o 36 B 12 1
2012 4F 12 A

KoE R

JOURNAL OF FISHERIES OF CHINA

Vol.36, No.12
Dec., 2012

X EHS:1000-0615(2012)12-1872-08

DOI:10.3724/SP.J.1231.2012.28010

NG RSN LIRS MR R
ki, 248, ARET, #FE, K, X8

(1. WRIPER 2K = 5 A 2 B, AR K K 7= F ¢ U5 IR0 2=, i 201306
2. TR R A URHEARAR, TR M 510663)

WE: AR EFCNSERBERSFIBRA TN FRBRENE, CREATFHERE
A (101.9+1.3) g K & ¢ 4y 8 o 0 & dr 8, 3 R % € b 4145 R 4 0T 7 % (100 mg/kg) 5 4 L
TR HF R AN AN ZCT T R RL);, %€ hsd, 58 4IF %100 mgkg)H k
(EXHE) 28 F R GR A B AR T U A FE(WUR B4, Tk 4 Mz,
BNCHEAIANEL, ERERFLI4E, GAXE—K, WENK., FlEsaiFEE4E,
mEFRHAE NELE, MAEZMEL* as, bYFALAZKIbe kB0, $2%W, TFEN
RAWMENA ., FESEZLE. MALEERT K6+ 50 ME & o E K 75
(P<0.05), 7% 3 AR A Z| A E, 5% 4FNEETEEE7FP>005); &4 FFAHNA,
ABNERCEEN MY, MAATFRNMRENETHRLEYE, 1A, F4AHNL2 4
HEZ4EMA LN T EZNHELH N 3.71 mgkg. 8.59 mg/kg 71 21.31%., 15.26%; L4k %
A FEaREATENess A, FESETE4E. WHLEERZRILE RELM
FRFH B ] FE K R B PRI (P<0.05), E LK BEMAN TREBENHE, & 3 AR, XMBE
KA RE, ERFARKA, EEE R+ Fm 100 mgkg 5FF %, £33 B4E 57T HE A
WAFFEEX, TEZWAREMEFEZEKT TR, R REERESTERNALST
FEEBTHENNTFTFRLCEROCEELE TR, IRESFTRNAD EmAE, $FX

T AR Y U D B R R JE] B 2E KT RS
KR e, S EE; R, B
hESZES:S963.7375

T % (Oncorhynchus mykiss) & it Fy6 [Fl § &=
BV KM TR 2 L SRy T AL T A X T UL PR 5
TSR, TE AT TN IR 2R S L (8 2R
RFER A PR S . H AT b AR SR AR
TR, ZHNTA, Wik, 7k ik
HOR IR 28, oA (5 FaL b AR 1) EE A1 24 Ky
10%~20%"" . SR, e 0 £ 24 S R 7 2 A A SR
FIRIFAE, R AL 10%~15%31, A4 5
FAE 100 mg/kg HF 7 2 A fRDEHE AT 65 60 d, L
PUIRT ZUTHEN 6.53%., HLESHEEIRE £ 56

Yts BHA: 2012-03-03 &R BHA: 2012-09-04

XERFRAERD: A

J 9.7 mg/kg(JEN 8.2%). 48.1 mg/kg(igi 17.7%)
H143.8 mg/kg( 17 26.7%) a1k 25 J&, LA HF
HETHEN 11.6%. 12.1%F1 14.9%L), FHit, #F
FUUN T 2 e 00 10 285 B DT R R A B A, X T4
IR R AR, BRSO B R

S50 AT 68 O 6k G, A DR B MR 2R (0 IRDRL A
TFF 5% 0F 7 28 70 M 0 0 P O DT RRURIL A, X L Gk B 2
TR AU, Z A FRER SR E Z R, 5T
DAVLERAL 3, DURIF TR 75 28 76 0 84 P ) 5 A B0
HE, NI R AEAK T FRA A BN R AR

FEEIUE : EiE T E A ERNER I H (Y1101); VTR A 51 5 56181 (2009-06-06)
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LR ik
1.1 SEIefE#

FL At ARk B 2 R R B SRR AR L 1,
H AR IR 40 B, BHORA TR, HER
TEEHILCHT LA B B B PR ICHLM) 47, KL £#41)
TR EAR N 2.5 mm A4 RE ORI TTIEARE, BT A
FH AEEERERRIAS I 100 mg/kg R 5 (A 805 1)),
1RIRE Rk, IRE R BN R A E R
PR FIEEAE, F= i PR E Z A =R 10%.
12 XWAGEMEEIEIT

