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Tab.1 Amino acid composition of the test ingredients used in the experiment( dry matter)

o

500 mg/kg Y,O0, ( Fluka

%

amino acid fish meal soy protein concentrate amino acid fish meal soy protein concentrate
Asp 6.28 7.07 Leu 5.21 5.24
Thr 3.09 2.62 Tyr 2.35 1.06
Ser 2.66 3.54 Phe 2.95 3.23
Glu 9.05 14.63 His 2.16 1.54
Gly 4.18 3.00 Lys 5.72 4.06
Ala 4.29 3.11 Pro 2.37 3.86
Met 2.23 0.99 Arg 4.31 4.81
Ile 3.00 3.12
2 (
Tab.2 Formulation and proximate composition( dry weight) of five experimental diets
diet no.
ingredient 1 2 3 4 5
fish meal' 61.0 48.8 36.6 24.4 12.2
soy protein concentrate' 0.0 12.0 25.0 37.0 49.5
wheat flour 15.0 15.0 15.0 15.0 15.0
wheat-middlings 13.2 11.1 8.0 5.9 3.4
oils? 6.3 7.3 8.3 9.2 10. 1
soybean lechithin 1.0 1.0 1.0 1.0 1.0
vitamin mix’ 0.5 0.5 0.5 0.5 0.5
mineral mix* 1.0 1.0 1.0 1.0 1.0
VC (35%) ascorbic acid 0.1 0.1 0.1 0.1 0.1
choline chloride( 50%) 0.25 0.25 0.25 0.25 0.25
Ca( H,PO;) , 0.5 1.0 1.5 2.0 2.5
crystalline amino acids® 0.0 0.8 1.7 2.5 3.3
attractants® 1.0 1.0 1.0 1.0 1.0
mold inhibitor 0.1 0.1 0.1 0.1 0.1
ethoxyquin 0.05 0.05 0.05 0.05 0.05
proximate analysis( n =3)
/% crude protein 50.5 50.0 49.8 49.9 51.2
/% crude lipid 12.4 12.4 12.3 12.2 12.2
/% ash 13.5 12.3 10.5 9.7 8.7
/% total phosphorus 1.5 1.4 1.3 1.1 1.0
/(MJ/kg) gross energy 20.7 20.9 21.0 20.8 21.2
1. Alimentos Marinos S. A. ( ) 74.3% 7.3%;
70.1% 0.8%;2. =1:1;3. (mg IU/kg B, 24.5;
36; Bg 19.8; B, 0.1; K;(MSB) 5.1; 784; 58.8; 198; 19.6; 1.2; A
16 000 1U; D; 2500 IU; E (mg/kg )i MgSO, « 7H,0 1 200; CuSO, * 5H,0

10; ZnSO, * H,0 50; FeSO, * H,0 80; MnSO, * H,0 45; CoCl(1%) 50; Na,SeO,(1%) 20; Ca(10,),(1%) 60;

: Ldysine: DL-methionine: Ldeucine: L-valine: L-threonine = 18:6:3:2.5:2;6.
Notes: 1. Fish meal steam dried produced by Alimentos Marinos S. A. ( Alimar Chile) crude protein 74.3% dry matter crude lipid 7.3% dry

6.6 ¢

8 485;5.
DMPT 3.4 ¢

matter; SPC supplied by Dong Ying Wonderful Vegetable Protein Science and Technology Co. Ltd. ( Shandong China) crude protein 70. 1%

dry matter crude lipid 0.8% dry matter; 2. Fish oil: soybean oil =1:1; 3. Vitamin premix( mg or IU/kg diet) : thiamin 24.5 mg; riboflavin 36

mg; pyridoxine HCI 19.8 mg; vitamin B}, 0.1 mg; vitamin K5 5.1 mg; inositol 784 mg; pantothenic acid 58.8 mg; niacin acid 198 mg;
folic acid 19.6 mg; biotin 1.20 mg; retinol acetate 16 000 IU; cholecalciferol 2 500 IU; alpha-tocopherol 200 mg; 4. Mineral premix( mg/kg
diet) : MgSO, » 7H,0 1 200; CuSO, *5H,0 10; ZnSO, * H,0 50; FeSO, « H,0 80; MnSO, * H,0 45; CoCl(10 g/kg) 50; Na,SeO,
(10 g/kg) 20; Ca(105),(10 g/kg) 60; Zeolite 8 485; 5. Crystalline amino acids( CAA)
methionine: L-eucine: L~valine: L-threonine =18:6:3:2.5:2 to balance amino acid profiles; 6. Contained betaine 6.6 g and DMPT 3.4 ¢

