BFEFE 2o
methanolz 2&39 . o] BRE BfEdtd 3-3
o] Jigkel wal o8 B st o] R Lo
3] A partition test, epoxide test, BB spectrum
BT 59 A8 ¢ AA zeaxanthing & MR A
o,

4-4. a-Carotene 2 g-Carotene2| BSg#

5009 FZ (et A de] AulEE A=
AEE)E 4-29 2L 27 L AXH €2 etherF
Z8g 3-19 HEF 2ol silica gel TLCZ £3
stolch. TLCIRY #efiiseifol S RERY &
FHE FolW Al acetoneo E £EFFHY . o] &%
32 &3t A silica gel TLCHSl Bfist=
hexaneo 2 A ES RfE 0.455 &= Ao HEE
¥ k@ BERPE Fo)U A acetoneo B £F
H . ol &AL FHId 3-29 FHEkel w4z
Mg(OH), %o 7= o] B{{s = hexaneo = 3

Asta . EEK LD SBE 5 OARFE 4
28 WA acetoneeE RE3Grh o F &FE
o] 3&e] partition test, epoxide test L WK
spectrum MEZY AT W KFo BH &
$#&E p-carotene, o] FHI AFRE a-carotene
95 HERIFAS

5. Electronic & IR Absorption Spectrum|

AE

DHSERIS £ (H7 carotenoid® FRE 2 R
SRl A Bl spectrum$  BEIAT. £ caro-
tenoidE hexane, ethanol, benzene, “H{LRE T
] 7}x] £wjo] i¢] Beckman DK-2 spectrophoto-
meter® HEYREI S spectrumd AU BHES
e = Beckman DU spectrophotometers] <3
A FpEAA BEEE BES spectrum
A+t

B-2-2 @ B-1-1 &#9.& hexanedl s HHS
1o KBr pelletE =-E9o] Beckman IR-4 spectro-
photometer 2 F4F4 spectrum-g HFEI L .

6. S E2EsLER(Partition Test)

% 1853 carotenoidol =3ty hexane-95% me-
thanol®} hexane-85% methanolAlo]le] 4 E
Zechmeister @8] kol {f&3le] &7 o] HWE
Ao}

% {BR carotenoid®] acetoneZAW-SL 15mlz=2]
Vabeld BREREC 4 HET §E EEEA
A, 28z A4 AAE 534 EHY S E
AAF AAG e o}7)e] 6@ hexane> = 3}
A7) 95% methanol =+ 85% methanol-g 5mlE
Z BE5e] HR v o A¥ el 95% methanol &=
= 85% methanol® ¥ & Z3-47 hexaned 5ml
etz AeA 2 BET 98 20| LTE A4
3 HAol T F AL SEAH FEe=
Ui A=E APt 28z ETEE 474
445nmell A BEEE BiEstd WEY SERE
FHE s A

7. Epoxide Test

% carotenoidE©] epoxy groupg 7R Z 9=
A g EE zAE] et Karrer®9) ke o
2 ohgd 2ol EMistyleh. MBE carotenoide)
ether€9 2~3mlE APl P BEEES 0.5
~1ml fetz E5o) HEEEEel FEIN=A o5
E #3339 o

HEREC] FEE AR #IdgE 4294
L HEE vl st Curl®Ve] JigEe] whE} epo-
xide SEHRBO] B HA89% Agae] 2

M B
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o METAAN 445 F¢A7] ¢ 10mle) Me-
thanol-BE#(9: 1) EF49L Y= AN
+ 25F HEHAS. o174 BEY KOH metha-
nol &4 & (5mle) 20%&4) ¥ o 50mle] &
2 GEAAA A Aol AT o] $4& 10mlg)
ethyl etherst @7 £go BRE st
etherd & ZF{F2 4~5E HL #L &KX
ethanel g 10ml stz WE T FLHAAG. B
#HE benzeneo] %3 Mg(OH), ¥ E@HKA %
752 Solvent C2 AALsgdch., Lalgd A
HE A7 w2 98w A ethanold o Bk
spectrum-& -F5E 39 o

8. Alkali gg®

CHERl 4 carotenoid 8 E¢ WAbmbA A3
o Astz WETFSN $90F ZEAATHE 10%
KOH ethanol& & fnstsdeh. o Ao A4
gasE AY v E FE & BBHl 12660 KB
9o, alkalid ] 3t ethanol& o} & Ao Lwz
d7ld BEY 3z &7 2 5mld etherdt A
EEo Mas mhiistgd et ether 294 & E=2 2
~3E R -2% 7EEee] Mg(OH), 3574
o HwRez Bffsid FEEIAS. SHA aRF
£ 23834 ethanoliikom wEo Bk spec-
trum$ HIE S

9. 8] ¥

34 A5 Walton“29] Fgko] wha}
ethanol-4 4 Fof 4 NaBH,9} 14 71 ub-g A A}, of
AE 2#%e F2 JEZNI A §712  etherz
A5 FE£997h o] etherf2dg F53d 3
-29) Fkel we Mg(OH), 9 #= chromatogra-
phyE FEESI . A4 Feld Aag 2
L&A ethanolz £23l9 K&K spectrum-S il
E %

