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F1 REFABRAMNMARREEEFHSSE
Tab. 1 Ingredients and concentrations of nutrients of
experimental diets for turbot

, (%)
(Cynoglossus Semll[a;ws Giinther) A B C D
1
45.00 52.00 58.00 68.25
[5,13,14,36-59]
) 1 33.44 23.06  15.06 10.75

8.00 8.00 800 800
(Scophthatmus maximus L.) , 5.00 7.94 9.94 5.00
, 4.56 500 500  4.00
1.50 150 150  1.50
1.50 150 150  1.50
0.50 050 050 050
0.50 050 050 050
1 MEEFZE 100 100 100 100
g s ‘ 93.47 9339 9353 93.85
1.1 KR FE AN 4086 4622 49.89  55.36
, 1.71 183  1.96  2.10
24 h, (145.08 g==0.56 0.3 0.4 0.4 0.4
9 12 12.88 12.92 1293 13.12
85 cm x55 cm x45 cm (4 , 8.69 991 1077 1175
3 ), 12 4
: 41% 46% 50% 55%, R TITT
v ' 1.2.2
10%, 45 10d, 1221
64 d, 155 =05 |, : 24 h,
10~11 mg/L, 221, 40 cm==2 cm, 6 18 ,
L : D=11: 13, , ) ) )
0.5 cm ) =20
, 1 1.2.2.2
2 (7:00, 17 : 00) , , 6 3
y 1 9 )
, 4 ) 9 «( )
, 24 h, 20%( ) 10%( )
e s , 2 500 r/mim 10 min, 4
1.2 FARRE Tk
121 | 24 h
B = TR PR 100%:
8 SRR x100%; 1223 ( |
ot InA i it —Inf) Ji Bt
= 100%;
FREARKE BT x100%; ’
R = R ; : (
SRR TR - ) 253 nm
ke = T RARREFEPIRR ’
BARECE = kit < IR ER A |
I RER QAL R '
IR = : x100%
U GRiERAS ,
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, 50% SOD 1
, (MDA) TBA
; , , 532 nm ,
; oD
123 MDA
1231 (ACP)
, 24 h, , . 4-
6 ) 18 1
1 y L 5 mL 1 1
) , C3 C3
—20 1 - 1
1.2.3.2
4 , , 4
3 000 r/min 10 min, , , C3
0 ? 6 1.3 %itatr
3 1
9 9 (Mean*S.E.M.) SPSS 16
) . , P<0.05),
10% , 2 500 r/min ( )
10min Tukey
1233 2 RBLE
(LYZ) : ,
21 AKHE
L 1 2 1
, " 1w
(SOD) I 61.19%  65.75%(P<0.01), I
(02), 18.46% 21.81%(P<0.05), Il IV
, ; v
, I 21.15% 27.73%(P<0.01), 1l Il V3
SOD mL SOD ;
R2 TEBREEHRKFEHAEFTEKER
Tab. 2 Effects of different feed on growth of turbots
(n=3) | It I v
(%) 21.940.8% 29.840.4° 35.3+1.3° 36.3+1.1°
(%) 32.0%1.1% 42.140.5° 48.7+1.5° 49,941.3°
1.165+0.109° 0.941+4-0.006% 0.8720.004° 0.842+0.012°
2.129+0.193% 2.310+0.015% 2.293+0.010% 2.161+0.030%
(%) 88.942.8% 97.2+2.8" 97.2+2.8" 94.542.8°
(P>0.05), (P<0.05), (P<0.01),
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2.2 HALBEE D 36.05%(P<0.05), IV 61.39%( P < 0.01),
221 nom
3 ’ 2.2.2
4 H
() ’

v IV ,

15.27% 17.90%  31.98%( P < 0.01), Il Il 1 9.79%(P< 0.05), !
I | 14.49%: Il 36.53% 26.35%(P< 0.01); I 1l

#3 AFEBMREBARKTFEXREEHELIETEN
Tab. 3 Effects of different feed on the digestive enzyme activity in stomach and intestine of turbots

(n=3) | I m v
(U/mg) 3.368+-0.021° 3.770+0.064° 3.8560.104° 4.445+0.098°
(U/g) 2.0190.358° 1.87740.191% 1.48420.208% 1.25140.060°
(U/mg) 0.096=0.008° 0.095=0.006° 0.089=0.007° 0.085=0.006°

F4 AR BREARKTEKZSFITRRALE LEE D
Tab. 4 Effects of different feed on the digestive enzyme activity in hepatopancreas of turbots
(n=3) I I " 1Y
U/m 1.117=0.027% 1.207=+0.038° 1.38940.041° 1.525-40.027¢
g
(Ulg) 3.658=+0.066° 3.363=+0.182° 3.320=+0.166° 3.281=+0.177°
(U/mg) 0.129=+0.011° 0.130=+0.008% 0.120=+0.006% 0.124=0.004%

