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ARRRMBSEXNREER FE,
MELENMEE IR

ERE RREA GREE TS SKERT
(IR RHE A AR B W 471003)

OB, ARBREAEFNARRA R TN FETMomA |k KRE KA AT LI N WH A,
B 540 R QAN A 6 A(FA3INEL , BATIH30LE) , SRR FTEIME
A 0( 2 H) 200,400,600 .800 #= 1 000 mg/kg #9494 8 B, LR B = . MAENF LR mSH
I SREENE T B Ay T A KRR FJE BAK, AN R BR ARG I, £ 400 mg/kg LAAAAT R 4
RAK, EEFEB T AKERS, EATRBRAEF R FH(P<0.05) ;200 2 400 mg/kg LK & F oy 4
B (a" AR ZEZH T B 800 mg/kg 41(P<0.05) , LMl 5 b 45t £ B % 2 % (P>
0.05); k&P ey FE (b VAR AT RERAS A2 ZMAER T AR METUHMELIZHE R
IRy # % £ 400 mg/kg BX R R K, B2 F & T BUA(P<0.05) ;K& Pz E (L7 )AZA
Z B KR F £ 5+ (P>0.05) ;400 mg/kg AT It P A8 B ALY AL EE (SOD) | i A AL S5 (CAT) F=
B AR B AL 4 B (GPx) & A B T P 5 B (LZM) | BR M AR BR B ( ACP) | a5  BF BR B
(AKP) WA ZAME3(C3) AMAA(CH L EH RS, L2 F 5 T BAF 1 000 mg/kg 28 ( R
ACP &) (P<0.05) ;400 #= 600 mg/kg 4T I & 4 B AL AL /) (T-AOC) 2 % & T Af B 4L A K
800 #= 1 000 mg/kg 48 ( P<0.05) ; if Bk & =B ( MDA ) 4% ] £ 400 mg/kg 48 5 1%, H 200,400,
600 mg/kg 28 2 FAK T 2 BB ( P<0.05) , Wi AR PR METHITE L TR S50
R AR ER G B IRAT IR AL BALRE ) A MUK I8 A 5 45 o 0 M B8 4T, A B4R s2 4 4
P UFF & 69 K E A 400 mg/kg,

KR, SFHF AR RE LA

FESES 5963 XERFRIREG A XEHE.1006-267X(2019)09-4144-08

HR#E ( Cyprinus carpio L.) I 8 (A ARL]
Y R E B A R oK
WEA" I AN R 57 PN R PT
Ju ERE NGRS, Z B AT E bk, H
TN T FRFE 5T SRk b iy 2880 % D R
TR P S A R B O A KR
REFRAE A BT A T R PR AT 4
A € 0 R IR D0 2 I Y A A T S R 1Y ) A
Z—

o

Y75 HH#A.2019-02-14

HF 5 & (astaxanthin) X 44 885 i B 0 85 K | 2
NEVAPELL R (IS MR E AR 1 —Fh, A
K 7 B R iR Y A £ 2T Rt R
)y A A M O R IE IR E R AR S K
) EERE AN TR S A W R AR T I A e B A
A B A T BRI OH R | R LA S R AT
fifgga A T BE 0 IR RN R AR K SR T A T
TG 5, HARE RN & 5, R, A 38R
IFE R, oo 5750 3l P O 6o R i Btk O 2 B Rt

E SR e BHE R AR B SN G54 (SRTP) BUH (2019401 ) 5 1 B 4 30 F T W AL G 5T H (17020014)
EFEB N B (1986—) , 55 R A HN AL WF5E 2, NIRRT 308 Fr SR Y. E-mail: 657509149 @ qq.com

« BIS1EE . IKEWE , YHF , E-mail; zhangchunnuan12@ 163.com
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FEH R

PR 2 A SO0 B A2 ot JB Y — > 5 T, A
PR DUE IR @R RN R, 75 oh, B R (R
@) BB (AM) EHE MR (L E) fg
We (B0 S5 M) TR A 2 R B R 5T A AR (e
AEER AR Hop B8 N R AR
O EEERME, 2 HRTPI N F B, AR,
MRARG TG WK E MER, HREN Yk
Wesl e AL AR A, R, TS I 500 (49 07 1k 2k
LB AR A B A BTN, Xt 2 A 2]
AT A DA B B 50 X 42 A DR
RS TINAS [ 7K1 9 75 38, A 00 HL X i 2 4G A
@ PUAALBE S R BE JT B RE I, D MR T R AE LB
i ARDRE PR B B B PSR |

