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%
1 1,2 2 3 1,20 1 1
(1. 214081;
2. 214081; 3. 223300)
(CCD) (RSM),
(0.02—2.8mg/L) (1—5 /10L) (MDA , SOD
CAT ) 35d , )
(P<0.01),
(P<0.05)
1.65mg/L  3.28 /10L (SOD) (CAT)
MDA (P<0.05),
(P<0.01); SOD CAT ,
SOD CAT . MDA
0.9384 0.9004 0.9520 0.9650 (P<0.01),
S961 doi: 10.11693/hyhz20150200041
, lima (2011) , NO;
1.19mg/L (Rhamdia quelen)
(Park et al, 2007) ; (Oncorhynchus mykiss)
NO;, NO, NO;5 (Camargo et al, 1.0 mg/LNO, 28d |,

2005) NO; , NO, (Holt et ,  NO, 3.0 mg/L ,
al, 1983) , NO, 65% (Kroupova et al, 2008) Deane (2007)
(0.03—0.1mg/L)(Siikavuopio et al, 2006), , , (Sparus sarba) NO,

NO; (0, 25, 50mg/L) 7d, NO; :
, NO, , T, T; , NO,
10—100 (Da Costa et al, 2004) NO, K" Na' ,
, Na'-K" ATPase ; Park  (2007) fil
, (Svobodova et al, 2005) De (Sebastes inermis)  700mg/L NO, 96h,
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, ( ,2004; Nga et al, 2005)
NO;, (Salama, 2005) (
NO; (Atwood ,2008)
et al, 2001; Wang et al, 2006; Yildiz et al, 2006)
NO;, , )
(Kroupova et al, 2006) (Lin et al, 2003) >
( ,2007) pH (Chen et al, 2000) ,
(Perrone et al, 1977, Wang et al, 2006)
, Wang (2006) , )
(Oreochromis niloticus) NO,
(35mg/L)  28.18mg/L, 1
(70.0mg/L) 44.67mg/L; Perrone (1977) ,
(Oncorhynchus kisutch) NO, CI' 1.1
3
29.8  261.3mg/L , 48h 4.2m
, 3.8 25mg/L ,12h 8d, (28+0.5)°C), pH
58.3% , NO, 7.4+0.2, 0.01 mg/L, Smg/L
Atwood  (2011) 2 (8:00 15:00),
(4.4¢) (90.7g) , 96h NO, 28%, 6%
81 mg/L  8mg/L 1.2
, (Central Composite Rotatable Design: CCD),
, (0.02—2.8mg/L) (1—5 /10L)
, (Montero et al, 1999), , N D 1,
( , 2005; Merino 3 (specific growth
et al, 2007) rate: SGR) SOD CAT MDA
b b 3 1
x1 TEIRITHESNLE
Tab.1 Experimental design of nitrite and density and results (MeantSD)
(%/d) (nmol/mg)
N D N(mg/L) D( /10L) [U/(mg prot)] [U/(mg prot)]
1 1 0 2.80 3.00 3.98+0.34 0.95+0.11 87.5146.53 30.58+4.52
2 a -a 2.39 1.59 4.72+0.59 0.74+0.06 94.17+8.14 24.44%3.17
3 -a —a 0.43 1.59 7.094£0.67 0.61+0.07 77.44£6.72 21.794£3.55
