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F1 ABEARERAEFMS
Tab.1 Ingredients and composition of experiment diets
(%)
D1 D2 D3 D4 D5
: 30 35 40 45 50
8 8 8 8 8
45.5 40.5 355 305 25
a- 5 5 5 5 5
9 9 9 9 9
b 1 1 1 1 1
¢ 1 1 1 1 1
0.5 0.5 0.5 0.5 0.5
D1 D2 D3 D4 D5
24.5 27.7 324  36.1 40.1
8.2 8.1 7.4 7.4 8.2
5.7 5.3 6.2 54 59
9.9 10.3 104 89 9.7
(MJ/kg) 14.9 14.5 142 140 14.1
‘a. 80%; b. :
A 4x10° D; 2x10° , E 60 g,
Ki6g, B17.5g B,16g Bs12 ¢, By, 0.1g, 88 g,
36 g, 2g, 0.1g, 100 g, 200 g; c.
: Fe 10 g, Zn 3.2g, Mg 3g, Co 0.052g, 1 0.065g, Se
0.005g; 16.8 37.8 16.8 MJ/kg
4
(
(Thunnus thynnus) ) ,
; 5

1.3 HARB,HERAFTERE

, 0.6 m><0.6 m>1.5m

50
5, 3 )
20 , 24 h,
(

43 g) 0.01% (a-phenoxyethanol) ,
(8: 30, 16:

30), , 3,
, (24x2)C,

5 mg/L 8

40 /2015

/

14 HERf

, 24h, 0.01%
; 6 , 3
-20C , ;
3 9 2
, -80°C
1.5 AK. AFALBAFGRE
1.5.1
@) 0 00
i
In W, —1
©) 2o a0
n
SRR
AR5 B0
PR i
ST B x TR
KEE
% — x 100%
0 e 10
(%)= @xloo%
Wi
(%)=
HARARAUAN DI 100%
(V]
DI AHAE bR
D W (2); W
(g); Wh
(g; n
1.5.2
GB/T 6435-1986 GB/T 6432-1994
GB/T 6433-2006 GB/T 6438-2008 2]
1.5.3
; (glutamic-pyruvic transaminase,
GPT) (glutamic oxalacetic transaminase,
39 /6
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GOT);

(glutathion peroxidase, GPX)
(catalase, CAT) (lysozyme) (acid
phosphatase, ACP) (alkaline phosphatase,
ALP) (superoxide dismutase, SOD )

(activity in the anterior intestine, T-AOC)
(malonaldehyde, MDA)

1.6 FELHT
+ (n=3) )
Spss16.0

Duncan

Excel ,
(ANOVA)
, P<0.05 ;

2 EREN

2.1 HHEZOKPETEHE &AL KRG
24% ~40% 5

2 85%
(P>0.05);

*2 AREAKEXNERE&YEEKMERT B0

>

324% (D3 ) )

, DI D2
(P<0.05), DI 76.97%  46.03%
(3, DI D2
(P<0.05), DI 41.97%(  3),
4 (P<0.05)
(P>0.05) )
) :y = -838.35773+
58.32379 x—0.83883x%, 35.15
(D
22 HAREFEGKFNEHELBRRLH
R
8 ,
4
(P>0.05); ,
DI D3~D5  (P<0.05);
, D5
D4 3 (P<0.05) ,

Tab.2 Effects of varying dietary protein levels on the growth performance and feed utilization efficiency of butterfish juveniles

D1 D2 D3 D4 D5
(2) 427 +0.03 431 +0.02 432 +0.02 4.29 +£0.01 4.3+0.01
(2) 8.64 + 0.24° 9.38 £0.14¢ 12 £ 0.22° 11.58 £ 0.12% 10.73 + 0.33°
(%) 102.43 + 4.41¢ 117.77 £ 2.83% 181.27 £2.17* 169.73 £ 1.79* 155 +3.73%
(%) 1.26 £ 0.04° 1.39+0.02° 1.84 £0.01° 1.77 £ 0.01* 1.67 +0.03°
1.93+0.13° 1.59+0.10° 1.12 +0.06° 1.21 £0.12¢ 1.24 £ 0.09¢
(%) 2.11 + 0.08" 2.28+0.13° 2.80+0.18° 2.29 £ 0.08° 2.02+0.16°
(%) 86.33 +2.33 88.33 + 3.83 87.35+3.28 86.33 +3.57 85.67 + 4.81
2.80 +0.29 2.61 £0.38 2.53+0.12 2.37+037 2.15+0.18
+ (n=3); (P<0.05), 3 4

