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AR FHERNEaRRSENKEFHEEK,
A5 FAL A [E R & = RS

RE&EH, ZRA, & #H, KEF, XKE’
CH R R 2 K™= B 8 7 5 R Al AR S S0 = K R H B H M E R LI = IR & 266003)
WE: VAR AP RAR(Arg) H A B (Lys) KF X H A0 EAE A XK 8 & K R R 2 5L
HEAEREGENY W, RERUMGETE N (18.48 0.16)g WA ZEFE WA R L, KA 3 x
3 WE Z T, 7 AR 4 5] % i Arg(0% 0.9% #12.0% ) 2 Lys(0% .1.19% %12 2.39% ) ,
A& HEAFRNERARN, EIMERINEL, FEE0ORE, RAAH N8 A, £H
ZRERP, UEBF Lys FiwEN L 1I9% B A ZHHEXMBEALAKERAMTAHNAMELL
EFAGP<0.05) , EHARWAMNEY WA EEZHEHARZIEALTFERLER (P>
0.05), AHBE EORRE . FORREEMekEAREGEX AT Lys ft Arg HinE W
REYW(P<0.05),7% Arg 1 Lys RAnE DA N 0.9% fn 1.19% b , B & &, L ¥ | T H AR
KB MAFFH R WA (P <0.05), 28K K2 KB ERIGHEA % Arg fo Lys 8 K B 1E
AE 9 (P>0.05), ALK fn kM Lys WA mEA ST EEBRK(P <0.05) ; fF 4t o A
B AR Arg fr Lys Rin BN A BT R ZEBK(P<0.05), MAFASHAXREEZ A
Arg fo Lys R m B X EAE A, B Z B R KE ) 1 IAA Arg fo Lys B im & 2 5] 5 0.9% #12.39%
H(P<0.05), UELEEREW ArgfaLys WREEFBEEY M T AZH g 2 RAARE LK
EARNUAMAABER S E;Arg f1 Lys RinE QA4 0.9% 1 1.19% B, K Z A R K £ K
AR R R R E S Arg M, Lys A EEHHME R, EER WM Lys TURHALK TAMEDLR
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H Y B ( Ictalurus  punctarus )™ | 0T fi
( Oncorhynchus mykiss )" . B F| W % ¢ fa
( Oreochromis aureus )"’ . 2% 3¢ % &0 ifi ( Morone
saxatilis x M. chrysops )" F1 #% @5 ( Perca
flavescens) '™ R KIIEI NG . H—H AT E
W B0 T — s A B AR AL TIE B , 2 B 8.2 v Rl BE A7 AE
TR MG SRR L4 DL R [ bl 2K
Z 8] AN [R] 5 in S i AF 98 45 2R (A= K RDRERI T O
o RO ) 2250 HE AR, H i i e — A5 B R
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Sy 3 [ 9 7K 55 B 4 — A T L R 4 RS T
RUAFRY 2 3% At a2 207 0 i K Sc e e
KRR P L9145t A 2 O 8 1 2 TR A PR oK
R 2.42% (S EBIE ) 5.00% ) Fil 2.02%
(LR EAMW4.22% ) ASLERM 3 x3
XU ZR BTt W98 ARDRE ok 2 IR R 2 R TS N £ e
M E AR IR R3S 2R KPR RE RDRLRI T MR 4
FITE AR F b 09 52 00, L4399 b R A A e 2 7 v
TS oot 22 R B A1 K o
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1.1 SLHERHEIT 5HE

S Peres 457 R SEEFG R 7, LA B L E
KRR B MU R /N2 R R R S SR R O 32
g = B R N A I NN B 72 =Sl o 3 |
AL F1 K-y 48.6% |, HLAR 0 7K S 13.7% 1)
SERbARRE (1) o DAKEEBE 4 s LR & i o ab
T  FE IR AR 2, R IR IO 1 AR 3 1 o R el £
R eI 6 R UK 22 LA A0 1 LAt A5 P s R B
WELGA B R E AR S RN (£ 2). kA
3 x3 WHEW, 2 5 i 2/ (0% .0.9% #
2.0% ) Ffi s IR LR AL (0% \1.5% F13.0% ) , I
Hh R 22 R S B VS i itk (0% (1.19% #12.39% )
DASE 1) H SR A Ol 8 S R AR 2R 1 S A B AR
Wy, T i B O b % 05 RE 0 S 56 T kL. 45 AL A R
R e R 4 A L 2