2.3 RIFBEHEE ,
2.3.1

6 , SOD C3

, MDA ,
ACP
" 1 |
| 31.92%(P< 0.01), Il 18.72%(P< 0.05),
2.66%, MDA

43.56%(P<0.05); v

T 67.78% IV
35.76%(P< 0.01): 11l IV I 11 31.61% 14.32%

80.07%(P<0.01), 1
13.26%
£5 AEABREARKFEXREFIAFALTHEEN

Tab.5 Effects of different feed on the tissue lysozyme activity of turbots
(n=3) | I " v

(U/mg) 3.49980.1967° 4.3898=0.2520% 6.3020=0.2603° 5.73400.5396°
(U/mg) 0.6326=0.1147° 0.7866=0.0476° 0.9325--0.0498° 0.9167+0.1587°
(U/mg) 3.5058=+0.1137° 4.3325+0.1676" 5.88170.1986° 5.7989-+0.3285°
(U/mg) 7.62844-1.3726° 8.3789-0.6433° 10.0543=-0.4171° 9.58450.4758°
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*6 ARBMEBLFRKFHEXELMEREHEXEED

Tab. 6 Effects of different feed on the seroenzyme activity of turbots

v

904.8054-26.298%
72.936-0.926°
7.691+0.213°
1.673+0.066°

591.044+53.298°

881.381444.441°
74.61040.297%
6.67140.155°
1.67240.041%

618.159+46.057°

(n=3) | 1
lyz  (U/mg) 685.886£2.618°  762.162:22.000%
SOD (U/mL) 70.41643.604° 72.720+4.210°
MDA (amol/L) 9.754-+0.064% 7.78620.227°
ACP (U/100 mL) 1.627+40.152° 1.63740.277°
C3 (ng/L) 548.3874-43.638% 563.6974-24.286%
=0 L RS~ S RS
- PR R - S '
50%
10.00+
& 800
b
£ 6.00-
S
E 4.00
2.00-
—o—0 0
0.00 .
I m 1 v
EEAE
1

Fig. 1 Effects of different feed on the tissue lysozyme ac-
tivity of turbots
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The effect of protein on growth, digestion and immunity of
Turbot (Scophthatmus maximus L.) in industrial culture

GAO Ting-ting*?, LI Yong?, ZHANG Jia-guo’, LIU Yang?® ZHOU Bang-wei?
(1. College of Fishery and Science, Shanghai Ocean University, Shanghai 201306, China; 2. Institute of
Oceanology, the Chinese Academy of Science, Qingdao 266071, China)
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Abstract: Effects of dietary protein on growth, digestive enzymes and immunity activity of turbot were investigated
in closed recirculation aquaculture system. Fish with a mean initial weight of (145.08+0.56) g were feed with four
different feeds (41%, 46%, 50%, and 55%, with I, Il, IIl, and 1V groups) for 74 days. The results indicated:
(1) Weight gain rates were increasing rapidly first and then slowly with increased dietary protein level, while food
conversion rates showed a reverse pattern. The weight gains of groups Il1, IV were significantly higher than groups
I, Il by 18.46%—65.75%, while feed conversion rates were lower than group | by 21.15%—27.73% (P< 0.01);
(2) The gastrointestinal and hepatopancreas protease activity enhanced rapidly with dietary protein level increasing.
Gastrointestinal and hepatopancreas protease activities of fish in group IV were significantly higher than groups I,
I, 11l by 15.28%—31.96% and 9.74%—26.29% respectively (P< 0.01). While amylase and lipase specific activities
in the intestine and hepatopancreas were not influenced by dietary protein level (P> 0.05); (3) Along with the die-
tary protein from 41%—50%, fish’s survival rate and major organ lysozyme vitality of turbot were increasing, but
when the level went to 55% indicators decreased. The group Ill, its survival rate was higher than other groups’ by
2.86%—9.34% but not significantly (P> 0.05); its lysozyme vitality in liver was higher than group | by 80.07%
significantly (P< 0.01) and higher than group Il by 43.56% (P< 0.05); its lysozyme vitality in head kidney was sig-
nificantly higher than group I, Il by 67.78% and 35.76% (P< 0.01) respectively; (4) Serum lysozyme and ACP ac-
tivity were increasing along with the level of dietary protein at first and then decreased, fish’s serum lysozyme ac-
tivity in group I11 was significantly higher than group | by 31.92% (P <0.01) and higher than group Il by 18.72% (P
<0.05); Serum MDA content with protein levels decreased significantly, the parameters of group IV were signifi-
cantly lower than group I, I, Il by 13.26%—31.61%; serum SOD activity and C3 levels increased with dietary
protein content, but the differences between the groups were not significant. The results showed that the medium
and high dietary protein content was significantly promote the growth performance of juvenile turbot and proteinase
activity, while the medium protein level was more conducive to turbot immune function and survival rate; therefore,
medium dietary protein content was more suitable for industrial recirculating cultured juvenile turbot’s rapid and

healthy growth.
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