1 #MR5FZE
1.1 iRoefA

TR0 FH 5 At 4 E 4 B B B FROKE LR 1, 4%
SFE JE Bl A R i A 0,200, 400, 600, 800 Al
1 000 mg/kgiFH R (MFH X H =/ & /R KLY
FARAGBRAT]) B H L 6 Fkse Rl Bk K
SEADRHERL SRR A, SRS K IR R R BGE R
KA BT 501 A W RRL b I 3 | 529
FUEE B K 43, FEHUREHL L H AR AR R 2 mm A 35
KGR, R T 4 CUkFE & H

x1 EMAMERKRERKE
Composition and nutrient levels of the basal diet
%

Table 1

i H Items & & Content

JERE( A FE A ) Ingredients ( air-dry basis)

£t ) Fish meal 6.0
M1 Soybean meal 32.0
HiA#F ¥ Cottonseed meal 16.0
SEAFHI Rapeseed meal 16.0
il Soybean oil 2.0
£ty Fish oil 2.0
#k 7 Wheat bran 5.0
H# Wheat flour 18.0
Wiz — 445 Ca(H,PO,), 1.8
TR AE Premix 1.0
Bk NaCl 0.2
A1 Total 100.0

2R 1
I H Items
EBFEKE (T AL Nutrient levels (DM basis)

% Content

HLEE 5T CP 32.48
MR EE 6.72
MUK 4 Ash 4.73

BT IR R Contained the following per kilogram
of the premix.: CuSO, - 5H,0 2.0 g, FeSO, - 7TH,0 25 g,
ZnSO, - 7H,0 22 g,MnSO, - 4H,0 7 g,Na,SeO, 0.04 g,KI
0.026 g, CoCl, - 6H,0 0.1 g, VA 900 000 IU, VD
200 000 IU, VE 45 00 g, VK, 220 mg, VB, 320 mg, VB,
1 090 mg,VB; 2 000 mg, VB, 500 mg, VB,, 1.6 mg, VC
5000 mg, iZ fi# pantothenate 1 000 mg, Mt R folic acid
165 mg, IHH choline 60 000 mg,

1.2 AFEE

5 FH 21 6 bl 3 PH 2R R B — 3% 0 b 4
HE . RS o 10 B B 540 B W E N (10.2+
0.3) g, LI E K1 NI 2 J8, 8 57 0 1) 4% IR A
EEDEL, Ak 2 S KR K e BE L 6 41,
H3ANEE, A EEMSE 30 B, LERE
ST BEESHL (KX FE X .60 cmXx35 cmx40 cm)
Hr, 6 AR f1 2 ) B R R IR iR o (X
1) 200,400,600 800 1 1 000 mg/kg MY izt 4 1]
BF R 8 J5 R KR LB A oRK,
JK A >5 mg/L, pH 7.3+0.3, 2 & il
REE Y /NT 1 mg/L, 4% 14 h 110 h( S HH 2B
W) Y S 40T oG BR B R AR 2 K (08: 00,
17:00) , H# W& Ry iR H 1) 3% ~ 5% , iR 4 244
TEEEOLHEATIR Y, B KK 1R, oK & oK
WY 1/4, R AR KR (25£1) C,
1.3 H@mXE&E

FRIHI I 25 W5, 5 fa Lk 24 b J5 R E
100 mg/L By MS-222 #E47 bR e Ak 1, $5 th 4>
B i BBOTF PR B R TS HoA: KpE B Bl AL
EFRL L 6 J8 £, B ke, A FH 2 B
AP ELE T, Hik4anh FEHBEOHE 4 T,
3 000xg T B .0 10 min, W H F & T -80 C £
A7, £ LT S 48 b s R S8 ML), PR 43 8 6 2
10 5z TR R IE | 78 40 3 Uk T e, FH B 4R T,
F-80 CIR-AE.
1.4 FEFRNUE
1.4.1  FkHE IR o o B

