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Abstract

Effects of dietary carotenoids were investigated on metabolism of the carotenoids, and body pigmen-
tation in oily bittering, Acheilognathus koreensis. Two weeks later after depletion,oily bitterings were
fed the diets supplemented with either lutein, cynthiaxanthin and astaxathin for 4 weeks. Carotenoids
distributed to and metabolized in integument were analyed. The carotenoid isolated from the integument
of wild oily bittering, composed of 47.2% zeaxanthin, 11.4% lutein epoxide, 11.0% diatoxanthin, 9.7%
lutein and 8.3% zeaxanthin epoxide. Meanwhile, two weeks later after depletion, the carotenoid composed
of 29.9% a-crytoxanthin, 19.3% zeaxanthin, 13.2% lutein epoxide, 12.0% diatoxanthin and 8.8% zeaxanthin
epoxide. These indicated that zeaxanthin, diatoxanthin, lutein epoxide and zeaxanthin epoxide were actively
metabolized in oily bittering, compared to that of other fresh water fish. Total carotenoid content in the
integument of wild oily bittering and oily bittering depleted for two weeks was found to be 1.72mg% and
2.08mg%, respectively. Two weeks later after treatment of experimental diet, total carotenoids content
was increased to 2.23mg% in lutein, 2.36mg% in cynthiaxanthin and 2.49mg% in astaxanthin supplemented
group, which were relatively higher than 2.10mg% in control group. Meanwhile, 4 weeks later, total ca-
rotenoids content was decreased to 1.76mg% in control, 1.95mg% in lutein, 1.74mg% in cynthiaxanthin
and 1.72mg% in astaxanthin supplemented groups. These result indicate that dietary carotenoids were
rapidly accumulated and then metabolized to certain metabolites shortly after feeding. Body pigmentation
effects of the carotenoids due to accumulation of carotenoids in the integument of oily bittering was
the most effectively shown in the astaxanthin supplemented group, followed by cynthiaxanthin and lutein
supplemented groups. In the integument of oily bittering, dietary carotenoids were presumably biotrans-
formed via either oxidative or reductive pathways as presumed the variation of total carotenoid content
and carotenoid composition in all experimental groups. The lutein was oxidized either to astaxanthin
via a—doradexanthin and B-doradexanthin, or to zeaxanthin epoxide via zeaxanthin by oxidative pathway.
Cynthiaxanthin was converted either to diatoxanthin and zeaxanthin by reductive pathway and then
to zeaxanthin epoxide by oxidative pathway, or it was converted to astaxanthin via diatoxanthin, zeaxan-
thin and B-doradexanthin by oxidative pathway. Astaxanthin was converted to B-doradexanthin and
zeaxanthin by reductive pathway and then to zeaxanthin epoxide by oxidative pathway. These results
suggest that, oxidative pathway of carotenoids was major metabolic pathway along with reductive path-
way in fresh water fish.
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Table 1. Composition of the experimental;diet for feeding

oily bittering ‘ (%)
1)

. Group Control 1 . 2 3
Ingredients :
White fish meal 65.5 655 ' 6565 655
a-Starch 150 150 150 150
Cellulose powder 55 55 55 55
Casein 2.0 2.0 2.0 2.0
Mineral mixture 50 50 50 5.0
Defined vitamin mixture 20 2.0 2.0 2.0
Choline chloride 0.5 0.5 0.5 0.5
Alginic acid 0.5 05 05 05
Defined fish oil 4.0 4.0 4.0 4.0
Carotenoids(mg) 0 10 10 10

UControl : Carotenoids free diet

1! Lutein supplemented diet

2. Cynthiaxanthin supplemented diet
3 Astaxanthin supplemented diet
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Table 2. Condition for HPLC analysis of carotenoids in
the integument of oily bittering

Items Conditions
Instrument Waters rheodyne injector
Waters M510 HPLC solvent delivery
system
Waters M486 tunable absorbance
detector(450nm)

