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IR R & Ry 2.8 ~ 8.4 mg/100 g tissue - FHESFANRRAVENIHE R & T > BURA
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F (Goodwin, 1986) - 7k AL B4 M) B ELATI4 ALY
FESRE R R AR - rTRERSH B SRR R
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1989) » iR I 1 A P 7 ek £ 2 e i R i 5
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EHEHB SRR (Bjerkeng ef al., 1992;
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2001) - SEFA AR ER 2 WY it e s ) BB Fa B
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diet FYET BRI » MIARIIAY AL ETRHE A
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Fagit 3.2% » DGR R ORI IS RE R 325 Ry B I
#H - 225 F1 Z50 AH Ry Bk R o3 HITR DD oK B3R 25
1 50 mg/kg s TR SRR H#T fef s FORMERZ R -
AR IR LY FORR RE B AL - A25 ~ AS0 ~
A75 F1 A100 #H:Z 8RRV DA & BOBRL 22
(& 8% #HMRALSR; Carophyll pink, Roche) » 7R fIE
733y 25 ~ 50 ~ 75 ~ 100 mg/kg © jRF 25 FRHE
¥954% 0 IAJECRE 30 ~35% H9/KIBGHSS) > Bl
LR 2 mm 2RI - S BOEE K/ > XA
B R RZEER - DL 40 °C HE 15 /N\EF > 1R AIER IR
T74E -20 °C UKFH -
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B FH R B < 19 0 o o e e i
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REEEREERT 20 g AR SR 7 #H - IHH 8 B2 —
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R WA E R B =K PR e 25 - EER AR
HRR RN AR R R S HE E 2~4 % 1Y
HEEER  HHIRE X - WINMERERSE 1 /)
FFRIG PR AT EL UK - DIRF/KEREE » E G
Ve A R RIE A BE - AR R o BN E
I » ARl ER IR /K L 19 ~ 29 °C - FERdt
AT 12 38 - | 8 W Ry — RSB 2 1 B - A
FESHIIRERA FIEERER 21 4 H R 5 R
BB O RS - S A BRI IR R 2
YA RGRH BT R - BB 4~ 8 e 123 - (2R —
K BFEESHHLL 100 ppm 2 2-phenoxyethanol
iRl o ETTREER IR ER SR - RN E
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Table 1 Ingredients and proximate compositions of the experimental diets (g/100 g diet)
diet code

ingredient control Z-25 Z-50 A-25 A-50 A-75 A-100
fish meal 65 65 65 65 65 65 65
soybean oil 4.8 4.8 4.8 4.8 4.8 4.8 4.8
fish oil 3.2 3.2 3.2 3.2 3.2 3.2 3.2
vitamin E 0.1 0.1 0.1 0.1 0.1 0.1 0.1
vitamin mix.' 1.5 1.5 1.5 1.5 1.5 1.5 1.5
mineral mix.? 5 5 5 5 5 5 5
a-Starch 15 15 15 15 15 15 15
choline chloride 0.5 0.5 0.5 0.5 0.5 0.5 0.5
cellulose 4.9 4.9 4.9 4.9 4.9 4.9 4.9
pigment addition (mg/kg)

zeaxanthin 0 25 50

astaxanthin 0 25 50 75 100
proximate analysis (%)

crude protein 42.6 44.7 46.3 38.5 48.2 47.6 48

crude lipid 14.9 15.2 15.7 15.3 15.2 14.5 15.1

ash 13.9 13.9 14.0 13.8 14.1 13.9 14.1

moisture 8.2 7.7 7.4 7.0 7.5 7.1 7.6

carotenoids content (mg/kg) 8.8 429 449 20.3 34.3 48.2 79.1

'Ogino et al. (1979); *Ogino and Yang (1978)
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- PR e R SR E R AT -

=~ BRHRA A HT

fi Bt A B Ak 4~ LR B RTK 2 B A
AOAC (1984) 1y 51EHIE > BRE HIfKIE Folch e al.
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Fig. 1
of carotenoid analysis in Petenia splendida. 1. cheek,
2. head, 3. dorsal fin, 4. caudal fin.

