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Effects of Carrot Extract on Skin Pigmentation and Serum
Lysozyme Activity of Red Seabream Pagrus major

So Young Kang’, Sang-yun Lee, Chan Young Seo and Mi-Jeong Ahn™'

Department of Aqualife Medicine, Chonnam National University, Yeosu 59626, Korea
*College of Pharmacy and Research Institute of Pharmaceutical Sciences,
Gyeongsang National University, Jinju 52828, Korea

The effect of dietary carrot extract on skin pigmentation and non-specific immunity of red seabream
was evaluated in a six-week feeding trial compared to that of astaxanthin. Fish were fed different
experimental diets supplemented with three levels of carrot extract (30, 100, and 300 mg B-carotene
/kg diet or CE30, CE100, and CE300), 100 mg astaxanthin/kg diet (AXT100), or a diet without
supplement as control for 6 weeks. Our results revealed that the specific growth rate and feed conversion
rate were not significantly (p>0.05) affected by carrot extract or astaxanthin supplementation for 6
weeks. After 3 weeks of feeding, the dietary carrot extract significantly (p<0.05) influenced the redness
(a”) and hue (H'4) of fish skin. CE300 showed the highest ¢” and the lowest H ', suggesting that
carrot extract increased the redness of skin color. However, after 6 weeks of feeding, dietary carrot
extract significantly (p<0.05) increased the values of yellowness b" at all three levels. In contrast,
AXTI100 significantly (p<0.05) increased the values of @~ but decreased the value of H'y. Only CE300
significantly (p<0.05) increased the serum lysozyme activity. These findings suggest that dietary carrot
extract can be utilized as a natural feed additive to improve skin pigmentation and health condition
of fish.
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o] A& Yeh= a]lo] "t #5 ofYe}, car-
otenoid= Al Z}, AALZE IR A FA|, F4EshA],

AA A o] Fag &S st UTHGood-
win, 1984; Bendich and Olson, 1989). $+#, ketocar-
otenoidw= 1 3}8t7x Fofl AETE & Il ol
7FA 3L A= carotenoid®] ¥ FTHZ T2 IteE
A& 7}A 3L A th(Britton et al., 1995; Woodall et
al.,, 1997). Astaxanthin (3,3’-dihydroxy-B-carotene-
4.4°-dione) ©] & ketocarotenoid®l| <3= A&
oz O]:o-]?l—oﬂ/ﬂ O_]‘IT-/] J_},]]/]_J 7(]—/“1_1,]. EE]O:]
HS Zols BFoF ALRHI 1ou:] 21 Z A7}
BEAU AL o8 ThksiA AFEE I Q)
Th(Iwamoto et al., 2000; Miki, 1991). <, 0}¥3F o
Zoll tl3tod synthetic astaxanthin ©]1} astaxanthin
o] Q2 HA source? Chlorella, Spirulina 52| "Vl
M| Z5F, Phaffia yeast, 3l utd| 2o} == Iz g7}

T A E T& o] &3t ol R/l Fo] ¥ AE =
Z] 1] astaxanthin®] F*s%5 A &@sle] vl slA

U AlsEe] MeiAS Fate] A4 el i g
g3E0] BRuEo At(Kim et al., 1999; Gouveia
et al., 2002; Kurina et al., 2007; Kim et al., 2008;
Kim and Lee, 2012; Kim et al., 2013)

1, carotenoid2] o] Aol A 2] AHE]&A ol
M= tHEA QA carotenoid A E<! B-carotene ©]
vitamin A A FA 24 9] 7] 58T oy} H| 50
A 2dE Foto WSS FEdte
Ao Z BAEI Q). Amar et al. (2000, 2001)
synthetic B-carotene®| rainbow trout (Oncorhynchus
mykiss)o| 4] Bl 5ol WA F}S ettty B
31, Jha et al. (2007)2 catla (Catla catla)®l A,
Anbazahan et al. (2014)% common carp (Cyprinus
carpio)®| A B-carotene®] H|E-0] A Z7}3} dero-
monas hydrophila 2| FZA7Fgl gk A&ddS
btk B 3ol B3 vitamin AT seabream
(Sparus aurata)¥} tilapia (Oreochromis hybrids)®l 4|
H 5ol A9 S48A4E Y= 2108 Ry
AT}, B-carotene2] <A sourceZA] ©]-&F = H|A
ZF <% Dunaliella salina & severum (Heros severu)
 rainbow troutdll ¥ Al 27} serum lysozyme
G4 2 v 5ol Ay QIAE FAANATE o
TAN}Z AT (Amar et al,, 2004; Alishahi et al.,