Tk R K 43 B R 105 °C HE T Rk
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% i 314

FE ML 5T 5 ok B &Y (Foss, i 1) I
JE GG ok B R G 32 4% (Buchi 2 H, %
4 g, MR 43 & R H IR P 550 T4 R E
M
1.4.2 KM
14 5 K (weight gain rate, WGR, % ) = 100x
(Wf_Wi)/Wi;
H7 & A2 K R (specific growth rate , SGR,%/d) =
100x( InW,~InW, ) /1;
1A B 228 (feed conversion ratio, FCR) =
F/( Wf_Wi) 5
36 2 (survival rate, SR% ) = 100%
NJ/N.,

AW, WKRE(g) s W, IVIE(g) 51 ikl
RE(d) s F REEE (g) s N, 950 45 R i 45 il
01 B N, I T IR B ) S
1.4.3 &

6 R 7K AR W% T f0 44 3 T 7K 43 Bt 225 0
( GEB-104 Pantone Color-Cue) 4% 3k 2 It i 16 4
PRI 20 BE AL, I 5 45 2 b g R fa IR 3R ) A
(L*) 0 (a™) BEE (b ) E, P L ke T
B SEE 2™ b R R RaE "
1.4.4 EREHSE NREE

KRR N RS e S % R
UL BRI L ERRREGH e B2 BIK 0.1 g,
FH Y TTBYRE P 2 5 mL | A 7 IR T BEAL
Pk 40 min J5 U BOAE L AL 4 000 1/ min B L
10 min B B0 AE 4 CoKFEHCE 24 h B i fs
FEAORERNFERRE T 1 em BEEGILT, LN
P Sk 28 0T RS, 76 5880 =TT WL A3 6O EE 3119200 ~
800 nm I [l N #EAT F 4, 4R AR R M AT U I
AR PP, FEIZ P T I 45 21 0 2% AR O Y
JCREEAH

KiHE N EEH T (mg/ke)= (AXKXV)/(EXG) ,

A BOL AR K A (10Y) 5V 48
BORAR (mL) s E AEEIRIEEREL(2 500) ;G -
FEmER(g) .

1.4.5 JFEHTE LTS IR

FRICK 2 0.2 g JFFE, DL 0.85% Pk A 3R 7K 3
1A (E AR 1 H ) R 20% 2LV A1 30,
3 000xg i[> 10 min, B FiE W -20 CHRAF&H .

JHFJUE ke 48 A B B A T (SOD) (43 bt H ik %1k
Yl (GPx) i F AL S (CAT) I M S B9t A Ak
BEJ1 (T-AOC) TN ¥ (MDA ) & i 32K F /i o
A W I 5 BT A 7 AR i e, B R AR
BEVEDL UGS o M B 1 R A B B s
W S T E
1.4.6 I R fe bRl &

I 77 5 BA i (LZM) 3 P SR FH iy HE 2 vk
TE |, FRVEWE R G ( ACP) 158 M s 2 1 ( AKP) 1% P
SR FHRT i 5 0 ol T 0325 000 5, MR 3. (C3) AT 4
(CA) T 5 2R FH it 356 B 72 W R 000 8 9 000 5, DA 1= 48
il 2 i FH AR G 3 W A R o AR ) TR S
T, VEAN AR AL B UL B 5
1.5 Zitsth

T I6 B H - 218 + A5 fE 22 (mean+SE ) &7
{8 SPSS 17.0 #4758t b, R SR R J7
#2081 (one-way ANOVA) Fll Duncan G 7 5 55 21
] 25 5 WM, DL P<0.05 HRnERBE,

2 &% B
2.1 AEFRMEAERE Z T4 KRR IE

H % 2 AT AR 3% 8 S S, B MRS A W] 7K
IR 2R A IRDRE, R 8 3 o 3 AR A KR Y B
MR R U0 3 52 e T R R
HIHLE IR Z AN 400 mg/kg 4k 8l i K
{6, Hz4 B 3% & T X4 (P<0.05) | T HLA AR 75
RIR AW 5 x4 227 AR E(P>0.05);
400 mg/kg 21 ) B R E R E AR T XA (P<
0.05) , i HA R 2 A 4L 5 %) B2l 22 55 R i
FE(P>0.05); IERSHMER AR E (P>
0.05) .
22 AREFMEMHEERXBEFBIMEHK PR
PENESENFIT

