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Bt (Litopenaeus vannamei) SRMIORANEIRE - BUEANREEEF/K BT HEFHIRHN
& FRZ AR ESEESR (carotenoids) » RfFIEEFMBALR (astaxanthin) FEFTEE - AR
FACFVR IR - B OB ER SRR ENERE -

B =M B (A0) BRI RIIMERIRALR - BB ST Z IR IR EE 43 1Ry 40 (A40)
1 120 mg/100 g (A120) - SEERE /A - BIIHE BB DU RIABRHE 2 ) - FE988E - B8
FREH (specific growth rate) ~ BRHBHR R TFR LITEETEER (P>0.05) - MAZRTH » &
PR N AE - B DRI O - SEHEE ISR - TS E RN B REE - i
BB SR ERE (P<0.05) - BT 2 EIMNBEIRE SIRARE » A40 B2 A120 #H 2 BRAT LR
REOFRE - ERENTES  BERATE - AEREER -

AABEAERIT > EEARE AR » S RIFBFLRAVR IR ETR 40 mg/100 g » HHH
RERVGAER > BIGERGE AR - HlRERIIRRE L LR -

FISEEE - Bk  BRIBAIR -
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EERNEHRERENREZT » HR&
vannamei) 1 B iy
monodon) ~ PEHTHR (Marsupenaeus japonicus) —
B gR4ANREHETENEE  E3EELEE
BE BEIBEXHEBAEARTD R
(carotenoids) HIZHEFE » Fil 2 BIRIRALE
(astaxanthin) HYS 8 TR B3R oS &8 AL
AV EREY (carotenoproteins) (B » B
BREFRE R +EEH) BanEERTF
(Goodwin, 1960; Britton et al., 1981) - g FH#
{ETiRmE T EOE RN 80%LL F (Katayma et al,
1971; Tanaka et al., 1976, Tanaka and Katayama,
1979; Howell and Mathews, 1991; Okada et al.,
1994) » KR AS BN ER B RO EEE K R ig L
RO ERER R -
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— i AR B — 4 - BEEITTEK
MIME R HREBELAZSZHRY P S
(Goodwin, 1984) - Tanaka et al. (1976) fgH} » %E5H
HEUREHFBERANAHEZIRERE : (1)
B-carotene — isocryptoxanthin — echinenone —
canthaxanthin — phoenicoxanthin — astaxanthin ; (2)
zeaxanthin — 4-ketozeaxanthin — astaxanthin’ |fjj38
AR R BV R BT IRAL % - 7%
NRHEENREREY - SENHERTR2KEMR
RERAIETEL » EHFER R SRR SRR
R B RERERARAENRANEREL
RARERRHE -

BT E I ARG B R B BRI B RFTE
FERE R+ DA B R R B R AL R G 1R
B3 38R » 20 Yamada SE4E & R0 A 200 ppm
HBF AR (20 mg/100 g) #1400 ppm ERET/\
H o WIEETEENRAE AR BRIREE 404 ~ 40.6
mg/kg (4.04 — 4.06 mg/100 g) (Yamada et al,
1990) ; Chien and Jeng (1992) #&Z T ER L ERI
FRE IR F AR 100 mg/100 g BIEEPRE 1 {H
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A AIEEAER - SN IR PSR R SRR
SR REE 85 mg/kg ~ 38 mg/kg Bt 54 mg/kg o
Menasveta er al. (1993) DIEEEI S ERIN 50 ppm 38
IR R 3 BT SRRV AR AR A SCERUR » A
EREAVYE B S AT R P R R R R RIB A 50.2
mg/kg AR 14.5 mg/kg : S HTIRARAV AR
KR - BTRFIRALREARERN 70 -
90%- Liao et al. (1993) RS & HHEMEENE
¥} (B-carotene ~ Spirulina ~ Phaffia ~ krill oil) 43
BRI B RAT R - AR A — BB B o AT i
P ERREESL - BRERLIR ISR %
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R PR R LI ERE E  (zeaxanthin)
ToE » T K R A BRI 1% & ORI B iR
AL » BEUREEEE A EAYRCR - iR E Y
EBIFIERNRNER 3%  RERERINRDE
HRARE R RIREIINZE 8.01 mg/100 g - AIFFEHS
FEIE R AL R Y NS B RIS
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gk (BEHESE 372%) BEAEH (£%F,
2002 ) » FEEH BICURFURALSR (Carophyll Pink,
8% astaxanthin, Roche Co. Ltd.) 0.5 ~ 1.5% #34%-EX
ARETRHEUR YRRy - (8 R R 7 R BRI
HHEVIRE 75 40 mg/100 g (A40 #H) ~ 120
mg/100 g (A120 #H) - FAESEIR PRy H ALK RI5E
ZEIHFHHEDE (A0 #H) HHE - e S RHEDE
rRRRIRINERE -

