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TEERFELEITAR T ERBRERNHR

KRz REFT HEE’ LHER’
(I BHREFERFOKT A ar2ebe Ll 2013065 2. EUKB2ARR I Be Bk BR80T 75 266071)

WE EFHEHERP 2R A 0. 0.30%. 0.60%. 0.90%. 1.20%. 1.50%% &5 #| & 6 4% 4
ER, FAERARNELTEESHH 0.61%, 0.85%. 1.10%. 1.39%. 1.60%. 1.84%, X 4146
TRE 4 (13.83+0.63) g By 41 4 % 77 46 (Takifugu rubripes)4h 2 £ £ Wik K £ b #4T T 76 d B8 L
T, RAHEARNFERE, AXEXN, YAHNFTEARKTE 0.61%AEHE 1.60%0, 218K )
#f 8 4 7 A K 2 (Specific growth rate, SGR). 77 ¥ 2% & (Feed efficiency, FE). & & % % I (Protein
efficiency ratio, PER)#] 2 & 7 5 (P<0.05), H# 7% 1.60% 4 B FH AH., ¥, FE £ KEE 1.39%.
1.60%52 50 4 & B % % 7(P>0.05), EMEERARN*—F AT, HELKE, AREE, Bausx
RHERETHENESE;, RARKTNTEANRELA L EYWEP>0.05); 7R+ EARAKF T2
AN CEZERNEEATERRNAS, EE4ARMES ., KA S L EEZ F(P>0.05); [
FERAB KT E, AR (Hepatosomatic index, HSI)FR fi 4 H, (Viscerosomatic index, VSI) £ 3, %t 7+ &
HTR, £EAR2EN 1L.60%H A2 RE, REFHTELAR 0.61%4(P<0.05), 5HMALEF
Z5; NWEFHW =6, BEARNEE, MERARKTNAGEAR EAGHERROGAS, A
ERABATIHMLEFLHEE, aXEREallEE. KEEREAHEER, 8EAKTFRAEHR
AB . BV AN EMLEFEYW(P>0.05), MRE EKEAIFNIBITRIAT — 0 2K E I dh o

M, AR IR E H(13.83~8247) g AT R T éb 4y & ) B AR F R EH 1.38%, b K& A R 1 2.71%.
KR  asARTHE4 s, RERFRE; EKMEE; KAR; £EAENER
FESES S963  XEKARIREE A XEHRS  2095-9869(2019)04-0001-10

TR A i R T, 2 SRR 2 A
& AR TEY . FREA R ARER)R, &
IAE AR A A TE A R T AL BT 20 ik il 2 PR
JE A BERHLARMSCR T o R, R I T 2R
FUB R B, 7R 8 BN E LR i, EE AR
S AR, A 10 PR R —Fh, 1E
RMAERE TSRS, EEAR ZHS 5 0RMI
PR, AT LIS S5 S-IRH R A L,

SRG DA AR S B IR 2 55 BLAA 9 A AR 0 o 7
(Baker et al, 2006). &R LLZ 5 4GR . RN . W
152 HEL R0 EC At 1% B A T2 A (Brosnan et al, 2006), [R]AS
W2 AR Z A8 Py ISR Y 5 — BR ] 1 2 L 1R (Goff et al,
2004), FIHALE TR, HRAIRKE 1Y EZ R W
B REURBHCEANE KT FE(Mai et al, 2006). 1 H.
7EUT % (Oncorhynchus mykiss)Z&fi:Fl fa s R B, %
MR AR S = MRS, i8S B R (Cowey
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1992) . H B AEH i &t i A 2 19 DU AT Ok T 6 1 A=
K77 A 7 TR0 (Poppi et al, 2011), AHEHF5E R,
WOH MR A R OK T B R R 1R
(Micropterus salmoides)([% 73 #4 %5, 2010) . K #
(Larimichthys crocea)(Mai et al, 2006) . ZE##(Cyprinus
carpiovar Jian )(Xiao et al, 2010)% 4 £ K% | 1Al
BHEARRCE . BT, BNAC LT TIRZ K T 0K
FREREFTORWBEIE, W2 T 4 6F (Paralichthys
olivaceus) (Alam et al, 2015). B s X 24 (I ctalurus
punctatus) (Harding et al, 1977). H A& ffi (Anguilla
japonica) (NRC, 1993), Ki#ffi (Mai et al, 2006). fiFiffy
(Lateolabrax japonicus) . (Zhou et al, 2011) %= & ff
(Rachycentron canadum) (Zhou et al, 2006) . Z## (Xiao
et al, 2010)55 Z i %0 0 28 (1 FE 2 R T K it

