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1) o DA o (A B IR 2 5 b v, 8 T 1 1)
TR BEIR , (BEAHRE P BRI 2R LA AP Y H e 4% il
AR SRR AT E R (R 2) . il
FL Al A RBE RS D 0. 00% L 0. 30% . 0. 60% .
0.90% 1.20% F1 1. 50% (¥ 5 1k L5 58 %, L4
A ATRNE N IR AR G Z AW, B 6 b
FRERM LI R, 2 5mR A 35X
(Biochrom 30, GE, England ) | %2 158 4,6 Ff 5L 4
TRk IR 2 R S bR 1 & 53 o 0. 75% (1. 03% |

1.36% 1.67% 2.04% 2.31% , 535 #K A Diet 1,
Diet 2 Diet 3 Diet 4 Diet 5 £l Diet 6, 7E/ARHEIE
bR A R T a 320 wm G ), 45 SRR
B b i f TR A5 150, AR I AGE = i K 5T,
240 g/L 1) NaOH ¥y 44 bl pH S 2
F(I1) 26 BIRURAFHF AL (AR B LR, T ) i
LA e ok AR (1.5 mm x 2.0 mm, 2.5 mm X
3.0 mm) ,55 CHET BRI &5 R 10% 7247,
FHRHS e A7 T —20 Crktrp#c A,

&1 ZRARBEATREFMRTENR

Tab.1 Formulation and proximate composition of the experimental diets

% dry matter

T} diet number( 752 iz 7K % , threonine supplementation level % )

Diet 2(0.30) Diet 3(0.60)

Diet 4(0.90) Diet 5(1.20) Diet 6(1.50)

2%y

ingredients Diet 1(0.00)
[ 1% white fish meal 13.00 13.00
MK soybean meal 13.00 13.00
Y7 % 1) beer yeast meal 3.00 3.00
HH ¢ gelatin 10. 00 10. 00
7?’5%@%’5&%?@? - . 16.98 16,98
crystalline L-amino acid premix
1y fish oil 6. 00 6.00
K=l soybean oil 2.50 2.50
WK dextrin 23.00 23.00
TeHLERIR A" mineral premix 2.00 2.00
4 FIRAW® vitamin premix 2.00 2.00
FHEH? attractant 0.30 0.30
FKHiR4N sodium benzoate 0.10 0.10
A FEMEMK ethoxyquine 0.05 0.05
K UI#ENE soy lecithin 2.50 2.50
T ER T 4E % microcrystalline cellulose 4.07 4.07
L-J7 4 ik L-threonine 0.0 0.3
BABR glumatic acid 1.5 1.2
£t total 100. 00 100. 00
X444 proximate analysis(n =3)
IR iR/ % threonine 0.75 1.03
MEH/(%DM*) crude protein 41.7 42.1
HNEHT/ (% DM) crude lipid 11.3 11.6
JLHE/ (% DM KJ/g) gross energy 19.7 19.8
JK4y/ (% DM) ash 8.5 7.2
7K%Y/ % moisture 10.9 10.7

13.00 13.00 13.00 13.00
13.00 13.00 13.00 13.00
3.00 3.00 3.00 3.00
10. 00 10.00 10. 00 10. 00
16.98 16.98 16.98 16.98
6.00 6.00 6.00 6.00
2.50 2.50 2.50 2.50
23.00 23.00 23.00 23.00
2.00 2.00 2.00 2.00
2.00 2.00 2.00 2.00
0.30 0.30 0.30 0.30
0.10 0.10 0.10 0.10
0.05 0.05 0.05 0.05
2.50 2.50 2.50 2.50
4.07 4.07 4.07 4.07
0.6 0.9 1.2 1.5
0.9 0.60 0.3 0.0
100. 00 100. 00 100. 00 100. 00
1.36 1.67 2.04 2.31
42.6 41.8 41.7 41.1
12.7 12.0 11.3 11.7
20.1 19.5 19.8 19.2
8.0 8.1 7.4 7.7
10.3 10.8 9.9 10.0

