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Jih34.0% ) F @ (EEAI.2K/ ) AR  AAKEFETFEas & [ AEAENE(4.82£0.46)
g]10 B, F Z AP AR EMAKT M EE T2 LK LRG0 5 5 b2k A
TR, FREXAN, FEFFLNNMEST FELKE ARREME G TREHEEZ MK
Ty E TS, H60.0%775.0% 4 8 F (KT x4 (P<0.05),30.0% F145.0% 41
EXBEARDLERZF(P>0.05); 40 BAZ AMFAL BRI REELEERZR
(P>0.05), 58 Ffarbedhms,00.0% AMELFTLELEE THEL(P<0.05),
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RAPR PR R, TSR, R S &
T 40. 0% B} 2 A B 1 ( Ctenopharyngodon
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M, A LT P S 7 6 b AT 2 2100 B
IS , B A RSO K P 3 3 8 2 AR ARy 57
PG DI RE AN IR AL L 45 K 1 52 0, O SRR E %
SIS RN ik S A DVARE P
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LR BT A AR K E E KRR T
DAL BN, VIR R TR D (4. 82 £0.46) g

6 fiz (] 5 o R TR A, 25 B, OF
IR iE e L B I B SR VA R e O
1.2 A5

PASRO LR AR 0K S5  JEURE, SR 1
H15.0% (X BE4L) (30. 0% .45. 0% .60. 0% F
75.0% 5 MABEE, FCH AL 5 55 R (34. 0% ) 5 g
(19.2 KI/g) (R 1) o b, BOMIFE & e K T
1R N 105 C) HpZ53 30 min, BT 545 Fl
JEURRRMIAE , 12 80 H §iff , FRELJA FE5MIR 2T, A /N
LML AR 2 mm (Y AR L, B AR KT
J& BT —20 CrkAs s

F1 RBEAMETREFREM

Tab.1 Formulas and proximate composition of the experimental diets n=3,x £SD
JER MK levels of rapeseed meal

ingredients 15.0% 30.0% 45.0% 60.0% 75.0%
3K/ (% ) rapeseed meal 15.0 30.0 45.0 60.0 75.0
a8/ (% ) Peru fish meal 6.0 6.0 6.0 6.0 6.0
¥/ (% ) soybean meal 34.0 23.5 13.0 2.5 0.0
Hi¥i/ (% ) cottonseed meal 8.0 8.0 8.0 8.0 0.0
K3/ (% ) wheat middlings 24.75 20.25 15.75 11.25 6.75
ta31/ (% ) fish oil 2.5 2.5 2.5 2.5 2.5
K/ (% ) cormn oil 2.5 2.5 2.5 2.5 2.5
YR H LT Y240/ (% ) CMC-Na 2.0 2.0 2.0 2.0 2.0
SALNBTH/ (% ) choline chloride 0.25 0.25 0.25 0.25 0.25
TeHLER TR KL/ (% ) mineral premix’ 4.0 4.0 4.0 4.0 4.0
i ZWIERL/ (% ) vitamin premix! 1.0 1.0 1.0 1.0 1.0
EFZHF proximate composition
MEH/ (% ) crude protein 33.79 34.62 34.17 34.24 34.90
HNENG/ (% ) crude lipid 7.01 7.99 7.40 7.80 7.68
K53/ (% ) ash 9.88 10. 46 10.88 11.48 12.07
FH1%i/ (% ) dry matter 90. 86 90. 95 90. 88 90. 87 90.93
Mfie/(k)/g) gross energy” 19.23 19.40 19.17 19.16 19.07

V1. AR HSIEH 2070 e EHLER BRI A EHURA 52, B AR S8 ok AL S R RER (23.6.,39.5 FI 17.2 kI/g) 4R

AR

Notes: 1. Mineral premix and vitamin premix were formulated according to Hsieh formulal™ ;2. Dietary gross energy was calculated according to

23.6,39.5,17.2 kI/g for protein, lipid and carbohydrate , respectively®’ .

