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Skin Pigmentation of 0-age and 1-age Red- and White-colored Fancy
Carp Cyprinus carpio var. koi Fed Diets Containing Different Amounts
of Paprika
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This study investigated the effect of dietary paprika on the skin coloration of red- and white-colored fancy carp Cy-
prinus carpio var. koi, in two age groups: 0-age (7.4+0.1 g/fish) and 1-age (164+2.9 g/fish). Three isonitrogenous diets
were formulated to contain 0, 5, and 10% paprika (Con, P5 and P10, respectively). Three replicate groups of 0-age
fish and two replicate groups of 1-age fish were fed one of the experimental diets for 9 weeks. Survival, weight gain,
and feed efficiency were not significantly affected by the dietary paprika level (P>0.05) at both fish sizes. The dietary
paprika level influenced the redness (a*), lightness (L*), and yellowness (5*) of fish skin. The L* value of the skin
of the fish fed the P5 and P10 diets tended to decrease with feeding period. The skin " value of 0-age fish (small)
fed the diets containing paprika increased significantly with feeding period and was higher than that of fish fed the
control diet after 3 weeks (P<0.05). However, the &' value of 1-age fish (large) fed the diets containing paprika tended
to increase slightly with feeding period. At the end of the experiment, the skin total carotenoid level was increased
significantly in fish of both sizes fed the P5 and P10 diets compared to fish fed the control diet. Therefore, 5% paprika
powder in the diet increases the skin redness of red- and white-colored fancy carp, especially in small fish.
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A = E7H)E A5HA) 7] = F2.3F 2.¢10]7] % 3FtH(Yuangsoi et al.,
2011). o] 2|3t FAkS 2 01 ~J+ 7R 2 Hg o] & A
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Storebakken and No, 1992). A v]gta]o] o] HAM-E 7JAA|
717] $18t carotenoid Y E 2=, B-carotene, astaxanthin, can-
thaxanthin, Dunaliella, Spirulina, krill, paprika?} crustacean
meals 50| AR Qlth(Hancz et al., 2003). o]0 A] H]
o8- Abmof| Wo] AHg-E|i= carotenoidi= astaxanthino|1;
canthaxanthin 5-°] 1.0, A AW 4= = Spirulina, paprika
o} Chlorellaso] Sith. o]egt AF= O] Mg SHE Fof
A paprika= /4 MU ohE A MAaA|Ho) Hw A 7}
o] A3}l carotenoid o] kA HITHY] o] o] A 7|41
o &1} o)gtal ® 15 vl QJth(Hancz et al., 2003; Kim and
Lee, 2012).
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Table 1. Composition of the experimental diets used for improvement
of skin color of red- and white-colored fancy carp Cyprinus carpio
var. koi

Diets
Con P5 P10
Ingredients (% of air-dry basis)
Fish meal 30 30 30
Wheat flour 34 24 34
Soybean meal 21 21 21
a-cellulose 10 5 0
Linseed oil 2 2 2
Soybean oil 2 2 2
Vitamin premix’ 0.4 0.4 0.4
Mineral premix2 0.5 05 0.5
Choline salt 0.1 0.1 0.1
Paprika powder® 0 5 10
Chemical analysis (% of dry matter basis)
Crude protein 371 36.2 37.8
Crude lipid 8.5 8.8 7.7
Ash 5.3 5.3 5.3
Total carotenoid (mg/kg) 0.7 41 73

'Vitamin premix contained the following diluted in cellulose (g/kg
mix): ascorbic acid, 92.7; a-tocopheryl acetate, 14.5; thiamin, 2.1;
riboflavin, 7.0; pyridoxine, 1.4; niacin, 27.8; Ca-D-pantothenate,
9.7; myo-inositol, 139.1; D-biotin, 4.2; folic acid, 0.5;p-amino
benzoic acid, 13.9; K3, 1.4; A, 0.6; D,, 0.002; choline chloride,
278.3; cyanocobalamin, 0.003.

2 Mineral premix contained the following ingreients (g/kg mix):
MgSO,. 7H,0, 80; NaH,PO, - 2H,0, 370; KCl, 130; Ferric citrate,
40; ZnSO,. 7H,0, 20; Ca-lactate, 356.5; CuCl, 0.2; AICL. 6H,0,
0.15; KI, 0.15; Na,Se,0,, 0.01; MnSO,.H,0, 2; CoCl,. 6H,0, 1.

