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W E. KXBRSENRAARRRITFExTdrod A K4 A& fe 8Lt e Hrh, mBUA
JRAEE KN e 375 B[ FHIRE A (6.28£0.07) g Mo A5 H FUINEL, F
ANEH 25 R, KB 5 A R AL a9 4, 4 8 b K ek AR A £ R sk AR (A R AL) F 4 A
A 1.0 g/kg AR IFFH & (Ast) (6.5 g/kg 48 A L AL 94> (AF) (3.4 g/kg 48 A L2 B4 (AE) F=
4.4 g/kg MAEL IR FERBY (HE) (A RITFHF XL ZH A 100 mg/kg) 69K 44 "R Ix i 4 6
Bl ZREW AP Am Ast AE = HE Af 3@ 38 & R 4t 2 R A 2 X %0 (P>0.05) ,12
AF 486938 & R A3t 20 2 % B4R ( P<0.05) , 44 2 8 2 %32 3 (P<0.05) , Ast,AF AE #= HE
WAL E ok AL MBI EE A4S hhF 2R T N 243 (M AFAE 2 AW EEST
3+ BE LA ( P<0.05) , LK 3 B AL R Z 4K T 2T B4 ( P<0.05) , 5 - B 20486 44 7 iF Ae Ast, AE
Fo HE 25 KT WUR A KRB K F= 4 .6 h 6978 KRk, LA BT BE Fo e 3 % A2 BAL P AL B 75 14
Fo B4 F(P<0.05), 251G T W5 £ B BN (P<0.05), EREREN FF P Rm
AE HE #t A 2k & & 2L 8 UK R & | 35 IR ALK L BAL AR A1 | 38 B Ao iR Am Ast — B0 89 #0R 12 AF R

T HB AR 6 & &),

KEIR: SR F L BAL, ALK ERRY ks, A KMk, A&, AN

B & 525 : 5963 X HkFRINAD A
VTAESR | T 65 ( Oncorhynchus mykiss ) 7€ 3% & )
FRE &R S, & 2010 4FE 3G T & Bk F
3.937 1 t, B EEZE R KL T s, il
(LA 21 B8 (B 2 7T 3 OF A & 5 A9 — A 3 B A
A EY el AR 6 SR E SRS 11 BN\ RNy L N i S I Wl
TGN R, BHRT, A LR R E
BN MUFE R (Ast) |, HAS & 5 R E A 1Y
10% ~20%"" . Ast H FA7AEA ] S7 AR A 7 DL K
AT RE A B (] 1) 5% B, O 2 A e ) —
ARSI, KRR R B UF 75 2 45 W 4 40 Bk
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M, BT ¢ 2 0 4 35 46 0 B 98 20 8 T o
w e o WOy Y A O HAE b AR BT T
fB/b . Kamata 5% F IR N 5.05% & % 46 46
(AF) F10.01% fi 745 4L 2 LY ( AE) (37 53 B R 5
EEEYN 100 mg/kg) B9 Fa Rl ) b 6 3 4~ H
S50 AF 4177 A T mAET- % (30%) , AE 41 B3
TWLA LA, H LA aF 3 R DIRERAL, R
1.17 mg/kg, KA BT 52K (6 mg/kg) .
AT Bk , J8 4% 3% ] ( Chlorophyta) , 1% H
( Volvocales) , ZL Bk % J& ( Haematococcus) , 52 H 7
A RARERE R R w e m A, IR
EMBEARTEN 5%, WA LBk T Ay oF
R LAER 2 X A7 A, 1 By 4l 76 Jig 45 14
(3S,37S) , BT E AL PR 1 — Fh A AL AR
T, TR AR 21 BR e EL AT 0I5 1 40 i B | 2 B4 £ 25 X6
A R AR RRAR T B R
TR A ZE, R, T AR 2D R AR M AR R R
U s Dk e R 3 P 3 Y A RE Tk A R RE
Y R BEANSE 4 | 23 50 I R 25 0 35 44 R0 R
B AR ZLBRBE R 7E K 77 35 5 v N ) i 2
W, T T 2K P VR e (Salmo salar) M| o
( Pagrus pagrus) WK # i ( Pseudosciaena cro-
cea) " RS ( Silurus glanis) '™ 4% | X SLHIF 57 e B
W AE 2L B R 47 0y & & m T 1B, Ot B
B YRR, P AR e ) . HORTAE T A AL
BRI E BRI SE 22 K T e Hy, TR AR £1 3K 52 IR

