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WE. XA B8 4RI % it (CCD) Faug 57 # @ 77 3 (response surface methodology ,RSM) ,
Tt T A 4(0.02~2.00 mg/L) f 57 % (1 ~5 B/10 L) X & & Z 4 1 4 & 4 KA JE 4
AN NIRE T N, FREA, RRABRLHT, AEMFETEN—KE Z RBP4 € £
%?ﬁi%i’ﬂﬁ(l’d) 05), MEAARAAEEN LA BELKEXEREARTTHREE
AAGHREEEZ M HFAELHEZEL(P<0.05), A AKE A 0.02 ~0.20 mg/L, 578 % &
3:'E1~2 RB/10 Lot 4 e A KRB m s MA AR ® T 0.20 mg/L, KRB FEA3 B/10 L
AAEER,EKEZR R, FER_B(MDA) 2 EMAAREMABEEEN LAT LA, BE
oA B B (SOD) frit AL A B (CAT) W EH E R LA R THN L. EASKREFEN
— R X MDA & EmH B8 /) 578 B F % m (P <0.05), Z R Rt H A B 08 ) i %k
KAWRFRW(P<0.01); A4 5577 %Ex CAT fﬁﬁﬁﬁf’?xﬁ(ﬁ,mﬂf?ﬁ’f\’?m%ﬁ
% E I LM F SOD Au CAT & A thkik, B F 5\ R B =K & TEH 7 28R REn
H135 %) 0.972 4.0.913 2.0.938 9 F10.969 2(P <0.01) , 7 A %ﬁﬂ‘],ﬁﬁxﬁf}ﬁi—&fﬂ%}hﬂ
WEEENNETARFATENL., BUAPFE N AR B P A ELH T RATE, "RFRE
AR, BRAAME BB P FEaNEKETR A
K@i REFEE; &8; HH; £K; HAE;
FESES: S962.3 XEKRERD A

"] BI i T

FEASE B f PR QI b, 202 B AR 2
P IR R 0 R I B P A R R
K iy & DL B JF L (NH) ) frdE & 72
(NH) 715, — & 0L, IR 20k T — P
WA, B FEEERHN TS TR E .
NH, ZAEMPER , 5 TR, HoaE b2 NH, (1)
300 ~400 /%", NH, 5 NH, (4%} H A 5 7K 5
BErb IR B pH B R BE DL S SR B VA G
WE MKW RN SR EA, DA A
3 T & A Z M NH, -N, LEMARIE 2 ff 53

Wi EHHA:2011-05-16 {&[E B H1:2011-09-16

FETE : ATk Colk) BHIFL 351 (200903046-02) 5 TLI5R44

5 LT 4 (2011jbFa09)
BIMEE 4 M,E-mail:xup@ ffrc. cn

B, ERIE N 0.24 ~0.90 mg/L Bf,63 d 5,
151 ( Dicentrarchus labrax) W1 i B Bl 5 e 8 140
117 .35 T B s FOSS 45 i , 5 Kk P P45 ( Gadus
morhua) TEA [F] 2 WK FE T 1 % 96 d, 2 Ak
JER T 0.06 mg/L B}, 4 fa i K SHERE T
W PAUST 45 HH 4w (1 & AR HE (0. 17 mg/
L) 2S5 2K b B i ( Hippoglossus hippoglossus)
AT B A= K T8 08 A 1T A= A 45 2 A= B

WAL, P IE AR Dy — B PR B aE X1, i
%I?’iﬁl*ﬂﬁfpﬁ?f(ﬁfbﬂéﬂ’”ﬁﬁiﬁﬁtﬁ DIRZN:D]

FAFFE A BT RUHTH-4 ( CXLX11-0708) 5 H e 28 g # BHIT Al
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GBI P et & 2 B MR Y b W
AR AT EARHE), S AP B, FHF
JBiE X AR B A K S DR R T A R
M AR R T B W AR A R e, T E
ATPase SHUAMEHE 1~ 72 A i, X S
FELA R 50 A 3, 1A H g o fE B M R
IR ARIRI A S5 T PRI A R R R o

