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Tab.1 Formulation and chemical composition of the basal diet

Har HE(g/ke) BEFAR(ENE) HER(%)

ingredient content nutritional level( measured value) content
BB 1 casein 50 TR dry matter 90.24 +0. 27
BB gelatin 70 HEH crude protein 35.25 +0.32
EXE Q¥ corn gluten meal 250 BB crude lipid 5.93+0.10
HEBERIE S amino acid mixture’ 107 JK4y ash 2.99 +0.07
PAE dextrin 130 BRER R Isoleucine 0.769
EKIEH; corn starch 200
YR cellulose 83
i soybean oil 60
HINFIBUEH additive premixture? 10
BEBR — & 45 calcium biphosphate 20
BEM glutamic acid 20

Tl BERBEWAEK?L; 2. FIRIBRAIET LM B REHE4EK, 150 mg; 4 ,3.2 mg; #¥,34. 1 mg;4R,18.0 mg; L, 5.7 mg;7%,0. 3
mg;45,12.4 mg; 454K A,2 000.0 IU; 443 D,2 000.0 IU; 44K E,100.0 mg; 4E4FK K;,10.0 mg; 44K B, ,5.0 mg; 4K B,,
10.0 mg; MHER ,100. 0 mg; 4R By ,10.0 mg;iZAER%5,40.0 mg; HER,5.0 mg; 44K B, ,0.02 mg; Y HR,1.0 mg; 4E4FK C, 300 mg
Notes:1. Amino acid mixture was showed in Tab.2; 2. additive premixture ( provide mg or IU to diet per kg ) Fe,150 mg; Cu, 3.2 mg; Zn,
34.1 mg; Mn ,13.0 mg; I, 5.7 mg; Se, 0.3 mg; Co ,12.4 mg; vitamin A,2 000.0 IU; vitamin D,2 000.0 IU; vitamin E,100.0 mg ;
vitamin K;,10.0 mg; vitamin B, ,5.0 mg; vitamin B,,10.0 mg; niacin acid,100. 0 mg; vitamin B4 ,10.0 mg; calcium pantothenic acid,
40.0 mg; folic acid,5.0 mg; vitamin B,, ,0.02 mg; biotin,1.0 mg; vitamin C, 300 mg

®2 EilARKERAR

Tab.2 Essential amino acid composition of the basal diet % dry mater

AR REQ - WK -EREOh FERBEY 352 2AFERER MFEERERIIE
. d provided by provided by amount in 35 g EAA in the diet
amino act casein-gelatin-zein AA mixture whole-body protein  (measured value)

HES EBR essential amino acid

FEEBR Argnine( Arg) 0.995 0.920 1.915 2.020
44 Histidine ( His) 0.410 0.622 1.032 1.003
FRE S ER Isoleucine(Ile) 0.770 1.565 0.769
&R Leucine(Leu) 2.568 0.268 2.836 2.849
AR Lysine(Lys) 0.851 2. 400 3.251 3.260
ZE 5 Methionine ( Met) 0.474 0.622 1.096 1.099
#+40# Threonine( Thr) 0.723 0.657 1.380 1.375
A4 R Phenylalanine ( Phe) 1.069 0.496 1.565 1.566
5088 Tryptophane( Trp) 0.138 0.258 0.396 ND*
#5RR Valine( Val) 0.976 0.820 1.796 1.817
FESFEREE non-essential amino acids

BEAUER Cysteine( Cys) 0.229 0.148 0.377 0.382
ISR Alanine( Ala) 1.399 0.802 2.201 2.314
458 Serine( Ser) 0.948 0 0.948 1.012
H4UBR Glycine( Gly) 1.917 0.754 2.671 2.651
KT8 R Asparagine( Asp) 2.901 0.534 3.435 3.430
JB&LE Proline( Pro) 1.412 0.964 2.376 2.335
E#HR Tyrosine( Tyr) 0.132 0.890 1.022 0.995
A% Glutamic( Glu) 2.114 1.007 5.121 5.020

&« BRREAHEN

Notes: * means not detected

W H AR AR TR BT, B 1.20 % .1.50 % Ky L-Te, {3 H M Ile /KF3%
At HARARERHN0.00 % .,0.30 % .0.60 %.0.90 %,  F0.77 % .1.07 %.1.37 % .1.67 %.1.97 % .
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2.27 % ,F—IB N 0.30 %, [FBY, T HAR
L-B & (Glu) & &, LL0.30 % Fy#6 &K
W4 HRATFE. R BEHRAO6
mol/L ff) NaOH JH¥ 4%} pH 3% s "™, in T
2 mm KRR, 60 THEFE T, 30kH4%
3%, -20 CTREEA,
1.3 HE&aMS>ASHFER

HRYE H AR Oe /K Fik 6 MARAL L, 4 3
BEEBNEREEA,1m x1m x 1m
B /IVARFR I A6 R AR R, YA OB T IR 13 340
m® {lE, FEERRR 72d, BREB 3K
(8:00,13:00,18:00) ,#MZE3 % ~5 % , B K
BAAEENIERREE, FFEHKIE 25 ~30
C,KPEmES mg/LLLE,pH6.6 ~7.2, AR
/NF 0.5 mg/L,
1.4 HmPE.SEMaHAE

FHELRENRE, WEHER BEEKE,
PR B H AR A TR IR B A R E
th, FHEL6 BELAERNT;:6 BREE
AR, —20 CrkFEIRF ;6 BB A& JK B,
3 500 r/ min B.0> 15 min R FEMEE.