4 0 0 1.41 3.00 6.5840.53 0.75%0.04 96.57+7.13 47.3245.32
5 0 -1 1.41 1.00 4.81£0.39 0.72£0.06 91.72£8.11 17.23£1.96
6 0 1 1.41 5.00 3.47+0.41 0.94+0.12 76.52+7.17 27.254+2.82
7 a A 2.39 4.41 4.28+0.37 0.97+0.13 71.39£6.33 18.29£2.53
8 -a A 0.43 4.41 4.32+0.38 0.88+0.09 77.24+48.25 32.61+3.94
9 0 0 1.41 3.00 6.72+0.58 0.78+0.07 108.52+9.18 45.63£5.13
10 0 0 1.41 3.00 6.1410.48 0.83+0.06 104.28+8.42 44.57+4.72
11 0 0 1.41 3.00 6.49+0.55 0.75+0.06 104.68+9.13 43.68+5.02
12 0 0 1.41 3.00 6.07+0.42 0.8240.06 106.9+8.61 42.63+4.13
13 -1 a 0.02 3.00 7.26%0.61 0.71%0.05 75.43+5.33 35.36+2.85
(D-a -1 0 1 a .0 o) =1.41421; 5
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1.3 (Superoxide dismutase: SOD)
39 1200L , Oyanagui(1984); (Catalase: CAT)
1000L , 3d NaNO, Sinha(1972); Felin-
, 493 g/L (Lowry et al, 1951),
4h
, Chen (2000) 1.5
, + (Meant
0.2—0.3 mg/L, (0.02, 0.43, Standard diversion)
1.41,2.39 2.8 mg/L), 10d STATISTICA 8.0 ,
(28+0.5)°C, pH Y = by +bD+byN +b,Dx N +b,D* 4+ b;N*
7.610.2 (2.97£0.06)g, 7 i SGR MDA
(4.45£0.12)cm, 1 1 1.59 3 4.41 SOD CAT: by b, b, by by bs,
5 /I10L) 100 159 300 441 N D N D N D
500 /m’ 11700 P<0.05 P<0.01
(ANOVA, P>0.05) ’
4%—6% . 3d 1, 2
+0.5°C, 2.1 (V) (D)
NO, <0.01 mg/L, NO;5 <3.5 mg/L, SGR
0.02mg/L, CI" 16mg/L 1 SGR
14 , 2 N D
24h, 20 DxN N> D* SGR (P<0.05)( 2)
, (SGR) (%/d) = [(InW,—InW})/ , 2 , SGR N
(t-11)] X100 W W 4 D N SGR (1):
) (g SGR=5.2675+2.1810D~1.1775N+0.4191DxN-0.5372D*~
5 ,  0.lg 0.3461N* ( R*=0.9384)
, —70°C , MDA N D SGR
, I(a b) , N ,
, 4 wm) SGR 6.90%/d; ,N 0.70mg/L  , SGR
, , 4°C , (P<0.05); SGR D
24h (Malondialdehyde: D 203236 /10L,N 0.43—0.48mg/L
MDA) Xiang  (1990); , SGR 7.26—7.29%/d
F2 EHAAERAHEEHNRE
Tab.2 Test of significance for regression coefficient
95% 95% P
Intercept 6.4000 0.1894 5.9522 6.8478
D —0.6381 0.1497 —-0.9922 —0.2841 0.0037
N —0.8811 0.1497 —-1.2351 -0.5270 0.0006
DxN 0.5825 0.2117 0.0818 1.0832 0.0285
D? -1.0744 0.1606 —1.4540 —0.6947 0.0003
N —0.3344 0.1606 —-0.7140 0.0453 0.0758

