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Effects of Dietary Supplementation of Spirulina and Astaxanthin for Juvenile
Olive Flounder, Paralichthys olivaceus in Low Temperature Season

Sung-Sam Kim, German Bueno Galaz, Kyeong-Jun Lee* and Young-Don Lee!

Faculty of Applied Marine Science, Cheju National University, Jeju 690-756, Korea
!Marine and Environmental Research Institute, Cheju National University, Jeju 695-814, Korea

This study was conducted to investigate the effects of dietary supplementation of spirulina (SPI) and asthaxanthin
(AST) on growth performance and antioxidant activity in juvenile olive flounder (Paralichthys olivaceus) in low
temperature season. Total 180 fish (27.8+0.3 g, average weight + S.D.) were randomly divided into 12 groups, and
3 groups were fed one of four isonitrogenous (52% CP) and isocaloric (18.3 MJ kg'') diets containing no SPI and
AST, 0.5% SPI, 0.5% AST, and 0.5% each SPI and AST (designated by diets Control, SPI, AST and SPI+AST,
respectively). After 6 weeks of feeding trial, the growth performance, feed utilization, whole body composition and
survival of fish were not significantly affected by the experimental diets. There were no significant differences in
hematocrit, hemoglobin, alanine aminotransferase and aspartate aminotransferase of fish fed all the experimental
diets. The DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scavenging assay indicated numerically increased
antioxidant activity in liver of fish fed the SPI diet compared to that of fish fed the control diet, even though it
was not significant. The present study shows that a low level (0.5%) of dietary supplementation of SPI and/or AST
does not affect growth and feed utilization and intake of juvenile olive flounder in low temperature season.
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A UL FF, dof, Fof, A% & 7 T ANE
Mo WA= EAR 2 d#H A H(Chien and Jeng,
1992; Mensaveta et al., 1993; Negre-Sadargues et al., 1993;
Liao and chien, 1994; Okada et al., 1994). =3t o}~elztel 2
EQHY Mg P Es AV B9k (oxygen free radical)E
AABRE 70| vl o= d7A3rt A2 E9 RaH
SItHGoto et al., 2001; Mortensen et al., 2001; Pan et al., 2003;
Winston et al., 2004).

239 E 2| W (Spirulinag)= S50 ZFZ Cyanophyceae™d,
NostocalesZol] &3 A $hi-aFol 60%°)d, 7I2d T
100-200mg/100g, 21 &4 ABAF 8% o), HiEtdlH, A,
aAeld T AR Hath A w2 ASEE 1 9]
S0 i e s duAYelEt & 4 UtH(Santillan,
1979; Richmond, 1988). WehX 7%, ol f 2 AAFEY AR
o 7 == Ao) 4l53sHA 22 = AvHEl-Sayed, 1994; Mustafa
et al., 1994; Lee et al., 1996; Grinstead et al., 2000; Nandeesha
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et al., 2001; Palmegiano et al., 2005). 2ol A7 ZAE
3 of2] Yejo| AFH7REE o]831] Hsl A7 ] of
Fo|A 2 vk, =S FujolH L, P, FAtsEA, A,
T5A4 2 =], AY, §IE 5ol tsix FEA A=)
A12}8)5d th(Hernandez-Corona et al., 2002; Wang et al., 2005;
Zhou et al., 2005). =¥ g}l XFH 4w F 71ER T 9
& ofZEpH N vRVIA 2 BYAAE AN Y= At
= Aoz 434 AtHZhou et al., 2005). 7S o=
Favgen) B7HES 6 BE ofE(hekuel, Jo, A
Waol, E5)s o2 d750E # (Chow and Woo, 1990;
Nandeesha et al., 2001; Takeuchi et al., 2002; Palmegiano et
al., 2005; El-Sayed, 1994) o~ =&T}aL & 4 St} WS =
) Zah el oJ8] Z(species)2] ZF(Spirulina maxima, Spirulina
platensis, Spirulina pacifica)’t .20 o Fol JojA] Fa+=
¥ gelte] Fofl wet e & s B3 E AT (Nandeesha
et al, 1998).