1.3 {AFEE
FEFHIAIRTE R LK =I5 i rh AR 65 S50 5 b
FIFRIE RN AT . 4RI E 3 AN ER, &
ANHAE 30 BT E P AR, IR T 400 L Y FRFEAT
oo BRI A X BRI 1 R fE R
B R IE GRS, 2009 428 J 3 HZE 10 H
12 H 47 37 05, 38 70 d, B KRR 3 K
(08:30 —09:30.12:30 —13:30.16:30 —17:30) ,
MR R R ) 3% ~5% R 2 JAFRE 1K,
FRERTYL 24 b, AR 4 AR5 B A8 (b R S P i
R AR IR 22 IR R AT UG 1) VR R A HEIE ) . R
1 R) 3 25230 K, PRFE R K, VAR SR =8. 0 mg/L,

FRFHKIR ] (27.0 £3.0) T,
1.4 WEFZE

AREgesnle  FERKRLSHE, kK
IRE LR 24 h, X A A AR B e T AR, T
A E A (WGR) FiE A K F (SGR) kR
(FER) J i H AR (PER) s GLit & LAY SE T 1
O, THRGE A (SR) s BEAR I 3 2 #A 1) JHF U A I
HERREL , T3 b (HST) FIAE AR LE (VST |, 353
AANF

WER(WGR,% ) = (W, -W,)/W, x100

H#5E 4 K% (SGR,%/d) = (LW, - LaW, )/
t x100
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TR (FER , % ) = (TW, = TW,)/ W, x100

HEEBRCE(PER, % ) = (W, = W,)/ (W, xD x
P) x100

HIE# (SR, % ) = (N,/N,) x100

JFA&EL (HST, % ) = W,/ W x 100

WEAR L (VST, % ) =W,/ W x 100
Ao, W, BRS¢ REFIARRTE (g) 3 W, : Wl iR f ik
Fri(g) st B E] (d) s TW, 156 25 « K
RETTHE (g) s TW, : Wl fafR B i (g) s W,: 4%
MR B () s P B A S & (% ) 5
D AR TS i (% ) s N R EBEG N, W)
IGREG W A B RE (g) s W, 0 T IE 5T
(g);W, iR NIERTR(g) o

f i P AERF ARG E AR
SR FARREALI 3 ~4 B, T R E KR I,
4 C#'E 2 h,3 000 t/min &.[> 10 min, 53] b2
I o IO 5 P R s P 00 e SR R Ko i 2 24 1l
PR AR, 100 V7 R AT ) B A it 3 M I SR P IR
WA S AL | I35 A AT 0 I 0 SR P Ll e ,
G 3 A R A TR

IR AR AR FRI IR S G, &
FRFEHLI 5 & fa A tadt ah , - T E IR o 3 AT
R B T8 5 7K 43 & i (GB/T 5009. 3 —
2003 ) 5 FL K Ak oML 8 1 i & (GB/T
5009.5 — 2003 ) ; & KA 52 5 W ML D7 & i
(GB/T 5009.6 —2003 ) , R 5 PR = 1L I K 53 %
H#(GB/T 5009.4 —2003) ")

FIEALR IR I R ET G,
FERRBEALIR 3 & 0, U IE , I T8 Qi 1 5 ,
FUE K, A3, 28U 7 (JEFE 6.0 um)

FHH.E Jeta REEE Fr, 700625 A0S N g H
LSRR
1.5 Zitoh

K Hl STATISTIC 6. 0 %1% {4 # One-Way
ANOVA J5 22 /3 Hr #l Duncan [G 2 8 H 00 1
IR VEAT o3 A A 38, B A R 2 - 8
B = pnifidm 22" s, BE KPR P <0.05,

2 4

2.1 AMEMAENEEFEaEEKERE
FARIF A RN

TR 5 5 2 At ) A4 KPR REAN
TR AR W2 2, B TR P SR K F
ARG, 55 2 AR LA AR I, 60. 0% FIT75. 0%
HARE B ELT X IR (P <0.05),30. 0% Fi
45.0% H 5% B To o E P22 57 (P >0.05) ;
30.0% F1 45. 0% 41 3% H A FNHE E A 4 R 5 X I
HITC W E M2 5 (P >0.05),60. 0% Fl 75. 0%
A ERT XA (P <0.05) 5 [Alf 60. 0% 2144
AR FEMT 30.0% 4 (P <0.05),60. 0%
75.0% A E LR R R FILT 30.0% 4 (P <
0.05),

