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This study was conducted to investigate the growth and skin color of red- and white-colored fancy carp Cyprinus car-
pio var. koi juvenile reared at different water temperatures (21, 24, 27, and 30°C) for eight weeks. Two experimental
diets were prepared to contain 10% Arthrospira platensis or 10% Arthrospira pacifica powder. After the feeding trial,
survival was 100% in all group. Weight gain of fish reared at 24, 27, and 30°C was higher than 21°C group. Feed ef-
ficiency was not affected by water temperature and dietary Arthrospira sp. Daily feed intake tended to increase with
water temperature. The a* value of skin coloration was affected by Arthrospira sp., but not by water temperature.
Fish fed the diet containing A. pacifica powder reared at 27°C had the highest a* value among the groups. Total ca-
rotenoids were highest in fish fed the diet containing A. pacifica powder reared at 21°C. Based on the results of this
study, we conclude that 24-30°C water temperature was the optimal range for growth, and dietary inclusion of A.
pacifica improved the skin redness of red- and white-colored fancy carp reared at 27°C.
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Table 10f ZTA|SFHLR} o] B AL R o Arthrospira platensis
(Hainan Xiongxin Bioengineering Company, China)?} Ar-
throspira pacifica (Cyanotech Company, USA)E 22} 10%
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Fof| ARgE Bk AR AL (el 2] 45%, Total carotenoids 1
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Table 1. Ingredient and proximate composition of experimental
diet

Diets
SPC SPU

Ingredients (%)
Commercial diet! 90 90
Arthrospira platensis powder? 10 -
Arthrospira pacifica powder? - 10

Chemical analysis (dry matter basis)
Crude protein (%) 46.7 46.2
Crude lipid (%) 9.9 9.4
Ash (%) 8.3 9.5
Total carotenoids(mg/100g) 36.9 38.4

!Commercial bind meal for carp produced in Purinafeed incorpora-
tion (Seongnam, Korea). 2Obtained from Hainan Xiongxin Bioen-
gineering Company, China. *Obtained from Cyanotech Company,
Kailua-Kona, Hawai, USA.
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Table 2. Growth performance of red- and white- colored fancy carp Cyprinus carpio var. koi fed diets containing two Arthrospira species
reared at different water temperatures for 8 weeks!

Water temperature (C) Diets Initial body wt (g/fish) Final body wt (g/fish) Weight gain (%) 2
21 SPC 2.8+0.01™ 8.6+0.242 210.5¢ 7.97°
SPU 2.8+£0.02 9.0+0.172 227.4x 7.24°
24 SPC 2.8+0.01 11.0£0.46° 298.7+16.69°
SPU 2.8+0.01 11.3£0.32° 310.4+11.71°
27 SPC 2.8+0.01 12.0+0.40° 333.8+13.85°
SPU 2.8+0.01 11.9+0.42° 330.9+14.71°
30 SPC 2.8+0.02 12.3+0.51° 346.3+19.29°
SPU 2.8+0.01 11.9+0.34° 335.1+12.77°
Two-way ANOVA
Temperature P<0.01 P<0.01
Arthrospira P<0.80 P<0.71
Interaction P<0.69 P<0.72

'Values (mean+SE of three replications) in the same column not sharing a common superscript are significantly different (P<0.05). *Weight
gain (%)=(final body weight-initial body weight)>100/initial body weight. *Not significant (P>0.05).

Table 3. Feed efficiency (FE), daily feed intake (DFI) and protein efficiency ratio (PER) of red- and white- colored fancy carp Cyprinus
carpio var. koi fed diets containing two Arthrospira species reared at different water temperatures for 8 weeks!

Water temperature (C) Diets FE (%)? DFP (%) PER*(%)
21 SPC 73.7+£1.99m 2.5+0.11°2 2.3+0.08"
SPU 69.8+2.31 2.740.05° 2.1+0.05%
24 SPC 75.613.46 2.840.07°¢ 2.1£0.07
SPU 75.5+0.57 2.940.05°% 2.1£0.022
27 SPC 75.412.80 3.04£0.11be 2.1£0.082
SPU 74.0+2.85 3.0£0.08< 2.1£0.062
30 SPC 75.611.68 3.0£0.05¢ 2.1£0.042
SPU 71.31£0.91 3.110.07¢ 2.0£0.032
Two-way ANOVA
Temperature P<0.14 P<0.01 P<0.02
Arthrospira P<0.39 P<0.04 P<0.16
Interaction P<0.76 P<0.56 P<0.51

"Values (mean+SE of three replications) in the same column not sharing a common superscript are significantly different (P<0.05). ?Fish wet
weight gainx100/feed intake (dry matter). *Feed intakex 100/[(initial fish wt.+final fish wt.+dead fish wt.)xdays reared/2]. “Wet weight gain/
protein intake. ™ Not significant (P>0.05).

