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AEREZEBAKFHHETRAHNNBEER ERR BRI

(CKEHEAY: AR PRI AT RE LT K 116023)

W OE: LR E R (S5.85 £0.19) g WA H R EELN N SL X R, BF
RAFEFRABIRINER 130 mg/kg B, kL H K- (25.49% .30. 84%
35.04% 40.68% 45.88% ) Xt g AR A K R m., BH® 3
AT, BT SE 20 Bfa, RIBERIE 60 d J5, LR BRI
BEHKFN 35.04% bF, LB AARAT " R, SEHKTE
40.68% HIRI TR EZER(P>0.05) (HEBERFHAMELEH(P <0.05),
HitEe, ERRPRHE PR RBEAF(P<0.05) , B REEIHEE
FI7KF45.88% 4., BEKFH 35.04% B, SL 5 1 1 B 3 (Ry ) A7
HRA KR (Ry ) AR RBOR (Reg ) B0 2 H KX L5 £ 75 T
(LZM) DA Je S 588 F g ik ( CAT) (FLER B 2056 (LDH ) Jo B & % i (P >
0.05) , B /KN 45.88% B, SOD 1& 1 B Z MK (P < 0.05), _FiRHF
FULH IFE RIINEY 130 mg/kg B, (SR B4 K 35 GX B REF AR
HIIE BRI R K0 35. 04% o[RBT AR 9 O 45 SRR B, e Bl & Akt
o, R EARE BK A SRR R EERE R A FRCR,

MARA: BHERNMIBE
B, B, Anfe] £2 = HLA A
S Ot N
BHpRn—E #0IEE R,
it 5 P AREBRKFE,
L0 R H K P X B 8 (K
@, R RN, B
FRAT A 5 e 4 0 R 0% 4
T, {6 B 5 58 o R
T EHE H K F o

XER: ApmE, EHK
ViR K i
FEHES .S 93.1;5965.1
XERERERG: A

AR e FE R ERIER, BE AT
FEUEH T K B b K (carotenoid ) | & A XK
(melanin) MM ( pterine ) il 1 IZ i ( guanine ) %
Y 5K kG BB RO R B K
AU, MEFRANBEENERAY MK, HE
KSR NTO & R E MR, TR EMN
TR RS A R K 7 S Ak ek
SRAG , AT 2 TN

¥R &K (astaxanthin) 2 8 EHEH WAL 6 R
— R NREAR, M EFHKEhE A E
RS (IR E RGBSR, E I, R R IR
A FAFX R R A | 3R WL L TR T 2 5F
MaFEEEL., AP ERREARMNER
BEIRAY , TE A 2H 2 i RN A BRI 3 b
EEEZENIER, UFR K I, 5 RHE B KR4
oA RRY N ESRA e A

RS HEf: 2011-05-22 {&E HH3: 2012-02-20
ESWA: b ERBEIRWE (D09060500430901 )

A REE F KXo 6 B €077 T RO R T 1 R L AR
18, PR AS SE T 6 FH AR B A IR, SRR RS
BRI AR TECE AR A 6 AR K
FRER , LA 52 BHF ORI B UK,
WLB & PR TR I — L 2B R 3R

1 RSk

1.1 SRIER

LHJEARHNT ARk (80 ~100 H) \EK
EEB NEFK S ER NEEER . o
B B REHEER RET YR IFER, B
FREEERSRET YR TIARRESR
BRIVEAF, IFF R THEE B RAR, A3
BN 10% ;R FR 2R G Ja R RLET R
BURLRL, AR PI A AR (© = 1.5 mm A1 3.2
mm) ,7E4LFE (DK400, YAMATO) #1,40 CHt+
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2 h, BKG 12% ik ARAET -20 CokAarp Rk By VRS E P RSERIEK 1,
F1 IARER(TYRERM)
Tab.1 Ingredient composition of the experimental diets %
JER DX1 DX2 DX3 DX4 DXS
R 15 15 15 15 15
EXREEH 7 7 7 7 7
INFE EK 8 8 8 8 8
5% ¢ 12 12 12 12 21
T 15 15 15 15 15
INEE AR 5 12 20 26 27
a-TEM 29.37 22.77 15.27 9.67 0.07
i 4.5 4.1 3.6 3.2 2.8
BAYER 2 2 2 2 2
RAETYBR® 2 2 2 2 2
IFEE 0.13 0.13 0.13 0.13 0.13
BIRBY
HEH 25.49 30.84 35.04 40. 68 45.88
LG Wi 8.75 8.99 8.91 8.59 8.52
Koy 7.22 7.05 6.84 6.44 6.85
K5 7.10 8.02 9.95 9.08 8.87
KE PRI E/ (mg/kg)
KRN PR 64.94 46.32 59.69 64.12 52.06

