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Dietary Spirulina, Chlorella and Astaxanthin on the Body Color and

Growth of Red and White Colored Carp, Cyprinus carpio

Yi Oh Kim

Department of UR Interdisciplinary Program of Fisheries and
Oceanography, The graduate School,

Pukyong National University

Abstract

Colored carp (Cyprinus carpio) farmers are using the spirulina, one of
natural carotenoid color agents to enhance red color of this ornamental
fish. The farmers used to use expensive American spirulina but recently
cheaper Chinese spirulina and other coloring agents such as chlorella
and Carophyll Pink have been imported and available in the market.
However, there was no information available for farmers about the
quality of these coloring agents. Therefore, to get a proper information
about these coloring agents, a series of tests were conducted.

Two separate experiments were designed to achieve this information.
For the first step, comparisons of coloring effects of two different
origin of spirulina, cheaper Chinese spirulina and dear American one in
the diets (10% each) on the color of fingerlings of red and white
colored carp were tested. The temperature (21°C, 24°C, 27°C, and 30°C)
effects of the two origins of spirulina on the red color of the species

were also tested.



For the second step, based on the results of the first step, the effects
of 4 concentrations each of the dietary Chinese spirulina and chlorella
(4%, 6%, 8%, and 10%), and 4 different concentrations of dietary
astaxanthin (40, 60, 80, and 100 ppm in Carophyll Pink) were tested.
Growth rates, lightness, redness, yellowness of the fingerlings of red
and white colored carp were compared. Total carotenoid concentrations
in the feed and skin tissue of the fish were also measured. Finally,
economic analysis of the color agents were also compared.

The growth rates of the fish fed Chinese and American spirulina
under the temperatures of 24°C, 27°C, and 30°C were significantly
higher (P<0.05) than the fish reared at 21°C. However, there were no
statistical differences of growth of the fish fed Chinese spirulina and
American spirulina at same temperature.

The amount of total carotenoid in the feed mixed with 10% of
Chinese spirulina was 369 mg/100 g feed while that of American
spirulina was 384 mg/100 g of feed. The amount of zeaxanthin of the
former and later feeds were 6.12 and 12.7 mg/100 g of feed respectively
while those of astaxanthin were 06 and 156 mg/100 g of feed
respectively. The amounts of zeaxanthin and astaxanthin in the feed
mixed with American spirulina were significantly higher than the feed
mixed with Chinese spirulina.

The lightness value of the fish fed both origin of spirulina were
increased up to 6 weeks after feeding started and decreased thereafter.
While redness value and total carotenoid contents were decreased up to

6 weeks after feeding started and increased thereafter. Along with the



redness value, red color of the fish fed both origin of spirulina were
significantly enhanced. The redness value and total carotenoid contents
were not different between Chinese and American spirulina treated
groups. Therefore, using Chinese spirulina is much more economical
than using American spirulina.

The ranges of total carotenoid, astaxanthin and zeaxanthin in the feed
mixed with Chinese spirulina (4, 6, 8 and 10%) were 14.9~36.9 mg/100
g, 023~0.64 mg/100 g, and 2.57~6.12 mg/100 g of feed respectively,
while those in the chlorella (4, 6, 8, and 10%) mixed feed were 21.1~
585 mg/100 g, 0.0035~0.011 mg/100 g, and 054~1.13 mg/100 g
respectively. Redness value of the fish fed Chinese spirulina and
chlorella were significantly effective by 6 weeks after feeding. The
amount of total carotenoid, astaxanthin and zeaxanthin in the feeds
mixed with 40, 60, 80, and 100 ppm of astaxanthin (in the Carophyll
Pink) were ranged 43.0~106.5 mg/100 g, 45.4~101.7 mg/100 g, and 0.6
8~1.76 mg/100 g of feed respectively, Redness value of the fish fed
dietary astaxanthin were significantly effective within 2 weeks after
feeding. The effects of astaxanthin is much faster than that of the
Chinese spirulina and chlorella.

There were no statistical differences on the growth and feed
efficiencies of the fish fed 4 concentrations each of the Chinese
spirulina, chlorella and astaxanthin.

There were no significant effects of dietary Chinese spirulina,
chlorella, and astaxanthin on the lightness and yellowness values of

treated colored carps. The total carotenoid concentration in the skin



tissue of the red parts of the fish fed dietary Chinese spirulina,
chlorella, and astaxanthin were increased up to the second week but
decreased thereafter. The redness value of the Chinese spirulina and
chlorella treated fish were decreased up to 6 weeks and increased
thereafter. However, the redness value of the astaxanthin treated fish
was continuous increased from the second week. According to these
results, astaxanthin in Carophyll Pink was the most effective on the
enhancement of redness color of red and white colored carp among the
treatments. There were no statistical differences of redness value of the
fish among 40, 60, 80, and 100 ppm astaxanthin treated groups.
Therefore 40 ppm of dietary astaxanthin was the most economical for
the coloring of red and white colored carp. However, if high redness
value of the fish is needed within 6_weeks, 100 ppm of dietary level of
astaxanthin is required.

The price of Chinese spirulina for 1 kg of feed mixed with 10%
spirulina level was 500 Korean Won while that of American spirulina
was 5,000 Korean Won. Also the lowest price of Chinese spirulina for 1
kg of feed mixed with the statistically effective percentage (4%) was
200 Korean Won while that of astaxanthin (40 ppm in the Carophyll
Pink) was 120 Korean Won. Therefore, 40 ppm of astaxanthin in the
feed was the most economical for enhancing redness color of red and

white colored carp fingerlings.
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o7 x|} A gnf A FFS T MAZEE carotenoid, melanin,

rr

flavine % purine 5°] Ut} ©] F carotenoidi= A Ao de HEEF}
AMagA, AE B H AR YsiAnt A o7 AA I
el 7H Wol AREH AL ATHA &, 2006b).

oo AME HFHSHE carotenoid® Fret AW A Solidol o
A AAEHARIG, ey o729 carotenoid Al B == tiFE grslA 3l
A e AARolt(sl F, 1993). 71 & HTYo o] ## A zeaxanthin©]
adonixanthing 7 A astaxanthin® 2 UJAL= L} luteine a-doradexanthin
7HA R QAL o] Foj vk BaiZb Qlul(Hata and Hata, 1975, Hata and
Hata, 1976).

Hgdoje & ofFet up7lA & Aol A carotenoidE T
glol o =5E AFsiol vk Azl H7betol A&StE 1E carotenoid
2+ astaxanthin, canthaxanthin®] AF&% 3 ¢loW XA carotenoid® =
Phaffia rhodozyma, Agrobacterium aurantiacum, Chlorococcum sp.,
Haematococcus pluvialis, Chlorella zofingiensis, Chlorella vulgaris,
Spirulina platensis 5°] AF&% 1 9t (Gouveia et al., 2003).

Hgoe] AME JfAetr] g HHo = vEYol(Hancz et al, 2003)
o} %91 (Gouveia et al, 2003)E o= HIE ¥ Qo F23 Z
Aol BAE F5(Carassius auratus)’E o2 A9 e vl 3 tHGouveia
and Rema, 2005). 183 $-glugt 3175520 ZHA 5ol (Rhodeus uyekii)®]

A 9 carotenoid H7bel| wE A oS ARG AF7F lom (A



5, 199 7 &, 1999b), =7t 2D spirulina 77V 28 (Coreleuciscus
splendidus) 33 e wX= JFFS TARSE AF7F JoHAH 5, 2006b).
v ZAAA] TR R oER, A 7R 3 o] dEA HA gt
Yet A 7% etal, Awity ZAA g depA TR S s AT A2
H7F DA sk e Aot

A HGgole] A BpHEste] Fr AFHIL e AAA TR
spirulina, chlorella®} astaxanthin®|t}. Spirulina®] 52 carotenoid A+
B-carotene, zeaxanthin ~1#] 3 myxoxanthophyllo]™, 1% zeaxanthin<
H e o] Zufo) Wt AlS HArgstA skl E3AHoleta B oHk gle
™ (Matsuno et al, 1979), HEo] o] ZHax =z Ho] AL o
™ zeaxanthin ¢jol Tz FHAolu]ieil BIEHR B wyZe] FH-51
(Nandeesha et al., 2001), &3}, S57F & Ho] ofFolA &3 Tz
o7% 4#HA drhBecker and Venkataraman, 1934).

Chlorella®] =8 carotenoid A2 a-carotene, B-carotene, neoxanthin,
lutein, violaxanthin, antheraxanthin 28] 311 zeaxanthin®]™, equinenone,
hydroxyequinenone, astaxanthin 123l canthaxanthin®] A% 3 7}% 9]
A tHGouveia et al, 1996). Chlorellax T4 71%01(Oncorhychus mykiss) ]
<53 A (Gouveia et al., 1993), #5(Pagrus major)e] A Al (Gouveia
et al,, 2002) 18]a F@olet vHiEYdole] A (Gouveia et al, 2003; Gouveia
and Rema, 2005)e] =4 g7} 9lom A ZAMAREE =2 371 9l
= Aoz ¢HA JdH(Wang et al., 2006)

Astaxanthin 7, 7IA AZ =25 H FZF% & carotenoidAd Aol dF
o w AlgYo], %], &, dol, Fo, AF B A SO AMS FA
= E2242 d#x vHNo and Storebakken, 1991; Tejera et al., 2007).

Katayama et al. (1973)l 2]} H]E oo A= zeaxanthin> astaxanthin
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o2 AkstE| ARk B-carotene< astaxanthin® @ A8} x| 931 astaxanthin
= "ol Aol nt= AR stk webA astaxanthing o] &%
HgbJ oo} w80 2 AFo] o]Fox 1 9tHGouveia et al, 2003).
w3l astaxanthine &M AHAE oA AY AHMNAE AASE 7]
ol g Foe A5 235 BRuEI JdH(Winston et al, 2004, 7 &,
2006a).

Hgkoloj o] A MS 743137 Y8l spirulina’t E3A < Ao® HI
o] 7] wjEo (Matsuno et al, 1979; =}, 1999), d+=re] H|Trd o] U2 o]

ZFEXE Hldgdo] Sl wmials oS AwekA sh7] 918l HA carotenoid

>

WA QN spirulinas Weol AFE3Ial k. ZI# Lt spirulinae 7o Y
AFOZ2 AlS ZAHlo|A B2 HES AA|staL o] FAl Bjd oo =

A AAES FHAN A F Bule] dirol Paste

A FHoA7tE] AMESE spirulinase FlFAMY oA FOFERE A
23t3 Q3 mEALS F2Ae] H|E) 108] BB JtAoE SEEHT 9lx
AAA AZFe] glo] v HFAS Agsts Ao de wdE g
Faakg 2e FAojZhe wol mEol odl g® wa mi Ao ¥ W

Q38 wEbA F=rAk(spirulina powder made in China, SMC)3} o] =4k
(spirulina powder made in USA, SMU) spirulina®] #4 & 3= H]ustal

EH LS Feo mE A4 Ew % AANE B, vuss] Astel A

a3 wsAaket FAt spirulina®] 2 Bl A Fel o] F4t spirulina
(SP)¢} chlorella (CH) % astaxanthin (AS)AlE 2] A2l carophyll pink
o] M gyE v|wEa 3 o] wrE A gy 2 AAAS B4

Hlatskr] ffste] dde AAIsHAT
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1. Spirulina A &4
7b Ago] 2 ALS #e
wgele] Fu Aol FAREYSAA TN FR ALY HolF A}

3l o, Ag AlZF 25 Aol 2 21TCAA F 2470¢] 100 L 5268 x 45

x 32 cm)ell vlgo] x|ojE zZ}zy 25mpE|¥ 8l whulE 509, A&

7%921 AlFAIRE wd 33](09:00, 13:00 28] 22 17:00) "HE FF3tHA o

Hl Abgstadth A Al Aol 24239 oA oH] A Fold F 600

e F 2717k #AE A 200h M S o2 Aetel AFE ZAHa
A

A8-S Astdh 21T, 24C, 27T Z@la 30T 4709 23 Z 29
A Z47b 3k 9 u a4k spirulinaE #H 7R 2709 A9 AR R F 8719
3o g AS #E aglow, A3 Alse wid 33](09:00, 13:00

91700 AFol7l We wix £ow ARE WA Fu 857 A%

St E 21 L/ming W&=2 Fgste] uld 378% $staon, 72t 29
Tz doAxES AAE 715 T8 FHd FAGFig. 1).
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e AgT
6.8 mg/LAo™, 24T ol A 7247t 83 2 72 mg/L, 27CT A 77} 83
264 mg/L, 1e]3 30T AFTelA 242 83 % 59 mg/LAt

o

i pHSF §&& =& 21CTAM 77 83 H

ul

Y. 438 A5 A

A Abg A Ze A BEE o] BAALE Y F3AF spirulina (Wuxi

ol

A

X
2

Jinling Tower Limited Company, SMC)%} 1] spirulina (Cyanotech
Corporation, SMU)E ZtZ} Al FA19] 10% HI &2 Z9 Fo] Alge]| &
222 F AxAA Agagon, A9 Ane] WAL 9] 98 2% 7
Aoz Mg A% Ans ARste] Aztel 4

t}(Table 1).
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Fig. 1. The semi-recirculating system used for the experiment of

two different dietary spirulina under four different temperature

conditions.



