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Hh 66. 7% AR5 BUR SEHI B AL 100% oK1 AN
I, SR R A K2 BRI R B
XUIRSEAT R Ee A1 38 5, S 8 AR 0 g 3 i 2% i )
BRI AR R A R SR AR R
Fie— 2 Lo BC A T, (H 6 F 358 B IC e X
B 2 ) o R DL ARG o AR5 DL S B AR Ak F
FEXT G IRGESEM A RIAS 7] B A9 2 45 1) Ak
R AR RE VB IR A L I SRR bR S HE R AR B
(AR, A 3 R RN AT KD AE 7K ™ 4] sk v 280

o

MBS .
1 BRI

1.1 Rt 5ikemEs
B J5 AR IR ARSI 60% , BE6 4ANF]

TP A R IR B 1RDEL, SR A FE (RSM: CSM) 43
k50411 .3:2 203 1:4 f10:5, JFUREH ks
TR SEATHURURRRLER 1125 900 60. 87% |
41.06% 36.76% F140.50% , SEHKFHI b S EURR S
i 199 mg/kg MRS AR IS 25 Bl 434. 29
mg/kg, TARHERT 40 B i, B IR 55 2l
RHLIN TR EAE 1 mm F0RL, B T2 H o IR Rk
R SEFRIRA WA 1,
1.2 AH&

RIS ) 5 B AR YR N 5.6 g, BEHUR
& —3, (AT fge: A~ Ak 990 B2 BE ML L T 18
MRIFIEIK A (6 AL, FA-Ab P 3 AN
5) B 55

®1 ABAREAREEFRSSE

Tab.1 Ingredient and nutritional composition of experimental feed %
[ . . iiﬁl}ﬁi?ﬂi{éﬂr experiment:.il feed ' .
ingredients RSM: CSM RSM: CSM RSM: CSM RSM: CSM RSM: CSM RSM: CSM
5:0 4:1 3:2 2:3 1:4 0:5
ff 4 fish meal 15 15 15 15 15 15
= soybean meal 5 5 5 5 5 5
SEHA rapseed meal 60 48 36 24 12 0
FaH cottonseed meal 0 12 24 36 48 60
YK wheat middle 15.15 15.05 14.95 14.85 14.75 14. 65
£ 4§ vitamin premix 0.25 0.25 0.25 0.25 0.25 0.25
47" mineral premix 0.5 0.5 0.5 0.5 0.5 0.5
S ALHEBE choline chloride 0.5 0.5 0.5 0.5 0.5 0.5
R — %445 monocalcium phospate 1.8 1.8 1.8 1.8 1.8 1.8
1 yH] fish oil 1 1 1 1 1 1
5 soybean oil 0.8 0.9 1 1.1 1.2 1.3
41t total 100 100 100 100 100 100
B34 nutritional composition
7K 43 moisture 7.01 6.84 6.72 6.71 6.67 6.59
ML H crude protein 35.80 36.16 36. 34 36.40 36.44 36.63
FNENT crude fat 5.01 4.98 4.97 4.95 4.94 4.92
HLK4) crude ash 8.89 8.84 8.59 8.64 8.67 8.88
A BR Lys 1.69 1.77 1.85 1.93 2.01 2.09
HABR Met 0.68 0.67 0.67 0.66 0.65 0.65
AR/ HEBR Lys/Met 2.49 2.64 2.76 2.92 3.09 3.22
AR (mg/kg) free gossypol 0 53.45 107.05 160.51 213.72 265. 85
S A RN (mg/kg) isothiocyanate 119.4 95.52 71.64 47.76 23.88 0

W 2 AR T R AR O FS i (mg/kg FaRE) L iR A L6 000.0 TU; 442 D,2000.0 1U; 44 E,50.0 mg; 4i4E % K,5.0
mg; i B, ,15.0 mg; 4k E B, ,15.0 mg; MER,30.0 mg; 4i4:E B,,10.0 mg; Z#2,25.0 mg; MFR,0.2 mg; 4i4 % B,,,0.03
mg; £PE,0.2 mg; 44 C,100.0 mg; JLEF,100.0 mg; $¥,80.0 mg; ,150.0 mg; 4i,4.0 mg; 4#,20.0 mg; fL,0.4 mg; 44,0.1

mg; fifi,0.1 mg; £%,100.0 mg.