HARAHAER (my/kg BURAL) : 424 H E4 100, 44 % K, 330, 48 % B, 830, 4E2E % B, 1 600, 44E 3 B, 830, 42 % A 25 7 1U, 4
# D, 8.3 J7 1U, JlHg 42 000, 4R 2 000, AR 2 000, -1 80, JIL 8 300, FifasE VC 6 600, HAMFERELMALE 1 ke; IRAT W
(mg/ke BUEA}) - B€ 13 000, £k 25 000,45 2 500, 4% 8 000,47 290, Bt 50, i 40, HA WA MAFEE 1 keo

1.2 {AFEE

S 8 H A6 5T K R 2 S /N L
RMEFPLERME EHIAMEY A, KE
(5.85£0.19) g, BfFrHAE FHRAN A RHE R, &
2 YL , Pt faet AR B BCT 15 A
200 L fyiE K1 i E 20 B, LKt 5
AN AL 3 A PAT, LR KRB 24 h
DA R B R, B REEMRPIR (R 7:00,1:4:00),
KW E R, BRGK—IK, BRI WS
i, BKB SRR 1/3, R 22 8 RKKIERN
15~25 °C,24 h #5, L EHARH 60 d.
1.3 &XBRMRIMNE
1.3.1 HpEARLAFEL" .a” b EHIE

AGATSUMA P L™ {8 (BARE) .a”" fH( +a”
R, - a” REME) b" H( +b" R
#, -b R ME) KRB ERRE, ALK
FFf2211 ( GEB-104 Pantone Color-Cue) I H{ 4%
HELTmAKERAER L " b EIFHTRIT
o

MisE & AL AR L 2" b (ER, S5
W 7K AR £ AR T R 7K 20 I T, B 68 22 1 RO AR

S BT M IR R REAL TR RS
1.3.2 FKHHHE PRSEMNE

SHWRBEIASES 17 WA B S, F T
3BT R (Sartorius BS210, 18 [ ) 15 FR B A
FEM 0.1 g, 575, ANENERZE 5 mL, Il
P VE VALK IR A IR % 40 min J5 BUHY,
4 000 r/min B.0> 10 min, R 4 CUKFEHEEE 24
ho KB A i f R LI R BRI ) £ 38 2 U 40
FET 1 em LA, DATER 25 G IR (H
8 LN 5 B LR PN R ) |, 76 58 50-7] W4t
TH( B A BRA R ) 200 ~ 800 nm Kl
BRI NEAT 14, 3Rt oA R e e iy Ak i K, 7
AT W & 4 6 R ZEBOR RO B

X=(AxKxV)/(ExG) " (1)
XX HEHEHE MRS E (mg/kg) ;4 HTOE
BEME ;K R H 50(10%) 5V MR BURAF (mL) ; E
EEIRTEIC R A (2 500) ;G AFEMER(g) o
1.4 EKMARFALRITE

AR R SR T ER A T AR

Ryc(%) =[ (W, -W,)/W,] x100

Ry =C/ (W, -W,)

(2)
(3)
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Ry (%/d) = [(InW, -InW,) / ¢t] x100 (4)

I;(g/F) = C/20 (5)
F. (%)= (W/L*) x100 (6)
Iys(%) = (W,/W,) x100 (7)
RPE=(Wz_W0)/Cp (8)
R, (%) =Q1/Q, x100 (9)

