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RAMEENEFEE KM EFIKIKE &R

Tew, & &, T B EFE KM ETAE
(HrEA B 2= BRI 5T T, EZA R 1P B, JERT 100081)

HE: IR TRATELZRE T A, 2BH 4A64%MTMAKTERa K ZkE 6
BERWE ., EEF LA, 255 M 0%, 0.15%. 0.30%. 0.60%. 8.00%%H % X4,
EXYHARNERATFHEM X T REAEANTREAFNELN 10 UL, 2HE#
T EmIE, Sl vt # &4 8 b KA B B R=0.5 mg/kg).24.2.54.2,118.0. 1 700.0
mg/kg, KK A4 K C, L24.2, L54.2, L118, L1700, %7 90d a X3, HmKArt&E R W
AANFIEH R K R AR AR L2422 AR AR R, L54.2 4140 L118 41 % L1700
AWtk BN E S B F 5 T X 4(P<0.05), M Fr fE 30 K ik B9 3 & (b*)Fn i Fn & (C*) I 1A
B ERATEEZLEWNH RS A G, LIS A MK E fafr, 75 L1700 41 8% H B % £
F(P>0.05), LIS Al Ak G A ELAF KT HEERIENMR, FrlAPES, Ryt EXR
WERABEA AT E TR A, &5 N 76.25 mg/kg 1k . 4 F £ ¥, 24.2~1700 mg/kg
MARTELEERB T VHERE 2 g EHRAWEKEE, RATEZENETAK

fik % € 7| o % 1 | E h 76.25 mg/kg 1 Ko
K HEIA: i%f%ﬂ:_ﬁ_l_, jﬁ/&)ﬁp{—%%, i’&, £t
HE 52 S: S 963

KRB FIE— R IZAAE T HAF. K
B HEYRERPIGEAER A EEN R R
RS MR, B aEEa, st
# 2 (1utein) Fl F K % J5i (zeaxanthin)!" . H § 3 2H
FREME . ¥ TREEE OO, P15
FU : BLBRTE ARG B TR I M RS R e 2 s
() 0 2R 32 R I 8 3 RN R K 3 BT (zeaxanthin);
Gomez %P & BN 5 RIS, AEM RS AR
[F) 2 2L ARG 5 T A A AR IO iR A
(S T SR 2 AR D 8 K Ae T
(Claris fuscus Laeepede)! | #f i 1 (Pelteobagrus
fulvidraco)> 4 (L AE B R kE, L2
T PRI 2 LB AE LA TR b TR
B CHRPRHA IR Rl E S ) o B Aeif T 5 25
MR IR B RAER G R A, i AR 7K
PSR e (A N RIS E RS, 1126
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A HARME O BN THRAM T i &k
SR EUREIRAL, TR, 5200 2R A%
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8T RCE R, iz ik v st R IR IF H
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AfaE, Wit e/ D HROKAEEY, A
REIRTF L M KR KR, FEARRE AT
BAR R, KUK TR R, S E A T LA BT R R A
WA o ASZIGET XR 1 7 754 1 R SR 3 20 B
04 AR RE RN R R 09 SR TR, R AR
B 2 AE K ARl A 8 R R AR R o
LR ik
11 ZiRkY

SEg A YRR =R (R B 548, &
TN 4.64%) ML B IR A PR A0 A B
PR, T RER A 1 R R LR A R
KT LR, oA R A WG, NETK, S
TR FRE MR, 43 FxXH ChoHseO,, 73 T4
FanE 1 s, RHEE R i A 2 i L H R, ik
HxpPt, AL BORTE . (AR R R S 15
PR TR AL J5 AT ol X SRR EREAIR