(HE) A FE AR 5 /1217 R o f £ 2 25
I

VE ]y K IRUF 5 Z U5, AR AE HE 7 235 T
PR R BT S A % B O T A VR SR il 2 &5
Ast FHLG, FLACR anfr e R A R iR E, L,
ARG DL 8 K BIF 58 6 4, A AR R 43 0 R
Ast AF J¢ AE Fil HE, % £ FLXT T 8 4= K PR R | (5
RUTB BT S AL GE 1 152, ok R AR IR 75 2 W AE
K =L R ) A BN AR LB AR

1 #MHR5FZE
1.1 R

Ast ,AF AE Fl HE (1E T %gi= $23%) B 7 M
S VIR ey A BR 2w S 43t 0R &R o0 )
10.30% 1.54% .2.90% F1 2.26%
1.2 AR

TR ] 5 b A A RE R 43 S Sk SR Al
o) Rk R A B il 4R RE R R I 1.0 g/kg Ast,
6.5 g/kg AF 3.4 g/kg AE 4.4 g/kg HE HJiR 56 17
L PR RERE RIS M E Y 100 mg/kg, & Fh i
BHERH 5 12 60 B i, # i BHEE 7 (£ 1) B9
RS, FHEAEFF 55 FEHLHDR AL H A2 2.0 mm Y A
RGP AR [ DRI BE A (85+5) C ], B AT
HRAR 40 CHET 2K BT 10% , % R A7 5
Mo gk, X 5 Fhfe kL df & 2 & i ok
11.00.95.23 .101.32 ,104.25 #193.52 mg/kg.

#1 RRERARRERAT(RFEM)

Table 1 Composition and nutrient levels of experimental diets (air-dry basis) g/kg
5 e iﬁiiﬂ‘ %ﬁfijﬁ :E%HE Fﬁfélﬂj?fﬁ
Items Control group RRd ik wRa el

Ast group AF group AE group HE group

J5ikl Ingredients
f44; Fish meal 250.0 250.0 250.0 250.0 250.0
Ef Soybean meal 200.0 200.0 200.0 200.0 200.0
KEW S FE M Soy protein concentrate 110.0 110.0 110.0 110.0 110.0
[ #; Flour 260.0 259.0 253.5 256.6 255.6
¥ K Pork meat powder 50.0 50.0 50.0 50.0 50.0
MR [+ Brewers dried yeast 40.0 40.0 40.0 40.0 40.0
ff1 i Fish oil 30.0 30.0 30.0 30.0 30.0
i Soybean meal 30.0 30.0 30.0 30.0 30.0
e ZHURAL Vitamin premix " 5.0 5.0 5.0 5.0 5.0
W4 B FIR AL Mineral premix® 5.0 5.0 5.0 5.0 5.0
B2 45 Ca(H,PO,), 15.0 15.0 15.0 15.0 15.0
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5iH R ibj‘ciﬂ‘ ?%%ZE fﬁﬁi Fﬁfélﬂi?ﬁ%
Items Control group R fe e Al
Ast group AF group AE group HE group

S ALJABE Choline chloride 5.0 5.0 5.0 5.0 5.0
A IR & Synthesis astaxanthin 1.0
TRFIEAEI Adonis aestivalis flower 6.5
TR IRIY Adonis aestivalis extract 3.4
AR BRBEIEEY) Haematococcus pluvialis extract 4.4
A1t Total 1 000.0 1 000.0 1 000.0 1 000.0 1 000.0
#F5KF Nutrient levels®
7K 43 Moisture 39.3 39.0 38.0 41.5 41.7
ML A B CP 451.3 446.2 445.7 442.9 441.1
HLAE i EE 134.8 134.7 134.5 124.4 125.1
MK 4> Ash 85.5 84.8 86.8 85.4 85.5

1) 4k R R B & T 5 i B2 it Vitamin premix provided the following for per kg of diets; VA 10 000 U, VD,
3000 IU, VE 150 IU, VK, 12.17 mg, VB, 20 mg, VB, 20 mg, VB, 100 mg, VB, 22 mg, VB,, 0.15 mg, VC 1 000 mg, 44 %
biotin 0.6 mg, "fiX folic acid 8 mg, JLEE inositol 500 mg,

2) B Y B HUR R N AT 5 iR B2t Mineral premix provided the following for per kg of diets:1 1.5 mg,Co 0.6 mg, Cu

3 mg,Fe 63 mg,Zn 89 mg,Mn 11.45 mg, Se 0.24 mg,Mg 180 mg,

3) EFRIKF R EM{E . Nutrient levels were measured values.