w1 LR A Y (me/kg ARL) « S AN, 25 BULET, 0. 8 S fb 4 (1% ) ,50; BiLFRAR , 10 f AR £k, 80 ; SRR EE, 505 Fi R 46 , 60 ; B R Bk ,
1200 BEER — 4085 ,8 0005 5 AL 4H, 1005 W1 83,10 447 2. QAL ZOR AW (mg/kg TRL) BRIEE 25 R 45 Sh BRI S I, 205 4R 4E R
By ,0. 1; 44K K, , 105 ILEFE, 8005 IZ R, 60 5 MHRR , 2005 BFR 205 AE MR, 1. 205 e AE 3K A 32, A4 K D, ,5; A K E, 120, 484 % C,
2 000; JIHFH ,2 000 ; Z A AR, 150 5 Sl AR E 2R 14 520, 3. B H 2R AFISEDL ., 4. DM: T/,

Notes : 1. Mineral premix ( mg/kg diet) :NaF,2; KI,0.8; CoCl, - 6H,0(1% ) ,50; CuSO, - 5H,0,10; FeSO, - H,0,80; ZnSO, - H,0,50;
MnSO, - H,0,60; MgSO, - 7H,0,1 200; Ca(H,PO,), - H,0,8 000; NaCl, 100; Zoelite, 10 447. 2. Vitamin premix ( mg/kg diet) :
thiamin 25 ; riboflavin,45; pyridoxine-HCI1,20; vitamin B,,,0.1; vitamin K, ,10; inositol,800; pantothenic acid,60; niacin acid,200; folic

acid,20; biotin,1.20; retinol acetate,32; cholecalciferol,5; alpha-tocopherol,120; ascorbic acid,2 000 ; choline chloride,2 000 ; ethoxyquin,

150 ; microcrystalline cellulose,14 520. 3. Attractant: glycine and betaine. 4. DM :dry matter.
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Tab.2 Amino acid composition of experimental diets /100 g dry matter
IR ¥} diets 43% fa kA
amino acids Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 whole body protein
KRR Arg 2.63 2.58 2.59 2.60 2.56 2.51 2.58
MR His 0.57 0.53 0.55 0.61 0.51 0.51 0.55
SF iR Ile 1.72 1.77 1.73 1.77 1.77 1.79 1.78
LR Leu 3.06 3.04 3.06 3.05 3.07 3.04 3.02
i iz Lys 3.35 3.35 3.35 3.34 3.40 3.27 3.36
HEAMR Met 1.25 1.30 1.34 1.28 1.25 1.22 1.22
F N %% Phe 1.51 1.53 1.52 1.55 1.55 1.49 1.51
Jh& iz Thr 0.75 1.03 1.36 1.67 2.04 2.31 1.60
AR Val 1.78 1.80 1.78 1.80 1.84 1.77 2.01
KEF R Asp 4. 04 4.10 4.07 4.08 4.04 4.01 4.01
225 % Ser 1.44 1.42 1.43 1.41 1.43 1.42 1.44
H & Gly 4.19 4.25 4.23 4.26 4.26 4.28 2.87
N Ala 2.27 2.27 2.24 2.29 2.31 2.34 2.55
AR Cys 0.12 0.12 0.10 0.12 0.15 0.10 0.24
& Bz Tyr 1.03 1.00 1.07 0.99 0.93 0.97 1.21
B AR Glu 7.86 7.54 7.29 7.03 6.75 6.49 6.60

VE AT R A
Notes: Tryptophane was not determined in this study.
1.2 LWaRFHEEYE

FIAEWLAE TR IL B T, e
VP 24 4F 41 10 [] — i o 7 T R IE RS 5
I, 8575 THE7K AR (3.0 m x3.0 m x3.0 m) 1
P95 2 Ji I A5 3L A 1) kL ( Diet 1) 04 &
P, o 2 5 T 3 I S G R A TR A R B . S
TEIRE, SCR YL 24 h, SRS FREE , Pk
M0, WA AR BT R (8.0 £0.20) g B E4T
YIS . SRR 18 ANVFE K MR (1.5 m x
1.5mx2.0 m) P iEFT, U5 R 30 BB/
B R — 4L, B R AL IR 3 2 S50 fa
FERARIE 2 YR (06:00 F117:00) ,3i5H1 2, FR5E
W18 . ARG SR, WA A Al SR R
PR, S50 (R) R /K KR R 26 ~32 TR K
22 ~ 28, R S i AE 7 mg/L oAy,
1.3 EUR