JH

HO M35 & lutein

OH

e e e R e

HO

I A 1 it zeaxanthin

1 MHEEMERERSFEH
Fig. 1 Molecular structure of lutein and zeaxanthin

1.2 SLIAR

LA S AAEBRAE, FE R S R R 4y
BN 0%, 0.15%. 0.30%. 0.60%. 8.00%FH) KR
MR KR, ARG E R EA A 2.0 mm
MIRZAL DTSR R, AR T R AAF-20 CHY
VKA A o A AR 25 A A BRI 90 C/5 s
B HEERAL 130 'C/3 s, BRFEHESEEBAL 60 C/4 s(AUIE
FFEFHERZAR L, TSE6S, Jbaty THLAK S ). &
BT E R AR GB/T 22488-2008 FIRK B £1 fh e 4>
Z i 2>(European Food Safety Authority, EFSA) #!
S SCE R 52 PR AR LA R e R R
Fr I K 1 Sty b v d e ) A 2k Rl RE R A
AR 10 5L S5 i AL R I R A
10 ~ 20 %, 38 ECHEA T AR 4 SOk 1T BE i
WIS, SR GB/T23187-2008! b iy 5 S0R A
AL T S o G T ) A 18 SR B 2 40 Sk
KA HH (K PR=0.5 mg/kg). 24.2. 54.2. 118.0.,

1 700.0 mg/kg, JHKIAT# K C. L24.2, L54.2,
L118. L1700, 5% 4k} Bc Jr A 8 37 o3 0 A
(#F Do
13 K& R EWiFit

S E U 2 # A fa, T A TG KB
FFTFRIEY, TEEZK L PR S e,
D ZE NIEIR KSR R GE . BRSNS I
IEHEELORNE AR 2 )G, 256 24 hilifT
IESLE, WA R i R (21.00+£0.01) g

TRt 5 A, BRI 4 M ER, &
AN 30 Bfh, DIE S OB E) 20 D7
N 0.26 m’ (R HETE FRAE AT, 50 FH/K O R K,
PEEME . KTE 9: 00 Fl 16: 00 ZEAE A
2%, SEEREMIR 90 do EWIREINK R, KRS
RV A DO>7.0 mg/L; M4 %A NH,-N<0.3
mg/L; pH=7.5~8.5; /Kild (25£3 ) C, HIEIIOk
Bl 12h 12 h,
14 HEMRERK

SCHZE AT 24 h AE R, AR AFRE IR
ih, BERABEALECE 4 EEfa, FH 800 mg/L =GR T E
WRIE. {221 CR-400(KONICA MINOLTA)KG: il
ZEM L A RS R RIS L*(lightness) . 15
a*(redness) . 75 /& b*(yellowness) . ffIF1E c*(chroma).
i) B e A AT A B2 ER AL, 0.7 %8 A5 BEER /K3
Y. W BRENG, KA 2 R n LA A
R —ABER, R OO £ kU RS I Rz ik A
JULPR H Ry v 8 25 e RR R 4 £ rf R OK Ay IR A
R 15T KL 17 ARG & 2050 R T 105 C 44
Pi. 550 gD YLK AL . MoK R4 Ng i
FEVE . TKA-C200 # s HG I AE
15 HFEITE

FE1% # (survival rate, SR,%)=100xf7 1% o 52/
IR R

g 4R K K (specific growth rate, SGR, %/d)=
100x[Ln(FBW)-Ln(IBW)/t; A, IBW b {A#)
154 (g); FBW SHZR I (g); t A 5LH KE(d)-

1Akl &% (feed conversion ratio, FCR)= C/(W+
Wi—Wo);

