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Effects of Dietary Carotenoids on the Nuptial Color
of the Bitterling (Rhodeus uyekii)
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The body color of fish fed were improved to be clearer by feeding the bitterling an artificial diet containing different carotenoids.
The possibilities of using the bitterling, Rhodeus uyekii, an aboriginal fish of Korea, were studied by feeding the experimental diets
supplemented with the various carotenoids (astaxanthin, lutein, and S-carotene). Amount of total carotenoids in the groups of fish
fed by supplemented carotenoids were relatively higher than the control group of fish fed by no supplemented carotenoids. Especially,
the group of fish fed by lutein supplementation diet showed most clarity in body color. The group of fish fed by astaxanthin
supplementation diet showed the highest growth while the group of fish fed by lutein or p-carotene supplementation diet showed no
significant different comparing to the control group of fish. The results from this study indicated that the bitterling could be a new
ornamental fish as long as provided with the proper diet and culture condition.
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A, 2 o} g EUNLE F2 Ao 2dsT 1 9 %4 AFY A7 = 7T 9AE HHEAA fJ3}e, L4

71Tl e AL YERUR ol FzA X FojA e BN BAYEGR FoJFo 2 24 5% FEY 2FEE L4

Hol HEz AY LEE dF ASHA JEA o224 2 7 ¥, 1 & FRP 2o ojy] A& g, Ak H7} ALS 4

BENANE 49 7 4k e HE A7 38cm, BT AF 13g FAFE FAHZ
olftel AolA A Zdg vehle AL Schemachromes™ F&3to A8

Biochrome WE°]t} (Fox 1953). Schemachromes= o157 2] v} 7

AL Yehlls Aoz 24, 82y ved Ah M £ + 313, Carotenoid A2 X=X
biochrome2 o7 H¥9 Ao yehye EUHoZA B-carotene® astaxantineL (Switzerland; astaxanthin, 5%) F.
carotenoid, melanin, flavine, purine Sojth EAM Fg EF Hoffman-La Roche Co. MM A% A& FY3IAL, lutein

carotenoids Al 522 o]l EFAL vlglyl A9 FTAZAM AH ZAgdsta AEFGFt dYHNAN 323} (Tagetes erecta) 9
WellA §48 £ §17] Q2 Hof 4EE 53 FHIAY, 44 #QozRH F& carotenoidsE FAd o AT AL AHE
ol A 43t - #93Q E3s gAHFE B3 gi gz A g9 4% AAE HUlsy] 9§ JE Al (dxPe A8
B33 carotenoids® FHE AW A} Folde 9EA BA 94 ALRE ethanold] ¥ &g &3] AAT F AN
ojdctn el ok =F BB FH oFAM carotenoids ov, Z+ H7} carotenoid®d] ¥ AR 1kg T 242 10mg & H
M49Q B-carotene, lutein, astaxanthin® A& dolH FH3Y 7}8te] Table 13 2] AIRE A Z3A
S A% o9 HAoly A A ERE BYd1 FHT
(Hata and Hata 1972, 1973a: Choubert and Storbakken 1989: Als A3
Torrissen et al,, 1989). A A Bl MY ¢ 1 € FRP 2 WA 9 o
et £ d7e §% EF 250 FeA FAFoE A £ AEE VIR Yol €AY g & E FABAE #
2% BHFToE NEFY] AF 7Y Yo FH AF  FZ VR (060 mX045 mX045 m, FF 1220)%} £¥HZE 1)
o AA A L AN Hyste] de] o] &5 f-carotene, lutein (080 mX0.56 mX1.12m, &% 500£)7} & A EZ © ALS A4
2 astaxanthing ZA]50] Atgel A7isto AF &Y &9 e &A AYA il Fxo 7] GE AR FETFE
4% B3 5& AESY BHZAY ML tsAHE YolRn wjxstn 72t NEE wET R 3= F A (randomized complete
Z g}, block design) o2 2t AgFol FAHZ <-4 10 9ty 47
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Table 1. Composition of the experimental diets used for imp-
r(l)‘vl:‘gment of body color in the bitterling, Rhodeus uy-
e

Group

Control Astaxanthin Lutein B-carotene

Ingredients (%)

White fish meal 65.5 65.5 65.5 65.5
B-starch 150 15.0 15.0 15.0
Cellulose powder 55 5.5 5.5 5.5
Casein 20 20 2.0 20
Mineral mixture 50 50 50 50
Vitamin mixture 20 20 20 20
Choline choride 0.5 0.5 0.5 0.5
Alginic acid 05 0.5 0.5 0.5
Fish oil 40 4.0 40 40
Total 100 100 100 100
Amount of
carotenoids added 0 10 10 10
(mg/kg feed)

