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Effect of Dietary Supplementation of Paprika and Spirulina on
Pigmentation of Swiri Coreoleuciscus splendidus
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This study was conducted to evaluate the effect of dietary supplementation of paprika and spirulina as car-
otenoid sources with three different levels on survival and skin color development of swiri. Fish (initial mean
weight 4.4 g) were fed the diets containing different levels of paprika (2, 5 and 10%), spirulina (5, 10 and 20%)
and mixture of 5% paprika and 10% spirulina and without supplementation (con) for 9 weeks. Survival of fish
fed diets containing the various levels of spirulina was 100% and higher than that of fish fed the other diets. Total
carotenoid contents of the skin and fin in fish fed the diets containing the various levels of paprika and spirulina
were higher than those in fish fed the control diet. Total carotenoid contents of skin and fin in fish fed the diets
containing 5% and 10% paprika tended to be higher than that in fish fed the diet containing 2% paprika. Total car-
otenoid contents of fish fed the diets containing 10% and 20% spirulina tended to be higher than that of fed the
diet containing 5% spirulina. The apparent color definition of skin and fin in fish fed the diets containing paprika
and spirulina was better than fish fed the control diet. The results of this study suggest that dietary supplementation
with paprika and spirulina can improve skin coloration of swiri.
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7] 918 carotenoidsE T3 YEE ALE) HUlstd tideld]
=5 S ANAE] Y3 5502 Yedeetu]ok(Boonyaratpalin
and Unprasert, 1989), S1]F(Ha et al, 1997; Baker et al., 2002),
EF(Booth et al., 2004; Kalinowski et al., 2005)% tH3 o=
3 7S] B vl qirk E3, ] weroied JoiE d@at
Folat o]F(Kim et al.,, 1999a; Kim et al., 1999byE th/do.=
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7 ghako) 48%, 2o ZHrol UlFRE ARS-ste] A H o]
7% A%}t S22 AHAIRE AASITE AaAE HIFSHA]
2o thxALE, paprika A7HAFEE(2%, 5% 2 10%), spirulina
A7 (5%, 10% 2 20%) 2 paprika (5%)%} spirulina (10%)
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Table 1. Ingredients and chemical composition of the experimental diets

Diets
Con Pi P2 P3 S1 S2 S3 P2+S2
Ingredients (%)
White fish meal 41 41 41 43 38 33 23 32
Soybean meal 28 28 28 28 28 28 28 28
Wheat flour 19 18 17 10 18 18 18 15.4
Squid liver oil 2 2 2 2 22 2.5 33 2.6
Soya oil 2 2 2 2 2 2 2 2
Vitamin premix’ 2 2 2 2 2 2
Mineral premix? 3 3 3 3 3 3 3 3
Cellulose 3 2 1.8 1.5 0.7
Paprika powder 2 5 10 S
Spirulina powder 5 10 20 10
Chemical analysis (% of dry matter basis)
Crude protein 48.6 483 48.1 48.1 49.5 49.1 48.5 479
Crude lipid 7.2 7.2 7.2 7.3 72 7.1 7.2 7.1
Crude ash 12.5 12.5 124 12.7 11.9 11.1 9.4 109
Total carotenoids (mg/100g) 0.2 17.0 41.5 56.9 19.5 50.9 132.9 84.0

'Vitamin mix. contained the following diluted in cellulose (g/kg mix): ascorbic acid, 92.7; a-tocopheryl acetate, 14.5; thiamin, 2.1; ribo-
flavin, 7.0; pyridoxine, 1.4; niacin, 27.8; Ca-D-pantothenate, 9.7; myo-inositol, 139.1; D-biotin, 4.2; folic acid, 0.5; p-amino benzoic
acid, 13.9; K3, 1.4; A, 0.6; D3, 0.002; choline chloride, 278.3; cyanocobalamin, 0.003.