Supplied the following ratios: Ldysine: DL-
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3 ( )
Tab.3 Amino acid composition( dry weight) of
five experimental diets %
diet no.
amino acid profile 1 2 3 4 5

Asp 4.07 4.27 4.27 4.78 5.41

Thr 1.77 1.78 1.71 1.75 1.80
Ser 1.87 1.97 1.98 2.00 2.05
Glu 7.06 7.44 7.47 7.78 8.21
Gly 2.79 2.64 2.36 2.06 1.82
Ala 2.53 2.14 1.94 1.66 1.29
Met 1.03 0.94 0.90 1.01 1.20
Ile 1.87 1.79 1.63 2.08 2.21
Leu 3.46 3.39 3.47 3.81 4.03
Tyr 1.27 1.29 1.25 1.01 0.83
Phe 1.81 1.92 1.94 1.95 1.85
His 1.10 0.96 0.98 0.86 0.76
Lys 3.21 3.35 3.33 3.38 3.70
Pro 2.69 3.05 3.46 3.29 3.68
Arg 2.68 2.72 2.63 2.74 2.76
( 80 ) 1
Vv
( Vo.5 ) 30%
(260
) 3.0 mm X
3.0 mm 60 °C 10 h
-20 C o
1.2
(300 L) 1.0
L/min, 24 h
(31.1+0.1) g
15 ( 3
) 16 o 6
o 3
2 (8:30 17:00)
o 9
(18.0 £0.5)C 28.5~32 pH 7.8 ~
8.5 <0.03 mg/L 7 mg/L o
1.3
24 h
o 5 o
5 N

Cheng " 5h
2 ( 28 e
AOAC "
o 105 C
(24 h);
TECATOR 1030 :
550 C (16 h)

( Parr 1281 ) o 6 N
HCI (24 h)
( Biochrom 30 GE England) o
Y,O0,

( ICP-OES; VISTA-MPX VARIAN)

1.4

(feed intake FI) =100 xI x2/( W, +
W,) xt
( specific growth rate SGR)
(Ln W, -LnW,) /t
(feed efficiency ratio FER) =( W, —

t

W,) /1

( protein efficiency ratio PER)
(W,-W,) x100/IxP
( condition factor CF) =100 x

(g)/  (cm)’
( viscerosomatic index VSI) =100 x
(g)/ (g
W.(g)  W,(g) t
(d) I(g) P
(%) o

ADC( %) = 1-(

Y,0,/ Y,0,) x( /
) x 100

( One-Way
ANOVA) (P<0.05)
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Tukey SGR SPC o
SPSS 11.0 o 25.0% 37.0% 49.5% SPC
(P<0.001) 12% SPC
2 SGR (P <0.001) ; 0.
2.1 12.0% 25.0%  37.0% SPC FER
PER o 0.12.0% 25.0% SPC
9 FER 49. 5% SPC (P<
100% . SPC 0.05) . 49.5% SPC PER
( FI) . ( SGR) . (P<0.01),
( FER) (PER) ( 4). FI
4
Tab.4 Growth performance of turbot fed diets containing various concentrations of fish meal and SPC
/g /( g/100B. W. /d) /(% /d)
diet no. final weight FI SGR FER PER
1 111.5° 1.28° 2.00° 1.40° 2.76*
2 96.9" 117 1.81" 1.40° 2.79°
3 88.5" 1.06" 1.67" 1.39° 2.79°
4 78.5° 1.0l 1.48° 1.36 2.72¢
5 64.11 0.92° 1.16¢ 1.20" 2.35"
Pooled S. E. M. 4.36 0.04 0.08 0.02 0.054
ANOVA
F 78.177 16.734 79.54 4.647 6.105
P <0.001 <0.001 <0.001 0.022 0.009
(P <0.05)

Notes: The different superscripts of the same column values are significantly different( P <0.05) the same as the following

2.2

5.
77.1% ~79. 0%

2.8%~3.8%

SPC

14.4% ~ 15. 6%
3.4%~3.8%
(P>0.05) .