S0 T 8 g v ] B R VK T RIS B i 1
KSR, JRESCRE MR 60 d, 4rhiltk
IRELAH AR TR ) IR R REHE 100 mg/kg
R R), IR A R 200 0T 6 R 2 €00 )
FIL IR0 €235 3 7 3762 5K 1Y) o 05 (3 e g, UL IA)
IFE E A 8.03 me/kg), X TARE G, fHn
R 2 R LA 98 R R AE AR P A DR A (T
TR, X35 (o dr g, ) R Aty e} CHE 1 R A

)T AL BRIV AR 2H), LADFIE A (T
BETESRE . WURIRES FIRE £, W TE&
0T 68, Ak 2 B MR T R Ak, DUAE S I X R
4 ANAEFRL, HAAETEE 3 ANER, WE 2. T
FHETSE) GA R TR R (101.9+1.3) g, BUARBEEH:, #
S 120 B, BEPLECT 124> A g s E
FEFEETIN(0.60 mx0.60 mx0.50 m), FFET 10 FEfa,
1.3 fAFERE

TR LIS TF R B, AR A 2 1R (8:30, 15:30),
H B AT Y 1.5%~2.5%, JEHRIRE . 5
I 0 AR A T R, A AR R AR — B
4R 7K, DR R840 J5 JC s B YU
IS0 AN P MEARDRL . SER IR IR 12~18 °C, %
A 6~7 mg/L, pH 7.24~7.78, FEFHSLI T b iIEFTE
REFE SR LI E T, FRABTh 2011 4F 3
—4 A, 4R,
1.4 MEEHREFE

53 IAE SR 5H 52 30 Uf I g R AR R A — IR, 3k

x1 EMANESERAREFRSSE

Tab.1 Ingredient and nutritional composition of basal diet
% L% BIRWST T Y%

ingredients content nutritional composition content
fa¥;  fish meal 35 K43 moisture 7.26
M soybean meal 18 MBEH  crude protein 42.92
AE ¥ meat and bone meal 9 HMIBEWI  crude fat 10.50
NP TR E): brewers yeast 4 HMLK4Y;  crude ash 12.51
K wheat middling 19.4 HaEm lys 2.64
#k}z  wheat bran 6
Fajf  fish oil 3
=il soybean oil 3
W2 — 4455 monocalcium phosphate 1
ZALNERE  choline chloride 0.5
BB PRAEL  mineral premix 0.5
A ZWRAL  vitamin premix 0.6
A1 total 100

Notes: To contain vitamin and mineral in diet added as premix(mg/kg diet):V, 2500 1U; Vp, 2400 1U; V¢, 150; Vg, 30; Vi, 10; Vg, 10; Vi,
20; Vgs, 40; Vg, 10; Vi, 1; Vi1, 5; Vi, 0.02; Inositol, 400; Zn, 100; Fe, 150; Cu, 3; Mn, 20; I, 0.8; Co, 0.12; Se, 0.1; Mg, 100.

F2 TR
Tab. 2 Experiment design

I R AR A T PeRalN ]
source of rainbow trout  un-colored rainbow trout colored rainbow trout
Tt LIN-Empe DLk TR R OCIR S %) R Rk
diet astaxanthin diet starving basal diet (astaxanthin free) astaxanthin diet
265 IS RV YUK AR 2E TR 1EXTHEZH
group astaxanthin deposition group starving degradation group  feeding degradation group positive control group
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¥R 36 %

5K, BRUCRFERT, fARBYLE 24 h, A E L
THARAR G NI RAE I E )

hFEEAY MK FREL AL 2 R fh
F KA I, 8 000 r/min 5.0> 10 min, K FH 0
MEHE M ESE, 0.2 mL IMEMA 0.4 mL
95% LR TEIR & 30 s, A 1 mL 1E & BEsETR
4 1 min, B EFVERAE 470 nm K02 WO BEAE,
M S ZEH % bR & & (ng/mL) = W% B {H <
10000/714 i€ Z2 44 E, 4P 2 (E1%, 1 cm = 2100)7),

LR R & & F 139 fe & 240 BHEL 53 5]
B2 B, SRR G, BNE ST 682 mLA,
4T, % KA (Salmo Fan™ Lineal) il
WSC-S ¥l 4,8, 2% 11 (WSC-S  colorimeter)il| 1 JJL A
P i) A 1) — 1T, R A N A T R, AT
JE(a*). B (b)), S (L*).