AR JEV RN, 7K A PR o) A= ) 1) 5 i i A
HIRR HERANKR, CTRARSEMHax]
TR K ST AR AR Z (A2 B AT
HAERON AR BN A AR IE . AWTTEAEC A WS
AT E SR rhC A2 5 i -5 i o o T A
HEEHFARSWE AN HFEPIEM
( Oreochromis niloticus ) %8435 8 4= K AR F T IE N
ZFE(MDA) & & ALY AL (SOD) 53 %
A (CAT) T 3 AIRE 52, X 4 11 — i
RO e A HAE AT R, o B a3t E
INAME ARSI e 2 i — i B AL T 1%, W LA
FHARZR B BB AT 00, BA i b K
T, WA S A ™ o g 1 95— ok
PR LA HAR ™ AR B SE  3 F Ske e 2 R F
500 1) 2 R 1)t TR, 6T S e A= 2ok R 1A
T RHZHAE AT . BT WP AR a2k
TR AR BERL 2

1 RPR T

1.1 ##

R R 3 EK P RRE R iR K el i
FEHLDE M A B A E BT MR
B ALt gt T TC , 1 TR AR R
e A R AT = K et [ KR (28 £ 1)
C,pH(7.4x0.2) |52 8 d, AAROLHM.
FRI A R R K& S 78S, K 7:00 11 :00 F
16:00 AR 1 R CHLEE E BT 30.0% |
NEWT 8.0% JKAY 15.75% K43 12.0% ) , $% Wi
TR RN 8.0% ~12.0% .

1.2 REEit594

IEGR AT e k7 % A a4y 0 0 T 4, i
aob B PR R B 4l A ] LUE AT 5 AE KA
RAFE . %R O AR, AR
i 07 A 5 5 A K A IE SOD | CAT % 1 5
MDA Z i, T &AM (0.02 ~2.00 mg/L)
IR R (1 ~5 /10 L), 73 5 LA N 1 C %
N B RS K- B 43 0 —a, = 1.0,
La(E 1), 50RH 2 B 5 K7, 3t 13 A4
G T RENL, R A EE 5 K, BN
WG RT3 4P AT, EARR 2 R B
FEHGEWTRL,

x1 [RRESHFEEZENKBRITEER

Tab.1 Experimental design of concentrations of ammonia and density and results mean + SD
il Hifid BN LS Y [ LA 152d VAN VE Vi1 %
code value actual value (%/d) (nmol/mg) [ U/(mg prot) | [U/(mg prot) ]
group N C N C specific growth rate malondialdehyde superoxide dismutas catalase

1 0 0 1.01 3.00 6.721 0. 834 0.782 0. 062 108.72 +7.142 45.730 £4.572
2 0 0 1.01 3.00 6.552 £0.913 0.824 +0.071 104. 38 +6.581 44.518 £5.106
3 0 -a 1.01 1.00 4.814 +£0.633 0.717 £0. 068 87.022 £7.022 21.131 +3.187
4 -1 a 0.31 4.41 4.320 £0.792 0.871 £0.095 77.141 £6.493 32.714 £5.390
5 0 0 1.01 3.00 6.835 +0.836 0.743 0. 094 96.578 £7.391 47.229 +4.927
6 -a 0 0.02 3.00 7.266 £0.934 0.712 £0. 087 82.334 £6.933 34.265 +6.307
7 1 1 1.71 4.41 4.482 +£0.677 0.981 0. 102 71.397 £7.198 18.392 £3.271
8 0 0 1.01 3. 00 6.492 +£0.491 0.763 £0.049 104. 786 £8. 343 43.586 +4.533
9 0 0 1.01 3.00 6.671 £0.750 0.813 £0.073 106.818 £7.941 44.119 £5.927
10 1 -1 1.71 1.59 4.125 +0.381 0.734 0. 085 90.273 +7.927 28.343 +3.835
11 -1 -1 0.31 1.59 7.692 £0.639 0.625 +0.092 77.346 £7.036 24.737 +4.116
12 a 0 2.00 3. 00 3.787 £0.375 0.967 0. 106 87.417 £8.396 30.524 +3.618
13 0 a 1.01 5.00 3.472 £0.758 0.941 +£0.092 76.422 £6.803 27.350 3. 406