S A} O A, BT TR 2 L, 2 80 H
O 0 o R R 1 A DR ISR SRR S O (3R 1) i
INBIR B —IRAGI5] R G I il il AR =
I R, 0K 0l B /N 0RL B 8, 7E VOB R Al
IRAVL(STC, oM BT 11 RAFfdk & i 25 HLAA
B ED) IR A Y A), Ba A ZE KIS, L 6
mol/L NaOH & W H %k pH 7.0 ~7.5,F
BB iR AL B AR 4 mmox K3 mm )
BLiE kL, #E 45 CER T T4 12 h, &F -20 Tk
A
1.2 IR&a5FEFERE

UG R ZE 6T &) 0 (18.48 +0.16) g 2 Y 4F
N TEE M [ — e A, 0 T 10 AR 4 1 B T 2 i
A=A R F) o FRE S5 50 A LU R 44 ¥ BRI 9 K
PR E FRAH M AT o ST AT, S A Ak BT 56
Tk R A — AR M SRR R fa 2
JE| | Aol 22 3 03 IO A )R SR B BR BT

x1 EfEAMENAR(FHUR)

Tab.1 Composition and proximate analysis of

the basal diets( dry matter) %
Okt &
ingredients content
fA %) fish meal 13.0
FKFEAH corn gluten meal 32.0
/N H) wheat meal 22.8
ML i £ beer yeast 5.0
AHEMRIE S Y amino acid mixture® 8.0
{23l fish oil 7.0
%7l soybean oil 2.0
KZ UG lecithin 2.0
£ 14" mineral premix® 1.0
£ 4k vitamin premix© 0.5
HE others? 1.7
A= R Z RIE-S Y Arg and Lys mixture® 5.0
FHE 47 (% T H ) proximate composition( dry matter)
HLEE [ crude protein( % DM) 48.6
MR crude lipid( % DM) 13.7
%4} ash( % DM) 6.8
TFWy 5 & &/ % dry matter content 92.3
HfE/(kI/g) gross energy 22.0

e AR A Y (N8 R 22 61 4 fa R R R R R 3 i 2 22
HiE , % diet) : AR 0.42, MR 0. 63, IR 2 R 0. 82, 4 & iz
0.85, M 0.68, KA 2.51, LM 0. 14,225k 0.39;b.
Z 0 BilR (mg/kg diet) : 7N K &AL (1% ) 50, FLK 6 FR 7 (25% )
10, —/KBRER 4% (30% ) 80, — 7K B R BF (34.50% ) 50, — K BRIk
5 (31.80% ) 45, L/KBREREE (15% ) 1 200, LA FR 4 (1% ) 20, ft
FREG (1% ) 60,3 £ 4} 8 485;c. Z4ETHIR (me/ke diet) : Hh AR A ik
F(98% ) 25,4k % B2(80% ) 45, LR M (99% ) 20, 44 %
B, (1%) 10,42 K(51% ) 10, JJLEE(98% ) 800,73z FR45 (98% )
60, M2 (99% ) 200, iR (98% ) 20, /L ¥ 2 (2% ) 60, 4/ % A
(500 000 TU/g) 32,442 D(500 000 TU/g) 5,442 E(50% )
240, 4k C(35% ) 2 000, FT H AL (FEH R ,100% ) 3, FF 76 4
1 470;d. 'z (% diet) : ALK 0. 25, @iz — 2045 1. 00, i £ 7
() 0.30, B (RRES) 0. 10, F4(1k7 0.05, =4tk — 42
0.04;e. 5 2 WA 2 BRI & 0 - SR I 3 x 3 A R T, 43 3 B8 s
R (0% 0.9% F12.0% ) A% 2 (0% 1.5% F13.0% ), DA%
1T S R AR S i I OR35S R

