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7#(P43L10FL) 8#(P43L7FL) 9#(P40L10FL)
1 ﬁ*i'»—k—i 73‘ }:E lO#(P:0L7FL) 11#(P37L10FL) 12#(P37L7FL),
1.1 XX 1.2 R4

3x2x2 ( D,2 : 12 1

43% 40% 37% P43 P40 ,

P37; 10% 7%, L10 L7),1 , , ,
(49%~55%)  (39%~45%), , ,

FH FL 12 : firfi ,
1#(P43L10FH) 2#(P43L7FH) 3#(P40L10FH) 1.25/1 R
4#(P40L7FH) S#(P37L10FH) 6#(P37L7FH) 5
*1 RELESHERERREFRKETYIR)

Tab.1 Treatments, composition, and nutrient levels of the experimental diet (DM)
1# 2# 3# 4# S# 6# TH# 8t o# 10# 11# 12#
(7o)
55 55 52 52 49 49 45 45 42 42 39 39
203 243  27.1 313 341 37.2 193 233 263 30.3 323 35.5
6 5 4 3 2 2 6 5 4 3 2 2
o 5 5 5 5 5 5 5 5 5 5 5 5
0 0 0 0 0 0 4 4 4 4 4 4
0 0 0 0 0 0 3 3 2 2 1 1
0 0 0 0 0 0 3 3 4 4 6 6
4.0 1.0 4.2 1.0 42 1.1 4.0 1.0 4.0 1.0 4.0 1.0
4 4 2 2 0 0 4 4 2 2 0 0
2 2 2 2 2 2 3 3 3 3 3 3
1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
! 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
g 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
100 100 100 100 100 100 100 100 100 100 100 100
3
DM 90.5 903 902 899 90.1 89.6 90.4 90.2 90.1 90.4 90.2 89.8
CP 432 437 405 403  36.7 37.2 43.5 437 405 39.8 37.1 37.3
EE 10.0 7.1 10.1 7.0 10.1 7.1 10.1 7.2 10.0 7.1 10.0 7.0
Ash 10.1 10.1 9.7 9.7 9.2 9.3 9.9 9.9 9.5 9.5 9.7 9.6
CF 1.0 0.8 0.7 0.7 0.7 0.7 1.0 0.9 0.8 0.8 0.8 0.8
NFE 262 28,6 292 322 334 353 259 285 293 33.2 32.6 35.1
Ca 240 241 228 228 2.17 2.17 231 231 2.27 2.27 2.32 2.32
TP 2.00 2.01 1.90 191 1.80 1.81 1.87 1.88 1.81 1.82 1.80 1.81
1. : VA 9600 1U, VC 630 mg, VD5 1700 IU, VK350 mg, VB, 10 mg, VB, 8 mg, VB, 15 mg, VB;,0.5 mg, VE 220 mg,
160 mg, 100 mg, 12mg, 3mg, 400 mg, 80 mg; 2. CuO50 mg, MnO25 mg, ZnSO,4 240 mg,

FeSO,4 350 mg, MgSO,4 800 mg, Na,S.04 0.3 mg, ICL 0.2mg, CoCl, 1.5 mg; 3.

B
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, 25 d
, 24 h, (172.87g+
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8~12, DO=5.0 mg/L, pH  8.06~8.46
77d , 7:30 16: 00 ,
1/3, ,
1.4 HMEREFPBIRRE
1.4.1
, 24 h,
6 ,  20~30mg/L MS-222
, —20°C
200 g, ,
1.4.2
, 105°C ;
, , 550°C
1.4.3
(%)=( / )><100;
(g /7 )= - ) ;
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1.4.4
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Na'-K"-ATP ) (
) ,
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/