41 fi 75 J7 fifi (Takifugu rubripes) & #RI K, H B X
Tl B 3R 2 7 T AT Y R BT R E PR AR
(FE L, 2008; Sungsam, 2009)F1AE 5 (FMHEE, 2013;
Takii et al, 1995)%5 J7 [, X} 85 & W 18 B 75 2K & 19T
GEEAR WA . S5 T, ASHEFR R FH R - 200
PRV [R] 3 R K - X F 20 8 ARy ol A K MR RE | fadhk
21 BRI S A AR AR AR IR 5 ], Ay ] fii & FH LA AR R
WA S HERE S AR -

1 #REFE
1.1 LRt

AR S B AL ) B G T RS EE RN 0.3%.0.6%
0.9%. 1.2%. 1.5%M DL-8RZAMR ., Hrh, HAmRMA
RN 99.3%. DI AMAE RN EARNE AN
Yy, BCH G 6 FhAS [m] 2R 2 R A B /KT 1 4 RS IR 1 2
K, SCeR iRl Iy MR A R 1. % 2,
Hr, &A . BBUiKE45Z2 ] Kin 55(2009)F
Kikuchi 4¢(2009), & IR IR Y S NS R0 68 AR 7
Gl LA TR A (R R 1S5, 2011), &E, &4
TR SE PR AR R 2 i A o 0.61%. 0.85% . 1.10%.
1.39%. 1.60%. 1.84%, XN &kt FH B 1.20% .
1.67%. 2.16%. 2.72%. 3.14%. 3.61%. kK2
it 80 Hif, HHRM/NEEIKEMINY, Z4R
G II5), MoK e ik /N RUSORE DRI R LA
3~4 mm, KR 3~5 mm PPREE, S5CHETE,
BAET—20°C ok

1.2 LWEMFEEE

T 85 4575 80 1 B KA A A 244 £
B, BRI SR I 7 4, BOEE R A

GRS kL SEIR TR LRI, S8 —ibk S ae Lk 24 h,
Wi I Bt AL 22 A o i B . AARAR B 5T Y . BREE SR A
18 /(500 L), Bl H A 30 B[R E Ny
(13.83+0.61) g]. ¥ 6 FHalRIEAHL IR E] 18 IM4l, 4
FhviERE 3 AN SEE ], B K 4 51 F 07:00,12:00
16:00, 20:00 UL EHME, B g4 S50 M iR 1)
3% ML, WARFRMITFITE, & 2 d AR 1 Uk, PREFAR
BEFIARIC TS I, SCO0HFEE 67 d.

FEI K IR K, 4 UTE . I IEEHEA
ok, RIHENTK RS (B RITKEEN 4 md),
Jfe 172 7K SEERN], WA T 6 mg/L, SRR
WY P LLARARE NOGERE . SR, AKESh
22°C~27°C, #HJEHN 24~26, pH H 7.90~8.05,

1.3 SCIGENHF

SIS FE AR T REAILE 10 J2 21 68 7R 7 i 4y £ 4 Ry )
hfa, T IEFRRD . SCREs Ry, YUk
24 h, SRIGXTEARAIEATIEC. FRE . AR REHLE
4 B, -20°CORAE, M TR W BERE
MU 6 B, REkmun, MmEEEFT 1.5 ml B
b, BEKE 3000 r/min B0 3RS M ERE, R
T -20CokA & FH o B 6 A fe vk b, B
JERERALA, 33T 2 RS, A RA
W, Z IR R RN -80°CUKAH, FH LS AH SR
M 5E o

1.4 HEUSH

SO AR . ARDRHEURR f A R L RIS T
KAy KATNE , YIS BE(AOAC, 1995) k1T,
Ko SR MHA052) CH R TS, KT EHD
R 550°C ERAAIBE T HLAR I 7 2R G4 2
7€ (Foss Tecator, Hoganas, Fiit); ¥ H A& = AL
IG5 A 5 (VELP, UDK 142 automatic distillation
unit, VELP, Usmate, MB, & KF). Tkl &FIR 51T
K R R K fift v am o E 3L R 4 A (H 7. L-8900, H
A E

I ¥ i35 A1 BRI 35 B (Mindray) 23 w4 7= 1
LX-20 #J Beckman 4= [ 244k 4 1A K He i £ it
FIVHAT BT o FENEAS TR Il . A R S IS 150k
FH RS 5 AR W) T AR AIE S B A 50 2
1.5 HEAEERRITHHAE

¥ e 4 K K (Specific growth rate, SGR, %/d)=
100 [In(Z AR )~ In(W) b 1 E) /52 56 K KL

% (Feeding intake, FI, %/d)=100x 1) 5
P /[ 5 R B (W IR IR A+ 2R R )/2]
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T B3 K (Feed efficiency, FE)=fa{&khf & (i &)/
ST

T R e (Protein efficiency ratio, PER)=(44K
(SR GLENE R S PN s

5 H BT (Protein productive value, PPV, %)=
100> R 25 1 T A7 /2R LA =

JIE 3% £ (Condition factor, CF)=IA#H /ALK 3 (k&
Bfr: gy KK cm)

JFAA H (Hepatosomatic index, HSI, %) = 100 xJF
/R

JE A EE (Viscerosomatic index,VSI, %) = 100 x4
110 EWREER N

SCIG K DL B £ hR HE TR (MeantSE) £ 7w, i
A SPSS 16.0 i 47 B K F& J7 2 43 HT (One-way
ANOVA), 2 7k 3| 1 2% KF-(P<0.05), NIk HXE
15 Z H# H % (Duncan’s multiple range tests).