Notes: a. amino acid mixture (% DM ): L-Isoleucine 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, - 7TH,0(15% ) 1 200, Sodium
selenite (1% ) 20, Calcium iodine (1% ) 60,Zoelite 8 485 ;c. Vitamin
premix ( mg/kg diet ) : thiamin (98% ) 25, riboflavin (80% ) 45,
pyridoxine-HC1(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,O0 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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F2 THEMPEEBRAR (TUR)
Tab.2 Amino acid contents® of experimental diets(dry matter) %
R Diet Diet Diet Diet Diet Diet Diet Diet Diet  50% fa kMl [ 50%
amino acids 1-1 1-2 1-3 2 -1 2-2 2-3 3-1 3-2 3-3 whole body protein®
Whiti W AER (EAA)
&R (Arg) 1.32 1.33 1.32 2.21 2.22 2.23 3.32 3.31 3.33 2.97
i & R (Lys) 1.03 2.28 3.43 1.05 2.26 3.45 1.03 2.29 3.43 3.42
41 % B2 (His) 0.68 0.66 0.65 0.67 0. 64 0.64 0.61 0.64 0.65 0.64
S E R (le) 1.9 1.86 1.89 1.9 1.92 1.87 1.9 1.87 1.9 1.89
LR R (Leu) 4.1 4.17 4.17 4.13 4.1 4.13 4.16 4.14 4.12 3.44
2 %1% (Met) 1.32 1.33 1.31 1.3 1.32 1.34 1.31 1.32 1.33 1.40
RN % IR ( Phe) 1.8 1.82 1.83 1.83 1.81 1.81 1.81 1.82 1.83 1.83
752 R ( Thr) 1.94 1.95 1.94 1.93 1.93 1.94 1.94 1.95 1.94 1.99
R (Val) 2.45  2.44 2,45 2,41 2.45 2.41 2.43  2.44  2.45 2.45
Ik 00 75 H AL R (NEAA)
N %1 (Ala) 3.2 3.19 3.2 3.23 3.15 3.21 3.14 3.2 3.19 3.25
KL R (Asp) 4.7 4.66 4.7 4.68 4.74 4.68 4.72 4.7 4.66 4.75
2t & R (Cys) 0.59 0.63 0.63 0.6 0.63 0.63 0.63 0.59 0.63 0.62
A R (Glu) 8.16 8.34 8.41 8.16 8.32 8.4 8.38 8.31 8.19 6.79
H %2 (Gly) 6.57 4.94 3.5 5.45 4.09 2.82 4.21 3.06 1.97 4.32
24 5 ik ( Ser) 2.07 2.13 2.14 2.16 2.16 2.17 2.15 2.07 2.13 2.16
% & /R ( Tyr) 1.38 1.39 1.35 1.36 1.36 1.37 1.36 1.39 1.35 1.16

T o 2RI 3 AR A DAE 45 10 24 B 5 b. RS 6T 0 1k 50 % ML 1 1) Z B B 41

Notes:a. Values are the means of triplication;b. Amino acid profiles in 50% whole body protein of turbot

ST HA A P A R 4R 24 b SRS AR, R
FER/NI ] (st TE o 1) 4 f, BE BIL 43 T T
27 A FRBHAR (500 L,30 FB/4) , I 58 A 1 8 JA o
Fr B 256 31 18], P56 W [A) A0 R 5 B SR ) — 2, 45
KA 2 REFR WM A (7:00 F119:00) , %W 1 h
Jei TE S T P Ak U R, AN A R0 SR BRI AR
0T KR B R R R A

FRHH K I K, 2 ZUTTE Uk )G ik
AN KM, R E NG K £ 48 (10.6 L/min, H
K i >20 PR ) s A FRAE I ] 24 R 1T 24 ho %
S0, R DU 2 ) G HE R AIC 3 A Dl 2
TH KR 19 ~ 24 C, R 24 ~ 26, % A
6.05 ~6.80 mg/L,pH 7.90 ~8.05,

1.3 H#mRESHH

SEE TG A, LK L ER 24 h, BEAL ZE HL S
FE R B S2 06, R AF T - 20 TRy KA T
W) b AT B . 8 FA A KSR A S, S
YLK 24 b, {7 110 000 f) T 45 By BRI, SR )5
TEC PR, A R B AL S R PR I A S5 5
i, RAFT - 20 TRy VKA L TR 8 53 43 A
BEALI 6 J JFR I 1Y 52 56 f, 0 ) FR L IR G
fifp ) JBC DA U R T JUE 5 R R 5 5 BE AL 3 R IR I Y

SR, 7R ER A [E) A UL T L P
1% 1 A

JEORE DR R i AR RE S 8 AE 105 CHET 2 1E
HIG, RS T B &, 85 347 % A5 bR 4
e RO 4 A 3 8 A X (Kjeltee 2300,
Sweden ) il 7E L H & 7 (N x6.25) ; RAIR K
flAR 2, LBk D 4l £ 500 D 7€ KL IR D5 & & (Buchi
36680, Switzerland ) ; ¥ £ Sy 7E s b ok b )5, 7
iy ep (550 C) ke 8 h g i A5 AF i K 4 &
i AE R S5 T I /€ (Parr1281, USA) ; 45 KL I
JULPY S ik R 5 5 A A DO R Ak vk, th & A 3h &
FLT2 /7 #r4Y ( Biochrom 30, GE ,England) 15 ,
1.4 #HERFIHFAE