Ry W ER W, LA KHIRIRE; W,
N SEE A A RARE ; Ry I RDRH AL 3R € Ry $i%
HE (TH, g);Re MRFHREKREt HELHK
BT RRE R F HAETEEE ;W oL R ;L
ﬁﬁﬁiﬁg;lﬂs%ﬁ%ﬁ; W, jﬂlﬂ:ﬂﬁﬂﬁfi;Rnﬂﬂ
BHEHR; C, hEARBAR (TE, g);R,
HIE SR O AR BEGQ, APIIREE
1.5 fERE S HE

Rtk o & B2 I E AR GB/T 6435—1986
WisE , 1 B 2 B & 2 3% R E AR GB/T 6432—
1994 0 z& , 1A BL ML R B & 2 % B E 45 GB/T
6433—1994 % , fRAPRPRLIK 7 & B 1% iR B b5 GB/
T 6438—1992 M %E ,
1.6 HEHERHNE
1.6.1 SEIOHFE G RER

FFRLIEE NG, SEEIIR 3 BLikf,
BEKEUD ,4 °C KR 4 000 r/min B> 10 min
WCERIALYE , P 0 <€ I 5 ¥ B I (LZM) 3% 7, i
7o (A BGRB8, % B B AR AR EE 12 9
AT EEK , BeFE S AR 519K, 1 i 10% SJ 3K
W ,% 5000 r/min,4 CAKIE .0 10 min, B F1E
WA 5 T E BV B PR S (AKP) | i A AL A B
(CAT) . FBLARBEF/K 10 R BEH R 1%
AL E % D A H LR A RS
(LDH) B LW 5 LR (SOD) i .
1.6.2 S 4a PR A E

CAT 5 J7 5 SR FA AT Lk s AKP 355 g &
R FABRBROR — 8135 ; SOD 15 3 T R FH B IR & 46
PR s LZM I 35 5 v i B 00 5 R P 25 0 IR A
Ik s LDH 5 1 Lo A EH 37 CHE
JRAEF 15 min, RBLARZR A4 1 pmol PIERN 1
BAL(U/g) s RS RE A& B HE AR E
& (5 S 23k ) i€, AKP.LDH,SOD,
CAT & J1fd I 754 BUEAM3 HOLBETHIURE , I 75
VG LZM {5 7 66 F A AR A 5 o #9328 F P L
HE AP A RO FHA & AT IE
1.7 HESH

PR B i Excel B0 15 26 A4
%=, LRBAR LI = A2 RN o R SPSS
16. 0 BEATAHCPEAL I , B0 R R 07 22 o Mok kAT i
2 W) S A I, A L R 2R B 3 (P <0.05),
W #F Duncan (%25 LB M o

2 4R

2.1 AMREAKEXBEE AT
2.1.1 fEREEKEAEEARLFEL 2",
b " (B )M

WM R K ERE, EAKFEN
25.49% ~35.04% , LU KT R o HIEEH
JR K- F v T i A (P <0.05) , EEHKF
H135.04% B}, IR R LR o HE S, B 5 &
/K- 40% 4L, TBEZES(P>0.05), &
H7KF-35% 41/ L™ A 5.2 5 T E A KT 30% 4
(P<0.05), BHMA£HAE LEEZH (P>
0.05) . % HKF 35% itk FELFE b (A
BERTEAKF 30% MEHKF 40% 4H(P <
0.05)

®2 AMEAKEXEEGRL 2’ b EHRE

Tab. 2 Influence of different protein levels on values of L™ ,a” ,b" of ornamental carp body surface

kba DX1 DX2 DX3 DX4 DX5
L* (BBF) 70.46 +3.65% 64.62 +3.76* 73.24 +8.28P 69.51 +0.81% 67.42 +2.44%
a* (L1f) 31.69 +1.03° 33.79 +0.29° 36.39 +0.58°¢ 36.38 £1.47° 33.07 +0.68%
b* (#BE) 32.16 £2.11% 37.55 £2.69° 27.74 £2.08* 38.49 +1.78° 27.20 +3.41°