H3 3 AT, 55 8 A A A Ik L R
FEFE R (P>0.05) ;200 F1 400 mg/kg 2HfZ ik a” {8
3 TR IR ZH A 800 mg/kg 4 ( P<0.05) , Hif
IR R MA S5 A I T F2Z 5 (P>0.05) ;
KRR b EHARIA S b RS REE NS ZRINER
R 2 Se Th i JE B B 3 7E 400 mg/kg 43k
B, H & XA (P<0.05) , HABIFE &
U N2 50 BRZE O T 1 36 25 7 (P>0.05)
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x2 FRAFMENTEEXHEE KSR
Table 2 Effects of different supplemental levels of astaxanthin on growth performance of koi carp
LINTE 714 X N . -
i Wl RE HER FEE KR TP S ARG
Astaxanthin supplemental
IBW/g FBW/g WGR/ % SGR/(%/d) FCR SR/ %
levels/ (mg/kg)
0 7.07+0.28 14.87+0.88°  109.92+13.45°  1.32+0.12° 2.21+0.29° 95.56+2.94
200 7.06+0.10 17.46+0.69" 147.51+12.15" 1.61+0.09" 1.62+0.13"  98.89+1.11
400 7.03+0.12 19.24+0.65* 173.49+6.76" 1.79+0.04* 1.37+0.07°  100.00£0.00
600 7.14+0.39 17.01+1.17" 139.71+21.99® 1.55+0.16™ 1.74+£0.21*  98.89+1.11
800 7.18+0.21 16.46+1.44™ 130.79+26.90" 1.47+0.21" 1.91+£0.34®  96.67+1.92
1 000 7.09+0.10 15.14£0.60° 115.25+14.44™ 1.36+0.12" 2.11£0.22°  96.67+1.92

[FIB B JE AR G R B R R R 22 R AN B (P>0.05) , ARG FRFRZRF B3 (P<0.05) . FHEF,

Values in the same column with no letter or the same letter superscripts mean no significant difference ( P>0.05) , while with

different small letter superscripts mean significant difference ( P<0.05). The same as below.

x3 ARAAMENTETEMNREEBMEKRILAT PESEHTMW

Table 3  Effects of different supplemental levels of astaxanthin on body color and carotinoid content in skin of koi carp

IR 75 22 TR = py AN CiYi KA PR
Astaxanthin supplemental levels/( mg/kg) L~ a’ b” Carotinoid

0 39.98+2.24 17.38+1.01° 52.33+3.11° 44.03+1.05"
200 41.72+1.58 21.90£0.76" 59.52+2.06° 47.20£1.99®
400 42.11+0.89 21.94£1.69° 66.27+2.52* 56.29+3.41"
600 40.44+2.48 19.34+0.98" 57.74£2.41° 48.81£4.96™
800 40.47+2.17 17.47+1.04° 54.15+6.80" 47.94%3.56®
1 000 41.58+2.97 17.85+1.79® 58.50+4.38" 48.76+2.14*

23 AEFAMENITERNBEEFAER L
oA

M2 4 A %0, FFAE H SOD |, CAT #il GPx i 7%
7 400 mg/kg i, B & T X R4 L& 200,
800 .1 000 mg/kg 41 (P<0.05) , ifi L iR $8Fx7E )5
X JLAZ M 2R IEA R E(P>0.05); Tk
T-AOCHH 5 MR 28 I8 I 1) 3 0 52 56 T 5 J B AIG
e B AE 400 mg/kg 4 ik B & K, 400 Fil
600 mg/kg 4 W F @ T xF B 4 DL & 800,
1 000 mg/kg4l (P <0.05), % B 41 L K 800,
1 000 mg/kgH 2 18] - JC i 3 22 5 ( P>0.05) ; IFE
H MDA & 1 [ifi %5 R R IS I 19 39 0 52 0 T %
& BT Ry #aH fE400 me/ kg 2H ik 3 % 15, 200,400
600 mg/kg 4 & F K T X 41 (P <0.05), 800,
1 000 mg/kgl 5XF AL To i 3 25 5 (P>0.05) .
2.4 AREFMERERE ZXTREE M E R EIERN
=41

f15% 5 AT, Il i LZM . ACP  AKP %5 ¥ A K

C3.C4 F A M RNt i3 m 2557 &
Ja AR R 35 I FERRE RN 400 mg/kg
BPA & KRE, Hiz4 8 % & T X B4 R
1 000 mg/kg#l (5% ACP i&#E) (P<0.05)