$E 2 % (feeding rate, FR,%)= 100xC/[( Wy+ W,
W) 214, o Wy ARG S (g); W AR
RH(g); Wy MIET- ik B (g); C MR E(g); t
RS RKA(d) o
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1104 P/ S S 36 &
F 1 ERERE S RS ST EE8, %)
Tab.1l Formulation and compositions of experimental diets
J5EL ingredients C L24.2 L54.2 L118 L1700
A& £0 9} Peru fish meal 31.5 31.5 31.5 315 315
KEH soybean meal 20 20 20 20 20
I BRE A4} spray-dried blood meal 6 6 6 6 6
50 N ERS squid liver powder 3 3 3 3 3
IH %) wheat flour 32 32 32 32 25
WAREr 4R a-cellulose 1 0.85 0.7 0.4 0
HZE ®-A GroBiotic®-A 1 1 1 1 1
KE soy oil 1.5 1.5 1.5 15 1.5
faj fish oil 1.5 1.5 L5 1.5 1.5
JIH B3 (70%) choline oil (70%) 0.3 0.3 0.3 0.3 0.3
il — &4 Ca(H,PO4), 1.2 1.2 1.2 1.2 1.2
TR premix' 1 1 1 1 1
KR E 2 *xanthophylls 0 0.15 0.3 0.6 8
Gt 100 100 100 100 100
BRAY ST (5 F45 &) analysed nutrients compositions (dry matter basis, %)
AL [1/% crude protein 45.05 44.65 44.94 44.92 44.98
HLAg W5 /% total crude lipid 7.36 8.05 7.93 8.12 10.17
HLK 453 1% crude ash 10.80 10.80 10.92 11.05 14.26
fAEm/(kJ/g) gross energy 19.65 19.62 19.57 19.39 19.68
K IR % /(mg/ kg) xanthophylls A 242 54.2 118 1700

T 1 e RIR R me/kg R 1 Va20, Vi 10, Vi 15, Vie 15, Vi 8, MR 100, Ve 2 BBERAERH1(35%) 1000, 1ZFR4G 40, L9
7 2, LR 200, MER 10, V5400, Vs 20, Vpy 10, FORF K 150; 7 PR me/ke kL) HRER Ak 450, GREREE 150, HiER%E
37.5, WIRRAR 15,UL8(10%) 4.5, WAREREH 7.5, FALEE(10 %) 7.5, FALEh 150, Bk 678, 2. MR Le/ VR ER N, BRI
(UG

Notes: 1.Vitamin premix (mg/kg diet): Vitamin A, 20; Vitamin B;, 10; Vitamin B;,15; Vitamin Be, 15; Vitamin B12,8; Niacinamide,100;
L-ascorbyl-2-monophosphate-Na (35%), 1000; Ca-pantothenate, 40; Biotin, 2; Inositol, 200; Folic acid, 10; Vitamin E,400; Vitamin
K3,20; Vitamin Ds3,10; Corn protein powder,150 ; Mineral premix (mg/kg diet): FeSO4-H20, 450; ZnS04-Hz0, 150; MnS04-H20, 37.5;

CuS04-5H20, 15; KI(10%), 4.5; Na2Se03(10%Se),7.5; CoCl2-6H20(10%Co), 7.5; NaCl, 150; Zeolite, 678.
2. Xanthophylls were added into vitamin and mineral mixture instead of corresponding a-cellulose

UL AL (protein productive value, PPV, %)
= 100= R g B AZ A B H{H.

HET IR (energy productive value, EPV, %) =
100> {4 BB £ 384 i A /48 A B (-

¥ % H 4% & 7 i [daily intake of xantho-
phylls, DIX, mg/(kg BW-d)] = & R >3- 4L Ao
MRS

T A $(bioaccumulation factor, BCF)= C,/C;
K, C, 2 e f A B R (LAY ) Hh 35 R ey U ik
B Ce PRtz sz i ik B
16 Sitsath

T4 SER B STATISTICA 6.0 Hi ANOVA
PEATRAR F 7 224047, Duncan L T2 & HA,
W E MK P<0.05, BT Ecs DL 4 B br i iR
(mean = SE)Z&/R .