£ 1 RRDHET RILFERB % THR)

Formulation and chemical composition of the experimental diet (% dry matter)
Pk 1 Dietl fA#} 2 Diet2 {f#} 3 Diet3 1f¥} 4 Diet4 {5¥} 5 Diet5 18¥} 6 Diet6

Tab.1
J5i#l Ingredient

1t 45 Fish meal 25.00 25.00 25.00 25.00 25.00 25.00
54 Soybean meal 30.00 30.00 30.00 30.00 30.00 30.00
B Gelatin 6.00 6.00 6.00 6.00 6.00 6.00
/NZE#; Wheat meal 11.89 11.89 11.89 11.89 11.89 11.89
kG Dextrin 5.00 5.00 5.00 5.00 5.00 5.00
FRMIEAY*' Amino acid mixture 7.81 7.81 7.81 7.81 7.81 7.81
AR Methionine 0.00 0.30 0.60 0.90 1.20 1.50
A E R Glutamate 1.50 1.20 0.90 0.60 0.30 0.00
{3 Fish oil 3.00 3.00 3.00 3.00 3.00 3.00
17 Soybean oil 3.00 3.00 3.00 3.00 3.00 3.00
YRWENE Lecithin 1.50 1.50 1.50 1.50 1.50 1.50
e RIR AW+ Vitamin premix 0.80 0.80 0.80 0.80 0.80 0.80
¥ BURE A Y+ Mineral premix 1.50 1.50 1.50 1.50 1.50 1.50
Wil — 445 Calcium dihydrogen phosphate 1.50 1.50 1.50 1.50 1.50 1.50
FALNAHE Choline chloride 1.00 1.00 1.00 1.00 1.00 1.00
742 C Vitamin C 0.50 0.50 0.50 0.50 0.50 0.50
BT Total 100.00 100.00 100.00 100.00 100.00 100.00
Ab22 4 1Y, % Chemical composition%
ML [ Crude protein 51.10 51.67 51.23 51.26 51.26 51.08
HLIE WA Crude lipid 9.41 9.37 9.43 9.56 9.90 9.80
K4y Ash 8.70 9.09 8.73 8.51 8.46 8.46
%R Methionine 0.61 0.85 1.10 1.39 1.60 1.84

L JERIBAYNE kg FRHEMEDL F &M : WEMR 7.7 ¢; A& 1.2 g; FEEM 7.1 g5 J0EM 11.8 g3 #iH
R 15.5g; VMEEmR 6.7 g; KINEM 2.3 g; HEM6.2¢g; AR 1.5¢g; MAMS. 1 g; FMRSg; BMEMS ¢

2 ik ZIR AW (mg/kg IRAY): BME, 2.5 mg; ZEE, 4.5 mg; IRMMISEE, 2 mg; 4E/EE By, 0.01 mg;
EYE, 012 mg; AR K3, 1 mg; IEE, 80 mg; 2R, 6 mg; MR, 20 mg; MR, 2mg; ZEEE A, 3.2mg; ik
%D, 0.5mg; 4E/EFE, 12mg; KK 867 mg

YRR AW (mg/kg IRAY): HALEL, 0.2 mg; BULER, 0.08 mg; &AL%T, Smg; BMRH, 1 mg; HRAREL, 8 mg;
BiMREE, 5mg; BMREE, 120 mg; WA 45, 300 mg; SMLHN, 10 mg; #Whfrkr, 551 mg

*!1: Amino acid mixture provides the following amino acids for every kg feed: arginine 7.7 g; histidine 1.2 g; isoleucine 7.1
g; leucine 11.8 g; lysine 15.5 g; cysteine 6.7 g; phenylalanine 2.3 g; threonine 6.2 g; tryptophan 1.5 g; valine 8.1 g; taurine 5 g;
hydroxyproline 5 g

*2; Vitamin premix (mg/kg premix): thiamine 2.5 mg; riboflavin 4.5 mg; pyridoxine 2 mg; vitamin B, 0.01 mg; biotin 0.12 mg;
menadione 1 mg; inositol 80 mg; pantothenate 6 mg; tocopherol acetate 20 mg; folic acid 2 mg; vitamin A 3.2 mg; vitamin D 0.5 mg;
vitamin E 12 mg; wheat flour 867 mg