34

C AW FEHIE 18R 35 2 0 28 i 4 A K AR
FH o X T % 2 R PG VR ( Salmo salar) M BBFSY
ot AEDRL oA A AR R AR P 4R
) K ke, Zatkova 51 3l | RR 5 ( Silurus
glanis) BB & & I Z= R RS FLREE AR
KRAEILE 11% ~58%, i NP5 138, 78 B
TN ARAEL R AR i AR R AR D R g R
VR E KR R R AR AR 1< 0y Jt A AT g 2
WURE RRE eI MRS R 2 A BFE R i 4k
AR AMEROEERKEE MIER A GO AT
Bob TR 22— xR A KA R E A,
AR IR A5 R R W mDRL R — A AR R R
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B — R PE R AR AT (HOR A s AR T ARAE IR IR R AAh BN RE 2R I RE , T 3L
R, WA AR R MERE I C RN, X AT RE R I IR R Ui 20T AN REA R e R A I

i i R R 2 S B A R T e 2

R4 FREHRMEMNIRE R X &R SUIERE R0

Table 4 Effects of different supplemental levels of astaxanthin on liver antioxidant indexes of koi carp

LIN= /NI A B d A YTE A H AR FER =R A [
Astaxanthin supplemental SOD/ CAT/ SuR=R e y] 5 T-AOC/ MDA/
levels/( mg/kg) (U/mg prot) (U/mg prot) GPx/(U/mg prot) (U/mg prot) (nmol/mg prot)
0 62.70£1.25¢ 9.95+0.19° 27.14+0.54¢ 21.42+0.58¢ 8.10+0.49°
200 72.28+1.10" 10.80£0.51" 30.96+1.15" 24.58+0.70" 6.54+0.66™
400 83.94£2.30" 13.32+0.37° 36.34£1.00° 27.11+0.75° 5.16+0.45¢
600 81.04+5.05% 12.86+0.80* 35.42+1.91% 26.82+1.67° 6.25+0.21™
800 63.54+4.35° 11.08+0.59" 30.84+2.11" 22.69+0.57™ 7.17+0.23%

1 000 61.59+3.73°¢ 10.11+0.35" 30.00£2.11° 22.05+0.88"™ 7.34+0.59%

x5 ARARMERERE FE X R E M 2R IERE R0

Table 5 Effects of different supplemental levels of astaxanthin on serum immune indexes of koi carp

LINS 7)1 5 1R i NN M 4 P Tl 2 il BT Tl P il
Astaxanthin supplemental levels/(mg/kg) LZM/(U/mL) C3/(pg/mL) C4/(pg/mL) ACP/(U/L) AKP/(U/L)
0 78.78+5.41°  25.20+1.19°  12.42+0.49°  20.42+1.84° 16.06+1.26"
200 83.26+3.21"  27.60+1.10"  14.61x1.2% 25.03+1.38"  19.77+0.98"
400 99.93+3.96° 32.12+2.23"  18.19+0.33"  27.85x0.69"  22.32+0.93"
600 86.32+3.19" 28.88+0.79"  13.84%2.18"  23.98+2.53"  19.14x1.67"
800 80.26+5.31"  27.99+1.45"  14.29+1.79"  22.78+3.22"  18.34%2.05"
1 000 78.84+5.32"  26.22+0.91°  10.89+1.33"  21.10x1.92"  16.46+0.86"