1.3 REESHEFER

e A S0 O 14 A LT AR 3 XK B K
PR Y, T GG T, R U 68 R 2 ] DL
R EREE, E I A5 1R W 24 h, 26 UK BT
fatH: KN AR 6 375 B[ SR T (6.28+
0.07) g],FEHLATFCE] 15 4> [ o) 783G 5 5% 58 fir
M (0.60 mx0.60 mx0.50 m) , fE 25 B, k5
M, A3 ANER, FEREIFE AT, 20 T i
T=20 CLRAFE, 0 THI 6 4 a5 R o i, 57
FEIA] AR 2 ¥ (09:00.16:00) , H W&
FRE Y 2% ~ 3% , MR 0 A HE 17 B0 RN KA Ol
HEATIE PR L 25 A R R AK P AR 5 — 2, DL A
IRAEMETCER A H . FRAE M KR 13~18 T,
WA SN 6~7 mg/L,pH N 7.24~7.78, WA &
w<0.2 mg/L, AR EE & & <0.1 mg/L, HK
FE LR 1~2 h 5 SR A Wik W 5 TR 2848
R JAHK 2 oK ELAROK R 173, FR5E I
Y AE BRI K2 B R S = ik AT, Hh e 2k
6 Ji.,
1.4 HRXE&E

FEA RS IR Zhao 551" ik IEFRAE SR 2 4
6 R, kYLK 24 h )5, EELFEHLER 3 B,

F 100 mg/L MS-222 J§k ¥, T B2 # Ik &b >R 1L,
8 000 r/minE 0> 10 min, BUIMLE-80 CHRAF, HT
e Mg % RS &, BUILE, 12 w0 T
B Rz R, B 26 55 3 g 2 18] i L, I £ 22
i, 5 R IRAESE T —20 CHEAE, F T 5E 41 210F
HEIE, 6 FRMEIKBE R, ALk 24 h,
X T A T AT B AT AR R O SR R,
B3 BRI G T —20 COAF, FH T 5E 4 ok i
WA RN E R & m, Hite Bfh,3 BRA Lk
DR AENLIAL JHRE R L FH TP A AL BE g 5l 22
75 3 R fh R MALA 4 1.5 ¢, 23 H T
T 7K R R R 2R i
1.5 MEER
1.5.1 A=K EhE
RS /AR RGN NG i ek L K d LSS A = N
53 B E R RRR R A TR AT .
WEAR(%)=100x[ KHE(g) -
WIE (g) |/WHE(g);
G2 (% )= 100xi I K BE(E)/
R waEBE(R) ;
TR R = B (g)/
[RE(g)-¥E(g) ],
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1.5.2  TalRbR 440
KA WIHR 4t AR E G, 2 R AOAC

(2000) HEATH AL 0T, TIE IR KA B R
F 105 CHET 305 ML 8 A RS R A A shidl
G5 &% (2300—Auto-Analyzer , Fosstecator , Hij i)
I 5 HEL R 7 5 >R FH G800 FP i 44 1 00 8 5 R K
g3 R 550 C 5l b (SXL-1008 Lk,
VR 22 S B R 45 A BN W) K9l o
1.5.3 JMA@EZEHE

T Ak 1f S R I, O £k 5 66 2 e i LA
FHME 7K 40K 2 T 7K 43 W T, #KF WSC-S 4 2% 3t
( WSC-S colorimeter, o/d Y& I, 77 6 7%, o & T
AY <0.6, iR BB A A A B 790 FE G 24AY
) Bk BT LR 1) A Y — 1D Il SR
SERE LT R A,
1.5.4 MMEEEE

AILIA i 4 6 IR 5 R & 8 2% Zhang %' )y
2 R AT - CBE(1:1) FEBEI 5E 5 B JER N 2%

HESES % Song %" ik, KA AW k-

VAT (103 ) ZE ORI 5, 45 I (OD) A
JEAREIRE B LT BRI RSB (M R
B b G T L B A AL B A B A 7 b
5 A18781) , WFHFRVIRITEARXWT .