2 ZER
21 EFEEKMEEOTME

T 5 e AR RIS A ) 2K g I 28 0 L
AR PR R L3R 2, B ALRAAERINE B2
5 (P>0.05), FR(F: L1700 2H )%} BEZH TG i 3% 2% 5,
4 AN KARM B ZUSINZL) FBW 1 SGR 2.3 = Xt
HEZH, FCR &K T X BE4H, L24.2 4410 PPV L54.2
0N L118 41} L1700 40 EPV {23 & T X IR
(P<0.05),, X 1B 24.2 ~ 1 700 mg/kg [ T IR i 2
REME AR DR R R, X i e Ko —
PIfEEVE
22 WEFEEKREGBYRE, B NAHRAMN
HESEMEKBEEENZT

90 d IXBGAE RN, PYHRTAT UL v J e R | T
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i JER ¥ o Bt o DRk HR O SR I B R R B 4 i i
MR o 4520 B JEk o R BRI 3% ) 5 s Bt VS T 3
T 5 T 25 (P<0.05), L118 ZH 1 L1700 £ LA
KRR RNFTRERARE, C. L2422, L5422
A NLIA) AR ARG HE I 2R o (6 HE FBR=0.05 mg/kg)
(% 3), DXULHH 7 RIS B A TR 3 R ) 2 e

®2 TELEBEMNETEEKMEE

‘H. BCF BIETH&IG FREMESE, L1542 45
L118 AR ELES, BERT C. L24.2 4.
L1700 #1(P<0.05), {fi 1 =k 25X [l 53 Hr13H1,
TR R R R AR I R I Ol B RO 76.25
mg/kg fARE, I A R R A B BRI
(Kl 2).

e

Tab.2 Effectsof dietary xanthophylls on the growth performance of P. fulvidraco

T H items C L24.2 L54.2 L1138 L1700
k) 34 /g IBW 21.00£0.01 21.00£0.01 20.99£0.01 20.99£0.01 20.9840.01
AR T /g FBW 34.47+1.52° 39.88+1.82° 41.10%1.76" 41.53£0.69" 40.33£2.34°
W #/% SR 100.0£0.00 100.0£0.00 100.0£0.00 100.0£0.00 97.542.5
FEE 4K %K/% SGR 0.55+0.05° 0.71£0.05° 0.74£0.05° 0.76+0.02° 0.7240.06"
Ak 2 5L FCR 2.36%0.41° 1.8740.13° 1.86%0.07° 1.76%0.06 1.98+0.10°
B /% FR 1.25£0.03" 1.26£0.02° 1.33£0.05% 1.28+0.02° 1.38+0.02°
EAUI%/% PPV 16.84+1.33" 21.4241.20° 20.88+0.75% 20.6240.55% 17.9242.14%
BEETTRE/% EPV 27.79£1.49° 31.9442.11% 36.291.11% 40.51£2.30° 34.90%5.13%
22 e

tRXARAR 0.000.00° 0.3120.01% 0.7240.02° 1.5240.03¢ 23.48+0.33¢
/[mg/( kg-d)] DIX
e RPATARINTRERR 25 B 3#(P<0.05), FRERFIL,
Notes: Different letters in the same row showed significant difference(P<0.05), the same as the following.
#3 RAMERMRFEEK. IATHNHEZREEMEKPERRENE
Tab.3 Effectsof dietary xanthophylls on the concentration in
skin and muscle of P. fulvidraco and BCF in skin
AbH treatments B Ik 8 1 7 hk/(ng/ kg) JULIA i3 22 19 4 1k /(mg/ ke) e ik 2 R R KL
concentration of xanthophylls in skin concentration of xanthophylls in muscle BCF in skin
C 1.19 £ 0.06* A -
L24.2 5.93 +£0.35° A 0.25 +0.02°
L54.2 24.05 + 1.74° EN ! 0.44 = 0.03°
L118 4538 +2.94¢ 0.55 0.05° 0.38£0.01°
L1700 57.73 +2.99° 0.57 +0.05° 0.04 + 0.00%
0.6 - . s . [N .
Y= —0-00-*;?-3'92929-‘;—% 107X BRURDR AN I R SR v R e R R 2
g Y, =0 /, "y
g 09 peomm . B A RZ R DL % 4 PRI IS0 R k1 5 R b Anif A
\}E‘ N . ¥ N Y e
= - 04} JE o Bt A R P R SR I R TS AR Y o g 2 T
E 2 e NN e
%t =(P<0.05), fHL1184H 5 L1700 40 Z [a] V% £ . % 2=
=5 F(P>0.05), J£H L118 LLiREHH R s i L* g3
=202 “ ,
X T X} B 2H (P<0.05), 568 118 mg/kg FIGHIEE
01 L X.=T762 2 B Ik B AR BN, L24.2, L54.2. L1700
0 : — ; S R R B L DL R AN B JER 18 8 BB LAk B
0.00 50.00 100.00 150.00