SE AR, 43 53] AR PR A B LA 5 JRR
R S2E6 0, AR AE T — 20 CukAs o, T3 #0
Bro 8 AR SLIRZE oS , X S2 g Uk 24 h, LU
T (1:10 000) FRIE , SR JG V1B FREE . 2330 DA
BRI AF BEHLAER 10 RIS 5250 0, R T - 20
CrkFE, T 5 BB At R 2 /R 534 5 30
N AR Al 3 R fa U SRR LY, PR AE T
—20 CyKFEH T LR Z R 53T

1.4 BEFEBDSH

JEORE FARL B AR i 4 105 CHET ZE
& SRR S AN AT A A E . R4 A
FhE R AL (Kjeltee 2300, Sweden ) Il & #L 4 1 & i
(N x6.25) ;2R FIZR Al HE 12, LA S Ryl B 500 o
FRRIDT & & B AR e R Bl 7E S 4 vh
(550 C) K& 12 h JEIAAE it IR 43 15 e i 4R
P IE (Parr1 281, USA) ™ g i A
AATRE . RPRHEURE g ARDRH A S UL PR b ) 2
PRI 7 2 HESCHR L 8 1 B 2%, 5 B 2 SR I A
HITALFER F i F R Sk 12, HL B LR 7 HOAE: A
FTALFER B 25 Fe R AROK i, L2 A 307 A
) (Biochrom 30, GE ) il 5 2 MR I 5 1L
L5 HERSGIHS

1 E5 % (weight gain rate, WGR,% ) = (W, —
W.) /W, x100;

B (feeding rate, FR,% /d) =100 x 5 4%
i/ iR (g) /B R

HrE A K (specific growth rate,SGR,%/d) =
(Ln W, —Ln W,) x100/t;

T H &% (protein efficiency ratio, PER) =
WWG/I;

R Z A (nitrogen retention, NR,% ) =N, x
100/1;
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A, W W, 51 A S B (1) 2R A4 5 AT 46
R, R SEER KA, WWG RN, 43 51 R i 3
PR =011 D A A AR5 51 K 5 O = I W U 54
A®(UTET)

3% SPSS 11. 5 for Windows %} iS4 e 3647
BRI 2722501 (One-Way Analysis, ANOVA) | %7
2 IR E, W 1T Tukey [RZ LR, B
KR P <0.05, #4ls WGR il NR %dfs , id i —
Uk il 2k A58 AU ( second-order polynomial regression
model ) " i i R R (4 AR o

2 4k

2.1 fARFRMASERXE A KRR
A4k P2 S f8 B RS R AE 94 4% ~

R3 EAMPHEBRATENGPEER BRI FEERR ZEARVER ARRERMEER

98.9% , HA 4 225 AN B3 (P >0.05) (£ 3) .
H4RPRL P Thr & 04 0. 75% I (Diet 1) , /94 4
KRR ZFRTHESA (£ 3), 700 1 F R
150.27% FEE KR 1. 31%/d, 3 AR
LOSHIZERBIR 13.18% o Bt kL b 5 & IR I
T A G 0 AR T A B A A% AR
REMY B R AE 2 i BUAE 4] ) f Thr O 1. 67% 41
(Diet 4) , 7331|314 R 256. 88% 2 AR KR
1.82%/d, %5 H Ji &0 K 1. 90 F1 & 8 1 XK
26.36% . W) , Bl TRDRE Hh I3 2 R 5 A
(TR SN L. 67% $2.31% ) , A= K AEREZ BT
R (2 3) o FERMRDRIZH BR A (K32 B b oA L
HEskZ ik 2.

IR ( FHME + FRAEIR)