HEAR(WGR,% ) = (RKH - ¥ HE) x 100/
GIE

FELEKF(SGR,% ) = (Ln KH - Ln %)
) x 100/47 1 K%

TR (FER) = iR E (g)/RE T
TR (g)

HHABMAHE (PER) = KB E(g)/ RE
HHE(g)

HEERER(PR, %) = (AR KE x LI
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A R TR R - AR E x IR R
i) x 100/ CRE TR E x fRHE & )

BTG (SR, % ) = 100 x (55 5 45 o i 3 4
B/ 52 50 I B B 0080

JIFAR E (HST) = JIF 2 x 100/ 14 JiT

JIEAA (VST = Py E 2 x 100/ {4 i

HE 5  (CF,g/em’ ) = (fa i, g) x 100/
(fafk ,em’)

FF A BB 3 LT Y {E 3R, R T SPASS 16.
0 A7 50 43 o B JE AOSLIR & T 25 43 #r (two-
way ANOVA) J5 i 5K 43 Bt i) BL oK 2 R L i &
A IS SR SR (2B DOINE <8 | G o e A N
2 TE AR FE bR R UL IR SR R B R SE L, P <
0.05 W RR 22 5 W% . RS &0 A 2 iR 2Z )
(Arg x Lys) {7 7€ 1. 35 28 H.AF H i, %t B A 0
HEAT — R LR K J5 22 47 HF (One-way ANOVA) |
JE R Tukey’ s £ 5 #F 17 2 5 LR 20 #7 4% Ak
HZH Ju] (Y R EL BL AR (a, b, ) BN (P <
0.05) , BLI A% o A~ 52 (R M VE T . 244
SR AN SR 2 R S A7 AE B 3 58 B4R A [
FE R R TR A R VS N R, e B S — BT AR
FH 5 25 [ o0 SR, 43 BT R 20 IR VR o ik [ 7 AH L
YERIEE, LA EAR (p,q) 37w b BEL2H 18] 22 5 i 3%
(P <0.05) ;4 [ & K5 2 /R , 43 BT 61 2 IR VS i it
] A EAE T, DL AR (x,y) Z67m Ab BE AT R] 22
FRE(P<0.05),

2 45

2.1 ARPEEBRANBESBRAMEN KETE
1K F0 4R #L 7 A B89 2 i

MR R J7 22 73 B 45 % B, 1 RE ok iR
(Arg) F# 2 B2 (Lys) ¥ 0 Xf K 22 8 1 5 %
(WGR) F77E 4 K #& (SGR) FlAE % % (SR) T A8
Higm (P >0.05) (4% 3), WGR Hl SGR [ 1 ¥}
t Lys %50 09 Th w0k B T R B R
(P<0.05),Lys HFELWPHE 1, = H A% Arg
WIMEREE (P >0.05) s —&7E Arg IR IN&
0.9% H Lys IS/ M 1.19% W & 75 , 24 Lys &
i K SE T S A A A o BRDRE AN [ R
1) Arg Fl Lys Xf K 22 6F 36 2% A B & 52
(P>0.05),

Wk h Arg B Lys s fn & X ) e g &
(FER) # i3 (PER) FIH [ 5 ) B 28 (PR)

FTER F AL HAEM (P <0.05) (£ 3); FER [PER
A1 PR ZZfaAkh Lys B8 i (19 2 2552 0, 24 Lys 3
I 1. 19% B, W3 T oK U R s S n 4
(P <0.05) , B3} Arg B3 03 19 52 ) AN i
FH(P>0.05), AR 2504 R ExR, Y
Lys ¥ fn & 2y 1. 19% B, A [A] Arg ¥ 0 41 0y
FER .PER fil PR TR ZM 25 (P >0.05) ,Hrh
PL Arg BN 0. 9% B B8 AE BT A5 4b B4 p
E ;Y Lys Isti& 2 2. 39% B}, FER | PER Al
PR Yy Bfi ikt Arg WS i 2 (14 T i 2 B AIG, B
24 Arg B4 (0.9% F12.0% ) WS (E 1 9 4~
b A AR
2.2 ARPBEEBRNMHBESRFMEN KEHE
£H FX B 22

MR Z T 22 0 B 25 R 2w, B kL Arg Al
Lys i it it 2 & A e B E S HAER (P <
0.05) (& 4) ;M F ZmE Lys 70 /Y B 2%
SEA, BE A DR Lys W8I0 &L 09 5 T
(P<0.05), EERITZ/PER TR, TGk Arg
WIS A Lys ISR HLE (A & #2548
BE(P>0.05) {HEF & TAREBM Lys 434
(P<0.05),