T A RO A ) 22 57 .25 (P <0.05) o

2.1.2 FRLEBEKFX A AR PR E b
R R
MF 3 RETLUE i, FKFh 35. 04% i,
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TEXT S50 8 T RE P A b R i &
B FEEAFUK PRI RS P RS REIL
Tt JE RS, EE K 35. 04% i, 2615

¥ MREFREER THMASLKA(P <0.05), T
FRERKFEAXMEF RS PREE
HBEFM (P >0.05)

®3 AMFEAKFREERK FREMDENEAT NRSBOZM

Tab. 3 Influence of different protein levels on total cartenoids contents of skin, hepatopancreas and serum of

ornamental carp mg/kg
hhp DX1 DX2 DX3 DX4 DX5
eIk 62.35 +3.64° 68.35 +2.20° 82.97 +0.33P 65.89 +4.70* 126.91 £7.70¢
JHF I 5.38 +1.96* 18.06 +2.69" 24.55 +£3.14° 17.92 +3.37" 10. 88 +0.45°
13 11.42 +1.02 11.42 +1.16 12.56 +1.70 13.14 +0.27 10.97 +0.38

T A RO A ) 22 57 .25 (P <0.05) o

2.2 ARMZEAKFEIBEEKNIM

FAME R RISZEG AR 60 d J5 SRR A K 354
k4, NERFATDES, BEHKF 25.49% &
H7K - 35.04% 21 5256 fa (4 B R R H AR
BERTHMEZEWAP < 0.05), EHKF
B4 HEEHRARKERER FTEAKFE
30.84% EHKF-40.68% 41 (P < 0.05), 7EXT

BRI RI, FEE KT LR A
IR R EIUEET T RS, S E H UK 8
it 35.04% J5 , LI A R B R TR, I H B &K
FE KT 25.49% & 7K 35.04% 4 (P <
0.05) . TRt H 7K #9728 fhthn B X SE B
B RE G BE R H8 B = A B E (P > 0.05),
2 Rb 3 Y ST 8 ) AFTE 63 100%

®4 BENERERREAMFREER

Tab.4 Growth performance and feed utilization in juvenile ornamental carp

Qb DX1 DX2 DX3 DX4 DX5
VIR kT g 5.81£0.24 5.71 £0.88 5.83 +0.42 6.23 £0.87 5.45+0.81
BKRMTE /g 13.80 +1.65 12.32 +0.74 14.31 £0.95 12.62 +0.69 12.28 +0.99
WO R/ % 126.20 £11.80%*  113.20 +14.59* 151.40 £0.07" 121.00 +1.13% 118.20 +14.84*
BEAEKZE/ (%/d) 1.34 £0.18% 1.22 +£0.06* 1.54 £0.00° 1.18 +0.03* 1.30 £0.11%
T pHEAL R % 1.29 £0.11 1.35+0.08 1.20 +0.08 1.32+0.04 1.29 +0.11
B % 2.13 £0.09% 1.79 £0.14° 2.21 £0.17°¢ 1.44 £0.12* 1.44 +£0.14*
BEeR/ (vRB) 10.90 +0.47° 9.81 +0.64% 10.45 +0.24% 9.44 +0.40° 9.27 +0.85*
W6 BE/ % 1.47 £0.01 1.37 £0.14 1.48 +0.04 1.46 +0.06 1.40 £0.05
FFH8 % % 4.12+0.07 3.92 +0.83 3.37 £0.35 3.73 £0.44 4.04 £0.29

T A RO A ) 22 57 .25 (P <0.05) o

2.3 ARERKFEXBEERIERORME

A [ S 36 0 %o i 40 6 B 95 A Y R Wi L 3R
5. HRFATLIA i, AR & B BUKF BT,
Kyrta AKP 15 J 2@ H B Y, EEHKF N
45.88% B}, AKP 75 11 B & & THEHEKF 25.49%
H(P<0.05), {55 H A 52 % 4 6] T 8 % 2= 5+
(P>0.05), 7EXTSL5 4 SOD i J1 iy 4 M4 3R
TR B, EHKF N 45. 88% Bf, SOD 1 3 A%
(P <0.05) , Wi fa#} & H 7K P B A % CAT,LDH
AR LZM & S 7= B R (P >0.05) ¢

