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7. 1 °
( Scophithalmus maximus L.) 06:00 18:00 2
o 19~22 C 30%o0~33%0 pH 7.5~
’ 8.0 0.1 mg/L
0.1 mg/L 6.0 mg /L.
1 ( )
(p ) ’ d fish I FM) Table 1 Composition and nutrient levels of the
eruvian re: 1sn mea N . .
( soybean meal SBM) . ( sunflower meal baval et (DM basi) "
SFM) ( corn gluten meal CGM) ftems Content
Ingredients
’ ’ Fish meal 50.00
Soybean meal 12.95
Wheat flour 25.00
° Soybean lecithin 2.00
Fish oil 4.50
1 Vitamin premix" 2.00
1.1 Mineral premix” 2.00
Choline chloride 0.30
4 Attractant 0.50
~ ~ Calcium propionate 0.10
o Ethoxy quinoline 0.05
Ca( H,PO,) , 0.50
0% 0% - 10000
ota .
0-1% (Y20.) Nutrient levels
4 ° DM 95.11
N ° Ccp 49.17
1 EE 12.30
2. Ash 11.54
60 GE/( MJ/kg) 20.88
. F-26 g The vitamin premix
TSE65 provided the following per kg of the diet: VB, 0.025 ¢ VB,
. 45 C 0.045 g VB, 0.020 g VB,, 0.010 g VK, 0.010 g ino—
o sitol 0.800 g calcium pantothenate 0.060 g nia—
12-h —20 ¢ ° cin acid 0.200 g folic acid 0.020 g biotin
1.2 0.060 g VA 16 000 TU VD, 2 500 TU VE 0.240 g VC
2.000 g microcrystalline cellulose 16.473 g,
° 2 The mineral premix
2 provided the following per kg of the diet: MgSO, « 7H,0
o N 1.200 g CuSO, * 5H,0 0.010 g FeSO, = H,0 0.080 g
(8.98+0.01) ¢ 10 ZnS0, * H,0 0.050 g CoCl,( 1%) 0.050 g Ca(10,) ,( 1%)
3 40 0.060 g Na,SeO,( 1%) 0.020 g; zeolite powder

18.485 g.



7 2047
2 ( )
Table 2 Nutrient levels and amino acid composition of tested protein sources ( DM basis) %
Items FM SBM SFM CGM
Nutrient levels
DM 91.60 88.93 93.57 90.50
Ccp 72.54 52.49 52.41 65.79
EE 10.28 2.14 1.27 2.69
Ash 14.76 7.82 7.78 3.89
GE/( MJ/kg) 21.32 19.82 19.68 23.01
Amino acid composition
Essential amino acids
Thr 2.86 1.90 1.82 2.09
Val 3.34 2.34 2.52 2.87
Met 1.88 0.68 1.18 1.67
Cys 1.24 0.72 0.75 1.13
Ile 2.92 2.29 2.12 2.52
Leu 4.97 3.70 3.19 9.83
Phe 2.75 2.49 2.38 3.87
Tyr 2.20 1.65 1.24 2.91
Lys 5.34 2.99 1.69 1.05
His 2.40 1.32 1.30 1.35
Arg 4.04 3.55 4.09 2.11
Non-essential amino acids
Asp 6.09 5.56 4.52 3.79
Ser 2.60 2.45 2.09 3.70
Glu 8.60 8.93 9.77 13.13
Gly 4.00 2.06 2.81 1.71
Ala 4.28 2.12 2.17 5.37
1.3 Y,0,
( 1.2.3.4.5 L-8900
6 h) .
4h . 2 o-10
(1:10 000)
ADC=100%x(1-D,/F,);
3 cm ADC,=100x 1-( F/D) x( F,/Dy) ;
-20 C o 2 ADC;= (0.7xN,+0.3xN,) ADC -
1 0.7xN xADC, /(0.3xN,)
o 6 ADC ( )
o (%);ADC, (
1.4 ) (%)
105 C ADC, (%): D,
Y,0; (%) Fy Y,0;,
550 C (%); F (%) ;D
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(%), ADC,
(%)
ADC,
(%) ; N, (%) ;
N; (%) -
1.5
SPSS 17.0
( one-way ANOVA)
<0. ukey s
( P<0.05) Tukey’
i o
2
2.1 4
3 4
22.33% ~65.50% -
(P<0.05);3
( P<0.05)
4
48.97% ~ 85.28% o
( P<0.05) ;3
( P<0.05) ,
4
47.70% ~ 84.14%
o 4
91.36%
( P<0.05) ;3
;3
4
44.50% ~ 81.16%
3
(P<0.05); 3

( P>0.05) .