HP 3395 integrator

Column Sumichiral OA-2000(4mm i.d X 250mm)

Mobile phase Hexane : Dichloromethane : Ethanol
(50:20:0.5)

Flow rate 1.0ml/min

Chart speed  0.5cm/min

NaBH,ell 9] 3 2+414H-3-(30) 2 epoxide test(29) Sl <]
slo] A st a2l £eld 7t 89 carotenoids
ZFollA F oA S B4 HPLCE 33t AAAE 22
& 7}A R 34 spectrum2 Gilford Response UV-visible
spectrophotometer, IR spectrum- KBr%-ol|4] Hitachi
270-50 spectrophotometer, Mass spectrum-2 Mass Kra—
tosprofile HV-3 GC/MS(EIL DIP detector)& AHg-3te]
72+ 24 sqdch. 2l il & carotencid®] HeFE) EelE
7+ G 8-9] A= peFellA e 7HA 3 F spectrum
o] F FA A F4E 2 3he] McBeth(31)2] whg ol
we} F34AS Ely,= 240023 sho] the A3} zhe] Al
Eidiaay

0.D.( A max) X Vol X 1000
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mg% =

percentage(96)=

100X vol X O.D.(A max)(each fraction)
31 [vol XO.D.(A max)(each fraction)]
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£ 5709 Fraction(Fr)2 #al= g}, ofzhe} 3749
band 2, Fr. 2(Rf#]; 0.81) Fr. 4(Rf#]; 0.68) Fr. 6(Rf];
054)2 B2 Jejz do} EFEUS AT & At
z8)3 A3 £ carotenoidE Fig. 20419} zo] t}A
column chromatography & 3 2%, E2E2 335
% p-TLCY Fr. 2, Fr. 4 % Fr. 62 Zt7] |5 =%
1~8/¢] Fr.e2 #elsgdorn =3 Fig. 3¢] HPLCZ
FA3 Axke}l od =) shod vl gk A B (32,33) ) A 9} Fre]
column chromatography & ¥32], AA& 7 Fr.el 23
p.e, benzene, chloroform ® ethanoldll g1o1 48] 71A] ¥
F% spectrum® F5 FHAE v w3 o, 7 Fr.&
22438 A3} a-cryptoxanthin(Fr. 1), lutein(Fr. 2), zea—
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Fig. 1. Preparative thin-layer chromatogram of carotenoids
in the integument of oily bittering.
Absorbent : Silicagel 60G
Developer : petroleum ether : acetone(70 : 30)
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Fig. 2. Column chromatography of saponified carotenoids
in the integument of oily bittering on MgO/celite
545(1 : 1w/w).

20% MeOH in acetone.

15% MeOH in acetone.

10%6 MeOH in acetone.

2% MeOH in acetone.

35% acetone in p.e.

25% acetone in p.e.

4% acetone in p.e.
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xanthin(Fr. 3), diatoxanthin(Fr. 4), cynthiaxanthin(Fr.
5) ¥ astaxanthin(Fr. 8)2.2 #el=¢}. &4, column
chromatographyell 2] £2]€ Fr. 63 Fr. 7& 53
A7 oh&3} 22 cartenoids® FelE el

Fr. 6 ; 15% MeOH/acetone 2.2 $-Z4 Fr. 6& &
spectrum &4 A3} F4 Sl A7} 4175, 442, 472.50m
(in p.e.), 4285, 455, 485(in benzene), 426, 454, 484(in
chloroform) % 422, 447, 473.5(in ethanol) 4] a-car-
otene typeg] ¥4 spectrum Yebl.2H, A3t £ ca-
rotenoidZ Fig. 3ol 3% HPLCo 9% ¥ & 94§ 2
3} lutein epoxide?] peakZE &<l & 4 ¢l 3, 21 & HCI
o} 2§ epoxide test A7 YE Yo 2 w3ls o] lutein
epoxide 2 £A 3}