TR IR @2 o R ) AR
T Ak m % in R 7 3% 0 40 28 AT LK B 4 R,
Hh,EVE RIS N FEA AL, BB S L
ghA NIt it i 250 X K B fn p iF
SEAR L ZE R TR R N 90 me/kg BRIk
FEAEE DR, A ek g TR
fu PR, TEISE BT RGE , 406 R £ | fh
LA VRN K 30 mg/ke MR Z YR, A
ORPUR R BE R, B A8 24w, ks
SR, 7 A R RS i 75 2R AT A A
o, ARG 25 5 F B, A kL R — S = 1 R
R A ORI R A — e
Rl A RIAR] ) v R 7 2R 80 S E R G, X i
400 mg/kg B, HE 6 B Ik A 1S (6 80O B AT, 0
—E RIS, AR P A a® R b B AR B Tk
A DR IRRAL, AR 2 AR T S
TG, 288 8 N FARA AT RE AR 1 Ak W i AR

L IR BE B fe, SRR IR 2
FBARIT, i 2 1 R B 32 A TT BE 2 AR AT
S PRk, B R ARDRE A S N ) 28 2
MR EA BEB BN B R E ORCR . A WS RE 18
SRS B Bk A S R TR B R R
HR 2R S 0 A 3G 0 TE — S Y0 BN 2 Y
i (E R AR R &L #) 500 mg/kg J5, B8
RUTBUR AT F Y Wm0 e &
W b R T 2R AT DL BRI A TR Y, IR e AR
TR AR IIGE B R R A R PR bR
W E e T, HR AR R NPT E JF R 5 ok
H A RIS AE L, Yk B — e IR S, ik
R W PTR R SO 23 5 108 b 60 2K U 5 R T
BB 5 53 A, FRBE A AR R /N DL K 57 58 3 BE
Y22 50 MR 75 R B9 7L DR b R oS e, AR A%
fF T, A UCE B ORE R TR A &
400 mg/kg,
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EFRET RN ARG A S B A
FRE A AR RE T, iR N B BT AA A 32 2 4
SOD ,CAT F1 GPx 45, Hr SOD Ref i b A B
B A R AR AR R A A, DT R R AR B T
H 3, 1M CAT a] DL Ak i 44k &0 A Bl K A A
o WFERMER—FHBRHE A S A ANy
T, ik 5 B ERR R o a5 A O bt A LR T [
B-XKWAY NEMYgEAEREER FAM, AR
LW FIRIE TS Z PRI IhRE, A AR A5
WEGEHE 76 0T 805 1] ) v 8 s o5 7 R 5 2% A
W R REHE S AT T-AOC, Wang %> B 57 45
W B AR B VS 0 — 2 R T R RS I i
YA ALEE AT TR, AR Rk
U] RE v S O A R AR 98 1Y o A B Y I E
T-AOC, AWFFELEH BoR, Rk il i — 2 & 1
IR AT DL 2 B 5 4 7 P IEH SOD | CAT | GPx
TETEA T-AOC, £ £ Ik MDA Y% &, MDA & JIf
JoT i SR AR R SN 7, FEAE AL g R R R T
DU BB T A 2 R O . A 52 25 AR R B AR
HEARSMPUEILTIRE, REEBR A A 3, Py 1k
BUARSZ 1, X2 th T UR T 2R b 5 A S 1 AR L |
A A WU R R R X S A (O H AT W R A
3L BB T, DT B 1R HL AR B 32 B ik 4 45
Lee %"V i 5¢ £ IR Z P B LD e 5 H 451
) AR H RROE L

KA 5T 3 IR 75 22 A7 38 m WL S 0 1 9 )
B, MLV LZM T M 2 B WAL AR (A o 92 1) o 22
Bhm, H AR TE S 1Y B2 Ik L T A AU
X B A RO EAR A AR B E
ACP Hil AKP 2 AL P 5 2 1 B R 1, /£ = 5 Lk
(A% 15 N G0 T & 4% 2 AR YT €3 C4
AL B o e 1 A 3 AR, A g0 2
A5 AR R I R G BR T 2% RE 8 4 A A i
i LZM \ACP AKP i LA f C3 .C4 &=, iy 1
SEPLAR R S J1, B BESE AR, 76 Gk A as
I T A AR IR T R, Sk 4 i 45 T
B REFEAR A TR T R B SR
TpRL H S IR T 2R A b 2 B R B Y X W ) A e
bro XFrpAE R B B ST AT IR R B E RS
T I T ACP Fl AKP H 35 P2 iR E Z ki
HSRMLAR R R R T BB . 1) 880 8 N R AE
SR G E 20 AR B AN B4 AR AR 3 S, AT 49 5 AL AR T
KAMESE R ARAZ 22 B BE J152) 280 8 N R BEH