H iR 2R LA F R 2 B E 2 B8 S0k
(121897, DIRAMEREREERSE, HE
7835 - 50 BY G E R AT AL RE, LAY RNA,

DNA HWIER FARME" Tk, B4 NI
A B BT A E , & 3 DI E I B
H - Hh =B A E R B (B A &) iR
PP B4 b6 3k U SE . 7 2R (P R R R
&), B Rk RE R (P AR &) o
JFPREAS 2 R A0 < g 45 7 B9 00 8 SR FSCHR 14 ] B9
ko
1.5 #HiEAE

REEAR IR FE DR ERE R, RAS
KA SPSS 11.5 734, SHERFTZ MG,
Duncan [K L H IWEEIRH 2 BE M, BEKF
N P<0.05, FEXWMER FFEARKR AR
B EHRBE LA RNA/DNA Al AT &R

Ji SR 1 S REAT BT
2 HR55H

2.1 De & ERKREHRAERIZIT

He sy ¥ & 4 K470 %R  NF3 T4,
W& H H De /KF30n, W E R REAKENEA
R BT EREE, B e KR 1.67 %
B ER BEEKENEARMEREERTH
HH (P <0.05) ;FABL R E B ek R THEE, 4 H
¥ De 7KK 1.67 % B, Wkl R H R K.

£3 HIR le E& & KIBIRIIRE
Tab.3 The effects of dietary isoleucine on growth performance of grass carp

B e KF(% ) dietary isoleucine level

mean += SE, n =3

0.77 1.07 1.37 1.67 1.97 2.27
TR EWE IBW (g) 8.36 +0.14 8.15+0.19 8.15+0.35 8.19 +0.19 8.37£0.32 8.25+0.16
KK REIE FBW (g) 20.28 +0.83  22.22+0.73  23.02+0.68 24.7 +1.12 21.17 +0.83 18.65 +0. 41
WEE WG (%) 143.70 £4.27% 172.55+6.04" 181.31 +3.72° 201.59 +7.00° 152.93 +7.74% 125.73 +4.632
EEK R SGR(% /d)? 1.23 +0.02° 1.32 +£0.04° 1.43 +0.06° 1.53 +0. 03¢ 1.33 +0.05° 1.13 +0. 03?
TR & ¥ FCR? 1.99 £0.04° 1.83 +0.09" 1.54 £0.07% 1.40 £0. 04% 1.87 £0.07° 2.33 +0.15°
B RS PER( % )*? 1.41 +0.02° 1.53 +0.05" 1.82 +0. 06° 2.00 0. 04¢ 1.75 +0.09° 1.28 +0. 042

T FEE EIRARIZFO R BEER( P<0.05) , TR, 1. HER( %) =100 x (AREBHE - WERHWE) MHAWE;2. KEL
KR(%B/R) = 100x (Ln ZREWE - Ln WHBWE)/R;3. AHRHE-=-FER/(ARBHE -WHEWE) ;5. BERENE=
(RRBHE - NHEWE)/ BEARERAR.

Notes: Values within the same row with different superscripts were significantly different (P <0.05) . The same as below tables. IBW ,initial
body weight; FBW , final body weight;1. WG, weight gain( % ) =100 x ( FBW —IBW)/ IBW; 2. SGR, specific growth rate ( %/ d) = 100
x (Ln FBW - Ln IBW) / days; 3. FCR, feed conversion rate = feed intake/ ( FBW - IBW) ; 4. PER, protein efficiency ratio = ( FBW -
IBW)/ protein intake

e sy # & MkBIFH YR HFR4LTH,
A Tle X H M RS8R (=505 3 S SO e
W) BRI B3 (P <0.05) , 24 H it Te /K

1.67 % i, A
BEER

b=l

REKR, NSRS, I
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Tab.4 The effects of isoleucine on body index of grass carp

H¥ Oe KF(% ) dietary isoleucine level

1.37 1.67 1.97 2.27

0.77 1.07
ZEFRHR/ %

deinternal organ rate !

Visei&fjiﬁi/:dex? 9.92+0.16° 9.65 £0.14®
REWRIE/ %

condition factor®

1.94 +0.025% 1.94 +0.02%®

90.08 £0.16* 90.35 £0.14® 90.36 £0.25® 90.67 £0.12" 90.50 +0.17% 90.32 +0.14?