R*=0.9384 Adj R*=0.8944 (4dj R* )
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Fig.1 Response surface plot (a) and its contour plot (b) of the effect of nitrite and stocking density and their mutual interactions on
SGR in GIFT tilapia juvenile
22 N D MDA SOD=20.7658+33.9543D+50.8997N-4.0612DxN—
1 MDA 5.3599D%-12.4680N>  ( R*=0.9520)
, 3 D N MDA , D 3 /I0L ,SOD
(P<0.01), D* MN? DXN MDA N ( 0.02mg/L 1.50mg/L)
(P>0.05)(  3): MDA . D ; s N (>1.50mg/L), SOD
Q): (P<0.05)( 3); , N 163 mg/L, D
MDA=0.5353+0.0383D+0.0504N-0.0072DxN +0.0073D*+  2.55 /I0OL SOD 105.46 U/(mg prot),
0.0150N* ( R*=0.9004) 0.918
2 , MDA N D 24 N D CAT
N 14lmg/L,D 1 /IOL , MDA CAT 5
0.67nmol/mgprot; MDA (P<0.01); P=0.1186>0.05,
,D 5 /10L, MDA 0.96nmol/mg prot N,D DxN CAT (P<0.05), N
23 N D SOD D’ CAT (P<0.01)(  5);
SOD 4 D D N SOD ,N D CAT D
(P<0.01), N DxN SOD N CAT (4):
(P<0.05)(  4); ,D SOD CAT=-38.1042+42.2497D+26.4542N-3.0522D*N —
N 3): 6.0468D°-6.9651N"  ( R*=0.9650)
Fz3 EPEAERBEBEHER
Tab.3 Test of significance for regression coefficient
95% 95% P
Intercept 0.7860 0.0198 0.7391 0.8329
D 0.1014 0.0157 0.0643 0.1385 0.0003
N 0.0699 0.0157 0.0329 0.1070 0.0029
DxN -0.0100 0.0222 -0.0624 0.0424 0.6656
D? 0.0145 0.0168 —-0.0253 0.0543 0.4170
N 0.0145 0.0168 —-0.0253 0.0543 0.4170

R*=0.9004 Adj R*=0.8292 (4dj R*
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f£=8 (nmol/mg prot)

R=

2
Fig.2 Response surface plot (a) and its contour plot (b) of the effect of nitrite and stocking density and their mutual interactions on

hepatic MDA contents in GIFT tilapia juvenile
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Fig.3 Response surface plot (a) and its contour plot (b) of the effect of nitrite and stocking density and their mutual interactions on

hepatic SOD activities in GIFT tilapia juvenile

x4 EEAFERYEZHERE

Tab.4 Test of significance for regression coefficient

95% 95% P
intercept 104.1920 1.7280 100.1060 108.2780
D —5.5595 1.3661 —8.7898 —2.3292 0.0048
N 3.4955 1.3661 0.2652 6.7257 0.0376
DxN —-5.6450 1.9319 —-10.2133 -1.0767 0.0223
D? —-10.7198 1.4650 —14.1838 —7.2557 0.0002
N —12.0448 1.4650 —15.5088 —8.5807 <0.0001

R*=0.9520 Adj R*=0.9178 (Adj R*
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x5 EEAFERYEZHERE

Tab.5 Test of significance for regression coefficient

95% 95% P
Intercept 44.7660 1.1883 41.9561 47.5759
D 2.3551 0.9394 0.1336 4.5765 0.0406
N -2.3037 0.9394 —4.5252 —0.0823 0.0440
DxN —4.2425 1.3286 —7.3841 —1.1009 0.0152
D? -12.0936 1.0074 —14.4759 -9.7114 <0.0001
N —6.7286 1.0074 -9.1109 —4.3464 0.0003
R*=0.9650 Adj R*=0.9401 (Adj R* )
,D 3 /I10L, CAT 11.2mg/L, 10.0°C 0.24mg/L(Russo et al,
N ( 0.02mg/L 1.35mg/L) 1977); 140mg/L
; , N 1.35mg/L (Russo et al, 1977) R
CAT ( 4);D CAT s Ccl
SOD D 319 /10L,N 120mg/L 16 mg/L
CAT 45.17 U/(mg prot), 0.929
3
3.1
(Colossoma macropomum)
96h 0.54mg/L, (Jensen, 2003) s
(Da Costa et al, 2004); 35d , 3 /I0L
14.0—15.5°C , 96h 0.02mg/L ,
b
2.80
5
o -
g, 5 211
=} g
5 o
e % 1.41-]
L 2
W =
15 = 0.71+
6.33]
0.71 0.02
IR (mgll) 0,027 100 200 300 400 500
2 (ind./10L)
4 (a) (b)

Fig.4 Response surface plot (a) and its contour plot (b) of the effect of nitrite and stocking density and their mutual interactions on