The points of color measurement and positions
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Table 2 Average final body weight, weight gain (WG), feed efficiency (FE) and hepatosomatic index (HSI) values of

Petenia splendida fed with experimental diets

week diet average body weight (g) WG (%) FE (%) HSI (%)
8 Control 41.5 £ 5.1 105 49 3.8 £0.1
725 42.4 £ 6.9 104 48 4.9 = 0.1

Z50 42.4 £ 4.0 105 49 49 0.0

A25 42.1 £ 4.8 105 49 4.8 = 0.1

A50 39.0 £ 4.2 94 45 4.7 £ 0.5

A75 44.1 £ 4.3 103 49 3.5 +0.1

A100 44.9 £ 2.5 123 58 2.8 £ 0.1

12 Control 52.0 £ 10.1 157 54 4.4 = 0.1
725 53.5+13.8 157 55 5.0+ 0.0

Z50 509 + 7.8 146 51 3.8+£0.0

A25 47.6 £ 8.7 131 47 3.9 £0.1

A50 47.9 = 8.1 138 50 4.6 = 0.0

A75 51.7 £ 8.5 138 50 3.2 x£0.1

A100 542 +£53 168 59 4.0 0.2

There were no significant differences among means=+ SE (n=10 or 16) in the same column.
WG(%)=100x(final body weight-initial body weight)/initial body weight

FE(%)=100x( body weight gain/feed intake)
HSI(%)=100x(weight of liver/body weight)

ERFERT > KRB RAERINAME 15 ml
KB S ml KEET7K  BREES A 0BRSS
HIRGIRERE - ARSI ERIEEEZBRE - FELL
TR < IRFERISEINEY IR E & - IR
JEOLEERT (Thermo AQUAMATE) HIEBOU(H
A fR#% McBeth’s formula ( McBeth, 1972) #aE%E
R RS &

Carotenoids content (mg carotenoids/100 g
tissue) = [ODAxVol.(ml)x1000] / [E (1%, 1 cm) x
weight of sample (g)]

E (1%, lcm) {H64%%% (extinction coefficient
value) :

1. MESEEAREE RIS 1 1900

2. BRERFNIECKE © 2480

3. WRLRVE R IECKE © 2100

(Z) REFEIRAAER

¢ Okada et al. (1994) B3 » B Bl 5
IS B 0 B AENERH RE) 32 LURY B e B A o i
T - FEEK | om BEHEABE AR 40 um /Y
W (Baker Co.) #J5 ~6 cm 5 » DUECHEbEH
B FIEABAWR o JeLAUECHE 20 ml e

RS2 B-HIFESR  RBRELIECKE % &
HPE=5 110 ¢ 1 AR 30 ml gt 6ss
WERIMBRAE LIE CReE & - LR
HIERE -

N~ M

L SPSS (Statistical Products Service and
Solutions) % £% K g ¥ ] & 2 BHETT one-way
ANOVA 73 Fuig » A B 72 5 R DA Tukey's
HSD (Honestly Significant Difference) test » {745
FHEIRARA L (w=0.05) °

I
—  RAR

TEALBE S HR ERDRE R 43 BRI [RI AR R E
RO R Ry EAKEE 25 ~ 50 mg/kg (225 ~ 750) Eillfy
£ 25~ 50 ~ 75 ~ 100 mg/kg (A25 ~ AS0 ~ A75
A100) - EiEE 8 HMEE 12 H (DAASESAHE 3R
HOERRHERER 4 ) 2 R FEIAN Table 2 FvR -
AREEFGRER - G R IR R
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Fig. 2 Mean skin lightness (L*), redness (a*) and yellowness (b*) at 4, 8 and 12 weeks of the experimental period in

Petenia splendida fed with experimental diets. Means with different superscripts are significantly different (p<0.05).
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FEAYRH A AL RS B2 BREE S A I B R ok
= AAH - HLREE 8 JAIF AS0 ~ A75 Bl A100 ZfHEL
IR AR - SOt E T (b%) (EREE 4~ 12 8
] > IR RRAE R = AR IR S R
FHIGHH BRI DAL 3440 - (RTINS R 32 %
BEHE A AR 2 E (AE) #REF AR
BB SR RAUEYE (AE>6.0) » FHFR L
USSR AT75 B A100 RHAVE s @ FERER
12 3EIEE » A25 FHAYSEYS AE {EI% %2 4.8 (Table 3)-