FI AR5 40 M fr) K L 8 i AL T B i 0 4 240
MR RE ST 53) 28 B D R BESR i S R 48 rh
A3 TEE O B B A0 I A TR . Okai 551 B
FUAR IR T R AE A 4R /) B P SR B BR
55, s /N BRI SR 8 T, (HR e Y SR 3RO
RS B G 2 38 51 9 28R, X RT BE O A A DR R
HIRE R e FEURNEAE R A G i
2, TG HILAS™ A= BEVEAE T, JE LA BIF 52 418 7
AR Y KRS R T, AR A
FIFHMZSE

4 & it

TEA IR AT, TRk 8 3 8 (9 R 75 R
] it v A 1 A R P R o A N R SR 25 A
BN R 3G ORI 4 AL RE I AL A S
A G S L S Sl IR | I
400 mg/kg,

B % 30K
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Effects of Astaxanthin Supplementation on Growth, Body Color,
Antioxidant Capability and Immunity of
Kio Carp ( Cyprinus carpio L.)

WANG Junhui XIONG Jianli ZHANG Dongyang REN Hongtao ZHANG Chunnuan”
(College of Animal Science and Technology, Henan University of Scientific and Technology, Luoyang 471003, China)

Abstract; The aim of the present study was to investigate the effects of different supplemental levels of astax-
anthin on growth, body color, antioxidant capability and immunity of kio carp ( Cyprinus carpio L.). A total
of 540 red-white koi carp were randomly distributed into 6 groups with 3 replicates per group and 30 fish per
replicate. Fish in the six groups were fed diets containing 0 ( control) , 200, 400, 600, 800 and 1 000 mg/kg
astaxanthin for 8 weeks, respectively. The results showed that the weight gain rate ( WGR) and specific growth
rate (SGR) increased firstly and then decreased with the supplemental level of astaxanthin increasing, while
the feed conversion rate ( FCR) showed the opposite trend. Fish fed the diet containing 400 mg/kg astaxanthin
showed the lowest FCR and highest WGR and SGR, which were significantly higher than those in control
group (P<0.05). The redness (a” ) value of body color in 200 and 400 mg/kg groups was significantly high-
er than that in control group and 800 mg/kg group ( P<0.05). However, there was no significant difference
between control group and other supplementation groups ( P>0.05). The yellowness (b™ ) value of body color
and the content of carotenoid in skin were firstly increased and then decreased with the supplemental level of
astaxanthin increasing, the 400 mg/kg group showed the highest value and it was significantly higher than that
in control group ( P<0.05). There was no significant difference in the lightness (L") value of body color a-
mong groups ( P>0.05). Fish fed 400 mg/kg astaxanthin had the highest values of superoxide dismutase
(SOD) , catalase (CAT) and glutathione peroxidase ( GPx) activities in liver and lysozyme (LZM) , acid
phosphatase ( ACP) , alkaline phosphatase ( AKP) activities and complement 3 (C3), complement 4 (C4)
contents in serum, which were significantly higher than those in control group and 1 000 mg/kg group ( except
of ACP activity) (P<0.05). Liver total antioxidant capacity ( T-AOC) in 400 and 600 mg/kg groups was sig-
nificantly higher than that in control group and 800, 1 000 mg/kg groups ( P<0.05). However, the liver ma-
londialdehyde ( MDA ) content showed the lowest value in 400 mg/kg group, and it in 200, 400 and
600 mg/kg groups was significantly lower than that in control group ( P<0.05). Those results demonstrate that
the diet supplemented with appropriate amount of astaxanthin can increase the growth performance, effectively
improve the body color, and enhance the liver antioxidant capability and immunity of kio carp. By comprehen-
sive comparison, the astaxanthin supplemental level of 400 mg/kg is recommended in the diet of kio carp.
[ Chinese Journal of Animal Nutrition, 2019, 31(9) :4144-4151 |
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