, 2 500 r/min 10 min,
(U/mg U/g )
1.4.5
R 7: 30 ,
, 2/3 7: 30 , 36
100 mL,
2h ; COD 48h
; COD ;
1.5 FELSH
SPSS 21.0 s 3
Duncan
“ + (Mean + SE)”~
2 ERG44
21 AKHE
12 , fiy
2
2.1.1
( 2 : 90%
, (P>0.05)
(P<0.05 0.01)
3
(P<0.01)
2.1.2
2 ,
(P<0.01), (P>0.05);
,P40 FH FL R P43FH
( ) 3 (P<0.05),
1# 9# 8# 79.98% 54.32%;
11# 4# S#
2.1.3
2 ,
(P<0.01)
(P<0.01) ,
P43L10  P40L10, P43FH P40FL
( 2, 3) 3 (P<0.05),
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Tab.2  Effects of the main nutritional element and source combination on the growth and feed utilization in
Takifugu puffer
FH FL
L10 L7 L10 L7
(2) P43 243.04+7.56" 205.5+10.24"¢ 213.33+7.19%¢ 209.3242.23%¢ 217.80%
P40 211.68+2.745¢ 210.14+7.578¢ 226.11+4.7278 204.33+6.335¢ 213.07*
P37 190.76+1.83¢ 199.53+4.238¢ 218.13+6.39"BC 205.86+7.505¢ 203.57°
217.184 205.788
210.11 212.85
P43 0.81+0.05" 0.50+0.01° 0.51+0.065¢ 0.44+0.10°¢ 0.57*
@ ) P40 0.57+0.06"¢ 0.410.06° 0.68+0.06*" 0.46+0.08¢ 0.53%
P37 0.44+0.04° 0.47+0.02° 0.55+0.095¢ 0.45+0.03° 0.48°
0.60" 0.458
0.54 0.51
P43 34.79+0.70° 25.05+1.08¢ 22.74+2.67% 19.33+3.63¢ 25.48°
(%) P40 25.75+3.03" 23.45+0.65% 29.83+3.47% 20.80+2.38 24.96'
P37 23.55+2.25% 22.26£1.40% 23.97+0.91% 20.21+3.26% 22.50°
26.77* 21.858
25.81* 22.818
P43 1.48+0.09¢ 2.29+0.09° 2.07+0.06¢ 2.61£0.05° 2.118
FCR P40 2.04+0.18¢ 2.58+0.20° 1.59+0.10¢ 2.46+0.07% 2.178
P37 2.45+0.20%° 2.34+0.16"° 2.26+0.20%¢ 2.5940.12° 2.414
1.988 2.48"
2.20 2.26
(%) P43 95.24+8.25 93.65+£7.27 88.89+11.98 95.24+6.73 93.3
P40 93.32+3.33 94.74+7.44 93.65+£7.27 98.41+2.75 95.0
P37 95.24+3.46 95.24+2.65 98.41+2.75 92.06+5.50 95.2
94.1 94.9
94.6 94.4
P
A B C A*B A*C B*C A*B*C
0.001 0.000 0294 0.019 0.000 0.617 0.000
0.011 0.000 0.348 0.011 0.000 0.677 0.005
0.051 0.000 0.007 0.228 0.002 0.628 0.041
0.001 0.000 0.217 0.000 0.000 0.122 0.028
0.727 0.731 0.955 0.445 0.730 0.713 0.405
:A B C 3 ; A*B A*C B*C
s A*B*C , (P<0.05, P<0.01)
2, 5 L10 L7 S FH
FL
1# 9# 8# 76.35% 64.15%; 3# s s
TH# ; 11# 2#  of 5 s
2.1.4 2.2 HALBREE M
12 , fi 12 , firf
« 4 3
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Fig.1 Effects of protein and fish meal interactions on WGR Fig.3 Effects of protein and fish meal interactions on FCR
a. ; C. 12 03
2~ 3, 5~ 8 221
a. protein, b. lipids, c. fish meal; 1, 2, and 3 denote the different 3 3
levels in the order of high to low. These are the same for Fig. 2, Fig. ’
3, and Figs. 5-8. (P<0.05 0.01) P43
P40 ( 5 LI10FL
26 —A—bp=] —W-bH=2
./.\- L7FL LIOFH L7FH( 6) 3
g 24+ (P<0.01), 9# , 8#  TH#
& 2.2.2
22}
i 3 ,
&
820
e
o (P<0.05 0.01)
= 1.8+
1.6 I ! ) : 3 ! (P<0.05), P40L10 P43FH
a 3 (P<0.01), 9#
2 11# 7# 1# ; 3# , 1#
Fig.2 Effects of protein and lipid interactions on FCR o#
BT —a— Y - R 779
© 30 - 125
05 25 - 420
a 20 - 115
]5 1 1 1 1 1 1 1 1 1 1 1 ]0
1# 24 3# 4# 5# 6# T# 8# 9# 1048 11# 124
oalite syl
4
Fig.4 Trend of the main nutrient element and source combination effects on WGR and FCR
2.2.3 (P>0.05)
3 » 2.3 BOKERE M
(P<0.01); 4 4
(P<0.01) 3 (P<0.01), Na"-K'-ATP
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Tab.3 Effects of the main nutritional element and source combination on digestive enzymes activities