LS

2014). o] A H T3 o Fol A ThETE source 24
E] 2] B-carotene©] Aol A H]E o] HI2IAZ
FH3 N7OEH AGZFAZME] EtH

q&¢s 3 AS5S ¢ T Aok
2 vy F(Apiaceae)oll 3= Daucus
carota L.2] B8] 2 provitamin A%l B-carotene3} -
carotene, lutein®} Z-& carotenoid 2 TF&F X
RE T8I Yol EdHA ol &

carotenmd«] A sourcee|th. AATIA T
=< o Fdl Fofste] oMoy A EA
nAe 4 AT A= Rud vl ¢l

t}. carotenoid 2] #&E(red seabream, Pagrus major)
(¢}
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o rlr
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o Ao nxe FgFol|l g AFE A4HEHA
T2 FAEe H24& YEWA 3 astaxanthinol]
#3}te] o] FoiA ST} Fujita et al. (1983)°] ZE 2
U2 HE GAE astaxanthin diester®] Fo] A] E7]
=2 a¥E HISY I, Ha et al. (1993)°] syn-
thetic B-carotene, astaxanthin 5= T Al A2 7|
Aa3s 79234 w24 9 alst 7, Kurina
et al. (2007)°] synthetic astaxantin®} 4¢3 astaxantin
9] source® YH A U= Phaffia yeastS} marine
44 5o 3 29 =
w3F T 213y, #5E9carotenoid S
Foq 5 JL-"VE"“ g a5 A4S T3k
H g A7 23 = B8 vt §lok mekA, 2
AFol = B-carotene] sourced] FEFEE]
Fo Al FE x| M= Y-S pure as-
taxanthin®] &3¢} MEZEAS E3le] v w3l
31, H]5o] WHERIA}L F A lysozyme &l o gk
B35 LdolH gk

bacterium Paracoccus sp.
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%, ZA W 5.0%, 4R 4.0%, 232 17.0%, 2
1 2.0%, 21 2.7%)F AHEEFA oM, AR Fole
AAF2 10 %= 1Y 432 Yo A
N@ALR Fo] & 3F0] ZF FoA 7rtE, 659
zk gl A 11wk FHste] Aol AFESEA T
AT Hi L8 21+024Co|0 o, HF &
ZA2F(DO0)S 6.72£0.21 mg/Lol Ut} 35 2 6
T 5o 3o 7 A AS SAHs AAE
(SGR: specific growth rate) 2 A5 3& 8(FCR:

feed conversion rate)< Hl 23} T}

t

AEAE

ANFAEE GEFEE(FT7IEEHOlE &t
37 mg/g, B-carotene &3: 32 mg/g)= hexane (HF
FZ5%0]U)ell =<1 3 absolute ethanolZ 3|23}
& B-carotene¥FS 7|5 S 2 30 mg/kg diet (CE30),
100 mg/kg diet (CE100) 2 300 mg/kg diet (CE300)
2 AR FAsta A2Ax A7 AESEATH
Carophyll pink® (DSM, France)S A AH WU Z
SFFol =< & astaxanthin®] 100 mg/kg diet
(AXT100) 7} H =5 ARl F2Fste] dxAR &
AH-&-3t .
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Agilent 1100 HPLC system (Hewlett-Packard,
Waldbronn, Germany)< ©|-&3t GEFE2E 59
FI2Exol = S 43 TE (Lim et al., 2009).
HPLCE ZH O ZE YMC Cy 7l2E o= A&
ZE (3 pm, 4.6 x 250 mm, Japan)S AF£3H O™,
AMNgml 2 vlgk&: MTBE : & = 81 : 15 : 49
EF LA AGHOo = 313, WeE: MTBE : &
=6:90:4° EFELEHES BEHOR 3t A5
15872 100% AgH o2, T o3 3587 BE
Aof vl &S A3 8 100%7F FA 3t 2