Table 1. Composition of the experimental diets used for improvement of

body color in red and white colored carp

Group

sMc! SMU”
Ingredients (g)
White fish meal 50 50
Wheat flour 20 20
Squid liver oil 8 8
Soybean oil 20 20
Vitamin premix 1 1
Mineral premix 0.5 0.5
Vitamin C 0.25 0.25
Vitamin E 0.15 0.15
Sub - total 100 100
Added amount 10 10
of spirulina
Total (g) 110 110
Total carotenoid (mg/100 g diet) 36.9 384
Astaxanthin (mg/100 g diet) 0.6 1.6
Zeaxanthin (mg/100 g diet) 6.1 12.7

1Spirulina powder made in China.
ZSpirulina powder made in USA.



. A2Exol= B4

A& AlE W total carotenoid (TC) &% =AHS s 52 A%

rob

Al
ol Macbeth (1972) % Hong et al. (1997)2] ®#Hel w2} acetone?} methanol
S 112 g &9 80 mLE 7tste] 602t sonicationste] FE3gF TF
o, 919 &S F7Eeto] 100 mL7b ¥ =% stk L &< 100 mL Sl
A 50 mLell #H3dte] 75 g KOHE 7hate]l Fi3] HIFskrlzl & 10
NaCl, &5 g3l etherg Zt7F 50 mLA T4 o2 7hstal Fi3
oto] MAa ZZ S ethyl ethers o2 o PAZH. of 7o A FHFE
100 mL=Z 33 ¥H&E3to] FASAL NasSOs=Z ©€TA1Z1 & 40T o] 3ol A
2} T3] UV-spectrophotometer® 447 nmollA] v A A=At o]
TCY &3 A4 (Coefficiency) E(447 nm)¢l 2,030(-& " ether)S A}-&-3}o]
otz o] AA o2 TC =S AXtstATh

o
di S

Lh)

o

Total carotenoid (mg/100 g) = OD x Vol x 107/E x Weight of tissue (g)
& OD = &3 % (optical density)
Vol = petrolium ether 10 mlL
E = F3A5= 2,080

Astaxanthin® &4 WS ¥ 3F astaxanthin (Sigma, USA)<S toluene:

MeOH (1:1, v/v)ell ¢ HPLC o]&/o = 3]43ste] 1, 3 18] 4 ppm
o] e At AEFAS AUTHFig. 2). Astaxanthin®] A& #4245
#13l Chen et al. (1982)2] ¥WHS W3 slo] Table 29 22 7oA &4

< AAskA T
Zeaxanthin®] 4] WHE ¥ 3F zeaxanthin (Sigma, USA)<S toluene:MeOH
A

(1:1, v/v)ell =9o] HPLC ols/o= 343te] 1, 3 123l 4 ppme| &
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Absorbance units
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- Y = 0.0640X + 0.1786
(R*=0.9943)
20 40 60 80 100
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Fig. 2. Calibration equation for the analysis of astaxanthin.
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Table 2. HPLC condition for the analysis of astaxanthin

Analysis instrument HPLC (Waters 600E)
Column Zorbax Eclipse Plus C18
Oven temperature 40°C

Mobile phase flow rate 1 mL/min
Wave length 485 nm

Mobile phase methanol, ACN (acetonitrile), ethyl acetate
(65:32:3;, v/v/V)
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Y = 0.1787X + 0.2629
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Fig. 3. Calibration equation for the analysis of zeaxanthin.
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Table 3. HPLC condition for the analysis of zeaxanthin

Analysis instrument HPLC (Waters 600E)
Column Zorbax Eclipse Plus C18
Oven temperature 40°C

Mobile phase flow rate 1 mlL/min
Wave length 449 nm

Mobile phase methanol, ACN (acetonitrile), ethyl acetate
(65:32:3, v/v/v)
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AT 2AE 98 TC §F Z4 el de) AdF vwgel £9 X

al. (2003)e] WHo] wel SH-Ye wWitA ¥ 3E AMAA(Chroma meter,
Model No. CR-300, Minolta Camera Co., Japan)E o]&3lo] =A)

H

o

(lightness, L), M % (redness, a) ¥ &4 % (yellowness, b)E 395 =

shitt.

up. FA A g

A3l 57 A= one way ANOVA-test= 2 A)6ke], Duncan's multiple

range test (Duncan, 1955)= H#3te] Fold A5<S st zze A3
A

Q49 A 24 A3 7ke] ke two way ANOVA-testZ IS
=

A B8 SPSS (SPSS Inc., 1997) program< AF-&

off
ol
£
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2. ZAA FHE, v=4E A4 4F
7b Aol R AS #T

Alggo] Aoj= FAREUFHEAT LA TR At AolE AHEst
Ao, A AZ 25 el & 27CAA F 26719 100 L 268 x 45 x

32 cm)oll Bl o] o= 25utE]H =gete] Al o] BAAALEE v
2 33](09:00, 13:00 28] 3L 17:00) HE FFetHA dH] ASsi o, A

@ A& Aol Ztzbe] Fzol A du] AL FolW & 650mbe] F 77
A

HETE WEse] M BF W SEUE 5 1349 JPTE 208
=

o7 A gEsten, 43 Algs #d 33)(09:00, 13:00 123 17:00)
A7t HE i o2 AARE 9F FH 857 A&

AR AA e v o3k Ao =R Jle] Aot 2679 HE 2
2 FAHENL A sxdAdirs HEE AL8stel 4 100 L 48 =
of 2 L/ming] W& 2 £o] £HHES ZeFAY. A AY7E AF Fx

2 x 1 x08mele stdTE 69 L/ming Hl&=2 353t ASF71F )
o 206% FFatgon 7z AF Fxd do]AES A dojy o)
3 FATH(Fig. 4).

AE el 27CE fASY e, Hi pHe £F2A yu= 717 83

2 6.4 mg/LA T}

U A3 Als A F

AY A EE T IR A&t T AAREA AREE ol
T4 AMRE ARt e, of7o T4t spirdlina (SP)E 747t 4% (SP4), 6%
(SP6), 8% (SP8) % 10% (SP10)& #H7tste] Az A9 5E4& chlorella
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(CH)E Z+ZF 4% (CH4), 6% (CH6), 8% (CH8) % 10% (CHI10)E #7}sh4
A F ko] A %38k th. Carophyll pinkE 22 400 ppm, 600 ppm, S00ppm
2 1000ppmS @7beke] AlFzsE AFt=E UFATh o] carophyll pinkell =
astaxanthin®] 10% %o 912 2 carophyll pink 4 8-+ astaxanthin
(AS) 5%=24 Z+7ZF 40 ppm, 60 ppm, 80ppm % 100ppmo. 2 3% 7]3F3 T}

Carophyll pinke ZHEoA = Hx] gon=z 60T oo AL &

=

gol @hs] wel Fol Aol AR, 74 AP AR WAL 3]

ﬁd
on
_EAQ

o]
Aal 25 AR HEE AP ARE AFsto] Alte]

o} w A A tH(Table 4).

Y. A2Exol= 84

A8 Atg W TC, astaxanthin 2 zeaxanthin 3% =42 99 spirulina

Aol AolE 200ke) Y £ F e wEgo] T Ao} F 1300tz

F 50ntelE TR R FEE) Foll= 25 44

o7 AFE AR T sl AA AFTS A, I T Y= 5mtg
=

& 249 F e Ageld A

Fo)
)
B\
ol
il
2
|o
H
i1k
jaii)
<a
_t

TC &3 =248 49| spirulina AEHY, = 24 Ao Wy &
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ol

Sl Hlojo] HoemMe] A (ME)E Skrede (1987) 2 Gouveia et
al. (2003)¢] Wl we} FH
Model No. CR-300, Minolta Camera Co., Japan)E ©]&3lo] =AY

)
1o
nE
=
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Fig. 4. The semi-recirculating system used for the experiment of

three different color agent and four different concentration conditions.
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Table 4. Composition of the experimental diets used for improvement of body color in red and white carp

Group
Con.] SP SP SP sp CH CH CH CH AS AS AS ) AS
O o2 6%° 8% 1097 4% 6% 8%  10%° 40 ppm' 60 ppm" 80 ppm'’ 100 ppm”
Ingredients (g)
White fish meal 50
Wheat flour 20
Squid liver oil 8
Soybean oil 20
Vitamin premix 1
Mineral premix 0.6
Vitamin C 0.25
Vitamin E 0.15
Sub-total 100
Added amount
of color agent 4 6 8 10 4 6 8 10 0.04 0.06 0.08 0.1
Total 100 104 106 108 110 104 106 108 110 100.04  100.06 100.08 100.1

Total carotenoid(mg/100 g) 2.3 149 233 298 369 2198 _36:0a. 468 58.5 43.0 63.3 78.8 106.5
Astaxanthin(mg/100 g) ND. 023 036 052 064 0.0035 0.0058 0.0085 0.011 45.4 66.0 72 101.7
Zeaxanthin(mg/100 g) N.D. 257 363 525 612 054 062 0.78 1.13 0.68 0.94 1.35 176

iControl Spirulina powder 4% made in China. “Spirulina powder 6% made in China. ‘Spirulina powder 8% made in China.
°Spirulina powder 10% made in China. °Chlorella powder 4%. ‘Chlorella powder 6%. “Chlorella powder 8%. “Chlorella powder
10%. "Astaxanthin powder 0.04 g. " Astaxanthin powder 0.06 g. 2 A staxanthin powder 0.08 g. Y Astaxanthin powder 0.1 g.
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m 2 3

