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20-22

2.42% (
( 4.22%) ¥ .

5.00%) 2.02%

3 x3

1.1

13.7%

( 2),

3x3 (0% .0.9%

2.0%) (0% .1.5% 3.0%)
(0% .1.19% 2.39%)

(STC
) 6
mol /L. NaOH pH 7.0~7.5

4 mm X 3 mm

45 C 12 h -20 C

1.2
(18.48 £0.16) g

1 ( )
Tab.1 Composition and proximate analysis of
the basal diets( dry matter) %

ingredients content
fish meal 13.

corn gluten meal 32.

o

&)
I

wheat meal
beer yeast
amino acid mixture®
fish oil
soybean oil
lecithin
mineral premix”
vitamin premix®

others!

N = O = NN 3 o W
[=REN Y e e o« o= ]

Arg and Lys mixture®
(% ) proximate composition( dry matter)
crude protein( % DM) 48.
crude lipid( % DM) 13.
ash( % DM) 6.
/% dry matter content 92.

w 0 3

(=)

/(kJ/g) gross energy 22.
la. (
% diet) : 0.42 0.63 0.82
0.85 0.68 2.51 0.14 0.39; b.
(mg/kg diet) : (1%) 50 (25%)
10 (30%) 80 (34.50%) 50
(31.80%) 45 (15%) 1 200 (1%) 20
(1%) 60 8 485; c. ( mg/kg diet) :

(98%) 25 B2(80%) 45 (99%) 20
B,(1%) 10 K(51%) 10 (98%) 800 (98%)
60 (99%) 200 (98%) 20 (2%) 60 A
(500 000 IU/g) 32 D(500 000 IU/g) 5 E(50%)
240 C(35%) 2000 ( 100%) 3
1 470; d. (% diet) : 0.25 1.00
( ) 0.30 ( ) 0.10 0.05
0.04; e. R 3x3

(0%0.9% 2.0%) (0% 1.5% 3.0%)

Notes: a. amino acid mixture (% DM ): Ldsoleucine 0. 42 L-
Methionine 0.63 L-Threonine 0. 82 L-Valine 0.85 L-Alanine 0. 68
L-Aspartic acid 2. 51 L-Cysteine 0. 14 L-Serine 0. 39; b. mineral
premix ( mg/kg diet) : CoCl, * 6H,0(1%) 50 CuSO, * 5H,0
(25%) 10 FeSO, * H,0(30%) 80 ZnSO, * H,0(34.50%) 50
MnSO, * H,0(31.80%) 45 MgSO, * TH,0(15%) 1200 Sodium
selenite( 1%) 20 Calcium iodine( 1%) 60 Zoelite 8 485; c. Vitamin
premix( mg/kg diet) : thiamin ( 98%) 25 riboflavin ( 80%) 45
pyridoxine-HCI(99%) 20 vitamin B, ( 1%) 10 vitamin K(51%)
10 inositol ( 98%) 800 pantothenic acid ( 98%) 60 niacin acid
(99%) 200 folic acid (98%) 20 biotin( 2%) 60 retinol acetate
(500 000 IU/g) 32 cholecalciferol ( 500 000 IU/g) 5 alpha—
tocopherol ( 50%) 240 ascorbic acid ( 35%) 2 000 anti-oxidants
(oxygen ling grams 100%) 3 rice husk powder( 100%) 1 470; d.
Others( % diet) : Choline chloride 0.25 Ca( H,PO,), * H,0 1.00
Attractant( betaine) 0.30 Mold inhibitor( calcium propionic) 0. 10
Antioxidant 0. 05; Y,0;0.04; e. A 3 x 3 factorial experiment were
designed: supplemented with three levels of arginine( 0% 0.9% and
2.0%) crossed with lysine(0% 1.5% and 3.0%) . Equal amino acid