IFE RV (%)= 100x[ KA HIRH R
i (mg/kg) XAKHE (kg) —FIHe IR
R (mg/kg) xWIH (kg) |/ [ Fhi i (kg) x
T LR R & (me/kg) .

1.5.5 IMESKEAY MRE=

B 0.2 mL IML3EANA 0.4 mL 95% £ B8 e iR
AJa WA 1 mL IECEESIER S, 1 000 r/min %
L 5 min, BT RAE 470 nm R %E OD {E , ¥
SR AHRE B LIRS PR AR,
4 IR ZARE & 2 2% Tolasa 51

M2 MR & & (wg/mL)= 0D {Hx

10 000/ i€ ZEX E.

1.5.6 WLAHKKT

SROIT 0 — M FRALA (1.5 ) FRE (W) Ja
MR BHT 4 CUKA T, 40T 2 4.6 h BUE,
FHWZ K 48 5 2 38 2 R K 43 J5 B, 0 SR 1 i
(W,) o W) —MEFEIA (1.5 g) , KE(W,) J5
BAREEL EH T -20 CUKAH, 24 h 5B, 2 IR A R
10 min, K AU 4K L R M K 43 J5 Bk, e sk
H(W,) , KBRS GG E AT .

KR (%) = 100x[ (W, =W,) /W, ];

AR (%)= 100%[ (W,=W,) /W, ],
1.5.7  I3E LA R bt 2L g

FFRERITS LA T 4 TS, T 0.9% B
ERIK A B 20% M9 H BU5) 3K, 2 500 t/min 50
10 min, B E3E & H . 00 LR AU IE 9 4T 4 1k
PEREFE AR AL 5 . LA R AE B 25 A (TP) & =, Il
T8 JULPR R R (4 P9 8 B i ( MDA) % i, B
AALYI ARG (T-SOD) 1 1 LA K il 2 A rh S5 6k
F1o LA 3G AR D0 5 38 e R R & (R R
Y TRREGE T ) AT 544 o & A B S R
% T e i B G MDA & & 5% IR 12 L 2
(TAB) VD2 , 04 2 A h L A8 1 4R 4% Fenton J
T 5

I35 A1 20 24 T-SOD % Pk # v X (U/mL) .
T TR N P A e H AV R AE 1 mL R
IV SOD 4| 235 50% IR i % 3 i) SOD 4t Hy
1> SOD it (U) .
1.6 HESHITEHH

I HE R ] SPSS 22.0 #E47 8K £ 07 2% 4>
Br (one-way ANOVA) , %54 Tukey’ s b7 £ &
Fb#s, 22 5 Kb P<0.05,

2 &F R
2.1 A[ESRIEERE & X 0T 68 4 KM B8 B9 &2 M
i 2 A %1, 354 6 Ji )5, Con  Ast  AE Fll HE
HIEMEE R R RO TR R LR E R
(P>0.05) ; AF Z7E3 d R | g &0 T HAh 4 ( P<
0.05) , falet R0 2 & T AL (P<0.05) , 5%
HRZHAH L, AF 41 3 H R B AIR 13.5% , 1)k & 200
hn0.10( P<0.05) .
2.2 AREFRBEIHREZEITME S & E MK SR
12 3 T, 4% 4[] e 4 £ B0 40 2 B
LHEIK 43 LB (BT MK 43 FORLAR I & i, 380
¥ 25 (P>0.05)
2.3 AREFREFEHREEITTEN R B E RN
P 1 AT AT, Bt 3 5% B IS ) %) E K | 4% 2H T £
JLIA) 5 BE B0/ ) | JILPR 21 B2 (B3 K 5 Ast,AF ,AE Al
HE 419 LA 53 B {8 7 45 5[] 1 35 @ 35K F X
HEAL (P<0.05) , 21 J& 1 #5 B2 {H W 3% = T X i 4l
(P<0.05) ; 7E55 6 JHI B, £5 R 22 S 2L 1] 9 JUL 1R)
TLE LR E 255 (P>0.05), AE #ll HE 4
(4 JUL A 35 B2 1 5 25 55 T Ast Al AF 41( P<0.05) ,
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Table 2 Effects of different astaxanthin sources on growth performance of rainbow trout
§ w7 AL iPyia [ AR &

i X e 2RI F 4L o o .