10. {5l Caratenoid® S ML

AE AY acetone-methanol K-S WET
ol A EHER L silica gel TLCHR #%iko =z &
fi3+] Solvent Az BBSBESI . TLCHEA &
BE FERTE FAARES 2 2AAd Fel
# oS acetone-methanol(4 : 1) EAEEE 10ml
A& flaskel FHFY —ERoz FEY

°] & FHESL InlE sslez EEe Mg
(OH), 315 o #AA o] EEMZ B8 = Solvent
Cz BHAZAS. Zolddl FHd £6FFE 2
HUl A Aol @ ethanol S 5ml sty
7 $EHES #1850 $A 90

dolA & BFRY ethanolBEI-E Spectronics 20
- colorimeter (Bausch & Lomb)2 #5E 445nme] 4]
BXRESE RESE §5LE ARt
B-6o] 4%H% a— ¢ f-carotened ILfEIE &
GBIEES KEoelE Mg(OH), =% jE8# chro-
matography 2. 8= A 47 “ o gt 22
B AA a- ¢ p- carotened SRS 2 ko
g PESFA. silica geliiol A BT ARE
% 5mlE silica gel TLCH#Kol #fi3 hexaneo
2 BHMAA chlorophyllsl [fRES BREAAC
TLCel ¢3te] 8=l F carotene-® acetonecl] =-
o] Mg(OH); 3 B-o] #x o] ¥fi3t=2 hexaneo 2
BBA A a-carotenes} B-carotoned ZEESIH .
o] % carotened] ZEEWNE A7 o] 4o F
el o]l RBE 22 5mle] acetoneo 2 EH
AA. o] BFH¥KS haitE RAEEE WES
o g A4sart.

BR ¥ R

A HEe=XE MY carotencidE-2 he-
xane-95% methanol fel SEIA71= Fig. 20014
9} 7ro] hexane fraction(F-])o2¥ B-6a%(a~
9 p-carotene), chlorophyllZ5i#Es, #Ee B-5(
% 90 g B-3aF(lutein F zeaxanthin)Fo]
BTE 92, 95% methanol fraction(F-I)e&+&
Rkl & faFEel BTEAT.

Fig. 2 Thin-layer chromatograms
extracts of viscera of abalone (Haliotis
discus hannai). Developing solvent: 17%
ethyl acetate in methylene chloride.. Y;

of pigment

yellow, YG: yellow green, B: brown, O:
orange, DO: dark orange, DG: dark green.

F fractiono] &l 31+ carotenoidE & silica gel
TLC=Z Z#std Fig. 2o} A9 o] F-Joz ¥
B 3 ARW, F-1 2438 & 5fEe) ey
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B-1 B-2

B-4 B-g**

Fig. 3 Mg(OH), paper chromatograms of the abalone pigments separated by silica gel TLC.

Dveleoping solvent:

Hexane-Acetone-isoBuOH (85:15:2) and

**Hexane. Y: yellow,

O: orange, YO: yellow orange, PR: pink red, DO: dark orange, YG: yellow green.

ez et.

ol EEHuS o] F-Tozdy oA
¥ N B3¢ B-5e F-I1z%d 444 F
BB —wIAas. A8 F-1d4% B-3%
B-5 ¥ &%T £z B-6 afd$ 47 93
o BHEBE=EA Sovent AZ 3 E R he-
xaneS AT S, F-1& hexaneo z REBHsH
chlorphyll %E#E B-3 2 B-5 AREL B
of BEE EEIREH KBS BELKeE
L&A, 23 2 caroteneE2 o] FL& oo
E ol Rz SEEE

silica gel TLCE. ZHtsr £ % 5S¢ Mg(OH),
=2 JEB# chromatographyZ 31w Fig. 39 7
o] B-1o2%¥ 2@, B-22%% 2, B-3z%H
3fE, B-42%H 2@, B-H=¥H 1 2 B-623
B 2(He] mEN7 Sl BT 12(e AR
7+ Aol A

% AFEFEE S Mg(OH), ¥ HI8M#EHK chromato-
graphy 2 BT = =% dEpvez FE =&
22 2% Yol chlorophyll FEE Sl HKES
o Az =z Yol EES carotenoid BERE
o] frBstz ATk IAE HEY AREES
silica gel TLC2 AHET = o] %3t& 7t &
A" Ao)AY e 29 ERE REBEsol =tz
Aok o] HEL ofv] o yAlgEd 9
st s 2 3l