Fr. 7 ; 20% MeOH/acetone &2 4% Fr. 7= 714 &~
F4 spectrum®| 34 A3, F4 FHA7E 443, 472nm
(in p.e.), 4535, 484(in benzene), 454, 484(in chloroform)
2 4465, 474(in ethanol) 2 Welst 2w mass spectrum
o] 24 A3} Fig. 49} 7+o] CyHse03 584 [M']12] peak7}
2915 91 7, zeaxanthin epoxide(34)2) £8 5] ¢} ¢l 5
gt &, 7318l & carotencidsE Fig. 4914 413 HPLC
o 93} R2)S 33§ A7 zeaxanthin epoxide?] peakE
gd 4 9oz, A& HClel| 27 epoxide test 23}
HEA o 2 W3}5 o] zeaxanthin epoxide® E-4 st}

ZhAXIE F 1|9 carotenoids =M

ARSA1 A 2pd A g REE 4] Eﬂ-‘;} % carotenoid
o) ghekat e} EAE 7} carotenoid®] 42 Table 33}
7t} & carotenoid - AFdAk-E 1.72mg%, 2577 +
A3 2.08mg% 2 vhebyteh. o] = 3L JojolaH(35)Y &
A&} Paracheilognathus rhombea %3] 1.1~2.3mg%, &
S22 Acheilognathus yamatsutae %3 0.8~2.3mg%9]
ke vl wate] Fakstgd ot B9 AE36)2, Car-
assius carassius buergeri £3) 0.03mg%, Carassius ca-
rassius grandoculis %5} 0.06mg%, Carassius cuvieri

10 20 30 40 30

Fig. 3. HPLC chromatogram of saponified carotenoids in
the integument of oily bittering.
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Fig. 4. Mass spectrum of zeaxanthin epoxide fraction isolated from the integument of oily bittering.

Table 3. Amounts and percentage composition of individual
carotenoids in the integument of oily bittering
(% of total carotenoids)

Before feeding

Composition Wild  (two weeks later
after depletion)
a-Cryptoxanthin 2.3 299
Lutein 9.7 38
Zeaxanthin 47.2 19.3
Diatoxanthin 11.0 12.0
Cynthiaxanthin 6.7 45
Lutein epoxide 114 13.1
Zeaxanthin epoxide 83 8.8
Astaxanthin trace
Unidentified carotenoids 3.4 8.6
Total carotenoids(mg9%) 1.72 2.08

E9 0.04mg%, Carassius gibelio langsdorfi 3] 0.04
mg% 18] 51 FE-o] Carassius auratus £3] 1.65~2.65
mg%2| 3 viasle] £& AS vellch

2} 22 E.9) 9] carotenoids £A V] E B zfedAl-S-
zeaxanthin 47.2%, lutein epoxide 11.4%6, diatoxanthin
11.0% = lutein 9.7%7} 44 &
thin epoxide 8.3%6, cynthiaxanthin 6.7%96, a-crypto—
xanthin 2.3%2] <=2 2 gFsteli, 257 A4 F= a-
cryptoxanthin 29.9%4, zeaxanthin 19.3%, lutein epoxide
13.1% ¥ diatoxanthin 12.0%7} o] F3 1 9
zeaxanthin epoxide 8.8%, cynthiaxanthin 4.5% lutein
3.8% % astaxanthin(trace)?] 22 g3ttt o] &