Table 3 Mean total color difference (AE) values for 3
points (cheek, dorsal fin and caudal fin) of Petenia
splendida fed with experimental diets at different time
points. The total color difference shows the difference
between the experimental and control samples

4 weeks 8 weeks 12 weeks
/\Ez2s.cu 7.3 8.8 8.5
/\Ezso.cul 8.3 8.4 9.6
A\Eazs.cul 6.5 8.0 4.8
A\Easo-cul 7.2 9.3 8.9
A\Eazs.cul 8.0 11.1 6.9
/A\Eatoo-cul 11.3 10.1 11.2

=~ i R E R R

TR RS AR (Fig. 1) MUEHHIRHE
HFR - PERIAERAN Fig. 3 FR o AL RBIENHET
o3 B 8 ERMEEIEE R R L AL00 A S R
W+ R 12 EN AR RS BN E R
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Fig. 3 The integument carotenoid contents of (A) Cheek, (B) Head, (C) Dorsal fin and (D) Caudal fin at 8 and 12
weeks of Petenia splendida fed with experimental diets. Means with different superscripts are significantly different

(p<0.05).
Table 4 Integument carotenoid contents of dorsal point of Petenia splendida fed with experimental diets
diet
cartenoid control Z25 Z50 A25 A50 A75 A100
content (%)
8 weeks
zeaxanthin - 74.8 76.9 - - - -
astaxanthin - - - 73.3 69.3 84.4 81.7
12weeks
zeaxanthin - 83.3 82.3 - - - -
astaxanthin - - - 83.5 75.5 91.6 88.6
RS A28 - HRAEARIANTET > - 55 8 ERHENE B o IRAEREEEN Y - 28 8 EIMH IR R 2
EIREE RS ELL ATS B A100 RHAYE SR 56 12 HELATS Bl A100 RS ERRS © 26 12 EIUHE

BRI R E R ATS B AT00 FHAY & &R
1 © % MG ATy © AR 8 SEERIIMRRLSR
BRI T oK B SRR A RE SR L L if g v
805 12 AR R R S B e BRI
MIRE LTt AR SR RS B BT

HIREER G R ATS GRS L AR I
Sb > HEE 8 HAE 12 SR PSS o L -\l
HHEETR IR AT SRR SR 251 AR
WM R SR R NEEIE - MEsRsy
B Rl s BATH 32% ~ 1T 25% BLREHK 28% -
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y = -0.0260x+4.2082 (r°=0.7144)
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o

0 2‘0 4‘0 5‘0 BIO 100
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Fig. 4 Effects of dietary astaxanthin levels on (A) skin
redness (a*) and (B) integument carotenoid content of
Petenia splendida. The break-points for the astaxanthin
level for skin redness (a*) and integument carotenoid
content were 32.4 and 35.5 mg/kg, respectively.

VY ~ FEAA ST R

IS B4 Table 4 FToR o FEJE S FE 4 HES 41
MERETHRE R R E Cber i - MR B-i5H
HHR G R - DR 3R I R E R
I AR IE e -G » BLEE 8~ 12 581
BRSO IR S AR 444 ~ 446 nm Z[H] - VR
eSO s Y 3R - ARSI &
KEHE (AR R 450 nm) BLRAIR (K
WG R 470 nm) -« SERIIFORERAGHIH -
TASE 8 SRS » 43HIHE 225 Bl 250 FHATHEEEHREE]
Fr o TS 74.8% Hil 76.9% MUT KB 5 AE
12 s 43> BIAE 225 Bil 250 #HATHEEEE R R =
IS5 83.3% Hi 82.3% MyT K% AraHERrMm
Frh G ESHIERLEE  FRAN TRV IR SR AAE 1]
th o 7EER 8 EIRF - 43 RIAE A25 ~ AS0 ~ A75 B A100
RHAREXEEH R A BTS2 73.3%°69.3%~84.4%
Bl 81.7% WYMRALSE s AR 12 J8EF 53 7I{E A25-