9.64 £0.25% 9.33+0.12° 9.50+0.17% 9.68 +0.14%®

1.91 +0.03% 1.98+0.03° 1.96+0.03® 1.88 +0.02*

Wl FRFE(%) =100 x (AE - AEE)/ KE; 2. AEHEE(%) =100 x WEEE/AE; 3. IEHE (%) =100 x (K& (g) /& K®

(em®)

Notes:1. DOR, deinternal organ rate( % ) =100 x (body weight-visceral weight)/ body weight; 2. VIS, viscera index(% ) =100 x visceral
weight/ body weight; 3. CF, condition factor( % ) =100 x body weight(g)/ body length( cm®)

2.2 De ME&EFHSHIRM

le #f 3 & FME R R Y H#*K5
A, b6 HAR Te 7K F-3400, &K 5 FUH IR T 2
RS TS 1E 1. 67 % K FEHEK; &aH
FBEMK D BT EHEEHE,BFE 1. 67 %K T4
R, TH,2&fK>(Y,) HER(Y,) JHIE
W5 (Y3) Mo (Y,) 315 B AR e KV (X) 24T
B, XK RS H R Y, =1.990 1 X* -
6.5203 X + 79.294,R* =0.922 3;Y, = -2.2976
X*+7.8743 X + 8.2926,R*=0.901 7;Y, =
0.958 3 X*-3.214 3 X + 10.22,R* =0. 904 8;
Y,=-0.244 X> + 0.8333 X + 2.481 2, R’ =
0.890 8,

W& H % Te KF380m, ILPI/K 73 2 55k )5 FH#
P75 1.67 K FARM; MULWHE 2 EF
JERERaS FE1.37 BN 1.67 % K FEHBEE.
PIK 4> (Ys) FHE R (Y, ) 35 H R e KF(X)
ERFWMMEXE HRXXREAHN Y, =
1.254 X* -4,767 3 X + 84,522 ,R* =0.908 8;Y,
=-2,2024 X + 7.063 8 X + 12,285,R* =

0.906 3, JLNMABIIEA K PHZ T BEZE
F(P>0.05),

le s £ & LA AARSFHHEH  HFEKO
A HAR e AFX LA H 2R B ER AR R
BRI ELFEER SR ( ENEAA) TR EZ
ma(P >0.05) ,fHA HAt 14 Fp R ERFZAELR S
B(XZTAA) B RBZEZW(P> 0.05), HRF
Oe /KFH 1.67 % b, LA He & JJLHLFHR
HEBRE( ZEAA) LN ERER S8 ( ZTAA)
¥R KRE,
2.3 DeXEAZFARRBEIFIT

e #f3 & LA ¥ RNA/DNA & % R H
¥ lle /KFAE0.77 % ~1.67 % 41, RNA/DNA .
BHE FFA#EH e KFTE 1.67 % 4H,RNA/DNA
HAB 35 B B K, Z /5 RNA/DNA H{H T B (%K
7)o

e 3 & o % BT A AL 4769 F R
Hfgle EAIMF(HER.SEHMME) X
R (5 SRR S8 ) Bs2m L3k 8,

®5 De NE&&ENAEFRABHTR

Tab.5 The effects of isoleucine on nutrient composition in whole-body and muscle of grass carp

H¥ Oe KF(% ) dietary isoleucine level

0.77 1.07 1.37 1.67 1.97 2.27
441 (% ) whole body
7K 4y moisture 75.42 +£0.04° 74.77 £0.08" 73.86 £0.06* 73.95£0.07* 74.36 +0.07° 74.66 +0.07°
M H crude protein 13.17 £0.02* 13.73 £0.59* 14.78 +0.01°® 15.38+0.09° 14.71+0.30° 14.33 +0.13°
MERN crude lipid 8.35+0.09° 7.84+0.10" 7.59£0.07° 7.46+0.03*° 7.78+0.07° 7.78£0.11°
K4y ash(% ) 2.96 +0.04* 3.12+0.05" 3.17+0.04® 3.20+0.05° 3.13+0.02% 3.14+0.03%
WL (% ) muscle
7K 43 moisture 81.57 £0.07¢ 81.02+0.08° 80.13 £0.06® 79.96 £0.07° 80.30 £0.10" 80.03 +0.13%®
M H crude protein 16.48 £0.33* 17.09 £0.38* 18.06 +0.22° 18.01+0.24° 17.43 +0.12° 17.06 0. 09°
Mg W crude lipid 1.73+0.12  1.74+0.03 1.79%0.07 1.84%0.10 1.85+0.05  1.87+0.03
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*6 HARbe KEMNBEANASERIE(5E/100 52, THRERM) RM
Tab.6 The effect of dietary isoleucine level on AA composition (g/100g dry sample) of muscle of grass carp