*Mineral mix. contained the following ingreients (g/kg mix): MgSO47H:0, 80; NaH.PO.-2H,0, 370; KCl, 130; Ferric citrate, 40; ZnSO47H:0,
20; Ca-lactate, 356.5; CuCl, 0.2; AICl;-6H,0, 0.15; KI, 0.15; Na:Se,0;, 0.01; MnSO,4-H,0, 2; CoCly'6H-0, 1.
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1A 298 319l £3H & carotenoids ¥41-S #5te AE

2E AR B3 2 A=inE AFH st YFRB(-75°0)
lach Adxkge] AR AOAC (1990)9] Wl ot
12 (Nx6.25)2 Auto Kjeldahl System (Buchi B-324/435/
412, Switzerland; Metrohm 8.719/806, Switzerland)S AH&-3}
o 243493, ZAAL ether F2H, FE-& 105°CY dry
ovenoll A 6212t Az F 3t 23RS 550 °CH 3|3}
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Carotenoids &4

2% carotenoids®} 442 Kim et al., (2003)0} AH&-SH WH &
olgslgion] WE Byd AEE FAISY ARSI
¥ 2 2 =a)v)9) & carotenoids= 5% (MeOH:EtOAc:Petroleum
ether = 1:1:1 viv/v)E ARSI 6087 sonicationdte] &8
.01, carotenoidst FEH EFN S 749 55 F, diethyl
ether=. resuspension AIZTF. ©1% 3 ml¢] saturated KOH solutions
o) g38la oF 16417+ B2t saponification A]Z] ¥, diethyl ether
o} thape] B2 Ha) 278l carotenoidsE diethyl ether®
HgA7l &, diethyl ether 28 FFEMIEF(NaSO)SE
EPAL71 2L, 40 °C o] stellA] 29t 55312t 3 mle] MeOH:Methy!
tert-Butyl Ether (1:1 v/v)& 73}8}ed UV-spectrometer A 5.2
AR5l & carotenoids®) A S 450 amollA] EREE =
st & gl tiske] AASIITE 57344 (standard
curve)}Z astaxanthin (Extrasynthese, France) 10 mgS 200 ml
9] MeOH:Chloroform (1:1 v/v) EZHLE £33l MeOH

golog g4 o] ZF TR F4 st
A% o D
0F7r ARS A™ ¥ 4zle] AE&(Fig. 1) spirulina’t 3
= S1, S2, S3 & P2+820l|1A 100%= thEF
(80%) 2 paprika H7F(73~93%)E.t} EA vepsth g
paprika A7}l QoiA AAZW paprika H7HEEO] 2%, 5%
2 10%2 2715kl wlet AE&2 72} 93%, 80% B T3%E
ol 43S AUk 0|9} o] paprika H7HE] AHEE0]

100 100 100 100

Survival (%)

Con P1 P2 P3 S1 S2 S3
Diets

P2+52

Fig. 1. Survival of swiri fed the experimental diets for 9 weeks.
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Fig. 2. Total carotenoids in the integument of swiri after feeding the
experimental diets for 9 weeks.