— - EE R T

BRIFAKPHE S E FRP HE/KE (KHE
R 1 m® o AN - K E 500 L ZHEAK
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H 6 g SR 50 BB - S HIBBE=R (8:00; 12:00 ;
17:00) - HIZER BFEIE 7R R BRI (B
BEERY 6 - 5 %) - AERRIRIERKEE - fiUkE

B 5.5 ton » GBS KBETRERE ) 0.2 Lisec - 5§
b P A A AR ShiR  DAHITE R R RS 7
EIREE » WATEEAR SRR 10 Bk ko
WA BRI/ -
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& — & Ll phenolhypochlorite % ] 5
(Solorzano, 1969) ; Eiffs-%i L Bendschneider and
Robinson Hy 5 % #l & (Bendschneider and
Robinson, 1952) : iHFE-ERILLER ML YeEmHEE
#l % (American Publish Health Association,
1998) ; pH {&lL METTLER DELTA 350 #I pH &}
H5E -

VY9 ~ plegyr s #
(—) BRI —RAND DT

Koy~ Koy~ BHE - IBHEHEE - 2R
A.O.A.C. (1984) HIFTEEAELTAHT -

(2 e

RTINS 10 B » i RYIRST IR
=fEESy - ZEEER (BELR) - A - AN (B
EREBKE) » F—KREFTI RIS » KIS
S R=EREA - LUETTERR ST - R
SELISTETE 5 i SRR (acetone) J
IEC%E (n-hexane) DA 2:3 HLHINESHBFEIRAR S
P& ZBEHRE 3R WG 2R LAEAL (Toyo 5 C)
WERHEE - <BEMAZBAEORERERED
Beld » M DAZRER K E A LARS R R R PR
Ber/k 3 RILIIMA 5 — 10 g Na,SO,/ 100 ml ¥EHH
TRER - WP FranBR &L LLEST
SEWRETE 470 nm [E (1 %, 1 cm) = 2115 JIER
Arh BRIRE  BREBEEAILL mg carotenoid
/100 g wet tissue F=7~ (Simpson et al., 1985) -

% - HEAR
(—) FFERER (specific growth rate)
= (LniiFRE - LodgF¥)HE) + BERHE
x 100
(Z) EIEHEHR (food conversion rate)
= RREH R « RFINER
(Z) {&EFESR (survival)
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= GAERRIRIFIR FRVBE + SERBHAARF R
FHIBE) x 100
(79) 32 (pigment concentration)
(mg carotenoid / 100 g wet tissue) = (O.D. x Vol
x 10%) + (E x Weight of tissue)

0. D. (B3EMH) © #E A =470 nm

Vol | AR ZZEFH

E (extinction coefficient value, U YE{E{REL) :
E (1%, 1 cm) =2115

Weight of tissue (g) : HEARIRREER

7N~ MRt Atk
B XK 7% 5 4% (one-way analysis of

variance, ANOVA) & & IX % 8 i J{| & %
(Duncan’s multiple range test procedure) 4347t * 58

HKHEERy 5% (K, 1993) -
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BB R B TS R4 Table 1 - %%
MR — R EER  EEAESERF -

= BEAR

JGHRHIEATERIEAR R A0 Table 2 - SESBALG
R HH T EIR8E 5.90 - 6.00 g » B/ GEBHITEY

Table 1 Formulation and proximate composition of the experimental diets (%)

Experimental diet'

Ingredients

A0 A40 A120
Fish meal (CP=67%) 30 30 30
Wheat flour 26 255 24.5
Others? 44 44 44
Astaxanthin (8%) 0 0.5 1.5
Proximate composition
Moisture 7.22+0.01 7.53+0.02 7.51+0.02
Crude protein 37.51+0.19 37.92+0.06 38.13+0.17
Crude fat 11.38+0.23 11.27+0.06 11.460.04
Ash 13.62+0.16 13.50+0.07 13.56+0.08

'A0: no adding astaxanthin; A40: adding astaxanthin 40 mg/100 g; A120: adding astaxanthin 120 mg/100 g.

*Others: shrimp shell meal 8%, cuttle meal 8%, soybean meal 10%, wheat gluten meal 3%, fish oil 5%, lecithin 2%,
calcium phosphate 1.5%, calcium lactate 0.5%, zeolite 2%, betaine 0.5%, sodium chloride 0.5%, vitamin premix 1%,
mineral premix 2% (vitamin premix and mineral premix are preparations of Cyanamid Co., Ltd., Taiwan).