H¥ Oe KF(% ) dietary isoleucine level

0.77 1.07 1.37 1.67 1.97 2.27
KGR (Asp) 7.23 £0.01°  7.77+0.01®> 7.71+0.04®> 7.80+0.01° 7.78+0.11° 7.58 +0.09"
#4482 (Thr) 3.99+0.02 3.98+0.01  3.89+0.01  3.94%0.05 3.90+0.06  3.90+0.03
2 5B (Ser) 3.67+0.01" 3.63+0.01" 3.51+0.03° 3.52+0.05*° 3.49+0.04* 3.54+0.05%
AE 8 (GClu) 9.34+0.24" 8.94+0.01% 8.82+0.02° 8.87+0.12% 8.92+0.13% 8.85+0.14%
H&®(Cly) 3.73+0.01  3.53+0.06 3.64+0.11  3.58x0.05 3.67+0.02  3.54+0.09
REBR(Ala) 4.60+0.02%  4.45+0.04* 4.57+0.02% 4.70 £0.02° 4.69 £0.05" 4.72 +0.11°
e BT ES (Cys) 2.21+0.01" 2.02+0.02° 1.99+0.06° 2.00+0.04* 2.06x0.01*  2.04 =0.04°
&R (Val) 3.75+0.01* 3.87+0.03® 3.84+0.04® 3.95+0.01" 3.94+0.06® 3.90+0.10%
EE R (Met) 1.61£0.01* 1.61+0.01° 1.84%0.12> 1.91+0.01® 1.58+0.01* 1.59 +0.06°
BESR (1) 3.04+0.01* 3.10+0.01* 3.27+0.05° 3.29+0.03° 3.26+0.03" 3.27 £0.05°
E& B (Len) 6.79+£0.01* 7.13+0.12> 6.93+0.01® 7.03+0.08° 7.06+0.09"® 6.98 £0.05°
B BR ( Tyr) 4.07+0.01" 4.02+0.07° 3.61+0.03*° 3.55+0.08*° 3.64+0.07* 3.60 =0.03?
FEHE R (Phe) 4.49+0.07  4.39+0.07  4.44%0.02  4.47%0.05  4.46+0.04  4.50+0.02
BB (Lys) 6.23 £0.20° 7.56+0.05" 7.28+0.04® 7.37+0.05" 7.46 £0.06"  7.43 £0.06°
44588 ( His) 1.93£0.02° 1.76+0.02*° 1.71£0.02* 1.72+0.02° 1.73+0.03* 1.71=+0.02%
WEER(Arg) 5.04+0.01 5.00+0.02 4.97+0.03 5.02x0.02 5.06+0.05 5.12+0.12
JEEBR (Pro) 2.26 £0.01* 2.32+0.02% 2.48+0.06° 2.50+0.01° 2.38+0.03% 2.35=+0.04
Y EAA! 36.72 £0.06* 38.15+0.17° 38.17 £0.25" 38.99 +0.03" 38.23 +0.37" 38.52 +0.43°
Y NEAA? 36.85+0.03 36.68+0.04 36.32+0.31 36.75+0.03 36.57+0.34 36.44+0.51
T TAA®? 73.65£0.01* 74.83 £0.10% 74.50 +0.05° 75.74+0.01° 74.80 £0.07° 74.97 +0.12"
F:1 DEEERNEEGE M, GERRIEIE) ;2. EUFERERMEE ;3. RERNEE
Notes: 1. gross of essential amino acid;2. gross of non-essential amino acid;3. gross of amino acid
£7 HiR® De /K FExdE&ALE RNA/DNA F500
Tab.7 The effect of dietary isoleucine level on RNA/DNA of muscle of grass carp
H¥ Oe KF(% ) dietary isoleucine level
0.77 1.07 1.37 1.67 1.97 2.27
RNA/DNA 1.32£0.13* 1.81+0.17° 2.04%0.16> 2.65+0.14° 2.45+0.13° 1.91 +0.14"

®8 HM De 7k FXIE & i FF1FFAE & AL IEAREI R0

Tab.8 The effect of dietary isoleucine levels on biochemical parameters of serum and liver from grass carp

B le /KF(% ) dietary isoleucine level

0.77 1.07 1.37 1.67 1.97 2.27
i serum
HZEHR(g/L) ALB
&A1) 11.78 +0.24 12.37 £0.25 11.47 £0.29 11.56 +0.01 13.66 +0.15 12.19 £1.41
albumin protein
HEH(g/L)
) 21.94 +0. 692 28.44+1.92%  30.70 £2.18%  28.86+0.09®  33.49 +3.49° 36.45 +0. 79°
total protein
T4 ( pmol/L) b b
) 728.31 £50.06% 822.02 £29.63* 750.04 +44.73*  830.60 +6. 5% 934.91 +6.5° 1235.54 £11.73°
ammonia
JFHE liver
BERVEH(e)?
GDH we 217.95 +£8.71°  131.42 +20.40° 114.98 £14.55° 64.10+10.33* 101.65+6.07® 134.40 £13.96°