CAT activities in GIFT tilapia juvenile
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2mg/L 1.82 Frances (1998)
(Bidyanus bidyanus) (Martinez-Alvarez et al, 2002) Wang  (2004)
16.2mg/L. ; 1.43mg/L , (Macrobrachium nipponense)
, 254, Siikavuopio 24h, SOD CAT GPx
(2006) , (Gadus morhua) 67% 80.6% 82.7%
0—5mg/L , 31d , SOD CAT
s 0.7mg/L ,
Fe?t ’
Fe*”, , (Mallasen et al,
, 2006) Aksakal  (2011) ,
R , (Jensen, (<3 /
2003) , 10L) , SOD  CAT
) ) , SOD  CAT
(Mallasen et al, 2006), (>3 /10L) ,
, Kamstra (1996) s , MDA
, 50d (2010) (Pampus
(Anguilla anguilla) , argenteus) ,
, SOD CAT
, 33
Kebus  (1992) ,
, (
, 2) SOD( 4) CAT( 5)
) , MDA
, , 0.02 mg/L, 1 /1oL
, 6.90%/d; 5 /10L , 2.76%/d
, 2.8 mg/L, 5 /1I0L
(Qiang et al, 2013), 2.60%/d , ,
3.2 (Foss et al,
MDA SOD CAT 2007) ,
( ,2012) , , ,
MDA CAT SOD )
1.35—1.41mg/L SOD ,
CAT , ,
, ; MDA SOD
, MDA
( ,2011) ,
, SOD CAT , SOD  CAT ,
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USING RESPONSE SURFACE METHODOLOGY TO DETERMINE EFFECTS OF
CHRONIC NITRITE EXPOSURE AND STOCKING DENSITY ON GROWTH OF GIFT
TILAPIA OREOCHROMIS NILOTICUS JUVENILES

QIANG Jun', YANG Hong"?, MA Xin-Yu?, WANG Hui’, XU Pao"?, HE Jie', ZHU Zhi-Xiang'

(1. Freshwater Fisheries Research Center of Chinese Academy of Fishery Sciences, Wuxi 214081, China; 2. Nanjing Agricultural
University, Wuxi Fisheries College, Wuxi 214081, China; 3. Huaiyin Normal University, School of Life Science, Huaian 223300, China)

Abstract
to study the specific growth rate (SGR), content of malondialdehyde (MDA), and activities of antioxidant enzymes

We conducted a two-factor central composite rotatable design (CCD) in response surface methodology (RSM)

(superoxide dismutase: SOD and catalase: CAT) in liver of GIFT tilapia Oreochromis niloticus juvenile. The critical factors
selected were nitrite (0.02—2.8mg/L) and density (1—>5 ind./10L), under which the linear, quadratic, and reciprocal effect
of chronic nitrite exposure and stocking density were determined in regression. The fish [(2.97£0.06)g body weight,
(4.45£0.12)cm body length] were grouped accordingly for experiment that lasted 35 days. The results show that the linear
effect of nitrite and the density and the quadratic effect of density were significant on the SGR (P<0.05). In addition, the
effect between nitrite and the density on the growth (P<0.05) was significantly reciprocal. The nitrite and the density had
significant linear effects on MDA and two enzymes (P<0.05); and had very significant quadratic effects on the two
enzymes (P<0.01). There was a significant reciprocal effect on SOD and CAT activities. Therefore, high external nitrite
concentration and high stocking density could depress the expression of SOD and CAT activities while promoted MDA.
Moreover, the coefficients of correlation in all regressional equations were>0.9 (P<0.01). Nitrite concentration was more
influential on the fish growth than the stocking density. It is suggested that the density should be kept reasonably for
adequate dissolved oxygen supply, which can reduce oxidative stress and improve growth and disease resistance of tilapia.

Oreochromis niloticus,  nitrite;  stocking density; response surface methodology;

Key words growth;

antioxidant capacity