olgfst A3 gt} of2ElREIS] §5-2 714 ARV}
AZH FrloRo A7FFH Aol aEos 288 Ao
2 A ZEARE & dA ] SloiMs o vt ARt &
T Stk Sl ool o] o fgaA B EE £AE 5 o
U= AL Aper)el w2 AEHFHEE Qs dAoFY
’gAs] 2 oA o) ZHAad 4 glvke Ao|th(Brett and
Higgs, 1970; Kim et al., 2005). Wb & A= 7| 2AT=
# ALH AFe719] 207l Y& R AR W £29E
e} of2elRE S HrE FEIE el 4AEH, AES
9 7154 (st E TS AR A E S
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HEAR

% 9] AEAIEE 52%9] 28T} 18.3 Mikge] o
YA RS Zhe 2 FoalA A HUeH, 7| 2AIR 2 RS
Table 19] VFERIGITH & 47)9] ASAIEE 7|ZAIEE o]
gt thgel 71F:A R okRERE S 0.5% H7EsE ASTALR,
2HZeUE 0.5% H718 SPXE, 282 ofreldEld A
HEUE 712} 0.5%% EFst H7ke ASTHSPRERE 7]
ZALgo ofxeRzt ) 2 Eurt At e 4 v AFE
2 A7VEe A AU Agel A" 29 FeE
Spirulina pacifica®t Astaxanthin® Cyanotech Ltd. (Kailua-Kona,
Hawai, USA)IA AZ2H30t AFAE Aze ¢4 2E A
BEQES 7] olgsle Euguz gy e & 74
AEYES AlERH Wt HEs] FAE A F, A2 AL
U2 AFE 39 30~40%°) sFshs S/FTE "kt A}
FE37I(NVM-14-2P, KOREA)E &5}, BEAIZTH Egul=
E2 432 37)(SMC-12, KOREA)E ©]-&3le] 217 3 mm =
712 A¥stgnt. -40°C AW EAZI A AZAIA, AR

Table 1. Composition of the basal diet (dry weight)

Ingredients %
White fish meal 54
Corn gluten meal 7
Wheat flour 25
Yeast 2
Vitamin mixture' 2
Mineral mixture® 0.5
Choline chloride 0.2
Squid liver oil 73
Carboxymethylcellulose 1
Cellulose 1

'"Vitamin premix (g/kg of mixture): L-ascorbic acid, 121.2; DL-a
tocopheryl acetate, 18.8; thiamin hydrochloride, 2,7; riboflavin, 9.1;
pyridoxine hydrochloride, 1.8; niacinm 36.4; Ca-D-pantothenate, 12.7;
myo-inositol, 181.8; D-biotin, 0.27; folic acid, 0.68; p-aminobezoic
acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003;
cyanocobalamin, 0.003.

*Mineral mixture (g/kg of mixture): MgS0,.7H,0, 80.0; NaH,P04.2H,0,
370.0; KCl, 130.0; Ferric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate,
356.5; CuCl, 0.2; AICL.6H,0, 0.15; Na;Se;0s. 0.01; MnSO..H-0, 2.0;
CoCL.6H-0, 1.0.

(Sieve)e o]g-8la] HF3l A7]e] AIER rhgsle], Al T+
ZA7EA] -20°C FE3e] BASIATH

ABlo] % ASBE)

3
712y Eole Al MiEAEE T STk dEAR F Y
AR o) (&7 BAFEA: 27.8 o= & 12709] 100 L YFFx

15 vl F292 A=A AlETFdES 4
G7g NHETE Tl o, ARSTE AHEaE AM-St 1-2
L/ming] f-do] FHHEE -0, B8 45 &
EokA GRS 48T ARS8 fste] ddlojaES AA
AT ALH A7) £ AF7|7E Fek 12°C oA 17°C
W97 AAfL o&algith AEALEE 19 23] (24 09:00
hel 2% 16:00 h) T8-35 s Al R 3F4AEE & 657