3 Paprika (Capsicum annuum L.) powder made in Nafarm, Co.,
Korea.
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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 different

paprika levels for 9 weeks at different size !

Fish size Diets Survival (%) Final mean weight (g)  Weight gain (%)> Feed efficiency (%)°
Con 98+1.7m 17.240.25" 12945.5m 40.2+1.80"
Small P5 10040.0 16.0+0.43 1175.6 36.9+1.85
P10 10040.0 15.740.28 11243.2 35.841.10
Con 97+3.3™ 257+7.6™ 55+0.5m 53.7+1.10™
Large P5 97+3.3 247+6.9 55+10.1 54.9+7.60
P10 10040.0 255+20.7 55+0.4 56.8+4.35
'Values are mean + SE of replicate groups.
ns=not significant (P> 0.05).
*Weight gain (%) = (final body weight - initial body weight) x 100/initial body weight.
*Feed efficiency (%) = fish wet weight gainx100/feed intake (dry matter).
40°C oJslof| A Y =<3l petroleum etherZ 100 mL7A , Diets
Small size OCON @P5 mP10
Falo] UV-spectrometer AR8-319] total carotenoid $Hg2- #| 70 .
AFSFSE, 0 g

Mz

3T O] A= HALS Q1] AR AIE AIZRAL ARS: 35, 65 H 9
FER)A A A tisto] A2}A|(Minolta Chroma Meter
CR-400, Japan)E ©]4-510] Skrede (1987) & Gouveia et al.
(2003)2] HHof| ukel L* (lightness), a*(redness) & b* (yel-
lowness)S 243519t} Alglo] 52 Fujo] Fom Hol= 3

3] yrssto] 27k
EA%2)

Ax}o] 7 X 2]+= SPSS Version 12 (SPSS, Michigan Ave-
nue, Chicago, IL, USA) program=- A8-5}9] One-way ANO-
VA-testE AA] g+ %, Duncan's multiple range test (Duncan,
1955)=2 Hat7+o] f-old= A8kt

2 I

AR 95 F, ATlo]o] AES, A4 % ARELE BE
AT FI3t 2ol GIoATK Table 2). AHFAH 7171
o] 4] Z7of w2 A%o] o] -4 5.919] 57 lightness)
LS Fig. 1 0])2} 214 0ol 247} ek i A1 7]
7o) kgt wek paprika 7 AHRS(PS, PI0)S AHE T
Lﬂom Logh(Fig. 1) Aok 47 Belon], A8 3570
% 30| Ps W P10 AHR.2 41213 Gdo]o] Laghe: dizol
1oH RS RSLTHP<0.05). 11d019] L¥ghFig. D)% AR%
717k0] Zagtol ufel 4 4TS 100, 53] paprika
H7HAFE(PS, P10)S A7 1ofe] L¥gro] hywct o
ZhasHe A3 Bol, AH% 65 Fol PS 9 P10 AHR S 4313
o} 3Ew] 9] L¥ghe: thTol w3 £05H ekehP<0.05).
A}, 713k} o] ] 27]0] w2 u]ghe) o] g 3w o] oAy 3
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Fig. 1 . Skin lightness (L*) of small size red- and white-colored
fancy carp Cyprinus carpio var. koi fed the diets containing dif-
ferent paprika levels for 9 weeks. Values are mean+SE of three
replications. Bars having different capital letters (A-D) are signifi-
cantly different (P<0.05) according to feeding periods at same diet.
Bars bearing different small letters (a-b) are significantly different
(P<0.05) among diets at same feeding period.

9 F-2A(redness) a*4k2 Fig. 33} 40f LrER 1Tt Paprika
7} 71 wiFARRE(PS, P10)S 4133 g o a*gh(Fig.
3y Abs7IRko] Zakgtell whet f25HAI(P<0.05) A% 57t
St RS Helon], AR 35 S5 paprika 7 A TS
o] gaofe] a*ghe t2tE ok o5t & AE HEh

O 1H(P<0.05), AR F=2A| paprika H7H-E9] a*gko] L5
11,022 th£272] 2. 7EE} ETh AR 7t YT o AR
9] paprika 7 ALR S-S A F T AR O E Ato] 9] 3] a*glh=
A& x}oli= 919lt}. Paprika7} H71E BiEALRE(PS, P10)<
A F3t 1d 01 9] a*gh(Fig. 4)x ARS717t0] 7 1kgto] uheh &7}
St S Hlon, PS AR S A7 AR o] 9] a* gk Abs
67 Fof F7FISIAL, P10 AbRS A7 Aol o]9] a*ghe A
5 3 SHE S7Fshs e HATHP<0.05).