*3 FEAEKEREDIEFEIILER
Tab. 3 The variation range of some mean growth per-
for-mance indexes

(%)
D1 D2 D3 D4 D5
— 1498 7697 6570 51.32
— 10.32 46.03 4048 32.54
— —17.62 —-4197 -37.31 -35.75
—  8.06 32.70 8.53 -4.27
DI , DI

Marine Sciences / Vol

2.3 HAHEZFEQKFNFEHK EFHIEEEMY

Yo

2~ 4
(P>0.05),

B

, D3 D4
DI D2 (P<0.05); D4
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x4 ABREAKENEZEEEEUNSHTMN
Tab. 4 Effects of varying dietary protein levels on the body biochemical composition of butterfish juveniles
(%)
D1 D2 D3 D4 D5
2.247£0.115 2.321+0.175 2.328 £0.078 2.58 £ 0.119 2.159 £ 0.038

7.533 = 0.039%
15.160 £ 0.246°
71.914 + 0.885

7.693 £ 0.107°
14.441 + 0.249%¢
72.753 + 0.455

7319 +£0.111°%
16.547 + 0.762°
70.116 + 0.689

6.586 = 0.303"
18.813 + 0.298°
70.423 + 0.136

6.515 +£0.323°
18.508 + 0.255%
70.186 £ 0.611

Y=-829.28111 + 57.74285X — 0.82975X*
180 x
160
S
oz 140
HX
120
100
24 28 32 36 40 44
TPkl B K%
1
Fig. 1 Weight gain rate of butterfish juveniles fed diets

with different levels of protein
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Fig. 2 Effects of varying dietary protein levels on the on
protease activities in stomach, forgut and liver of
butterfish

+ (n=3); ,
(P<0.05)

Data are mean £ SEM (n=3). In each tissue, bars without sharing a

common letter mean a significant difference (P<0.05).Pepsase ac-

tivity is determined in stomach and trypsin activity is determined in
forgut and liver(the same as fig.3-fig.5)
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Fig.3 Effects of varying dietary protein levels on the lipase
activities in stomach, forgut and liver of butterfish
. (P>0.05)

In each tissue, no significant difference was observed among dif-
ferent dietary groups (P>0.05)
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Fig.4 Effects of varying dietary protein levels on the

amylase activities in  forgut and liver of butterfish
, (P>0.05)

In each tissue, no significant difference was observed among dif-
ferent dietary groups (P>0.05)
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, DI D2 D5
(P<0.05);
(P>0.05)

24 HAHEAQKFHFEHEYN ESFHE
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(GPT)
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R GPT GOT
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Fig. 5 Effects of varying dietary protein levels on the GPT
and GOT activities in liver of butterfish juveniles
+ (n=3);
(P<0.05)

Data are mean + SEM (n=3). In each enzyme, bars without sharing a
common letter mean a significant difference (P<0.05)

: D3 D4 GPT
DI D5 ,D3 GOT DI
(P<0.05)

25 HAHEZFOKRKIFNEHEY EXE. R
FACIRAFH B

5
, D4 D3

, DI D2~D4  (P<0.05),
D3 D4 3
(P<0.05)
(P>0.05)

D3 D4 D3 , DI
D2 D5 (P<0.05) (MDA)

, D3 : DI D2
(P<0.05); , (GPX)

>

3 it
31 BUAKPY AR S GHE KM

x5 EARERKTNEFEYEMEREMELIERYZIE

Tab.5 Effects of varying dietary protein levels on the immune and antioxidant indexes in liver of butterfish juveniles

