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Tab.1 Experimental design of temperature-dietary protein level combinations and response observations
X+

code actual

/

/

~

un (%-d™") FE (mmol-L™") (r'nmol~L.’1) (gL™ '
T p T/°C P/% SGR glucose triglyceride total protein
1 0 27.0 37.5 2.62+0.76 0.99+0.21 28.62+2.43 2.454£0.147 0.757£0.068
2 -1 -1 22.1 28.7 2.21+0.44 1.08+0.17 28.124+2.31 1.501£0.102 0.436+0.032
3 0 —o 27.0 25.0 2.23+0.57 0.89+0.16 30.83+3.47 1.989+0.151 0.576+0.042
4 0 0 27.0 37.5 2.71+0.45 1.04+0.11 29.39+2.82 2.503£0.217 0.782+0.071
5 -1 1 22.1 46.3 2.50+0.61 0.85+0.13 33.24+3.81 1.764+0.146 0.605+0.055
6 0 0 27.0 37.5 2.74+0.39 1.09+1.18 28.91+2.71 2.37840.152 0.803+0.063
7 0 o 27.0 50.0 3.25+0.40 0.62+0.08 31.60+3.28 2.484£0.163 0.703£0.072
8 0 0 27.0 37.5 2.58+0.43 0.95+0.22 27.54+2.29 2.526£0.231 0.752+0.061
9 o 0 34.0 37.5 3.23+0.37 1.4240.16 29.5243.05 2.330£0.205 0.629+0.047
10 -a 0 20.0 37.5 2.34+0.41 1.27£0.19 33.00+2.91 1.408+0.107 0.391+0.026
11 1 1 31.9 46.3 4.07£0.59 2.30+0.23 25.72£1.79 2.991+0.271 0.683+0.055
12 0 0 27.0 37.5 2.77+0.49 1.02+0.14 30.114£2.68 2.597£0.219 0.741£0.058
13 1 -1 31.9 28.7 2.33+0.31 1.58+0.18 30.68+3.21 2.570£0.248 0.772£0.073
Ta , la|=1.414 21.
Note: o is star arm, and |o|=1.414 21 for this experimental design.
%2 FARERASSEH
Tab. 2 Ingredients and composition of experimental diets
/% dietary protein level
25.0 28.7 37.5 46.3 50.0
ingredients

fish meal 5.00 5.00 5.00 5.00 5.00

casein 4.00 7.60 16.20 23.80 27.50

gelatin 1.00 1.90 4.05 5.95 6.88

corn starch 36.80 32.30 21.55 12.05 7.42

+ (1:1) fish oil + soybean oil(1 1) 7.00 7.00 7.00 7.00 7.00

soybean meal 12.00 12.00 12.00 12.00 12.00

cottonseed meal 15.00 15.00 15.00 15.00 15.00

rapeseed meal 15.00 15.00 15.00 15.00 15.00

vitamin premix 1.00 1.00 1.00 1.00 1.00

mineral premix 1.00 1.00 1.00 1.00 1.00

choline chloride 0.50 0.50 0.50 0.50 0.50

C vitamin C phosphate ester 0.20 0.20 0.20 0.20 0.20

Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50

proximate composition

dry matter 91.57 91.68 91.74 91.94 92.05

crude protein 25.16 28.95 38.04 46.09 49.92

crude lipid 7.87 7.89 7.93 7.97 7.99

ash 6.23 6.38 6.64 6.87 6.92

gross energy 12.90 12.97 13.12 13.26 13.31

Note: Vitamin premix and mineral premix were provided by Guangzhou Chengyi Aquatic Science & Technology Co., Ltd.
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(FE)= (W - W)/ F
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1.6
+ (X +SD)
Y =b, +bT +b,P+b,T xP +b,T? +b,P?
9 YA 9
;b0 by
b, b; by bs
STATISTICA 8.0
P<0.05 ,
P<0.01
2
2.1
(M

(P) (SGR)
1,
3 P=0.0001<0.01,
; P=0.0993>0.05,
T P
SGR (P<0.01), P TP

(TxP) SGR (P>0.05) ,
T P SGR

SGR=-8.808 +0.583T+0.093P+0.001TxP—

0.017>-0.001P* (1)
R*=0.958,
95.8% : 4.2%
SGR
1
, SGR
37.5% 31~33°C
25%~45%
SGR ,
45% , SGR 27C
45% SGR  2.565 %/d,
25% 1.989 %/d (P<0.05)
SGR (P>0.05)
2.2
(M (P)

*3 EREAAFERANEZHHRE
Tab. 3 Test of significance for regression coefficient

source of variation regression coefficient standard error 95% CI low 95% CI high P
intercept 2.492 0.056 2.358 2.625
T 0.485 0.045 0.380 0.591 <0.0001
P 0.173 0.045 0.068 0.278 0.0060
=P 0.040 0.063 -0.110 0.189 0.5506
T -0.235 0.048 -0.348 -0.122 0.0017
p? -0.102 0.048 -0.215 0.011 0.0710