Table 2. Amount and percentage composition of various caro-
tenoids in the integument of the bitterling, Rhodeus
uyekii after feeding the experimental diet for 8 weeks
(% in total carotenoids)

o2 FEstd H4E HAVIEA && V|2 AlRE FEde Uz
T, B-carotene H7FT, lutein F7FF ¢ astaxanthin H7} 72 3
e AYEga. §7 232 AV FAREE FF0] =24
< 14L:10DE 24393, BT F&& 262+ 14(225~2900),
SEIEE 71951059 mylEs FARAT. AEE AFY 3%8
19 o4, 2% 28 FF3Aoh

Carotenoids 42 24

8 3t carotenoids& A H o2 H/SA 4L AIRE FFE
27 oFY} FFE 23 carotenoids7t H7HH] Ye A}
28 FFE AYT 7Y carotenoids FES £A3k] ofF A
A A EAE GolH k) Carotenoids AE ¥42 Lee et al,
(1996), Park et al, (1994), Kang and Ha (1994)¢} Matsuno and
Maoka (1981)9) ¥¥& A43% 20, carotenoidsy I FE Mc-
Beth (1972)¢] # o2 Adsgch

MEE £H U EAX 3

Yo o] &8 o= HE AF, 27, 45, 67, 8F Aol MS222
2 a3 AF 2 AFE AL =¥, ZE AP
STATIX (Analytical software, USA)E A &3y, 49 F3td
$o4 242 One-way ANOVAE ] 8314 95% £ FFA
AR A

20 o 2%

A 8F ¥, 74 79 GAlEo] By 2 A8 F99 F ca-
rotenoids &3 2], HE 24 carotenoids® Z4H|= Table
29 2ok ZF 4879 % carotenoids FF2 EF ¥ caro-
tenoids A7F ol 25 A Jel o, §38 lutein A7l A
A Jetg, A4 Aal 371 AR £ A8 Yy &
5 (19908 ¥4 9499 A& U carotenoids WAL B :el A

Group
Control Astaxanthin Lutein B-carotene
Composition

B-carotene 290 225 256 232
Isocryptoxanrhin 1.3 1.8 13 1.5
Lutein 33 35 8.0 32
Zeaxanthin 45.5 61.7 570 59.7
Diatoxanthin 50 n.d. n.d. n.d.
Cynthiaxanthin 152 35 1.7 56
Triol n.d. 3.0 29 42

Unidentified
carotenoids 0.7 40 35 26
Total 100 100 100 100
Total Ifl"‘gmée“"‘ds 084 180 242 12

nd. ! no detection.

TAMNEol 9 Hole] HHAE canthaxanthin A7} ALRE
FFaHE o, 9ol EHNAE lutein 7FFANA F carote-
noids ¥Fo] #Z A Ve AN A9s a4y Adn Bu
sgon =3 4 ol F+e Fol9 EHIME astaxan-
thin monoesterE A7FtH & o, $HAME luteing A7 A
BEEZ TH3YE o AMFY # carotenoids FFHol 24 A o
Bl AH A998 5371 2188 B89k (Kang and Ha 1994;
3 %, 1997).