(1) [al=1.414 21 R SR, 0B 5 0 (2) £t N HIC SR 30h BRI EE S IR0 3 B N 2/10 L,

Notes: (1) Axial or star points |a|=1.414 21,central points were repeated five times for each experiment, (2) N and C of Table 1 represent

concentrations of ammonia and density ,density is individual/10 L.
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1.3 KA *

REAE 39 4~ 1.2 m® Y ¥R SR AE AR h b AT,
B BRHRIA IS 3 d G FRK 1 m®, K5
FIFCEWRE N 1 g/L S B, 44 il e 3R
PR32, THC B AF N P B A I, R 2 IR
D 28 R B, %t 8 e SR A K AR 1) 2 R B
G 6] R T B 2l 42 08 O 1 R 5 i e (28 =
0.5) C,pH(7.6 £0.2), %R H [FHEWE 1L 1)
T IIR I GG AT A TR B A A I 3, S 44
R (2.972 £0.064) g, KK (4. 451 =
0.122) cm,#ZBEF 1 A4S ,1 /10 L 1.59 &/
10 L 3 /10 L 4.41 &/10 L 15 F&/10 L ff5¢
BREFE %5 B 4 5] A 100 B/m’ (159 &/m’ 300
F/m’ 441 B/m’ 1500 B/m’, #:if 11 700 B
i, KA R EMEAKREAFREER
(ANOVA,P>0.05), $#M“1. 17 #4745 M , Ik
T A TR TR] 452 1 b R A HE 3 30 d
RIS ) 22 7R, SR T W v PR AW IS 18, H
ok 173 AAFROK T R 2 Rl £0.5 C,
WAPRRRTE 5 mg/L DL b, ARG,
1.4 oAz FE4RE

RISAEHCET 24 h 454, Y H B4 556 A B L
Pk 30 EAMFATIRK 5 TR & e A K R
(%/d)(SGR) =[ (Ln W, —Ln W,)/(t, —=1,) ] x
100, =, W, (W, DR biistia] ¢ ORI 2, IFEY
K (2) . BAFREEMR PRI 6 R fa, vKAE 3L
HUIE O , IS AR T /K 43 I PR, A 4 A
RFR(W/ V) T3 A BEER K B ES |, JHFIE SOD \CAT [y
G 1PES MDA 5 20 7 R FH e 5t el A ) TR A
FERTAE T IR L e AR G v A9 1 B ) 5 A
o HEHAE T 4 CLAF,7E 24 h NIIE TEEE
1.5 HEE

B 2 g5 % P Y E + A5 i 22 (mean =
SD) #r o Jd /N ARG 5w {2

[ 1) K 230 1] I 5 ey
Y =b, +b, N+b,C+b,NxC+b, N> +b; C

Srf Yk W T 7E S0 R A A KR
MDA ¥+ .SOD fi1 CAT ‘Zﬁjj;bo,b, ,by,b,,b,,
by 43590 g 10 B KR B I T — YK
7 SRR e A R e i
(19— A

FJH STATISTICA 8.0 # AT L5
S LOb T S AL R R (B AT IR 5 ]
VA . 525K R 0.05, B 2K H 0.01,

2 4k

2.1 SRERFEMENSTETEEESESTEE
KER M

FA(N) SHEHHEE (C) X & k4 fa ke
A3 (SGR) BN 45 3 4 1, X B304l R T o
INZHEHAT NG,y 225 A R Tk 2,
M2 B I B P <0. 01, 0 BT gt 57 1 ] ) A
TR I 25 5 R U3 P =0. 019 6 <0. 05, X FRAIUA
1) FE AT RETCAL, 1H 75 P B A 00 v 43R 22 1 3
JIAR/N(MS =0. 018 9), inZ 75 F& 1 Tk i & 5L
R*=0.972 4 fGIEREL R? =0.952 7, 3% F W il
AR ARG, N B — KA . C 1Y
TRV SCHAERN X SGR YA W) R RE I (P <
0.01) (% 3),C Ay— KA X SGR A7 I 3 52
(P <0.05) ; a4 RBUE /R , 20 A& 10 B 1
HAIE ., C AN 5 SGR Z [a] 5 br — ¥k 8] 1H J7
(1) .