gl 4 5 B (me/kg) lutein
2 90dERANRAHERSEHNE KK
M EEERRHMER
Fig. 2 Relationship between dietary xanthophylls

level and bioaccumulation factor (BCF) in skin of P.
fulvidraco after 90 days oral exposure

HIGPA B 2257 (P>0.05), a* M, A FIE
TR BRI a* SR b* . TR o* S B0 AH S i
FHFRGEH, Hp L54.2, L118, L1700 =412 [H]
Z 5 A EE(P>0.05), (HIBELTF C. L24.2 4
(P<0.05).
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F4 RAMEZRNEFRKGEENZI
Tab.4 Effectsof dietary xanthophyllson the skin chromatic value in P. fulvidraco
i H items 1 & location C L24.2 L54.2 L118 L1700
SLHE L* A1 1ateral 43.11£1.08 43.44%1.29 44.31£2.29 44.87+1.43 44.59+1.20
lightness JiE 5B ventral 79.22£0.87° 78.54£0.50° 76.56£0.54% 73.70%2.00° 75.83£0.55%
W b* 4] lateral 2.47%0.35° 9.50£0.70" 24.79£2.01° 31.55+1.94¢ 35.9242.04¢
yellowness JIE 3 ventral 4.97+0.852 24.15%1.19° 55.71%1.70° 70.91%1.16° 71.26%2.84°
MO FNBE c* 1AM 1ateral 3.02+0.29% 10.08£0.66" 25.662.12° 32.30%2.01° 35.60£1.36°
chroma JE 3 ventral 6.42£0.87% 24.99£0.50° 56.58+0.54° 71.62£2.00° 71.91£0.55°
L1 a* 1A Tateral -1.39£0.21° —-3.29£0.22° —6.58+0.722 —6.69£0.60° —6.46£0.437
redness 5 ventral —2.2+0.43°¢ —6.330.41° -9.92+0.76% —9.82+0.472 —9.46+0.432
3 e AR P T A A RN 21 g e AT DR
31 RAMEBEEWNEFEERKEENEZN B TAMAR R AR K AE N, I R A S

FIRG O FEAA WIS FF R R
2, WEEK S b A SRR SRR B - B
N2, 5N 2 FR T 2 iR 5]
FERTHAK= R Bk IUA . 87 FIE &)
PE . EE. WRAERE 6, JFREIN YA
BAEK | AR R A —E MR HEHER . 7E
— LK) E R R, R IR R
AT LA S e LA KM R - A RIS SR T A 2 R
BN 2 R AR TR A BXE 7 o AR I S 4 A g A R 1)
RV ML R 95 28 20 R P A e 0 £ 1 R A e 1T e
P 68 15 A A R A N A K & 8K (thermal
growth coefficients)!"*! . %' [CH UF (4 B R HIETR
RN 2 T IO R 4L

H 545 [ 38 Fe i/ 7 A5 4 i R A K& kL
VER & B FE T, (0 HR 2 B 58 25 SR 1t /s X
KEEVERE R W R AR R, anxd 2Ry 0
AT AU A e BE L e RS AR b A o R )
PIRAT B S0 o AR [ P 2 3K LN 7R BT
H A58 B EN R AR R A RCR : T /NS
A5 (T AR, MRS R 37.26 mg/kg)
TR 4525 g MUBERIAA A A K FS AR AN B 3
TE 61 g 2247 I A2 B PR R4S I 200 mg/kg 1) 4 ¥
F PO R RRE AN . (H R A SO S5 DO 5 it
(10.4+0.1) g MR 0.1% ~ 0.8% M9 4 1 ¥
(MR T E=1.5%, FRERGE=35%)5, %
TR0 2 9 B R R A K SR IR YA P
Hr 0.4%(% 60 mg/kg MHEEZ)F 0.8%(Z 120
mg/kg M EZ)AMFFEERKREREST 0.1%(4
15 mg/kg M 2)F 0.2%(2 30 mg/kg M %)4 .