Tk Arg R Lys ¥ 00 % 4x foRL RS B LK
Sr UK S RICAC H W (R 4) o MR & &3
T kL Arg Fl Lys 9 1 2 52 0, Bl fn)kH e Arg V8 0
T RR T SR S B E BE AR (P <0.05)
B2 Arg IR N B AR IR INA 22 F A B E (P>
0.05) s {FLBE A AL Lys A9 %8 i 2 2 BRI (P <
0.05), 7K4r&HE5Z Lys W3 5200, b Lys % &
F ) i T2 25 AR (P < 0..05) o ARDRE R AN R 45
R Arg Fl Lys X 40K 4> & A % 0
(P>0.05),
2.3 ARPREEBRMHESRFIMNENT XEHTR
IEFRII I

M Z T 22 0 B 245 R Bon, B kL Arg Al
Lys WS Jin 42 X K22 8 JF- {4 b (HST) k{4 Lk ( VST)
LW FE (CF) o2 B2 (P >0.05) (£ 5).
HST #1 VSI ¥y 52 1kt rh Arg 1 Lys %3 il i 2 3% 5
W, 24 Arg VRN R 2. 0% B, HSI Al VST 8 £ 7R
JIVZH AR 7S 0 20 2 35 B A (P < 0. 05) s TS /il Lys
ZHK) HST FI VST ¥ I 8 TR M4 (P <
0.05), fAlkLHAS[R]GS iniE i9 Arg Fl Lys Xf K22
i CF WA B E#m(P>0.05),
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x3 ARPHBEBRMBSBAIMEN AEFEKNERA AR

Tab 3 Growth performance and nutrient utilization of turbot fed diets with different Arg/Lys levels

AR *ﬁ’i&ﬂ’i *ﬁﬁﬁ? i‘%‘ﬁ e KR WH EEIEC EEIE ﬁE(ﬁ
Diet W/ % I/ % /% (%/d) & (Y ES PR E R/ %
Arg level Lys level WGR SGR FER PER PR SR
BAAS b PRS- Y {E 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 1.30 111 2.29% 31.57" 100. 00
Diet 1 -3 0 2.39 149.32 1.30 1.10% 2.28% 31.34%¢ 100. 00
Diet 2 - 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
SR ER Pooled SE 3.89 0.02 0.02 0.05 0.93 0.002
FEHFF ¥ {E 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 1.17¢ 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 1.21° 0.97 2.00 27.44 1.00
WIH TP {5 ANOVA . P-value
RS I Arg level 0.69 0.67 0.36 0.26 0.27 0.78
& RIS A Lys level 0.002 0.002 <0.001 <0.001 <0.001 0.78
KSR x #5i Z(BR 7S Il &E Arg x Lys level 0.16 0.17 0.006 0.007 0.015 0.43

TE B DSB8 (n=3) o A B R BN 07 22 90 M, 4T Tukey’ s Z AT o AH R 19— 51 b 332 A5 A TR) b b B0 b AR 7R 22
FAREE(P>0.05), FIF

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
x4 ARPRHREBRNBEBRAIAMENAZHEFARNEN(EE)
Tab.4 Proximate composition in whole body of turbot fed diets with different Arg/Lys levels( wet weight) %
Qb FR A AR = 0 R S o HEH HELAE Wi W5y K5y

Diet Arg level Lys level crude protein crude lipid ash moisture

BAAS b PRSP Y9 {E 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
JFRMER Pooled SE 0.12 0.07 0.02 0.12
FEHFFH{E means of main effect
0 14.15 3.51™ 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 3.317 3.72 78.56"
2.39 14.46 3.42% 3.77 78.427
WA TP { ANOVA :P-value
KA BRI Arg level 0.81 0.02 0.92 0.06
R FR VR I Lys level <0.001 0.05 0.49 0.000
K &R x &R 7S &L Arg x Lys level 0.016 0.66 0.29 0.052
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RS ARPHBERTBERANEN X EFREERHZ N

Tab.5 Body index of turbot fed diets with different Arg/Lys levels %
Jib $ AL K ARV B R N i JHA4 L JUE A4 L JIE it 2
Diet Arg level Lys level HSI VSI CF
BAAS b PR M 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
Diet 2 -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