*3. Mineral premix (mg/kg premix): NaF 0.2 mg; KI 0.08mg; CoCl, 6H,0 5mg; CuSO,-5H,0 Img; FeSO, 7H,0 8 mg;
ZnS0O,4-7H,0 5 mg; MnSO4-4H,0 120 mg; Ca(H,PO4),-H,0 300 mg; NaCl 10mg ; Mordenzeo 551 mg
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Tab.2 The amino acid composition of the experiment diets (% dry matter)

FHMR Amino acid 1K} 1 Dietl Tkl 2 Diet2 Akl 3 Diet3 A%l 4 Dietd  fEEL 5 Diets &k 6 Diet6
B Val 2.00 2.01 2.15 2.19 2.02 2.10
HEHAR Met 0.61 0.85 1.10 1.39 1.60 1.84

SRR e 1.87 1.81 1.81 1.89 1.82 1.90
LA Leu 2.97 2.91 3.04 3.02 2.95 3.09
N R Thr 1.54 1.55 1.67 1.79 1.55 1.79
HNHAMR Phe 1.61 1.67 1.71 1.79 1.70 1.74
#HE MR Lys 3.08 3.11 3.23 3.12 3.10 3.15
&R His 0.89 0.88 0.91 0.97 0.90 0.94
H# R Arg 2.51 2.60 2.66 2.68 2.58 2.58
LR Cys 0.89 0.86 0.88 0.91 0.89 0.82
-T2 Tau 0.75 0.70 0.71 0.76 0.71 0.70
KAH R Asp 2.92 2.94 3.08 3.10 2.81 3.09
fi% &2 Tyr 0.99 0.97 1.07 1.11 1.08 1.10
225 R Ser 1.26 1.28 1.35 1.43 1.27 1.45
BRI Glu 6.43 6.22 6.20 6.12 5.82 5.35
A Ala 2.35 2.48 2.60 2.64 2.43 2.60
HZR Gly 2.00 1.98 1.97 2.08 1.95 2.10

AT et G TR, BIEZERIK TN 1.60%
P S FHAFIR S, BEST 0.61% M4 (P<0.05), Hr,
21 AR TALREFSER, R o | SOOI L GALLE s 4 T
B, 1.10%A0 20 25 T 1.60%4b #E4H (P<0.05),
FAF0 & 4 28 R BY 52 i

e 3 Rkl R SR K VX 216 ARy il A A M BE Y

HAth A 20 JC .35 22 5 (P>0.05) ; % B R ARV R HE 2 B K
P TrRSeTH R E TR, SRR 1.39%20 B A F] iR

SR, TPk ) R A R K T (2 R I 2T B8 2R i 4 &, BE T 0.61%A0FRA1(P<0.05), 5 HAhA 410 i
ORER, FPEARR MAESCRRMEARYCE FH2E5P>0.05); likRHE A MR/K X HUTRLRE A &
(P<0.05). FEEARKAR | MBRCR AR ARCK L& 5 FHH(P>0.05).

£3 ARNEEBKTEMOESFEE KNS

Tab.3 Effect of dietary methionine levels on growth performance of T. rubripes

TR 2 R K F Dietary methionine level (%)

T84 Index

0.61 0.85 1.10 1.39 1.60 1.84
A E IBW(g) 13.73+0.06 13.72+0.05 13.78+0.06 14.03+0.25 13.84+0.11 13.74+0.10
fi {AFHKE FBW(g) 70.73£3.34°  79.91£1.77°  82.38+2.52°  90.3442.70°  91.84+1.06°  79.59+1.33°
AL % SR(%) 88.89+4.01°  94.44+5.56*  97.78+1.11° 87.78+2.94%  76.67£6.94°  94.4442.22°
B R FI(%/d) 1.88+0.01° 1.91+0.01% 1.920.01% 1.95+0.02° 1.90+0.01% 1.90+0.01%
FhEE KR SGR(%/d) 2.15+0.02° 2.32+0.02° 2.35+0.04° 2.47+0.04° 2.49+0.03° 2.31+0.03"
AR R FE(%) 0.95+0.01° 0.96+0.01°° 0.98+0.01°° 0.99:£0.02%° 1.01£0.02° 0.99:£0.02%°
HARCR L PER 1.85+0.01° 1.90+0.01% 1.91+0.02% 1.92+0.04% 1.97+0.03" 1.94+0.03%
HEHVIBIE PPV(%) 34.62+0.48 34.61+0.46 36.02+0.60 35.73+1.16 36.66+0.69 35.94+0.65

T =3B B AN RING R R R 4R A A 35 25 57 (P<0.05), A

Note: Data within the same column with different superscripts are significantly different (P<0.05), the same as below
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P 4 N IRDREER SR /KT X AR 2 R A8 A
IS o AR B 2 R KT e LR . KA
JIEL 3 B2 G . & 52 (P>0.05) ;. XA pRRLIR I . ik
Fo. IR, HER 1.60%H B EET 0.61% 34
(P<0.05), (HRHE HEARKFE—2LT 5, 28
FRER RS, (05 A4 £ 5 A 83 (P>0.05).