A33) 1E & 4= YA, paprika®t spirulina
A g 9 4slgol nE ol 7hsde A
& itk Spirulings ‘FEFO) &3k AEEHAELE O
Agteko] mj-$ =, vlel, vlu|Z @ = APEAIRI y-linolenic
acid® SH5-3P SES peptidoglycan® & A= o] FAJslo] glof
gl-go] Blwd & A o2 Azt th(Becker and Venkataraman.,
1984; Ra, 1991; Miihling and Harris, 2003). Paprika®} 73-%-
capsanthin % capsorubin 2~ carotenoid] M4~ tHF &
3l Qo AEEoe] celluloseZ FAEO] g0 Aglgol
Ao g ¥g o2 AET(Park et al, 2005).
Adzg Fol 413 19 2 A=#uiel & carotenoids T
(Fig. 2)& AA9lo] F7}E=] @ thz7olA 1.58 mg100 g
o2 714 @sken| spirulina 10% H7HEQL S2 AFFollA
2.23 mg/100 g2 714 =AU Paprika X spiruling A7} &
2ol] Wb = paprika 5%} spiruling 10% A7 0)2delA
o] A7 39 2 =& F carotenoids FFE T o F
7¥sEA) ekskth. Paprikast spirulina’t EgE ] H7HE AT
2l P2+S2E 1.61 mg/100 g paprika$} spirulina’} 7t}
7F8 P2 (2.14 mg/100 g) © S2 (2.23 mg/100 g)ET}h wH& F
carotenoids T#-& BT
Choubert and Storebakken (1989y A7l o1& tido=
3t Aol A] AFEW carotenoids ko] 7ol wlel AW =
ko] Zrlsh A7) Agel] Wit F7HEE WolAle
ZAo® BT} Ha et al. (1997) FA|7iEole} Abzlofo]
F oA canthaxanthin F7F AFE7E WA ele] -9 Jutein
7} B} AR BV QT BT Ea kel
A2 ool THAE astaxanthin monoestersS B718 AL -
Folle luteing H7Het 7ol Aey7id 37t Aval Bas
21e}. Kalinowski et al. 2005y 5 F3jo] el o] Ha
Ao & AFE-3F shrimp meal W& astaxanthino] E37F JThil
W slgek 8 Kim et al. (1999by ZE3AL29] carotenoids
thA} oAl ALEW astaxanthin H 77} carotenoids %3
2 ey del 7 A3z EUcia B ol A3
S28E oj&3 AMH AL A R gt A 23
olu} 2ol gEpr e U 4 glod, B M AR
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g A7) 254 wek A2 Aol carotenoids 52 ]
gt S I

2] %3¢l & carotenoids $3¥0] P2 A7} P3RT}, S2
A&7} S3E T} =& 73RS Choubert and Storebakken (1989)
o] Ao} A}EIATh E§, P2+S2 AF7rE P2 B S2 77t
o] ANTRTF & F carotenoids FHFS HA A AW
carotenoids TIAL] o3 22 2 wldsE Aol €37] WE2
2 A7ret} o7 A ALzl o8] FFE carotenoidse Al
Woll Akal g9dElo] 4 carotenoid® FXE T Kim et al.
(1999b) ZtA9] carotenoids AW thAtell A 2E A3
9] carotenoids”} zeaxanthing 7-f-3t] zeaxanthin peroxideZ=
=gty B 7skdt). Katsuyama and Matsuno (1988) &
#Z}ujofol] ZF3t canthaxanthin® B-carotene. =, astaxanthin
2 zeaxanthin®. 2 =M, =3 Kang and Ha (19942 &4
o]0 A astaxanthin®] tunaxanthin® 2 tiAlels A28 HIL
sgt). o3 AREL AEsl] £ u, B A3 ZAAE o
A} AElA oz §)4517] Yeie 41819 carotenoids THAME 2
2 usle A7t Al FyEolor & Ao dekdnh

AR 2o Aol tizol Hlake] ALEU A4 paprika
2 spirulinas 7Y A@T] A2 ¥ 2 A2u]9] o]
o] AwsiA Mkt AL B 5= AATHFig. 3). 531, paprika
A7l p3oiA] BeMol 7P A s JER oM, spirulina
2 H71E APPAME e APl HE) AMo] ooz
¥l AL 3eld 4 Ut ol AL spiruling] THESE
#9 carotenoids ©]19]¢] #2441 phycocyanin? chlorophyll®]
oggo z =alo] AWty AoE FRATK(Ciferr, 1983). £
Ago| A AR 7174 AR A4 F7t R wet A4

W3 £57} A 2ol Holt) o= 7]7 o]l A%
oz Mo Auwryt 4 AU Choubert and
Storebakken (1989)% AkEW MAigle] ghafo] E& ¢ WE
Aol carotenoids”t &2 Elo] & Mo] WMsts] . M AT
o] W 79 A3 2 o] A Wyt A3 o] FojHtt
3 Busldoh. o9k 7o) Al Mo TRl WE 2lE
ol gt ARg7I7ko] A7Vskgo] we o= 717k ol F FH=
Agole] AMo] AR vgsh Yehte 2 & F vk 2
o ALS Bdo| wE AR i FEE AAs] 2T
g7t Y}, dE S, ZA S, dtyo}, AE 3 Ao
7re- pAlolFol| QoA Tte] AAYS AEHo R FFY
7% AlE Byt Eold ZAAA SWM ERET AR
SEme v A 94 717 E9F carotenoids M4F THF &
83 AIRE TEst AML AMATIE Aol FEE AR
welth, 3l olEThe H o) AL FAIFHojok she Aol
AL AMe §AT F AL WF Mh FEE AT A
2o} Arske Zo] FAHY Zolt