FREUT

2,

OlMEHE & EHEY

oJFeo AAE A4S flste] m2Feitt HA oFe] 74
g &2g5Ino, 6271 AEFF A T, olFe HE A
EAZ 28t Z4|&(Weight gain, WG), AHEAIF & (Feed
intake, FI), AFEA2F& S (Feed conversion ratio, FCR), Y744
& (Specific growth rate, SGR) % Tl 2 A 3§ -8 (Protein
efficiency ratio, PER)S Al4Fs1A

ol TAIE 243 AFol: BNL M grE 71
alad ZA} AIZ] F Z=A] 70°C AL YEo] RAsigith ¥
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@?"ﬂ/ﬂ ok olFE FARE
HE3qct. AEE of 1 g9 -2
PPH (1,1-diphenyl-2-picrylhydrazyl)
A g Bl *P%ﬂ?*-o«ﬂﬂ BAAR S ve Ak
g3t B3N TS 814 gk
SN0 A (methanol:water, 4:1, viv) F&71(CAT Homogemzer
X120, Germany)Z 14 %<t ﬂ"“ﬁ}o}c’i‘:} adst @ £gE
£ 1500 ul¥ eppendorf wbeZ &7 § U4 BE7|2 4°Ce
A 5000 rpm 22 108 e Q2 s 4ENL 045 pm
microfilter FAPZ1E o838t o4 stict. o3td Y&
Al eppendorf tube® &71 F- DPPH%—QE (0.1 mM)zH Al Ze
ol Z}z} 950l : 50 pl HIEE EEE & B3EEAZ 5]
oA 18 AR 107 50} =4 Q?i‘;} AE e
2418 E8t] AXE T (Sandoval et al., 2002).

Percent Inhibition = [(Ao-As)/Ao]x100(Ao: A-&5F%, As:
Aol E 517 nmolA Y E35)

AojA o) AubgR FEAL AOAC (1995) WHo wal 82
< /3‘%}7}%7&5@(1250@ 3 h), ZIEL AR (550°C,
12 h)oﬁ 524 o} u}uu 7<L<L ;].E zrﬂrun{{_@‘ 7] (Kejltec
system 2300, Sweden)i BAslon, A2 Folch et al.
(1959)2] el w2} Soxhlet &7 Z(Soxhlet heater system
C-SH6, Koreajol-g-3tod 413150t} FAEAE 918 2} zmhct
sulely o] 75 22 AEE1] tricaine methanesulfonate (MS-
222, 100 mgLy§H o2 ui A7) &, mi-guolx] S ¢k o}
<, Hematocrit®} Hemoglobin, ALT (alanine aminotransferase),
AST (aspartate aminotransfer asey®-241-3- 98l o]&-3l9t}. ALTS}
ASTEA-2 HAAYFEH-A 7] (Express plus system, Bayer, USA)
st EA83irt.
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ARAIES viAE $HEEA Y (Completely randomized

designyg A 1AL, A4 2 423K SPSS (Version 12.0)
Zg 3-8 o83} One-way ANOVAE E7) B4 =20,
oJg] #ko] F2l*= Duncan’s multiple test (P<0.05) H A
9t} HolEE Bag+ EEH K mean+S.D)2 ERNTH
WES t|o]ElE arcsine HE o2 Abstel B4 245}

dnt o 1#

AL A7) 677 Alada A8 F, AR W ofE
ZFN(AST) =3 E2HSPIVE H7HE AIRE 4438 072
AAE, A5, AIBAHE, ASASES, gansa
& 9 AES 2N RE AP FER F2)49l Aol Ho)
A ZATHP>0.05). £ A+= ALEH A4271(12-17°C)pll 4
AERoER APFL shoAe] AFHel o] HA g2
Ao 2 ViRt