Tab.3 Effects of dietary threonine levels on WGR,FR,SGR,PER,NR and

survival of juvenile Japanese seabass mean + SE
" Dix -} wIks ZRIR N ) ek HREM .
Tk . o i, WER  RER i BT N At
) g/ % STt/ g '/ g K%/ N /%
diet dry diet initial final % (%/d) (%/d) Ko it %
no. 1y e i 1 WGR FR § PER futrogen survival
threonine weight weight SGR retention
1 0.75 8.00£0.20 20.02+0.42* 150.3 £5.26* 2.01£0.04 1.63+0.04* 1.05+0.04* 13.18+1.31° 96.7+1.93
2 1.03 8.00£0.20 23.50 £0.55° 193.8+6.91° 2.10£0.06 1.92+0.04° 1.44+0.05° 19.02 +1.69® 96.7 £1.93
3 1.36 8.00£0.20 25.82+0.32° 222.7 +4.04° 2.12+0.07 2.09+0.02° 1.56+0.06™ 21.75+1.74* 98.9+1.11
4 1.67 8.00+0.20 28.55+0.37¢ 256.9 £4.61¢ 2.03+0.07 2.27+0.04% 1.90+0.03* 26.36+0.85° 98.9x1.11
5 2.04 8.00£0.20 26.85+0.54% 235.6 £6.74°¢ 2.13£0.07 2.16£0.06 1.80 £0.06° 24.73 £0.96* 9.4 +4.01
6 2.31 8.00£0.20 25.60 £0.42" 220.0 £5.30* 2.05+0.07 2.07 £0.05> 1.71 £0.10¢ 23.86 +1.25* 94.4 £1.11
F {H(F value) 44..329 44..319 1.24 45.227 24.615 12.781 0.873
P {H(P value) 0.000 0.000 0.073 0.000 0.000 0.000 0.527

L. [ AR AR T RER IR £ Turkey K30 22 5 3% (P <0.05) .
Notes: 1. Means with different letter in the same column differ significantly determined by Turkey test( P <0.05).

ARAE TR IR R RS B WGR [C R, &

R/ JEVSEVSERER
Y = -94.099X% +333.62 X - 48.966
(R =0.9692)
IR IR R & S NR YRR, 24i9)
SqUEEDEERE
Y =9.6748X° +36.345 X - 8.5913
(R =0.969 8)

#Hedi WGR Fl NR, 238, % Rl 9 & R
AR B2 9 1. T7% k(4. 21% E ) (K
1) F11.88% Tk} (4.47% HE1H) (K 2) o
2.2 {ARIRF TR S B X 8 & R A R B S B SN

FHERAENEATEELL. 7% ~

Y= -94.099x + 333.62x — 48.966

260 R*=0.9692
Yinax
230 | :
%o
= 200
= Xonax =1.77 %
170
140 - -
0.7 1.0 13 16 19 22
HEBIKF /% Tk
threonine level / % dry diet
E1 ARFEBKFESHEERNXR

Fig.1 Relationship between dietary threonine and

WG of juvenile Japanese seabass
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301 Y=-0.6748¢ + 336.3452x - 8.5913 15.2% s FAR B & =AE 6. 1% ~6.9% ; fA{kJK

I 505 BEAE 5. 8% ~ 6. 3% ; fi (KK 4y O Bt £

% 2 TN 76.5% ~78.0% ; £ LIEHLE 11 LR K43 /K
2o ' SO T BB (P >0.05) (£ 4).,

® Ko =188 % SRR RSN, WL I L 5 SRR A B

151 IR SR K TS (% 5) . R4

120.7 110 12 1.I6 159 2.‘2 2.5 (Diet 1) A9:Jp R & WA (2. 97% B E)  BEH

SRR 1 % Gk ke IR R S I N, IR A R i W T

threonine level / % dry diet %,E Diet 6 Zﬂﬁiu%j{ﬁ(g 229 E E) JE%

EH2 ARFERKTSHRIMYLRNLER SEFRUS AL (Diet 2 ~ Diet 6) Z [i] 22 5 A 2. 3%

Fig.2 Relationship between dietary threonine and

(P>0.05),

NR of juvenile Japanese seabass

R4 ERRR AT EAR N (TFE « FFRR)

Tab. 4 Effect of dietary threonine levels on body composition of juvenile Japanese seabass mean +SE
- f AR 4 i, body composition
DINZNLCE
threonine moisture ght) (% wet weight) (% wet weight)
crude protein crude lipid ash
1 0.75 77.9 £0.66 14.7 £0.50 6.1+0.15 6.2 +0.25
2 1.03 76.5+1.47 14.9 £0.95 6.9 +£0.28 5.8+0.39
3 1.36 76.6 +1.14 15.2 £0.66 6.3 +0.41 6.3 +0.31
4 1.67 77.6 £0.65 15.0+£0.18 6.2 +0.05 6.0+£0.18
5 2.04 77.9+0.39 15.0+0.25 6.7+0.09 6.3 +0.25
6 2.31 78.0+0.15 15.2+£0.38 6.1 +0.08 6.0+0.11
F i ( F-value) 0.645 0.108 2.563 0.556
P {fi ( P-value) 0.671 0.988 0. 084 0.731