22l carotenoids®] AA AL 1%E F BN Adt A
2=o] WEE T YTt Amar et al. 2004y FA7) $o1E N
2102 carotenoidsE THEF 43 25 Dunaliella salinast
Phaffia rhodozymaZ A8 AH7tste] F4% 234 A
AR EF7} Yoz B3FI.2m, Waagbo et al. (2003)2 thA
ok oJo] ALY astaxanthing A716IS 745 WhiF 2HE
o] wo}dg 1 3Kt} Tiger shrimpE W22 Supamattaya
et al. (2005)& AVEW Dunaliella 2% 271Hge] S71¢
ol g1o] white spot syndrome virus (WSSV) & stressol] tHgh
AgEo| Zrlske AAE B 319 2™, Chien et al. (2003)

o

Fig. 3. Body color of swiri fed the experimental diets for 9 weeks. A: control, B: P1, C: P2, D: P3, E: S1, F: 82, G: 83, H: P2+S2.
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2 Al astaxanthin A7 £ 2 dol] 28 stressoll TiEE
ek Z27aaE Bsdn) B3 Hu et al (2006)c hybrid
tilapia®] vitamin A &7 174 B-carotene] vitamin AE.2}
AL B st o9k o] o) Fol| 9o carotenoids T2
s AR ERE Be 75 7Kt 23 E=E carotenoids
kst 7158 ekl o} FARRY 53 Bl o]F7e A&
Tk HAs Frekel B3 A7 X &H o oF T Aot

A2 o T ALEY MARF I e AEST A
Ao et B AP BEEE spirulina 7V7t paprika
A7t 2o AAE mgow, Al 712 paprika
5%, spirulina 10%7t & 02 AddTh

2 o

B A= HE)(Coreoleuciscus splendidusy® 422 ALS
) MO ZA paprika D spiruling A7k 98 22 A
VFS gElstd A2e) 4SS UM nXe IS
ZAEATE Adole HaAS of 44 g7l ARE e
o}, & 87)(Control, P1, P2, P3, S1, S2, S3 & P2+52)0] A¥
AlRE AAEGL. AHE PL, P2 2 P3E paprikaZ ZH2t 2%,
5% = 10%E F71eon, AL S1, S2 B S3% spirulinas
2¥zF 5%, 10% 2 20%S F7isld A=2sch 3 P2+S2
AYZE paprika 5%} spirulina 10%E EF8te] Azt A
& g WELE spiruling’} A7HE BE AATRI
S1, S2, S3 @ P2+S2014 100%Z thZ7-(80%) 2 paprika 7}
F(13-93%)Ect BA vebgdt) feje] 9 9 A=Frle &
carotenoids & AWAgo] A7LEA ke t)FTolA 1.58 mg/
100 g2 7V WSkom, spirulina 10% J7H<1 82 Ad74)
A 223 mg/100 g 714 ¥3UTh. Paprikadt spirulina”h &9
o] A7kE A7 P2+S2E 161 mg/100 g& = paprikast
spirulina?t 242+ %7V P2 (2.14 mg/100 g) B S2 (2.23 mg/100
@B} B2 & carotenoids TS HIATH #12]e] HIES SU%2
2 B Az Aol A7k ZE APl tizel vt
of HMo] Ble Asl Fg A& & F Asch oY dHE
v g w), 312]9] ALEW paprika F7M] 5%, spirulina 7
10%7} lg]e] MesjXe)] £2& Zoz FeT,
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B s 20059% AHAARAN R W71E AR (RTIOS-
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