Fof| M2 FAAjol= QU AR EEL BE AlF 7o) A Afo]of| A ZF T ARG H ol FTh -2 o 72 A, B4,
SO AolE wolx] Gskeh. YMARHASS ARGt ook AEY 27 W W9 5o JFS vIAE Fa 2ol
Aol A7V Arthrospira o) B GES WA, AR TH(Ishioka, 1980; Davis and Parker, 1990; Iwata et al., 1994).
&3} Arthrospira % Aolo] A AHEAG-S Wo x| lolrh. 4 UnbHo® 2449l o R 40| wolAW AlmAlFol
ARAFLE A4-20] Z7HI4E Z710HE AFL BAS oI5 B oheh WA E} UL 40| Fold4E of

ul, Arthrospira pacifica 37101 & A& Welck 9 RO thabgol F7hE uol M7t H41Elo] W i)
AAE2 A0 JFS WAL AL7 o) 71 Arthro- = 7o 2 BIEo] Qltk(Seikai et al., 1986; Fonds, 1979). &
spira ol TS WA SIOFO T, A2 ArthrospiraF AFEIA] ARRARE 21Tl HIEko] F Xofo] A
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Table 4. Skin value of red- and white- colored fancy carp Cyprinus carpio var. koi fed diets containing two Arthrospira species reared at

different water temperatures for 8 weeks!

Water temperature (C) Diets L* value a" value b* value
21 SPC 66.8+0.13 2 8.9+0.082 23.7+0.20~
SPU 65.4£0.17° 9.3+0.192 26.94£1.18°
24 SPC 68.8+£0.20° 9.3+0.202 22.2+0.36
SPU 68.2+0.83 % 9.1+0.532 24.0+0.71<
27 SPC 67.241.01 2 8.9+0.312 20.840.08"
SPU 65.9+£0.80° 10.2+0.19° 25.740.19 %
30 SPC 68.3+0.50"%° 8.9+0.122 18.3£0.55°2
SPU 67.140.51 ab° 9.8+0.35% 23.1£1.05°
Two-way ANOVA
Temperature P<0.01 P<0.43 P<0.01
Arthrospira P<0.02 P<0.01 P<0.01
Interaction P<0.93 P<0.05 P<0.10

'Values (mean+SE of three replications) in the same column not sharing a common superscript are significantly different (P<0.05).

BAFE0] B2 S el e, S5EE W i U
of A tHARF HAF7]
O E At 24 Hol 7ol ol E e r
(15-25C)= ARAR 3 A3, 20] S71gt] wet A e
Z71e3laL, 25C 9 30°C ARs ol A= ZFo 7} gllekar
H 18 tHSuzuki et al., 1977). 2o T ¢Jof 2]o]9] 4
7 Aol 24-30C HRlollA 2 Afoli= ISR o A7
£ 27C A Vel B 1%tk Goolish and Adelman,
1984). 1 AF o] HjhJolof At =2 21 CollA &= 4ol W
Aok, & 24-30 C ol A= A7 o] FotAl= ATHE YE o]
SHollA] At A+t Autel vlsegt AvE Uetl itk A4 4
= efste] HH, 24-30C 2] 22 HjThe]o] FWMO| Al
A3, AbEO1E B A4 ol Atet Q& whElct vde] o9
785 9] o) 7S H 31 A SHA e E S Sl Zlo] H]
o9 S ol ol HT oo At A
&l Arthrospira7} =2 ARE-E 1 QITH(Kim and Lee, 2012;
Kim and Lee, 2015). Arthrospira~= ©12] 7}4] carotenoids&
385kl Q) om, 11 2] A zeaxanthin®] &reFo] =0} 4] 4-ke-
tozeaxanthin®} idoxanthine 7] # astaxanthin® & tjA}E] o]
H|ghe] o] ] o] WS- W1 ArgslA g/dst=t] a4
o|tk(Matsuno et al., 1979). 18U+ Arthrospira®) &, vl
W 5 kg el ek 15 0] JopAHe] SebA ol el A%
of] JgF uj A4 Qlrkal B E|QIth(Nandeesha et al., 1998).
E3F, AR 5 0] AMof GRS mxictkal HarE et
(Gouveia and Rema, 2005).
w Ao 4] ARS 8% F, vlToo] Bul Halo] ub(light-
ness) L*3k, w2 (redness) a*4f 2 =2l (yellowness) b*%k
£ Table 49] 3FA|3FAT). L*¥3E2 AR-4=2 4 Arthrospira 5