AR 7128} oA A7)0 whE Aol 1] 9] H2A £.9]9]
- Al(yellowness) b*%HS Fig. 59} 69 LER itk Paprika
7FA7FEA] e HizAbR S AR ddold] b¥H(Fig. 5)2
AR 35 SE ashe B Ee HAI(P<0.05) BB, papri-
ka7} 271l BiEALRE(PS, P10)S A3t AF o] o] highe
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Fig. 2. Skin lightness (L*) of large size red- and white-colored
fancy carp Cyprinus carpio var. koi fed the diets containing dif-
ferent paprika levels for 9 weeks. Values are mean+SE of two
replications. Bars having different capital letters (A-B) are signifi-
cantly different (P<0.05) according to feeding periods at same diet.
Bars bearing different small letters (a-b) are significantly different
(P<0.05) among diets at same feeding period.

AR 95 Folli= F7tskole E3E, AR 35 F5-E] paprikaZt
H7hE ABAR(PS, PIOYZ A3 Aol E3]9] brghe of
ZAETFOJSHAI(P<0.05) 352 3hS UER o™, ARS 95
ol PIOALRE AFIet A g o] 329]9] bt tf21ips A
#7-2] ghaEITHP<0.05). FHoISk Tel 1dojo] A9
(Fig. 6), AR5 9= S-of|l<= bgto] ti ko) Wobx] AuE 1
Aom, 3] P10 AFTL] b7k 28302 | =72]b*7) 33.0
o} Wb (P<0.05).

Al Z7A| Bgke]oj Tl §3]9] total carotenoid THS
Fig. 73} 8o Ui $ich. ARS-8-=A] paprika 37} AL=S(PS,
P10y A3Igt i o] W 19 o] 22k A 2] total carotenoid gk
o] 2T Gt 0I5k EUATHP<0.05).
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Fig. 4. Skin redness (a*) of large size red- and white-colored fancy
carp Cyprinus carpio var. koi fed the diets containing different pa-
prika levels for 9 weeks. Values are mean+SE of two replications.
Bars having different capital letters (A-C) are significantly differ-
ent (P<0.05) according to feeding periods at same diet.

Diets
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%nﬂ“

Feedlng periods week)

Small size
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Fig. 3. Skin redness (a*) of small size red- and white-colored fancy
carp Cyprinus carpio var. koi fed the diets containing different pa-
prika levels for 9 weeks. Values are mean+SE of three replications.
Bars having different capital letters (A-D) are significantly differ-
ent (P<0.05) according to feeding periods at same diet. Bars bear-
ing different small letters (a-b) are significantly different (P<0.05)
among diets at same feing period.

Aol B2 RS 01, o1 F F71of A ) Al B

o oJ3 A= ﬁﬁi B 1%t Amar et al., 2001; Chien
and Shiau, 2005; Segner et al., 1989; Rehulka, 2000; White et
al., 2003; Kalinowski et al., 2005; Wang et al., 2006). & 41§
O] Atbof| A= A= 9] paprika FHeFo] HThe) o] Sl o) AE, 4]
W A A Sl FIFS vIA|A] Gkt o] = & AFY 24

ol| Al AL o]l A7}l paprika gFeFo] v|ghejo] o] A& T} A& o]
P AR G Ao 087 Yo 2 et of
9} Zro] AFRO] M A 77} o] 7 A ) A 2o]| GBS 1] 2] X
BUTH= Aihs o] B Blek)o]E th o= 2t B Aol A
= B %3 ¢loj(Nandeesha et al., 1998; Gouveia et al., 2003;
Hancz et al., 2003, Kim et al., 2008; Kim and Lee, 2012), ¥ &1
7 Aot kst

0]5%9] carotenoid =2-& carotenoid

Az, T2, YA, M

) Diets
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1 A A A 2
g Br C aa A B
= 20f = A
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Fig. 5. Skin yellowness (b*) of small size red- and white-colored
fancy carp Cyprinus carpio var. koi fed the diets containing dif-
ferent paprika levels for 9 weeks. Values are meantSE of three
replications. Bars having different capital letters (A-C) are signifi-
cantly different (P<0.05) according to feeding periods at same diet.
Bars bearing different small letters (a-c) are significantly different
(P<0.05) among diets at same feeding period.
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Fig. 6. Skin yellowness (b*) of large size red- and white-colored
fancy carp Cyprinus carpio var. koi fed the diets containing dif-
ferent paprika levels for 9 weeks. Values are mean+SE of two
replications. Bars having different capital letters (A-C) are signifi-
cantly different (P<0.05) according to feeding periods at same diet.
Bars bearing different small letters (a-b) are significantly different
(P<0.05) among diets at same feeding period.