HFRER Pooled SE 0.04 0.11 0.02

F A FF ¥ {H means of main factor

0

0.9

2.0
0
1.19
2.39

1.43° 5.77° 3.15
1.38" 5.69M 3.16
1.179 5.421 3.14
1.51% 6.30" 3.12
1.247 5.247 3.16
1.247 5.347 3.16

W F P {i ANOVA ; P-value

& BRI Arg level
Wi B N Lys level
KRR x BRI Arg x Lys level

0.001 0.02 0.95
<0.001 <0.001 0.74
0.870 0.26 0.99

2.4 MABPBEEBEMBESBRAIMEIT KELL
ALERERSENZM

W E T 204 R Bon, Wk Arg fil
Lys %5 il % 22 8F L A Hhoks 20 IR L R L 2H
R AR TR ARM BT ARG ENAE
EMZEAEM (P <0.05) (£ 6) . 3 Ffif ok 22 5t
TR 5o 2 R S 77 A BER O i AE Arg Bl Lys
TIN50 0.9% F12.39% 20 5§ E 1A%, Wl
PRHG 2 R R 20 IR 5 Sk 1Y) 0 3 P A v (4 44 o B
e F B s in i 2H (Arg 2.0% ,Lys 2.39% )
WLRZH R S AR 5750 BIR ANLE AL T LR &
IR VE e E Y BLTE Arg IR 0%
Lys #HHE - 2.39% 41,

Tk Arg A Lys WS P R 22 S JILA R
R RN RTR 5 2 R RN 45 2 R 2 5 0 B 3 g
HAEM(P>0.05) , {HZEMEE i Lys 2% 1
Thm LA 2R & 5 (P <0.05) o fakt i oA /] 78
fni iy Arg I Lys XF 8 N 2082 | 75 24 B2 Tl 401 24 12

WA BFZW(P>0.05),
2.5 AMPHEIBNBIEBAMEIT KZEEA
HELFEEREBRSENTM

XUH R J7 22 43 0 45 A WoR i kL Arg R
Lys %5 il i xf K 22 8F JLIA o 9 2 R K & &R
BRMR HZ R AR IR R
AEMR G EHA B FELEEM(P<0.05) (%
7)o BRA R A, X sl b T 2 5 R Y W T
I A BLAE Arg F1 Lys %50 & 2355 24 0.9%
F2.39% 4 (P<0.05), 4 Arg sl 0% ,
W Lys J&, Db 145 R b 75 S L TR 1 3k i 35 1 e
FE (P <0.05) Al Ho oA [a] B i 1 Arg Al
Lys X LN A Z RS HWAHBEX MW (P>
0.05),

Tk Arg Fl Lys %S & 6 K 32 6 LA 2
MEm MLz E e e e ENELEEMP>
0.05) o Jf FLAa R rp AS [R] V8 b6 11 Arg T Lys X
2 PR b T AR A WE W (P >0.05)
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6 ANPHBEBRMBEBRINENAETNALEEERISENEN(TE)
Tab.6 Muscle essential amino acid levels of turbot fed diets with different Arg/Lys levels(dry weight) %

; K& R T l - S5 FRE 3 U = VA
V0S: F S L WAm WAR dAum mAm . . BaEAm . hEAm wam
. Wt/ % Wi/ % ) A e IR

Diet Arg Lys His Leu Met Thr Val
Arg level Lys level Ile Phe TEAA

BAAS Qb PR H{E individual treatment means

Diet 1 -1 0 0.00 4.37"  6.66™ 1.43 5.69°° 3.09" 1.97 3.01 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% 5,99 3 3% 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* 578" 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%

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

F AT { 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  5.92 3.6  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 2,117 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

MNP {i ANOVA: P-value
ARSI Arg level 0.22 0.17 0.06 0.10 0.15 0.56  0.51 0.42  0.57 0.14
BRI Lys level 0.87  0.01 0.004 0.006 0.01 0.01 0.69 0.16  0.34 0.01

1R R x # & BN N Arg x Lys level 0.02 0.003 0.001 0.06 0.04 0.11 0.05

e

06 0.37 0.002

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

. 1 24 12 151 2 R i K& e ) ) SR JEX %)
i 38 e CER wEm " amm HEm 2Em mEm
. B #shn AR =R AR SR

Diet Ala Glu Gly Ser Tyr
Arg level Lys level Asp Cys TNEAA TAA

BAAS b PP Y {E individual treatment means

Diet 1 -1 0.00 0.00 4.56™  8.29™  0.67 12.97  3.70™¢  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 2.5  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% 8.88%"  0.79 13.97 3.53% 3,29 2 68 37.96% 75.93%®
BRI Pooled SE 0.07 0.11 0.05 0.19 0.07 0.05 0.04 0.50 0.96
F2 A FF#{f 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