1. Spirulina AEHE, F<4¥ A 53
7}, FIEEH xol= $HF

8F kel AbS AE 7|z
315 Fig. 59 YERdch A3 %719 total carotenoid (TC) -2 10.39
+0.29 mg/100 go] Attt F=AF spirulina (SMC)S & 53 v o] 209
254 Bt TCF 21T, 24T, 27C 2 30CTolA Z+2 39, 36, 4.6 2
48 mg/100 go2 a7k Qe (p>0.05). 454 Hyt TCFS 21T, 2
4C, 27C 2 30CTolA zZ+2zh 25, 20, 24 2 26 mg/l00 g2 27}
At 654 B TC#L 21T, 24°C, 20C 2 30C Tl Zz+ 2.2, 1.8,
14 2 1.6 mg/100 go 2 Fox7F gldeh 854 it TCH2 21T
A 298 YESda, 24T, 27C R 80C T4 &2 21, 21 2 20
mg/100 g& e} 21 CH7F 24, 27C 2 30CF+HE T TCgol 93t
A =gom, 24T, 27C 2 30CT Atolodl= #2471 ¢ldth.

vl = 4E spirulina (SMU)E 358 @Yol Xole] 254 Ha TCH-S
21°C, 24°C, 27°C 2 30CTolA 247} 44, 41, 51 2 54 mg/100 g& =
oz 7F QAT 474 Hit TCa2 21T, 24°C, 27C 2 30C oA Zhzt
31, 23, 27 3 25 mg/100 go & FoAr7t flolth 6574 H TCaS
21°C, 24°C, 27°C 2 30C T4 z+7} 24, 26, 1.9 2 1.8 mg/100 g& =
o) A7k Atk 8F A HF TCFE 21T olA 318 YeErAda, 24T, 2
7C 2 30CToNA 77 25 25 2 24 mg/100 g e 21T 7} 2
4C, 27C 3 30CHHY TCgkel FolstAl E9kom, 24C, 27C 2 30T
T Abelell = frel A sl

oF Hlgke]o] Wl X0} 9] carotenoid &% WH
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T2 A 7|3kl AFEglol T4k v =Ab spirulinas FE e A A

. T 24TCAA FoAE spirulinags FEE AEFe AS 6574 7A
TC#ol #asttdrt 8FAjol gho] ol i, vl =14t spirulinaEs &5 2
F9 B¢ TCzrol 6F7A A kel Eolithrt 8FAol ghol v Hoj
AEs B

g 25 A sk 8FA A TCHEZ T2 Aol o3 FFS o, 43

A

[

>

8F A ol A &= spirulina AlEAFell gk g FnES wkokth ywx] Ay 7)z7F
e TC#L 29 spirulina AFX 2+ZH9] g3FS R @row,

RS

T2 9 spirulina AF 2ol o8t Fo 28 GA| AFS WX Fdti(Table 5).
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Fig. 5. Total carotenoid (TC) concentration of juvenile red and white
colored carp fed diet of two different origin of spirulina, China (SMC)
and the United States (SMU) under 4 different temperature conditions
for 8 weeks. Values (means * SE, n = 15) with different letters in the
same week are significantly different (p>0.05).
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Table 5. Effects of temperature and dietary spirulina on the total
carotenoid concentration (TC) of juvenile red and white colored carp
analyzed by two-way ANOVA

Feeding Weeks

2 4 6 8
Temperature p<0.66 p<0.99 p<0.92 p<0.49
Spirulina p<0.38 p<0.78 p<0.31 p<0.04
Interaction p<0.94 p<0.34 p<0.63 p<0.99
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6, 7 2 8o YEFATE A& Z7]o WA (lightness, L), &4 =(redness,

62.243.28, 9.64+0.63, 25.31+2.41°] 3\ t}.

i)
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Ji

a), 34 % (yellowness, b)& 7

Z = 2b spirulina (SMC)E &Fa3 HlgJo] Xojo] 2574 Hr Lk
21C, 24T z28]la 30CTolA 242 624, 672 283l 6712 vEY 24T
o} 30CT+7F 21 CH Rt fFoatAl = RATH(p<0.05), B+ 6359 Lits B
Q1 27T e= Aozt A 454 He Lk 21T, 24T, 27C zg|x
30CToll Azt 66.0, 71.9, 69.3 TLE AL 704= e, 24TC 7 21 TR
FoetA =RAN 2 AT AbolelE zbolst fIith 654 Hd Lk
< 21T, 24C, 27C 2 30CH A 214 7.7, 709, 719 & 7012 F=t
7 ATk 8F A Wt Lt 21T, 24C, 27C 2 30C 7oA 47 66.8,
65.4, 64.2 2 6542 Fo 27k A tH(Fig. 6).

v =4k spirulina (SMU)E 353 HEAJ o] xoje] 254 A Lk
21°C, 24C 283 30C o4 242t 64.0, 684 122l 68002 YERY 24T
o} 30C+7F 21 CH Rt frofshAl =%em, Har 6519 Laks 2l 27T
TFob= Aoz YTl 45 Ha Lk 21T, 24T, 27C 2 30T oA
747y 685, 70.3, 67.6 R 68.1%= frolA7b glodth 6574 W Lite 21T,
24°C, 27C 2 30CToNAM Zrzt 68.2, 69.7, 69.4 % 6722 o A7F ¢lALh
8FA Hat Lk 30CTolA 652, 21°CFollA 6072 YER 30C+7F 21°C
TR Fo8HA =gton, 24Ce 27C 9 HiF Lit2 47 6437 616
o= Zpol7k flodTh

Aol olFoxl FI} AP Vel Adugle]l FHAI w=AE
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spirulinag w3k A& Alolo] Lk Abol7F gl

e
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ol A 4FA7b A Likel F7kstart 657/ 58 ol #Zasdith ¢
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Fig. 6. Color parameters of lightness (L) value of juvenile red and white
colored carp fed diet of two different origin of spirulina, China (SMC)
and the United States (SMU) under 4 different temperature conditions
for 8 weeks. Values (means * SE, n = 15) with different letters in the
same week are significantly different (p>0.05).
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Table 6. Effects of temperature and dietary spirulina on the color

parameters of lightness (L) value of juvenile red and white colored carp
analyzed by two-way ANOVA

Feeding Weeks

2 4 6 8
Temperature p<0.01 p<0.01 p<0.34 p<0.24
Spirulina p<0.13 p<0.24 p<0.01 p<0.01
Interaction p<0.99 p<0.53 p<0.77 p<0.13
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ZT =4k spirulina (SMC)E & w3k Hldd o] Xojeo] 254 Ht agt> 2
1T, 24C, 27C ¥ 30C A@dFNA 247 91, 90, 92 = 88= A7}t
AATH 4FA HF agk 21T, 24T, 27C 2 30CHolA 27 86, 84,
80 % 872 uYel, 30CT7F 27CH B} FoaA EdAT e 2
T Abelel &= zbol7b §ldth 67 A Hit agke 21C, 24T, 27C 3 30CH
|4 z}7b 85, 85, 9.0 ¥ 81& YEl, 27CH7F 30T+ Rk fo kA
XA e AT Abolel= Atolzh gLtk 8F A H agte 21T, 2
4°C, 27°C 2 30CHFolA z+z 93, 116, 9.3 2 99& Fol 27 fl A thH(Fig.
7).

nl =4k spirulina (SMU)E & g3k HE Yo} Xojef 254 Hd agta
21T, 24T, 27°C 2 30ColA zZ+zk 95, 9.1, 96 2 10022 &9x171 ¢
Aok 45A HFTF agkS 21Ty 24T, 27C & 30C oM 2+ 87, 84, 89
2 912 yeh, 30CT7F 24T+ Bt Fo A =%A T o2
B foArt gl 654 B agte 21T, 24T, 27C 2 30CTolA 2z
7} 87, 83, 89 B 88% Fx7F AAUTE 8FA A agtE 21T, 247,
27°C 2 30CT oA zt7 104,105, 136 R 11302 folx7F ¢l

T3} vl Al spirulinas &5 A Alole] A agkS 254 30
CTHA T4 w2k AE 59 agrel 242 88% 10002 Foxk7t
AN, 4574 27CTNA Fx2ka) w4t A9 agke]l 22 807 89
2 FAIE AaL, 8FA 27CToNA Fak vk AE o] aghol
747y 933 1362.% frola7h dlow, umAl & 2 AF 7)1t g

7}
o] F=Aa v Ak spirulinaE 3H 3 AP AtolY agke zolrt ¢l

2

Hir

r l
33

o

Fe 200 30CTol A FFAI WFAY spirulina® FHE AAT
A%, 65 AN agte] Rastehrt 8 Aol Gl wobAth & 27T ol
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A FAk B A spirulinaE FE e AT A, 4FA A aghol
sl 67 Al ghel EobAth £ 24T oA F4E spirulinas
ek AdFoANME AFATMA agke]l Zastthrh 65 A0l Fhol smobxlaL,
v 4b spirulinaEs Fw e A FolA = 67A7MA agkol AT 8F
Aol =obxltt.

AFA N = F227F agkel FEFe Wz ) 259t AF A=
spirulina AF2H7F F3Fe wHT yHA AF 7 9 agte £
R spirulina AF2F Zzbo] o F JFS A @ker, ¢ B spirulina
AFAL o3 o ztg A FFS A F okt (Table 7).

TC =3 A% agks T & o, & 2 A88 =343 v=
Ab spirulina A7} AFR9] TCZEE 242} 369 mg/100 g3 384 mg/100 go] L,
zeaxanthingk< 6.1 mg/100 g 12.7 mg/100 g% o™, astaxanthingt< Z+
Z+ 0.6 mg/100 g¥ 1.6 mg/l00 gl & TCF S H|S=F A 7 zeaxanthinT}
astaxanthin &2 T4kl Hl&l] vjs4ke] Zyz} 2¢f 25v] A= =94t
gy v ole aghkdt TCFrollA | 2kl & Hol#] gfo} AtmW TCH,
zeaxanthin 13 1l astaxanthin@te] Z2F 36.9~384 mg/100 g, 6.1~12.7
mg/100 g, 1¥]3L 0.6~1.6 mg/100 g2 WA= nldgoje] AMs A
AA7I= " AFEZE Aol Sl

T 21~30TC WA T3 ml=4t spirulinag 10%% H7Fg A

58 FFAYL W, AR FH F aghdh TCHol 4~67A AbololA ol
A,
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Fig. 7. Color parameters of redness (a) value of juvenile red and white
colored carp fed diet of two different origin of spirulina, China (SMC)
and the United States (SMU) under 4 different temperature conditions
for 8 weeks. Values (means * SE, n = 15) with different letters in the
same week are significantly different (p>0.05).
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Table 7. Effects of temperature and dietary spirulina on the color
parameters of redness (a) value of juvenile red and white colored carp
analyzed by two-way ANOVA

Feeding Weeks

2 4 6 8
Temperature p<0.56 p<0.03 p<0.10 p<0.55
Spirulina p<0.02 p<0.01 p<0.25 p<0.10
Interaction p<0.39 p<0.06 p<0.23 p<0.18
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Z =4t spirulina (SMC)E & w3k HlE@Jo] Xoj9o] 2574 Ht bk 21T,
27C 2 30CTolA Z+2 216, 234 2 1772 e 21C9 27CT+7) 3
0CT Bt folatA =ghAw, Bt 21.09 bgte RSl 24T 79+ Foxt
7b ek 4FA ik bk 21T, 24°C, 27°C 2 30Tl A 2k 220,
196, 181 % 1528 Yeh 21CT7F 30C+ Euh FostA =kArt &
AdTok= Foa7E fldoh 654 @ bgke 21T, 24T, 27C 2 30T
Tol A Zbzb 259 21.9, 200 2 1752 yEhY 21C9F 24CH7F 30C T+ B
otk frolst Al E=dAIN tE AdTeE fFoAvE Al 8FA bk 2
1T, 24T, 27T 2 30CTolA z+zh 254, 262, 215 2 2272 2271 Q
21 tH(Fig. 8).