Notes: To contain vitamin and mineral in diet added as premix ( mg/kg diet) : VA,6 000.0 IU; VD,2 000.0 IU; VE,50.0 mg; VK,5.0 mg;
VB,,15.0 mg; VB, ,15.0 mg; VB;,30.0 mg; VB,,10.0 mg; VB;,0.20 mg; VB,,,3.0 mg; VB,,,0.03 mg; Inositol 100.0 mg; Zn,80.0
mg; Fe,150.0 mg; Cu,4.0 mg; Mn,20.0 mg; 1,0.4 mg; Co,0.1 mg; Se,0.1 mg; Mg,100.0 mg.
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1.3 AFEE

T F R e TR T A P TR A IR A 3 i
17, g SR T 18 /KA (3.0 m x2.5 m x
1.2 m, /K% 0.6 m) i RIS AT 1 J4, Ff
1E 5 5 TR, A 0 3% 4 Yk (8:30,11:30,14 .
30,17:30) , FHE NRER) 3% ~6% , ELARM
Kl KRR BEEOHATIREE, S AR
AR R H B R RS, E oK. R
W], 7K 24 ~32 T, D0 6.5 ~8.3 mg/L,pH {&
6.9 ~ 7.8, fAFEEE] R 8 JH]
1.4 MEIBHRRFE

% KHAEIR AR I 25 WYLk 24 h SR
PR A AL e fa IR E, TG J R kL R %k
i AR R AN RS 2 AE A KPR BB R AT

WER(WGR, %) = (KR E -y ¥ HE)
(g)/¥1#HE(g) x100

Tk R E(FCR) =g (g)/ (K E -7
¥iE) ()

TR (FE, % ) = (K HE - 9] &)
(g)/tER(g)

FiE K #(SGR, % /d) = [Ln KH¥H(g) -
Ln W34 8E (g) /5 K5 (d) x100

BE#E (SR, % ) = J8% AL SUREL x 100

WaRdeir YUk 24 h 35 B4R 15
&, BRI 5 B, AP AR K AR e
T EE VEAA LU T BB 48 BT AR F R s o

AR R = 4K (em) /1455 (cm)

JIETHRE (CF, % ) =1 (g) /M’ (em®) x100

HEARLE(VSL, % ) = A (g) /R H (g) x100

JHFA L (HST, % ) = T (g) /R HE (g) x 100

LR A A WL A4 K 57
FUK A LB RO 7. oK 432k F 105
CHEEY: (GB/T 6435 —86) ; Ml JK 4> % 1550 €
AR (GB/T 6438 —92) 3 #LE H R FHULIGE &
2:(GB/T 6432 —94) ; Mg Wi >k H & 05 — W BEHh
i

d AR RIS R, R A
BERRENAE R PTEe R e i bk L, 6 000 r/min 2.0
10 min 3113 , BT —20 CUKFRAAFM, H
ARG (AST) 15 M I 52 2R ) BE €2 72 i 1
e A N i ( ALT ) 375 P 00 o R P L £ 3 v
81 PR 5 B W R T ( AKP) SR H] AMP % il 2 5
S (TP) R AEIR D . AST Fit ALT il 2 >R

JETT 50 A W AR A R A ) AR 7 B st
AKP F1 TP Il 7 >k FH i % BS —200 4 H 34 k45
Ao

WU B e AT R AR B A2 0] 2 T % 00 45
SR it ) e A TBURT A , 5 fl JBCT O L PR, X6F
WL ATV VR T 1R AL B0 3% 85 A T 00 2 R P
TR H A3k (GB 13086 —91) 1 7E 3 — 480k -1
~ NBEFIK ZBRAFAE T, SRR 5 1E O BE i
TR 70 2 T 2 18 I, PR O e £ A B0 4k
IR REARBY , 7E 5 KW I 4 440 nm b E 7 L (8
WRE
1.5 HEgGt

R A R IR 8 = hn e 22, B R
SPSS( Version 16. 0) it #1758 4341, A
Duncan [CiF17 2 ILE, ZF B EKFEHN P <
0.05,

2 iR

2.1 BN AREIE R ERBEK M
A

Zead 8 JEIRFE AN W SR MR R KP4 G
Xt S B AR A K APERE A I L35 2, B I R
FEFARE I RN SR /L | S B B o T ) sl R
AR A K B BT R JE R AR 3 i ) A 2R L
RIERACE TR Hop SRR Ak 3:2 41
SRR R RRSCR MR AR KR B
AL AL (P <0.05) , fil Rk R $m A%, AT
S BRI 500 dE 3 E R AR 17.55% (P <
0.05) , RIS R 14.61% (P <0.05) , HEk
KA 8. 05% (P <0.05), fill Bl &R F AL
12.50% (P <0.05) ; 32 HK1: AR50 R 41 1.2:3
1240005 21 p38 % RDRHRCR R AR R
TR RRZ BTGB E 253 (P >0.05) ;45 kb #
20 5 AR AN RS 2O 100%
2.2 FHFBHOARERLLXFERBAEEE
FRFA P REE B 220