SGR = 6.014 3 +2.138 2C —2.316 9N +

0.942 0C x N —0.587 2C* - 0.988 5N

TR E ZEC R =0.972 4, BB BRI e
B 97. 24% (e W AH AR 4L, AUF SVE 1Y 2. 76%
ANHEFH RSB AR R, i B RO G R T R AT

R2 SRMAFPENSESEEREYOEFEESTESHT

Tab.2 Analysis of variance for the effects of ammonia and crowding stress on specific growth rate of juvenile

L5 I e £y F {ii P fii
source sum of squares dy mean square F-value P-value
7 model 25.532 9 5 5.106 6 49.358 7 <0.000 1
7% residual 0.724 2 7 0.103 5
) lack of fit 0.648 8 3 0.216 3 11.473 2 0.019 6
4li{n7% pure error 0.075 4 4 0.0189
SR total 26.257 1 12

R*=0.9724 R?*=0.9527
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®3 @RMAFHEMYEHEERERRENOAFTERYBEEERRE
Tab.3 Test of significance for regression coefficient of model of ammonia and
crowding stress on specific growth rate of juvenile

AESEH TR, PR BT H{ LR P {fi
source of variation regression coefficient standard error 95% CI Low 95% CI High P-value
intercept 4.173 8 0.258 4 3.562 7 4.784 9
C 0.719 0 0.256 4 0.112 8 1.3252 0.026 3
N —-4.875 3 0.736 7 -6.6174 -3.133 2 0.000 3
CxN 1.874 5 0.323 3 1.110 0 2.638 9 0.000 7
c? -1.174 4 0.122 0 -1.462 8 —-0.886 0 <0.000 1
N -1.957 2 0.492 8 -3.1224 -0.792 0 0.005 4

ERE L M VRS &/ S Y S S Ui i a s

Notes ; Regression coefficients in table represent estimate of coded factors.

SRFPENG 5 SGR 22 [a] fty e i i T 1] 2
HAE R LA 1(a F1b) o il iz shasE n] i
a0 PR 2N gl fa A K B P S B i T
VEIRZNA R (P <0.05) , pH 1 450 52 156 B 52 i A S
F(P>0.05) ; 3 2k AR AT SO th 52 1 AR 1Y)
SIR55 RN, IR TR 2 7R P IR B S8 AR T I 35 (P <
0.05) , M5 Z A0 S o o 17 g T 0 A 21, A

BEAEKE [ (%/d)
specific growth rate
(3]

3V
2 N
cy,]] (,]] e \Qﬁ\ &
%, £ < 3
10’71;; Z 9] 0.02 1.00 @@, &}\%

()

RIGAAF T, b5 2 A T =, SGR FFiR7AE b
NGNS AT 15 %o/d, BAMKE =T 0.6 mg/
L i, Fe A K 20 0 2 T R FRAE % 24T SGR 152
M 25 ETH A T RERAE (L, Z AR BE N 1. 01 mg/L
i, SGR 7EFRFH L )y 2.8 FB/10 L B, 2R
WEH 0.6 mg/L, FRIEZE R 2.3 /10 L B,
SGR #J 7.38 %/d, AJ 4t 0.926,

2.00
1.50 |-
.
Bf) o
g5
Z 101
% £
i
0.51
7.58
0.02 ' '
1.00 2.00 3.00 4.00 5.00
#PE / (ind/10 L)
density

(b

1 SR FEREXBEERAMEEFFasaBEEREZMAINMEHE (a) FEFL(b)

Fig.1 Response surface plot(a)and its contour plot(b) of the effects of ammonia and density and

their mutual interactions on specific growth rate of GIFT tilapia juvenile

2.2 SRSAFMENEETIEAaYERER
ZF(MDA) &=

X 1 1) MDA F i i 25 5L R F e/ — 9fe
LHATIRNE G, 2 a5 R Tk 4, A
P <0.01, F0 Frgd sy i) [a] 5 B R0 A I 25 5 2K 01000
P=0.2153>0.05, £HIA R A R, C M
N ) — R &L X} MDA & 47 W & 52 (P <
0.05),C A N i) —KZN 5 HAEXT MDA &5 0

WELN(P>0.05) (£ 5); A RERR, 2 A

PR BB a B . C N 5 MDA & & 2 [1]

HSEPR IR I FE(2)