WA Tk T SROR 7K ST F 38 0, DR sk 32 R R
F1R AR B WA, 30. 0% F1 45. 0% 2 i 0%
FEA RS BAY LR EEER (P>
0.05),60. 0% FiI 75. 0% ZH {5 R &4 R FE 1 B
T AR T B L S 30. 0% Al 45. 0% 4
(P<0.05),

B b R 2Z 1] 1 JFF A4 Ll JEE R LU A 2 1
TRFMZEF(P>0.05),

x2 ARRMATEXNETEFTEEEREREFRMERF R

Tab.2 Effects of dietary rapeseed meal levels on growth performance and

feed utilization of juvenile GIFT n=3,x £SD
/K levels of rapeseed meal
15.0% 30.0% 45.0% 60.0% 75.0%

w4/ (g) initial weight 4.63 £0.32 4.78 £0. 54 4.83 +0.75 4.77 £0.45 5.00 +0.37
A4/ () final weight 44.52 +3.85° 44. 46 +3.80° 41.67 £1.10% 35.40 +1.07¢ 39.00 +0.95
WEH/ (% ) (WGR) 861.44 £67.62°  832.61 £30.41°  778.81 £162. 24" 646.44 £65.35°  668.49 +45. 42>
K%/ (% /d) (SGR) 3.23 £0.10° 3.19 +£0.05% 3.00 +0.25%® 2.87 +0.12° 2.91 +0.08°
TR/ (% ) (FER) 68.01 +5.65° 67.30 +3.97° 65.08 £2.23* 54.79 +0.89° 58.18 +0.20°
HEFR%E/ (% ) (PER) 2.49 +0.21°* 2.35+0.14% 2.32 +0.08" 1.92 +£0.03° 1.93 +0.01°
WA EL/ (% ) (HSI) 2.26 +0.51 2.47 £0.20 2.23£0.28 2.33+0.21 2.43 +0.00
AL/ (% ) (VSI) 9.67 £0.96 10.03 +0.35 8.78 +0.93 9.51 +0.62 9.71 +0.86
WRIEZ/ (% ) (SR) 98.89 +1.92 97.78 £1.92 100. 00 +0.00 97.78 £1.92 98.89 £1.92

T R PR EE G bR AR [ TR R OR 2257 B3 (P <0.05) , LUF [

Notes; Values with different superscript in the same row are significantly different( P <0.05) ,the same as following tables.
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2.2 ARKMAKEXNTFEFFasaLaAR
AR

TDBESROR KPR 5 8 2 R gl 4 608 TR
AYTEEIE UL 22 3., 60. 0% ZH AL 15 & 2 e s

FIH Z BB TR EEZER (P >0.05);
60. 0% ZLFH R 5 & o o R F 30. 0% 4 (P <
0.05) , HAh % 4b FRAH 2 8] ¥ 0 i P25 5 (P >
0.05) ;4% Kb B 2H 22 8] 14 7K 40 R 43 24 6 S 25 1

SR IR 30. 0% 125 57 B3 (P <0.05) , HiAth 25+ (P >0.05)
R3 ARKMKTNEETEasasaARMNRE( L THRAEM)

Tab.3 Effects of dietary rapeseed meal levels on whole body

composition of juvenile GIFT ( dry matter) n=3,x=SD, %
7K levels of rapeseed meal
15.0% 30.0% 45.0% 60.0% 75.0%
7K 43 moisture 68.49 +0.77 68.06 +0. 45 69.02 +0. 52 69.23 £0.45 68.84 +1.08
HI#E [ crude protein 53.31 £2.92° 52.17 £0.97° 54.80 +0.61% 56.54 +0.33% 54.59 £1.23%®
HLIEWS crude lipid 34.13 £1.80% 35.64 £1.46" 33.07 £1.67% 31.21 £0.61° 32.80 £3.53%®
K4y ash 9.37 +0.23 9.84 +0.40 9.69 +0. 68 10.14 £0.81 10.02 £1.51
2.3 AREMAENEEFTEEYEFEHASR PRI LR 4. E SERIKF 13