B G R i DSM 2RI AE, 26 i s &
et sy 15 DEEMIE, 2MER 20~34, WSC-S
W8 2211 (o/d DGR, AOEEE, Rt AY<0.6,
R B R AR AT R A Bl B AR AR TR
PR 2RI R R A B AT ] L*, a*, b*
AR AR FRRE o LR ERSE, HAEM 0(R)
£ 100(F); a* R GBI AR, Hrp-a*
bk, +a* L, b AR E R B AR R B, I
H—b* ik, +b* Ry

AT R S EMAREN Ik, I
VEBU AN, BRI 2 B, FRE, MR ME 2
A 0.4 g AT WLA . TR, 04038 20 R R -4 i 1
5], WORE 0.4 g, FFUEARBILL 1:10 ITARAN-2
B (L DIRAR, BYRRS)R ER ek, B E 7

mL .08 50 °C /K, 45 min JFHUH, 7KK 3
min, 8 000 r/min &.0> 10 min, B FiERE 487 nm
U E WO R . AR IR R AR 2t o
IR RO B (IR BAR ST Sigma A, %'y
A3236),

SN E ZVIBR | R S AirE Z U3
RERR)P, AR LR AR

IR E R TIHERR, %)=[CR &M EFE
MR (mg/kg) < AR H (kg) — B Ih 4 1 HF 7 R R E
(mg/kg) W (kg)] / [H 10 (kg) <A RHIF 5 2 &
(mg/kg)]x100

A MR R A B AR R (mg)=| W) fh 4 fIR T R
W JE (mg/kg)x W] H (kg) — K 4 4 0F F & ke JF
(mg/kg)< K H(kg)|.
1.5 HEFITEHH

S I% B R CE 3 8 bn il ) %R, A
SPSS 17.0 #4TH.H R 7 2250 #Hr, 454 Duncan [G
L T2 E R, 25 8 E KR P<0.05,

2 HER

21 SIEREMHEERNRRET

% 3 0L, BEFRFART IR, R R UTRA
HEEEMLAZT RS a* | B b* . WL FIFAEIR S 2 %
LA RS A i B b SR
ANWTEEIN, TEZE 1 JE R B ARR A, 555 4 A
EETRFEER(P>0.05);, £MAIFEFRSHE4LHE
FREEIA N B — RO, iR Z UM
R B ) I REAIR, LA 3 DI R 2

*3 REGUBHEASIFTRANGALANEER, IRNEEEMMELPE MRITL
Tab.3 Changes of tissue astaxanthin, flesh chromatism and serum carotenoids of
un-colored rainbow trout fed astaxanthin diet

IR {E % e = SEuJE

first week second week third week fourth week
2% L* luminance 58.21£1.06°  57.91£0.64' 52.05+0.17°  49.59+0.86" 48.11+0.45"
21 i a* redness —0.33+0.54° 4.17£0.23°  12.57+0.79° 16.48+0.89  16.57+0.53¢
# ¥ b* yellowness 10.36+£0.16*  13.83+0.84° 16.35+0.27° 20.74+1.32¢  21.23+0.39¢
WLPAERF 2 7 & /(mg/kg) muscle astaxanthin 2.43+0.07°  5.35+0.39° 6.37£0.57"  6.72+0.63"
IR %A /(mg/kg) liver astaxanthin 4.48+0.30°  6.03£0.17° 6.83+0.17°  6.90+0.82¢
240 i 28 i /(mg/kg) whole fish astaxanthin 3.71+0.56°  6.01+0.96° 7.61£0.29°  8.59+0.66°
e ff R 94543 Salmo fan score 21.00+£0.50°  23.67+0.76°  26.71x0.59% 26.83+0.38°
I B2 N 5 H/(ug/mL) serum carotenoids 0.65+0.12°  1.27+0.18° 1.69+0.03¢  1.72+0.07¢
4 IR T # /% astaxanthin retention rate of whole fish 21.31£3.11°  17.28+3.34®  16.61£2.71°  15.26£1.76"

¥ n.d. = Not detected; [RIfT_EFr/NE FRAFIFR 34 Z 014 8.3 25 (P<0.05), LT,

Notes: n.d. is the mean of not detected; Values in the same row with different letters are significant difference (P <0.05), the same as the

following tables.
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IRT45 1 J(P<0.05), % 4 IR 3 Ji ik —
HREAR, HRB R ZHKF-(P>0.05); 7ERAS 4 3%
FAHA P ) 2 iR E R TR EN 16.91%.
22 WIEREMEENNEBRTL

Mk ATEANTERNETNL BEHL
TR A G, A L LT a* . BERE b* ., LA,
JHME A4 fa R 22 i LA B RAS 2 LI
SR DR SR REMEE, TR D
1 AW iR, ¥ 8 8T ) 46 16 (P<0.05); L
WL FER A lR g R o DLA L E R85
TRERERERAES 3 AR ER A, B 4H 553
JEAA EEJC B 22 5 (P>0.05); IMLW5 BB 8 MK
FESE 3L S 4 YRS N, MRAKAN
FE Z D LS 1 RN ECh R, 56 2, 3, 4
JAWN, RE R R TREEE, HHR R %
% 5%(P>0.05) (£ 4).

