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Effect of Dietary Carotenoids Sources on Growth and Skin Color of
Red- and White-colored Fancy Carp Cyprinus carpio var. koi

Yi-Oh Kim and Sang-Min Lee!*

Inland Fisheries Research Institute, Chungcheongbuk-do, Chungju 380-250, Korea
'Department of Marine Bioscience and Technology, Gangneung-Wonju National University, Gangneung 210-702, Korea

A feeding trial was conducted to investigate the effects of dietary carotenoids sources on growth and skin color of
red- and white-colored fancy carp Cyprinus carpio var. koi. Nine experimental diets (designated as Con, CP, PA, SP,
OP, MB, TO, BE and PO) were formulated to contain Carophyll Pink, red paprika, Spirulina, Opuntia, mandarin
bark, tomato, beet and Porphyra, respectively. Each experimental diet was fed to two replicate groups of fish (22.9 g/
fish) to visual satiation three times a day for 8 weeks. Weight gain and feed efficiency of fish fed the diets containing
Spirulina or Opuntia were higher than those of fish fed the control diet (P<0.05). The values of a", L"and b"of fish
skin were significantly changed by dietary carotenoids sources (P<0.05). The a"values of fish fed the diets contain-
ing Carophyll Pink, red paprika and Spirulina were higher than those of fish fed other diets (P<0.05). The skin total
carotenoids of fish fed the diets containing Spirulina and Opuntia were higher than those of others (P>0.05). Based on
the results of this study, it can be concluded that dietary inclusion of red paprika and Spirulina pacifica could increase
the skin redness of red- and white-colored fancy carp.
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al., 2003; Kim et al., 2008; Kim and Lee, 2012a, 2012b).
3t carotenoids®] Al&of w2 dIqtof A ALZo] astaxanthin,
zeaxanthin ¥ cantaxanthin®] ®|gteJoju} F5-o] 3xu] A
g Ao a3yl 9leS B sk th(Matsuno et al., 1979;
Nandeesha et al., 1998; Gouveia and Rema, 2005, Kim et al.,
2008; Kim and Lee, 2012a).

7]&0] AT MY R vA 27 AL, nNEFE Y
Sh=tl 228 %= AR 7E =31, YA A 0] 9ol = w7}
Z o] v v Qb Ao iRt A Anprt RES R, Hd
Folo AE7HAE A 4= Sl M=ol tieh 4=
Al E]olof o Aot wheba] 2 A= vt H71e 4
AU TRt AEAd AAMadBmES Bt o] YRES
Absol Zd7Fsto] Beke)o] S Z]o] o) g7 |l 3] el T
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= AR (PA), W& 2 H2(Opuntia sp., OP), Spirulina sp. (SP),
7 747 E-2(mandarin bark, MB), 52 E0HE 28 (red to-
mato, TO), beet (BE), H=U(Porphyra sp., PO)E 242 10%
A71et 8709 wiAt =S AAIsEATE E3E, A A4 dw et
H|15}7] fJ5to] 1F M4 H7HA|E 10%2] astaxanthino] 3
-HCarophyll Pink (DSM Nutritional Products Ltd, Basel,
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A Al 27| 2 GF AP sto], ==2olA 297t 2 F 25T
BT ASALE 9] total carotenoids EEF-2 ConAbEof| A
1.33 mg/100 g&.2 7}AF Jkom POALR, PAALR W SPA}
R4 Z}2F 8.66 mg/100 g, 7.25 mg/100 g, 5.26 mg/100 g 2=
O thE AAtr Erh =7 Uyl E£3 CAALR2F OPAL
o)A 2}2F 4.16 mg/100 g, 4.68 mg/100 gO.& Lepton,
71 9] AF AR O A= 2.42-3.09 mg/100 g 9|2 EA =] 9},
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Italy)ol| A] etherE AME-5Fo] &5 oH, 22> 105TC 2
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e Ansieh
MESA
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(Minolta Chroma Meter CR-400, Japan)E- ©]-8-5}¢ Lee et al.
(2010)0] AR&-3F ¥ ofl whet L* (lightness), a* (redness) 2 b*
(vellowness)& 2 3519{ck. ol vlgte)o] 52 H]o] M1
1912 33 wstel Zgsteir
SHXE

A1}l BA A 2]+ SPSS Version 12 (SPSS, Michigan Ave-
nue, Chicago, IL, USA) program=- A-8-51¢] One-way ANO-
VA-testE AIA] 3+ 2 Duncan's multiple range test (Duncan,
1955)2 B#7re] §o14 ARtk