B 3 AT DL, ek AR N, SRR, 25
2 1) S5 5 O 1 U 0 S ARV A L S22 G T v U A
o, H AR SR AR 302 LSRRI N B
(P<0.05) , 3K MMM 5:0.4:1 .1:4 F10:5 44
P4 A6 3 R AR EL 35 TE B 3 25 57 (P > 0..05) 5 1fif
R 25T R G T ka3, b S Aok h
32 BUH AR (P >0.05) 5 & Ab 3 AL 5 7 R
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F 2 SEAAFNMRFAAORE AL b 3t B H SR E A K M R M
Tab.2 Effects of different proportion of rapeseed meal and cottonseed meal on
growth performance of C. auratus gibelio
B2 7 RSM: CSM RSM: CSM RSM: CSM RSM: CSM RSM: CSM RSM: CSM
index 5:0 4:1 3:2 2:3 1:4 0:5
SEYSWIARE (g) initial body weight 5.6 +0.0 5.6 +0.0 5.6 0.0 5.6 +0.0 5.6 +0.0 5.6 +0.0
SEYAR AT (g) final body weight 29.7 +0.1° 31.7+0.3° 33.9+0.9° 32.4 +0.8° 32.0+0.1° 31.3 £0.5°
1T H (% ) weight gain 430.1 £2.4*  465.9 +4.6"  505.6 +15.4° 478.2+15.0" 471.5+2.1>  459.0+9.2°
1Ak} 2% feed coefficient ratio 1.52 +0.03°¢ 1.41 £0.04*®  1.33 £0.03* 1.40 £0.06®  1.41 £0.01%* 1.43 +0.03°
33 (% ) feed efficiency ratio 65.71 £1.29%  71.05+1.87° 75.31+1.45° 71.26+3.01° 71.18£0.42" 69.79 +1.29"
BEEA K# (% ) specific growth ratio 2,98 £0.01*  3.10+0.02°  3.22+0.05° 3.13+0.05° 3.11£0.01®  3.07 £0.03°
JG#( % ) survival rate 100 100 100 100 100 100
s [ — AT 8RN F/NE AR LR P A 35 % 57 (P <0.05)
Notes: Values in the same array with different letters are significantly different( P <0.05).
£33 MR EEL L XS = 5 SR A e ER AN P BEHS £L80 2 M
Tab.3 Effects of different proportion of rapeseed meal and cottonseed meal on
physical indicators and visceral index of C. auratus gibelio
TEhR RSM: CSM RSM: CSM RSM: CSM RSM: CSM RSM: CSM RSM: CSM
index 5:0 411 3:2 2:3 1:4 0:5
R/ 1R E length/height 2.74 +£0.04 2.72+£0.04 2.70 £0.03 2.71 £0.04 2.72 +0.02 2.74 £0.02
A3 (% ) condition factor 3.16 £0.06° 3.17+0.07* 3.26+0.07° 3.22+0.08® 3.17+0.06* 3.16 +0.05%
MR (% ) viscerasomatic index 9.90 £0.21*  9.94+0.09* 10.70 +0.43° 10.36 £0.25%® 10.13 £0.02* 9.92 +0.32°
AP (% ) hepatosomatic index 4.77+0.17°  4.65+0.14° 4.18£0.29° 4.45+0.31® 4.65+0.25" 4.71£0.43°

T R — A7 8 5 A R/ NE TR OR B T A 3% 22 5% (P <0.05

)

Notes: Values in the same array with different letters are significantly different( P <0.05).