nitrogen was maintained by replacing lysine and arginine with glycine
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2 a
Tab.2 Amino acid contents” of experimen(tal dietsz dry matter) %
Diet Diet Diet Diet Diet Diet Diet Diet Diet  50% 50%
amino acids 1-1 1-2 1-3 2-1 2-2 2-3 3-1 3-2 3-3 whole body prolein"
(EAA)
(Arg) 1.32 1.33 1.32 2.21 2.22 2.23 3.32 3.31 3.33 2.97
( Lys) 1.03 2.28 3.43 1.05 2.26 3.45 1.03 2.29 3.43 3.42
( His) 0.68 0.66 0.65 0.67 0.64 0.64 0.61 0.64 0.65 0.64
( Ile) 1.9 1.86 1.89 1.9 1.92 1.87 1.9 1.87 1.9 1.89
( Leu) 4.1 4.17 4.17 4.13 4.1 4.13 4.16 4.14 4.12 3.44
( Met) 1.32 1.33 1.31 1.3 1.32 1.34 1.31 1.32 1.33 1.40
( Phe) 1.8 1.82 1.83 1.83 1.81 1.81 1.81 1.82 1.83 1.83
( Thr) 1.94 1.95 1.94 1.93 1.93 1.94 1.94 1.95 1.94 1.99
( Val) 2.45 2.44 2.45 2.41 2.45 2.41 2.43 2.44 2.45 2.45
( NEAA)
( Ala) 3.2 3.19 3.2 3.23 3.15 3.21 3.14 3.2 3.19 3.25
( Asp) 4.7 4.66 4.7 4.68 4.74 4.68 4.72 4.7 4.66 4.75
( Cys) 0.59 0.63 0.63 0.6 0.63 0.63 0.63 0.59 0.63 0.62
( Glu) 8.16 8.34 8.41 8.16 8.32 8.4 8.38 8.31 8.19 6.79
( Gly) 6.57 4.94 3.5 5.45 4.09 2.82 4.21 3.06 1.97 4.32
( Ser) 2.07 2.13 2.14 2.16 2.16 2.17 2.15 2.07 2.13 2.16
( Tyr) 1.38 1.39 1.35 1.36 1.36 1.37 1.36 1.39 1.35 1.16
D a. 3 b, 50%
Notes: a. Values are the means of triplication; b. Amino acid profiles in 50% whole body protein of turbot
24 h
27 (500L 30 / ) 8 . 105 °C
2 (7:00  19:00) lh ., ( Kjeltec 2300
Sweden) (N x6.25);
N o ( Buchi
N 36680 Switzerland) ;
(10.6 L/min (550 C) 8 h
>20 ) 24 h ; ( Parr1281 USA);
19 ~24 C 24 ~ 26 ( Biochrom 30 GE England) o
6.05~6.80 mg/L pH 7.90 ~8.05, 1.4
1.3 (WGR %) = ( - ) x 100/
24 h 5
-20 C (SGR %) =(Ln - Ln
o 8 ) x100/
24 h 1:10 000 ( FER) = (g)/
. 5 (g)
-20 C : ( PER) = (g)/
6 . (g)
; 3 (PR %) =( x
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) x100/( X )
(SR %) =100 x (
/ )

(HSI) = x 100/
(VSI) = x 100/
(CF g/em’) =( g) x 100/
( em’)
SPASS 16.
0 o (two-—
way ANOVA) N
N P <
0.05 o
( Arg x Lys)
( One-way ANOVA)
Tukey’ s
(a b c) (P<
0.05)
(p a)
(P<0.05);
(xy)
(P<0.05) .
2
2.1
(Arg) (Lys)
(WGR) . ( SGR) ( SR)
(P>0.05)( 3). WGR SGR
Lys
(P<0.05) Lys Arg
(P>0.05); Arg
0.9% Lys 1.19% Lys
Arg Lys
(P>0.05)
Arg Lys
( FER) . ( PER) ( PR)

(P<0.05)( 3);FER.PER
PR Lys Lys
1. 19%
(P <0.05) Arg
(P>0.05) .
Lys 1. 19% Arg
FER.PER PR (P>0.05)
Arg 0.9%
i Lys 2.39% FER.PER
PR Arg
2 Arg (0.9% 2.0%) 9
2.2
Arg
Lys (P<
0.05)( 4); Lys
Lys
(P<0.05) , Arg
Lys
(P>0.05) Lys
(P<0.05) .
Arg  Lys N
( 4.
Arg  Lys Arg
(P<0.05)
2 Arg (P>
0.05) ; Lys (P<
0.05) . Lys Lys
(P<0.05) .
Arg Lys
(P>0.05)
2.3
Arg
Lys ( HSI) . (VSI)
(CF) (P>0.05)( 5),
HSI  VSI Arg  Lys
Arg 2.0% HST  VSI
(P<0.05); Lys
HSI VSI (P <
0.05) . Arg  Lys
CF (P>0.05)
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3
Tab 3 Growth performance and nutrient utilization of turbot fed diets with different Arg/Lys levels
/