Strain-g o8 714 BEHES FASA chlo
roplastfa &S MY ] chromatography/EB§ 2
Hlrhol ol & f#Eol RMHE (DT HEK
BE W tt, = silica gel G, celite 5452

kieselguhr % 12%89] ®EHE A=l =
o] = silica gelo] fazgs] BEE/AE 717 54
Bt #HMAETNA . Zechmeister 349 & caro-
tenoidFHK-S Bl BHHE BEN A B E
o] BEALS Y 453 B Holw FESA B
HEd G BREES BEsdo. ’

ol G e FHHol vlFo]mol KEE HUelAl
A E BIEE Y RS BHE, silica gel
TLC 9 %%, &%, BFEY HE%LE 257 XK
HRAES carotenoidE& RMEAAD ERIU
= 7=, Mg(OH), ¥ SRBaHK= ST &6
FE ol = ol 2tk v SEHRMEFAd ERA
RS aFH4d doded o AMEREL
Mg,(OH),COs TLCx A == At

silica gel TLC, Mg(OH), ¥ & JEiB# chroma-
tography = Mg, (OH,)COs TLCH-S A A KRS
e & absofption
spectrum®] Wik WA EES Table 2o, =&
partition test®} epoxide test®] #5HE 2 RAES S
Table 3] AeojFgkct. B-1-1, B-2-2, B-3-1,
B-4-1 9 B-4-2% 5% @i KOH % NaBH,
BB 9etd #bE Ui el B-1-1 B
B-2-2 2% o EEEREEC 9 3dx #LE HA.
ol 5 FHE] 9sle] gl ERHEY e
A AR wEd Aold.

1. g-Carotene2| F23R

B-6-1 &%= Table 40) A 9} Fo] epoxide test,
alkali B3, NaBHEH% YA #LE s
kit el 3 partition testel A hexanefFo
5823 BiTstych. G2l A S p-carotenet

carotenoid£-¢} electronic
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‘Table 2. Spectral data

of the isolated carotenoids from viscera of abalone(Haliotis discus hannai).

Absorption maxima (nm)
Pigments
Hexane Ethanol Benzene CS,

B-1-1 428, 450,478 451 .

B-1-2 422, 444, 474 426, 450, 476 435, 459, 486 475,505
B-2-1 455 430
B-2-2 427,450,478 450 462 480, 507
B-3-1 449, 476 453 461 477
B-3-2 450,478 454,479 465,490 484,510
B-3-3 422,444,474 (426), 449, 475 459, 486 475, 505
B-4-1 449, 476 453 461 477
B-4-2 452,478 455 465 481

B-5 449,477 453 463 479
B-6-1 450, 477 453,478 464,490 485,509
B-6-2 423,444,473 (426), 449,475 460, 487 477, 505

Table 3. Partition ratio, epoxide test and Rf value of the isolated carotenoids from viscera of

abalone (Haliotis discus hannai).

Partition ratio Rf value ]
Pigments Herame P |— Epoxide test
959 Methanol | 85% Methanol [Siica gel TLC*Mg(OH), P-C'***'
B-1-1 0:100 0:100 0.02 0.12 Positive
B-1-2 0:100 3:97 0.04 0.15 Negative
B-2-1 0:100 9:91 0.15 0.04 Positive
B-2-2 0:100 6:94 0.14 0.35 Positive
B-3-1 3:97 15:85 0.30 0.08 Negative
B-3-2 7:93 29:71 0.25 0.30 Negative
B-3-3 6.7:93.3 31:69 0.27 0.50 Negative
B-4-1 3:97 13:87 0.30 0.08 Negative
B-4-2 11:89 37:63 0.38 0.15 Negative
B-5 23:67 74:26 0.75 0.30 Negative
B-5-1 100:0 100:0 0. 45* 0. 22* Negative
B-6-2 100:0 100:0 0. 45* 0. 56* Negative

* Developing solvent: Hexane
** Developing solvant:

- *%% Developing solvent:

co-chromatography S 3}= RE7} —FKAA .
o] o] Rk spectrum Fig. 49 o] T
A 5BESE p-carotene¥ hexane$- ol Al o B
<F 9 Bk peak7t F—3H-& Ewt ok} Table
4ol A 2k 7o) ethanolgo dhel A = —F stz Yot
o] 2L AE IR FERE W Fo] Hel o] B-6-1
fB%e p-carotene T & T 3t

2. a-Carotene2| FERR

B-6-2 2% Table 4014 7] epoxide test,
alkalifZ#, NaBHJEE 5o oA #{kE oA

17% ethyl acetate in methylene chloride
Hexane~Acetone-isobutyl alcohol (85:15:2)

kolvd. 2] s partition teste] Yo} A hexanef@
o2 A3 oyt FTAA LSBT a-ca-
rotene® co-chromatography - &% RfEY} —%&%
393 et

ik spectrumel] YN E FZo) A FHEF a-
carotened [A—3}A] hexane F¥Eol Al 423, 444,
‘474nmel] ethanol FEH Al (426), 449, 475nmo]
Bl peaksE FA = g}, (Fig. 5, Table 4). o]
gL 94 REERE v Fo Hel o] B-6-2
®#E acaroteney & & = gtk
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Table 4. Comparision of the properties of the abalone carotenoids and the authentic carotenoids.