FH FL
L10 L7 L10 L7
P43 119.80+3.75" 116.99+3.47" 141.92+2.914 143.61+4.614 130.58*
(U/mg) P40 100.46+0.48¢ 108.87+3.665¢ 145.07+6.40" 106.29+1.46¢ 115.178
P37 113.63+2.585¢ 106.08+8.425¢ 114.43+5.335¢ 101.48+3.88¢ 108.91"
122.55% 113.89®
110.97® 125.474
P43 49.07+2.65B¢ 37.03+2.465¢P 51.06+3.534P 42.37+1.82/BCP 44.89
(Ulg) P40 43.60+1.674BCP 31.08+1.47° 56.13+1.25% 46.29+2.05B¢ 4427
P37 46.12+2.988¢ 43.87+0.89BCP 51.71+3.20"8 34.40+0.64°P 44.03
49.62* 39.178
41.80° 46.99°
P43 2.22+0.07°B 2.05+0.224B¢ 1.65+0.23°P 1.72+0.04¢P 1.91
(U/mg) P40 2.25+0.05* 1.49+0.01P 1.91+0.054B¢P 1.77+0.138¢P 1.86
P37 1.76£0.20%P 1.9240.1448¢P 2.05+0.048¢ 1.56+0.02° 1.82
1.97% 1.758
1.95% 1.78%
P43 36.260.35 31.88+0.29 21.99+0.45 16.77+0.47 26.73%
(U/mg) P40 33.30+0.38 26.38+0.28 22.36+0.60 15.96+0.21 24.50%
P37 24.73+0.27 17.06+0.30 21.92+0.14 14.91+0.25 19.65°
26.76% 20.49"
28.274 18.99"
P43 0.64+0.03 0.77+0.03 0.62+0.03 0.610.04 0.66°
(U/mg) P40 0.61+0.01 0.74+0.04 0.57+0.02 0.63£0.03 0.64%
P37 0.61+0.02 0.68+0.04 0.62+0.02 0.53+0.02 0.61°
0.61°8 0.66"
0.68" 0.60"
P
A B C A*B A*C B*C A*B*C
0.000 0.000 0.000 0.019 0.000 0.001 0.000
0.905 0.000 0.013 0.964 0.012 0.415 0.002
0.476 0.001 0.008 0.033 0.012 0.505 0.001
0.000 0.000 0.000 0.000 0.000 0.671 0.055
0.001 0.000 0.000 0.001 0.794 0.000 0.151
3 (P>0.05), 12# ,TH 11#
1# 3 o JTH 2% 11# 2.4.2
- 5 ,
2.4 KIEBIAF (<005 0.01)
12 , fifs ( 8 3
(P<0.01), 11# ,  1# o#
2.4.1 2.4.3 CcOoD
5 , 5 , COD
(P<0.01) (P<0.01) 3
( 7) 3 (P<0.05), (P<0.05 0.01)
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Effects of lipid and fish meal interactions on trypsin
activity

Tab.4 Effects of the main nutritional element and source combination on absorption enzymes activities

FH FL
L10 L7 L10 L7
P43 34.96+1.32 30.41+2.68 31.62+1.15 30.05+1.95 31.76
( /g) P40 33.12£1.59 31.72+0.97 32.90+2.64 28.93+1.50 31.67
P37 31.2342.15 29.3442.12 32.23%1.47 27.96+2.39 30.19
32.68% 29.74"
31.80 30.62
Na"-K'-ATP P43 9.17+0.45 8.69+0.37 8.75+0.32 8.10+0.51 8.68"
(U/mg) P40 8.92+0.71 7.61+0.29 8.99+0.31 7.12+0.62 8.16%8
P37 7.75+0.36 7.58+0.34 7.98+0.34 6.85+0.97 7.548
8.594 7.66"
8.29 7.97
P
A B C A*B A*C B*C A*B*C
0.206 0.002 0.148 0.974 0.658 0.680 0.278
Na'-K'-ATP 0.001 0.000 0.132 0.093 0.817 0.153 0.750
1. ; O# , 1# (3% 11#
3 Vh't\ 7# 1# 3#
30 EZEEHRERMALSAKFEHFA : :
4 B vk , o# TH#
fif , ’
, 50%+3.7%" 41.08%! ? 2
41%!° 8.93%
s, 1% 3 :
(7] fi (P>0.05),
46%~49% (12] ;
; P40FL
finl P43FH , P40L10
9#

it
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Tab.5 Effects of the main nutritional element and source combination on water environmental indicators