o] 231 1 9] zeaxan-

ul

=

= B o
FAEE

ZA o2 Bol hdal oM 2FdAt B 257 &R F
9] o] 1= 7] o) 4] £ zeaxanthin, diatoxanthin, lutein epoxide,
zeaxanthin epoxide®] tiA}7} &dsicis AL 4 4
glt}. o) A3= Kweon3}t Ha(35)7} o) oJota}e] Wx]e]
% 9] o] += lutein 44.3 ~53.3%, lutein epoxide 14.4~19.8%,
tunaxanthin 8.0~10.6%, zeaxanthin 5.7 ~10.6% = cyn-
thiaxanthin 0~ 1.2%7}, 2¢#5 %3] )| = lutein 39.2~
48.0%, lutein epoxide 9.0~19.7%, tunaxanthin 4.5~15.6
9%, zeaxanthin 2.5~7.2% % cynthiaxanthin 1.6~4.8%7}
9 carotenoid2 & ¥t ¥ Rw e} v, A
2} 26 = B-carotened tunaxanthino] &A% ¢,
lutein®.t} zeaxanthine] t}& &) gth= 7o) Hol3ly
o}, 22} Matsuno 5-(37)0] Joiol=te] 2} §-2] Pse-
udogobio esocinus £ ol|+ cynthiaxanthin 34.3%, triol
20.7% 2 lutein 16.7%7}, 37+* Hemibarbus barbus %9
of| = cynthiaxanthin 41.4%, zeaxanthin 25.5% = lutein
19.3%7}, 202 A Z9l Gnathopogon japonicus %3] ol
cynthiaxanthin 53.9%, zeaxanthin 155% % lutein
11.7%7}, %317) Sarcocheilichthys variegatus %3] of| =
cynthiaxanthin 38.2%, zeaxanthin 31.4% % lutein 18.6
%7} T2 carotenoids & ZAgtct . ¥ 2§ A7 w] a3}
o f-2}sldh. 8] 22 Matsuno®} Matsutaka(36)+ <
oo} 3}ol] L3 B0l 2] U4l Carassius carassius buer-
geri, Carassius aarassius grandoculis, Carassius cuvieri
2 Carassius gibelio langsdorfi %3] o]+ cynthiaxanthin
39.9~86.7%, zeaxanthin 3.5~ 16.9% = diatoxanthin 3.2

=

L
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~14.3%7} 8 carotenoids 2 A0 ghrl . 2wk A}
frAbslg o}, F8-o1, Carassius auratus E3] o = asta-
xanthin 15.7~39.5%, a-doradexanthin 21.3~27.3%, B-
doradexanthin 7.1 ~24.2% % idoxanthin 9.0~14.1% %
2] keto carotenoids”} F2. carotenoids 2 & gt} A

she o5 Aol st

AR AR EI) 9| carotenoids 42| s}

ALSAY F AdRE 299 # carotenoids §HEF
e, ¥4 72 carotenoid¥ F4¥]+= Table 49 72},
A% 25%F  453-2] 399 % carotenoids FE-E ¥l
Fa| R, AL 2FF ol = 2 E carotenoids A 7F-oll 4]
hxT-of) u]ste] FA) Jebyk o, £3) astaxanthin 3
7t A 249mg% 2 7H w4 vehd A4 A 25
7} 7129, cynthiaxanthin 71 2.36mg%, luteun &7}
T 2.23mg% 2 vrebdeh AR A1 4530l = lutein A
7H# 1.95mg%, cynthiaxanthin &7+ 1.74mg% 2 asta-
xanthin A7} 1.72mg % 2A AFS 2% o B)3te] H4
Bl A ¢S Hol= 7o 2 1ol carotenoidss A1 <3}HA)
24, ag|a A= AS G 5 dged, o] o4
X9} AE(23) 282 oA (24N A AL A
% carotenoids o] A A13] FFadchs A A5
sl

Ag A9 carotenocids®] WAMA & F4 57)
#1384, 7} carotenoid & 7}-9] carotenoids A1 1] 2] H
32 2 lutein A7H-AA A 28 F o+ zeaxanthin
33.2%, zeaxanthin epoxide 16.9%, diatoxanthin 16.8%
9 astaxanthin 54%2] 3] E Vel o] & car-
otenoids®] |7t A AP A o v]3te] Frhslgd o
o, Ab5 A8 45 F-oll = zeaxanthin 35.4%, zeaxanthin
epoxide 17.0% % diatoxanthin 14.4% 2 &=v]7} 53]
A Vel A8 25 Fe) 22 A A E 2 9l &S
o 4 3lth & AdALF B o & ALE F399 luteino]