BEENEXRRARANEANTEENT
it e 5 Al L, FffR A A E R, e 6L P

ZIRE a* | BORE bx | LA PRI 2R E R &=
JULPA R A5 4RI T B 280 8 N R & Y L
fotass, 263 )G, XA TR E; SuithE
FHEE, DURZEES a* | B3 b*, &I EFR &,
LR e R A5 A RS S 8 D R AEs |
JEIPBD R T B PRI (P<0.05), MiAILIA . JIFAE
IRE RS R B E R MRS 3 7. 5 2
JH; R AR IR R AR L 1 EN Rk
B, 552,34 8N, R NIEERTRESE, |
Hoa) -0 il 2 22 5:(P>0.05)

BRESNEXRMAANCELIEBEARNITER
ikl i 6 M, EEAFELES, ©
LM @AM, DA alRE £ 55,
R RIFEARE, LR EESR, Wk
HRF S U 23 m ka5 2 RS 1 FEE
M (P<0.05); MLy WA b 25 g A 2
fiotas, EMRBTRE.

x4 NIHPEREAITEALNNER, RNREE. MFEXRET MEHENK

Tab. 4 Changes of tissue astaxanthin, flesh chromatism and serum carotenoids of rainbow trout deprived of diet

WIHHTE H—J g o S R

initial value first week  second week  third week fourth week
FEHE L*  luminance 49.03+0.83"  55.87+0.28°  56.49+0.34> 57.85+1.55% 59.16+0.45¢
L1 a*  redness 20.70£0.72¢  14.17£0.88° 13.61£0.26°  8.68+£0.57°  5.75+0.44
W b*  yellowness 24.06+1.24°  19.51+0.63° 17.69+0.45° 15.48+0.88°  15.15+1.73
WLAF 25 & /(mg/kg)  muscle astaxanthin 8.03+0.64°  5.46+£0.47° 5244051  4.44+£0.67"  4.16+0.46"
IR 285 B /(mg/kg)  liver astaxanthin 7.94+0.32°  6.60£0.89°  6.32+0.16®  6.06£0.16°  5.48+0.71°
LIS R E/(mg/kg)  whole fish astaxanthin 10.18+0.67°  6.79+0.27°  6.58+0.70"  6.09£0.28*  5.92+0.21°
e -R454r  Salmo fan score 28.00£0.46°  25.42+1.77°  24.50£0.50 24.33+1.04® 23.33+0.29°
I S E bR &L/ (ng/mL)  serum carotenoids 3.80£0.21¢  1.23+0.06°  1.06+0.15°  0.78+0.05°  0.41+0.08"
Sl ER#R/mg  astaxanthin degradation of whole fish 0.39+0.06°  0.14+0.04*  0.12+0.05*  0.1120.01°

#=5 EGNEBBERFASIIERANGELANER. AGEEMIFERPE M EWTK
Tab.5 Changes of tissue astaxanthin, flesh chromatism and serum carotenoids of
colored rainbow trout fed astaxanthin free diet
WIHTE S g v H=A R

initial value first week ~ second week  third week  fourth week
L L* luminance 49.03+0.83*  52.56+1.36" 52.69+0.34° 53.95+0.70°  56.54+1.02°
Z1J% a* redness 20.70+£0.72°  17.77+0.88%  13.61+0.26°  11.38+0.39"  6.82+0.27°
HJE b*  yellowness 24.06£1.24°  19.55£1.01° 17.73£0.63*  16.36£0.95*  17.13£0.46*
WLPEFT % & & /(mg/kg) muscle astaxanthin 8.03£0.64°  7.26:0.47°  6.49+1.13®  5.65+£1.12°  523+0.51°
JFNEAR 2 7% /(mg/kg)  liver astaxanthin 7.94£0.32°  6.92+0.79°  6.44+031°  6.26+£0.89"  6.34%0.11°
At WFE FE AR/ (mg/kg)  whole fish astaxanthin 10.18+0.67°  7.3240.27°  7.08+0.60°  6.57+£0.59"  5.92+0.21°
et 1543 Salmo fan score 28.00£0.46° 26.33+1.04° 25.80+0.58" 25.17+1.04*  25.29+0.59°
I B2 N FE S/ (ug/mL)  serum carotenoids 3.80£0.21¢  1.13+0.10°  1.00+0.14*  0.77£0.15°  0.25+0.01°
LI ER#R/mg  astaxanthin degradation of whole fish 0.31£0.04°  0.13£0.04*  0.11£0.02*  0.10+0.01°