id il FEHU A A
Items Control group Ast group

AF group AE group HE group
W& IBW/g 6.24+0.04 6.34+0.07 6.25+0.05 6.25+0.03 6.24+0.04
KT FBW/g 27.62+0.31° 27.16+0.94° 24.10+1.05" 26.19+0.92° 26.27+0.78°
W WGR/% 339.45+1.29° 328.54+12.54° 203.74+16.98" 322.64+10.88" 325.16+6.57°
A3 2 Survival ratio/ % 100 100 100 100 100
TRk R %L FCR 0.99+0.04" 1.01+0.02* 1.09+0.02° 1.03+0.04" 1.03+0.03"

[T B SR AR AN RN PR R 2 57 3 (P<0.05) o £ 3.3 6 [A],

In the same row, values with different small letter superscripts mean significant difference ( P<0.05). The same as Table 3

and Table 6.
x3 AERFEHSEIIIES & PSRN
Table 3 Effects of different astaxanthin sources on whole body routine composition of rainbow trout g/kg
i A7 A€ A 2T Bk
WUH X HR2H R R AL He A AEAE A
" B4 SR 4L
Items Control group Ast group AF group
AE group HE group
7K 4> Moisture 715.18+2.45 708.04+9.05 716.56%6.04 710.08+5.82 713.54+7.60
HEE BT CP 161.98+4.46 162.73+6.84 160.03+3.58 162.96+4.12 164.43+6.67
ML EE 75.85+3.05 81.27+9.10 82.28+5.28 76.54£3.13 79.30+4.94
M KA Ash 24.23+0.97 24.81+1.13 24.76+0.51 24.75%0.85 23.95+0.63
A 60 B 15
2 . 12
g 55 g
) b s
5 2 6
i 50 a Eid 3
S _3 &
45 a -3
0 2 4 6 0 2 4 6
FREEMS ] Breeding time/J& FRPERTA] Breeding time/J&
C
17 —o— XFHR 4 Control group
g 15 ~— & EUUFE R4 Ast group
=]
E 13 b FEFFIEIE M AF group
w1 AL AE group
&
9

FRFEMFA] Breeding time/J&

Bl SAREA /NG F RN 22 5 3 (P<0.05)
Data points with different small letters mean significant difference ( P<0.05).

B1 AEREFEHRSEXNMGA S ER R0

Fig.1

e T A AL BREE IR U4 HE group

Effects of different astaxanthin sources on flesh chromatism of rainbow trout
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24 ARERBEGBEMITEZALARETEZSEM
MAREK T

F 2R 4 AT, 25 R 2508 4L i A W) 2 2
W 2 i Y B R ) B B TR R FEER 2
4 .6 A}, Ast AF  AE Fl1 HE 41 i LA | 2 Jik 1
fEHR TS 2R o Y B S T IR (P<0.05) 55 6

JAET  HE 4L LR RS R & & 5=, AF 4189 J2 ik
RSN R & & fie 5 782 IR R & 5 FiF
H RV R JT M, Ast,AFAE il HE 41 %0 . %
Z5(P>0.05) , & falFE £ & &0 825 TR
H(P<0.05), 07 R DU R g 8 T X
(P<0.05) ,

F4 ARREGERMIHEAAGTELEMTREN N

Table 4 Effects of different astaxanthin sources on astaxanthin content and retention in tissue of rainbow trout