2.3 SRHAFOARAEEY A EEC L Xt 5 B SR AL P A
RIS
A1 4 n] UL, 2520 S i AR LA 9 7K 23 HLIK

M ERMMEN S EH LR EER (P>
0.05),

R4 SAATOARAAEY R B EC LL X3 52 B SR AL P AL 43 B9 2 0

Tab.4 Effects of different proportion of rapeseed meal and cottonseed meal on

muscle composition of C. auratus gibelio %
D RSM: CSM RSM: CSM RSM: CSM RSM: CSM RSM: CSM RSM: CSM
index 5:0 4:1 3:2 2:3 1:4 0:5
7K43 moisture 76.35 +0.28 76.13 £0.15 76.68 £0.51 76.46 £0.33 76.21 £0.05 76.32 £0.26
HLJK4) crude ash 1.24 +£0.01 1.25+0.02 1.28 +0.01 1.27 +0.01 1.26 £0.03 1.24 £0.03
H#EH crude protein 18.55 +0.03 18.67 +£0.01 18.47 +0.20 18.44 +0. 14 18.56 +0.12 18.63 +£0.09
MBI crude fat 2.66 £0.22 2.71 £0.20 2.70 £0.08 2.72 £0. 14 2.71 £0.26 2.72 +£0.15

2.4 SRrAFnFREaE) A [E A bL Xt 2 F R 6 3% &
AR HREI T

AN IR SRR AR R ZACF-2H 5 0 5 7 4R i 2
ALT (AST AKP I TP f520H W35 5. 30K
Ko 312 F1 203 LAY 5% 7 B % iy ALT Al

AST {f Ve R T HA A L FRZH (P <0.05) ;3¢
HE: AR 302 21 5 A AR I 2% AKP 36 P fe s,
SR AR 510 F1000 5 29 5 & A I 3% AKP
WP s AK; TP 76 55 & 6 6l 45 41 ) G 1o 35 25 &7
(P>0.05),
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Tab.5 Effects of different proportion of rapeseed meal and cottonseed meal on
plasma biochemical indicators of C. auratus gibelio
LN RSM: CSM RSM: CSM RSM: CSM RSM: CSM RSM: CSM RSM: CSM
index 5:0 411 3:2 2:3 1:4 0:5
BN EM(U/L) ALT 9.57+£1.04°  8.68£0.99" 7.45%0.90*° 7.59£0.65" 8.24x1.19" 8.70 £1.12%
AR EF(U/100 mL) AST 23.58 £1.56° 22.04 +£1.08" 20.91 £0.47" 21.04+1.24* 21.85%0.21® 22.52 +(.32%
B PERERRE (U/L) AKP 35.65£1.87% 38.60+1.04® 41.35£1.90° 38.65=1.89® 38.10+3.40® 36.03 £1.47°
BEH(g/L) TP 42.73 £1.72 44.00 £3.53 47.12 £3.80 45.55 £2.71 45.10 £4.13 42.85+1.74

T W — AT R JE A RN G F B 2om M Ay 35 225 (P <0.05) .

Notes; Values in the same array with different letters are significantly different( P <0.05).

2.5 ARMRIEEX R E RENA A F0ATAERE S
RE S ERIFT

AN RSB R AP 25 Bk r A0 B A
55 5 AR IILPA AT IE DORR S e DL 2 6. B 1l

PR PRSI, S A R PAIL P TP T s A 1
F U B S eSO AR 015 4L 57

T AREEIL PR A0 B I e AR B0 A A R A
(P<0.05),

F 6 ARIRIHEEX R EREA A AT EIRE S 2NN

Tab. 6 Effects of content of cottonseed meal in feed on free gossypol in

muscle and liver of C. auratus gibelio mg/kg DW
i RSM: CSM RSM: CSM RSM: CSM RSM: CSM RSM: CSM RSM: CSM
index 5:0 4:1 3:2 2:3 1:4 0:5
WLPIES A, free gossypol in muscle 0 21.37 £0.76*  24.22+0.60° 26.22+2.11°  31.10£3.14°  36.04 +4.06
FPHERBIHES free gossypol in liver 0 283.76 +9.68"  306.31 £8.05® 316.03 £16.06° 347.89 +21.98° 409.39 +8.19¢

T [ — AT R JE A /NG T B om W Ty 35 22 5% (P <0.05) .