A A A 2B b B AR K A S TR A AR T
FEA IR R WL PR B TE 50 mg/kg Lh b, fE
FHXT G #0 h v gy fa, i At LS50 AIF 5 1) i 85 3R
NI R R B AR I R B R AE [/l — AN K L,
HA AR R A K B BE 1 W T8 O 3 T A AN T,
e r R B R T, EREELIE I 1 Hi%
BN 4 HRAFER, 10~18 H B 4ERFTER
TR, Bt B A (0 388 e A9 Al EL T kg B
B IS JIN 1 HEE] 3 H s im, %3 Hi
RENRK, 3~30 H &S it LS o BE H S 43
iMiREA, I H— B FHAR A K SO AR T
BB F AR S50 v R I 2 14 R o o SR
16 8 5 0] i B £ e g T Ak I R 4 TS
AT 48 18 1 A ek 1) AR 38 05 35 0 5 4 T Ak R,
(I T I A (I o N - S < =
(Dicentrarchus labrax) *2 FAYBFSE & B, WAL
O 4 S (AT P 2R ) e AR B At R i U
ARG PR, U R R 5 2 A0 I T R FEAE R AR
PRI A A K AR SRS IS R, BRI 0.8%
G PO Sk 2 bR R T R A i AR S YRR
W FERERE R TE Ry B PR, B . HFEIER
I P, TP S R AR T EAS
IR H 24.2~118.0 mg/kg Vi ] P4 £ 4K 25 S 45 (E B
el 5 BT, BSOS 0.4%H1 0.8%
RPN R FR R M i i L L PR R
U . JERY BRI BB TE P, X UL T A ANt &
I8 B — 2 (U NV B A Be X 2 A 3l 2 B0 A AR
KAEH .

i 2R EOK AR AR A R, —E Y
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IV SR NG 17 vh A RER /NI b e AR A e A A4
R R, IR IR A R T bR
ML B BETAR R B 0L, IF8 T B AL, FLA
H B4 1 R 7 B Mg 5 T AT IR T A A R TR TR A
Jie e, AT LA/ ING b R AR, i 7 e e
I 2R K T A MY L DA A
R R ERE 7%~9%, TR T A R
W R R 2 A T 20 A 7 i vl A S 43Tl R
AT e 4 Ak F L B 0 5 8 BT T v, e e )
AN SRS 2%A4, Hh s REm e
PEOR A B IR TE T, X6y B e AL,
[F]BF H T B R AR b SR RS A B, 3L
doe i R S 2 K o) W T, X R A AR AR
HLIR T &, (HEE R AP0 E 2, Al
& 2 ARDRL R D B s v, AT DA 2 B A 1
ek, PRUEM B R AR IE 5 W, KRR R
WS — A T B AR T,
T4 5T 1 T A 23 R0 ) P A A AR Oy B vy, B
0 A R R SR I B S A TS I B S BT R
AITEAR DG OE R o
32 RHAMEZRREHRE FEXNEXEBHZI
1 R € 2 A I8 A 10 A Bl R 285
LR P 1, A B4 BB R ORI R 4
B DA A R R R R T AL
TE 252 W) 32 05 N 0 3 A0 L A 0 3 R £ 1 8 4k
FEFRMMPTER 2P T BIRE | 210, IRZL
A8, 32 SRR T~ 21 €5 3% 4 M A 5, 3R 4 A 28
B NRTER R 5 B8 LA SRR,
Y& Rk, TR R B R A ik
AR - b2 A AT (AN R EOK
R, efemE ., IRER . MRS, BHTE
B N AR T 1Y 22 R R BOR R RD R 1 f 26 1
R TRER (S LVEST I N N RN 19587 9
A B R TR A 68 . i 5 (Oncorhynchus - my-
kiss)., KPUVESE(Salmo salar)2ff:fitf 4 24 A Kz ELHR
(Pagrus pagrus) i LA &2 27 (A s F IR 41 (4 B
fh, B R A (Tuna) S5 B Ik AL B 6
4> f(Carassius auratus) . #3fif(Brocarded carp). fL
4 i (Poecilia reticulate)S5 UL £ 5 B F R B 1Y
B, il SRR B PR BIAR
TR BT B AR I A EAR Y 4t S n]
R EKE TR B N RFEARIE R