MDA =0.5623 +0.030 9C +0.024 IN +

0.000 1C x N +0.007 0C* +0.038 8N

T RRIYLE 25 R =0. 913 2, UL BB g

FE 91 32% i W B 1 A8 4k, AU B2 1 8. 68%

ARE TR AR R IR S TR R AT
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F4 SEMABAEX S EFFAE MDA & B8O RRE T E 5

Tab.4 Analysis of variance for the effects of ammonia and crowding stress on content of MDA of juvenile

ISR A i )y F i P fit
source sum of squares dy mean square F-value P-value
i3 model 0.129 7 5 0.0259 14.732 9 0.001 3
7% residual 0.012 3 7 0.001 8
Ze4b) lack of fit 0.007 8 3 0.002 6 2.3349 0.2153
#4575 pure error 0.004 5 4 0.001 1
AT total 0.142 0 12

R?=10.9132 R?>=0.8512

x5 a@MALENSHEE MDA SERBHEFARERNEE QT
Tab.5 Test of significance for regression coefficient of model of ammonia and
crowding stress on content of MDA of juvenile

AR S AU HIEER 3 FrifEiz BIFTHR BAF ER PfH
source of variation regression coefficient standard error 95% CI Low 95% CI High P-value
intercept 0.923 2 0.033 7 0.843 5 1.002 9
C 0.103 2 0.033 4 0.024 1 0.182 2 0.017 7
N 0.253 2 0.096 1 0.026 0 0.480 5 0.033 7
CxN 0.000 1 0.042 2 —-0.099 7 0.099 7 1.000 0
c? 0.014 0 0.0159 -0.023 6 0.051 6 0.408 0
N? 0.076 8 0.064 3 -0.0752 0.228 8 0.2712

R L VRS &/ S Y S S Ul iy a s
Notes ; Regression coefficient in table represent estimate of coded factors.

LRMPNBT WA 5 MDA S iy mr iz i i1 2R -5 5 BE XTI IE MDA 538 #0A f 25 52 i
LHAFRAE WL E 2(a fb) o AR AE T, B (P <0.05) GAWKEN 2 mg/L,FRIHIEN 5 B/
HRRASE SHEL RN MDA S ETHES; 10 L, 2k MDA %404 1.10 nmol/mg.

2.00

1.65

A / (mg/L)
ammonia
—
T

f44& & / (nmol/mg)
content of malondialdehyde

I 0.95 -
i<
0.60 ' ‘ .
100 200 300 400 500
s, 095 200 0 3
Moy 060 100 g\ S P/ (nd/10 L)
iy E density
@ (b)

2 SAFEREXEEAMNEEF a4 MDA 22 MANNAE (a) MEFL%(b)
Fig. 2 Response surface plot(a)and its contour plot(b) of the effects of ammonia and density and

their mutual interactions on liver MDA content of GIFT tilapia juvenile

2.3 SEERFPENEEFTEEYEEE  LIHTEIAG, T ESEIRII TR 6, R
S5 LEE(SOD) i&F SRR P <0.01, BTt 37 /Y o] R TR R {225 5 % D00
XFE 1 SOD i Jy il 45 R i/ 9k P=0.650 0>0.05, RUUGMHRA R, N1
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— U C TN [ LA SOD i 147 1 e
FRM (P <0.01),C 1—HA SOD i A
BEF (P <0.05),C AN Z [a] Jo 5 AE UM
(P>0.05) (£ 7); HRERR, @AM
PHFa AR . C N 5 SOD i J Z [u] (i 5 b —
WEIEFFE(3) -

SOD = 18.520 5 + 38.747 0C + 61.054 8N —
4.717 6C x N - 6.165 6C* - 21.949 ON°
TR E RBUR® =0.938 9, {5 1% M R il
T 93. 89% i [ B 1) A2 A, AU S 1 6. 11%
ANHEFH U RY A R BRI SRR R A