Note: coefficient in table represent estimate of coded factors. The same as below.
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Tab. 4 Test of significance for regression coefficient
source of variation regression coefficient standard error 95%CI low 95%CI high P
intercept 0.767 0.016 0.728 0.806
T 0.094 0.013 0.063 0.124 0.0002
P 0.032 0.013 0.002 0.063 0.0404
<P —0.065 0.018 —0.108 —0.021 0.0096
T —-0.116 0.014 —0.149 —0.083 <0.0001
pP? —0.051 0.014 —0.084 —0.019 0.0076
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Tab. 5 Test of significance for regression coefficient
source of variation regression coefficient standard error 95%CI low 95%CI high P
intercept 2.684 0.052 2.562 2.806
T 0.371 0.041 0.274 0.467 <0.0001
P 0.435 0.041 0.338 0.531 <0.0001
TxP 0.364 0.058 0.227 0.500 0.0004
T? 0.054 0.044 -0.049 0.158 0.2563
P> 0.031 0.044 -0.072 0.135 0.5002
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P+0.0347T2+0.0106P> (5) ,
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Tab. 6 Test of significance for regression coefficient
o . . . P
source of variation regression coefficient standard error 95%CI low 95%CI high
intercept 1.018 0.033 0.939 1.097
T 0.311 0.026 0.249 0.374 <0.0001
P -0.016 0.026 -0.079 0.046 0.5519
TxP 0.108 0.037 0.020 0.196 0.0228
T? 0.332 0.028 0.265 0.399 < 0.0001
pP? -0.063 0.028 -0.130 0.003 0.0596
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Tab. 7 Test of significance for regression coefficient

source of variation regression coefficient standard error 95%CI Low 95%CI High P
intercept 28.914 0.451 27.846 29.982
T —-1.235 0.357 -2.079 —-0.391 0.0105
P 0.407 0.357 —0.437 1.251 0.2917
T<P —2.520 0.505 -3.714 -1.326 0.0016
T 0.849 0.383 —0.056 1.754 0.0621
p? 0.825 0.383 —0.080 1.730 0.0680
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Tab. 8 Optimization of confidence interval of the effect of temperature and dietary protein level on specific growth rate and
feed efficiency of juvenile GIFT tilapia

95% 95%
response prediction mean standard error 95%CI low 95%CI high
o/ .11
. /O%d™) 2.748 0.056 2.616 2.879
specific growth rate
0.775 0.016 0.737 0.813

feed efficiency
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Effect of water temperature, dietary protein levels and their interac-
tion on growth and serum energetic compounds in GIFT tilapia juve-
nile, Oreochromis niloticus (L.)

QIANG Jun'?, YANG Hong'?, WANG Hui*, XU Pao'?, HE Jie'

1. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture; Freshwater Fisher-
ies Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;

2. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China;

3. Guangdong Ocean University, Zhanjiang 524025, China

Abstract: We evaluated the combined effect of temperature (20-34°C) and dietary protein level (25%-50%) on
growth and serum glucose, triglyceride, and total protein levels in GIFT tilapia juveniles. We used a central com-
posite rotatable experimental design and response surface methodology. The entire experiment lasted for 8 weeks.
The linear effects of temperature, dietary protein level on growth and feed utilization were statistically significant
(P<0.05). High temperatures and high dietary protein levels inhibited specific grouth rat (SGR) and feed efficiency
(FE). The linear effects of water temperature on serum glucose, triglyceride, and total protein levels were
statistically significant (P<0.05). At a dietary protein level of 37.5%, serum glucose levels increased gradually as
water temperature increased, whereas serum triglyceride and total protein levels decreased at the beginning and
increased thereafter. The linear effect of dietary protein levels on serum glucose levels was significant (P<0.05);
but the linear effect on serum triglyceride and total protein levels was insignificant (P>0.05). The reciprocal
effects of temperaturexdietary protein levels on FE, serum glucose, triglyceride, and total protein levels were
significant (P<0.05). SGR, FE, serum triglyceride, and total protein levels were influenced more by temperature
than by dietary protein levels. However, the pattern was reversed for serum glucose levels. Using our data, we
developed a model to describe the effect of temperature and dietary protein level on serum glucose, triglyceride
and total protein levels. The coefficients of determination were 0.958, 0.955, 0.971, 0.977, and 0.870, respectively
(P<0.01), and could be applied in projection. The optimal temperature/dietary protein level combination, obtained
using a statistical optimization approach, was 29.9°C/ 40.3%, at which the maximal SGR and FE were 2.748%/d
and 0.775 respectively, with the desirability being 0.888. The respective effects of water temperature on serum
glucose, triglyceride, and total protein levels were observed under different dietary protein levels. Increased water
temperature contributes to the better use of dietary protein, and an increase in serum protein catabolism and
conversion.
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