Nandeesha et al. (1998)2 9ol & UL 3 4/f7ke] 2~
Aeut F7Has AEEE W 25-100% A7halr AR E,
WAL, ARES D DUARFE LA oA He)Hl
Zpol& WA FEaIQAT) Ed, 7 0]F9 oJojdlA Atack
et al. (1979y 7= Spiruling maxima & A& U H71e o
o vj] ool AAelA e oR WA vttty Bst
Aok 2, e X9 E ggod g AlETE A¥dAMe
2HEuUrt AL ) o2 50%713] A Fssltn Bas)
A2™ (El-Sayed, 1994), 2 oJFolA Ak daglol Al
E W 1% 29V Hrks 3kl sl Bl C
o] tiAkE FAANZ £ Joke FAAE] A3 2aE
(Nakagawa et al., 2000). ¥ oAM= AlE W) =9 E2)vE
YW FE(0.5%)E 7B, dA8 Aol opd A
719 AgEe] 2 Aot foFoR VepR] & o
ke, e, AvlEeve) 58 AdolE(Girella punctata,
Tor khudree, Pagrus major, Cyprinus carpio, Oncorhynchus mykiss,

r
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Table 2. Growth performance of fish fed the experimental diets for 6 weeks'

Diet WG (%) SGR (%)’ FCR FI° PER ° SUV (%)
CON® 43.90+16.61 0.77£0.28 1.45%0.52 0.70£0.09 1.52£0.48 60.0420.0
AST® 54.0243.25 0.54+0.10 1.97+0.32 0.75+0.03 1.10£0.12 84.4+10.2
Spt 81.66427.59 0.78+0.36 1.500.56 0.68+0.09 1.58+0.71 71121 .4
AST+SPI" 56.71%6.19 0.66+0.11 1.94+0.34 0.88+0.11 1.11£0.20 68.9+3.9

"Means of triplicate groups, values are presented as mean + S.D. Values in the same column having different superscript are significantly

different (P<0.05).

WG (%)=100x(final mean body weight - initial mean body weight)/initial mean body weight.
8GR (%)=[(log. final body weight - log. initial body weight)/days]x100.

‘FCR=dry feed fed/wet weight gain.

°F1 (g/g body weight)=dry feed fed (g)/body weight (g).
‘PER=wet weight gain/total protein fed.

'SUV=survival.

8CON=control group.

°AST=0.5% astaxanthin group.

1%SPI=0.5% spirulina group.

"AST+SPI=0.5% astaxanthin+0.5% spirulina group.
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common carp)3 23 B2\ E(spirulina platensis, spirulina
maxima)?l Wet 2 A7 ek & odgo] oldel ArA
E(Nakazoe et al, 1986; Keshavanath et al, 1986; Nandeesha
et al, 1998)0ll4 & = INom, APALES] 24| we} B
g dad F ASE ¥ T UATHAtack and Matty, 1979;
Atack et al, 1979). Y Eetdols tio g ¢ Ao e 2
Frobu] ko] AE<] vlE] 2 H(Methionine)t Tl AME-E S
A, 29 g8ue] o] &5 o) & ojFY AFES =Y
4= Aotz B E ek (Chow and Woo, 1990).

E Alr= 99 A-7ZE3H(Chow and Woo, 1990)S v}
S =2 Astaxanthin ©5 ¥ A3 gahete] &3 J7HpE A
SRR AT AR R EA FolHd Apolrt vefbA]
S ZM Astaxanthin®] ALR W 0.5%A7HE= A3 gl
2 A&X9t. 28)2 Rehulka (20008 FA7/M501E 0
2 84 7he] olEbE A HARE W 49.8 mgkg) R AL ES
4308} 2 Kalinowski et al. (2005y2 &0l ofx~elztel g A
7HAEE W 20-40 mg/kg)dte 2@ SA &, HolHH
&, 784 E 2 ARESON T AY BF 2 AgAde
T obTE o7t WElR] gttt SRRt of fle=
vlelel C9 s vhE-ste] BlERR] Co HokE 3K (Mortensen et
al, 2000 B3oH, o7 AxorM £ 2EdH 20 ek
At gRYot AEH 2 oigt Ay B atstasst
R 9TH(Mortensen et al., 2001; Goto et al., 2001; Chien
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et al., 2003; Pan et al., 2003; Winston et al., 2004), & A
oM BEEE BE AP FH Aol7t BEER &
SEAE oL ERREL HIFTOIM 84.4%, TIETOIA 60.0%E 1
ERASIT}