Fz4

W 2188 R T B R A R S DR R AR
R KT T IR A M4 AT , ARSI AR KR S iR
IKI —IRIIZR RNy =0.526X+1.455%+1.449(R=
0.8787). HEI 1 A1, qHEEARKT-H 1.38%, Hik
Tk Y 2.7 1%, 21 88 7R Jy i 1) 4 A KR R #

o
B R o

AR E R BRK T3 & (KB R FI R AR IE IR B S0 (%I )

Tab.4 Effect of dietary methionine levels on body composition and physical indicators of T. rubripes (%wet weight)

R 2 R /K ¥ Dietary methionine level

F8 4% Index

0.61 0.85 1.10 1.39 1.60 1.84
KL Crude protein(%) 19.63£0.42  19.67£0.33  19.46+025  19.21£0.30  18.94+0.32  19.14+0.12
MR Crude lipid(%) 5.40+0.25%  5.54+0.14%®  5.75+£0.05® = 6.01£0.21®°  6.22+0.30° 5.63+0.35%
K5y Ash(%) 2.98£0.09  2.98+0.06 2.89+0.04 2.98+0.08 2.83+0.08 2.85+0.03
/K43 Moisture(%) 71.3740.55  70.98+0.41  71.37+0.24  71.14+0.58  70.86£0.61  71.49+0.34
T Lt Hepatosomatic index(%)  7.70+£0.33*  7.68+0.24™  8.53+0.40  8.16£0.16®  9.05+0.50°  8.08+0.29®
WA [t Viscerasomatic index(%) 11.90+0.35%  12.02+0.17%  12.98+£0.49®  12.61+0.08"™  13.7240.52°  12.73+0.36™
fIE3# % Condition factor 4.34+0.15 4.09+0.07 4.14+0.09 4.01£0.21 4.19+0.13 4.10+0.13
27 0.85%. 1.84%4bFHZ(P<0.05), HithzH b G i #5257
525F —t (P>0.05): 4R UK Y- 1L 7 6 1 5 it 7
%“-?//P/ﬁ/’— ? A E S, 0.61%H RE T 0.85%.1.10%.1.60% .
g2t 1.84%4b BILL(P<0.05) s U /K 2T 5 A Iy e
ﬁm}hwmummwmw %$%E%@%\%%E%§H%E%\ﬁﬁﬁﬁﬁ
%m- R>=0.8787 X138 FEREEE, S8 SN EN . FEREIC D
1.5 ' ' ' LY - : ; S (P>0.05).
T T v tores % 6 L MK T X685 SERLA
B 1 2T e e R A e TR B RZ M . ANk 6 P, faDkHER K - X AL A
SR KT 4 e & WP B R 1Y S A W R (P>0.05), X HHAR
Fig.1 Second-order polynomial relationship between SGR () 24 R R 1 Bl )RR 2 R A3 e e, SR T

of T. rubripes and dietary methionine levels

22 ARRESRRKENLEFRTEME. AFEE
KENIEIRRI RN

25 Rl AR K VX £ 6 AR T 1L 7 AN
JE A B A AR AR AR . AN S B, Bkl R R K
ST T I H 8 4 TS A A B 3 R T (P>0.05)
1.10% 4b 1 25 v (9 JHF JOE 7% 5 5 24 Tl 05 Pk o 25 5 T
0.85%F1 1.60%4b F4H (P<0.05), 5 H A4 M40 T 5 3%
255 5 AR AR /K T 3550 AL P H T =R R
, RAMRS RN 1.39%M A fm, HARS &
H1.10%. 1.39%. 1.60%AbBEZH & 3 55 T 1.84%4bH
ZH(P<0.05), HAth 4% 241 8] TG i & 22 5 (P>0.05); Tk}
BB R IR KB L7 A RE R A = A R
ERR G N 1.39%. 1.60%EMAHBEET 0.61%.

3 itig

3.1 fARRAREESBAKERIEER T K
#HF) A E 20

A5 R FH 700 - 28800 1k Sk iff o 2166 2 Jy Bl ) e
Hh g I B AR R . AESCE R, ER AR = 4 R
BARM AR, i pE A AR KT 14 s, HR e
AR AR R AU RACR R 2] T W E
e, [HpEE EEARAKEE—ETm, WMERHT
BB RS X 5 2086 AR fli i 3 A H I =R L BT
PR 2 2 AL PR 28 S R 2 B 1 AR L i 34— 0 FEARAIF 5T
YRR SRR I T oK D A B IR T S W R R
HARE R IH . X 5 1 4 8f(Ruchimat et al, 1997) .
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Tab.5 Effect of dietary methionine levels on physiological and biochemical parameters in serum and liver

Tl #H2E & R /K F Dietary methionine level(%)