25k AR AAY 9, oA 7] 9 A, 44,
2l a9l W Al QRlof FEFe
T}.(Guillaume et al., 2001). H|TF) o S-ul
AT-Eol A, 98] AN 3] 7]7] $18] carotenoid A A4
27F 3 ARRE Fgetat, MadE, Mass 9 o
A 217]0] we} le] HAE A X177} chEA] ekt
(Hancz et al., 2003, Kim et al., 2008, Kim and Lee, 2012). A1
497 Fastaxanthin?} canthaxanthin 50~100 ppm &7} A&
o= 4~8 5= Ao, SR ete A0 Ee Lt 4~10% 7 A
A2 6~8 = Afolof] A&7} 7| A = Qlekar s+t (Kim et al.,
2008). o]} -2 zfol= AFAR S Joi Ao of A A
7] 52] Zfolof| whet carotenoid g & FA a-&o| b7

o= At

2 AN AFAR FE 711l whet, ol AR 3RA
€ paprika 5-10% H7HtE0] tj2FETE M E7} {8t
Al ot AL, 1'd0](164 g)& = & paprika 5% 7t
of|Al= ARG 6FAIFE 2ol X AR Hol, o] 277t 24

g Large size
o 6
()]
b
8 ° b
> 4
£,
_-Q a
% 2
2
e 1
8
jg 0 CON P5 P10
= Diets

Fig. 8. Skin total carotenoid of large size red- and white-colored
fancy carp Cyprinus carpio var. koi fed the diets containing differ-
ent paprika levels for 9 weeks. Values are mean+SE of two replica-
tions. Bars having different letters (a-b) are significantly different
(P<0.05).
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O 4

o b
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= Diets

Fig. 7. Skin total carotenoid of small size red- and white-colored
fancy carp fed Cyprinus carpio var. koi the diets containing dif-
ferent paprika levels for 9 weeks. Values are mean+SE of three
replications. Bars having different letters (a-b) are significantly
different (P<0.05).

= sao] QA% A 45 Bo| ArfHom U AL o &
UL} v o]3H 2]0](3.6 — 4.6 )& A& & paprika
H7h Aol AR B 4R B9 AaEs) hde 2
& HERATHKim and Lee, 2012). Hancz et al. (2003)2
paprika 6.4% 7} AFE B 69.1 gl 19 vlgkejol gl
of Fget Aut AR VN7 = AN =7} A = 2] 9hokar 2
Aol =l Qckal Barstgict. o] A Y oA 7|17t 24
F AL 7A A o] o A= A S Ho|BR H|Ee]olE
= AT o o] & nPsto] AlRE AAT 4 & AeR
sheec,

2 A9 paprika 7} A HE(PS, P10)ol| A AFR 3 97
Aol FAAY veke]o] Z M| Fu] o] kA= T 2] H]
3 F-ol5tA S7kskelet. ol o] 9] oy FF M =
S A7 AR 3 A Ao Tt STkekE R
S YERJoJ(Kim et al., 2008; Kim and Lee, 2012), & -2}
A= gt A3E reRyi ek 28U 1 ool A= i 2o B3|
paprika 9teFo] Z7Fgtol what P 7L [-0f8HA st A
2 Yehfo] 2kl & YeERN It o] gt Zfolof tht 1S
5] & = GlIATE A Aol A ol 77 AdFEE Hol9
T AR &7 ol ot Afo] Wi o= 4] Fr. o] 7o
749 AbRo]| T-8-H carotenoidi= Aol 4] A3}, EHlE]o] E
7 carotenoid= 4 ==d], & A= A4 H7HAFREE A
gk Hee) o] 9] 3£9] total carotenoid ] -2 o 2-of| H| 3]
327 Ueh} oh2 o3k} 9 AFak9lEHGouveia et al., 2003;
Kim and Lee., 2012).

ol4te] Aut= Ko}, paprika 5% 7} ALRE H|T o3 H
7.4 g0) TR AojolA] THUL ul, A 3FARE A
Aol 71551, 164 g8] 1010l AFS 67 A|RE] HAIE
Aol 7R Ao 2 hekict.
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