Diet 1% 1% 1% (% /d) 1%
Arg level Lys level WGR SGR FER PER PR SR

individual treatment means
Diet 1 -1 0 0 128. 86 1.18 0.99" 2,04 24,77 98.89
Diet 1 -2 0 1.19 149.16 1.30 .11 2.29% 31.57% 100. 00
Diet 1 -3 0 2.39 149.32 1.30 1.10® 2.28% 31,348 100. 00
Diet2 -1 0.9 0 130.00 1.19 0.98" 2.00" 22.32¢ 100. 00
Diet 2 -2 0.9 1.19 168. 88 1.41 1.22¢ 2.49* 35.00° 98.89
Diet 2 -3 0.9 2.39 120.99 1.13 0.91° 1.88¢ 26. 67" 100. 00
Diet 3 -1 2.0 0 124.20 1.15 1.02" 2,10 24.63 98.89
Diet 3 -2 2.0 1.19 153.84 1.33 1.16% 2.36% 33.30% 100. 00
Diet 3 -3 2.0 2.39 130.55 1.19 0.90° 1.83¢ 24.30¢ 98.89
Pooled SE 3.89 0.02 0.02 0.05 0.93 0.002

means of main effect
0 142.45 1.26 1.07 2.20 29.23 1.00
0.9 139.96 1.24 1.03 2.12 28.00 1.00
2.0 136.20 1.22 1.02 2.10 27.41 0.99
0 127. 697 1.177 1.00 2.05 23.91 0.99
1.19 157.29*% 1.35*% 1.16 2.38 33.29 1.00
2.39 133. 627 1.217 0.97 2.00 27.44 1.00
P ANOVA: P-alue

Arg level 0.69 0.67 0.36 0.26 0.27 0.78
Lys level 0.002 0.002 <0.001 <0.001 <0.001 0.78
X Arg x Lys level 0.16 0.17 0.006 0.007 0.015 0.43

(n=3). Tukey’ s .

(P>0.05)
Notes: Treatment means represent the average values for three tanks per treatment. All the data were subjected to two-way ANOVA followed by
Tukey’ s multiple range tests. Values in the same column with the same superscript or absence of superscript are not significant different( P >

0.05) the same as the following

4 ( )
Tab.4 Proximate composition in whole body of turbot fed diets with different Arg/Lys levels( wet weight) %

Diet Arg level Lys level crude protein crude lipid ash moisture

individual treatment means

Diet 1 -1 0 0.00 13.57" 3.62 3.85 79.17
Diet 1 -2 0 1.19 14.43* 3.41 3.74 78.42
Diet 1 -3 0 2.39 14. 44* 3.51 3.70 78.32
Diet 2 -1 0.90 0.00 13.00°¢ 3.90 3.76 79.57
Diet 2 -2 0.90 1.19 14.57* 3.37 3.65 78.65
Diet 2 -3 0.90 2.39 14.75° 3.71 3.83 77.88
Diet 3 -1 2.00 0.00 13.37°¢ 3.51 3.72 79.50
Diet 3 -2 2.00 1.19 14. 64° 3.15 3.76 78.61
Diet 3 -3 2.00 2.39 14.20% 3.05 3.77 79.06
Pooled SE 0.12 0.07 0.02 0.12
means of main effect
0 14.15 3.51r 3.77 78.64
0.9 14.11 3.66° 3.75 78.70
2.0 14.07 3.241 3.75 79.05
0 13.31 3.67% 3.78 79.41*
1.19 14.55 3.31Y 3.72 78.56Y
2.39 14.46 3.42% 3.77 78.42Y
P ANOVA: P~alue
Arg level 0.81 0.02 0.92 0.06
Lys level <0.001 0.05 0.49 0.000
X Arg x Lys level 0.016 0.66 0.29 0.052
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5
Tab.5 Body index of turbot fed diets with different Arg/Lys levels %
Diet Arg level Lys level HSI VsI CF
individual treatment means
Diet 1 -1 0 0 1.62 6.36 3.12
Diet 1 -2 0 1.19 1.30 5.45 3.16
Diet 1 -3 0 2.39 1.36 5.51 3.15
Diet 2 -1 0.90 0.00 1.53 6.51 3.14
Diet 2 -2 0.90 1.19 1.33 5.34 3.14
Diet2 -3 0.90 2.39 1.29 5.21 3.19
Diet 3 -1 2.00 0.00 1.39 6.03 3.10
Diet 3 -2 2.00 1.19 1.07 4.93 3.17
Diet 3 -3 2.00 2.39 1.06 5.31 3.15
Pooled SE 0.04 0.11 0.02
means of main factor
0 1.43? 5.77° 3.15
0.9 1.38? 5.69% 3.16
2.0 1.1719 5.4219 3.14
0 1.51% 6.30" 3.12
1.19 1.24” 5.247 3.16
2.39 1.24Y 5.347 3.16
P ANOVA: P~value
Arg level 0.001 0.02 0.95
Lys level <0.001 <0.001 0.74
x Arg x Lys level 0.870 0.26 0.99
2.4 (P>0.05)
2.5
Arg
Lys \ N Arg
N N Lys N N
(P<0.05)( 6).3 N N N
N Arg  Lys (P<0.05)(
0.9% 2.39% o 7).
Arg  Lys 0.9%
(Arg 2.0% Lys 2.39%) . 2.39% (P<0.05) . Arg 0%
N N Lys
Arg 0% (P<0.05) . Arg
Lys 2.39% Lys (P>
Arg  Lys 0.05) .
N N Arg  Lys
(P>0.05), Lys (P>
(P<0.05) 0.05) . Arg  Lys
Arg  Lys . 2 (P>0.05) .
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6 ( )
Tab.6 Muscle essential amino acid levels of turbot fed diets with different Arg/Lys levels( dry weight) %
Diet 1% 1% Arg Lys His Leu Met Thr Val
Arg level Lys level Ile Phe TEAA
individual treatment means