2.2 4

3 4
24.26% ~70.87% -

( P>0.05)
( P<0.05)
5.37%
4.00%
10.72%
4
57.20% ~ 85.33% .

( P>0.05)
( P<0.05)
7.94%
6.02%
8.23%
4
68.27% ~87.09% .
4
( P<0.05) N N
2.95%.11.48%. 10.34%
20.57%;
( P>0.05) 4
( P<0.05) .
4
49.23% ~ 84.35%
(P>
0.05)
( P<0.05)
7.35% 4.73%
8.40%
3
3.1

11-13
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Table 3 Apparent digestibility coefficients of nutrients in tested protein sources ( n=3) %
Items FM M, SBM SBM SFM SFM CGM CGM,
65.50 70.87 32.79 36.79 22.33 24.26 26.25 36.97
DM +0.45° +0.49"' +0.66° +0.53" +0.86° +0.35" +0.59" +1.02¢
85.28 85.33 62.90 70.84 61.17 67.19 48.97 57.20
cp +0.10° +0.33° +0.19° +0.24" +0.69" +0.74° +0.57" +0.93"
81.16 84.35 49.26 56.61 44.50 49.23 46.28 54.68
GE +0.51" +0.22" +0.80" +0.18° +1.12° +0.44" +0.84" +0.99°
Essential amino acids
82.25 86.70 58.55 74.01 53.50 65.22 37.83 61.27
Thr +0.13¢ +0.22" +0.22° +0.04 +0.12" £0.13° +0.16" +0.18¢
82.91 83.97 66.12 76.40 62.83 73.74 45.29 67.84
Val +0.05% +0.21% +0.22° +0.26' +0.24" +0.23° +0.22° +0.24¢
87.92 88.28 73.12 78.10 69.68 77.21 59.57 76.33
Met +0.09" +0.09" +0.16° +0.25° +0.28"  £0.16" +0.19° +0.26"
83.23 87.53 65.65 81.28 65.66 78.23 44.17 70.15
Tle +0.25" +0.44F +0.26" +0.23° +0.37" +0.24" +0.26" +0.24°
86.08 90.41 74.58 86.75 67.76 82.32 63.26 78.80
Leu +0.21"' +0.25¢% +0.11° +0.05' +0.22" +0.16° +0.21° +0.24¢
84.60 92.32 75.25 88.96 62.21 75.60 75.24 89.55
Phe +0.27¢ +0.21° +0.19" +0.16" +0.33" +0.31" +0.27° +0.44"
91.36 91.69 69.64 84.44 64.56 79.75 20.54 52.42
Lys +0.28¢ +0.22¢ +0.30" +0.22' +0.23° +0.15° +0.17" +0.25"
87.54 88.70 70.29 80.67 66.27 78.33 47.35 66.28
His +0.28" +0.25* +0.21° +0.19° +£0.07"  +0.24" +0.21° +0.17"
88.26 87.99 81.57 85.46 83.02 86.58 60.49 72.15
Arg +£0.24" £0.27" £0.11° £0.22° £0.25° +0.25° +0.40° +0.15"
Non-essential amino acids
83.64 87.54 63.11 79.19 57.82 65.50 34.33 58.16
Asp +0.55" +0.44¢ +0.03° +£0.14° +£0.57" +0.34" +0.54" +0.48"
82.47 86.42 67.81 81.67 62.06 75.03 54.34 71.38
Ser +0.19# £0.17" +0.26° +0.14' +0.08" +0.07° +0.18° +0.03"
70.51 71.06 29.87 33.08 19.51 39.59 33.45 65.37
Cys +0.32" +0.20" +0.26" +0.50° +0.16"  +0.28" +0.05° +0.23°
83.24 90.60 65.54 86.25 79.14 87.21 59.54 79.61
Tyr £0.24" £0.26" £0.16" £0.24° £0.16° £0.14° £0.24" +£0.25°
85.54 86.12 67.62 72.60 70.25 75.84 54.93 67.78
Glu +0.42" +0.54" +0.12" +0.09° +0.37° +0.22° +0.41° +0.42"
80.34 85.64 58.85 77.47 51.61 56.48 25.48 58.56
Gly +0.25° +0.16" +0.12° +0.30" +0.07" +0.18° +0.24° +0.11°
86.27 88.52 67.68 72.57 61.63 65.37 60.36 70.64
Ala +0.16¢ +0.11" +0.04" +0.25" +0.13" +0.02° +0.19" +0.23°
84.14 87.09 65.95 77.43 63.16 73.50 47.70 68.27
TAA +0.14# +0.13" +0.24° +0.40' +0.15" +0.04° +0.26" +0.17"
( P<0.05) ; FM SBM SFM CGM
; E o