HH % 8 T4 iE AR/ AES e /K FHZH
EZRABE(P>0.05); REHTEO. 77 % ~1.67 %
HZEFL07 % ~2.27 DHZ MERAEE
(P>0.05);7£0.77 % ~1.67 % KFEHZN , &

HMEERABE(P>0.05) ,7E1.67% ~2.27%
KFHZIE, AR EAEE, FEE R e KT
EF RS ERREME LR TRE LA, &
1.67 % /K FAHTE S8 A%
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2.4 lle XE&IERA IR M
H13% 9 WA, BE H AR Le KFH36 M, 24 M
B ML H-ih = BRI E B B SRS AHE S,
7 1.67 % AKFHBNRME, SHEKFHER
B#F(P<0.05), &%, 2AMEN(Y:) .
M7 H=EE(Y,) MHERE(Y,) 7235 H i e
KP(X) B -RMARRR: Y, =0.958 3 X* -
3.2143 X + 10.22,R* =0.904 8;Y, = 0. 460 3

X*-1.5556 X + 2.973 4,R* =0.797 5;7, =
11.774 X* - 38.659 X + 171.36,R’* =0. 847 6,
T L 75 H Wl = B8 (Y, ) MAHE R (Y, ) 5
Bl (X) B WK R Y, = -0.289 5 X* +
5.0953 X -20.312,R* =0, 948 3;Y,, =8.814 3
X*-128.99 X + 612.06,R*=0.878 7,

£9 HR e K FEXE &R RA BRI
Tab.9 The effect of dietary isoleucine levels on lipid metabolism from grass carp

H¥ Oe KF(% ) dietary isoleucine level

0.77 1.07 1.37 1.67 1.97 2.27
& i (%
éﬁﬁ.ﬂ?%(”) 8.35+0.09° 7.84+0.10° 7.59+0.07° 7.46+0.03* 7.78+0.07° 7.78+0.11°
crude lipid on whole body
W= /L
I3 i = mmol /L) 2.05+0.91° 1.83+0.10° 1.75+0.03"° 1.5520.02° 1.80£0.05" 1.78 +0.06"

triglyceride in serum

MmEFMBERE (mg/dL)

cholesterol in serum

149.68 £0.90° 140.95 +0.64% 141.85 £2.34 121.34 £0.83* 141.39 +2.32> 143.84 +1.18°

2,5 DNe BEEERASH

A ER FFEAERKE AR EY
Fas# UL RNA/DNA A SRR EEE L5
H R Te 7K (X) #4757 R i £k B 247 (B 1 ~

2201 Y=-101. 18X°+295. 35X-25. 639
*S'é 200 - i R?=0.881 6
&2 180
’@5, 160
g2 140¥
-%D 120 L +— X _=1.4
E
100 I | 1 I 1 |
0.77 1.07 1.37 1.67 1.97 2.27 2.57
HAR SRR KT /%

dietary isoleucine level

E1 BEX-HRle KEXER
Fig.1 The relation between dietary isolencine and
weight gain ratio of juvenile grass carp

3 itig

3.1 DextE&+KMEAR.IEHR SR
ETFKF=3h e EFRWBISE, BohEE 25
xigas ant areg” Foprraa 857 @ H
£ FBEFT IR PSR TS, IEF BT B
W EBLWIR TR T BN ERER FW

6) , Z5R T, FAatnsr HIFE H K Tle /K24 1.46 %
1.49 % .1.45 % \1.41 % .1.71 % 71 1. 68 % i i%

BBRAEE,

1.6 ¥=—0.531 4X%+1.582 1X+0.292 1

© ¢ R=0.8732

SERT

<

gz |

W E 1.2

-}\-H;—«

WE o X =1.49

-1-1-*}:»@ . I I I I . |
& 0.77 1.07 1.37 1.67 1.97 2.27 2.57

FIR SRR /%

dietary isoleucine level

H2 HEEKE-HRIe kEXR
Fig.2 The relation between dietary isolencine and

specific growth rate of juvenile grass carp

A , B H A R BR MR M, S Sh PR
=V5= s MNTIE LY e Sy ik SNk AN N3
HGRE5 BRSPS R - S R
e AERZ 2iE B FH IS8, EAKERMFER R
HBUIABEEH, P HERKEROEER
FIRFRE AR AR AR (LR S 1n (1R R %L
|HRRR) HFEE H M Te KFEZELTT AL



5 HBEH % E AL ANRRARNTER 819

RINE B B KRB LR R = A &K

S 2.6 y=1.218 3x-3.543 5X+4.078 3
=240 R*=0.895 6
E22f
.S 2.0
e ol
Ze et
sg Loy
S 1.4 2
T L2f < X_-1.45
< 1.0 ‘ ' ' ‘ ' ‘
*Y0.77 1.07 1.37 1.67 1.97 2.27 2.57