nl =4k spirulina (SMU)E & w3 HHEYo] xojo] 2% Hit bt
21°C, 24°C, 27C 2 30CTaAN ZZ 252, 247, 245 2 2182 A7}
AT 454 FF bt 21T, 24T, 27C B 30CTFolA 2z 276, 227,
233 3 2102 Yvety 21CH7F 30CEE e atA =A™ & 4+
o= FoArt it 65 A Hat bgk 21T, 24T, 27C 2 30T ol A
Zkzy 252, 24.3, 238 R 226°.= oAk gidlth 854 W bt 21T,
24°C 2 27C 2 30CTolA Z+zF 295, 242 2 3112 e 21T 27T
T7F 24CH By FolshAl =okAN, At 27.09] babs HQl 30T T 9=
o) A7E st

T2k v =4k spirulinas FE S AP Aol Hit bk 254 30T
TFoll Al Tk m=Ake] bgkol ZHzb 1773 21.8= oAt ARl aL, 45
A 21CeE 30CTAAA FoAk wsAke] bgkel ZH7h 220, 27.6% 152
21002 F927F 9L, 657 27T 30T T4 Sk v=ake] b
grol Z+z+ 200, 2383 175, 22608 F9Jx7F A, 8FA 27°C Tl A
Sk m=ake] bgkol Zhzh 2159 3112 FoA7E dlew, YA
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Fig. 8 Color parameters of yellowness (b) value of juvenile red and white
colored carp fed diet of two different origin of spirulina, China (SMC)
and the United States (SMU) under 4 different temperature conditions
for 8 weeks. Values (means * SE, n = 15) with different letters in the

same week are significantly different (p>0.05).
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Table 8. Effects of temperature and dietary spirulina on the color
parameters of yellowness (b) value of juvenile red and white colored

carp analyzed by two-way ANOVA

Feeding Weeks

2 4 6 8
Temperature p<0.02 p<0.01 p<0.01 p<0.35
Spirulina p<0.01 p<0.01 p<0.01 p<0.01
Interaction p<0.62 p<0.84 p<0.10 p<0.01
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HAow 245o s A
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n{u
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o
ol
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o
o
=

AAEL Foato] 9SS AL spirulina Al 3

A gkttt w3 4= 2 spirulina Al F b o3 AE G FA] AHE
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Table 9. Weight gain of juvenile colored carp fed two different origin of

spirulina under 4 different temperature conditions for 8 weeks'

Temperature

0 Spirulina Weight gain (%)
sMmcC? 24.1+0.27
21 ,
smu* 23.8+0.73"
SMC 35.4+1.35"
24
SMU 35.0+0.94"
SMC 33.2+0.81"
27
SMU 33.2+0.41"
SMC 35.0+0.75
30
SMU 35.9+1.12"
Two-way ANOVA
Temperature p<0.01
Spirulina p<0.23
Interaction p<0.97

'Walues (mean + SE of three replications) in the same column sharing a same
superscript are not significantly different (p>0.05).

100 % (final mean body weight - initial mean body weight)/initial mean body

weight.

3Spirulina powder made in China.

4Spirulina powder made in USA.
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Table 10. Feed efficiency of juvenile red and white colored carp fed two

different origin of spirulina under 4 different temperature conditions for

8 weeks'
Temperature Lo .. 2
0 Spirulina Feed efficiency(%)
smc? 73.7+1.99™
21
sMu’ 69.8+2.31
SMC 75.4+2.80
24
SMU 74.0+2.85
SMC 75.6+3.46
27
SMU 75.5+0.57
SMC 75.6+1.68
30
SMU 71.3+0.91
Two-way ANOVA
Temperature p<0.39
Spirulina p<0.14
Interaction p<0.76

'Walues (mean + SE of three replications) in the same column sharing a same
superscript are not significantly different (p>0.05).

“Fish wet weight gain x 100/feed intake (dry matter).

3Spirulina powder made in China.

4Spirulina powder made in USA.

"Not significant (p>0.05).
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Table 11. Total amount of spirulina supplied to each experimental fish for 8

weeks and its economic analysis

Raw B ) Discount
) conomic
Temp. Sirul Total spirulina  Price’ | percentage/
irulina su
(C) b dosage (g)/fish (Korean PRy High level’
method
Won) (%)
1
SMC 0.6+£0.02 3 Diet A
21 90
SMU? 0.6+0.01 30 all supply
SMC 1.0+£0.02 5 Diet A
24 90
SMU 1.0+0.03 50 Flly 3oLy
SMC 0.9+0.02 5 Until 6week (Diet A)
27 After 6week (Diet B) 67
SMU 0.9+0.01 45 supply
SMC 1.0£0.02 6 D A
30 ; 89
SMU 1.1+0.02 55 albgyeply

1Spirulina powder made in China.

2Spirulina powder made in USA.

“Price (Diet A(g)x5,000 Won/kg, Diet B (g)x50,000 Won/kg).

100% - {(price of economic supply method/price of all high price supply) x
100%)}.
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2. A EFE, vxd 24 53
7} EAzEwolE 3

8F3 Al AP Eek BT o] Sl Aolé] carotenoid ¥ WIS
Fig. 9o YeESdtt. 28 %9 Total carotenoid (TC) e 3.98+0.29
mg/100 g%t}

SP, CH ¢ ASE 5= 333 HdYdo] oo TC #s vug 4
I 2FA, AFA R 6FA AN E Ak fFol At fldoh

8F Aol SP 8% X7bst AF7F 28 = 1.99 208 2 SP 6%, AS
40 ppm H7Fg AATET FostA =kow, SP 4%, 10% ¢ CH 4%,
6%, 8%, 10% Z AS 60 ppm, 80 ppm, 100 ppm A 7}s A3 z+zF 22,
22,2527, 22, 24,23, 21 2 27 mg/100. g2 #27} A}

TC#2 8FA LA HastHon, Ad FA| A = v ©d 4
A7 QA= =2 @& el SP 8% CH 4%, 6% 2 AS 100
ppm F7FE Folshl w2 g S UEUWATH

TCHE 4F AN FAA Shol 12 GFS Wy, F4A T
e GFe wx ggor] gEANA FAA FqF L Tyl @

FeAE FS LU (Table 12).
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Fig 9. Total carotenoid (TC) concentration of juvenile red and white colored carp fed three different color agents,
spirulina (SP), chlorella (CH) and astaxanthin (AS) with each of 4 different concentrations for 8 weeks. Values (means

+ SE, n = 10) with different letters in the same week are significantly different (p>0.05).
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Table 12. Effects of treatment and concentration on the total carotenoid
(TC) concentration of juvenile red and white colored carp analyzed by
two-way ANOVA

Feeding Weeks
2 4 6 8
Treatment p<0.50 p<0.01 p<0.12 p<0.63
Concentration p<0.57 p<0.60 p<0.99 p<0.36
Interaction p<0.71 p<0.21 p<0.85 p<0.03
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L . R

857t Al AY 7IRF F)F BlEe] 39 X|oje] M WsE Fig.
10, 11 2 120 yeliAt. 49 279 WA =(lightness, L), AM %=
(redness, a), &% (yellowness, b)E= 27 63.06+5.29, 9.29+0.99, 24.48+
2.890] At

Z =4t spirulina (SP)E 4%, 6%, 8% % 10%& =2 353 Hld
ol A= W=7 (CON)9F Lake wlalgh 23, 2540 = SP 10% =
7bek A F7F 5952 dlE&2 553 Euk fFosiAl =%kem, SP 6%, 8%
A7k Ag T Z-zbe] Lk 55.0% 549 Hu fo8hAl =3k (p<0.05),
SP 4% & #7tst Ao Lat 55838+ Foxk7F gl th(Fig. 10). 457
oAM= 9 Lgko] 6812 SP 8% 7Isk Ad+ 609 Htd 7935
=%tk SP 4%, 6% R 10%E H7ist A&l $o] Lik2 ZH2t 640, 615 %
63302 Folarzt AL, 654 8xAol = =+ SP Mg e
AP T3 A Fol &b gl

Chlorella (CH)E 4%, 6%, 8% % 10%E THE=Z I3 HTFYo] A
& x99 L3t Hluwg 23 2FAd 4= CH 10% H7tsk A3 57F
59.72 ™z~ 5h3ETH frelskAl Lake]l =%kem, CH 4%, 6% 2 8% &
HA7rek Ad 77+ Lat 56.2, 587 H 5927l &= el A7 itk 45
A, 674 L 8FANAE 2o CH #H7be A7t e Fox7F ¢l
AL,

Astaxanthin (AS)< 40 ppm, 60 ppm, 80 ppm 2 100 ppm< oF=Fd
e HgYdo] XojE iz tek Laks Hlagt A3, 2F A A= AS 60
ppm¥} 80 ppme H7FgE A7 ZH7; 6059 61.6°0.2 Wiz 553 HrT}
oAl Lgkol =3kem, AS 40 ppm¥ 100 ppm= H7Fe A+ 424
o Lgk 56.7% 57.0%Fl= FA7t fldth 4FA A= xT7F 68.1%

rob

f
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AS 60 ppm, 80 ppm % 100 ppm= 7} AdG zhzbe]l Lzt 604, 60.3
2 596 Bl Fo8HA =kouh AS 40 ppmS F7FE A E ol Ao Lk
64.67kl = Fol 27t gl Tk 657 9 8FA A= tlEF9 AS HUbek 4
Gzl A ol 27t AT

SP, CH ¢} AS Age] a3 =E Ao Late 49, Algto]

2 o
HE Fad vgdo] Aoje] Lats wlagk 43
27 A ol A= AS 80 ppm H7bgk A3 o] Lite]l 61622 SP 4%, 6%,
8%} CH 4% % AS 40 ppm, 100 ppm #7}3F A& zkzhe] 558 551,
549, 562, 56.7 ¥ 57.0 B} relstA =kon, SP 10%9 CH 6%, 8%,
10% 2 AS 60 ppm, 80 ppm= FH7ksk A&+ 247k 595, 58.7, 59.2, 59.7,
60.5 2 57.07tel = ol A7t I 454, 6574 2 3FA A A= A

AP Fel Ak Ak,

SP, CH ¢t ASE

’

Lo 22AN AT a4 ERol WE GBS WL, FAA Gl
e gure WA gtor] oF Aol FAx TH 2 FuRel o

"
2
fol
N
)
op
2
of
g
z
32

tH(Table 13).
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Fig. 10. Color parameters of lightness (L) value of juvenile red and white colored carp fed three different color agents,
spirulina (SP), chlorella (CH) and astaxanthin (AS) with each of 4 different concentrations for 8 weeks. Values (means

+ SE, n = 10) with different letters in the same week are significantly different (p>0.05).
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Table 13. Effects of treatment and concentration on the color parameters
of lightness (L) value of juvenile red and white colored carp analyzed by
two-way ANOVA

Feeding Weeks
2 4 6 8
Treatment p<0.02 p<0.17 p<0.26 p<0.89
Concentration p<0.92 p<0.14 p<0.52 p<0.68
Interaction p<0.04 p<0.90 p<0.75 p<0.92
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Z =4t spirulina (SP)E 4%, 6%, 8% % 10%& &= 353 Hld
dol AlE EFo agkel ikl vlwg A3, 2FAd = HE+ 9.0
3 SPE 4%, 6%, 8% R 10%= H7tgk A3 7F 24424 97, 9.9, 9.7 3 9.0
o2 AgPFzre] fFoart gldth 47 A= dx=F 899 diste] SPE
4%, 6%, 8% R 10%E H7bst A7 2H7 96, 96, 101 B 98= A ¥
Tk ez Stk 67 Ao = AT 7.89 tisle] SPE 4%, 6%,
8% % 10%E #H7ist Ad47F Z+2F 90, 9.0, 9.0 H 9282 AWk o=w =
skoup Ao mE FoAATE flth ey 8FA A= SPE 4%, 6%,
8% % 10%S #H7Fsk A3 -9 agtol 244 11.1, 126, 123 ¥ 12002
Z 73 Brh oAl =doh(Fig. 11).