33

3.1 AMERKFXREE ST
FRNMIFEER | SRR aR,
R—FRME PR IFFREAFRARG L
BRI EZOR, WEXWE PRSHKE
R EHRAZYRSE AT IS S8 16 2l A A B A T
HEUAATIBFEALA H, I S EHRER
YRGS G, PR, #8280 F 5 38 % MR 7 2 A9 IR WO
PUREHHABSEIE R AN R (canthaxanthin)) |
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M # & (luxin) 1 FE K 3 & ( zeaxanthin ) A 3¢ 15
£, BaH KRR PIRE E A A R0
B € a0 N A St M 1 N iy
BN R DR R AR A, 25 R & I, 78 m 300 ~

900 mg/kg MR R AT LR Z BRI E, PRIE
IR R P E R R E R E S AKE,
H & R 7 RAE MR A BRI SN 7E

x5 ARERRKTXRERRERSERRE

Tab.5 Effects of dietary protein levels on the characteristics of immune parameters in ornamental carp

Lb 3 DX1 DX2 DX3 DX4 DX5
AKP/(U/g) 3.44 +0.71° 5.50 £0.42% 3.70 +0.58% 6.07 £0.49% 6.52 £0.75°
LDH/(U/g) 253.30 +76.82 177.10 £13.76 192.10 £72.12 209. 10 +64.28 255.60 +65.50
CAT/(U/mg) 5.84+£0.94 5.43 +0.09 3.12£1.82 4.56 £0.39 5.28 £0.25
SOD/(U/mg) 136.80 £11.32° 142.80 £27.73% 121.40 £17.50 ® 136.10 +6.28" 63.52 +7.17*
LZM/(U/mL) 107.10 £12.36 108.90 +11. 64 125.20 £26.75 116.00 +12.50 117.40 £16.02

TR R R AL F 22 57 . 3% (P <0.05) o

IREAMBHE bR - g4
A, T —FBIT I AE 4y A AR 15 o B 4306 490 ki
P sR , Fo AT 4 WU AR F fa b AR LI % 1
FEERL , s A LR B AR €5, AR R AP AR R
B, MRPAE PR EEUREAR AW
S P REAWIERAELE, HEHY S HiE S H
EER T 2 NEBZE Y B dk, £+
ZReln 5 H A AR Y R — e & R FLAL R T
FLEETORL , AR5 B /NG R4 B . 7E/N G
FEANMI N, — &P 88 PR EER A
(V) , W R B 72, T B384 bl 7L BE
OB | TR bR B 22 90 A L U B AT, 26 U
WEELh V, S A, 5K% B8 & B (LDL)
— R o BT AHEM RS S R
RN S RE P E A KA —ER R

FEAS SEIOM 68 5 25 e hn L a " (E K, UL
B LT B BER AT, L™ (8RR, i B 52 B g, B
AR, IR KR HEARKFEFRAR,
SE A RRAT R o™ (H R B Joub il fa e, 24
EHKFH 35.04% B, L fafh R a" HBEF
B (P <0.05), 5% ;7K 40. 68% .45. 88% 4 [f]
HLBEZR(P<0.05), HHKVX LKA
FRPEEE P RS EMNELAE — R, EAK
-y 35.04% B, LI IR RIS PR SR
BEETEEKF 25.49% 30. 84% 40. 68% 4
(P<0.05) , KB HIMEREHKT 45.88% 4,
BERTHALEH (P <0.05),

WeAb, BERDREEE KT 52, 4 6 TR
FRZHE P RS RENLT R GRS,
FEE H KT 35.04% B A B i, Z G HEE H

http: //www. shhydxxb. com

KF-H$ R B E TR (P <0.05) , R EE B
KWW EA S P REFEH R R, I
TR Jok ¥ Ak rp 0 RAL B YR @i AR
M RRFFFE PSS PR S B H R,
TRHE /KT T 35.04% , 8Ok Z K0 &
NERFRRAE Kk, T IR o Y & = T IR T R
ULEARELEE H/K IR S AT A R R i B
NRTER Bk B BROR, AT AR I T
TR A 7 o (B B A BE R UL, 5 = B 1)
BHE HKF TogE 238 iRl i iV BUAS , 2 T 3
MFEM R EWRA . HHEFE-HEEGER
TR EEKEREETTIER .
3.2 AREAKFEIBEAEKNIM