EHIHI RN
Xt B0 R TE R, A% 8T I 2 o, 240 i

HEGN I STHLN 530, 0% 4145 1 51 BT 200 Jd H B AZ Ji
FERIAS T AP, A0 AR TY 2K 545. 0% ZH 240 A% A
FERNZS WL 55 30. 0% 4 WA 38, 38 45 40 i 2 Uk
45360. 0% 20 A1 75. 0% 247 K 40 o B 45 3
APEFIAZ AW FS IS, H A e 5 B 2 (I R-5)
2.4 EARFEMHAKENESEFTIEESAMNTFEIER
S B ThEE R RN

T RESERKE X i & 2 0 &)y 0 i e 5

*4

T AL B e R A M T v, 75 0% LB
B TR T  E v TX BR AL (P < 0. 05) , Hofth 4%
AEFRL Z [RGB E 22 5 (P >0.05) ; MM i 8 4
A0 06l A TS 1 B SRR R B4 T, 222 F B
#,60. 0% 218 4 A0 1 06t Ak B P S 25K X TR
(P <0.05), Hfth 4% AbH 4 2 6] G 2. & 122
(P <0.05) ; IfiL 7 ¥ B BT 14 BE SR K 1) 3
I, T IS R, 45. 0% 417 B S M fe s, (3
KM AZEB TR EEZER (P >0.05)
(F4),

AREEHK T EE S Eash & mEE R E (ALP) (B EAYIK/LEE(SOD) FiaEEs (LZ) iEtEr #2200

Tab.4 Effects of dietary rapeseed meal levels on activities of alkaline phosphatase ( ALP) ,

superoxide dismutase (SOD) and lysozyme ( LZ) in serum of juvenile GIFT n=3,x £SD
SEHIZKE levels of rapeseed meal
15.0% 30.0% 45.0% 60.0% 75.0%
W BRI/ (U/mL) (ALP) 18.00 =1.00* 23.33 £4.93®  26.00 £2.65"  29.67 £11.02"  32.00 £4.24°
ALY AL/ (U/mL) (SOD) 109.55 £1.83* 98.27 £7.20™  99.19 £15.85®  85.78 £10.07° 92.17 +1.96™
VTG (png/mL) (LZ) 18.93 £4.55 19.76 £1.80 22.05 £7.08 20.05 £4.99 17.86 £3.27
R (Ictalueus punctatus )" | 5 & 5 W ( Carassius
3 e Lo A
auratus  gibelio ) 3 fif ( Megalobrama
3.1 AREHMAKENEET AL BERKIER  amblycephola) ') Bifa F ™ SLZ T B Ak

FERIALF A R0

AR, BRI 45. 0% 1SR 35 DR f
Ayt R A PR RE R RPER IR 2 J0AS KR, 1)
FHRSRKFIAE] 60. 0% B 75. 0% i, L E R |
P A AR PRSP R 3 B AR O IR 2
FIEAR . ARINR R /K SR AP A £ 26t e B
PRGNS A LR AR A LR, BT 5 SLJE fil

(Tilapia mossambica )™ | B 4 k8 & M, %
T IR R TR AG I A Ay
G 23R NA SR IR EtR LR S W DG P 1 P 7 o
ZEPRETRZE F AT AL T B2 W) 1 T - AR FH 0 i
B RERER A TR WE MR i S A R
JoT, A G 1 BRI AR 38, TR Ak
B A SR R fEE O, k]
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JoT F A %, [ £ ) T R RIS L 25 52 T SR
TEpRbH A FeiE e, BRI, DA AR KPR RE AR R R
KV, 5 & B ARt b b SRl AN B
it 45.0% .
3.2 AMEHMAENESETIEEaSELEERY
=ap=Al