AR AR x AGAAET FABH] BE AFT A
oleld frel ]l 2ol & HolA] YT} (Table 3). EF AbEs}
ZrolAe] DPPH A& EA Ao Mm AEF Alojola &
92l 2}o)E Ho)x] ¢otti(Table 4). et AgolFe] 7+
DPPH Azl &/ &4 A3k, SPI ARTOA dR2THED £
DPPH &4 RS Btk Aksbdstols fejidel gigid
AL opubm B Apofre vre ~ngah} Hrtak0.5%)%
Ae2o] FFolek AT ASTS ALTE shte] 543
ofn|icAtollA] ThE oju| 7|2 Holshs A AP G4E0)
THChaplin et al., 1967). o] E45e] 4o dntdoz A=
FE oA 7] 71ES VERlE ARE A5 AT Y
RO R 52 ASTS ALTE BE3AE AN 2% 7 7)s
o] &4 e oF3lE ofn|grh(Pan et al, 2003). 7279 744
T ERRY 7 2 A3 dXFhs AR FEHoAH
{(Gibson and Barker, 1979), \dA}e] 34, It MFa &
T % Z4E09E X3 Fo At AEE o] ATH(Chanson
and Spray, 1992). ]9} #3} Pan et al. (20032 A-$-2 o)
Ao g g Fote] ABIT-FATNA o ERIR(71.5 meke)
of A7t A9 2 715e MANATE 2 ASTS

Table 3. Serological characteristics of fish fed the experimental diets for 6 weeks'

Diet Ht (%) Hb (g/dL)’ ALT (IULY AST (IULY
CON® 23.000.58 3.66:0.85 5.49+2.80 24.18+12.52
AST’ 25.95+1.34 4.03+0.66 8.34%3.19 69.14+41.08
SPI® 25.6943.66 3.7620.37 4.11%2.61 27.18£18.97
AST+SPI? 24.8645.47 3.95£0.35 6.48+2.89 32.72421.52

'Means of triplicate groups, values are presented as mean = S.D. Values in the same column having different superscript are significantly

different (P<0.05).

*Hematocrit.

*Hemoglobin.

*Alanine aminotransferase.

Aspartate aminotransferase.

®CON=control group.

’AST=0.5% astaxanthin group.

8SPI=0.5% spirulina group.

SAST+SPI=0.5% astaxanthin+0.5% spirulina group.

Table 4. Percent antioxidant inhibition against DPPH radicals in the experimental diets and liver of fish fed the diets for 6 weeks'

Diets CON® AST? Sp1* AST+SPP
Diet 33.2+53 59.4%13.2 37.0+6.2 34.4+16.5
Liver 41.7+£10.2 41.7£7.3 53.9+16.5 45.4+19.4

"Means of triplicate groups, values are presented as mean + S.D. Values in the same row having different superscript are significantly

different (P<0.05).

*CON=control group.

’AST=0.5% astaxanthin group.

*SPI=0.5% spirulina group.

SAST+SPI=0.5% astaxanthin+0.5% spirulina group.
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Table 5. Whole body composition (%, DM) of fish fed the four experimental diets'

Diet Protein Lipid Ash Moisture

CON? 66.28+2.28 8.68+5.94 15.06+0.40 76.86+0.74
AST? 73.43+1.72 9.52+2.62 14.11£1.75 77.27£1.07
SPT* 71.11+0.27 8.53+0.48 14.67+1.02 76.2+0.60
AST+SPI® 73.64+5.14 9.59+3.07 14.99+1.24 77.16+1.62

"Means of triplicate groups, values are presented as mean = S.D. Values in the same column having different superscript are significantly

different (P<0.05).