Diet 1 -1 0 0.00 4.37%  6.66% 1.43' 569" 3.090" 1.97 3.0l 3.55  3.98  33.77™
Diet 1 -2 0 1.19 4.56° 7.39% 1.58% 6.48° 3.61° 2.56 3.24 3.86 4.55 37.84"
Diet 1 -3 0 2.39 4.70% 7.62*" 1.62* 6.52° 3.64* 2.73 3.55 3.85 4.78 39.01°
Diet 2 -1 0.90 0.00 4.51"%  6.92% 1.48%c 5 99¢b 3 3ab 2.29  3.25 3.76  4.22  35.70"*
Diet 2 -2 0.90 1.19 4.58% 7.36%° 1.58% 6.32° 3.45" 2.46 3.34  3.88  4.47 37.43*
Diet 2 -3 0.90 2.39 3.94>  6.41°  1.35° 5.46" 3.03* 2.10 2.79  3.40  3.88  32.36°
Diet 3 -1 2.00 0.00 4.45" 6.62" 1.44> 5.78% 2.97° 2.06 3.20 3.37  4.17  34.06™
Diet 3 -2 2.00 1.19 4.38"% 6.98% 1.53% 6.21* 3.42" 2,60 3.22  3.62  4.37 36.32%
Diet 3 -3 2.00 2.39 4.83*  7.65° 1.57" 6.37° 3.41" 2.50 3.37 3.82 4.46 37.97*

Pooled SE 0.06 0.10 0.02 0.08 0.06 0.07 0.06 0.05 0.10 0.50

means of main factor

0.0 4.54  7.22 1.55  6.23  3.45 2.42  3.27 3.75 4.44  36.87

0.9 4.34  6.89 1.47 592 3.26 2.28 3.13 3.68 4.19  35.16

2.0 4.55 7.08 1.51  6.12  3.27 2.39 3.26 3.60 4.33  36.11

0.00 4.44  6.73 1.45 5.82  3.12  2.11Y 3.15  3.56 4.12  34.51

1.19 4.51  7.24 1.57  6.34  3.49 2.54% 3.27 3.79 4.46  37.20

2.39 4.49 7.23  1.51  6.12 3.36  2.45° 3.23  3.69 4.37  36.44

P ANOVA: P-alue

Arg level 0.22 0.17 0.06 0.10 0.15 0.56 0.51 0.42 0.57 0.14

Lys level 0.87 0.01  0.004 0.006 0.01 0.0 0.69 0.16 0.34 0.01

X Arg xLys level ~ 0.02  0.003 0.001 0.06 0.04 0.11 0.05 0.06 0.37 0.002

7 ( )

Tab.7 Muscle non-essential amino acid levels of turbot fed diets with different Arg/Lys levels( dry weight) %