Notes: Values in the same array with different letters are significantly different( P <0.05).
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WFIE & B, AR 15% SRRt o SR

SRS e B AR M A4 KT Lim 450
Mﬁ%ﬁﬂﬁﬂﬂﬂ¢mﬁ%HMMﬁmiﬁﬂ
31% A0 HE KRB S AR AL S, {HL Y 42. 6%
DA b, 23 PRI 1P 2 5 0 £ 4 T RIS £ o R
1 ; Webster 21 55 [ K 4 BUAS IR 5 48% WU
SERPRRDIH 1 B p S e SR £ 1% E B SR R 5
B AR 1] Sk 605 O BT S8t 2 W, 2 U S
AR LA R 35 100 % B2 4 A1k H 220 20 i
R E T, A A K ARDIH AL 0 - £
PR B PR s L AR p, 3
18 ity 60% LA 1 S B AR B A A K 2818, H
JERSH APPSR N E S, DT
SRS JE AT 5 (HRIGE & A bR v 0 v 2 A R
ARG R A 1. T% A SLE0 T, S0 & 1ok 60%

I BHBETR M. 69% ) o A UL, SEAALEIK 7= 1l
BRI SO e A (S PTE IR T

SR b A B BEAEI A 5

SRS A A B T BRI T SR
FFRET R E B EEH YR
SRR F ik 68% \52.2 % I, B i
RIS I6L b R 240 0 o B, U e A0 i s
WIS R, B /INER B TS P, B R S am s o A
2 220 o o LR AT v 4 A T
Jot At A 0 S5 o SR T o B TR SRR KT 1 T
mﬁﬁﬂm,So%ﬂeﬂfEéﬂE’Jﬂ?éﬂiﬂ’@ﬁrﬁ WAL, 40 i

SERE A s LA, SRS ik i 1 23 5 ) HAR R
1mm%ﬁmmnwwﬁkﬁaﬁﬂhﬂ@wﬂ
KRS FEAME. ARB T, SR
60% 21 17) VST fiz/)y, 1 HST $5: K, 2% BH JFL I 1 Ak
A—E MRS, F B & B4 W ALT Al
AST i Jifers o I ALT F AST 2P 25 iF
Eﬁ ?5‘1%7@” AR iff o — B SR R TR R 1 A

T G AR IE OB AR A R B
ifﬂ:ﬁxﬂ% IR AR S B A AR I 7 A ik
FISRFEIN G2 , T O e 2 i AR, 51 A IV
TR G W BT R ARSEE Y, SRR R L
R 510 4 1) A TG ) 5 SRR R Lk
3121203 4, U Wi 41 A AT D RE 2 R
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34 3%

XA S R B AR o p A HE T AR
v GRSk R B i 4 SR EURR IR 119. 4
mg/kg , AR T TC A 1 4 4 R AR oE (NY
5072 = 2002) X 5 5 R R S 7 R 4 5 500
mg/kg FIRLE (R4 KRR C B35 R I, X %
BT, T B S ) 1 0] S TR T P U R P AT
A JE A BT e S R T %o £ 2K 15 R A Y
DA A2 S TR ) S ) 0 2 14 2 e Bt
3.2 FRFATEK R Y R A

Fowler 25" %6 11, il K IR Wy #11 FI1ER A IR ey
AR 34% (22% AR IRDRE, A Kk fi (7] 45
B 37% R LR f R AR — B, 4 R B
eI & LA 0. 1% f kLG , ok K fE
A2 ™ 7E e B B Ak B RF S, 78 #h 5T i
FRRIATEE T , FR AT LU 60% SR AN 521
oA KPERES S B AERE 5 SR B P 55% A
B reoe = AVISR (B2 S X R N L4 o Al N S N30
() JE S MR B 1 39% iy iRDRE, AR KRR R
FUH R R T ARG, HomS RN
48% 60% ZH S B A AL KA RS, Ak 2
o 24% LY R AR KPR RE B i, TT DA TE K 7
TPk Hp B PR R R R EOR [R T A T 22 57, 9 5
RIS B

BTy, SRR ) A v i R T G i £
0.12% B}, fa A K B35 R B, I B LA i
B S RN Y ROREDEA R U BETE 75%
AL CFPRHR B 5 5l 0.11% ~0.44% ) , B F
AR s 32.3 pe/g #EE 132.1 pg/
"0 5 LIS FRAR B % 2 7 0307 25 4% B 400 mg/kg
DA b B, S A K B S 2 R, ELIFFIE AR B 25
Tl 5 Gk oA I o kS A DG T 5 Rk o g
e ] AR ARl R P AR TR T U B I 2
(EVN7D KO LS O 7 WIIPAR: 4= RA S AR AN 1) 1)
FIMZL R A & BT 5 BN B AR I &) 5 A
JREE A ] fa R AR A A L 1 e
Y TN IR E R RS RE (|, B /NBRIL
BV RS TS R A R R AL
PR T A P AR 5 A AR R 5 £ S A A G, AR
e B A I DR o S 5 5 T LI, SR WA AR B0 7 45 4
B R TR 5 e A A R TR B M £
R R DR B o B Ui 2 A 5 78 JH AR DL
RS, LR I ) s, R T RE S BT
JFFIESZ A5 RERE S I0 o AR H e P T 5 e 2 A PR