FH FL
L10 L7 L10 L7
P43 0.091+0.009 0.128+0010 0.075+0.010 0.098+0.007 0.098%
(mg/(L-kg)) P40 0.127+0.005 0.092+0.007 0.080+0.009 0.072+0.009 0.0934
P37 0.088+0.008 0.068+0.003 0.073+0.009 0.056+0.013 0.0718
0.089 0.086
0.099% 0.076"
P43 0.077+0.006°" 0.108+0.008"  0.097+0.007*"¢  0.083+0.012°" 0.091
(mg/(L-kg)) P40 0.093+£0.006**°®  0.100£0.009*®  0.079+0.003" 0.080+0.007°" 0.088
g g ABCD ABCD D BCD
P37 0.089+0.007 0.090+0.009 0.075+0.007 0.083+0.008 0.084
0.085° 0.091%
0.093% 0.083"
P43 0.030+0.006"E 0.039+0.005"B 0.026+0.0114B 0.024+0.005"P 0.030
(mg/(L-kg)) P40 0.043+0.007* 0.020+0.0054B 0.019+0.0074B 0.033+0.009B 0.029
P37 0.028+0.008"E 0.021+0.009"B 0.022+0.0014B 0.027+0.005B 0.024
0.028 0.027
0.030 0.025
COD P43 1.69+£0.21 1.79+0.18 1.44+0.03 1.52+0.07 1.610
(mg/(L-kg)) P40 1.6740.13 1.81+0.19 1.50+0.15 1.70+0.12 1.668
P37 1.7240.16 1.88+0.11 1.61£0.05 1.64+0.18 1.713
1.604 1.723
1.7594 1.568"8
P
A B C A*B A*C B*C A*B*C
0.000 0.342 0.000 0.000 0.069 0.436 0.076
0.116 0.035 0.001 0.720 0.102 0.013 0.001
0.202 0.847 0.074 0.447 0.345 0.030 0.005
COD 0.337 0.051 0.004 0.840 0.672 0.765 0.768
= _ —~ 0.10-
2 0.12 —A—b=] —Wb=2 5
— =<
S 2
£ 010} E
@ E 009l
S =
& 008} g
3 ®
Ly = 0.08
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i 0061 &
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Fig.7 Effects of protein and lipid interactions on ammonia

nitrogen concentrations
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Abstract: A 3 x 2 x 2 three-factor experiment was designed to investigate the effects of the main nutritional ele-
ments and source combinations on the growth, digestion, and absorption in the obscure puffer (Takifugu obscures).
Trial fish (172.87 g + 6.71 g) were fed 12 different kinds of diets (1#-12#) in a factorial design which included
three protein levels of 43% (P43), 40% (P40), and 37% (P37); two lipid levels of 10% (L10) and 7% (L7); and two
fish meal levels of high fish meal [49%—55% (FH)] and low fish meal [39%-45% (FL)], over a 77 day period. The
results showed that diets 1# (P43L10FH) and 9# (P40L10FL) exhibited the best weight gain and feed conversion
rates compared with the better diets 3# (P40L10FH), 11# (P37L10FL), and 7# (P43L10FL). The feed conversion
rate of diet 9# significantly decreased by 28.3% compared with diet 3#. The activities of trypsin and intestinal lipase
significantly enhanced the FL diets (9#, 11#, and 7#), the two indicators of diet 9# significantly improved by
21.09% and 14.39%, higher than that of diet 1#. A high lipid content could significantly improve the absorption of
enzymes and this trend was demonstrated. The concentrations of ammonia nitrogen, nitrite nitrogen, and phosphate
in FH and FL diets containing high protein levels were higher than in the other FL diets 11#, 9#, 7#, and 1#. The
concentration of ammonia nitrogen in diets 11# and 9# were lower by 73.97% and 58.75%, respectively, compared
with diet 3#. The concentrations of nitrite nitrogen and phosphate in diets 9#, 11#, and 1# all decreased significantly.
A high lipid level tended to induce the concentrations of both phosphate and COD. In conclusion, diets 9#, 11#, and
7# with FL significantly or obviously improved the growth, digestion and absorption in 7. obscure. It is noteworthy
that the treatments above not only saved the fish meal source but also reduced the feed costs, providing valuable

references in theory and practice.
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