Chlorella (CH)E 4%, 6%, 8% % 10%E S=HEZ F33 HTFYo] A
& txTF9} azks Blagk A 254l A= tix+ 9.0 didte] CH
4%, 6%, 8% 2 10%< H7bs A7k Z42F 92, 94, 94 2 912 A3
TZHll BAAD F YA AT 4FAelA =t 899 et CHE
4%, 6%, 8% R 10%= H7ket AdF7F 712 93, 90, 98 2 912 A3
T3kl el xoE gldth 6 A M E 2=+ 7.8 el CHE 4%, 6%,
8% % 10%E #H7ish A&¥F7F 742 85, 90, 93 2 9.022 A1t
FAAJ] FATE gldth RbAHO| 8FA A= CHE 4%, 6%, 8% %
10%S #7bek Ag+9 agko]l 7H7F 114, 11.8, 11.3 ¥ 1192 iz 7.3
B FolstA =g

Astaxanthin (AS)S 40 ppm, 60 ppm, 80 ppm % 100 ppm< SrHEE
Twe HTYo] XojE thxFot agks vlag A¥, 2FA A= AS

ok

ok 45 Aol A= AS 80 ppmt 100 ppm H7HE A T7F A7 122, 12.3

_49_



o2 tE, AS 40 ppm¥} 60 ppm H7HeE AFF7F A7 89, 963 106
B} fFostA =%kom™, AS 60 ppm A@T7F xS Bu FoleA =
gkout, AS 40 ppm AT 963 = FA7E fldHh 65 A= AS 60
ppm, 80 ppm % 100 ppm #H7}st A&7} 247 137, 138 ¥ 159%2 oz
Tk AS 40 ppm H7HE A7 A7 7.8, 107 B frelshAl =9kew,
AS 40 ppm AET7F 1072 HxT 7.8 Boh fofstAl = keh 8FA el A
+= AS 40 ppm, 60 ppm, 80 ppm % 100 ppm #H7}3+ A& F7F z2H7; 161,
161, 1564 % 180o% iz 73 Bt} e A7 FoIstA ko
AS 40 ppm, 60 ppm, 80 ppm % 100 ppm A& F37tell= F27F LA

SP 4%, 6%, 8%, 10% % CH 4%, 6%, 8%, 10% A dTdAA azte] H
5, 6FA 7R A|ko)l Aol wet agho]l szt 8FANA agkol
Z7}skd . AS 40 ppm, 60 ppm, 80 ppm 2 100 ppm EE A E oA
A5 27ARYH agke]l S8t

SP, CH ¢} CPE ¥FHE=Z FH HEL Aol agfts Hlud 2,
2F A A= AS 100 ppm FH7Fet A¥+7F 11,622 SP 10%, CH 4%,
6%, 8% 2 10% H7tst AFFY agzgk 242k 9.0, 92, 94, 94 % 91 2t
FolahAl ko, SP 4%, 6%, 8% AS 40 ppm, 60 ppm % 80 ppm=
A7rek Aol agk 27 9.7, 99, 9.7, 96, 103 & 10.8%tell = el A7
AT 4FA AN = AS 80 ppm, 100 ppm H7Fst A& 9] agko]l zhzb
122, 12392 SP 4%, 6%, 8%, 10%<} CH 4%, 6%, 8%, 10% 2 AS 40
ppm¥ 60ppm H7Fe A9 agk 22 96, 96, 10.1, 9.8, 9.3, 9.0, 9.8,
9.1, 96 % 106 Xt} fFostAl =oem, AS 60 ppm FH7Fs A9 a
grel 10.62=2 SP 8%, CH 6% % 10% H7Fst A9 agt 2H7+ 104,
9.0 ¥ 91 Ht} FostAl =ko} SP 4%, 6%t CH 4% 2 8% H7fsh
Aol agk ZbzE 96, 96, 9.3 2 967t E fFolx7F §lATE 67 A ol A
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+= AS 60 ppm, 80 ppm 2 100 ppm #H 7} A& o] azk z+zF 137, 138
2 1592 SP 4%, 6%, 8%, 10%<} CH 4%, 6%, 8%, 10% X AS 40 ppm
A7rek Ad 9] agk 2H2F 9.0, 9.0, 9.0, 9.2, 85, 9.0, 9.3, 9.0 % 107 Rt}
o8t Al =kou, SP 4%, 6%, 8%, 10%<} CH 4%, 6%, 8%, 10% %
AS 40 ppm FH7F ATl FolAIE (AT 8F A A= AS 40
ppm, 60 ppm, 80 ppm % 100 ppm A 7F3F A& o azt zZ+zb 161, 16.1,
154 2 18022 SP 4%, 6%, 8%, 10%<%} CH 4%, 6%, 8% % 10% %7}
st AEgtel agt 27 11.1, 126, 12.3, 120, 114, 11.8, 11.3 2 119 Xt}
o8t Al ko, SP 4%, 6%, 8%, 10%<+ CH 4%, 6%, 8% % 10% %
7k AP 7kl E FA7F ST

attZ 2574, 454, 6574 2 ZFA oA A FH WE FIFS W
%L, T 4FA Y 6F AN A TE FAA| s o] W2 JyS wekow &

A
AA F7 R FEFA o3 A2 dEdFe A FdtH(Table 14).

of AJZto] o] whel Hlkdel el TCak Bl agte] A& ZastHA H
Gdojo] ko] dojx= A3E YEFHIAH.

SP 4%, 6%, 8% % 10%E A< Als Fo /% TC, astaxanthin %
zeaxanthin®] 3HFa} vk o] o] aglol] o] FA1sE A, SP 4%
(TC 149 mg/100 g, astaxanthin 0.23 mg/100 g, zeaxanthin 2.57 mg/100
g), 6% (TC 23.3 mg/100 g, astaxanthin 0.36 mg/100 g, zeaxanthin 3.63
mg/100 g), 8% (TC 29.75 mg/100 g, astaxanthin 052 mg/100 g,
zeaxanthin 5.25 mg/100 g) % 10% (TC 37.0 mg/100 g, astaxanthin 0.64
mg/100 g, zeaxanthin 6.12 mg/100 g) A7} AlRE FF3 T A]7to]

Aatetel wal 65M74A agkol #Aasturl 8F A A agkel F7lEle] o
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ZTEY FostA =2 AAEE el 19
2 8FA EFolA SPY HIMEES FUMANAR HlEAdo Y agtel A= 9
AHE YERFUA] ghof AMETHg A 2 g3 E YERYIIT

CH 4%, 6%, 8% % 10%E 42 A5 Fo g% TC, astaxanthin %
zeaxanthin®] &3 Hlwo] Xojo] azte] s X3 Ay CH 4%
(TC 211 mg/100 g, astaxanthin 0.0035 mg/100 g, zeaxanthin 0.54
mg/100 g), 6% (TC 36.0 mg/l00 g, astaxanthin 0.0058 mg/100 g,
zeaxanthin 0.622 mg/100 g), 8% (TC 46.3 mg/100 g, astaxanthin 0.0083
mg/100 g, zeaxanthin 0.78 mg/100 g) % 10% (TC 585 mg/100 g,
astaxanthin 0.011 mg/100 g, zeaxanthin 1.13 mg/100 g) 713 Al5E
a3 & Algro] A usgtel whel 6FA7EA aghe] ittt 8F Aol A a
ol F7tete] dx7mu FostA =& ANEE YA 28 2
FA, 4574, 6574 B 8FA EFolA _CHE H7lEds S7MAARE H @Y
oA agtoll A= FeAE UEA efof Aol 22 gI3E YEY
A

AS 40 ppm, 60 ppm, 80 ppm % 100 ppm= S AR & IHE
TC, astaxanthin ¥ zeaxanthin®] =3} BT o] Xoj9o] agkel] s &
A8k Ayt AS 40 ppm (TC 43.0 mg/100 g, astaxanthin 454 mg/100 g,
zeaxanthin 0.68 mg/100 g), 60 ppm (TC 63.3 mg/100 g, astaxanthin 66.0
mg/100 g, zeaxanthin 094 mg/100 g), 80 ppm (TC 788 mg/100 g,
astaxanthin 77.2 mg/100 g, zeaxanthin 1.35 mg/100 g) % 100 ppm (TC
106.5 mg/100 g, astaxanthin 101.7 mg/100 g, zeaxanthin 1.76 mg/100 g)
A7V AMRE TET § ARbo] Astel wet 2FANEH AL agle]l S
7hsto]l A& iz R FolstA =& AMEE YT 28 45
Aol AS 80 ppm ¥ 100 ppm H7F+7F SPeF CH d AP HTE F9
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H =2 A% agtes Uetldd e, 6584 AS 60 ppm, 80 ppm
100 ppm #H7F+7F SPeF CH A AdF R {3t =2 JA% agts
et low, 8F A A AS W A7 SPeF CH A Ag TRt fros)
A = A% agrs YERldoh 2Ea 254, 474 2 6FA A=
AS®] F7FgHEo] m=e s Hlddolo agte]l #FolsAl w2 A3E UE
o] zols mYoy 8FAdAE ASe M7t At o FoAE
UERW A kol Ao A 2 Z3E YERRATH

SP¢t CHE 47t 4~10%% #7Hsk Al E a3t 6574 o] Fo Hld
dolol wztAo] Hojx= AdE yehsleh. 28y AS 40~100 ppm

A AARE BT Agte] Aol ek &M o wgdols W

ol
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25 —O— control —&— SP4% —— SP6% [ —o— control —8— CH4% —— CH6% [—o— control —8— AS40 ppm—— AS60 ppm

—a— SP8% —>— SP10% —a— CH8% —>— CH10% —=— AS80 ppm—>— AS 100 ppm
20} s s .
[<P] ns
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Fig 11. Color parameters of redness (a) value of juvenile red and white colored carp fed three different color agents,
spirulina (SP), chlorella (CH) and astaxanthin (AS) with each of 4 different concentrations for 8 weeks. Values (means

+ SE, n = 10) with different letters in the same week are significantly different (p>0.05).
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Table 14. Effects of treatment and concentration on the color

parameters of redness (a) value of juvenile red and white colored
carp analyzed by two—way ANOVA

Feeding Weeks
2 4 6 8
Treatment p<0.03 p<0.01 p<0.01 p<0.01
Concentration p<0.87 p<0.01 p<0.01 p<0.58
Interaction p<0.50 p<0.07 p<0.10 p<0.81
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ro

34k spirulina (SP)E 4%, 6%, 8% % 10%2 == 3
dol s uxzFe bats vlag Ay, 2FA A= SP 4%, 6% ¥
10% H7bet A9 bgkel Zh7; 223, 223 2 20982 EF 139% Kt
frolebA Eokou, SP 8%E 7k Aol bk 183%7tell= oAb
S ATHFig. 12). 4F Aol A= 2T SP H7ber AP F1tol= A7t
AATh 6FA AN = SP 6% 8% APT7F 747+ 2299 23708 dEA
188 B}t o3k bgkol ko, SP 4%9 10%ES H713sh AdT 74zt
o] bk 21.7%% 21.3%tel= oAb il 8FA A= SP 4%, 6%, 8%
2 10% AP+ bgtol Z+zk 249, 266, 2512 2518 HETF 184 Bt}
Fol Al =gkt

Chlorella (CH)Z 4%, 6%,8% 2 10%E 3@d= Higke) o] X
o2 thzT9 bgte ik Adx 2540 = CH 4%, 6%, 8% 2 10%
Ao bgkel 47k 203, 21.3, 22.1 & 21.72 dix=+<] bk 139 B}
oA E=Th 4F A= CH 8%%F 10% 432 bgkel 24+ 2613
23622 diz=T 179 Bt FostAl Eokon, CH 4%9} 6%E #H7ig 4
g Zb7he] bk 234¥ 2307t FoA7E glddth 657 A A= CH
10% A@77F 2692 Wz CH 4% A3 217+e] bt 1887 226 B
o frolatAl =skou CH 6%% 8%2 H71e A& zhzhe] bik 24.49
2527l = oAt fAdoh 8F Ao M= CH 4%, 6%, 8% 2 10% A9
T Z}7F 254, 264, 258 2 2692 tiET9 bt 184 BT} {FofstA =9k
t}.