FRIECNY 5072 —2002) HL5E , K 0 25kt o
FRUH B I e S 15 5 300 mg/kg ™ ARG
e AR B P A 2L U B AR I 265. 85 mg/kg,
ER R R R v (E L 1 AR T A K g
9 WA R L VA s SIS 0 TH 85, 3% S 75 v f f
T IR R A R T RS
3.3 SEHRFNAR RO EE b

SR ARRITE K = Dk o i B P,
TE I % BB 7 T 1% 08, B
EHE RN R IR B R KA, B F
BRETHGEER/ME. L7 3w 2k
FISERATC A O, 7E MK 2 bk B e M £ 2 Dk
i 7 ep i R 50% ~60% 3 BT —F L
i, e R 1L 12 020 1 A 2 AR H G
MR LA SR . AR B 0 SRR AR R
60% HIFTHE T , Uit T 3001 #H1 (RSM: CSM) 43
A 5:0.4:1.3:2.2:3 154 F10:5 (Y 6 IR KL,
kPR SERT AR 302 gLt K B He
AR FNRRL R B0 3 505. 6% F1 1. 33, HA B
VR A I AR ARG PR HG L3 AKP T PR
ALT F1 AST i JJWARFFAEBAAKN- o X R, 1E
AR ST, S FMIEE N 302 BOME T, —
JrTHT, FEA e HE T SN AR 69 28 11 5T RN BORE
37T, SR AR 5 o, 25 T B
TRk B 0] 7 AR T AR KT
PR A T BT I 2B 000

SE
[1] Gouveia A, Davies S J. Preliminary nutritional
evaluation of peaseed meal ( Pisum sativum ) for
juvenile European sea bass ( Dicentrarchus labrax)
[J]. Aquaculture 1998 ,166:311 —320.

[2] Oliva-Teles A, Goncalves P. Partial replacement of
fishmeal by brewers yeast( Saccaromyces cerevisae)
in diets for sea bass( Dicentrarchus labrax ) juveniles
[J]. Aquaculture 2001 ,202 :269 —278.

[3] DiasJ,Gomes E F, Kaushik S J. Improvement of
feed intake through supplementation with an
attractant mixin European sea bass fed plant-protein
rich diets [ J]. Aquatic Living Resources, 1997 ,10;
385 —389.

Vo Tl 75, A /INEY. DRREDRL b T IR R SO
wRNEET]. P EAER,2005,12.25 - 27.
Rinchard J, Lee K J, Czesny S, et al. Effect of
feeding

(4]

(5]

cottonseed meal-containing  diets  to



12 1 BB S R P SORMAIRRR A A [RIC H 0 57 3 B AE MR RE | I 5 A AL HE bR AR 3 5 B A5 0 1923
broodstock rainbow trout and their impact on the [18] Lim C, Klesius P H, Higgs D A. Substitution of
growth of their progenies [ J]. Aquaculture, 2003, canola meal for soybean meal in diets for channed
227 .77 - 87. catfish ( Ictalurus punctatus) [ J]. Journal World

[6] Robinson E H. Improvement of cottonseed meal Aquaculture Society,1998,29(2) :161 —168.
protein with supplemental lysine in feeds for channel [19] Webster C D, Thompson K R, Morgan A M, et al.
catfish[ J . Journal Applied Aquaculture,1991,1:1 — Use of hemp seed meal, poultry by product meal ,and
14. canola meal in practical diets without fish meal for

[7] El-Saidy DM S D, GaberM M. Use of cottonseed sunshine bass ( Morone chrysops x M. saxatil) [ 1].
meal supplemented with iron for detoxif ication of Aquaculture ,2000,188:299 —309.
gossypol as a total replacement of fish meal in Nile [20] Apde AR SERIEARLER. SC/T 1076 —2004 Hife A
tilapia, Oreochromis niloticus ( L.) dits [ J ]. AL E K P2 A7 b bR fE— i it S e[S . db
Aquaculture Res,2004,35(9) :859 —865. T2 o E AR UE H AL, 2004,

[8] Soares C M, Hayashi C, Furuya V R B. Use of [21] R, BULRG, RZ2dE , 55, BUIR SRR X B £
canola mea in the diet of grass carp fry ( Ctenoph SR R Bt R A sz i [T ] S el ke
aryngodon idella V. )[J]. Act Scientiarum 1998 ,20 2247 ,2006,25(4) 426 —430.