ANTRIZERA KT Xof £, 288 4 £ 21 B A 52 W) 777 22
5, E N A28 53 R, GpRL e [R] KOF B SR
INERIBI B ( Pangasius sutchi) "™ K%K T W £
( Oncorhynchus tshawytscha )[2(” L b 8 ( Salmo
gairdneri) ™' S 4t R 11 T RIS I K MR 5y
Toi M WA F 5T & B, A AR SRR
AN, At A R TE R R AR
VANEE TR v AL T8 | R 11l R QL B 3t N
AGRI AR SRR X 4 K 53 FK 53 TE i
FPERZI ,60. 0% AURLEE 0T 1 10 2 e T Bl
F130.0% 41 (P <0.05) ,60. 0% 4LHLIS i & & 5%t
MR E V2S5 (P >0.05) 142 30. 0% 4 i %
FEAIR(P <0.05) , FEBATRDARL b g AT SRR
AR BL G — s A — AW i A2 £k
Fas, X EFMTES R B A (G R
W 0.3 ) WAL, 55k s B A 57 8] 52
M) 1) S BB R A K S R 7 , PR 27 £ 2
]9 22 S n] e S AR A 5 T3 & B ARk
ISTE T SR E | R =137/ 5iE A W N
WAl e TR F A
3.3 AREHMAENSTEFTEEYSERFEALR
el b

S RISk & 2 5 T 8UR T 34. 8% I,
L O T R R R S 7 B Rl W)
69. 5% B}, Bifi 5 00 AT, S 200 B ) 235 Y AR 1
P 43 A A KT AR L B, O 368 o, 8 P4
UL /N T A, 200 T S BRSO, S BUIRSE
SEHA T RN 60. 0% I, S5 7 AR BT Jg U 1 B0 —
2 il T P )N 1k i G il = X2 2b7y
30. 0% SEAART , F A A0 AR B A AR R, 3 —
SEA A B 23 Y AR SEORS BRI F] 50% B, i
Y R AR PSR B, A 5T 25 4 R A | R S AR
IRE AR . JOSEFSSON '™ 45 i, 3 k#1531 ik
SR A , v RESE A A R tEVE D, i ELA ) 27
PESR T HE R T2 45 W S E e
ATLAG R N = 8, M s A K, 5 EIF VE

SER RN . THIFESESE ™ B R, I £ BB
TE RV JHEIIE | I 228 JHF R oA 1 28 Ak L L 7K il A 4
G SRR SOV, AR S5 S A AR TE
Ter el F R/ N A BT . S LA i
FEUIBE, H 2R A F o & e — o i, H
X IR 1) 7 AR A 2 R B Sk, b ] DL, 320k
oA EY T R A AR AR
LA A2 A K PR RE ARDELR I 22, [l AT
DA DR ™ A e AR AL . Al v, Bl G TR}
SR B 3G I, SR & AT 45. 0% i, A
bt S0 A B2 R A P R I % 5 i 2o 45. 0%
B, S L R s Y AR P P R S B4, A
A 5 BRI 2 2R 254 2 45U RE B IR, 3 m]
REATADRH A 35 o 5 3 s 3 B, AT PR
TR R R R
3.4 AMFMAENEEFEEYETS MR
e R R BTSRRI

FEIEE G OLT , 003 B 1 ol 1 Tt 05 1k 2 AR AIG
FAY , % 2 UL Al T 1t 9 P P 000 e A Sy S IR
9o FH B Ol R A S0 A8 A , S8 TR BB B
MR RREGE P2 T ™ A h,
50 A 0 00375 P 18 T T A B SRR AT 1 1 g
AW 5, 75. 0% 2H Bl PR i 192 i 0% M 2 2 = X
AL (P <0.05) , RUIMEE A H W) & = g i,
HoREFEAE R A IE A R R RERe ), S BUFIEZ
BRI , 3 55 BT 4l 285 74 1) A8 A — 2