Pigment
Test
B-6-1 B-Carotene B-6-2 a-Carotene

_Absorption maxima (nm)

in Hexane 450, 477 450,478 423,444,473 423,444,474

in Ethanol 453,478 453,478 (426) 449,475 (426) 449,475
“"Epoxide test negative negative negative negative
“Partition ratio

Hexane-95% Methanol 100:0 100:0 100:0 100:0

Hexane-85% Methanol 100: 0 100: 0 100: 0 100:0
‘Rf value

Silica gel TLC 0.45 0.45 0.45 0.45

Mg(OH), PC 0.22 0.22 0.56 0.56
'KOH treatment not reacted not reacted not reacted not reacted
‘NaBH, treatment not reacted not reacted not reacted not reacted

Absorbance
e
o

40 430 B
Wavelength (nm)

Fig. 4. Absorption spectra of the isolated caro-
tenoids (in hexane).
—; B-6-1 -- ; B-carotene

:3. Zeaxanthine| R

B-3-2 s+ Table 5014 9} 7to] NaBHJER
8 alkaligg®e] ojste] #bHA &t =
“Fig. 63 Zro] Mk spectrum® = ¢k @ ik peak
o} 9lo] A hexane @ ethanolE¥rhel 4 BT -
«carotene?} fj—3}e}, o] FE L o] e chro-

Absorbance

1 L A i
330 300 350 500
Wavelength (nm)

Fig. 5. Absorption spectra of the isolated caro-
tenoids (in hexane).
~—; B-6-2 e ; a—carotene
mophore?} f-carotened] =2AFH F—3dt AL
whdte] Fvh. 8y} partition testo] A M
B-carotener ot AA Mifke]l At AL ¢ F
9l =+ (Table 5).
SR 928 zeaxanthin®  co-chromato-
graphy® 3= RIfE7T —F3ta & 9 opizt
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Fable. 5. Comparision of the properties of the

abalone carotenoids and the authentic carotenoids.

Absorbance

Pigment
Test l
B-3-2 Zeaxanthin | B-3-3 Lutein

Absorption maxima (nm)

in Hexane 450,478 450,478 422,444,474 422,444,474 -

in Ethanol 454,479 454, 480 (426), 449, 475 (426), 449,475~
Epoxide test negative negative negative negative
Partition ratio

Hexane-95% Methanol 7:93 7.5:92.5 6.7:93.3 8:92

Hexane-85% Methanol 29: 71 30:70 31:69 30.2:69.8-
Rf value

Silica gel TLC* 0.25 0.25 T 0.27 0.27

Mg(OH), PC** 0.30 0.30 0.50 0.50
KOH treatment not reacted not reacted not reacted not reacted
NaBH, treatment not reacted not reacted l not reacted not reacted

* 17% Ethyl acetate in methylene chloride
** Hexane-Acetone-isoButyl alcohol (85:15:2)

I peak s Zolm Slvt. zeElm & BEAIAE.
B S] spectrum e H &l glglh(Table 2).

o] B-3-2 %9 Wk spectrume FZ A 4~
W3 q-carotenedt Fl—3F JEEE Zol " A F—3 -
Befel WMk peaks iz lvh. 22+t Table 5.
o A 9} o] partition teste] 9lo] A& a-carotene-
2o 94 EEe) adE AL ¢ 45 do

Developing solvent:

W
Wavelength (nm)

Fig. 6. Absorption spectra of the isolated caro-
tenoids (in hexane).

—; B-3-2 oo ; Zeaxanthin

Fig. 6.3 #e] Bk spectrum®] =3} Wik peak
o EEEC B—3stg . =8 = partition ratioE
29 zeaxanthin® A —FHe A& L &
. ol ge HEREZ HY o] B-3-2 &¥E OH
# FEE Zol"A g-carotened [A— chromo-
phored Ztolx Y& BRE F o
At

4. Lutein®| 3R

B-3-3 o= B-3-2 f&kel o
of ol alkaligf#e] 9 dte] #{LE wx
o™ NaBHeol &8l ik spectrumo] o}
S A &3tk (Table 5). o &#E Fig. 7
ol A g} o] hexaneiF¥ol A 422, 444, 474nmel 1%

Absorbance
154
0
v

zeaxanthing &

epoxide test

B S P

350 - 100 450
Wavelength (nm)

Fig. 7. Absorption spectra of the isolated

tenoids (in hexane).

——; B-3-3. --«-; Lutein

caro-
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Absorbance

AFANA 2.2 luteind} co-chromatography 2
&7l Table 561 A &} o]l F—3 RifEE ZErd.
we}a] o] B-3-3 ¥ a-carotened} F—F
chromophoreE ZolW A 749 OHES
2 Q& luteino] 2tz BRE 4+ 9.