Astaxanthin (AS)S 40 ppm, 60 ppm, 80 ppm % 100 ppm< SrHFE=
FTEe Hddo] Ao E g9 bgts vlag Az 25 A A= AS 40

ppm, 60 ppm, 80 ppm % 100 ppm= H7kst A3 2] bgkol ZHzF 20.9,

Hl ot

of
o

]
H
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232, 196 9 2352 Wix7 139 Bu fFodtAl =tk 45 A= AS
40 ppm, 60 ppm, 80 ppm 2 100 ppm< 7} A&+ z+zF 24.8 239,
268 B 27602 thxzT 179 Huk oletAl bgkel =kt 67 A M =
AS 60 ppm, 80 ppm % 100 ppm<S FH7F3 277 Z+z 260, 24.8 2
269% Wiz 188 Bt froldtAl bikol =skout, AS 40 ppm 21.97k =
9271 At 8F Ao A= AS 40 ppm, 60 ppm, SOppm % 100 ppm=
HA7rek A&7y b2y 298, 294, 269 H 2892 x4+ 184 Rtk {3t
Al bakel =tTh

SP, CH ¢ ASE g&d¥= I+

ro

Higk) o] 2o o] bkg vk Az
27 A A= AS 100 ppm- #H7Fek A3 9] bke] 2352 SP 8% #H7het
AEF 183 Byl FodAl =shou CH 4%, 6%, 8%, 10% <+ SP 4%,
6%, 10% = AS 40 ppm, 60 ppm 2 80 ppm= FH7}e Ao bitol
Zyz} 223, 223, 209, 20.3, 21.3, 22.1, 21.7, 20.9, 232 2 1963t Foxt
7F At 45 A ol A= AS 100 ppm "ZFSE 232 bgte] 27622 SP
4%, 8% 2 10% H7tet A¥ 2474218, 214 .9 218 Bt} fo3tA =
kot SP 6%, CH 4%, 6%, 8%, 10% <k AS 40 ppm, 60 ppm % 80
ppm F7Fs AT bgk zhz; 227, 234, 230, 26.1, 236, 24.8, 239 %
268 ol &= Fozrt flddth 657 Aol A= CH 10% € AS 100 ppm 37}
g AT bykel zHz; 269, 269% SP 4%, 10% ¢ CH 4% % AS 40
ppm 7} AFF 27 217, 21.3, 226 2 219 Buk F&A =ghon)
SP 6%, 8%¢% CH 6%, 8%, 10% % AS 60 ppm, 80 ppm H7}§ 23
A= Fo27E (AT 8F AN = A APl ol A7 gl
SP, CH ¢ AS 3= RE AP olA bake A5, Alte] 433t

bahe 4FAl, 677 L 8F AN AT HAA Fhel W e Wl

_57_



A ¢kkth(Table 15).

1
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40 ¢ —O— control —— SP4% —— SP6% [ —o— control —8— CH4% —— CH6% [—o— control —8— AS40 ppm—— AS60 ppm
—=— SP8% —— SP10% —a— CH8% —>— CH10% —a— AS80 ppm—>— AS 100 ppm
v 30
=
p—
<
>
= 90}
10

Weeks

Fig 12. Color parameters of yellowness (b) value of juvenile red and white colored carp fed three different color agents,

spirulina (SP), chlorella (CH) and astaxanthin (AS) with each of 4 different concentrations for 8 weeks. Values (means

+ SE, n = 10) with different letters in the same week are significantly different (p>0.05).
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Table 15. Effects of treatment and concentration on the color
parameters of yellowness (b) value of juvenile red and white

colored carp analyzed by two—way ANOVA

Feeding Weeks
2 4 6 8
Treatment p<0.74 p<0.03 p<0.02 p<0.02
Concentration p<0.30 p<0.63 p<0.03 p<0.67
Interaction p<0.50 p<0.74 p<0.27 p<0.91
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Table 16. Weight gain of juvenile colored carp fed three different color
agents, spirulina (SP), chlorella (CH) and astaxanthin (AS) with each of

4 different concentration conditions for 8 weeks'

Treatment Concentration Weight gain (9)*
CON’ 0% 29.0+0.85™
Sp! 4% 27.2+1.80
6% 28.3+2.15
8% 31.8+0.40
10% 28.3+1.95
CH’ 4% 33.5+0.70
6% 29.6+1.30
8% 31.5+1.30
10% 29.5+6.10
AS° 40 ppm 32.0+0.30
60 ppm 30.8+0.15
80 ppm 32.3+1.95
100 ppm 30.7+0.05
Two-way ANOVA
Temperature p<0.25
Concentration p<0.50
Interaction p<0.83

'Walues (mean *+ SE of two replications) in the same column sharing a same
superscript are not significantly different (p>0.05).

100 (final mean body weight - initial mean body weight)/ initial mean body
weight

*CON = Control group, ‘sp = Spirulina powder group, °CH = Chlorella powder group,

°AS = Astaxanthin powder group

"Not significant (p>0.05).
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Table 17. Feed efficiency of juvenile red and white colored carp fed
three different color agents, spirulina (SP), chlorella (CH) and astaxanthin

(AS) with each of 4 different concentrations for 8 weeks'

Treatment Concentration Feed efficiency(%)2

CON’ 0% 85.6+2.90°

SP! 4% 84.8+4.60°

6% 89.3+8.85%

8% 93.5+2.80"

10% 86.4+3.20°

CH® 4% 97.9+3.15%

6% 86.5+1.00°

8% 95.8+0.75"

10% 86.4+9.45°

AS® 40 ppm 99.0+3.15%

60 ppm 97.2+2.45%

80 ppm 99.5+2.15%

100 ppm 92.6+2.60™

Two-way ANOVA

Treatment p<0.07
Concentration p<0.14
Interaction p<0.41

'Walues (mean + SE of two replications) in the same column sharing a same
superscript are not significantly different (p>0.05).

“Fish wet weight gain x 100/feed intake (dry matter).

*CON = Control group, ‘sp = Spirulina powder group, °CH = Chlorella powder group,

°AS = Astaxanthin powder group.
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2t BAA 24
A4 FR L A AW B

2hA A o] 3 A7FE AlAteta AAAQ A g WY R A7 A
&< Table 18 YERU AT

Z2F spirulina®} chlorella®] 7%, Fig. 11014 H3i= nfe} o] F 2
A BT A 4%, 6%, 8% P 10% M7l FHol mE agtoll A= A4
¢l oAz Al wEbd AAA sE WS F=4F spirulina®t
chlorellaE A& A% F T7F Z5FNA 10% #7leteE ARYE 4% F
7F FEste Aol AAAA Aow AZEW, F4F spirulina®t chlorella
Bt} astaxanthin®] 25 Aol A& 100 ppm 7k A7, 4FA 4= 80
ppm ¥ 100 ppm H7F A&+7F 65 A= 60 ppm, 80 ppm 2 100
ppm F7F AF@F7E 8F A4 = 40 ppm, 60 ppm, 80 ppm % 100 ppm
BE H7F AT FostA E&awks Ueldo] Akl A4
a7t AAE A & 5 AU

Wb o) Fulo Wzl Hyslil 5] d% b Fe R

>

Lt astaxanthinol®, il % H7F4d42 weE A g32 ®wg o} 8F

Ao A= 40 ppm, 60 ppm, 80 ppm 2 100 ppm FH7}7- Afole]| zpolE H

_64_



Table 18. Total amount of color agents supplied to each experimental fish

for 8 weeks and its economic analysis

Discount
) Raw
. Total pigment . percentage/
Treatment Concentration . Price s
dosage (g)/fish SP 10%
(Korean Won)
(%)
CON' 0%
SP’ 4% 0.160 0.80 62
6% 0.248 1.24 41
8% 0.3 1.88 10
10% 0.420 2.10
3
CH 4% 017 0.83 58
6% 0.257 1.29 39
8% 0.357 1.79 15
1026 0.449 ) -7
AS' 40 ppm 0.0002 06 71
60 ppm 0.0003 09 57
80 ppm 0.0004 1.2 43
100 ppm 0.0006 i 29

'CON = Control group,

’SP = Spirulina powder group, g * 5,000 Won/kg.

*CH = Chlorella powder group, g *x 5,000 Won/ke.

‘AS = Astaxanthin powder group, g * 300,000 Won/100g.

°100% — ((price of supply method/price of spirulina 1026)x100%)).
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Spirulina AIFHE, &4 I8 Ag F I 537

HEole] B35 Wi Au A

o] th(A}, 1999).

Spirulinat= & 7}A| carotenoidE -3t QoW 1 Fo|A zeaxanthin
9] glako] o}l 4-ketozeaxanthin® idoxanthine 7 * astaxanthin® 2 T
AbE]o] Bl oje] w7kl S Far A EkAl 8] FH (Matsuno et al., 1979),
HgreJojo] A2 de] A5 a ¢l 12t} spirulinae] Zeol| wet
7VAAZF A3 A 23 2 2 ke gk ATk mH g A o]

Mol FHolstol A FAAE Hrstel Mg d oS A 9

B A8 Avi 21T, 24C,27C (& 30C ool Fa4kz) wait
_Z,‘

421
S
=]
Q)
iy
&
N
.\_,
~
e
b
?r
lo,
il
(=
X
>
juil
N
_|_,
[l
iy
oo,

g AJZHAle] Lt Boe =2 ASgS Bt H248 YER = redness

(@) A9E ook WHlE 4FA EE 6FARAE Algtel Bt
%
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TR0l X Chlorella vulgaris®} astaxanthin®] 3F&a} o wa& 2HAY
A8 3 A3 Chlorella vulgaris7} L33 biks =olv AF¢S HQ |
W, astaxanthin2 TC #& =ol&= o g¥4doln, ZAE 93 HA 5
2 28T Aoz By i (Gouveia and Rema, 2005). g Th&ksh
AR HGgolet F5ole] AMEHE AP Ay, HgdoldA=
chlorella”7} a#t¥} TCHS, =%8dA+= Haematococcus pluvialis7} azk=,
chlorella’7} TC#S =ol:= d &Zo|dttar 35 tHGouveia et al., 2003).