AS0 ~ A75 Eil A100 AHAVHEREHEE R R4 S-S
83.5% ~ 75.5% ~ 91.6% il 88.6% MIRKLEE » FTe
Hepta R S| Lok -

T~ WRRLSR Z BB N T

DU DI 3] 3209 Control iH BRI
HELRA A25 ~ AS0 ~ A75 ~ A100 BIPUAH » FIIFHES
8 Bt AR MRS T B A AL R (a*
1B) - SEPRH ARSI REE R & B AF broken-line
5387 » E breakpoint $#57F 32.4 mg/kg diet (Fig. 4) ;
SR DAV IIESAHE =) 389 Control #H BRI
KA A25 ~ AS0 ~ A75 ~ A100 AP » FIIFE 8
E R R R R A T IS < RS R R
B WETR R E R R 3R 5 B 0F broken-line 53
#T > H breakpoint & 4F 35.5 mg/kg diet ( Fig. 4) »

S

=~ RERRCR

HAREBERE RS I - e SFRaEAY 20g AL
SHESHRER R o M RIS R - A
ARG R - BRI CER B A 2 A P Il
R (EHE AR ERE RN D BUARAIRR - 176
Y fEE S e WEeEAMENR
(Xanthophyllomyces dendrorhous) i WL 35k
U5 > Th0 60mg/kg diet & EAYHSAREE R aR}
Hh R 60 KA A HHR R R 2 Xy,
2006); fE SRS E 300 g AP EESE (Salmo salar)
AR 43 BRI 50 me/kg diet FYIBHET AN
VR BER SR 0 B 138 Kk o S FHMIM R
BHZE 725 (Olsen and Baker, 2006) ; SEHf8E 223 g
HIFREE (Pagrus pagrus) LUy H0R BT SR R
I > 7RI 3 ~ 6 mg/kg diet & BAYAARTHEE R E 6
i #8165 R - JHMII SR MR 252
(Garcia et al., 2010) » HESRAE/K AR ARV A BRACEH
MR SRR R TIPS EEN AT (HAE
WA SR AT AWSE S - B RRAEE R
HEHRE RN S R EN R A -

N Ef
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FIA i L B S TR S P P R e 1
ZMH (AE) - Zfchmind B 5% TR B A I = 5 >
FR R NIRRT R/ - 12 8 SEE R
ERESE IR R R R R - L AE B 8.4~
10.1 - EAHY 6 Co AMRENETE R RIRI/KIE - 55
ANAEBPRFR R INAYE R T 3R AT LU R T+
ERBR D - TAE 12 EAHERE NS ENRE R
PR ERRE o BR T A25 DISL  &4HIN AE ks
8.5 ~ 11.2 > BURRIEIF AR 4 A {hRESAER7 B
K BT AR -

PR HHE RS Al AL (*H) 1E

AL SRR A A BE TR IR L T e T 85

R (OYME) fEHRAHE EEER - AT 8
BHAE ARG EHER IR ROKRE R AR A
B 1 A B R ISR L R AR AR = s
FER Rt 5 AR AT Se T (L*E) - RIIfERA R
A S - FRItb 2 N SR 8 FERE » A HIERAE AS0-
AT75 B A100 By a*{HETHEREE 225 - HERRHAL (L
PR L] TRAHIRRE -

TREETRER (Lutianus erythropterus) WIRFZEE »
9 2.32 g BUFAEERTRIFRER AN 50 ~ 100 mg/kg diet
AOBBSTRISR ~ B-iSH R ) 34 B B Rk - B2 6 4%
AN AE fEGE 7.0~9.0 © S 35 g WYREE RS
BRI 50~ 100 mg/kg diet HMGRLSR ~ BRfEd: -
AR 8 R 0 - AE {H3E 8.6 ~ 13.3 0 —KEE:
TR E AR E IR B2 - 54) - a*
EAYSGDIET HRERRR b* ~ LHME S » SUREARHHTY
ARFEEREAOREE L (5, 2004) - (105
Zifa (Oreochromis spp.) HIMFEH > 39 2.6 g B9
FEERETR AR T 50 ~ 100 mg/kg diet AU -
B 10 A% - RIS AE {H3E 8.0 ~ 14.9 - [
-39 53 g BURL LR 2RFA - BE 60 K% - 13 AE
H3E 9.1~14.2  “ R EEHR S AR EREH
B B BRIUR » S350 » a* (EEFHHERRL b* -
LME S » SUREUS IGHAY 22 52 1 S 2 B EAL O
B b (3, 2009)