5. Siphonaxanthin®| #iZ

B-3-1 € B-4-1 7 @&%E HHsd TLC L
Mg(OH), IEBMKZ co-chromatographyZ &4
—3%t RIfES zt=t}(Table 3). zelx o] T @Ak
o] Bk spectrumE o ¥ 71A B} A FA—g ¥
BT ol FA—3 Fiel Rk peakz ZErh
(Fig. 8, Table 2). o]9}z.& #HER ©u]fo] Ro}
o] & ¥ silica gel TLCHt kel A4 o] &4t
BEREA VrdA d9de A¢ ¢ F A

Table 3614 ¢} zEe] o] & 3 epoxide test
o A fe¥:o] # partition testhiPol 9 olA OHE
Z2 55| 2+ lutein®) W} zeaxanthin® = ¥ Mk

zko]

2
700 30 El
‘Wavelength (am}

Fig. 8. Absorption spectra of the isolated caro-

tenoids (in hexane).
—; B-3-1

Absorbance

Wavelength (nm)

Fig. 9. Absorption spectra of the isolated caro-

tenoids (in ethanol).  --+; B-1-1
——3 B-2-2 — —; B~4-2 —+—; B-4-1
o] Zth. o] HERE o BES Tt OHEE Aol
= ELE Zolz UvtE A& KRB F A
o5k,
o] fEE

peakE 2

hexane ¥ Hol A 449, 476nme]
BAEEES]  spectrume] @o] A1}
ethanol #¥ el A & Fig. 990 A g o] 453nme]
ketocarotenoid®] A4F#HIQl Hl— peake] £8 Bk
spectrumo] Qo] &= Aoz o} conjugated
carbonyl# S Zolzm G A& ¢ F At

_ o] &A% E NaBH,= BITA Y|l Table 6ot A 9
7ol o] el A2 29 BIK spectrumE 26nm
HEREL 2 Wk peakd &) (hypsochromic shift)
o] o]kt o] BIERHML Fig. 103 o]

ethanol ¥l A 405,427,456 nmell B&ik peak
5 2T SRS Bk spectrumd zbewh

o] HE-S F chromophores} conjugate® carbonyl
7 BREALE 2 FE Aojth

Table 6. The chemical and physical data of B-3-1 (B-4-1) and B-4-2 pigment

Test

Absorption maxima (nm)
in Hexane
in Ethanol

Reduced product by NaBH,
Absorption maxima in ethanol (nm)
Rf value by Mg(OH),PC

Product formed by KOH treatment
Absorption maxima in ethanol (nm)
Rf value by Mg(OH), PC

pigment
B-3-1 (B-4-1) B-4-2
449, 476 452,478
453 455
405, 427, 456 406, 428, 456
0.04 0.07
468 460
0.05 0.04
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Absorbance

LEE vdg e A9 RBERE H89
e o] fERE Walton“®%o] #ES e
siphonaxanthin® Z&¢& ¢ 4 . Waltonol
9814 siphonaxanthing®] BiK spectrume % 448
nmo] B— peakd Zo]x glon NaBH,2 BT
A7 deld ER¥E 27nm hypsochromic shiftr}
Qo] bz 397,421, 450nmol Bk peakd Z%:
fEEES spectrume ZEvhz &S

400
Wavelenyth (nm)

Fig. 10. Absorption spectra of the reduced
pigments (in ethanol).
—; B-4-1 ‘

o. B-3-1 (B-4-D)@%E EEA7 ™ 260me
hypsochromic shift7} o]gve AL t&3 7o)
conjugate™ 9 S carbonylie] W&kAA L= 4
B ow Bl 93 4mA siphonaxantholo]
Table 6] 4 ¢ o] siphonaxanthin 2.7} Bo) %
AR e AL ERT BRIGT f44.

fHou oH
HO o ~

Siphonaxanthin
MeBH,
H,OH

[ 1 R
HO H
Sil‘hb{ld' xanthol

o] %% KOH=z @Est= #MtE P¥Ev) o
Qol7l HRME Table 61 A st 7ol Mol s
= = Fig. 119 B4 spectrum o] ethanol &
Wikl A 468nmo] H— peak = 7;%7‘:—'3]’-! Siphona-
xanthing alkaliz &4 ¢] 150me) bathochro-
mic shift7} o)® A = mechanisme] B
&E ofd g1t

x

Ny

OH

Absorbance

0.3

“““““““““““

0.1

.

Fig. 11. Absorption spectra of the KOH
treated  pigments (in ethanol).
——5 B-4-2 e Bog-1

Wavelength (nm)

6. Siphoneine| FEE2

B-4-2f %+ hexane ¥4l 452,478nmo] 1%
W% peakE 7to| 1} ethanol BH AL B— peak
9 spectrume ZEvh(Fig. 9, Table 6). =& =.
B-4-1(siphonaxanthin) B.c} & o 8 713 &gl
o] A 2~4nmA B R RIL peaks ZEvh
(Table 2).

o] AFE epoxide testo] A [afo] = NaBH,=
BLA7 A Table 60 A s} o] B-4-1fak e 3¢
AA 4& siphonaxanthol® v} RffE7 BF =e).
o] fad BTELERWS Fig. 10014 8 o] 406,
427,456nme] Uk peakE ZEE wlA] 29 spec-
trum$ ZEv. o] &k spectrum-& siphonaxan-
thin(B-4-1)¢ #4A# @& siphonaxanthol®] %
Ik spectrum} ZF Zt},