WiH ?iﬁﬁﬂaflkﬂ iz & R 2 %%7—?«142 CircYia T A= 21 Bk
Ttems Breeding Control group Ast group e AL AL
time AF group AE group HE group
LR % & & Astaxanthin content in tissue/ ( mg/kg)
¥ Initial 0.79+0.07% 0.79+0.07% 0.79+0.07* 0.79+0.07% 0.79+0.07*
LA %2 J& Week 2 0.81+0.06"* 1.85+0.30"" 1.39+0.32""° 2.97+0.79°" 3.36+0.17°"
Flesh % 4 J& Week 4 0.87+0.06"* 4.57+0.33"¢ 4.56+0.25"¢ 4.55+0.52"¢ 4.12+0.44""°
% 6 J& Week 6 1.35+0.50*" 4.96+0.79™° 4.81+0.54"¢ 5.20+0.91"¢ 5.26+0.91"¢
W4 Initial 2.49+0.18* 2.49+0.18* 2.49+0.18" 2.49+0.18* 2.49+0.18*
Bz Ik % 2 A Week 2 1.73+0.48%* 3.19+0.26"" 3.04+0.89™* 2.70+0.84"* 2.95+0.68""
Skin 4 5 Week 4 2.26+0.37"4 3.90+0.15™¢ 3.78+0.48""®  3.87+0.33"*"  3.23+0.57"""
%5 6 Ji] Week 6 2.63+0.59%* 4.02+0.25"¢ 4.83+0.52°" 4.13+0.17"° 3.74%0.36""
W1 Initial 2.63+0.46" 2.63+0.46" 2.63+0.46" 2.63+0.46" 2.63+0.46"
g 55 2 Ji Week 2 1.77£0.07%* 10.08+1.13°" 12.08+1.15%" 7.11+0.95"" 9.85+1.94°"
Caudal fin 4 JH Week 4 1.93+0.37%* 11.74+0.41°° 15.35£1.80%°  10.24+0.96"¢  12.85+0.71°"C
%5 6 J5 Week 6 2.73+0.524* 15.25+0.90"¢ 17.84+0.61¢  15.78+0.41"°  15.82+0.56"°
4=ffi. Whole body 5.59+0.27° 7.73+0.39" 7.69+0.35° 7.40+0.16° 7.21+0.06°
== v B 322
KPR VLR 63.16+3.49" 10.37+0.57* 8.89+0.36° 9.71%1.67° 9.28+0.08"

Astaxanthin retention/ %

AT HHE 8 AR AS R /NE 7R 3mSR 21 6] 22 53 423 (P<0.05) 5 [F) 505030 8 Fn A [ K 5 75 R A [R] i (1] 22 5 1 2%

(P<0.05), &5 1A,

In the same row, values with different small letter superscripts mean significant difference among different groups ( P<
0.05) ; in the same column, values with different capital letter superscripts mean significant difference among different time ( P>

0.05). The same as Table 5.

25 ARARBEHREENMBEMFRAET M=
EENXMN

R 5 AT A, S AT S D RS b5z
B S ] £ 264 Jin i 48, Ast AR (KR 55 2 A 4h) (AE
FUHE A2 8 b RS RAES 2.4.6 FRH
WEETREA (P<0.05) , HAEH 4 6 JA I AHH
Z BT % 22 5 (P>0.05)
2.6 A [E) SRR RS = x4 4T 6 A B BT BE F0 M E
MELEE MM

H 2% 6 AT, 25 MR 5 2208 4L UL 1A I 3 9
T-SOD i 14 Fl MDA & 2 ¥ i I F X i 4l ( P<
0.05) ,Ast . AF . AE 1 HE 241 4 20 20 (4 1 % E i
FLBE ¥ 8 2 TR (P<0.05) 5 AF 41 LA

PrEALIE AR S AR A TC 1 E 257 (P>0.05) , {HIF
WEA I B e ) B AR F AE 41(P<0.05),
M5 T-SODEPE B 3% % T AE 41( P<0.05) ; AE Fll
HE /I WLIA L EFN I 35 ST 48 A FE A 5 Ast 213
Jo i #2257 (P>0.05)
2.7 ARERIERS =4I AL A 57k 71 89 0
M2 7 T 1, 25 4 1 3 K Ok B B TR] A JE
MG, Ast, AE Fl HE £ 4 7% /K 81 2% (B Ast 41
2 hiTH KA A1 ) F8 R di % 35 B 3 K 1 % R 4
(P<0.05) ;A , AF 20 4 6 h B /K0 2t o 3%
IR TFXF IR (P<0.05) , ¥ Uit 2k 55 % RE 41 TG &
Z53(P>0.05),
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Table 5 Effects of different astaxanthin sources on serum carotenoid contents of rainbow trout wg/mL
X 7k T A 21 TR
B g ] X B2l AR E A o FF AL
o " S Al
Breeding time Control group Ast group AF group
AE group HE group
YIth Initial 0.14+0.05* 0.14+0.05* 0.14+0.05% 0.14+0.05* 0.14+0.05*
% 2 i Week 2 0.26+0.04"*8 0.50+0.07"® 0.35+0.06™" 0.42+0.07%* 0.53+0.09¢"
%5 4 5 Week 4 0.26+0.16"* 1.09+0.18¢ 0.95+0.08"¢ 0.90+0.08"" 1.01+0.14>€
% 6 Ji Week 6 0.32+0.07"* 1.24+0.07™€ 1.13+0.05"° 1.18+0.17"" 1.30+0.12""
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Table 6 Effects of different astaxanthin sources on antioxidant ability of flesh, liver and serum of rainbow trout