5417 8% Fo) vigkelo] Fu) Aojo] AE, 4% U
E8ES Table 29 FEAISHITE ARSARA7IZE 9] A
& 95% oo g me ARl AR Aol= ¢l
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1989). WA AL 9] carotenoids®] Y& U =7} o] 72| Al
283} Ao FFL 0lAA) otk AT Ase Wi
1! Ith(Rehulka, 2000; White et al., 2003; Kalinowski et al.,
2005; Wang et al., 2006). ©]&= thatolE 9 A= Y Aa 5
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Table 1. Composition of the experimental diets used for improvement of body color in red- and white-colored fancy carp Cyprinus carpio
var. koi

Diets

Con CP PA SP OoP MB TO BE PO
Ingredients (g)
Pollack fish meal’ 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0
Soybean meal 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Wheat meal 22.5 22.5 22.5 22.5 22.5 225 225 225 22,5
Brewers yeast 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Soybean oil 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Linseed oil 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Vitamin premix? 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Mineral premix® 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Vitamin C (50%) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Choline salt (50%) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Carophyll Pink (10%)* 0.2
Red paprika® 5.0
Spirulina sp® 10.0
Opuntia sp 10.0
Mandarin bark 10.0
Tomato 10.0
Beet 10.0
Porphyra sp 10.0
Chemical analysis (dry matter basis)
Crude protein (%) 454 441 42.5 46.2 41.8 40.6 417 4.7 43.8
Crude lipid (%) 6.6 7.1 6.9 6.2 6.5 59 6.5 57 6.1
Ash (%) 9.9 9.8 9.2 9.5 9.7 8.6 9.9 9.7 10.2

Total carotenoids (mg/100g) 1.33 4.16 5.26 8.66 4.68 3.09 242 2.59 7.25
"Pollack fish meal containing 0.015% ethoxyquin, produced in Russia.

2Vitamin premix contained the following amount which were diluted in cellulose (g/kg premix): DL-tocopheryl acetate, 14.5 thiamin hydro-
chloride, 2.1 riboflavin, 7.0 pyridoxine hydrochloride, 1.4 niacin, 27.8 Ca-D-pantothenate, 9.7 myo-inositol, 139.1 D-biotin, 0.21 folic acid,
0.5 p-aminobenzoic acid, 13.9 menadione, 1.4 retinyl acetate, 0.6 cholecalciferol, 0.002 cyanocobalamin, 0.003.

? Mineral premix contained the following ingredients (g/kg premix): MgSO,-7H,0, 80; NaH2PO,-2H,0, 370; KCl, 130; Ferric citrate, 40;
ZnS0O, 7H,0, 20; Ca-lactate, 356.5; CuCl, 0.2; AICL,-6H,0, 0.15; KI, 0.15; Na_Se O,, 0.01; MnSO,.H,0, 2; CoCl,-6H.,0, 1.

4 DSM Nutritional Products Ltd, Basel, Switzerland.

5 Capsicum annuum (red).

¢ Spirulina pacifica (Cyanotech Ltd, Kailua-Kona, Hawai, USA).

Spirulina 7} AFRE AJFIg HlEe) ol 9] 4 E AlR A&
ool 818l $olalA 2 7S e sk, Hekelole) 2
<, Absol| Spirulina & J717F 3% W AR RSO 2 G
S vl rhe Mok FaS v %) gherh g K
%l v} g1t Gouveia L., 2003; Kim et al., 2008; Kim and Lee,
2012a; Sun et al., 2012). Spirulinas #%50°] t¢pfslo=
Spiruling %, WP 2 7ol ukek 150 ojebaol

depA o 70] Aol G v 4= 312 (Nandeesha et al,,
1998), Ak 24, Spirulina 371 9 AHGEH ol whebA e of
o A AR E g GRS A 4 7] Wi2e] o2 A}
o7 AR AYztErt.

AR FEAIY HTe)o] S ET] H2M F.919] B
(lightness) L* gk Fig. 1o] rehfi et ARS: 85 Foff L* gk
& 53-60 g0, t2(Con)2] L* Zho] th2 Ad K
o} §-0151A] EQHP<0.05). £3|, Spirulina £'2 2 7F(SP)
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Table 2. Growth performance and feed efficiency of red- and white- colored fancy carp Cyprinus carpio var. koi fed diets containing various

carotenoids source for 8 weeks'