WFFC/REE R & BERURS SREURAE 105 RAY
REfE TR HEHIBR B COE RS > LME A HAREH
298 (Kalinowski e al., 2005) 5 [RIRE LR 1y B
Fald DU MR IBAL R AR » IR &kt
& 165 ReaEe - HIOAEESER - 3 LME
1A TR A 7252 (Garcia et al., 2010) © £
&HE M (Pagrus auratus) HIHFZ2EFRIFEH Gk

FRIRINETIEAT 3 - T SR RAVAL AR 755 6
HLI% - Tshn 36 Bd 72 mg/kg diet ZAHA] » 2
Z a*MENIEEE A R > HILHER ORI R E
TEHIBHEIRRE » S94ME LAEEL b¥H - If 2%
(Booth et al.,2004) ; SSEWEIIRH - SEBIFER
BRI TIATISRL SR - v Ee iRt L2 7228
50 RLI#& » ¥ 30 B 60 mg/kg diet Z#HY » S
a* ~ bHE AR E R HECHE CE R RS
TRV AHRER - (B4 LMERfEEZ2E (Doolan et al.,
2008) -

AREEER TR ERE RGNS - FEaIN
WAL R A - RIS AR RS R = AR
ARG TRV IE ) 2R S I - RS R
SRS EAE - HEHEERPTR I &
Wt e G > BEHEEE (8.8 mg/kg diet) g
R BEAR B B - AR R R S A T e LA
B FE AR AR A< B HH Y B R A 2R R P IS R (B A
KAEFEAE 435 nm /245 - HEHDE HAH BEAEN IRAL 22
R RERMBRREAE T - Z R R iGET R R
Ea— e T EH A R AR R TR -

=~ ERERCR

BRI FOR B 3R SRR R AV - R
PRI ) 32 3 i R e 2 K B g = A
55 8 SRR I AR 22 2 B 1.3 mg/100g
tissue » BEESHH YTk 4.9 ~ 12.3 mg/100g tissue » |fij
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Effects of Dietary Carotenoid Supplements on Growth and
Pigmentation of Giant Cichlid, Petenia splendida

Yu-Jung Liu!* and Wen-Lian Liao?

! Chupei Station, Freshwater Aquaculture Research Center, Fisheries Research Institute

2Institute of Fisheries Science, National Taiwan University

ABSTRACT

This study focused on the effects of different kinds and concentrations of carotenoids in diet on the
pigmentation of giant cichlid (Pentenia splendida). Experimental feeds were supplemented with two different
kinds of carotenoids: zeaxanthin (hereafter referred to as Z) and astaxanthin (hereafter referred to as A). The
experimental period lasted a total of 12 weeks. The fish used in the pigmentation experiment during the first 8
weeks were divided into seven groups: control, Z25, Z50, A25, A50, A75 and A100 (mg/kg diet) groups. For the
dispigmentation experiment during the last 4 weeks, all of those groups were fed without adding carotenoids being
added to the diet. The skin colors of the fish were measured with a tristimulus colorimeter, and further quantified
for integument pigment. The experimental results indicated that the carotenoid supplements had no effects on
growth and feed efficiency, but did improve pigmentation in this species. For the pigmentation experiment, the
average color difference value (AE) varied from 8.4-10.1, while the content of carotenoids in integument varied
from 4.9-12.3mg/100g tissue. For the dispigmentation experiment, the average color difference value (AE) varied
from 8.5-11.2, while the content of carotenoids in integument varied from 2.8-8.4mg/100g tissue. After carotenoid
supplementation was stopped, the content of carotenoids decreased about 25-32%. The effects of astaxanthin and
zeaxanthin on the pigmentation level of this species were similar. The results indicated that 32.4-35.5mg/kg diet
is the recommended dietary level of astaxanthin or zeaxanthin needed to ensure good pigmentation in the giant
cichlid.

Key words: diet, giant cichlid, carotenoid, zeaxanthin, astaxanthin
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