FRA SRR /%

dietary isoleucine level

E3 H8RE-HRDe KEXH
Fig. 3 The relation between dietary isoleucine and

feed conversation ratio of juvenile grass carp

¥Y=-1.363 1X?+40665 7X—1.554 8

3.0 R*=0.878 6
r 3
< $ 2.5 &
=z =2
28 20
=
=73
2. Lb
gé L0 — x =17
-}
% 0.5 L L L I L 1
0.77 1.07 1.37 1.67 1.97 2.27 2.57
AR R MK /%

dietary isoleucine level

B 5 ML RNA/DNA - H#R e K EX EE
Fig.5 The relation between dietary isolencine and

RNA/DNA of muscle of grass carp

ARG RFEY, B H le FEERESIRHS
AEAULAE B g, #H2 AR Iy B TTARR 52
W EAAKNREHR, BT, AR E—-FH
BT e 5E AR HRAHMAIBTREILR,

MNTEBRAH, RFRERE T LN RNA/
DNA RBAZE A RM AR, ma R BB 6
HEEEFREY T RS KBRS R B
JFRESE BRI 7 i . HAR ARy e 55 HKF
RANNE B RA BN, = Mg 223
#, HE e KFF0.77 % ~1.67 %, LA
RNA/DNA [ {H 2 g, mE82 A 583, B
BiEA Tle ABRZ 2GR, B HRA BSR4
BRI TR RS, AT # 8 B R ITAR A
A T H B Oe KEAEL.67% ~2.27 % it L
P RNA/DNA WWEE FRESE AL L8
ORI e NEE BN E, EHREARARET
W, 53 BT IEEE , MR HI R B SR UTAR A ik A
Ko [Fn, RFFEL IR, A 2R S8 (X

W Z B, e HE HBUKFHNL.67 %,

S 23r Y=-1.013 9X23. 100 3-0.472 2
5 oo1f 5 F=0.8455

R B -

2 L9

®2 L7

&3 < :

ae L1y + 1 =141

S 0.9+ .
8 0' 7 1 1 1 1 | ]
g 0.77 1.07 1.37 1.67 1.97 2.27 2.57

FIRA SRR /%

dietary isoleucine level

H4 ZARYE-HM e kKEXRHE
Fig.4. The relation between dietary isoleucine and

protein efficiency ratio of juvenile grass carp

50 P P
0.77 1.07 1.37 1.67 1.97 2.27 2.57
FURS R BT /%

dietary isoleucine level

28 9250 Y=161.18X%-543. 13X+538.27
g R=0.940 0
é ® 200
3 "é S
HED 150
%% 2 100
[<b]
le;g =
@2
o

6 HAARMEEETESN - HR e KEXRE
Fig.6 The relation between dietary isoleucine and
glutamate dehydrogenase activity of liver of grass carp

W R BRI ™) 5 R e kP2 ERE
FHE R B LR K R, W B A AR I, R 35
F0.940 0, HHM e K FEEN, FEARBE
EarE MR, —MUh, 5 RSB 2
KA ERIER, £ N E 2R 5 F g2
A" . B4, B De & Bk 3 340 51
S PR LS B T AT 5 P A S R 0 i ol
W&, A, fFEEEKET, FIEEER S g
HIE e, LA E B R A B, &0, 25
JFES 2R A BT M (Y ) 5L RNA/DNA
(X ) BRIFHHAAERLERXRR Y= -103.03 X +
336.57(R*= 0.914 7) , 2T HES BB S
—JLP RNA/DNA 48 36 B HALH A f5 i —
HFSEIER

TFRE AR, 24 H A Oe K VG HA, EMA
MR H M = EE R M ea gl & 258
B, M= Mt 8K F¥ A, B3l EE De
K- BA BRI & BATTRER . HIEE



820 X o R 3%

RERIEEHM le K FREB ik Leu( MR ER)
Hle(AMFEAMARER)  Va(EHEER)3
N ERERNTEE LR, I E HREREER
KRR, TR R & AR A Y,
A BB i i S R R oy S /D, I R AR AR R i Y
ME,

3.2 Hfaxf e ERETS

ERFERT SRR, EBH KA 3 M
S HAE BN RR, N EHFEE: (1)
TR (2 ) FFRBAL; (3) YK E A
(WFRAMMIEAER) , XERFERATEZ — &
RERW: RANER FEEKE BEORUE
AR R4 DR, 5 Hil e K P2
WHZR R R BIEAREL, 2000 4 TIEHR, &
PERIE AL A e HFEERN VA HRK
1.46 % .1.49 % .1.45 % f1.41 % , 5 HEEH
B 4.14 % 4.23 % 4.11 % 4.0 %, HILEA]
WEREAYHA le FERNEHIEE NG HRE
1.41 % ~1.49 % , 5 HBREBEHASEN 4.0 % ~
4.23 % ,