- " wHE [TEARE S
yim i WA R RA A AR
. PEHUI A A
Tissue Items Control group Ast group AF group
AE group HE group
SR AR s AL T b . . a a
T-SOD/(U/meg prot) 8.66%0.41 6.45%0.66 6.69%0.74 6.24+0.53 6.14+0.51
m:‘% b a a a a
WA 11.39+1.45 7.04£0.91 7.79+0.73 6.44%0.65 6.44£0.76
MDA/ ( nmol/mg prot)
Flesh
IR A 2L RE
Inhibition ability of 7.25+0.96°  12.84+1.06°  11.26x1.26°  12.23+0.78° 12.99£1.24°
- OH/(U/mg prot)
BB ALY AL B
s b a ab a a
T-SOD/(U/mg prot) 5.32+0.16 4.44%0.17 4.87+0.19 4.57+0.59 4.58+0.03
Jisdilis F—E 2.68+0.42° 1.89+0.32"  2.41+0.50" 1.63+0.57* 1.85+0.49™
. MDA/ ( nmol/mg prot)
Liver )
I A 2L RE
Inhibition ability of 12.75+2.34*  19.02+0.98™  16.84+1.81° 21.74+3.12¢ 19.70£2.63"
- OH/(U/mg prot)
BB A ALY AL B
o a9cC ab b a ab
T-SOD/ (U/mL) 249.17£8.73° 211.52+5.86™ 216.79+£2.43" 204.16+7.00° 208.72+8.27
1L 7 P 13.11+1.05¢ 4.39+0.71° 7.48+0.91° 5.47+1.55"™ 5.77+0.97%
MDA/ ( nmol/mL)
Serum .
T H 2L RE
Inhibition ability of 89.48+9.88" 193.35+10.78"° 190.56+4.19° 205.60+1.05"  200.64+9.90°
- OH/(U/mL)
KAERESS W 520, Pham 257 76 fa) k) b 45 Ain
3 i i’ 2.0 g/kg HE (Hr 8 IFE E & &0 100 mg/ke) ,

3.1 AERIFEEREZE M8 4 KRR 22
KT Ast Fl HP X £ 38 25 K 2 W B fF AE A
[F]4% 18 ., Christiansen 252" 1 F % 2122 73 Bl HE K
PUESE R (1.75 g) F1-E R ARl ik a8 i Ast
M HP, M EMARKMERYEE TEERS, R
Ifii , Page 2% Yanar 5" Fl Amar %5 43 5 7
TR RN 50 .70 F1 100 mg/kg Ast, % T 5 ) 4

Xof SF G 4y £ 39 A R E A ORI R TR
FRM , AER R, Ast I HE BER I, 65 L 1) A=
KAEREL TG 2 25 5wy, RV T 5 1) ) 28 R
TR, H TG R 2 2 5, W] BE R R I iR 22
o IR R A RAEBE AR HIROCR , T e S
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Table 7 Effects of different astaxanthin sources on flesh water-holding capacity of rainbow trout %
=] %7K 45125 Drip loss B
Items 2h 4 h 6h Thawing loss
X} HE4H Control group 9.74+1.06° 18.69+1.78° 23.91+1.71¢ 6.19+0.47"
A AR R 4L Ast group 8.73+0.85" 13.71+1.04° 17.62+2.02° 4.66+0.69°
RHIALIAL AF group 8.23+0.63" 14.18+0.39" 16.96+1.33" 5.57+0.84®
RAEIEI Y40 AE group 7.50£1.11° 10.78+1.51° 14.52+1.50* 4.80+0.55"
A 2 Bk R U 4l HE group 7.55%1.27° 12.33+1.61" 17.47+1.46° 4.86+0.41°

[ 51 K408 R AR AN Rl /NG TR R R 22 57 3% (P<0.05)