Table 2 Results of white-leg shrimp (Litopenaeus vannamei) fed experimental diets for 8 weeks

Experimental diets'

Results
A0 A40 A120
Initial Average weight (g)* 5.90+0.25 6.00+0.04 5.91+0.02
Final Average weight (g) 15.62+1.46 13.65+1.00 15.19+0.79
Specific growth rate 1.74 1.47 1.68
Food conversion rate 2.18 2.75 2.21
Survival (%) 80.0+5.7 93.0+7.1 77.0£9.9

'A0: no adding astaxanthin; A40: adding astaxanthin 40 mg/100 g; A120: adding astaxanthin 120 mg/100 g.
*Mean + S.D. (n=2).
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HEE R 13.65 - 15.62 g HAHZFFERURRTE 1.47
—- 174 Z[H 5 GRS 2.18 - 2.75 5 {H1ERAN
2 77.0 - 93.0% ; IRESKS Rt 2 HIEBAKERAR
FHE S REEEZRE (P>0.05) -

=~ KB

R TIRRIR KR 26 — 28°C - BHRY
By 20 — 25 ppt > HEE-FIBESE 0.2 ppm LR » EA
HHB&-2\7E 100 ppb DA » HiSER-Z7E 20 ppm DAF »
KBRS EHELZRECA -

9 ~ R AR

B/ E RIS A AR IR R R R
i > DA RS RE RO HRER
BN B BRREHL - LT EARE
HIMBEIER R EIBARGL (Fig. 1) - HEUERIRLL

Fig. 1 Color of the white-leg
shrimp (Litopenaeus vannamei)
fed diets with different
concentrations of astaxanthin for
8 weeks.

Fig. 2 Color, after being cooked
in a microwave oven, of
white-leg shrimp (Litopenaeus
vannamei) from this study and
the market.

PR NE IR LS - DIPIER B S IR B fa
fREH ;MR B TS QiR
FEIL (Fig. 2) -

W EEREFT I S AR R 43 - = BT 4y
SHES (B2 RE) -8R - 4N (BERBRIKE) -
[F]—/KTE TR SR - RS A& S =
fERRA - HEFTEFRHT » KSR Fig. 3 -

(—) YRERERD -

AR BT S BB RIRE R 037
mg/100 g - ] AO FHEIER IR - BIRIREET 0.82
mg/100 g © /B - BSRIRETR 0.69 mg/100
g A0 FHAE /\ 65 2 JUI I PO 3R U B 1 AR
(P>0.05) Z£ - HERAPARY A40 HHIERIRIYE
% BRIRER 592 mg/100 g ; FE/ UK - &
FIRBEMATZE 8.30 mg/100 g > HORREERE
JNE%RREE (P<0.05) RREIBISER - A40 A
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AR UE/GER - HERBEERESN A0
HH - A120 FHATRUYEE - BRBEER 7.23 mg/100
g B/ ER AREENINE 11.58 mg/100 g ;
REAEEBRENOREEAESSREARN
B o 3 A120 #HEE A40 fHFEIGES - BURIYEEW
A120 FHH SRR S FIRFRER A40 4 (8
B /UHERAY A120 FHER A40 fHAHEC T - HEa
REEHEEEZR - B/INEHHTERBRME
FoT 0 HEARRC BRIBE R 4.07 mg/100 g - §F
FERHEBERZ A0 # 5 EHFEHERREHE
FHELEG - RIHEEEZ R E I (KR AR IYE
Dtz ratetd -

() RAERS -

AEFAGR S BREBER 033 mgl00
g ° A0 HEFEFIRIGEE/EE - HEaRBEESH
B 0.28 mg/100 g Ei 0.29 mg/100 g » #¢ A0 FHTER,
BRI B RR RN RS SR - T A40 8
AR /GEMERE  BRBESR 119
mg/100 g 52 1.63 mg/100 g » BRI ORIREHE
BRETE - B A40 RIS RIGHEC 1% - HERR
R R AR A0 #H - 1AM A120 #H
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mg/100 g B2 1.55 mg/100 g WifH Ry BN SRR
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HBK o WRABR BRI T o MR g R S SRl AR 7
R Qi HRAERRIEET 1.58 mg/100
g BUEEE/HRAY A40 HHERETERIVERE A120
FHAER AU SRE 22 5 -