EEt, 8 T AT e WEFRTE, KR
LA RNA/DNA k4 2R i S B
FIPITR N T8 4R , FITE AR5 H R Te 7K 28474
M (R* {H5 51 0.878 6 #10.940 0) , K 3 &
RO Y e K43 5100 o5 HRAEY 1. 71 % 7
1.68 % , 5 HIEEHK 4.85 % f14.77 % ., Z{H
SHANER e A KR AR RN E R
YERR N AR AR B RE (40 B BLFR ) M ZB K,
ZETHIISIRER AR AEBRT RE, M
H—BHFRIEN

KA SR e BT BB RBUH B RFpAL
o WL HARE HAK A EA, A5 H MK ™30
YIkaLL, H4 A Tle HEE(4.0% ~4.23% ) BTk
(2.2 %)™ 88 (2.6 %)™ #5(2.58 %) B
HXHHR (2.7 %), 5¥68(3.6 %)™, ur g
(3.8 %)V LIRAEM(4.0 %) “HIE, &R
XFh 2 R E 5 R R0 KRR E H K
TR 2 FRL P B R R BR A L T M £
A, B AR B B AR KR B R SR
B R EERRSE, XU mEREE
—EEW, A — SR TE,

DI ER AR e AR KR DB RO & HRAK
BN IR, Ea L e WEERSH NS H

W 1.46 % .1.49 % .1.45 %A1 1.41 % , 5 B
BHMN4.14 % 4.23 % 4.11 % 4.0 %, Bt
4hta lle FEEBMBETEE NS HRML4 % ~
1.499 % , S EMEHASEN 4.0 % ~4.23 %,

BE 30k

[1] National research council nutrient requirements of
fish[M]. Washington, D. C. ; National Academy
of Sciences, 1977.

[2] Ketola H G. Requirement for dietary lysine and
arginine by fry of rainbow trout[J]. American
society of Animal Science, 1983,56:101 —107.

[3] Robert P W, William E P, Edwin HR L, et al.
Isoleucine, valine and histidine requirements of
fingerling channel catfish [ J ]. Journal of
Nutrition, 1980, 110(4) ; 627 —633.

[4] Ida G B, Relicardo M C. Requirements of juvenile
milkfish ( Chanos chanos Forsskal) for essential
amino acids[ J]. Journal of Nutrition, 1993, 123
(1):125-132.

[5] Millamena O M, Teruel M B, Kanazawa A, et al.
Dietary requirements of postlarval tiger shrimp,
Penaeus monodon, for histidine,
leucine, phenylalanine and tryptophan [ J ].
Aquaculture, 1999, 179169 —179.

[6] Wang S, Liu Y J, Tian L X, et al. Quantitative
dietary lysine requirement of juvenile grass carp
Ctenopharyngodon idella [J]. Aquaculture, 2005,
249 419 —429.

(7] HE4, 5L ARE,F ERLERKEHBXTH
EMTEEBWBIAR[T]. £ 584,2003,22(2)
147 -149.

(8] X M EAYANEARNIELTEERT
REBEFELD]. S - oIl K%z ,2006.

(9] £ A& REEEREVWRBEZALEEXRE
BEVE KBTS D]. L. ElARE,
2006.

[10] Lin D. Grass carp, Ctenopharyngodon idella [M]//
Wilson R P,Ed. Handbook of nutrient requirement
of finfish. Boca Raton:CRC Press, 1991.

[11] Wilson R P, Harding D E, Garling D L Jr, et al.
Effect of dietary pH on amino acid utilization and

isoleucine,

the lysine requirement of fingerling channel catfish
[J]. J Nutr, 1977,107; 166 —170.

[12] Association of Official Analytical Chemists. Official
methods of analysis[ M]. 14th ed. Arlington, VA .
AOQAC, 1984.



5 HBEH % E AL ANRRARNTER 821

[13] & f&, 5o BE®R, % &Y%k M]. (Sparus aurata L) induced by retinol acetate[ J].
b YRl B R, 1981 1133 —136. Fish & Shellfish Immunol, 2002,13 (4) ;279 —
[14] Bergmeyer H U. Methods of enzymatic analysis 291.
[M]. Deerfield Beach: Vch Pub, 1974. [18] Walton M J, Cowey C B. Aspects of ammonio-
[15] ®IWER,&HFH, FitH, % 86 55 RNA/ genesis in rainbow trout, Salmo gairdneri [J].
DNA S HAKMEA[T]. Lk ke Comp Biochem Physiol, 1977, 57; 143 —149.
#®,1992, 1(3 —4) :159 —167. [19] REZ,%ME,ZAL,%. HFBHEBESER
[16] 4RI, PRATH, 545 99, 5. FH RNA/DNA LL{H JiE B K TR AL B e PR AR SCLY - e AR LG 2%
e A K R HIR SR E RMELT]. #,2004,20(2) :113.
JKF=24R,1994,18(4) :257 —264. [20] #i{E%E FERSBERANF LHXEKEEHE
[17] Cuesta A, Ortuno J, Rodriguez A, et al. Changes in HERKMERE. R A /R & HAE AL R
some innate defence parameters of seabream [D]. i : #T7KRZ,2001.