http: //www.scxuebao.cn
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FHEMEARNITERZLOER YR
IEF i 2L P 5% £ R 21 4% A I A Y (R 22 (L . AL BUE
HROE ., WERGS . mMFESRHE PREE
MBI R AT RO RE G T K%, 45
WA 7o AEEE 1 JAE, PUREE AR LD RS 2R
R 8 R A5 20 dik 35 IR T R AR 2H (P<0.05);
5% 3 AN, PIALAENLA a* Z A1 4775 25 5 (P<

0.05); %5 4 JEIF, YUEFEMAR a*, b* . LR
LB AR S E 8 T (10 R £
(P<0.05).

2 Ab PR T S 4 R MR R S AL R
4y B Al R AR Ak an i 1 AR 2, EFRAE RN,
DU A iR 2 REALA R840 5 BTt
HF, PUR R 2 S R i A ) R IR F RS

*6 EEIEFASINERANGALANSEER, IRNEEEMMELRE MRITL
Tab.6 Changes of tissue astaxanthin, flesh chromatism and serum carotenoids of
colored rainbow trout fed astaxanthin diet

EULGHED B B HE=H |

initial value first week second week third week fourth week
JLE L*  luminance 49.03+0.83  49.52+41.02  48.71+0.95  48.7240.20  49.00+1.20
L1 a*  redness 20.70+0.72 19.96+1.00 19.55+0.26 19.78+0.61 19.39+0.83
HHEE b* yellowness 24.06£124  22.34%0.71 22.90£0.27  22.54+028  2231+1.76
LA HRFT % &/ (mg/kg)  muscle astaxanthin 8.03+0.64 8.65+0.10 8.77+0.79 8.46+0.73 8.25+0.24
FFIEARTT % &/ (mg/kg)  liver astaxanthin 7.94+0.32° 7.200.50° 9.41£0.66°  10.35+0.72° 9.57+0.11°
SIS R E/(mg/kg)  whole fish astaxanthin 10.18+0.67 10.01£1.07 10.21+0.95 10.25+0.15 9.75+0.37
454> Salmo fan score 28.00£0.46  28.00£1.00  28.00+0.87  28.83+1.26  28.91+1.24
I SIS N FE & i/ (ug/mL)  serum carotenoids 3.80+0.21° 2.5240.05° 1.85+0.04" 1.98+0.22° 1.83+0.23"

R YHPERBE IR R PEMEE S IEARXTEL
Tab.7 Comparison between rainbow trouts of starving degradation group and feeding degradation group

$ib7 index A o o A
first week second week third week fourth week
ZEE L*  luminance NS NS NS NS
ZI% a* redness NS NS P<0.05 P<0.05
I b*  yellowness NS NS NS P<0.05
WUAERE 2% 5/ (mg/kg)  muscle astaxanthin P<0.05 NS NS P<0.05
FFAEURE 285 & /(mg/kg)  liver astaxanthin NS NS NS NS
A HRFF &/ (mg/kg)  whole fish astaxanthin NS NS NS NS
bR 154> Salmo fan score P<0.05 NS NS P<0.05
L35 BZEH S N RS E/(ng/mL)  serum carotenoids NS NS NS NS
A MR [ ff B /mg  astaxanthin degradation of whole fish NS NS NS NS
22 30
wE 10 ) L %X
EE « &
~ E EIL‘; ©
%zE 4 RS
ro 2 3
g% o ' ' ' ' ' T | EE L
& S — — ] %—Jﬁ %:—Ej = IE H,
H . fﬁ]ﬁé‘ i %M B %#Ej S initial value first week second week third week fourth week
initial value first week second week third week fourth week P U R
N —— 1 3! = Y
I %i{ﬁﬁﬂéﬂ . m/ﬁ% fifrl . astaxanthin deposition starving degradation
astaxanthin deposition starving degradation — s 4 TS B
—A > FEfe4 —X— o AR
ﬁﬂ REffEAL . % I_EX:TP.@@_E feeding degradation positive control
feeding degradation positive control