Partition test®] f%5E ».wl (Table 3) siphona-
xathin(B~4-1) 2o} 4 fgHke] et AL &
4 9. KOH= @E¥se] Mg(OH); B
chromatography & 3= F PiEko] dolAch. e
T PIELe B-4-1% KOH=z BEEN-E ¥ &
RE £ #Es o] fLfkE-g oo o] 2 & ethanol
2 FElste BRI spectrum$ FrESte 29 Fig.
115 2+

KOH@EES #Re 4ol g=t 29 o7
7Ax Rz v FolBol o] B-4-2 a5 siphona-
xanthin®] JEE5EE esterql siphoneingd & & 4 9

.t}

o] B-4-24 &7} siphoneino] 24 9 siphonaxan-
thin(B-4-1) # chromophore’t F—&=#HA = 2R
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OH
\\\\\\\\
HO™ NS

Absorbance

2ok R peakd] TRl 2~4nmH FANE £
fiel 470, o] BAHL o8 ALEd 3o o
9 5o e o2 Ml Kleinigh® = o] B
£ 925 o) A4z Yo}, siphonaxanthing-
FE C-99 #&% hydroxymethyldte] 5B OH
F7} o] Lo 9lE carbonyl EEEEF 9 hydrogen
bonding-& &3] chelated WE7] ol Fo carbo-
nyl groupd] “EHE A BoMez A4ES] 9
Folztz HEAsEh. 2= siphoneinft & C-9
o #a59 A& hydroxymethyl#-t SRR
3} ester #5E&2 s+ U7 # Fol siphonaxanthin
2 7o)l 4FP hydrogen bondingg HHESF ¢l
A A ol e HEE siphonaxanthino)
triacetate+ = 2 == WL peakr} siphoneinz}
Zol At e Walton®?e] &R Jaidx =
TRz Y

CHyQ-Acyl .

g Siphoscin

Table 63} 7] o] siphonein®] &4 E¢] sipho-
naxanthin(B-4-1) 2o IREHo] 3HHAARL o] I
RAEL ok = CH,-OH groups] acyl groupe| %
&5 A7 A Folelm 48, 28 2 sipho-
nein(B-4-2)°] hexane-methanol system< Fif &t
partition teste] Sl siphonaxanthin(B-4-1) 2
o} hexanef§o =z o o] BAHGE Ax sipho-
neinf>Feol & acyl groupe] fE&Ho 97 W=
olztx & 4d}.

7. Fucoxanthin2| FEiR

‘B-2-2 5% Fig. 129} Zo] hexanef o o] A
427,450, 478nmel RIKIEARS) spectrume 7} %

350_““'-"——_35—* g
Wavelength (am)

et
450 56

Fig. 12. Abserption spectra of the isolated caro-
tenoids. (in hexane).
—3 B-2-2 e 5 B-2-1

Absorbance

‘ethanol &9 o 4} = B-—peak (451 nm) <) ketocaro-
tenoid 47489 3§ spectrum-$ Zt&vH(Fig.9).

partition testo] ¢l o] A/ = hexane-95% methanol
systemoll A1 ¢+ 3 methanolZ o 2 BfFss Ao
2 2ol OHESE 3EUE 71X x Jeodsz 3
. '

o] 8% E NaBH.= 3 A7)% Table 70] A gt
7ol FYEHL i) AAZ = oA Wik
spectrum- Fig. 135} o] 400, 424, 451nme] peak

¥ Ze

x KOH=z @ sle] Mg(OH), 93Xz FHst
#l Table 7oA &} o] WETjo] B Ao o] AL
ethanolo] o s WM spectrum? Fig. 14
9} 7ol 400,424, 450nme] KUK peakE bt}
alkalipg#o] o 3le] gl & EHS MFT epo-

xide teste] [Bkl Aoz wol HFRe ofAx

¢1F

400
Wavelengih (o

Fig. 13. Absorption spectra of the reduced
pigments (in ethanol).
5 B-1-1, e ; B-2-2.

- — L
400 450 -
Wavelength ()

Fig. 14. Absorption spectra of the KOH
treated pigments (in ethanol).
—; B-1-1, %5 B-2-2.
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Table 7. The chemié¢al and physical data of B~1-1 and B-2-2 pigment.

pigment
Test
B-1-1 B-2-2

Absorption maxima - (nm)

in hexane 428,450,478 427,450,478

in ethanol 450 451
Reduced product by NaBH,

Absorption maxima in ethanol (nm) 400, 424, 451 400, 424, 451

Rf value by Mg(OH), PC 0.02 0.02
Product formed by HCl treatment

Absorption maxima in ethanol (nm) 401, 424, 451 401, 424, 451
Product formed by KOH treatment