AR PR EBRKENGINALESRERARNZM( % EE8) (FHE £ HFER)
Tab.5 Effects of dietary threonine on essential amino acid profile in the
muscle of juvenile Japanese seabass

% protein, mean + SE

- 1Akl diet no. ANOVA
amino acids 1 2 3 4 5 6 F{A P{H
(F-value) ( P-value)

K%k Arg 4.55+0.03 4.53+0.01 4.54+0.03 4.55+0.01 4.53%0.05 4.54+0.02  0.074 0.995
SHAE R His 1.60£0.05 1.58+0.04 1.52+0.02 1.56=0.02 1.61+0.02 1.60=0.01 1.153 0. 386
R AR Tso 3.13+0.03 3.11£0.04 3.120.04 3.16+0.05 3.24=0.05 3.27+0.02  2.835 0. 062
FHR Leu 5.52+0.04 5.54£0.08 5.51%0.09 5.53+0.03 5.56+0.03 5.55+0.10  0.079 0.994
HiER Lys 6.30+0.02 6.37£0.07 6.36x0.10 6.36+0.06 6.45=0.11 6.48+0.02  0.513 0.762
B4R Met 2.14+0.02 2.10£0.05 2.05x0.05 2.10£0.05 2.19%0.04 2.180.02 1.906 0.167
AR Phe 2.59+0.01 2.64%0.06 2.57+0.02 2.56+0.04 2.63%0.06 2.53+0.01 1.319 0.320
IR Thr 2.97+0.03* 3.130.03" 3.07£0.00® 3.15+0.01° 3.19+0.08" 3.22+0.04°  5.426 0.008
%R Valine 3.24+0.01 3.24%0.04 3.19£0.03 3.27+0.09 3.29+0.02 3.24+0.06  0.49% 0.775

T A=A AR B LA PR R 255 B3 (P <0.05) .

Notes; Means with different letter in the same row differ significantly (P <0.05).
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A5 38 3 AR B ARDRE P SIS R 5 R A 2
AR IR 8 JH G, & IR B = I3 2 R 1k
i K G AR KR AR A R PR
BUAERAR . BRI B K1 BT, AR ROIR
DUH AT RN, R R IR S A E) 1. 67%
Tl , 43 H AR B A (3R 3, 181 1), [] i 6% )
BUERWA T (R 3) o MR B0 ik —
A TbE S EAREET TR, XSS R IR AR
B A A i e BB SRS 2, [ I B R
A FIH S A IR =R Y e

K4 WGR F1 NR 15 21 fir X5 4] e} b I 24 12 1
ToREN1.77% ~1.88% 1kl (4.21% ~4.47%
HH) . IHEEAST R, X488 T
FF A 28 40 ok 8 R T Wy £ ( Oncorhynchus
tshawytscha ) """ F1 M) K T Wy i ( Oncorhynchus
keta) [ 2. 2% ~3.0% "'~ 0P £ 2 H
A ( Paralichthys olivaceus) 1) 3.2% ") 85
T HaKme PP R w4k 4
il fiyi
labrax ) . 45 8 #% ( Morone
saxatilis) |, 22 38 4& 8L i ( Morone chrysops x M.
saxatilis) B 5 X2 88 ( Ictalurus punctatus) | WT fit§
( Oncorhynchus mykiss ) F1 3¢ [E 21 f4. ( Sciaenops
ocellatus )1 2. 2% ~3. 8% ") {H 51 75 W B}
1% ( Catla catla) ERJE 8 ( Cirrhinus mrigala) | F[15;
(Labeo rohita) | 57 7 42 8| & % 5 F1 3 H 4
( Chanos chanos) 3T 45 8 (4.30% ~4.66% )
M ™ AR E IR T R B ZERZ
EZ Ul SN2 I (1R e B e T A N - B T K
BHEH R (2L 2 2l | S FIRESE ) |l AR 2 ik
B B MR UK B S B i 45

CANE R, b IR g Rt B I 0 2 AR
KA AT W S B ) 25 5%, 8B 0 il ik 2E
Kszme g iy, H a2 B R EY |
02 Jes ST RN SR R R R
PE I AR T TR, A SRR A5 R R, ]
B IR IR 5 (2. 31% ) i ik o e K I, 69 1Y)
AR AZ S B X EVEE AT B 2
PR FELE R, kb rh IR R 2 g R Ak
T ST RS2, X S AT 25 R AT
KT st 5 95 2 R A 1 A= A LB H iR A

( Oreochromis mossambicus ) .