IR IT i 2010 SF{7K=F4K)

OKF=20) 2 i o ERHD 28 P EK %4 90 LRI B2z i il iR DL R Bt
REZKF=REEARBR b ER2EARBBOH R (P ER2ES X E CSCD .0 EMPEIEOE),
1964 AEQIH|, B EK =R S B S AR R Z —, 2002 - 2009 4E 22 503K“ B # o E AW B8 8
T F55,2006 —2008 4FFK45 H ERHIp g BRI TR E (C 28) ” ¥ 8),2009 3R45 + EFH 5 2 A
HHRIRTEIE (B 2K) "%,

AT FET SR R K FRFE G FE K WoR F BTG ol K SIS AR A R IR 5 E
oK mRE T 554 FI % ERRIS SR RIIRAGR

HTAEY HEMARGE LR, BEIBSCRR:, K2 % F 2010 SFEd B3 RIZEE R A
T, &89 180 7T, BHATTHr 49. 00 Ju, 24F T4 588.00 Ju, EM4—T5:CN 31 - 1283/S, HrtniET
5 ISSN 1000 -0615, E N HR AR5 :4 =297 , B KATT: Q - 387, & V] 78 LR Ry Jp B TT 1R) , Bt
Z WITSAMTH T ER SRETHKR. MAITPTEZ 6 fiiiE,

SEB ML ST IE BRI IR 999 £ 201 {E44

MR IBL 47 85 : 201306

B & A:GKER

BER BS54 021 - 61900227

E-mail; mqzhang @ shou. edu. cn; jfc@ shou. edu. cn

Website : www. scxuebao. cn



822 K = % R 3%

Study on isoleucine requirement for juvenile grass carp,
cenopharyngodon idellus

SHANG Xiao-di', LUO Li', WEN Hua’, GAO Wen', WANG Qing-shui' , XU Hui'
(1. Department of Fishery Science, College of Animal Science and
Technology of Southwest University, Chongging 400716, China;
2. Yangize River Fisheries Research Institute ,Chinese Academy of Fishery Sciences, Jingzhou 434000,China)

Abstract ;540 grass carps [ initial body weight (8.25 +0.37) g ] were randomly divided into 6 treatments
(90 for each treatment, 30 for each replicate) to investigate the nutritional physiological effects of dietary
isoleucine on grass carp by feeding with six graded levels of crystalline isoleucine (0.77 g, 1.07 g, 1.37
g,1.67 g,1.97 gand2.27 g per 100 g dry diet) which have the same isonitrogenous diets (35.25 %
protein) with casein-gelatin-corn gluten meal-crystalline amino acid mixtures as protein source
supplemented. Amino acid pattern in diet is to simulate the amino acid pattern found in the whole body
protein of grass carp except for isoleucine. Each diet was randomly assigned to triplicate groups of 30
juvenile grass carp in freshwater floating net cages (1.0 m x1.0 m x1.0 m). After a 72-day feeding
trail, the results showed that; When the dietary isoleucine level was 1. 67 % level, weight gain (WG) ,
specific growth rate ( SGR), protein efficiency ratio (PER) got the maximum and feed conversion rate
(FCR) got the minimum ( P <0.05) ; deinternal organ ratio ( DOR) and condition factor ( CF) got the
maximum, viserosomatic index ( VIS) got the minimum; moisture and crude lipid of body were minimum,
protein and ash content of it were the maximum (P <0. 05) ; Moisture of muscle was minimum, protein
were the maximum( P <0.05) , but the difference of crude lipid was not significant( P <0.05). When the
dietary isoleucine reached 1. 67 % level, both the content of isoleucine and total amino acids in the muscle
were maximum. The RNA/DNA of muscle rose first and then went down, when the dietary isoleucine
reached 1.67 % level, RNA/DNA of muscle were the maximum, and the difference was significant( P <
0.05). Glutamate hydrogenase activity of liver went down first and then raise, when the dietary isoleucine
reached 1.67 % level, glutamate dehydrogenase activity was the lowest, and the difference was significant
(P <0.05). When the content of isoleucine went up, the blood ammonia was leveling off at the beginning,
when the dietary isoleucine reached 1. 67% level, the blood ammonia rose. The difference of the albumin in
the serum was not significant( P <0.05). TG and CHO went down first and then rose, when the dietary
isoleucine level was 1.67 % level, TG and CHO were the lowest, and the difference was significant among
groups( P <0.05). The conic analysis of WG, SGR, FE and PER against dietary isoleucine level indicated
that optimal dietary isoleucine requirement for juvenile grass carp was 1.46 % ,1.49 % ,1. 45 % and
1.41 % of the diet ( corresponding to 4.14 % , 4.23 % , 4.11 % and 4.0 % of dietary protein on a dry
weight basis). So the range of optimal dietary isoleucine requirement for juvenile grass carp was 1.41% —
1.49% ( dietary base) or 4.0 % —4.23 % (protein base) .
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