(3) :395 -400. [(22]  hA), w5 AT, S5, A () SROM1 K P o B £ 2k

(9] R, BILR R, 55 UGS A 7E 75 £ K ML AE A bR R BE R AR B R [T ] oK
SR AS T ARG B A o A P B I LT ] 1¢,2005,29(6) :798 - 803.

Wkl ,2005,35(5) ;12 —15. [23] Burel C, Boujard T, Escaffre A M, er al. Dietary

[10] Higgs D A,Mcbride J R,Markert J R. Evaluation of low-glucosinolate rapeseed meal affects thyroid status
tower and Candle rapeseed ( canola ) meal and and nutrient utilization in  rainbow  trout
Bronowski rapeseed protein concentrate as protein ( Oncorhynchus mykiss ) [ J]. British Journal of
supplements in practical dry diets for juvenile Nutrition,2000,83 :653 —664.

Chinook salmon ( Oncorhynchus tshawytscha) [J]. [24] Burel C,Boujard T, Kaushik S J, et al. Potential of
Aquacuture,1982,29(1/2) .1 -31. plant-protein sources as fishmeal substitutes in diets

[11] Jackon A J,Capper B S,Ma W A J. Evaluation of of turbot( Psetta maxima) ; growth , nutrient utilization
some plant proteins in complete diets for the tilapia and thyroid status [ J ]. Aquaculture, 2000, 188;
Sarotherodon mossarrabicus| J]. Aquaculture, 1982, 363 —382.

27.97 —109. [25] Jeney G,Nemcsok J,Jeney Z, et al. Acute effect of

[12]  SRAREE, T2 R EOEHT, S5 /NI AR (0B %) sublethal ammonia concentrations on common carp
SR B P R B S AR s [T ] ARk ( Cyprinius carpio L. ) Il. Effect of ammonia on
Wl ,2009,30(22) .22 —25. blood plasma transaminases ( GOT, GPT ), G1DH

[13] ik &, 22w, 2y, 4. J7 I AR el k) b F1) AR enzyme activity, and ATP value [ J]. Aquaculture,
B SRR BFFELT ] LR B, 2008, 1992,104(1/2) :149 - 156.

36(31) :13656 —13657. [26] Lee S M. Review of the lipid and essential fatty acid

[14]  wsREE Redps PR I, 25 ARADKSE MUK M requirements of rockfish ( Sebastes schlegeli) [ J].
B AR AR A [T ]. KR, 2004 ,24 Aquaculture Res,2001,32( Suppl. 1) :8 —17.
(3):55-57. (27]  MRH:AR, 22 HERR , AL S R X SR X B

[15] XISoak, 2R, 5. 2R P I7 7 B2 Fa gl Je % Ak i1 ( Oreochromis niloticus x O. aureus) 1< |
S A KA A BEALAE AR [T . R Rt Al R PRZEL BRI G 7 B2 [T ] 6 5 1898 , 2007, 38
2rEdR ,2004,27(1) 78 —80. (2):168 —173.

[16]  rhe NRILHNE E K5 AR BB R. GB/T 13086 — (28] e N RIEANE Al . NY 5072 - 2002 H4g A
1991. e N RN ] [ AR M —— DR i 5 A RN FE A ATl b vHE——TJ0 2 3 2l v T T &
My R0 5 712 S 1. LT < Hh bRt AR, 1991 Tkl AR EE LS ] AU Rt AR L.

[17] Davies S J, McConnell S, Bateson R 1. Potential of [29] Fowler L G. Substitution of soybean and cottonseed

rapeseed meal as an alternative protein source in
complete diets for tilapia Oreochromis mossambicus

Peters[ J]. Aquaculture,1990,87 ;145 —154.

[30]

products for fish meal in diets fed to Chinook and
Coho salmon[ J]. Prog Fish Cult,1980,42 .87 —91.
WRAEPE, B DG, A MR B AR R



1924 Ko R 34 4
PEVERI R R [T ], K 7= RBH 4 4k, 1994, 21 (5) . [35] AL4ese. PR bbb Ak Of 9 3E B (T ] 1)
223 —225. FHIFST 2002, (11) :27.