(' Dicentrarchus

4. Borlongan " Ay , i fik 1 S A WX A I
(AN FET T B2 1T 08 20 S (A 38 4
R U o ARSI e R EL AT O RO 4%
SR A PR R () B B2, R R B IH iR 7 2 R
VSIS 11 A TR0 B 3 A .
AR S R A K A I 58 4 el
M VT FERE Y . Murthy 26 BFFEAN
A eI () -5 0 5 48 S R 1 M T
TR A B AT R B 2 ORI L
SRR TSI A SR T R Ao I A R
A KRR Z

ES BRI P ta kR R SO A N T il
N RAA— L AR LA A R
Sesrel, B PR R R Z IS A 3T
SN (L B T R T U 2 KR R R 2R
Bt AR B E R B B Z I AR T
RIE e A SR 45 SE 50 AL A TS R B
(94.4% ~98.9% ) , FLAS LI 2 57 AN i35 , AR
WRIREZ X B 14 BT SR TC R o 3 2 PRI I 5
0 LT 5 ) 85 155 S I TR LI R R 5
R SRR SRR AR I R A K

T IFSEAE Y 35S ) AP Y 95 2
BE8 ~ 100 JA, 22 50 028 i 3K 189 R R 1
BN S R EIERR ) R o Kaushik M £
ST HeAs H AN [ B £ R 8 K32 6F
e BB BTG W 2 5 A SR T LA R
LRI 22 5 T By 2L e i g A AR 1) AR I
SR REC "

S 3K
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Dietary threonine requirement of juvenile
Japanese seabass( Lateolabrax japonicus )

HE Zhi-gang'”, AI Qing-hui'*, MAI Kang-sen', XU Wei',
TAN Bei-ping’, ZHANG Wen-bing' , LIUFU Zhi-guo'
(1. Key Laboratory of Mariculture ,Ministry of Education ,Ocean University of China ,Qingdao 266003, China;
2. Fishery Institute of Hunan Province ,Changsha 410153, China;
3. Laboratory of Aquatic Animal Nuirition and Feed ,Guangdong Ocean University , Zhanjiang 524025, China )

Abstract; A feeding experiment was conducted to determine the dietary requirement of threonine of juvenile
Japanese seabass ( initial average weight 8. 00 £0. 20 g). Six isonitrogenous and isoenergetic semi-purified
diets were formulated to contain 41. 83% crude protein, 19. 68% kJ/g gross energy and six levels of
threonine 0. 75% ,1.03% ,1.36% ,1.67% ,2.04% and 2.31% ( dry matter basis) at about 0. 35% increment
(diets 1 —6). Each diet was randomly assigned to triplicate groups of 30 fish and fed to apparent satiation by
hand twice daily (06:00 and 17:30) for 8 weeks in floating sea cages. The water temperature fluctuated from
26 to 32 C, salinity from 22%o to 28%c and dissolved oxygen was approximately 7 mg/L during the
experimental period. No significant differences in survival were found among dietary treatments. Weight gain
rate ( WGR ) significantly increased with increasing dietary threonine from 150. 3 to 256.9% ( P <0.05) ,and
thereafter showed a declining tendency. Nitrogen retention ( NR ) significantly increased with increasing
dietary threonine from 13.18% to 26.36% ( P <0.05) ,same as above,declined. No significant differences
in body composition were found among dietary treatment. On the basis of either WGR or NR, the optimum
dietary threonine requirements of juvenile Japanese seabass were estimated to be 1.77% of diet(4.21% of
dietary protein)and 1.88% of diet(4.47% of dietary protein) ,respectively,using second-order polynomial
regression analysis.

Key words: Japanese seabass( Lateolabrax japonicus) ; threonine; requirement; feeding and nutrition
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