Absorption maxima in ethanol (nm) 400, 424, 451 400, 424, 450

Rf value by Mg(OH),PC 0.08 0..08

epoxy groupg Ztol s QUvhz A A,

Fig. 1601 A ¢} o] o] fage] IR spectrume
3615cm™1o] OH-stretching band, 1740cm™1o] ester
#4469 carbonyl group®] stretching band, 1660
cm™o] conjugate® carbonyl band B 1927cm™le]
allene & 93 Rk band& 71X = 9=},

o] &R epoxide testol kol ENEEHEM ]
o ste] Qolzl E4e Mg(OH), 3 By8:B4#K chro-
matography 2. Friists B Jl7tolo] mEd X
Efol doAh. o] A& ethanol HFoE =
2 RIL spectrum$ FYESA Fig. 15001 419 720
401,424, 451nme)}. o] 81§ peak S Ze=vl. EEMEE
Hel €3 27nm9] hypsochromic shift: siphona-
xanthin(B-4-1)& JEIA AW carbonyl groups)
BERAA 2= BREHA o ¢ wLlstc. =ad

0.3

01

400
Wavelength (am)

Fig. 15. Absorption spectra of the HCI treated
pigments (in ethanol).

o3 B-1-1,, —; ;B-2-2,

o] faEx EEEEEEE ¥4 5,6-epoxidest 5,8~
furanoid oxidez #H#ad# “9 carbonyl groupe]
HxolE Atz AAdd.

Curl % .2. antheraxanthin(5, 6-epoxide)o] Bl
Bl © 3] mutatoxanthin (5, 8-furanoid oxi-
de)oz #Hde 19nme] WEHT) A=
violaxanthin (5,6,5’,6'-diepoxide) ©] mutatoxanthin
o2 #igd 14nmo) FEEFH ATz HE
3+9]c}. antheraxanthine] } violaxanthine] 4 mu-
tatoxanthino] 4= # &= conjugated —f@F9] =
BEREAC HRE7 A Fo HREEC] AJAT

B-2-2(a.%9] A 9ol & conjugated carbonyl group
9l H4d REE] A 2o ERBEC AT
2 A4

o] B-2-2 %% vl gl A BT fucoxanthin
7} co-chromatography & b silica gel TLC ¥
Mg (OH), JEB# chromatographyel $lelA ZEZ
3 FA—% RifEE A& 4 2= RiK spectrum
x ul9 fucoxanthin® —# 39t

A £ AHAA BERERES Tdd24
o] BESFTFE C-83#F £ chromophores} con-
jugateX carbonyl groupg ztelxz Ax 5,6-epo-
g Zolz

Ao

xide group ¥ allene &< 9] = fucoxan-
thingd & & 4 9

fucoxanthing NaBH,2 B5EA7]1% Jensen?
o] & WesHgulsh o] semifucoxantholo] HB
7] w Fo} hypsochromic shift7} o]sj & Ao

2 4Adc. NaBHel 9% #9¢& LiAlLSE
28 o A9 ez KESY] = Fol Bonett" s
LiAlH,z #9444 g&

o] fucoxanthin-& fuco-
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Fig. 16. IR Spectrum of B-2-2 (in KBr pellet).

xanthinols} &= 22| ester groupd 3L H =
«conjugates] carbonylfivte] 3= semifucoxan-
itholo] K== Aoz 3451,
Fucoxanthing alkaliz A2 8= HClz A= 3
# 8} 2o} hypsochromic shift7} o]gjile= =

EE

2 9# 7] Heilbron®e] 93l e #45= 5 9},

2% fucoxanthing alkaliz A =3t aldol type
9] KEgo] oleld Aelgtz AAY L B oL
AR A e %y

A BB A= Fig. 149 7o) alkalidl o] 9]
3t} hypsochromic shift7} € o] B8 #Eslyd =y
2. [KHE mechanism-2 OH ione] £ %te] carbonyl
groupel 3 a-frEel Y= KREFI =X
FALE Aotz JAHA T 2 G RKE
£ g7 #FEeR HHA @

l S .
\i\ NN -\b\
o
2HQ'

Fucoxanthin HOT OCOCH,

2.8} fucoxanthing] alkaligBEe] 9}3to] oo
2 EYe WL spectrumo] Eifgo] v} NaBH, &
ol gt etz Egel WK spectrumst [F—
St AL WY& Uol o} (Tabe 7, Fig. 13,14,
15). fucoxathin®} EEEEREC] 98t QoA =
NaBH,e] ¢]8 Bire 2 dojd &
:semifucoxathol# #& 7} t}2 S o] alkaligifEle] o
St Gl EfY #E= OE Aden 47
H} o]RE Al E#HS chromophored] i}
fR— Aeolzte AL LT vt g,

8. Fucoxanthinol#F ¥l 2

AE Al 3§93 carotenoidZ el A BE Iyl

fucochrome®]