WIH TP {5 ANOVA . P-value

ARSI Arg level 0.05 0.41 0.81 0.38 0.00 0.29 0.20 0.14 0.15

A RU N Lys level 0.01 0.09 0.53 0.11 0.01 0.38 0.01 0.04 0.02
AR x B R VRN 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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3 ihg

3.1 ARRBERNMHBEBRAIMEXN KEFE
K A0 4R R R B9 &2 i

WEoE 45 R R W, 1) RL b g 2 R (Lys) FDKG &
M2 (Arg) Ui & X% K 28 8 4 K 6 22 5AE T, AH AR
(RO BF 5 2 SR A B S Rt g R
e FeAE Attt A o H A R
Tl b Lys WS 00t 02 5% ) oK 22 6 AR K ) 2
To FERERCR R BURCER HRE BOR R AROR A A
HLEE & 532 0 REep Lys A Arg B8 06 9 22 BLAF
FH, BRENF AN B 8 3 BT &2 Lys Ml Arg
IS HS 0 o fEE R Lys 8 0 R 3% 8F AR < A a)
BRI A 2250 (P <0.05) . 7E Lys ISt
1. 19% I, R 3 6F A= R GRDR R 256 d5 ey, 31X
FKWE A M Lys W fmit ] LR dF a2 K [
BE 7 % R ( Seriola lalandi) ™) gt 6§ 5 fn
idella )™ | 1 JE  fn
mrigala ) | & #f ( Lateolabrax
japonicas )" W
canadum )" F K ¥ fa ( Larimichthys crocea
R) g ARl g4 R AR, AR R Lys B
I 2.39% I, K32 6F A KRR R T 38 44 ¢
VTR0 2 A o 2 db 2 A I, 0 D ] R 0 7K OF Lys X
RZE G R KA F 78 H A 8 28 b, i HOA 65
i 0 EAn B R Y A 8 E A A
RL i i, 4 I D A el T Arg AT Lys 22 [R] 9 4
e S 3

AL H AR RS Arg I B DR R
Lys %8 fila 35 A0, R 22 6F AF K 0 4]t A1) A2 34 1
B SR S RS B R, HE, Y Arg IR
TSR 0.9% 85 2. 0% I, R 35 6 A 4 4] L A1 T
B Lys (SN /e & Thm e B et Xt
Wi K19 Lys 5 Arg [a] 77 A 35 5006 T, AT 52
M) " DR 22 6 1 A= K RO DRER T 2 o s BRIt R 4 1Y
JE P R REZ Lys FI Arg [R] 9 Bt S 3 R , 7E T AL
WS e B M AR B K S A7 2 S e i 5 e
i) Lys 5 Arg A RTE R 980 Arg ) 35 2L IR
Arg B Z , FEAR AR CR AN B0, 2 T 5 e
AERKPERES T DR, AR T Lys 98 g m
AR Y AR K SR I Je I R 4 1E E A
AL OSSR e OB N S g o JE T
BT 2 g I AT R R P Arg A T

(' Ctenopharyngodon
(' Cirrhinus

(' Rachycentron

TR, R BB e £ R R] ) 22 S 3 o

JCHT T4 R R, B 1 kb Arg B3
T, a2k R KRB S THE R GG
WIS, BT S R i (Salmo salar) "
& 5 #% ( Dicentrarchus labrax )" | 7 fif
( Paralichthys olivaceus )™ F1 HR B $l & &
(Sciaenops ocellatus) ™" . SR , A< 52 1 WK % 4
Frali R on R Arg T8I0 0E R3S B AR A
TEPRHR I 52 e A B3 . S Ah AR BE SR K B,
2 Lys @it 1.19% i), B R p Arg 35 i
T, Az AR A 3R B S 1 5 T B i
X 5 g B % 4k i ( Oreochromis niloticus) ™' |
i H 1 ( Chanos chanos Forsskal) ™" J B 7 % #F
( Penaeus monodon )" v {y TF 5% 45 F 2 ) SR
7, AR ANES I Lys i, Arg #8045 15 34 K22
B A= K FNARDRHR X 00 2 52 . T 24 Lys %S0
i Z IR Arg 5835 BRI OR 22 87 AR K A0 AR A
FAF L S H R T R R 2 Rk Lys g &
WF, 50 Lys fl Arg 09 b B AR I, A R T 0 A=
s Lys A R &, K 22 8 35 48 B A ZOR] i B
HRY Arg, DA R W ARDRER] A s DORR  E T
XA A T TR AR o
3.2 AMPRBRERMBEBRFNEN KETE
4 R #0118 AR B9 F M