D1 D2 D3 D4 D5
15.12 + 1.03° 19.13 £ 0.24° 20.59 + 0.07° 20.67 + 0.87° 17.34 £ 0.81%
17577 £5.00°  203.45+7.15° 230.65 + 12.87° 220.45 + 6.85° 208.78 + 12.72°
157.67 +2.77 159.17 + 20.71 151.50 + 16.48 129.10 + 8.63 151.37 £ 8.36
9.98 + 1.83 8.51 +0.88 11.65 +2.38 11.43 +0.30 8.99 +2.20
39.26 + 0.88° 54.41 +3.12° 69.85 + 1.76° 74.06 £ 2.31° 54.05 + 3.18°
270.99 + 8.42°  326.45 +23.40° 385.65 + 23.28° 361.95+16.39%  287.73 +£26.99°
7.51 £0.59° 5.84 £0.38° 3.76 £ 0.36° 430 +0.56% 5.24 £ 0.08%
2.52 £0.09° 2.92 % 0.09" 3.37+0.19° 3.32+0.31° 3.14 +0.06°
U/mg
nmol/mg
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21 s (Sciaenops ocellatus)!'™
29.01%~34.37%"% (Scophthalmus maximus L.)!""! s
(Sciaenops ocellatus) 40%"!
ti# (Cuvier & Valenciennes) —44%!" 36.1%
, % (Trachinotus carolinus) , D5
45%!7 (Melano grammus aeglefinus L.) ,
49.9%!¥ (Gadus morhua L.)  54.0% ! (201
(Epinephelus malabaricus) 55%",
45%~55% , ,
[11] [21]
29%~34% )
[22]
b D3 b
(32%) ; ,
, D3 , D3 ,
[23]
, 35.15% )
D3 (32%) |,
’ : 3.3 RXEHAHEE 7J<%Lﬂé\§iﬁ% 2%q
[12-14] B RS MY R AL
2 b [24]
[11]. >
’ ’ ’ [25-27]
[15] 5 5
. (Cirrhina molitorella) ™ (Ctenopharyngodon
3.2 4:"]7H'§'é 7&% Vh/\* :@.%;@.ﬁ'ﬁiﬁ’ idellus)[29] ,
LA AR5 ’ £}
, (2] (Mugil- [3'],
cephalus linnaeus)“(’] ) s
[17] .
21% 48%,
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Studies on requirement of optimal protein levels in diets of
butterfish Scatophagus argus juvenile

LIN Si-yuan, YOU Cui-hong, WANG Shu-qi, LI Yuan-you

(Marin Biology Insititute & Guangdong Provincial Key Laboratory of Marine Biotechnology, Shantou
University, Shantou 515063, China)

Received: Dec., 30, 2013
Key words: Butterfish (Scatophagus argus); protein requirement; growth performance; digestive enzymes; immunity and anti-
oxidation capacity

Abstract: In order to determine the requirement of optimal protein levels for butterfish Scatophagus argus, five formulated
feeds (D1-D5) containing 8% lipid and different levels of protein (24%, 28%, 32%, 36% and 40%) were prepared using casein
as protein source and fish oil as lipid source. After an 8-week feeding period of butterfish juveniles (average body weight 4.3 g)
in net cages in the sea, the effects of dietary protein levels on growth performance and physiological/biochemical indexes of
butterfish juveniles were evaluated. The results showed that the weight gain rate (WGR), specific growth rate (SGR) and
protein efficiency rate (PER) upgraded first and then declined with the increase of dietary protein levels, and the maximum
value was observed in the group of fed with D3, which was significantly higher than those in dietary D1 and D2 groups.
However, the feed conversion ratio (FCR) displayed an opposite changing tendency, and the minimum value was observed
in D3 group which was significantly lower than those in D1 and D2 groups (P<0.05). The dietary protein levels also signifi-
cantly affected the contents of lipid and protein in fish body, the activities of protease in digestive system, and the immunity
and antioxidant indexes in fish body. All the vales were largest in D3 and D4 dietary groups. According to the quadratic equa-
tion of WGR with dietary protein levels, the suggested optimal dietary protein level is about 35% for butterfish juveniles.

(ALt 4 B 5 #H)
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