1 ERBELENFTRLS=E2TWL
Fig.1 Astaxanthin content in whole fish of four groups

B2 HA4BANERNALEFFSITR

Fig.2 Salmo fan score of muscle of four groups
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WAL R BT R, Hrp LR A
AT REEHART Y, O F AR & IirE
Fhkl, HefibE Z 5 a M e R8s
PREF AT R
3 e
31 FERMINR

W 2R A 6 AR P TR Z AR 2 T R 5
W, s E L AR BLIRG AA K  BEUO . SR A
st AR LR . dEE R B s B
F)PRL AR A U R R A
Sk PRV GE R U TR R B LT A AR
AR, 4 E B>132>97)%  AEF25)
Y. [F—sh® KR8, IR R G (d
ANTEA AR, WEE £ Rz JER b R 2K DA SRR B
eI SRAFAE, ZENLA AP LU BB A7 e it
AR 0 e 2 AR R DA T X AEAE AL
P, FEPE G AR R, T DAL A 5 7% 21 17 kA
7 SN

0T B} FRDRHR R R R R I AN, AR
1b 18%0 LR R 7E ¥ i 1 R 7 R (WM
X, WU Z R R WA EART 50%); W
T I 7 R A W B shas i R, MG R e,
I 2R 2R S {3 B BAE AR S 18~30 h*),
Choubert "L 100 mg/kg HF 2 Al 1] R} w]
WL, 72 14, 28 F 42 KRAFHLA IR ZIEEEN
16.5%. 14.8%. 12.84%; WIH§HE 7 24 mg/kg UF
HRMERE, 7EF RS T K (15% 2 20%)F 6
JERBF LA IR R AL RN 7.7%. 8.7%", FEH
BHREIN 60 mg/kg KR 2R AR AT 8 J5, ALAER
T RUUBRN 17.4%%; BMEAREYH A 100 mg/ke
R R ARHA AT 6 60 d, HLRERE RITRLER N
6.53% ANV SZIRIN E IR R VTR 16.91%,
TR A GE (R, % O AR IR SR BT
I () 2 A R R TOAR S, A A e i 2 2 WL
PR RUTFR, iR TR 5 2 B0 bR AL
PIAN, A B Ik L JFFIESE, 13K SR A7 (1 0 7 2
LA eAh, BlRSRE R E R, TR R0
FUR R SAS, AR 6 th 2 B T 28 U
(# 3), ARG MR R R 4 A, Hird R
TURRE S

DAFE A A9F 5 Hp G B 05 L PR 25 s [ ) 1 2

Z 6 JH . 8 JHE A e A, L
A IR 2Rt L S UL P 2 5 1 o 5 s [
SER IS, B3 BRGNS RS ik
6.37 mg/kg, Wl K T 370 L PR B € 1 SR
(IR R & 6~7 mg/kg), 25 X Rl fin i s
%o XFPRLEERERFRAT, HAF 3 JE RIAT T 6
IS BN 2K, mAZLATAHE 6 sk 8
1
3.2 UNERMIBERE

W B AR P DTRR Y (] B o 78 AN T 1) B8 A%
B & W) DUR R B S DR sh Sl . H v,
A YU TN MRS 5 R 7 2R AR R 2R 7 AR
R B F 58 1 R LA . AR, WLAE & G RYiT
i, EYUREIEE R FTIFE ZRBARET, 1A
PR 25 25 R R A i /b, I SO W 21 8 2
TR AVGRIE Y, ACEALA L PR RS
LA a* LAY L 215 45 43 357 I B () 42 K i R A,
FRETESS 1R, IMERBEEIAR, 25
W f i AR 2% . FESEIRSE 1 JA, DUAR % A 2 i
LR R G R B T B R, B =5
eIt RERIERELZERGERT), BRUUEIUR
ST, HUAE e TR L 8 IR I & (46
WRE ), R R B A AR B RE, (R
XA E . 7E#(Lateolabrax japonicus) ) if 97 3
B, YUARET Y =22 UL Re P Sk U8 T LA Fi i 2 5,
T AS 2 S 230, B8 5 W R 4il(Ictalurus punctatus)
FEIURIBIIE] 9 DAL B 5 ROk [ Ry = ZE kR o,
FEMUR T 0t 3l B3 LA 2 (3 R o ke >
T AT R Lk 2L T 9 ) JUL PR R 2R R R R
1 JEL A