a-doradexanthin(4-ketolutein)®} B-doradexanthin(4-ke-
tozeaxanthin)& 73 -3¢ astaxanthin 2.2 ¥ 3}3}+= 4
33 AR, w3t AL sG] lutein®] zeaxanthin
4 7A$-3}9] zeaxanthin epoxide 2 ¥ 3} s} Ak3LA o)A}
A x £ 5k e 4L 5 st o172 Matsuno
E(3)0) A=A 9] lutein®] a-doradexanthin®} B-dora-
dexanthin® & Wl vhe Ab3bA ojAL7 29} fAbshA,
Ha $5(25)9] ALE#9] lutein zeaxanthin &2 thAL5
o= B2l % ol X3t} Cynthiaxanthin A 7F7-ol| 4] A}
8 2530 E zeaxanthin 30.8%, diatoxanthin 18.1%,
zeaxanthin epoxide 14.8% % astaxanthin 6.4%2] &=k
B2 Vel gl 3, o] E carotenoids ek 7} AFS A1 ¥
Ao v]ste] 27}t v, AlS 4% ¢ X zeaxanthin
35.8%, zeaxanthin epoxide 19.6% ¥ diatoxanthin 16.5%
2 vt B3] =4 vebhd A2 ol ALE el 9
cynthiaxanthin-g diatoxanthin®. 2 1% t}-2- zeaxan-
thing 78340 zeaxanthin epoxide 2 3= A1 314
A A& A X, =3} cynthiaxanthin< diatoxanthin
5} zeaxanthin @ B-doradexanthin® 7 -§-3o asta-
xanthin® 2 315 = 4Absbd dAFA = £ 7ok 7
£ A& 4 9lr}. Astaxanthin A 7o A = ARS- 25
%.o]| zeaxanthin 38.4%, diatoxanthin 16.7% % zeaxanthin
epoxide 135% % & FHIE Byl o, o]F caroten-
oids®] 3] 7} ALS- A F A o] vl 3te] Zr}slgl o, o]
oll #3}e] astaxanthin® Ao 2 A8k, AH 4
T35 o = zeaxanthin 35.6%, zeaxanthin epoxide 16.5%
4 diatoxanthin 15.7%9] A &3] 7} efd o], AS
25% 9} 28 dAt ABE 7 9leg & 5 Ut F, A
B fral 9] astaxanthin< 39474 A4 22 B-dora-
dexanthin¥} zeaxanthing 7-F%t ¥ zeaxanthin epoxide
2 ysE = 4EA dAlAA o) EAste AE A 5
s}, o] A& Ando9} Hatano(38)7} astaxanthine] &
HAA WAHA - AA zeaxanthin® 2 ASgcte By

Table 4. Amounts and percentage composition of individual carotenoids in the integument of oily bittering after feeding

the experimental diet for 2 weeks and 4 weeks

(% of total carotenoids)

Group” 2 weeks 4 weeks |

Composition Control - 1 2 3 Control 1 2 3

a-Cryptoxanthin 59 7.0 10.9 9.9 8.6 6.4 4.3 8.4
Lutein 75 6.9 7.0 76 56 6.9 7.1 7.1
Zeaxanthin 377 332 308 384 28.4 35.4 35.8 356
Diatoxanthin 12.2 16.8 18.1 16.7 14.2 144 165 157
Cynthiaxanthin 4.1 4.6 4.3 49 48 5.6 5.2 4.2
Lutein epoxide 8.7 6.8 5.0 7.1 26.8 6.9 82 73
Zeaxanthin epoxide 15.9 16.9 14.8 135 4.2 17.0 19.6 16.5
Astaxanthin 53 5.4 6.4 trace - - = -

Unidentified carotenoids 27 24 2.7 1.9 74 74 3.3 16.5
Total carotenoids(mg%) 2.10 223 2.36 2.49 1.76 195 1.74 172