$6F5 Index

0.61 0.85 1.10 1.39 1.6 1.84
JFHE Liver
A AW GPT(U/g prot) 75.34+1.25 76.89+4.10 81.54£9.17 70.34+1.92 75.99£3.90 78.72+2.48
A HEEZEE GOT(U/g prot) 73.0746.23% 69.07+2.46" 85.48+4.79° 72.39+2.92®° 69.39+5.72° 73.17+1.94%
1fil ¥ Serum
B A M GPT(U/L) 33.00+4.73  24.67+2.33  32.00+5.13  41.00£5.03 30.33+1.45 26.67+6.67
4 Wi 2 B GOT(U/L) 49.5+10.5 57.67+11.84 57.50+12.5 77.00+4.58 57.00+12.34 49.00+3.00
H i =& TG(mmol/L) 2.09+0.13%  2.10+£0.09°° 2.32+0.08°  2.36+0.09"  2.32+0.08°  1.87+0.05
BT EZ TBA(umol/L) 1.67+0.07°®  1.73£0.09® 1.85+0.05%° 2.10+£0.10°  2.03+0.12b° 1.60+0.10"
S I % TC(mmol/L) 2.57+0.17  2.34%0.14  2.39+0.07  2.26+0.12  2.48+0.13  2.37+0.12
B A TP(g/L) 37.81+2.65 36.38+1.88 37.79+1.10 38.94+1.20 38.72+1.19 35.00+0.63
I GLU(mmol/L) 1.85+0.14°  1.36+0.08"  1.3240.12°  1.50+£0.07°° 1.30+0.12*  1.30+0.11°

s e S 0 B B HDL-C(mmol/L)  3.61+0.16  3.43+0.11  3.51+0.03  3.37+0.08  3.62+0.09  3.67+0.22
K% B R (IR E B2 LDL-C(mmol/L)  0.41+0.07  0.51£0.08  0.52+0.06  0.47+0.05  0.52+0.06  0.45+0.06

R 6 AR ERBRKT X LEE R TSI A R EER A M HIF (%)

Tab.6 Effects of dietary methionine levels on amino acid composition in muscle of T. rubripes

SR T} 25 Z R 7K F Dietary methionine level(%)

Amino acid 0.61 0.85 1.10 1.39 1.60 1.84
LR Cys 0.96+0.08 1.1£0.12 1.1+0.15 1.1£0.01 1.16£0.16 1.13+0.22
HE MR Val 2.07+0.21% 3.1+0.34° 3.39+0.26° 3.3+0.01° 3.65+0.4° 3.56+0.44°
R Met 0.99+0.04° 1.6+£0.19% 1.71+0.24° 1.43£0.01%° 1.87+0.27° 1.84+0.29°
FEZER Tle 2.07+0.18° 2.8340.3% 3.15+0.14° 3.02+0.03° 3.35+0.38° 3.38+0.39°
AR Leu 3.29+0.29° 4.82+0.61° 5.35+0.36° 5.12+0.12° 5.65+0.47° 5.61+0.54°
IR FR Thr 1.86+0.19° 2.88+0.4° 3.24+0.24° 3.06+0.1° 3.31+0.26° 3.26+0.31°
KN & R Phe 2.4+0.17° 3.02+0.51% 3.64+0.34° 3.34+0.36% 3.46+0.32% 3.64+0.21°
MR Lys 4.3+0.47° 6.22+0.7° 6.66+0.38° 6.19+0.31° 6.76+0.44° 6.74+0.41°
4H % R His 1.124+0.09? 1.53+0.2° 1.8140.04° 1.74+0.04° 1.840.14° 1.77+0.19°
&R Arg 2.48+0.23" 3.81+0.47° 4.2240.35° 4.08+0.15° 4.47+0.36° 4.35+0.39°
LT Tau 0.88+0.02° 1.29+0.12° 1.49+0.08° 1.5+0.06° 1.71+0.18° 1.54+0.21°
KGR Asp 3.72+0.43% 5.76+0.76° 6.48+0.52° 6.15+0.17° 6.85+0.7° 6.61+0.9°
W& R Tyr 1.7+0.09? 2.37+0.38% 2.96+0.27° 2.5840.19° 2.74+0.17° 2.87+0.1°
22 W2 Ser 1.6+0.17% 2.5+0.38° 2.940.21° 2.74+0.16° 2.93+0.19° 2.87+0.24°
HBHE R Glu 5.96+0.67" 9.41+1.23% 10.46+0.95° 10+0.25° 11.2+1.1° 10.77+1.43%
NZA Ala 2.1440.2% 3.17+0.37° 3.53+0.3° 3.55+0.24° 3.69+0.23° 3.65+0.28°
H& % Gly 2.83+0.22° 3.79+0.4° 4.3240.23° 4.16x0.11° 4.42+0.25" 4.34+0.35°

K ¥ fi(Mai et al, 2006) . 2= fa(Zhou et al, 2006)5545  (fEFISE, 2006), AR &, o &0 EZmR T
R JFERW R REARZ 0, 51 TEER S f b A A=, s T HEEMN
IR, BRI T bR T AFA, S8 TAE WS T M4 K2 (Murthy et al, 2015).