[31] Yue Y R,Zhou Q C. Effect of replacing soybean [36] BGLT AR, SRDC, 55, A% M e B £ T v 1 35 HiE
meal with cottonseed meal on growth, feed FAE B £ AR K a2 i [ C /s EDK =22 K
utilization, and hematological indexes for juvenile FEEh Y E IR S B S UGE SC . U R
hybrid tilapia, Oreochromis niloticus x O. aureus fRt,1997.87 —92.

[J]. Aquaculture 2008 ,284.:185 —189. [37] Wilson R P,Robinson E H,Poe W E. Apparent and

[32] Barros M M, Lim C,Klesius P H. Effect of soybean true availability of amino acids from common feed
meal replacement by cottonseed meal and iron ingredients for channel catfish [ J]. Nutrition, 1981,
supplementation on growth, immune response and 111.923 —-929.
resistance of channel catfish ( Ictalurus punctatus) to [38] Berardi L C, Goldblatt L A, Gossypol A. Toxic
Edwardsiella ictaluri challenge [ J ]. Aquaculture, constituents of plant foods tuffs[ M ]. 2nd Ed. New
2002,207 :263 —279. York ;: Academic Press,1980:183 —237.

[33] xM&¥, Fa, Tt FH O MMM mER [39] Becker K,Makkar H P S. Effect of phorbol esters in
Ttk e ffORy X 2 P IR A A £ A A R DA T carp( Cyprinus carpio L. ) [ J]. Vet Hum Toxicol,
MR [T ]. K224 ,2009,33(3) 479 —487. 1998,40(2) :82 —86.

[34] Dorsa W J, Robinette H R, Poe W E. Effect of [40] Mukhopadhyay,Ray A K. Effect of fermentation on

dietary cottonseed meal and gossypol on growth of
young channel catfish[ J]. Transactions of American
Fisheries Society,1982,111:651 —655.

the nutritive value of sesame seed meal in the diets
for rohu, Labeo rohita ( Hamilton ) , fingerlings [ J ].
Aquaculture Nutrition,1999,5(4) ;229 —236.



12 4 AR SR, A PP OB RARURA B A R IS EE T S5 7 SR A IR B L M A AL R A R 3 5k B 1) 2 ) 1925

Effects of different proportion of rapeseed meal and cottonseed meal on
growth performance , plasma biochemical indicators and
gossypol residues of carp( Carassius auratus gibelio )

JIANG Chun-qin, LENG Xiang-jun” , LI Xiao-qin, FAN Ying, SHI Shao-yi, LUO Yun-xian
(Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources ,Ministry of Education ,
Shanghai Ocean University ,Shanghai 201306, China )

Abstract; An 8-week feeding experiment was conducted to evaluate the effects of different proportion of
rapeseed meal (RSM) : cottonseed meal (CSM ) on growth performance, hematological index and gossypol
residues of Carassius auratus gibelio. Six diets were fed to fish with average weight of 5. 6 g. The ratios of
RSM: CSM in diets( the total inclusion of RSM and CSM was 60% ) were designed as 5:0,4:1,3:2,2:3,
1:4 and 0: 5. The results showed that weight gain( WG) , feed efficiency ratio( FER ) and specific growth rate
(SGR) of Carassius auratus gibelio first increased, then decreased with the ratio of RSM: CSM changing
from 5:0 to 0: 5. Fish fed with diet of RSM: CSM =3:2, had the highest weight gain ( WG, 505. 6% ) ,
condition factor and lowest feed conversion ratio( FCR,1. 33) , hepatosomatic index. However, fish fed with
diet of RSM: CSM =5:0, had the lowest weight gain ( WG,430. 1% ) , condition factor, and highest feed
conversion ratio ( FCR, 1. 52 ), hepatosomatic index. No significant differences among treatments were
observed in survival rate and muscle moisture, crude protein, crude lipid, crude ash content (P > 0. 05).
Serum ALT and AST activities of RSM: CSM =5:0 group were significantly higher than that of group of
RSM: CSM =3:2,0r 2:3(P <0.05) ; AKP activities of fish of RSM: CSM =3:2 group had the highest
value in all groups. There was no significant difference in serum TP in all groups(P >0.05). Free gossypol
content in muscle and liver increased with the rise of cottonseed meal content in diet( P <0.05). This study
showed that the ratio of RSM and CSM for 3: 2 was the optimal ratio for growth of Carassius auratus
gibelio. High inclusion of rapeseed meal or cottonseed meal in diet would reduce growth performance and
increase serum ALT and AST activity.

Key words: Carassius auratus gibelio; cottonseed meal; rapeseed meal; growth performance; plasma
biochemical indicators; gossypol
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