Z+ AYT9 carotenoids AU WIAE BY g xTFdME
A§¥ 8 FA 9 zeaxanthin 45.5%, B-carotene 29.0%, cynthiaxa-
nthin 152% % diatoxanthin 5.0% 9 3% ¥& %29, fcaro-
tene A7tFAMNE A% 8§ F Fol zeaxanthin 59.7%, f-carotene
232%, cynthiaxanthin 56% 2 triol 42% 9 ¥FHE B g2
TR Bcarotenes FA3H oY zeaxanthing F7HtACh &,
AR FFol 93 Bcarotene®] zeaxanthin® Z WAlHe AZE
F3% & 4d. §9, ARy AN AR FF T B
carotene zeaxanthin® Z A& £ ¢ 3 5 (199709 ¢+
v B d7d o488 ZAFol9 AR fAEg oY, EANS
o9l Eo} X B-carotene®] astaxanthin® 2 thAlEuj wiztol
9 #ydMe g2 I Bud AP g9 AoE
B4t} Lutein F7HFAAE AHS 85 F9l zeaxanthin 57.0%, B-
carotene 25.6% 2 lutein 8.0% 9 &F v E X9 lutein? zeaxan-
thino] &713te] Al8 33 93 lutein zeaxanthin® 2 tjA}
He A2 3 4 Ay =F AHojo EHoN Alg ¥
ol 98 lutein zeaxanthin®Z HAIHE Aoz A8l 2
AEole By A Yehte d4H FAEHo U, FAT 4092
E9 XN lutein®] canthaxanthin®2 A, wWgoe] Fu
dMe a2 &3 HolFokn Eud & F (1997)9 d7de
Ao z}o]& MATh £, tilapiad BN Alg FFo 9%
lutein A< lutein D$} tunaxanthin A ¥ F2 diAlgds B
T o] B At (Katsuyama and Matsuno 1988). Astaxanthin
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HA7FTANE A% 8F Fol zeaxanthin 61.7%, P-carotene 22.5%
9 lutein 3.5% 9 ¥ HE Ho zeaxanthino] $7}3le AlE F
Fel 9% astaxanthin©] zeaxanthin® Z HAlHe A2 E 4%
F A%t 49, 3 5 (1997)2 FA740], Abdo] 2 wito] o)
A AR FF] 93 astaxanthin® zeaxanthin® & TjA}E
O3 333t ZAlgold EooA s} FAE 2HE Husg
%%, Ando and Hatano (1987)% dololA astaxanthin® zeaxa-
nthin® 2 FL ), FAMFo)} dojolA astaxanthin f-ado-
nixanthin& A# zeaxanthin® 2 WA g the Bae} ARG G
(Schiedt et al, 1985). Z2j1} Hata and Hata (1973b)7} 22 @
o}, FolFollq AR fr#l9Y astaxanthin®] <& % ¥ 5
ad2 £33 dda § WEde ojE B 39, 1~3dg
G dole] UE< arctic char, Salvelinus alpinus®l ALE 1kg
9 63mg/kg £ 114 mg/kg?] astaxanthing 255 F<¢ Fo8 2
I 253 A9 carotenoids FEv Alte] 242 Egon
53 34 FHE T HH 5oz AF 2K v B
A carotenoids FE7F F7HIAE, FF 13F9E 114 mg/kg9)
HA7MFAA 253 B9 carotenoids FE7F ERA T 25F e
& Aol7} YeA &S Huatgoh (Hatlen et al, 1995).

& 44 10t eE FAE 7 Fol AFAEE 87U F
B8 4% 23 Fig. 13 2o veigth 48 A% d 74 49
T AABdE F AF 300£100g HTF AF 15£050g
ded, 4% F8 A dazFAAE F AF 4621233 FT
HF 23011 geldth 283 astaxanthin A7} Pl & A%
486+095g, HTd AF 241 004g22 YZTE AYY g 4
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3 A3 4821£017g BT AF 221001 g22 Yey
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Fig. 1. Changes in body weight of the bitterling, Rhodeus uye-
kii, fed by the experimental diets for 8 weeks.

2% - 2%

Table 3. Amount of supplemented carotenoids to diets
Group

Control Astaxanthin Lutein f-carotene
Total carotenoids 0.65mg % 484mg % 1.71mg % 154 mg %

Astaxanthin H7FF X9 o] F9 HF F77 M8 & AF
AR lutein H7HrS} p-carotene H7MFAAM Y o F AFL
279} W ZEA F-AHQA Aolzt Pt

Storebakken and No (1992)7} ZAM4 & oz P37 &
A A9 Zatd JEd, ZTF R} astaxanthin F7FTAA F
AR 4 A7 Holem, Jo et al, (1996)€ ALE F astaxa-
nthin®] & #AFEG 5~5080 ol FHE A4 dAdA &
X (Phaffia thodozyma) A7} A7 279 44& vzd
g W, ol&fd Yo, Beiols vjEYo] BT AFdE #9
A7F g, FMEFHE ojxetd ol Mg Yegt ey
opg} Mg ol Ne FYAAI A dEhtA] fstea gk
agy & Ao G By A, AHL astaxanthin Y7
A, FYL lutein F7HFNA E37t de Ro2 ey,

2 489 43 AAY AE9 AHS 21 & Z2EGY, oA
A3 EF oFE A2 Bz AL & 5 gloy, go2x
G o Fd A% A7 Yastelg HEd,

e of

3 E4H0]Q) ZhAl 8o (Rhodeus uyekii) & o] 439 EU4 3
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AtE Wl astaxanthin, lutein & f-carotene® H7Fste] A4 744
EHE gotE FH, 4 4879 F carotenoids §FHE T3}
T4 dz27o ¥3 carotenocidsE A/HE RE A¥TFAAM EA
Vel en, £3) lueing A7 4EFNA w4 vehd A4
Aws a3t M & Ao et 4FEL astaxanthing
H7te AdToA 7bg =4, lutein f-carotene® H71EH
AP FoAMe d2T 93U AolE HolAE sttt

2 4389 27 carotenoids® FF3HL Y& AR FAHFE A
§ 270¢& ZE09, YA A2 o8 FFY 7S A2
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