K2 30 T4, A5 IR R R A 32 2T R e M TR AR AL R, rLL, P
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R ) & HE g A X F AR MR ) 7 2 i, NIk, A
WS N A DL FRIR Sl st T 5 i & B R 1) B 75
Em o BB A REARER AR B, (HF—
SR & B, ek v i b e 228 1) 7 i 1K T 3g/kg(0.3%)
BF, A BEAE N 25 B A SRR 1A SRR TR, X
HH 2420 Joe 2R G 25 e i R R, 2 e R e AN A
TET 4 & R B B 9 /E FH(Kim et al, 1992; Pack et al,
1995), TEAMIIEH, KPR ERR N & &R 0.86% 41,
AEARHE ) 1.67% 4 o AREERER, VIIHRRE
J13.83g MNLLEEAR Ty fl, Dhsae A KRN PR P bR
M R IR IR A AT, A5 R R Y T SR
TR 1.38%, SEBEAMR 2.71%( AR
0.86%, mifAKIE M 1.67%). = THHIKE R

11.61g, AREE £ KR IEN TR AR 1) 2 1 (Zhou et al,

2006) 5 2 R 5 oK & 7 OB H 2.64% (e & R
1.49%); WAL TRIGEE N 1.23g, PFREdK
TN FR bR, 15 0 B R T oK it o ARk B 1 A R
1 (Mai et al, 2006)11 3.34%(BEE R 0.67%); A HH 1A
Hoh 37.88g, LIREE A K F NI M8 hn15 1 SR AR T
SRR AR ARG K T B (R TS A AR, 2010) 1)
2.75% (MR 0.30%) 30T o IA il 1) 2 B = iR 1)
ToRENZESRZHHMRE, H—o] (82 A E
(B 22 55, [R) IS mT B 57 SIS [R) 37 GH PR 55 10 52 i)
RN A KR FREE AR R
KU RIS R RDR} b LA 5 5= o
AYAH EAFE FH4%(Chiu et al, 1988; Cowey, 1995; Simmons
etal, 2015),

3.2 BRBKEXTEEHEBMEEREREm

ARG, ERRAKTENS TaEHES . K.
KA B EPE 2 F(P>0.05), {H XA roHLAg i &
BT BEER, KW THERARES S Ta6ER
TR RIS, R RZEET(Psetta maxima)
(Ma et al, 2013)[ & BLARMRL, FifiE 85 2 1R 1 7K~F- 19 |
T, A URRLAR Do B 2 3 & 5 (R A K3 6 (Mai et al,
2006)F1 %% ff1(Zhou et al, 2006) 1) & 2 /R 75 R A 58
R E R KV A W R fa AORLAR 7 7 & 5 mi7EA)
5 47 Bt f11 (Epinephelus coioides)(Luo et al, 2005)} %
B, BT TR S BRI B i & it A
5T A B, A eb A JFE A EE R (A B Bt 25 2 2 R 7K -
BT EE TGS, EARKTH 1.60%0 ik
Pl R . X 5EKREM P (Klatt et al, 2016) 9 &I —
2, IR SRS BEARKE W BT Mz K 5
TE K 1S (K 5 S 45, 2010)) AT K PG 2 #: (Salmo
salar)(Espe et al, 2008)F 55 H AN — 2L, fREHIY R

PR AT BARET, AL . AR L3 K . Espe 45(2008)
N R BRI 5 | S 0 AR EL RO XS ML 9 25474 5
Walton 45 (1982)fE ML S i BFFE N Ny, SR LE A 34 i
S PR R AL Hh et 22 0 U B TR B Ak A IR L R 45
£,

RN T8 0 ORI 38 o AP R 2 3 R Y ik
ARG B . A, WU R R A
— TS TR . Alam(2015), BFSTIE
S, APk AN R 22 SR R AR X 23 52 e 21 o T (Paralichthys
olivaceus) WA K FIMAZE A4S &S Z MR IMNA L. 7
K ¥ i (Mai et al, 2006) 5 & 3L, LA T g8
iR 7K~V 23 bifi 4 D B K T R S B — R A
FH i JE e E kA% 7EAR IS i (Myxocyprinus asiaticus)
(RARZ, 2012)h 8, WLAH AR &R . 2R
A IR RN A R 0 2 Bt A DR v AR 2R KT Y 1S
mEWE —MENGEEHBE,;, AEEPIEA
(Oreochromis niloticus) ([ 52 %5, 2014)94, AL H )2
PR . AR ERE AR B EES, i
() 2 R 5 AR A S B T — S T i BRI )
P, LRGSR R EA - RS
Fha BE R & Y T, Uil 1 Rl AR B R
1y BT, AR AR R S s T, e
3 S ) 2 R 5 B 0% B R LU A R T AR Y A Y
Ao
3.3 ESER/KFEX MFEFAFE AKX ENIEIRA R