7+ w3 B-1-1 fafEe Bk AA #hHS
o= BT A4S AYh BB R
BE oHE A mbo FET o EEY BEE
#{e7t A8 . epoxy testoll Al Bk Wz he-
xane-85% methanol Ato] 9] £-FiRE&e] 4 methanol
Boz JAd #7759 (Table 3). ©] fa¥9)
Bl spectrum®] R0k MRk peak: B-2-2 &%
o Wk spectrum 7t} hexane 29 F A=
Fig. 17¢] A&+ 7o) 428,450, 478nmdll K peak =
ZE wAlFz9 d=ld spectrume] Feo] A}
ethanol &9 Z o] Al = Fig. 9o A1 ¢} o] 450nme]|
B— peak® 7+ ketocarotenoid #7H 9] spectrum
o] dojzlch, zelx o] £z IR spectrum-
B-2-2fa%2] IR spectrumo] A &} o] 1927cm el
alleneff&ol 93 Kk band¥s 1A=z et
o] &HT Hfto s MEI TS Mg(OH), <
747 chromatography ¥ 3t51 H##%E »v R
fB7} A& F GFBEF 2L & A7 oAd
B4k spectrume  ethanolg®} o)A Fig. 150]
A 8} zro] 401, 424, 451 nmel] WRIK peakd Zt
=t} NaBH,2 3QA 79 Table 7oA 7ol
HEY 2 @ikel ARz = 2 Rk spectrum
& ethanol 29 Fol A Fig. 13} 4] 2} 7o} 400,
424, 451mpo] Rik peakE Zti:=r}, KOH= @B
3te] Mg(OH), 9 AA = HEEsts FREHET 72
A BEH T FEEHI AR oA Bk
spectrum- ethanol 89 Fo]4 Fig. 14 o)A o
7ol 400, 424, 451nmel Bk peakE ZtErh.
R web 2 HEBEREES fucoxanthin
(B-2-2)04 4L HEREF —FIx oy
Table 39 silica gel TLC ¥ Mg(OH), &K
chromatography 59 Rf {Hi$} partition test®] #5
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. 17.. Absorption spectra of the isolated
carotenoids (in hexane).
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Wavelength (nm)

Fig. 18. Absorption spectra of the isolated
carotenoids (in hexane).
—; B-3-3
9. Lorexanthinf&{ti¥el iR
B-1-2 a2 epoxide testo] A [&dko]l = EHER
B, alkalig® @ NaBHuS®E %o 98l ofF
o g-g A g,
o] @mBE Fig 17449 o] hexane§ 9ol 4
422, 444, 474 nmo] By peakE 71 = ethanol

fd o) A E Table 261 A8t ko] 426, 450, 476nm
o) Wik peak® ZE Aoz mol ketocarotenoid
E Mgz g4Ed.

o) m#e] Wik spectrum- Fig. 181 A &
o) lutein® spectrum® =z 2oF R Wik peakr}-

F—3 =z Table 2014 = qHAR  Seje) Al
lutein @ a-carotene®) WK peaks} At A

& ¢ 4 . WA o) %S chromophores-
a-carotene®] 1} lutein®] chromophorest [E—3}}
= 3AE ¢ 4 A

3E v e RERERE wer U749
2®  a-caroteneo] 1} luteind EFio] $HAWD
chromatography Rf fi @ partition test®] #HRE-
& @ o] B-1-1 BRE lutein o= BESA
Biel 2dE A€ ¢ & A5 (Table 3). s
Ao REERE Aitzetmiller 22©90] Chlorella
ol A 43S loroganthine] W¥ REERS —H
s 9, 2@ew o] B-l-1 ¥y lutein
chromophorex F—%tz OH% 3HEE 714z g

. %= loroxanthino] 23 #ED .

H,0H

| NN NN
HO !
Loroxanthin

10. M8 ARl #5 carotenoid
AL WA SR 1189 carotenoidE

RS 919 carotenoidst = HEHZE L Table
83 72t}
By EE X tunaxanthin®’, crustaxan-

Table 8. The ratio of the content and identific-
ation of the isolated carotencids in
the viscera of abalone (Haliotis discus

hannai).
Pigment Identification oRfelgit;‘;:e;?E% )
B-1-1 Fucoxanthinol-like 5.8
B-1-2 Loroxanthin-like 2.6
B-2-1 Unknown Trace
B-2-2 Fucoxanthin 7.5
B-3-1  Siphonaxanthin 1.3
B-3-2  Zeaxanthin 14.3
B-3-3 Lutein 19.3
B-4-1  Siphonaxanthin. 2.2
B-4-2 Siponein 3.1
B-5 Unknown Trace
B-6-1  p-Carotene 39
B-6-2 a-Carotene 4.3
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electronic

T35 carotenoid¥ a-carotene, f-carotene,
lutein, zeaxanthin, siphonaxanthin, siphonein

fucoxanthin, loroxanthin ¥{il47 ¥ fucoxanthinol
B % ofio]n o] ulo] 2f9 f#E carotenoid
= RS A 23}, fucoxanthind 443 KOHEE
o] 98 fucochromeo| W} semifucoxanthol} [F—
g chromophore® Zte B4z #HA S BHA(Y
o A5 AR A HEEE £%% 712 siphon-
-axanthin, siphonein, fucoxanthin, loroxanthin 3§
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