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( B , 2010)
(Kiron et al,
1995; , 2001; Li et al, 2007a, b),
1
1.1

1
D25 D30 D35 ,
24.8% 29.8% 34.9%,
60 , 1
30% , ,
2mm , )
1.2
«( )
2
300L , 2.06g
45 3
, 3, 8:00 12:00 18:00,
30min
, 6%—7% ,
) 28°C
1.3

(Streptococcus agalactiae)
, 9.95x10"  /ml,
0.2ml/  ( )
24h  36h 48h

1.4
, 40 -20C
5 ;
5 : 5
5 )
, (White blood cell, WBC)
(Haemoglobin, HGB) (Red blood
cell, RBCC) (Haematocrit, HCT)
6 -80°C
(LZM) (SOD)
(CAT) (MDA)
105°C ;
( x6.25);
, ; 550°C
(WBC)
(HGB) (RBCC) (HCT)

(Lysozyme, LZM) (Superoxide dis-
mutase, SOD) (Catalase, CAT)
(Malondialdehyde, MDA)
(ELISA)
Assay ( )
1.5
(Weight gain, %) (Specific
growth rate) (Feed conversion ratio)
(Survival) (Protein efficiency ratio)
(Feed intake) (Condition factor)
(Hepatosomatic index) (Visceral ratio)
(Protein retention efficiency)
(WG%) = 100x%( - )
(SGR) = 100x[In( )—In(
)/
(FCR) = I - )
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(%) = 100x / 2 ,
(F1) = (9)/ ;
(PER) = (9)/ , D25
(PRE) = 100x (9)/ D35 ;
(9) ,
(CF%) = 100x%( (¢ oo)? ,
(HSI) = 100x (9)/ (9) (D25 )
(VR)=100x (0)/ (9) (D30 D35 );
+ , Spss 11.5(SPSS, ,
IL, USA) ;
(ANOVA), Duncan’s *2 'ﬁﬂ*ﬂré‘%E7J§$1¢ﬁ)2?3tﬁ;$t€%ﬂfﬂ*ﬂr$ll}ﬂ B 52 M
Tab.2 Effects of dietary protein level on growth performance and
, P<0.05 feed utilization of juvenile tilapia (Oreochromis niloticus x
O. aureus)
Fz1 KWEAHEMK(%)
Tab.1 Composition of experimental diets (%) D25 D30 D35
(%) ) 206£0.0  2.06:00  2.06+0.0
D25 D30 D35 @) 1254045  132+0.33  12.5+055
5.0 5.0 5.0 (%) 507.4+21.8 5422+16.2  510.4%26.9
4.0 8.7 134 I (9) 11.940.66  11.8+0.26  11.8+0.00
10 2.2 3.4 (PER) 3.41+0.07*  3.12+0.14°  2.54%0.13°
35.8 29.9 24.0 (PRE)(%)  545+1.06° 52.04221°  41.4+2.12°
A ¢ D) 9.0 9.0 9.0 (FCR) 1.18+0.02  1.08+0.05 1.13+0.06
110 110 1.0 (SGR)(%) 5.1540.10  5.31#0.07  5.17#0.13
15.0 15.0 15.0 (%) 99.3+1.28  985+1.28  100.0x0.0
150 150 150 3.83£0.33  3.62+021  3.71%0.37
: 10 10 1.0 (HSI)(%) 4.43+0.71*  3.33x0.68"  3.10£0.57°
’ 10 10 1.0 (VR)(%) 18.0¢1.25°  15.6+1.15°  15.3+2.04°
(%) : + (n=3),
88.3 86.7 87.2 (P<0.05)
24.83 29.78 34.94
971 9.28 9.16 2.2
6.29 6.44 6.76
3 3 ,
a. kg : 20mg, 20mg,
10mg, 100mg, 50mg, 1mg, 5mg,
500mg, E 50mg, A 2mg, B1, 0.02mg, D30
Kz 10mg, D; 0.05mg b. kg :
525.5mg, 49.2mg, 5.23mg,
238.8mg, 4.62g, 11.8mg, 2.3
0.2mg, 0.66mg, 600mg, 107.1mg
4 4 , (D35
2

(CAT)
2.1 : :
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*3 AREAKEMNRETIEAMGREFASM
Tab.3 Effects of dietary protein level on haemolymph parameters of juvenile tilapia (Oreochromis niloticus x O. aureus)