x6 =AEMALTAMEXT4 & FFAE SOD & A EFEE T £ 5747
Tab.6 Analysis of variance for the effects of ammonia and crowding stress on activities of SOD of juvenile
75 S T A i ¥J5 FAH P{H
source sum of squares d, mean square F-value P-value
F5 7 model 1 908. 066 5 5 381.613 3 21.505 6 0. 000 4
5% 7% residual 124.213 9 7 17.744 8
S lack of fit 38.399 2 3 12.799 7 0.596 6 0.650 0
#fifR 7% pure error 85.814 7 4 21.453 7
B total 2032.280 3 12
R*=0.9389 R*=0.8952
£7 BEFMMHHIEX S SN SOD FHERNERSRRAM B SRS
Tab.7 Test of significance for regression coefficient model of ammonia and
crowding stress on activities of SOD of juvenile
75 5 R R EUEES 3 kiR EE TR B RIR P{H
source of variation regression coefficient standard error 95% CI low 95% CI high P-value
intercept 84.867 7 3.384 6 76.864 4 92.871 1
C —10.930 4 3.3573 —18.869 2 -2.9917 0.013 9
N —-58.161 8 9.648 5 -80.976 9 -35.346 7 0.000 5
CxN -9.388 1 4.233 9 -19.399 6 0.623 5 0.062 1
c? -12.331 2 1.597 1 -16.107 8 -8.554 6 0.000 1
N? —43.460 2 6.453 3 -58.719 9 -28.200 5 0.000 3

T AP [ R HO 7 S KF B AT

Notes ; Regression coefficients in table represent estimate of coded factors.

SAEMPN G0 -5 SOD % Fy w17 iy 1 P&l
B AR 3 (a Ml b) o RIS T, IR
SHAEHE N 3 FR/10 L B AMKE H0.02 ~1.01 mg/
L i, B 2 AU S T, SOD i ) 5 EFHa s,
WL T 1. 01 mg/L i, SOD i J3 W ik T 5 &
RHEE R 1.01 mg/L,SOD J§ JJE%E N 2.7 B/
10 L B BARMRIE N 1. 10 mg/L FRFE N
2.72 J&/10 L i, fFJIE SOD i J7 %y 104. 78 U/
(mg prot) , HATEEHE 0.895,
2.4 SRSAFMENETETEEYEET
S SEE (CAT) iE A HIR0T

X2 1 B CAT I g % 45 R il de/h — 5
EIATIENA A, 7 2200 B4 R B T4 8, LAY

P <0. 01, FHA fT a7 i (8] D5 A5 700 i g =5 5 G 4000
P=0.0911>0.05, RGBT R, N1
— K5 RSN CAT 3 14 i 25 5 (P <
0.01),C fJ—WRELN X CAT & J1 47 i & 5 il
(P<0.05),C f1 N Z[a]45 BAERL N (P <0.01)
(229) ; IMH BB R , 2 2 RN AL 3 55 T 361 B
i, C N 5 CAT {if 77 Z 18] (i 52 b Y 1105 7 i
(4):

CAT = —31.288 3 +30.066 6C +39.120 8N —

4.528 1C x N - 5.481 6C* - 14.056 2V

TR PEE 2B R =0.969 2, Ui B fif
B 96. 92 % Wi [ {8 19 A48 Ak, A7 SR 5311 3. 08%
ANREFH SRS A R A0 FR P R

http : // www. scxuebao. cn
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2.00

81.36)

/,;;gzgz‘g%

1.50

ammonia
—
o
T

0.51 -

activity of superoxide dsmutase

HEEAC D EALERE 77 / (U/mg prot)

0.02 ‘ ‘
1.00 2.00 3.00 4.00 5.00
B / (ind/10 L)
density
(a) (b)

B3 SR FETEREZIEEAXNEET ALY E SOD EAFH M IMAE(a) f1&EF % (b)
Fig.3 Response surface plot(a)and its contour plot(b) of the effects of ammonia and density and

their mutual interactions on activities of SOD of GIFT tilapia juvenile

x8 F|MMBAE T & RFRE CAT & N EFEE T Z 54

Tab.8 Analysis of variance for the effect of ammonia and crowding stress on activities of CAT of juvenile

5 I Ryl E H A Yo7 FAH P
source sum of squares d, mean square F-value P-value
% model 1165.124 0 5 233.024 8 44..083 2 <0.000 1
7% residual 37.002 1 7 5.286 0
S 4L lack of fit 28.496 7 3 9.498 9 4.467 2 0.091 1
4lij% 7% pure error 8.505 4 4 2.126 4
S total 1202.126 1 12