RICAETRN, BEERINE R BTN &
YRR 2RI AE AR AR, AMTRAAR
()35 €0 70 45 46 29 AL 3R G h AR €5 1) £ {75 £, Baker
e 3 LIS il e S S R RN ke S NG
FHfh; Tejera 255k I ELBHREAT SO F KSR FIA
TARMIRE R, IR G A iR, ¥
SR BUAE R HR S 0 R SR I R BB A AL
A R R AR,

AR DR REUIRE R e I AR
LR . NRERE T . BEAE00L, (EJRAS IR 248 B 0 2l
B N RTORAE I AR, BH RS E MR
AITTRRE FI R T ILIAL o 5 2 0 AR [l A TR — 7%
EXAE MR VIRRE A 225 IR E R
ISINEEN 43.7~49.7 mg/kg BYEDRHE MR AT 65, 25 J]
JE RETNLA SIS 2R & 3 B 2 s TR
JE SR LPAL, 58 B i 2 35 o) BR 7 2R R UL RE
TR, AL 24.2~1700.0 mg/kg
FRIR R I8 2R e M B 4, 90 d 5 R kP B R A
T H[(5.93~57.73) mg/kg]t it i T LA H i R
S HE[(0.14~0.43) mg/kg], 1M H N L118 AL F A
6 2] 1H- 3 2K (A6 1 BR=0.05 mg/kg), X1 W Fih
Bz RS UURUR SR I 5 28 (0 = 22807, LALFEAS
DURRM B3 o ARNFIREER K iR b A o 1 5 KAkt
R MU IR B IEARDG, FEA IS bR RE R i
JE c*, L1700 0% L54.2 435I T 27.91%.
27.09%; i L118 2H45 L54.2 2043 538 hn 1 27.28% .
26.36%, HMAIH, 5 L54.2 A, L1700 44
L118 4L AIEHS b* R R c* JLF-3eAa 28k, 0435
BT 0.63%. 0.73%; ULHIRIHHA S i& ] & 10
FELA F R R AR B2, R o (Bt 52 3| e Bl fa K
PN 32 B B 2R T R T BB R A R 1 PR
A BEG N, #F—PUiH] 118.0 mg/kg MR
C 20 IR 8 1AL T 6 505 AR 0 P4 4, e o
A I 7 TR AR B AN, LB m LR FE
. X5 Connor ZPIHYEEE—5, HFRI R
TR NS i B S N8 R B B VA OG . IR 5
JE LB S A R ke B, RIVREIE 5 R Rk
(IR A . AR & AR B 2 =X nT A, AR
BRIV B R, B RRRCR R, N T
BT R IR B R YW ICRE 7y, BT 76.25
mg/kg RIH R M ERE, 456 Rk a2E.
B R RIL PR 8 v B N B R B RIS, DA
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iR AR R E R R BCONIE fe bR, AR
WA AR E 76.25 mg/kg IR IR E fE
il 9 A0 7 A 3B o, OO G WA
A B B a2, 520 R H B R H AR
4 0.72 mg/(kg-d)
33 RAMEZRXNZWERENFID