In the same column, values with different small letter superscripts mean significant difference ( P<0.05).
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T ) I A 0 PR ) Jo i LGk 4% 1 I
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18.5 gHYUTHE 10 J&, 2 238 i 7 WL 20 BEAE, LA
IR RS Hik% 6.1 mg/kg, Zhang %1 TR N
T 100 mg/kg i Ast falBHAME 101 g AYITES 60 d,
WU 20 & & % o, iF & X & & ik 3
8.03 mg/kg; De La Mora 257 ¥& fa] K b 4 fin
80 mg/kg Ast, TA MK 161 g AL EE 6 & )5, AL
WHFE RS0 ik 8.8 mg/kg, A LG0T 6l FE5H 6
JilJ& ,HE Fl AE 2R LRI £1BE(H MR 75 R & it 3
FHm AR R Ast — B K HALA B E
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Xof T ) 5 B R R T AR R R, DT S Bt
TR 2%

AF Fl HP () 4F 35 R 2 50 LUTR 19 8 X A7
FE N Ast WUiFE A ARG R, FR ik
LINTE SR S eI LR N S N R L T
Btk /N, 6 0 L T8 R U A v b T T
Henmi %% I\ Ky, 76 [RS8 UF 5 A 2R, 7 5
HRME QSR THEALIR 2, X T 682 WA
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Effects of Different Astaxanthin Sources on Growth Performance,
Flesh Color and Antioxidant Ability of Rainbow
Trout ( Oncorhynchus mykiss )

ZHANG Chunyan"*? WEN Dengxin'*? YAO Wenxiang"** LI Xiaogin"*"
WU Shilin® LENG Xiangjun]’2'3*

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University ,
Shanghai 201306, China; 2. Centre for Research on Environmental Ecology and Fish Nutrition of the
Ministry of Agriculture, Shanghai Ocean University, Shanghai 201306, China; 3. Shanghai Collaborative
Innovation for Aquatic Animal Genetics and Breeding , Shanghai Ocean University, Shanghai 201306,
China; 4. Guangzhou Wisdom Bio-Technology Co., Ltd., Science
Avenue, Guangzhou 510663, China)

Abstract; This study was investigated that the effects of different astaxanthin sources on the growth perform-
ance, flesh color and antioxidant ability of rainbow trout ( Oncorhynchus mykiss) . Three hundred and seventy-
five rainbow trout with an average body weight of (6.27+0.04) g were randomly assigned to 5 groups with 3
replicates per group and 25 fish per replicate. Five iso-nitrogenous and iso-energetic diets were designed as the
control diet and the astaxanthin sources supplemented diets, including 1.0 g/kg synthetic astaxanthin product
(Ast), 6.5 g/kg Adonis aestivalis flower ( AF), 3.4 g/kg Adonis aestivalis extract ( AE) and 4.4 g/kg
Haematococcus pluvialis extract (HE) with the same astaxanthin inclusion of 100 mg/kg. Then the five diets
were fed to rainbow trout for 6 weeks. The results showed as follows: adding Ast, AE and HE had no signifi-
cant effects on weight gain rate (WGR) and feed conversion ratio (FCR) (P>0.05). However, weight gain
rate (WGR) in AF group significantly decreased ( P<0.05) and feed conversion rate (FCR) significantly in-
creased ( P<0.05). The flesh redness (a” ), yellowness (b" ) values, tissue astaxanthin content and the ser-
um carotenoid content ( except the AF group at the 2" week) in Ast, AF, AE and HE groups were significant-
ly higher than those in control group ( P<0.05), and the flesh lightness (L* ) value was significantly lower
than that in the control group ( P<0.05). Compared with the control group, the supplementation of Ast, AE
and HE significantly decreased the flesh thawing loss, drip loss at the 4 and 6 h ( P<0.05) , significantly re-
duced the total superoxide dismutase activity and malondialdehyde content in flesh, liver and serum ( P<
0.05) , and significantly increased inhibition ability of hydroxyl radical ( P<0.05). In conclusion, the supple-
mentation of AE and HE in diet effectively improve the flesh pigmentation and antioxidant capacity of rainbow
trout, and reach the similar effects to synthetic astaxanthin, while AF is not suggested to be used in the diet of
rainbow trout.[ Chinese Journal of Animal Nutrition, 2021, 33(2) :1008-1019 ]

Key words: synthetic astaxanthin; A. aestivalis; Haematococcus pluvialis extract; rainbow trout; growth per-

formance; flesh color; antioxidation
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