of &J3t FFE ke, =23} Arthrospira & Aol ol A A%
282 HO|R] OFokth. a7k ARSAof PR HhA] oFgke
L, Arthrospira 0] 2|8t 3k 1k o, 423} Arthrospira
T AtoloflAl e ARG Holx] Attt bF e 2 B Ar
throspira 50l 2J3F ok WSk o n|, =23} Arthrospira & At
olof| A A& A2 Ho|X| 9kt Arthrospira:= A. maxima,
A. platensis, A. pacifica 5 5537} thFs}] Arthrospira®] &
i, B B 7 ol whet o 701 A4 W A A ofl 2=
ogFo] defxtial R E QI th(Peimin et al., 1999, Kim and
Lee, 2012; Kim and Lee, 2014). $& 27°C 0|4 SPU A&+
o] a*gho] v AR F-o5HA 2 4k e leH,
£2230C 9 SPU A Lob= 9-0]1x17} 9181tk Gouveia et al.
(2003)2] A7} Ag ol A+ Arthrospira maximas A-8-51 L,
Kim et al.(2008)2] Ad o A= A. platensiss A8},
Kim and Lee(2012)7} Kim and Lee(2014)2] A& o A= A.
pacificas AN-8-3}3t}. o] 9] Ao A= Arthrospira maxi-
ma (Gouveia et al., 2003)2} A. platensis (Kim et al., 2008)E
ARG A F A0 a* gk th 2o A7 S AL paci-
fica (Kim and Lee, 2012; Kim and Lee, 2014)E d7|5F A ¥
T E2TE T a *gho] o8 wokithe A9E Wt
HE Qlh. 3, 55015 o= 3 2 20-30 T ol 4 o] A4
A JA7H A e -2 28T ol A 7HE =2 a*gko] Yk
t}al 2% 9l tHGouveia L and Rema P, 2005). 2 ¢7Lo]| A]
AR 85 &, dlete]o] Tl 1 1] 9] total carotenoid Z-2 Table
5of yelY] it Total carotenoid #h-2 AM-4=-2-1} Arthrospira
ol oJgt kS wekon, 23} Arthrospira & Atolof| A 4
ARG Holx] Fgith 422 21T 2] SPU AF Lol A total
carotenoid Zto] 71 =qkon, U3 420 A= SPU A3
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Table 5. Skin total carotenoids of red- and white- colored fancy
carp Cyprinus carpio var. koi fed diets containing two Arthrospira
species reared at different water temperatures for 8 weeks!

Total carotenoids

Water temperature (C) Diets (mg/100g DM)
21 SPC 2.9+0.15
SPU 3.1+0.29¢
24 SPC 2.1+0.082
SPU 2.5+0.06%
27 SPC 2.1+0.212
SPU 2.5+0.16%
30 SPC 2.0£0.19°
SPU 2.4+0.10%
Two-way ANOVA
Temperature P<0.01
Arthrospira P<0.01
Interaction P<0.89

'Values (mean+SE of three replications) in the same column not
sharing a common superscript are significantly different (P<0.05).

9] total carotenoid #to] =oFA| = HES Y v
of| carotenoids 22} carotenoids Y&, F=, QHHAl, MAad,
Ak A R, oAl =L7, A<, L B A Y 22l
S dh=rhy B I tH(Guillaume et al., 2001). 2 A1gof
A = E52 Arthrospira 387} AT RO A 2 21C A¥
9] carotenoids o] ThE 42 AP 424 T, 27C, 307)
st} o 232 Ueh i), ol o)) 27)of uhe o]
2 AZHE 2 48 21T AR 08 -2 ATT4T,
27, 30C) et Aol FolotA W ARE vEtl sl
7| &9 tol| A vlgke) o] o] AHlF-o] F75kel whet total carot-
enoid gro] Wolxtial H115}kal ¢lof(Kim et al., 2008), o] &
gk iehS SRl ef| ot

o]/ Fe] Atz e, nlekelo] A of o] Y Alr A S|
A 2 24-30 Coll A ARSSHE Zlo] 5 2l o= Ko, &
A8 AHAT17] SHE 48 27T oA Arthrospira pa-
cifica 7} 71 AFRE AMESH= Zlo] B AnH Y Ao R
e
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