ALY AL Bl (SOD ) S O 8 1) Bt 4R AL il
Z—, S A A R R IR BRI, Y A e
ACBE IS PEREARET , A MR A B B s ad i, b
PAELBIR AR N EZ A R, 2B EERL, I
WA BRI BRI IR P S B KT B T AE )9 i
PRGOS 2R B 72 A B ™ o AR
g, B A SERUKE- A3 IN , 35 5 27 31 0035 4
BT T 1 52 R B R #, 60. 0% 4 1L i 4
Ay U6 Ak il T P I TR R (P < 0. 05)
75.0% AALTF X RAL HER AR FH (P >0.05),
R UTE K- SIS 1 = 2 R 0 G F B
TRE ST, AEIX e PR AN B I, AR 6 X6 3 1 il
TR P 25 SRR AT A

A8 Rk K K R IR A ) 2 0T R I R 28 27
LM ERN T ELE TR, B ETES
Rt
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Explanation of Plate
1. Liver of GIFT tilapia fed control diet showing no visible change ( x 400 ) , cytoplasm ( C) ,nucleus( N) ; 2. Individual hepatocytes of

GIFT tilapia fed 30% group diet showing nuclear migration( NM) ( x400) ; 3. Some hepatocytes of GIFT tilapia fed 45% group diet

showing nuclear migration( NM ) and vacuolar degeneration( V) ( x400) ; 4,5. A massive of hepatocytes of GIFT tilapia fed 60% and

75% group diets showing nuclear migration( NM ) and vacuolar degeneration( V) ( x400).
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Effects of dietary rapeseed meal levels on growth, liver tissue
structure and some nonspecific immunity indices of
juvenile GIFT tilapia( Oreochromis niloticus )

ZHANG Ming-ming', WEN Hua®** | JIANG Ming*’, WU Fan®”’
LIU Wei*”, ZHONG Wei-wei', SUN Li-wei'
(1. College of Fisheries ,Huazhong Agricultural University, Wuhan 430070, China;
2. Key Laboratory of Freshwater Fish Ecology & Healthy,Yangtze River Fisheries Research Institute
Chinese Academy of Fishery Sciences, Jingzhou 434000, China;
3. Freshwater Fishery Research Center ,Chinese Academy of Fishery Sciences,Wuxi 214081, China)

Abstract; Rapeseed meal is used widely in fish feed,but contains a variety of harmful substances,and this
restricts its use. So,a 10-week feeding experiment was conducted to evaluate the effects of dietary rapeseed
meal levels on growth,liver tissue structure and some nonspecific immunity indices of juvenile GIFT tilapia
( Oreochromis niloticus) [ initial body weight (4. 82 £0.46) g]. Five isonitrogenous ( crude protein 34% )
and isoenergetic( total energy 19. 2 kJ/g) diets were formulated to contain rapeseed meal 15. 0% ( control
group) ,30.0% ,45. 0% ,60. 0% ,75. 0% respectively. The results showed that weight gain rate ( WGR) ,
specific growth rate (SGR) , feed efficiency ratio ( FER ) and protein efficiency ratio ( PER ) of GIFT tilapia
decreased with increasing the level of rapeseed meal levels,60. 0% and 75. 0% group were significantly
lower than those in control group(P <0.05),30.0% and 45.0% group had no significant differences with
the control group( P >0.05). No significant differences in hepatosomatic index ( HSI) , viscerosomatic index
(VSI) and survival rate (SR ) were observed among treaments. Proximate composition in whole body of
GIFT,crude protein content of 60. 0% group was significantly higher than that in the control group (P <
0.05) ,crude fat content of 60.0% group was significantly lower than that in 30. 0% group,no significant
differences in moisture and ash was observed among treaments( P >0.05). The number of hepatocytes with
empty vacuoles degeneration and nuclear migration increased progressively with the increasing the level of
rapeseed meal, liver tissue structure damaged increasingly. In serum, alkaline phosphatase ( ALP ) activity
increased with the increasing of the rapeseed meal levels,75.0% group was significantly higher than that in
the control group (P <0. 05) , while superoxide dismutase ( SOD ) activity declined with the increasing the
level of rapeseed meal,60. 0% group was lowest, and has significant difference with control group (P <
0.05). In this condition, a percentage of no more than 45. 0% of dietary rapeseed meal in juvenile GIFT
tilapia was advisable.

Key words: GIFT tilapia; rapeseed meal; growth; liver; histology; nonspecific immunity
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