H 542 0.7 mL/min, 2H2] &= 0T=E 3
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Aom FAEFS 10 L= 3k 450 nmoll A A=3}
% HPLC system®] -&° Chemstation soft-
ware (Hewlett-Packard, Avondale, CA, USA)E Al-&
stRoH, FFEHE AL-E-3 lutein, zeaxanthin, o-
carotene, all-trans-B-carotene< CaroteNature (GmbH,
Lupsingen Switzerland)AF2] Z1-& T3t AR-&-3}
AT oo o2 AR A3, B AP A
|9 9 F=E U9 ITtEHEOlE TS 37
mg/g, B-carotene T -2 32 mg/gl E AEFH A
(Fig. 1).
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xyAo] B2 Cline (2011)3% Hancz et al
(2003)°] W& Z-&3te] A7t 2} (Leica D-
Lux )& F& AFXE ZYstd 42 JPEG format
2] 9248 Adobe® Photoshop® CS2 (version 9.0.2)Z
o]-&3lo] L” (lightness), a” (redness), b'(yellowness)
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1976; Nickell and Bromage, 1998).
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Fig. 1. HPLC chromatograms of standard mixture solution (A) and the acetone extract of commercial carrots (B)
at 450 nm. 1, lutein; 2, zeaxanthin; 3, a-carotene; 4, PB-carotene. Lutein and zeaxanthin, 2 mg/mL; a-carotene, 4
mg/mL; B-carotene, 8 mg/mL in standard mixture solution.
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(CE300)°] A =% F43 ARE 747 35 2 65
Ut FE Aofoll FolstAth. ol e}k FAell, Car-
ophyll pink®Z ©]-&3}°] 100 mg astaxanthin/kg diet
(AXT100)8] &Fo= FUsHA wol ol oJAF
2 2483 o2RE 37 U 6F ¥ AAE
(SGR)Z+ A& A %8 &(FCR)S 4319 tH(Table
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Table 1. Specific growth rate (SGR), feed conversion rate (FCR) for red seabreams Pagrus major fed with the diets

incorporating different levels of carrot extract

SGR' FCR?
Groups
3 weeks 6 weeks 3 weeks 6 weeks

Control 7.85+0.53 6.18+0.24 0.51+0.07 0.80 = 0.09

CE30 8.20+0.71 5.99+0.33 0.47 +0.09 0.85+0.12
CE100 7.78 £0.19 5.87+0.40 0.52 +0.03 0.95+0.13
CE300 7.57 £0.69 5.90 +0.39 0.58 £ 0.09 0.88+0.13
AXT100 7.67+£0.75 6.11+0.26 0.57 £ 0.09 0.83+0.10

CE30: fed with carrot extract of 30 mg B-carotene/kg diet; CE100: fed with carrot extract of 100 mg [-carotene
/kg diet; CE300: fed with carrot extract of 100 mg B-carotene/kg diet; AXT100: fed with 100 mg astaxanthin/kg diet.
'SGR: specific growth rate =100 x (In final weight-In initial weight)/no. days.

’FCR: feed conversion rate = feed given (g)/weight gain (g).

There was no significant difference between any of the groups from a particular column (P>0.05).

Table 2. Skin coloration measurement for red seabreams Pagrus major fed with the diets incorporating different

levels of carrot extract for 3 weeks and 6 weeks (mean + SD)
3 weeks
Groups 5 P P x
L a b H 4
Control 423+35 17+12 10.0+1.0 51.7+8.0
CE30 48.0 £2.0 1.33+06" 11.3+0.6 41.0+2.0
CE100 413+12 0.67+0.6" 10.7+0.6 43.0+0.0
CE300 413+6.8 1.67+0.6" 103 £0.6 38.0+2.6"
AXT100 39.0+6.2 -0.7+0.6 9.33+0.6 48.7+1.5
6 weeks
Groups L a b Ha
Control 50.0 4.2 0.1+1.9 86+1.6 45.0+9.7
CE30 48.6+4.0 -0.8+1.1 104+1.5 493+ 6.4
CE100 48.6 4.7 -1.0£1.9 115+1.8" 477492
CE300 48.1£4.7 00+1.7 128+2.8" 482+54
AXT100 48.0+5.4 24+1.0" 112+22 33.5+64"

Lightness (L"), redness (a’) and yellowness (b"), Hue = tan™ (b"/a")
Asterisks indicate significance vs. control group (one-way ANOVA and Tukey HSD test): P < 0.05 (*), P < 0.01
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S TH(Fujita et al., 1983; Kurina et al., 2007). Ha et
al. (1993)9 4= Z-&ll B-carotene, lutein ester, as-
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Sttt O A3, F2FE=E 300 mg B-carotene/kg
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S® £ g% ZolaAy o] YR as-
taxanthin %4 T(AXT100)°l A= control -2} 2}9]
7} %’ioiu} (Fig. 2, P<0.05). Amar et al. (2004)°)] o}
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). &%}, Alishahi et al. (2014)X Dunaliella salina
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Eo] "gRizte] &Aool SAHUTE Riux 9l
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Fig. 2. The serum lysozyme activity in red sea breams
fed with the diets incorporating different levels of carrot
extract for 6 weeks. Asterisks indicate significance vs.
control group (one-way ANOVA and Tukey HSD test):
P<0.05 (*).
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