2CON=control group.

3AST=0.5% astaxanthin group.

*SPI=0.5% spirulina group.

SAST+SPI=0.5% astaxanthin+0.5% spirulina group.

ALTS| AHEAN BoFEQuh 2 Apore] dAiddnt=
Nakagawa et al. (2000)2] A7olA B Hfia Az
(Hematocrit, Hemoglobin, ALT % AST Ao &3h= Hol
Awk oA Zpol 7} 9129} FARHA UEPE o2 A, AR W
0.5%% EF1%2 22 v5 29 git ¥ ofxelid 7t
= Hematocrit, Hemoglobin, ALT % AST activity®] 37} §
= oR ABAL $ Ut dojal #4943 (Table 5),
W A 238 P SR o §o2 Y Aot gl
2 t}. Takeuchi et al. 2002y U eujold o2 ¢ 43
oA 2m g} F7NEE HFE olFA ZeE ol
OJEALEE A3 3 AFAMEY ZUIsIH, 23 TR W
& 7Hatvia Bustsit) o|efst ek & Ageirz v
23514 et} Jo}E tate 2 §F Nandeesha et al. (1998)2]
A e AlE U 2T Eey 7Pt E71E8SE oA 2A
ulo] ghepe fold o7 Ztade oz vehgor, s
Ao 2 & Nakagawa et al. (2000)2] A @PM = 2vge A
7F AbEL7} o}BALR ] Bl FE U A TS folHe
2 AN HTT Bt 99 d7AsE ds) & o), A
2 29EdY Z7ke olF Y AR AN F 90e A
oz gt Ty B Apeae] 2w A foFl
Zpol 7t UERUA] @& AL Ag7loxe] B e ATE
W Asre] AvEey A7z Q% e Alsdr

B AZARNE gokshd, v|E 48l E4E4 2 DPPH
A @ AN APAEE HFT AR ofelM obFd F
AAE B £ JAAY, s BFg e T A9E
gl}el olzERRE o] AR ALRE AT olFe] A A
DPPHA s &4 0] 5712 4 3le 7158 € BHAFAT maA
ol#lgt A3FS A3 detsly] HsiMe AFeridA B
opEt AA £ B} & AL W) MR A
2v0] Ao ag Ao AHHT

2 o

B 43 AR W 29 Syt okmeldde] At As
H Aeer) ga Hoje] AR 22 W sy ZaE

dolny] 9Jate] AU = 180mkEe] Xoj7] PR
FEEA, 27.8103 )= 3R E 179 xRl viAIEH
o}, 471 APAEE 7| AR E o83 tiRTe} 7| F2AMR)
ol ~ELAEIS 0.5% H7FS ASTALS, ¥ &2 VS 0.5% 37t
3t SPAIE, 183 okiebela 29 ESUE 7} 0.5% 4
E§sla] A7k AST+SPIREER AU 657H9] ARSA
8 3 A W 29EEue) ofaeirel S 7K A3 A

&, AR E, AE RS, B dHsta g, 8 ¢ Ho
ABA AgolA dlzTe vlawsled foH xpelrt glint.
A B EE 93 APALE S} 2HefA 2] DPPH A &4 &
HNAFIME BE AP Alololr] F2j22l xfolE HolA
ottt BEAAT A 23 2o Holx] eghA|Rt, A
g4 A7hrolM viz7RY £& DPPH Asi&y B3d< 1
o, HELL ofzEbatel H EFlA 84.4%, tETlAM
60.0%Z Rtk 2 A% A3, A8 i 29 8eue) okkEt
AR 0.5%F7E WAA Y 43 AREg, Y4, A
HE 5o Fgg vHA gk Zlo= AdHT

B A= 20059 % AlFhehn X9 7)< AE(TIC)AA
g 2 @A A FEEE] A AE
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