5 (G
Tab.5 Proximate composition( wet weight) of the whole body of turbot fed diets
containing various concentrations of fish meal and SPC %
1% (% w.w.) (% w.w.) (% w.w.)
diet no. moisture crude protein crude lipid ash
1 77.1 15.4 3.8 3.6
2 77.2 15.6 3.7 3.4
3 77.3 15.6 3.2 3.7
4 77.5 15.3 3.1 3.8
5 79.0 14.4 2.8 3.7
Pooled S. E. M. 0.271 0.157 0. 156 0.050
ANOVA
F 2.033 3.1 2.256 2.591
P 0. 165 0.067 0.135 0.101
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2.3 N

o SPC

(P>0.05),
(P>0.05) . SPC

(P>0.05) .

Tab.6 Biometric indices and apparent digestibility coefficients of nutrients by
turbot fed diets with different levels of SPC

1% 1%
diet no. CF VSI ADC of dry matter ADC of crude protein
1 4.04 4.75 74.2 86.7
2 3.83 5.12 69.8 84.2
3 3.87 4.73 68.7 86.4
4 3.84 5.16 69.7 83.5
5 3.72 5.00 69.4 85.3
Pooled S. E. M. 0.05 0.10 0.84 0.72
ANOVA
F 0.986 0.837 1.572 0. 649
P 0.458 0.532 0.256 0.641
0.12.0%.25.0%  37.0% SPC
3 FER . Day °
SPC SPC 0.
SGR (P<0.001) o 18.5% 36.5% FER o
Day ’ SPC
o 36.5%.55.0% 73.5% PER
o PER 80%
(49.5% SPC ) o
PER N
. Deng 6 ( Paralichthys N N
olivaceus) | Kissil " ( Sparus aurata o,
L.) .
( Hippoglossus hippoglossus) - 7
( Solea senegalensis) ° < ( Rachycentron
canadum) *© . ( Salmo salar) " ", (
( Pelteobagrus vachelli) ™ DMPT) SPC
SPC (40% ~75%) SPC
o Day ° o SPC
SPC 25. 0% FI (P<0.001) o Deng
(18.5%SPC ) N FER o
PER o SPC FI
o - Day ° 0.27%
Day ’ 0.5% S5-
(22.7%) (12.0%) - SPC 100%
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Effects of replacing fish meal with soy protein concentrate on
feed intake and growth of turbot( Scophthalmus maximus)

5

LIU Xingwang' > Al Qinghui'" MAI Kangsen' LIUFU Zhiguo' XU Wei'
(1. The Key Laboratory of Mariculture of Education Ministry of China Ocean University of China Qingdao 266003 China;
2. Guangdong Evergreen Feed Industrial Co. Lid Zhanjiang 524094 China)

Abstract: This study evaluated the effects of fish meal replacement with soy protein concentrate( SPC) on
feed intake growth and nutrient utilization of turbot Scophthalmus maximus. Five experimental diets were
formulated in which FM protein was replaced by SPC at 0 12% 25% 37% ( S75) and 49. 5%
respectively. Five diets were supplemented with 0 0.83% 1.65% 2.48% and 3.30% essential amino acid
mixture( L-ysine: DL-methionine: Ldeucine: L-valine: L-threonine = 18: 6:3:2.5:2) . Each diet was
randomly assigned to triplicate groups of fish and each group was stocked with 16 turbot with an initial
weight of(31.1 £0.1) g in 15 fiberglass tanks( 300 L) . Fish were fed twice daily( 8: 30 and 17: 00) to
visual satiation for 9 weeks. At the end of the growth experiment feed intake( FI) ( P <0.001) and specific
growth rate ( SGR) ( P < 0. 001) decreased linearly with increasing dietary SPC levels. There were no
significant differences( P >0.05) in feed efficiency ratio( FER) and protein efficiency ratio( PER) among fish
fed diets with 0 —37% SPC. Apparent digestibility coefficients of dry matter and crude protein of the diets
were not significantly( P >0.05) affected by dietary treatments. These results indicate that protein from SPC
could not effectively replace FM protein in diets of turbot because of lower feed intake.

Key words: Scophthatmus maximus; soy protein concentrate; fish meal; replacement; feeding and growth
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