UControl: Carotenoid free diet, 1: Lutein supplemented diet, 2: Cynthiaxanthin supplemented diet, 3: Astaxanthih supplemented

diet.
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9} Ha £-(25)°] -2}/ $o] 9} AbH oo 4] astaxanthin®]
zeaxanthin® 2 FYHctE R yotx dxslgdr) o=t
A g AF9] carotenoids®] AW thALE AHS} &4l 9
A HAHA & 7R3k, carotenoids A 7F-ell A4 2
F7} zeaxanthing 7 #38}¢ zeaxanthin epoxideZ ¥ 3}
He dARA & Bole 2l ZAdrFo A diAl Bl
Aoleta & 4 glrh

O ok
I =

o] 7-9] carotenoidel] #3F v A5} 7o dj
O 24 ojojolstel Sl A EALFE E9 9 carotenoid
23S B4 vl g Ao 43k AR carotenoid
o] A Aol A AN vlH e dEdE HES] §
3}ed, lutein, cynthiaxanthin @ astaxanthin-S Z+2+ A7}
AR EN 4F 7 AL A oy 2 AR
E9 9] carotenoids®] ZAI¥]E A4t = zeaxanthin
47.2%, lutein epoxide 11.4%, diatoxanthin 11.0%6, lutein
9.7% 9 zeaxanthin epoxide 8.3%7}, 257t A o=
a-cryptoxanthin 29.9%, zeaxanthin 19.3%, lutein epoxide
13.1%, diatoxanthin 12.0% % zeaxanthin epoxide 8.8%
7t FAAELE §FF-8td ZdAlF-of = zeaxanthin, diato-
xanthin, lutein epoxide ¥ zeaxanthin epoxide®] ol A}7}
st A o4 5 ddoh AdAF 299 F car-
otenoids &2 2Fd At 1.72mg%, 2577} &% 2.08mg%
2 uvehgd 3 ARS Al 25 %= control T 2.10mg %l
B]&te] lutein A7 2.23mg%, cynthiaxanthin 7+
2.36mg% % astaxanthin A7+ 2.49mg% 2 carotenoid
Aol A 25 FA Jebg oo, A8 A1f 455l =
control7 1.76mg%, lutein A7+~ 1.95mg%, cynthiaxan-
thin 7} 1.74mg% 2 astaxanthin A 7}7- 1.72mg%
2 Z}As}ed, carotencids & Al&38HA &3], 222 A}
HAohes AL o 5 e BgdAF 49 carot-
enoids %352 astaxanthin A 77} 713 =) Viebv
A AW Azl 317} 2] 09 cynthiaxanthin, lutein 3
747 wo. 2 vebygo) A% AJY ¥, 7 carotenoid A
7}79] % carotenoids =} A o] Wit &3 A
A7 EF MY carotenoids HAF A Z+E lutein®] a-
doradexanthin(4-ketolutein)®} B-doradexanthin{4-ke-
tozeaxanthin)-& 7 -#3}l°] astaxanthin® Z ¥ 3}l At
344 thal#A o) gl 3, EJE, zeaxanthing 7 f-3}e] ze-
axanthin epoxide2 W 3}x]= AbsLH dja}abA o] SAgt
t}. cynthiaxanthin$ diatoxanthin® zeaxanthin 2.2 ¥
35l 34" A=A & A -§-3}o] zeaxanthin epoxide
2 Hsiehs AksbA] dialatAlo] gl ar, w3, diatoxanthin,
zeaxanthin ¥ B-doradexanthin< 73 -3}e] astaxanthin
2B 3k 4k il o] EA)gic) 1=l a asta-
xanthin- B-doradexanthin®} zeaxanthin & & ¥ &3} =

A4 WYALHA L A4 -5-3 F zeaxanthin epoxide . H 3}
£ A diAbEA o] Exfjlc) dubA 0.2 whpre]d
4t3bA dfalyl £t 1A AL FA &
FL o 5 Ak

ok rﬁ‘
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