Values in the same row with different small letter superscripts indicated significant difference ( P<0.05) ; FM represented Pe—
ruvian red fish meal SBM represented soybean meal SFM represented sunflower meal CGM represented corn gluten meal;
names of protein sources with no subscript letter represented the groups of extruded pellet feeds while with a subscript letter E re—

presented the groups of extruded pellet feeds.

7:3,
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o ( 1.4 ) 2
61.17%
3.2 4
( Oncorhynchus mykiss) 7 < N
( Cyprinus carpio var. Jian) **
( Litopenaeus vannamei) >
o 97.30%94.42%.92.85%
N 90.40% 48.97%
13 o o
4
o N ( Mylopharyn—
godon piceus Richardson) * *
65.50% o
( Rachycentron canadum) ' . ;3
( Pseudosciaena crocea) "’ ( Oreochromis
niloticus) o i,
19 .
81.16% 3
7. ( Oreochromisniloticus X Oreo—
0= chromis aureus) ( Acipenser baerii
Brandt) * o
49.26% ( Morone
saxatilis X Morone chrysops) **
2, (55.24%) o
46.28% ( Gadus morhua)
85.28% (162.90%) . ( Micropterus salmoides) *°
(61.17%) (48.97%) - 82.710% 76.50%
( Bidyanus Bidyanus) »
( Hemibarbus maculatus Bleeker) ** . ( Spurus o
mucrocephulus) * Y 3.3 4
86.20%  76.96% -
96.77% 92.14%.91.35% 89.64% 89.30%
84.50% o
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Nutrient Apparent Digestibility Coefficients of Several Protein
Sources in Juvenile Turbot ( Scophthalmus maximus L.) and Effects of
Extrusion Treatment on Them

YANG Chuanzhe HE Gen™ ZHOU Huihui MAI Kangsen
( The Key Laboratory of Aquaculiure Nuirition and Feed Ministry of Agriculture Ocean University of
China Qingdao 266003 China)

Abstract: This experiment was conducted to determine the apparent digestibility coefficients ( ADC) of dry
matter ( DM)  crude protein ( CP) amino acid ( AA) and gross energy ( GE) of Peruvian red fish meal

soybean meal sunflower meal and corn gluten meal in juvenile turbot ( Scophthalmus maximus. L) and the
effects of extrusion treatment on them. Test diets contained 70% basal diet and 30% tested protein source all
diets contained 0.1% yttrium trioxide as an exogenous indicator and were made into normal pellet feed and ex-
truded pellet feed respectively. Juvenile turbot with the average body weight of ( 8.98+0.01) g were randomly
divided into 10 groups with 3 replicates in each group and 40 fish in each replicate. The fish in different group
were fed with the corresponding diet and fecal samples were collected with the method of squeezing the hind—
gut after 2 weeks and this work was not completed until the sixth week. The results showed that the ADC of
DM CP total AA and GE of four protein sources were 22.33% to 65.50% 48.97% to 85.28% 47.70% to
84.14% and 44.50% to 81.16% respectively. Fish meal showed the significantly higher ADC for all nutrients
compared other three protein sources ( P<0.05) . Soybean meal had the highest ADC of CP among three plant
proteins the next was sunflower meal and corn gluten meal presented the lowest value. ADC of total AA of
each protein source presented the similar tendency with CP. Apparent digestibility of four protein sources espe—
cially the plant protein sources significantly improved after expanding treatment ( P<0.05) and the ADC of
DM CP total AA and GE of four protein sources were 24.26% to 70.87% 57.20% to 85.33% 68.27% to
87.09% and 49.23% to 84.35% respectively. The results indicate that extrusion treatment contributes to the

improvement of ADC of Peruvian red fish meal soybean meal sunflower meal and corn gluten meal in juven—

ile turbot. Chinese Journal of Animal Nutrition 2016 28(7) :20452054

Key words: turbot; protein source; apparent digestibility; extrusion
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