R?*=0.9692 R?=0.947 2

R SFZMAFEEX S AT CAT FHERMEIRFERYEZHERI
Tab.9 Test of significance for regression coefficient of model of ammonia and
crowding stress on activities of CAT of juvenile

AR SR R IS/ bz EREINE EREH PH
source of variation regression coefficient standard error 95% CI low 95% CI high P-value
Intercept 28.116 8 1.847 3 23.748 7 32.485 0
C -5.550 3 1.832 4 —-9.883 2 -1.2174 0.019 1
N —-43.578 3 5.266 1 —-56.030 6 -31.1259 <0.000 1
CxN -9.0109 2.3108 -14.475 1 —3.546 6 0.005 9
c? —-10.963 3 0.8717 -13.024 5 -8.902 0 <0.000 1
N? -27.8320 3.522 2 —-36.160 6 —-19.503 3 <0.000 1

Y e A R EOV IR T4 AL T A
Notes ; Regression coefficients in table represent estimate of coded factors.

AN E B S CAT {E Sy i & & F 0.9 mg/L i}, CAT % J7BH 2. TR 3750 % BEXT4))
HAFFLEIILE 4(a Flb) . AR, FRE%  fAE CAT I& hpysgmid 25 B E TRk,
J 3 F2/10 LG A 1 0.02 ~0.90 mg/L B}, B FEREEEE A 3.1 J2/10 L, &K 4 0.89 mg/L i,
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The combined effects of external ammonia and crowding stress on
growth and biochemical activities in liver of ( GIFT ) Nile
tilapia juvenile ( Oreochromis niloticus )

QIANG Jun', XU Pao'**, HE Jie’, WANG Hui’, LI Rui-wei*
(1. Wuxi Fisheries College ,Nanjing Agricultural University ,Wuxi 214081, China;

2. Key Laboratory of Freshwater Fisheries and Germplasm Resource Utilization ,Minisiry of Agriculture ,
Freshwater Fisheries Research Center of Chinese Academy of Fishery Sciences,Wuxi 214081, China;
3. College of Fisheries ,Guangdong Ocean University ,Zhanjiang 524025, China ;

4. Maonan Sango Tilapia Breeding Base ,Maoming 525024 ,China)

Abstract: Response surface methodology (RSM) and Central Composite Rotatable Design( CCD ) were used
to study the combined effects of ammonia(0.02 —2.00 mg/L)and density(1 —5 ind/10 L) on the specific
growth rate (SGR ) and antioxidant activities in the liver of juvenile tilapia ( Oreochromis niloticus). The
objectives were to find out the linear, quadratic or reciprocal effects of ammonia and density on the growth
and antioxidant activities in the liver of juvenile tilapia by the regression equation. The results showed that
the linear and quadratic effects of ammonia and density on the SGR were significant ( P < 0. 05), SGR
increased at the beginning and then decreased with the increased concentrations of the ammonia, and the
density effects showed the same trend. There was a significant interactive effect between ammonia and
density on growth( P <0.05). Higher SGR was observed when the density was 1 —2 ind/10 L and ammonia
was 0.02 —0.20 mg/L. When concentrations of external ammonia were higher than 0.2 mg/L and density
were around 3 indiv/10 L,SGR was also higher. With the increased concentrations of ammonia and density,
the content of MDA in the liver increased gradually, while the activities of SOD and CAT increased at the
beginning and then decreased. The linear effect of ammonia and density had significant effects on MDA,
SOD and CAT(P <0.05) ,the quadratic effects of ammonia and density had very significant effects on the
SOD and CAT(P <0.01). There was a significant interactive effect between ammonia and density on CAT
activity. High concentrations of external ammonia and high density inhibited SOD and CAT activities. Model
equations of the effects of ammonia and density on SGR, MDA ,SOD and CAT were established , with the R’
being 0. 972 4.,0.913 2,0.938 9 and 0.969 2 respectively ( P <0. 01 ) , which could be used for prediction.
Growth and activities of antioxidant enzymes were more influenced by ammonia than by density. In the
cultural practice, it is suggested that the density should be controlled reasonably and the dissolved oxygen be
maintained adequate to reduce ammonia in order to improve growth and disease resistance of tilapia.

Key words: Oreochromis niloticus; ammonia; crowding; growth; antioxidant enzymes; response surface
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