BEAFINTRFERMCH I, £5 1
JAW, HAKNIRE R &S50 7 0.31 mg, MEE
TINE Rk e E AL, Y5 1 AN, R
MRABAT 1.15 mg IFHEFR, mMHANIFE
THRARFFEANL, XU, X T EikFE 6%
SR T 6, R A B R R T2 TR A
T, ERE R CEARR N, SRR T )
VA, HUUREILENE; XN — A
VLI, TEATEER IR R S REE BN T, gk
S = DR KO B B R, R A SRR AR,
FEXFPIE LT, 2 AT DAk — iR 75 2 & i
TRATRDRE, ZE R AR P B R KR T, 3XOf 1

http: //www.scxuebao.cn



1878 7K

¥R 36 %

TR T

4 g

ARG ST, AERCEEERFR AN 100 me/kg
IR, Sk 3 JEE SR RT3k B4 20K
LN T AR S 1 B O T N RN I E S
U R DL XY AT B 25 i 6 L R R Y
Eig FARCNE ST S = o o R N N R
o, i N ] (9 S 4 T AR, AR Ao R 55 3% 1 a2 T
it

TN A A A A AR TR 8]y AR BR FLAR
BT FFH RS E R, 4B

S 230k

[1] Baker R T M, Pfeiffer A M, Schoner F J, et al. Pig-
menting efficacy of astaxanthin and canthaxanthin in
fresh-water reared Atlantic salmon, Salmo salar [J].
Animal Feed Science and Technology, 2002, 99:
97-106.

[2] Torrissen O J. Pigmentation of salmonids: interactions
of astaxanthin and cathaxanthin on pigment deposition
in rainbow trout [J]. Aquaculture, 1989, 79: 363-374.

[3] Storebakken T, No H K. Pigmentation of rainbow trout
[J]. Aquaculture, 1992, 100: 209-229.

[4] MR, WmZE, 2N, . URTT R A B R AL
B LD A G ST AR BE I BRI [0]. K2
2, 2009, 23(6): 987-993.

[5] Nichell D C, Bromage N R. The effect of dietary lipid
level on variation of flesh pigmentation in rainbow trout
(Oncorhunchus mykiss) [J]. Aquaculture, 1998, 161:
237-251.

[6] Weber S. Determination of stabilized, added canthaxan-
thin in complete feeds and premixes with HPLC [C].
Analytical Methods for Vitamins and Carotenoids in
Feed, 1988: 99 .

[7] Tolasa S, Cakli S, Ostermeyer U. Determination of as-
taxanthin and canthaxanthin in salmonid [J]. Eurpour
Food Research Technology, 2005, 221: 787-788.

[8] Pavlidis M, Papandroulakis N, Divanach P. A method
for the comparison of chromaticity parameters in fish
skin: Preliminary results for coloration pattern of red
skin Sparidae [J]. Aquaculture, 2006, 258: 211-219.

[9] Choubert G, Luquet P. Fixation et rétention musculaire
de la canthaxanthine par la truite arc-en-ciel [J]. Annales
de Zootechnie, 1982, 31: 1-10.

[10] Aas G H, Bjerkeng B, Hatlen B, et al. Idoxanthin, a
major carotenoid in the flesh of Arctic char (Salvelinus
alpinus)fed diet containing astaxanthin [J]. Aquaculture,
1997, 150: 135-142.

[11] Ytrestoyl T, Struksnas G, Koppe W, et al. Effects of

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

temperature and feed intake on astaxanthin digestibility
and metabolism in Atlantic salmon, Salmo salar [J].
Comparative Biochemistry and Physiology-Part B: Bio-
chemistry and Molecular Biology, 2005, 142: 445-455.
Bjerkeng B K, Hamre B H, Wathne E. Astaxanthin de-
position in fillets of Atlantic salmon salmo salar L. fed
two dietary levels of astanxanthin in combination with
three levels of a-tocopheryl acetate [J]. Aquaculture Nu-
trition, 1999, 30(9): 637-631.

Olsen R E, Baker R T M. Lutein does not influence flesh
astaxanthin pigmentation in the Atlantic salmon (Salmo
salar L.) [J]. Aquaculture, 2006, 258: 558—564.

Wathne E, Bjerkeng B, Storebakken T. Pigmentation of
Atlantic salmon(Salmo salar) fed astaxanthin in all
meals or in alternating meals [J]. Aquaculture, 1998,
159(3-4): 217-231.

Choubert G, Cravedi J P, Laurentic M. Effect of alter-
nate distribution of astaxanthin on rainbow trout (On-
corhynchus mykiss) muscle pigmentation [J]. Aquacul-
ture, 2009, 286: 100-104.

Georges C, Olivier H. Carotenoid pigments of the green
alga: assay on rainbow trout pigmentation in comparison
with synthetic astaxanthin and canthaxanthin [J]. Aqua-
culture, 1993, 112: 217-226.