Diets Survival (%) Final mean weight (g) Weight gain (%) 2 Feed efficiency (%)°
Con 100.040.00" 56.5+0.35 145.5+4.55b¢ 44.4+0.80>
CcP 100.0+0.00 56.3+1.80 144.7+7.70 44 3+2.35
PA 100.0£0.00 52.4+0.75° 131.2+1.30° 39.540.35°
SP 97.5+2.50 61.1+2.35° 167.3+6.90¢ 50.8+2.7¢
OoP 95.0£0.00 60.6+0.60° 160.2+0.80* 49.6+0.35%

MB 97.5+2.50 53.2+0.90° 133.3£3.55° 40.4+1.15°
TO 95.045.00 55.2+2.70° 138.5£12.15° 42.6+3.65°
BE 97.5+2.50 46.9+1.35° 107.2+3.60° 32.2+1.402
PO 100.0+0.00 54.6+0.50° 139.645.30%° 42.3%1.05°

Values (mean + SE of replication group) in the same column not sharing a common superscript are significantly different (P<0.05).
s Not significant (P>0.05). 2Weight gain (%) = (final body weight - initial body weight) x 100/initial body weight. *Feed efficiency (%) =

Fish wet weight gainx100/feed intake (dry matter).

o} paprikait 2 H7HHPA)7F 7HE 22 L* 3he UERSL
H(P<0.05), F=uEd n7]';[—L(MB)9]"C 27 Sl
(P>0.05). A3 TEA| ke o] T4 s3] FH-24 FL.9|o] 24
Z(redness) a* 712 Fig. 20 YEFHATE AR 85F $of a* 4
< 6.1-14.82] } 93l om, A4 H71H(CP), paprika &7t
THPA)$} Spirulina 387 HHSP)yEC] th-E ek -f-28HA] =3k
o0, Spirulina B7FL(SP)e] Zko] 14.88 th2 AFLHT} &
oA 7 = tH(P<0.05). OP, MB, TO, BE % PO A3+
So e} ulmelo] felg ol fATHP0.05). A
F24) vlstelo] 9] 3] $24 29]0] Lok yellowness)
b* 4k Fig. 30| Y AT ARS 85 Fof b* g2 20-299]
w9190, o270} u] s}l CP, S PO AI@ o4 £:015}
Al =8kom (P<0.05), SP AF Lol A 292 7H} =2 4t U
ER ATt

ool =3l Aol E MATE Wb A & AlRE

Chroma values L*

CON CP PA SP OP MB TO BE PO
Diets

Fig. 1. Skin lightness (L*) of red- and white-colored fancy carp
Cyprinus carpio var. koi fed the diets containing different experi-
mental diets for 8 weeks. Values are mean+SE of replications. Bars
having different letters (a-c) are significantly different (P<0.05).

Chroma values a*

CON CP PA SP OP MB TO BE PO
Diets

Fig. 2. Skin lightness(a*) of red- and white-colored fancy carp
Cyprinus carpio var. koi fed the diets containing different experi-
mental diets for 8 weeks. Values are mean+SE of replications. Bars
having different letters (a-d) are significantly different (P<0.05).
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Chroma values b*
o

CON CP PA SP OP MB TO BE PO
Diets

Fig. 3. Skin lightness(b*) of red- and white-colored fancy carp
Cyprinus carpio var. koi fed the diets containing different experi-
mental diets for 8 weeks. Values are mean+SE of replications. Bars
having different letters (a-e) are significantly different (P<0.05).
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AR ofste] ] L*Zhe M H7h ALRE AT olRo)
$9) L*ghuh 8 38 Bo] 2 apo] Aol 4Asieint
(Kim et al., 2013; Kim and Lee, 2012a; Lee et al., 2010). =
Ao A Hleke)o] 1] 9] L* Zh2 a* 7ho] wiste} vich gk
= HAl=t, ok dsolA = o]of 2 Ak HATHKim
and Lee, 2012; Lee et al., 2010).

B Ao Spirulina, paprika T+ Carophyll Pink %7} A}

£ 319 vigkelole] 3 AUES tehhs a* glo]
2R =2 A0 2 e, Spirulina, paprika®} Carophyll
PinkE B|The) o] Ml 7S 3t A 2 AR = QS A
© 2 FoE), Spirulina, paprika, Carophyll Pink 71 <
OP, MB, TO, BE ¥ PO 37}59] a* g2 tj=2+-¢f 2ol &
Ho|Z| ¢k& A 0 Kol o5 M 7| nleke]of 3] A
A b gAY R AR Bl