WFFE A BL, R Arg A Lys &5 i %) 4 £ R
HEA S EAER LRI K 3 FUK 53 T 38 o
Wi, Arg F1 Lys %S00 34 5 35 52 w4 (LR D7 &
i, Koy E R R B R Lys W, JoiE
Arg BIN5 A5, AL B B Rl GEDRE R Lys & &
A 0 T S = e, L A S o ] R R e 2
AAE 5 ARAE o HARLA BT 5 45 SR A B A R
IR NS F R PN SR )
W8 . SR, Alam &5 78 5F 6F b 058 & 8L, f
PAOHLEE 1 CHLAR D5 K 53 F1K 43 32 ) efr Arg W50
RS L BE Arg BTSN ML B E A Arg IR
JEE Ry 2. 05% I35 3 W 35 o5 . A L I 4
S S5 AT RS Lys Sy a1 Aok v 57 — BR ) 2 ik
MR, k= Lys I, fin ) 1 ek b 22 58 1R 19 A -
7, T B R rp SR A AN B T A
ZUrp SRR AE O BE RO AR, T T8 MU B
F18) 2 5 T Ul /L, {1 B AR A 1 i AR
IR, WA — B 5% & 7 HoAth 8 A b F 5% % BBl
MR Lys B of & & B 4 k4l il b
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N R

SR AR Lys U i d %) K25 618 1k
bR G W A HAE A . (HEf AR P Arg 5k Lys 7%
T T i BRI OR ZE B A L A L . L4
R sg ! 4 L 8 (Sparus aurata L.) " Rl
P B 45 6L, 55 Luo %Y HGE
ERMIR . WX F Arg Bl Lys B& A i HAh 4
1, P A 1 e D0 SRR 3
3.3 ANFRBRERMBSBRIMNEIT KETM
AEERSENTM

WFoE 45 B, 1R kL Arg F Lys B3 A
{5 2 A LR TE LA iy & & JF BB &
i) HL 0 5 AR 6T E IR B . LR R,
WLPA 44 Arg Fil Lys 76 P9 9 46 K 2 500 % FEkE
W T S SE TR 1) SR AR 2 B AE Arg I Lys ¥ i it
SR 0.9% F12.39% 4 ,ixX 5 RZEHF A4 K
FHR FH IR 11T R0 45 SR — B, B LE VR i K P
2 Arg FI Lys (45 HE o . Berge 217" &
B, Bl Sk fRDR T Lys & A Fh i, S T I K
Arg PR Z & ks WAL, 2 T & iR f Arg 5§ Lys
SRR HERGE WA EAEH. LA
Arg F1 Lys & &t (1) fe 8 (53 0 B PE % B W Jn
S A A AT RE R R T S R — T
WAHBKFEYEN, — B - # Wk Ek s —E |1
)G, &R AT AR Y a] e AR Y 45 2R
TS o A i, 45 SR, K AL R Lys
i B BE R Lys %00 (9 T o B0 5 2 M
ThiEn e XREARR G B T . SR, B Arg A
Lys &b, HoAth 4 Kk 2 $00n i AR o 75 & 36 W & it
4 fo o (B S B TE Arg S il 0% |, 1 4 R S in
BN 1.19% 88 2.39% 4, LB B iAok Arg (1)
S 0T S NG A A A U AR RL R Arg S i
5 A SR R 2 IR I A BLAE . SE R R
LWL H Arg A Lys 30 & (B A9 AL L2 5 O
b2 Z LR I A S AL B AN ], X 3
TR A B L PR R R 1 AR R R ST i, SR
WLP & 1 e i DRR IR R 22 8 A K DRk A1 A
B I ROR B e (AL I AN 2 LR A5 2 2 1R o B e
T (E ) AR FR2E T 2 7R UL A 24 5 R 4 B AH X T fi
{) Lys Fl Arg T4 510 1.19% 1 0.9% 41 .

L4 DL BB A5 R nT (1) Lys Al Arg
A9 1.19% F1 0. 9% B, K25 874 I KB K
FOARDERI 25 (2) ) kL ef Lys Rl Arg 35 i3 %

k=

TRk R A A B BTTTRR AL A R R & B A
WE S E AR (3) K269 A K AR kA
PRALS FEAR 5 AR AL A & R 3% 5 32 17k Lys
AR KT Args (4) Bk Lys Rl Arg X K 22 if
A DR A2 VR R TR TE RS AR
4 Lys Ml Arg @S H# 70510 4 2.39% F1 0. 9% It 4k
YUV i
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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, AI Qinghui”
(Key Laboratory of Aquaculture Nutrition and Feeds,Ministry 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 x 3 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
(HST) 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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