Bjerkeng B, Folling M, Lagocki S, et al. Different bio-
availability of all-E-astaxanthinand Z-astaxanthin iso-
mers in rainbow trout Oncorhynchus mykiss [J]. Ag-
uaculture, 1997, 157: 63-82.

Martin R E, Flick G J, Ward D R. Chemistry and
Bio-chemistry of Marine Food Products [C]. Westport,
CT: AVI Publishing Company, 1982: 115-136.

Furr H C, Clark R M. Intestinal absorption and tissue
distribution of carotenoids [J]. Nutrition Biochemistry,
1997, 8: 364-377.

Maltby J B, Albright L J, Kennedy C J, et al. Effect of
route of administration and carrier on bioavailability and
kinetics of astaxanthin in Atlantic salmon Salmo salar L
[J]. Aquaculture Research, 2003, 34: 829-838.

Gouveia L, Choubert G, Gomes E, et al. Use of Chlorel-
la vulgaris as a carotenoid source for rainbow trout: ef-
fect of dietary lipid content on pigmentation, digestibil-
ity and retention in the muscle tissue [J]. Aquaculture
International, 1998, 6: 269-279.

Ytrestoyl T, Bjerkeng B. Intraperitoneal and dietary
administration of astaxanthin in rainbow trout (Oncor-
hynchus mykiss) — Plasma uptake and tissue distribu-
tion of geometrical E/Z isomers [J]. Comparative Bio-
chemistry and Physiology, Part B, 2007, 147: 250-259.
Fhss, XK, M, 5. YU THL .
AL 32 B A AL R [J]. S, 2003,
49(4): 458-465.

WH R, PR, ENR, . PURXT /NS S LR
A Rt AR AL RS (T]. K AR AR WA,
2009, 33(1): 39-45.

http: //www.scxuebao.cn



12 49 TRURLE, 45 WRE ZTEA AR N BTN S TS 1879

The study of deposition and degradation of astaxanthin on
rainbow trout (Oncorhynchus mykiss)

ZHANG Juan-juan’, LI Xiao-qin', LENG Xiang-jun'", HAN Zhi-ying', ZHANG Fei-ge', WU Shi-lin’
(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture,

College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Guangzhou Wisdom Bio-Technology Co., Ltd., Guangzhou 510663, China)

Abstract: In the present study, four treatments with triplicates were designed with colored or un-colored
rainbow trouts with average initial weight of (101.9+1.3) g. Un-colored rainbow trout was fed with diet con-
taining 100 mg/kg astaxanthin to study the deposition of astaxanthin in body (astaxanthin deposition group).
Colored rainbow trout was fed with basal diet with 100 mg/kg astaxanthin addition (positive control) or
without astaxanthin addition (feeding degradation group), or deprived of diet during the whole feeding period
(starving degradation group) to study the degradation of astaxanthin in body. The feeding trial lasted for four
weeks. Samples, including muscle, liver and serum, were collected once a week, and measured for astaxan-
thin contents of flesh, liver and whole fish, serum carotenoids, flesh chromatism(L*, a*, b*), and flesh Salmo
Fan score. Results showed that in astaxanthin deposition group, astaxanthin contents of flesh and liver, flesh
a* value, Salmo Fan score of rainbow trout increased with feeding time prolonging (P<0.05), and kept stable
in the 3rd week. There were no significant difference in these indexes between 3rd week and 4th
week(P>0.05). In the whole feeding period, astaxanthin content of whole fish tended to rise, but axtaxanthin
retention rate of whole fish tended to decreases. In the first week and in the fourth week, astaxanthin content
and axtaxanthin retention rate of whole fish were 3.71 mg/kg, 8.59 mg/kg and 21.31% 15.26%, respectively.
In both starving and feeding degradation groups, astaxanthin content of tissue, flesh a* and Salmo Fan score
of rainbow trouts decreased with feeding time prolonging(P<0.05), but the decreasing trend of these indexes
slowed down in the 3rd week. The decreasing speed of these indexes in starving degradation group was faster
than those in feeding degradation group. Results above showed that an addition of 100 mg/kg astaxanthin in
diet could make the flesh of rainbow trout present ideal red colour after three weeks feeding, but astaxanthin
retention rate decreased with feeding time prolonging. For rainbow trout fed diet without astaxanthin or de-
prived of diet, flesh astaxanthin and a* value significantly decreased during feeding period, and starving
makes astaxanthin reduce more quickly than feeding diet without axtaxanthin. The degradation speed of as-
taxanthin in body of rainbow trout tended to slow down with time prolonging.

Key words: Oncorhynchus mykiss; astaxanthin; deposition; degradation
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