(Z) BB -
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A0 FHEEERE H » SR PR (SRR BN SR RERK
27 A40 MR AR UK/ GER - GREBES
A2 7.66 mg/100 g %1 9.03 mg/100 g » HAFEAS
HREERN A0 fH - IS - A120 HETEIGE KA
g HEFRES AR 8.36 mg/100 g B 8.83
mg/100 g » W MR 2R 5 1§ A120 #HER A40
FHRTHE AL - Nimea B IEE/ VBR - HEaHR
BEREEER - BRSO ERE KRk
BRRETR 6.59 mg/100 g » BESRHRHE  H
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EFFE (Homarus americanus) & FREEEE
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BOE I B % o Yamada er al (1990) K
Negre-Sadargues ef al. (1993) 35 ' BEISHEH
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RATE - BREVSHEAMERIVEDR » [FHRAY
BIEETRAE S S EHE) (Chien and Jeng, 1992) ;
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Bgnel » HCEH SR B A (2 R I R R A A
ARBRRE - BRIEETEIM RN ORERE &
YRR BRBEARIELS - B RITHEE
BB MR MR - 1 > 3B
FHER ]/ CHR R BRI B REE SRR A IE RN
BREBE  FRaRNEHEE TR
R (HBRSREHES A RHRD) - SIS hE
HHRBREN S AEEERSRSENTREmAR
ML fEET S HANRY R B S A R E AN
WS © ANFEBR TR S ERVET ST o S BNEREERE
ERAL » BFRBERBEWINER B 0 5850 - B RIEE
WL (Chien and Jeng, 1992); 1fij Negre-Sadargues et
al. (1993) EHE—FLINFERVEBTHT » HREZR
BESRBEIEF Ry REE ~ PR - BIME
REHUR (P. semisulcatus) BIRFCHITH  BARIBER
TREINEFF £y » 2R EZ ~ THMLRR ~ DN - IR R ALAY (Dall,
1995) - TEHIR AR & BN - g
IRFLRHVEE B S NRPY - T E AT R AR Y
HE o AN BREHEOE-RBER - TRED
H R BRI AR INR#ZY (Menasveta et al,
1993) ; [lb4h » Panet al. (1999) RYRFIEHSREET
BT B RIR BT LR - BRI E B R
W& BN A 2 R - Kt AHEREIHAE
B H A - EARSMHNBRESERH
MAERNIMAINERE—ERZ%K - BMERENM
Bkl R BE RN L OREERLTS
Fn ; (E7EEE AR ER SRR ey a3 R PR A R 1 3R
I B B R SR S I S g g B -

F R PR IR R AL R a1 - R
RS b RBEEE S H R - e
I ABRE HRERERA - RIEN#REE  £H
SRR B AR B SRR B 47 Ry 5.927.43 mg/100 g
B3 7.66 ~ 8.36 mg/100 g » BEE B T EE I 4.07
Ed 6.59 mg/100 g » {EFERART & AR ]
HHEQREEENER - Fit  AFBLIRD
40mg/100 g 3B FURALRAVETHIEREPIE » 7R
< BRIBE LEIEHEETE HIRBER - Bl
Z BERRNERN A REE - 8RE
B HEHIN B RIRER 2.3 - 4.1 mg/100
g BOEKEEHEER 8.0-82mg/100g - §8
B2 EIXK (dark gray) ZFHBEE R 202 - 33.1
mg/100 g ; M T HARSAME SRRV R - BIR
WAL RAGRE R EERY 86 — 98% (Okada et al,
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The Effect of Dietary Astaxanthin on Pigmentation of
White-leg Shrimp (Litopenaeus vannamei)

Chun-Shin Yu', Mei-Ying Huang and Wen-Yu Liu

Aquaculture Division, Fisheries Research Institute

Abstract

White-leg shrimp (Lifopenaeus vannamei) reared in indoor super-intensive recirculation systems are often
pale in color. This phenomenon is mainly attributed to insufficient inclusion of pigments, especially astaxanthin,
in the shrimp. This study was therefore aimed at improving the shrimp's pigmentation through supplement with
astaxanthin in the diet.

Diets supplemented with 0, 40, and 120 mg astaxanthin / 100 g, denoted the control, A40, and A120 groups,
respectively, were fed to juvenile shrimp for 8 weeks. No differences (p > 0.05) were found in average body
weights, specific growth rates, feed conversion rates, or survival rates among the shrimp fed those three diets.
After microwave cooking, control shrimp were pale while A40 shrimp and A120 shrimp were reddish.
Carotenoid concentrations in the head and shell of A40 shrimp and A120 shrimp were significantly (p < 0.05)
higher than those of the white-leg shrimp from the market; however, there was no difference in carotenoid
concentration in tail muscle.

Results of this study indicated that white-leg shrimp fed a diet supplemented with 40 mg astaxanthin/ 100 g
for 4 weeks could obtain coloration comparable to that of the shrimp sold in the market, which had been reared

in outdoor ponds.

Key words: white-leg shrimp, Litopenaeus vannamei, astaxanthin.
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