D25 D30 D35
(WBC)(10%L) 477 5+42.7° 405.9+29.2° 479.6229.2°
(RBCC)(10'4/L) 2.59£0.12 2.51£0.19 2.46£0.10
(HGB)(g/L) 75.2+5.00 75.349.42 73.5+3.67
(HCT)(%) 33.1%2.76 34.1£2.93 33.3+2.06
+ (n=3), (P<0.05)

x4 WMPEAKTMERTIES REINERM

Tab.4 Effects of dietary protein level on immunity of juvenile tilapia (Oreochromis niloticus x O. aureus)

D25 D30 D35
LZM(U/ml) 11.3+1.05 11.6+1.66 13.2+1.83
SOD(U/ml) 27.1+2.82 25.1+2.10 27.1+2.14
CAT(U/ml) 2.96:+0.46° 2.89+0.45° 4.35+0.06"
MDA (nmol/ml) 0.30+0.05 0.22+0.07 0.24+0.10
+ (n=3), (P<0.05)
2.4 ( 0.0219) 45%
( , 2009), ,
5 5 , (D25 )
36h , ; ,
(D30 D35 ) ,
, , 24h  48h , (2009)
6%
) , 45%
; (10%),
%5 AREAKENEETIEAHR IS E(%) ,
Tab.5 Effects of dietary protein level on disease resistance of ' '
juvenile tilapia (Oreochromis niloticus x O. aureus) (%) )
(Grisdale-Helland et al, 2008) fi (Kim et
(%) D25 D30 D35 al, 2005) ,
24h 48.1+£17.0 63.0+£17.0 55.6+0.0 ,
36h 63.046.4° 81.5+12.8° 77.8£0.0° ' (Craig et
48h 815+6.42 85.2+6.42 815642 al, 2006) (Ozorio et al, 2006) (Takakuwa
* (n=3), et al, 2006) (Ng et al, 2008)
(P<0.05)

(Santinha et al, 1996)
24.8% ;
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Engin  (2001) ,

(Li et al, 2007a, b),

Kiron

et al, 2002) ;

(Shimeno et al, 1981)

(Daniels et al,
1986; Hidalgo et al, 1988),

, Yang (2002)

, 24.8%

: (SOD)
, (MDA)

, 24.8%

(Lin et al, 2005;
, 2001) ,

, 2009) (

(1995) , (10%
) C- ,

, 24h  48h

24.8%

24.8%

, , , 2009. (Lateola-
brax japonicus)
, 40(1): 42—47
B , , 2010.
chromis niloticus)

596

(Oreo-
, 41(4): 590—

, 20009.

. , 7:29—32

, , , 2001.

. , 25(6): 590—595
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EFFECTS OF DIETARY PROTEIN LEVEL ON GROWTH PERFORMANCE, IMMUNITY
FUNCTION AND DISEASE RESISTANCE FOR HYBRID TILAPIA (OREOCHROMIS
NILOTICUS><0. AUREUS)

YUE Yi-Rong!, YANG Hong', XU Qi-Qun?, ZOU Zhi-Ying!, ZHU Jing-Lin®,
LI Da-Yu!, XIAO Wei', SHAN Hang-Yu'!, HAN Jue'

(1. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi, 214081;
2. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi, 214081)

Abstract A one-way analysis model was used to investigate the effects of dietary protein level on the growth per-
formance, immune function of hybrid tilapia (Oreochromis niloticus x O. aureus), as well as defensive ability against
Streptococcus agalactiae. The feeding trial results showed that growth performance, feed utilization and survival were not
significant affected by dietary protein level, the protein efficiency ratio and protein retention efficiency were significantly
decreased with the increase of dietary protein level. Hepatic catalase activity of fish fed 34.9% dietary protein diet (D35)
was significantly higher than those of the other diet treatments. However, dietary protein level had no significant effects on
hepatic lysozyme activity, superoxide dismutase activity, and hepatic malondialdehyde content of tilapia. The challenge
trial results showed that dietary protein level had no significant effects on cumulative mortality rate at 24h and 48h after
infection with S. agalactiae. The results of present study indicate that 24.8% (D25) dietary protein level can meet the re-
quirements for normal growth, immune function, and disease resistance of hybrid tilapia.

Key words tilapia; protein; immune function; disease resistance