Gouveia et al. (2003)2 A€ E 2 synthetic astaxanthin,
Spirulina sp., Chlorella sp. ¥ Haematococcus pluvialisE: A}
L3+ Ao A &34t 2] 79 synthetic astaxanthin, Spiru-
lina sp. Y Chlorella sp. Aol A A7} =7 Lgkom,
&9l o] 742 synthetic astaxanthin, Chlorellasp. X H. pluvialis
A7Hrel A A E7E A LR kA 2askeie) Kim et al.
(2008)2 t}oFel A A9 7} A ¢ of A= synthetic astaxanthin
3} Spirulina sp. Aol Al A7} =7 Vbt shgle
™, Kim and Lee (2012a)2] A& oA+ paprika®?} cantaxan-
thin A4 A} B2 Uehgtoha B ekl ol
W AE g% 2 2], Aaele] $7 2 SR AREY 2
Az wheh A A7t ohefstAl Yebsith & Aol Al
Spirulina &% 7t ALRE AR HT o] 19 a* Flo|
7P A ekt o Aol A= fARRE 23 (Gouveia
et al., 2003, Kim et al., 2008)Z el glch. vhHel Kim and
Lee (2012a)2] A-tol|Al<= Spirulina 7ol 4] H]Tke] o] &

Total carotenoids (mg/100 g)

CON CP PA SP OP MB TO BE PO
Diets

Fig. 4. Skin total carotenoids of red- and white-colored fancy
carp Cyprinus carpio var. koi fed the diets containing different ex-
perimental diets for 8 weeks. Values are mean+SE of replications.
Bars having different capital letters (a-e) are significantly different
(P<0.05).

A7} A A RStTRRL R ake] B AL} 2fo]E Mo
Stk o] 2I3t 2jo1i= Spirulina®] E5ol w2 shstARe] Aol
o oIt Ao 2 AZFHEY. Spirulinas S. maxima, S. platensis,
S. pacifica 5 &7} thstol] Spirulina &5, Ml 2 7F
S ol whet of 7o A4 9 A Ao v A= sl gt
Zohal B 39 dF QItH(Kim, 2008; Nandeesha et al., 1998). &
Aol AMERE Spirulina= v]=roll A 413t S. pacifica ©]™,
Gouveia et al. (2003)2] H7} A& A Arthrospira maxima &
ARE-51 A1, Kim et al. (2008)2] Ao A= F=tof A uljoF 2
7Ve¥l S. platensis 5 AH-5Fo] AEE 7ol Zpol7t ek ®
3}, Kim (2008)2 S. pacifica &} S. platensis & QR E 3}o] o=
2 27ColA vHE o] ZHE ti o FH AFATAE S.
pacificas: 71t A7} S. platensisE 371t A@EG
A7) ¥ Fol ek ATHE Wk ul glo], o] et 2o o]
o ek ke SEk s a1 Qi

AS F3A] vTke]o] 313 total carotenoids ¢S Fig.
40f vhetjgich. o4 037 mg/100 g0 714 WeLe

, MAR7E H7be BE AF 5] total carotenoids gk
o] th e -8 G LR RIeHP<0.05). SP ALBT(2.33
mg/100 g)2} PA AEH2.11 mg/100 g)ol A 714 =gkom,
t}-2.0 2 Cpe} OP A3, MBS} PO A13L, BE2HTO A
G £0 2 YERGTH(P<0.05). ¢ carotenoids <5242
carotenoids Y=, =, LA, Mk, AR A, oA 271,
A5, 4, AR 89 Foll YRS etk BarEgl
TH(Guillaume et al., 2001). & A of| A] o =710 H|sl] AAY
2 A7 AFAIRE AFS vde]o] 323]9] total carotenoids
9] gheFo] wok=dl, the Aol Ak o] fARRE AabEo] K
11%0] Qlth(Gouveia et al., 2003; Kim and Lee, 2008; Kim
and Lee, 2012a). 3}, 3£3] 9] total carotenoids T&F0] &=
HleQ)ol= #9]9f a* g w2 Jor e, e o
T A} (Lee et al., 2010; Kim et al., 2013)o)| A = -F-AFStF A8k
= Kl

2 Aol wiRkAlR O] H7HE]= carotenoids Y Eol| wE
Hjgkedo] Zul Zjojo] g 9l o] m|2= FEFS Pok
A3, 4, ARag 9 399 AN A4S 9Isl Spirulina
pacifica 10%% Aol 71k Zlo] Adsietar wsm,
red paprika 5% 7} AbR = 33 9] M FjMd o] Bt} 2l
e}

Al A}
£ AT HYRARE PGS AR (@S
110076-3)0l| 2Jaf =3 =]l om, ool ZhAF =Ytk
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