FAR B 2 N2 0 IR I 0988 LA VB A 1Y
ek, 1 H. 2006 435 [E FDA FEiA T KRR #
2 e A% 75 ]2 (US-FDA, 2006). A 721
WFFE R, NSRS AT e S A M B E R
K TR AR SR RN RE S R & A= i XU
I 28 1 A 95 S5 B 0% AR A1 1 0 2 B A
P B O i JL R, AR RS S g 1) s XU
R L BRI A B 4RI T W, X T O
I B (AN SRR L) A — 2 BRI (AR
43Xt Ho 25 AR (A 5 PR A 95 i HUE A mIE
H, B RTAE R BURE A PEAL T L e
Ravikrishnan B2 5% & B, 76 14 d (9 2P EEE e
BRI, 45T Lutemax 2020™(5 -3 Z A £ oK
B JiT)2 000 mg/kg 11 ARG, RERBCAH KRBT
A T S 7 A B2 S . Khachik 25093025 2.8~4.4
kg FITE BT 9.34 mg/kg M #5 Z F 0.66 mg/kg
FoRET 12 DA, WA FE R, XA
W5 3 s R IR LA . A L1700 4H(IE
AR 10450 B BT —E RR B A A7 75 R
X, (ARG FR S HAL 4 A BEES, W
HA KA RE AN (ORS00 B4 A B (. A A3 . A
o0 3 B fasbN 3 240 BB B A 3 T,
[DE[SUR: S GRS R IS I |
PEBU) KSR 0 R AE K= sh ) 1 1E H R e %
M.

i T 2 A B P T i 5 ok, FRE T JLAE
A FEUR N KR 5 F ALK = sh ) kA TR
52, (AR REME RS G, AR BE . MR
S5, R e A PR AL B A9 A 5 0 R DL
T, HUHEE R LTE, PSSR S, K
WL TH P R e | AR BRI RN L2 THT I R
R 285 JERM LSy I TR 5T .

4 g

90 d AYSEBRAE R L] . —E MR A RIRIT IR
XPE A A KRR AR, KR R S

AU ORISR 76.25 mg/kg TR,
HZ I EGE IR H BAH B 072
mg/(kg-d) o SR 90 d B EEHA KR AN AR
oy 118 mg/kg falkt
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Effect of natural xanthophylls on growth performance and body
pigmentation of yellow catfish (Pelteobagrus fulvidraco)

WANG Lu-bo, XUE Min*, WANG lJia, WU Xiu-feng, ZHENG Yin-hua, CAO Chun-yan
(Feed Research Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: A 90 d experiment was conducted to investigate the effects of dietary natural lutein levels on
growth, and body pigmentation of Pelteobagrus fulvidraco. Five experimental diets were designed with 0%,
0.15%, 0.3%, 0.6% and 8% of test compound and the highest dose was ten times more than possible dose.
Five extruded pellets were determined xanthophylls dosage as non detected, 24.2, 54.2, 118 and 1700
mg/kg, respectively, which were named C, L24.2, L54.2, 118 and L1700 accordingly. Each treatment was
randomly assigned four replicates with 30 fish in each tank. We found pigment inclusion did significantly
enhance growth performance and feed efficiency of P. fulvidraco. Productive protein value of L24.2 group,
energy productive values of L54.2, L118, L1700 groups were significantly higher than those of control
group (P<0.05). Yellowness (b*) and saturation (c*) of lateral and ventral skin obviously increased until
they reached saturation in L118, which showed no difference with L1700 group(P>0.05). Pigmentation of
skin in L118 and L1700 deposited excessively and transferred into muscle. Bioaccumulation factor of skin
pigment increased firstly and then decreased, the highest in fish fed 76.25 mg/kg diet. The results showed
24.2-1700 mg/kg pigment inclusion significantly improved growth performance of P. fulvidraco. The op-
timum concentration of pigment as a colorant in yellow catfish was 76.25 mg/kg feed.
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