H el o] 7 ancz et al. (2003)°] <3t Tz 7tE AR AL

YEFE WS 90, FBole A§ 27U FRE WMol AAn
HzTe frelatA gtel fastsiral 8, dx 3 4 spirulina®l H| i
0

(Peimin et al., 1999).
Gouveia and Rema (2005)¢ll ¢lst¥l 5019 551 chlorella 24 A3
A= agkdl A FoA7E lden, Latd hatolA 23 T85A S7138k
a1, 957+9] astaxanthin =2 Ao A= F20] EolAFE ga3ko] o}
Rnou 2 30ToAMe= 23l Fastdon TCe A% S7hskslt
Spirulinag ©]&3% & A3 A= olet FASE AAE YEUd=d 4
FA et 657 A7M A= Likel S7FHaL 1 ol R He

A
dglott Az o tha Be ¢S B bike A
of gastl 1 olFRHE Frldt 4L uehilEd, ot e

Ae Aytel A A35F 0 W (Saito, 1969; Skrede, 1987; Storebakken, 1992),

Gouveia et al. (2003)¢] chlorella 24 A& A3 7|7ko] 552 ol
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Aol oW Lte FHAshal aghe
Hlgkdole] Aol fefati= aghst TCHS %S o, 4z 24
ol A A|zte] 3ol whet gho]l Fastthrl spirulinaZl & w5 ® §F 45
L= 657N Fhol molAl= ALm Wol o] A7)l spirulina’t 43},
Frsol Axel FAHs ANl FstE= AHow AHTh Hancz et
al. (2003l ejstd HFdolE o sLrts Hrheh 24 A
A 3793 629 29 A Ae FA 713E9] HAeo] vy AolA 62
doll A7 S71ek dAE He 2 Aok 3R] AelE HolmH o]
= FAA e TR/ dEA qEoE AZET, UutH o2 spirulinas ¥

Hoto] Wl s ARSshs FA A Al lekr (s, 2005) HHEF 174

N
2

Hgdolo] Ao #hofste amtd TC= K= wf, 27C T 45
Aot 8FA el 30CT 25 AAARE FoHE B, Ymx e A
Aol A spirulina®l AlFE=Fel og FoxE HolA ¥eow, TCHS
spirulina®] A& =Fell &gt F2HE Bl x| ekt

Matsuno et al. (1979)2 spirulina®l zeaxanthin A #°| astaxanthin & =
iALE o] Hlgh)ol o] Mzt AS Fa et & =tk ol Hancz et
al. (2003)2 astaxanthine Al U2 ZHEcha skt 2 Ao
AbEE F=Aky w2 AE spirulina A 7F AR S TC#HS 2+ 36.9 mg/100
g ¥ 384 mg/100 g, zeaxanthingt< 6.1 mg/100 g¥ 12.7 mg/100 g,
astaxanthinzt2 22z} 0.6 mg/100 g3 1.6 mg/100 go & TCF-E 4523l
A9t zeaxanthin®} astaxanthin $F&oll A= F4ko] Bl&] w]=Fiko] oF 2
Hj el 25u A =vh 2y Bl oo AALe #holdt= agkd TC
welAl zkolE HolA ggermz Almul TCik ZH2F 36.9~384 mg/100
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g, zeaxanthin 6.1~12.7 mg/100 g3} astaxanthin 0.64~1.56 mg/100 g2
Hefol e Hgdojo AAES MdA7ZI= o 7+ A 2% 23471 e

U % AElE Hgdo] 2] xoje] Mg s s v o]} @l

T4} v = AE spirulinaE 10%% H7FeE AFRE 42 21~30TC H 4
oA AEHYE W, AR FH A~6F AtelolA] A Ao golshi agtd}
TC#hol 37} stgloms muelols Wikao] Qojx = 472 Hewt

Spirulina AFHE, 24 A4 Ag F AF &7

ool e AFEL 21T, 24C, 27C-H 30C ZZe] F2uol A
Zzaa WA spirlinaZ 10% A71ele] 2% A E 8% AAH 7
o 23, $&o 2 HFEL 21C+ Bifs 24T, 27C 9 30C+7F =
< A3E yeuiglen, z4zte] F2 oA spirulina®l AlFAHEF AL, 7
=4t spirulina)ell &3 A E Zol=fle AC=E YELY

o 7o dirtel A &S vAE 2% 2 A (Herzig and Winkler,
1986; Iwata et al, 199431 +&2 A% A F= WS WA F20] =
< A5 o7 dArE Sk §A 9
TH(Seikai et al., 1986; Fonds, 1979). o]|A & F2& o] Fo A4y AE

il
ot
=2
g
N
ko
-
ol
lo,
g
=

i)
o,
o
|
i
0%
oX,
~
=
-3
o
o
o
=
il
o
fr

T oF BT £ 15~25TAA

A 25Ce 30T = *#ol7b itk B askel o™ (Suzuki et al,
1977), oo HA 2= 27.4~320C ki sk tHCoutant, 1977). Goolish
and Adelman (1984)° ¢atd Jof Aojo] 2o wmE A AdPA F
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)

4L 27T AL shglen, 24~30T AtelelM= & Akel7t gllvhar
stk WA Toth (1982)°] w2 42 15~29TolA e A3 A3 A
25T el A4S Bty Baskdch

9o =g AAAY Yol HAH A AL 265C == 21CE |
BRSO, Goolish and Adelman (1984)9 2]&ta 24~30Tol A Aol
Z AelE KolA FUvkal stle, ¥ A A= 9o Aaet dA
& Atk
T3 21T, 24T, 27C9 30T 7H2he] S=2tfoll A

£ 10% #H7lste] 25 Ao = 853 A3 #H

o
B oy
~
_\:L_ll
w
g,
e
=
5
Q
o
%
U{H

AHF =4, Wl =4t spirulina)ell 9% AAE R AFREZEES AoV e A
o ® UE

Peimin et al. (1999)°] ¢jst™ Sof A% B AX AFA4 Ax H A
spirulinaE AF&3F 29 A spirulinazl A = A2 s Ade] ©] F3F o]
AT Ak 2 AF Ak s Y] A2 AF dele 4%
g Y AEEEY JFE XA &5 A0SR YHERY AFolE Hol=d|, o

= T3 A Aolol ot dupE} AZpE.

Spirulina AF¥, 24 I 434 T A4 4 27

AAA A Ay 21T, 24T, 30ToNA FAAE ALET wol= T
A spirulina®s AFE3taL, 27C 25419 440 A 114t spirulina 23 -
o] agtel FT=At AP Hu FoEA =2 ;e yEdle] w=At
spirulinags AF&3tE= Aol £& Aoz AdHAT 2 F2dies F

Fabah vlEaE Abolo] Aol Folsh 9m AAAL FH, Ag A

Aoz uehdth AR 1 kg2 71Fo2 1A spirulina® 10% H7kekA
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2 A1) g-0] 50009 (W] =+AF spirulina 50,000/kg)®] A L %y, Sk spirulina
o2 &gsty 500974 A Aok 4 vt

il
o
2

A7) 2579, ¥59 49 Z 34 13

ZrAF spirulina, chlorella 2 astaxanthin 374 A F79F 71719

-

P A2 sheks GE|dk 4714 AY Alg R 2F tA o s 853 Ag 3
Ay Lk Ee Ao A9 XA 454 = 654 7HA = AlRte]

3t wep STttt ol FHAasteE AEE vEhUo]l 8FA A= F
ZHEY G2 g2 Ui agk2 izl As AE 2ASHaL spirulina
¢} chlorella ol M= 65F#7kA] #Faslt}7t 8F#o 571892, astaxanthin

TolM = 2FAFE S7tst= AdS UEUAY. bk A5, dAR Hx
B 25 Ao A TIE A ko]l BHgkel wet SUbsle B @S WE
ow, TC#O ZF HxEH 25A7LAE S7Ht7E ol $7E ZFasts
73S e A

Spirulina (TC 149~37 mg/100 g, astaxanthin 0.23~0.64 mg/100 g,
zeaxanthin 2.57~6.12 mg/100 g), chlorella (TC 21.1~585 mg/100 g,
astaxanthin 0.0035~0.011 mg/100 g, zeaxanthin 0.54~1.13 mg/100 g) L%
3l astaxanthin % 7FH(TC 43.0~1065 mg/100 g, astaxanthin 45.4~101.7
mg/100 g, zeaxanthin 0.68~1.76 mg/100 g) %57} Wz=+(TC 2.70

[N)

mg/100 g, astaxanthin 7%, zeaxanthin &7 %)ol H]|&] 8FAjo A A A
=7 YAl =%a TC e F9x= oy =& 4
o] HlgkJoj o] MItAS HA st o E3A oA

Chlorella®} spirulina 2zt 4~10%7FA] A 7Foll A+ ZA A A&7 2
7y ZAA 4~10% FEzre] So)x7 glo] AFEul TC 14.9~585 mg/100
g, astaxanthin 0.0035~0.64 mg/100 g, zeaxanthin 0.54~6.12 mg/100 g %
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el A= v ol o] M AlS FA ste=d Hls=d 295 et

a8y astaxanthin H7FHH(TC 43.0~1065 mg/100 g, astaxanthin 45.4~
101.7 mg/100 g, zeaxanthin 0.68~1.76 mg/100 g)”} chlorella®} spirulina
A7F B FoetAl =2 agks WEbd 2o E Hol astaxanthing 2
A= Abgshs Aol AR aghts Fole ol 7P 2949 A Ao
= dddd

Z2b spirulina®}t chlorellas 242 4~10%% 713k A& FH38d
8F Aol A aztol 717 11.1~126, 11.3~11.92 thZE79] agh 7.3 BT} fro
Al =2 AFE UEY BT o] wikAe] Hojx= AIE UES]
t}. 23 Y astaxanthin 40~100 ppm 7} A5 S FF3H4d 254 5 H
AlZrol 7 3ghel] wel AL niTh)oje] whikAle] Fojx= AIE e

2 Hol & A¥gAHne Z2 AyE Ye AT (Hancz et al, 2003), 1
i Hjg ol o] A9 AL o Wt = ols Aol A7)

P2 AAel7] wEoz A7y B 2go]
@do] Ad3ol= 1.8 g¥ Hancz 59 wa0 AFo+= A7[7F 21 go =
H 2gk A7]ebA vls=d Aas e o= X o)7] wol= A A

Chlorella vulgaris, Haematococcus pluvialis, Arthrospira maxima “12] 3l

astaxanthing 7}A 2L v]letdo] ZAMAE S 3+ Gouveia et al. (2003)e] <4
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T A3, agke izl dvle A A7 FosHAl =2 AdE e
o Chlorella vulgaris®} astaxanthin 287} Arthrospira maxima XE.tF
otA E=A YErF o, T AFFItd = fFoxrt itk bae FAE
Holx gotom [.zk& thxTo| H)8] astaxanthin, Chlorella vulgaris$}
Haematococcus pluvialis7t o8t w2 A3E YE AT

Hgkdojo] A9 g 7tE 637% HA7igt Ao A Alsdd § 3
7T~62Y Atolo A wWitAo]l Hajal x+= W3kt gllom, 56019
B 21 FHE w3bAo]l il ET = gl ghel FAaskdvt
2hal B askgiti(Hanez et al, 2003). =%-ololA 2AA= Chlorella vulgaris
¢} carophyll pink (astaxanthin)E 22t 45 ppm, 80 ppm L2 12 120 ppm
T AYe dy S3H L AIREES AgF AT e, a
T A7k Foxt gl ], TCi= astaxanthin 80 ppm 3 120 ppmell A
A =A Jelhtkow, LEke Chlorella vulgaris 120 ppmollAl 234 =
A Yebgtta ste] Chlorella vulgaris7b L#s =°]l= d 337 2
astaxanthin® TC < ol d ¥4 ot 81 rHGouveia and Rema,
2005).

Peimin et al. (1999)¢l oJ5pd, F5olel tigh 213 % A spirulina®l Wi
Ao A= A spirulinaZt 44 2 A JfAde] © EHHoITta S
t}.