WA ARTT R . HIh R . ObE . RIE
e 25 i 1 T R AP %8 32 AR A 1 O I e ke A 5
e ek v AR R KT X 218 2R S RLAA B 7 A R 52
Ml o JIEL 3 A AL P A o A 7 A Y — R B [ B )
T, REYTRRRE L B WAL Ak, A AR o i) T Ak i
e, AT IS (Romanski et al, 2007; Sirvent et al,
2004), 7E ‘i (Rana catesbiana shaw) (i H B45, 2015)
H R B, S INGE R R B 65 KA AT I o nowE e
H, fEARWIEH, WA T HEE HARKETHE,
REPR B 2 BT, I3 H ) IR DU 2 R T B A
Feo MW R =B S E R BT, RUIERERRKE 1
- TEREAE I A A R R, R B AR () S A
2014)AHAL, 3 Y R R R0 W 35 P H ol =R Y
i, B 7E 5 H 4R (Carassius auratus gibeilo) (Wang
etal, 2016) T &8, MHEEZAR ST &N LA, E$
A H = ER AT 25 S s T R InobE , B R
IR 2 BT —Fh AR a3, X W] WS
L (MRARZL, 2012) B & SRR AR FHE, g
FA) IR 75 e S B R A — B
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2 R %40 &

A% T A B RN A R G R R DE A LA S
IRe ) S2 G B0 , BTG PR s Ul W D e s 2 T
[, FEABEFE Y, W A R . AN A
il 15 TG 0. 25 2 S, (FLJR A U v 108 e e et DU 2
TR ST AR R, X R S F AR A (Wang
et al, 2016) I AR, BEE EEARRAKF BT,
R T RS T R R R, B R
T s 2 AR 7 845, IR Y 548 A BF SRR
TEARZ R AN R B T 5, A2 5 el £ 28 (1) 5 S
£, BN E4E(Feng et al, 2011)F14: 5 1 (Xenobrama)
(Niu et al, 2013),

4 it

AT F R, Tk b Y 8 2 W KX 218 AR
Jr gy i R | BRDBFRIHZCE . A ESCR AT
WERSZ, FEARRSE T, DURRE A K F I T
bR, Zeid R EEMZ T R R(13.83~82.47) g 4L
i 7R Tyt 4y 0 6 ARDRE P A B IR T oK B 1.38%,
TR B 2.71%.
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Dietary Methionine Requirement of Juvenile Tiger Puffer (Takifugu rubripes)
ZHANG Qinggong'?, LIANG Mengqingm, XU Houguo®, WEI Yuliang®

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao  266071)

Abstract A 67-days feeding experiment was conducted to investigate the effects different levels on
the growth performance and biochemical parameters of tiger puffer [average body weight: (13.83+0.63) g],
and to determine the dietary methionine requirement for tiger puffer. There were six experimental
isonitrogenous and isolipidic semipurified diets which were formulated with the graded levels of
methionine (0.61%, 0.85%, 1.10%, 1.39%, 1.60%, 1.84%, respectively). Each diet was randomly assigned
to triplicate groups, and each group contained 30 individuals. Fish were fed fourth daily(07:00, 12:00,
16:00, 20:00) to apparent satiation. The result showed that no significant differences in protein productive
value (PPV) were found among dietary treatments (P>0.05). Specific growth rate (SGR), feed conversion
ratio(FCR) and protein efficiency ratio (PER) increased with increasing dietary methionine levels from
0.61% to 1.60%(P<0.05), the higest group was observed in methionine levels 1.60% group, and there
after showed a declining tendency with increasing dietary methionine levels from1.60% to 1.84%.
Hepatosomatic index (HSI) and viscerosomatic index (VSI) of the 1.60% methionine diets was
significantly higher than that of 0.61% groups (P<0.05), with further increase from 1.60% to 1.84%, HSI
and VSI decreased. The crude lipid contents of whole body were significantly affected by dietary
methionine levels (P<0.05), the 1.60% methionine diets was significantly higher than 0.61% groups (P<
0.05), with further increase from 1.60% to 1.84%, crude lipid decreased. while moisture, crude protein
and ash showed no significant differences (P>0.05). Dietary methionine levels significantly influenced the
contents of triglyceride, bile acid and blood glucose in serum (P<0.05), There were no significant
difference in total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol,
total protein, activity of glutamic-pyruvic transaminase and glutamic-oxaloacetic transaminase (P>0.05)
in serum. Second-order regression analysis on the basis of SGR indicated that the optimum dietary
methionine requirements of tiger puffer were estimated to be 1.38% of diet (2.71% of dietary protein).
Key words Tiger puffer (Takifugu rubrpes); Methionine requirement; Growth; Body composition;
Physiological and biochemical indices
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