H i, AR 22 5258 it Ao 2R 1 B 1Y) il e SR AR
AR AR A E A S SRR R T
BFFE B AR TR e sk
P A, B D R AR R A R
FONFEPATSE SRSl & M BE E AR R E,
G5 R W RHE F K OF Dy 43.00% B I %5 78 41
A KRR, T E AIEE H/K P 38.00% i, &
A AERKMER, B REEHTK
BEMBEMESEANYEERERS TR
SAMANTARAY #1 MOHANTY ') & g 53 th % B
TERUMER, ESHEMREREELDLBEN,
BRBERHAERIFRE REERSHNEBRRK
A, TRTERMNERRKFH, ALRdp,
FEHKFHEE 35.04% , 200 3 8 R FFIRAE
KEBEHRMEULBERBSERN TR E
#o ULHIYE KB AR, SN
FRB A, AT RBAERK RIS — e E



3 M

B 5% AREEKF RS R IR A 6 A4 K R SRR R 387

KT, 5 ERBIREERAHIEAL
3.3 AMEAKFEIEENENERERIZ
1]

LIV B8 B (LZM) 35 7 S — PR e i 4
W, BRI 32 B b 5 500 B — TR A B A AL
H2, BEHEFEPIHR LI EAKFBA X
SERME) LZM 54 BE W, KRS
FARZER I, BEY I LE (SOD) 2 Mk
AL AT S ) SR S B, LT T = K AT
IRBT ARG A B B 5 5B B & %A
RNE B BEAKPFR SR, &ALk, mEEE
IKF-y 45. 88% B, SOD ¥ ) 3 T . 40t H:
JE AT RE 2 I D R A ROK O T S R T AR
R R, MIFEREN—MREREHGREE S
HERNTEIEE, © R AT 8 b B,
1 SOD ) EZA/E FIRUEIEER B B &L, XS 3
T SOD JiEHy & REAR , T BRI 7 A
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Effects of dietary protein levels on body pigmentation, growth and
immunology of ornamental carp( Cyprinus carpio L. )

CUI Pei, JIANG Zhi-qgiang, WANG Xue, ZHANG Yuan-zhen, GAO Xiao-giang, TIAN Qing-jie
(Key Laboratory of Mariculture, Ministry of Agriculture, Dalian Ocean University, Dalian 116023, Liaoning , China)

Abstract: A feeding trial was conducted to investigate the effects of dietary protein levels on body
pigmentation, growth and immunology of ornamental carp ( Cyprinus carpio L. ) (initial mean body weight:
5.85+0.19 g). The diet contained 130 mg/kg astaxanthins: Fish were fed with different protein levels
(25.49% ,30.84% ,35.04% ,40.68% ,45.88% ) and fed to apparent satiety to these groups of 20 fish for 60
days. The results showed that: The value of a™ was highest in the protein level of 35.04% , no significant
differences compared with protein level 40. 68% (P <0.05), but obviously higher than other experimental
groups (P > 0.05). The concentration of carotenoid in the skin of fish had significant differences from other
experimental groups (P <0.05) at the same level while the highest value in the group protein level 45.88% .
The highest body weight gain and feed conversion ratio occurred in the protein level 35.04% . There were no
significant effects on LZM,CAT and LDH (P > 0.05). While the activity of SOD decreased obviously at the
protein level of 45. 88% (P <0.05). The results of this study also illustrated that the utilization of
astaxanthin of ornamental carp ( Cyprinus carpio L) did not improve constantly with the increase of protein level
in diet.

Key words: red-white ornamental carp( Cyprinus carpio L. ) ; protein level; body color; growth; immunity
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