Gouveia et al. (2003)8] MG Yol E o=z g 2 Ao aghe
z=Toll Blaf AN FYsiA =S AIAE yEdo] & A Aot sk
t}. 121y Chlorella vulgaris®t astaxanthin 2 & -7} spirulina 2 &+
Huh FostA A UEEHtE oA 2 A8t AolE Hol=T
spirulina 237} chlorella A& FHt}F agko]l okt =& A3 e A

S Chlorella vulgaris 3 7}%°] 6% % spirulina®l #71% 4% Xt} wo] A
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7 shdar gk Ao TR % AREA Eor 47

3% 7+ <} Chlorella vulgaris 6% F7F+7F v]S:ek A5 JERA 212
2 A Aol B xolE Hol=d ol A 0] 14T 9 A429]
A" A3 astaxanthing 3] FofA H7FstA=A HA7F WRielA Aol
7F A ety Az

Gouveia and Rema (2005)¢] =& AgoA 2AMAZ Chlorella vulgaris
¢} carophyll pink (astaxanthin)E Z+2} 45 ppm, 80 ppm 123l 120 ppm
sEEE AR A3 agtol A APl FoxvF iddvar dte] B A
& Aiel xpo]E Ho|=t o] carophyll pink H7F 22 UF HA H
7Vsks 7] WiEo 2 AzbeEch E A¥ oA carophyll pink (astaxanthin)@] &2
o] F7tgtell we} agho]l Wl Eollom HAIFX7d = FFAl oF A
o|7} o] wou Ajxto] Zaste] wmEk I Axe Eo=v BFS UE
WA=, ol FAN o8 BF ALsdl FA A o] ko] =& B¢
Al ol carotenoid 7} =A% o] A Ao] ®WStu A A FFFo] w2
B HAS] AA Wstrl dojdtial gk ®ael A A& tH(Choubert and
Storebakken, 1989).

Katayama et al. (1973)2 zeaxanthin< astaxanthin®% 4Fs}¥ 31 astaxanthin
S AW agE SHETE g 2L 2 A Ao E 2e A3E g
A=, =4 spirulina 28 T-9] zeaxanthin $F#©| astaxanthin 2 & -5
th 34¥) =9to} astaxanthin® = Abst, A =& Alto] Lo xHB=E
2 g3 7E 65 ol F = = uEutal 2 gk Uy Zlow dvy
™ astaxanthin 27+ $=4F spirulina H.t} astaxanthin $F&o] 15048
7] W] A 37} 2FANE b2 UEhgn ZA g% =9k
Aoz ForE

HH‘
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ZAA THE, v2d A¥ T AL &2
Z=4b spirulina, chlorella®t astaxanthin®] ZAA] 7 2 4719 &
d Aol A s W AR ENA Aol7t AATh
Mustafa et al. (1994a)ell ©|3t¥ F359] spirulina 5% FH7F A F A
B Sl fFold dFES 7Hen, LolmEAY ARl spirulina 3%
A7ketd oo AR oS TUAIIYAL A tHMustafa, 1994b).
o] ¢}+= & Attack and Matty (1979)% spirulina® FX| 71509 ol
A dAlderw AAZ AyolA Aol FA & ZAE AAT oA

2 spirulinags AFESE A5 A3 924 o= AL spirulinadl & o]

j
a-

o

ZF(Spirulina maxima, Spirulina platensis, Spirulina pacifica)?} 2™
o] Fo Yojx e &= spirulinad o] wek o= £ goka 3 A
A7 A& Ao 2 74 drh(Nandeesha et al., 1998).

ZhA Bo]e] A JjAHS 9% astaxanthin®] 71 23 23, FzFo
H] &) astaxanthin®] H7F A@F7F F86tA =2 445 EdeH(AH F,
1999b), dojoll th3t astaxanthin® 0 ppm, 36ppm, 190ppm A7} W& A=+
AN A astaxanthing F7FekA] S iz Hla + H7F Aol A
Tt o AAS HPANE 36 ppm¥} 190 ppm H7F A 7o A =
o) 27t 9l tH(Christiansen and Torrissen, 1996). X.2]A]-$-(Petit et al.,
1997)¢} ¢l o](Christiansen et al., 1994)oll 4] &= astaxanthin 7} F+7F A%
= FAH T Bassi

224, Gouveia et al. (2003)°] o]t H|TJ o] &

A& chlorella 6%$} astaxanthin 3 ppm 7} A& o] AFAx}E Holx &

)
o

o
fr
o
i1
e
=2

dtta slF o FHAE e R 3k A chlorella®t astaxanthin Zh2}
45 ppm, 80 ppm % 120 ppm®| H7} APNA %= HGAE HolA Furt

I 39 tHGouveia and Rema, 2005).
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w2}l chlorella, spirulina 28]l astaxanthin 59 A= ol F
RG] wE el dFE vAs Aoz AFEHAR, Gouveia et
al. (2003)¥} Gouveia and Rema (2005)¢] A3} & HjgtJo] 9 FHo=
oz g A Aol s A G MAA Fe Adom YEwe
W, & AF Aae A F5 % R wE Aot glo] $19 Aot
A =] ek At

U
o

ol
2

A FH5E, 724 48 F FAAH 24

AAA A2 Table 189 Yepbd Ay o] F=4b spirulina®l chlorella
of AF F TF EF 10% H7bT-¢ 4% H7E Abelol A FYArE U
o832 10% A7 dAl 4% H7beteE Aol AL HAAN Foa Alsd
o ada B ddel A uEidel SElel wdg WA s AR

M 2o FAAE astaxanthin®] ¥, 15 % 7T d5-E weE 4 53

i)

£ B3, 8FA A 40 ppm, 60 ppm, 80 ppm % 100 ppm FH7} ZHel
= 2 g3 Zolrt gl

Z=4F spirulina 10% J7FS 71Fo2 HSS u), F=AF spirulina 4%
Hobskwd 24 wlE& 62% A 4 2w, chlorella 4% 378k 24
H 85 58% A o oy, 7 AAA Bu 2 g3t foletA =

o] & Aow AH

>

Y

i 7bAo] A3k astaxanthing AF&3F=

= Al 1 kg 7l+=2 2 F3AF spirulina (5,0009/1 kg) 4%= H7tskdA
2009 o] 22 %, astaxanthin (300,0009/100 g)S 40 ppm= FH7Fshd
120€90] o5 A % R F=1 H&% Ho| A7 + 9

o g7,

A

o
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H e o] FAojrbEe MAS HS AHstA shr] 9 dd Tt=
Emo]= AR spirulinas @eol] AFEstal Qo) spirulinas 3L7F9)
TY AFLE A AHlAdA B FEe AAskAL glo] gl B e o
of I Al BAHS FHAIV] AelM = A Aule] dito] Hasi.

b -4 Fhel & F=abat grol M v =4k spirulina®] A &It
£ vastar 2 g ato] i3t AbsaR T AT

w3 F2AF spiruling, chlorella @ astaxanthin Al 5¢] A 4¢l carophyll
pinke] A EHE Hlwsty FAES HS8A

F& 21T, 24C, 27C9 30€ F24A F 274 w54t spirulinag 7

F 10% H7tsk AdollA 2F Ao = 854t Ads A, vgdo 9
xjole] FAES 24T, 27C8 30T [AF7F 21C A7 Edkou}

2o W& AFRFEES Ao 7R RIAR AR E B AREEAAAE TFAL
3} w4k spirulina ARelell= ARo]7F gLtk

WAE L3 A F AFE EFA4ATA v 657 A = Akl A
Sholl we} F7ksturt ol % Hasks 7
FFRE o] E(TO)#ES ol9bs WHR 454 TE 657474 = Algte] 4
Fpoto] wel ZHastthrt o] %
< WA= Algro]l Bkl wel Frbske A4S WErl o ARk gf
2 HolA &Skt

oAk W=t spirulinag A& S A agkd TCEe] AlRbe] whe ¥
sl2 ®WkS u, spirulina® AFREO 10% 718t F38H 4574 = 6
FA o] 5ol Hlko] Xofe wkrkAlo] Fo] A YA N AT

}11
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aftd TCHLe] Atz Hol 27CoM = 454 ¢F 8FA A A T v =2k
agkol AT Buh fFoshAl 2 #S YEhAS B, 21T, 24T 3 30T
NA F=AEI ml=Ako]l agk@ TCEE zbkol7b (U7 wiol AAA D =
H, AR HJYAdE sty To4bs AFE Sk Aol A Aol &dtA o]
.

Z A} m)=AF spirulina A7 AFR Y TCH#-S ZHZF 369 mg/100 g3
38.4 mg/100 golil, zeaxanthin@t< 27t 6.1 mg/100 g3 12.7 mg/100 g
ol¥, astaxanthinzt< ZFZF 0.6 mg/100 g3 1.6 mg/100 g & TC F2
FAFEFA o}, zeaxanthin®} astaxanthin $F&F2 S Akol] H] & 1| =fAko]
=3t Yy Blg oo A Mo Hofsk=agkdt TCLlA AolE H
1A &rom=z Alg] TCH 36.9~384 mg/l100 g, zeaxanthin 6.1 ~12.7
mg/100 g3} astaxanthin 0.6~1.6 mg/100 g2 HNA = H T =

o

o

AL A7 =d F FAA BF 837k e} F A F7el = W
BA sh=d Zol 7t AT
o] Ad AE g o R T4 spirulina, chlorella ¥ astaxanthin

S 47 A s R® 87 AP A Hlgde] &9 Xolo JFEFH

Row, astaxanthinT-ol A= 2FAFEH &0z F713s)
WAew, bate AT BFS HetlA Fskvh TCH2 254 A= <
7FRTE ol Y Fraste S HERUSth

A=Y A=E U= agts Azt wE Wale BekS W, T4t
spirulina  (TC 149~369 mg/100 g, astaxanthin 0.23~064 mg/100 g,
zeaxanthin 2.57~6.12 mg/100 g)¢} chlorella (TC 21.1~585 mg/100 g,

rr
o
o
o
T
o
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astaxanthin 0.0035~0.011 mg/100 g, zeaxanthin 0.54~1.13 mg/100 g)& Z
7} 4~10% F7beto] et 65 o] Fol Hlddo]o] wWitAfo] HojA|u,
astaxanthin (TC 43.0~1065 mg/100 g, astaxanthin 45.4~101.7 mg/100 g,
zeaxanthin 0.68~1.76 mg/100 g)& 40~100 ppm #H7}3te] FF3atd 254
of Bl o]e] Wk o] Hojxith

agtel A3z HS uw FAF spirulina®t chlorella® =% o) &7l
Hla A9 8FA A =2 A3E deklio] B3t AJA T, astaxanthin©]
2 F2 A3E Ho] HA AUt b stk webA AR agt
I AAARES 183, astaxanthin 40 ppmo] A 33 Ao 2 eyt 1
HU 65 ol HALEE wg] o]g W astaxanthin 100 ppm= 3 71slaL, 6
T o2 HALE MA3 Fol#W astaxanthin 40 ppmS H7}sfof &
Aoz Az

29U TFE, 72 A8S _F8 Al 1 kes 7IFoE WAt
spirulinag 10% % 7}skA 24 H]8-o] 5000 (7] =4+ spirulina 50,000/kg) ©]
A28 FY, T34 spirulinas AAIA .E &85t 500974 A Aok
F AT 2" A4 FRE, vEE 238 T AR 1 kg VS
2 F74b spirulina (5,0009/1 kg) 4%E H7FstH 20090] A£QF
astaxanthin (300,000/100 g)< 40 ppm< FH7}std 12090] Q%o

MEINE DA ER W SE Bo ART S Ue Aow Amddh
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