Diet Ala Glu Gly Ser Tyr
Arg level Lys level Asp Cys TNEAA TAA
individual treatment means
Diet 1 -1 0.00 0.00 4.56%  8.29%  0.67 12.97  3.70%1  3.24  2.42% 35.83%  69.60"
Diet 1 -2 0.00 1.19 5.06 8.95%  0.78 14.26  4.20° 3.47  2.71% 39.41° 77.25%
Diet 1 -3 0.00 2.39 5.19° 8.92® 0.76  14.04 4.09* 3.31  2.73° 39.06° 78.06°
Diet 2 -1 0.90 0.00 4.82%  8.61"  0.65 13.88 3.78%  3.50  2.50% 37.74% 73.45%¢
Diet 2 -2 0.90 1.19 4.98%  9.04° 0.71 14.12  3.95%  3.44 2. 68% 38.93%  76.36%
Diet 2 -3 0.90 2.39 4.20¢  7.74% 0.70 12.5  3.16° 3.04  2.26" 33.59" 65.95¢
Diet 3 -1 2.00 0.00 4.46" 8.13*  0.48 12.32 3.41 3.00  2.30* 34,10 68.15"
Diet 3 -2 2.00 1.19 4.88"  8.48"  0.67 13.34  3.63%«  3.21  2.58® 36.78% 73. 1%
Diet 3 -3 2.00 2.39 4.81"% 8.8  0.79 13.97 3.53b 3,29 2 68 37.96% 75.93%
Pooled SE 0.07 0.11 0.05 0.19 0.07 0.05 0.04 0.50 0.96
means of main factor

0.0 4.94 8.72 0.74  13.76  4.00 3.34 2.62 38.10 74.97

0.9 4.67 8.46 0.69 13.50  3.63 3.33 2.48 36.75 71.92

2.0 4.72 8.50 0.64 13.21  3.53 3.17 2.52 36.28 72.39

0.00 4.62 8.34 0.60 13.06 3.63 3.25 2.41 35.89 70. 40

1.19 4.97 8.82 0.72 13.91  3.93 3.37 2.66 38.38 75.57

2.39 4.73 8.51 0.75 13.50  3.59 3.22 2.56 36.87 73.31

P ANOVA: P-alue

Arg level 0.05 0.41 0.81 0.38 0.00 0.29 0.20 0.14 0.15

Lys level 0.01 0.09 0.53 0.11 0.01 0.38 0.01 0.04 0.02

x Arg xLys level ~ 0.001  0.01 0.96 0.04 0.01 0.16 0.02 0.01 0.003
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Effects of lysine-arginine interaction on growth performance
body composition and muscle amino acid levels of
juvenile turbot( Scophthalmus maximus L. )

DAI Weiwei MAI Kangsen XU Wei ZHANG Yanjiao Al Qinghui’
( Key Laboratory of Aquaculture Nutrition and Feeds Minisiry of Agriculture Key Laboratory of Mariculture
Ministry of Education Ocean University of China Qingdao 266003 China)

Abstract: A feeding experiment was conducted to investigate the effects of lysine arginine and their
interaction on the growth performance whole body composition and muscle amino acid levels of juvenile
turbot( Scophthalmus maximus L.) initial weight( 18.48 £0. 16) g . Nine isonitrogenous and isoenergetic
diets according to a 3 x3 factorial were designed: the basal diet as the control diet supplemented with three
levels of arginine( 0% 0.9% and 2.0%) crossed with lysine( 0% 1.19% and 2.39%) . Each diet was
randomly allocated to triplicate groups of juvenile turbots for 10 weeks. The results showed that the weight
gain rate( WGR) and specific growth rate( SGR) were significantly increased at the level of lysine( 1.19%)
supplement diets( P < 0. 05) while the addition of arginine had no additional effect( P > 0. 05) . Dietary
lysine and arginine had significant interactions on feed efficiency rate( FER) protein efficiency rate( PER)
protein retention( PR) and crude protein content( P <0.05) the maximal value of which was obtained at the
levels of lysine( 1.19% ) and arginine( 0. 9% ) supplement diet. However weight gain( WGR) the specific
growth rate( SGR) crude lipid content ash and body indexes were not affected by the interaction of arginine
and lysine( P >0.05) . Crude lipid content and moisture were decreased with the increased levels of lysine
(P <0.05) while the gradient arginine showed no significant effect( P > 0. 05) . Hepatosomatic indexes
( HSI) and visceral indexes( VSI) were greatly reduced with the increased levels of both lysine and arginine
( P <0.05) . Dietary lysine and arginine had significant interactions on majority muscle individual amino acid
levels the minimum value of which was obtained at the levels of lysine( 2.39%) and arginine( 0. 9%)
supplement diet( P <0.05) . It was concluded that lysine and arginine had interaction for the aspects of feed
efficiency body protein retention and muscle individual amino acid levels while the interaction effect of the
growth and body index does not exist; juvenile turbot maintained maximal growth and feed efficiency at the
supplement levels of lysine( 1. 19%) and arginine( 0. 9%) ; compared to arginine lysine seems to be the
major factor proper supplementation promotes growth while excessive level inhibits turbot growth feed
efficiency and muscle amino acids retention through the antagonism with arginine.
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