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i 1 ( Cyprinus carpio) f& 4= BR i W4 29 fb 37
B 1) F0. 288 il b 2 — | S Tt B R ( Met) 75 oK =
MR 7T A 20 40 80 AFAR R E A iREN Y R
[ S 5 (4 Met, f345 DL-Met ¥5 55 2 1% 250 4 5
£h (MHA-Ca) , 7EAN[A] 3% i 2 S 2 [ Met+2}: b 2 R
(Cys) ] & & Al I Met FERE & &M 3.9 ~
4.9 g/kg,Cys &N 3.0~7.9 g/kg M m A K
PR RE R AT 0 1 X Met (1) 75 5K 2 A8 fb I T A K,
i h5.3 g/ke, Tl ®] 12.0 g/kg, i iRRHE H )
1.69% ~3.73%"*") , NRC (2011 ) F 1% &y 6t 47 k)
Met 77K M 7.0 g¢/kg(Cys &8 }3.0 g/kg) , 1A
RIRTTEAL R IR0 2.18% " B -p 11 28 (1 b 7 1 3k
i >R 5 L AR AT S SR A BUAH T , B B 2 S TR
TR R 2% ~ 5%

EERHER TR G Z A B 5t B T 3 A
ARG, JC R R LGN H A, Met £ K
e o ) e ) 5 — BRI P 2 R . Met i
AR Cys AT 2= 5 Hit H b W & Bk H K
(GSH) " FILEREIR 1Y A B, LA B 53t B A
S R R A (AR LR PR A R b R 4
FHEZVE Met HLA A2 E S W5 4 i 1R
YERT, IF 0 BEGR B S 0, iR | 4E24E R B, A K
PR AR Ry A R A L R T SRR
TH () A0 Met T >R 720 Bl K xfE DL SEBRov
1M EL SR Met 8 MHA-Ca %) 15 K th i 2, K 7= 5
YA A R Dk v S B R O i A T O T s R R
S B BbAh, O E R BRSSO AR R

FEFR — EAFAE Fr U, AREE MR AIR (1 ~2 R/d) T Al
REAT AE AN [ 2 W Ui i ] o) 2 & e ik
(Met-Met) 52 H 4 F A [F] 25 74 1) — ik 20 B A TR &
%) ( DL-Met-Met . LD-Met-Met . DD-Met-Met il LL-
Met-Met) , 7E 7K 11 ()35 fifk BEARAIG , 767K 72 s AR
Y RE WU T B UE S ) DL-Met 2218 B, DA T 45
W H R Met-Met & 75 BE$2 = G 5 #1948 P2k
REFIER 1 DO 6 H H AR WL ARE A 3 50 3 1
o BE AR MR B0, DA A 1 R RN AL AR 2 256 R it X% AH
KA B AR MK R, X Met-Met 7£ &) 845 R} (1
AR AT IF AT, I T Met-Met X 41 # 1) Met
oK AT AL

1 HREHE

1.1 AR SIREEIT
i 56 Met-Met H 78 [ i B 75 [ 5% 2\ &) 4%
it 4L A 95% , fE VLW S 4E B I E M B A R

TR Met FE Bl 47 8L (Met & &0 4.8 g/kg, Cys
TN 4.4 g/kg) BRI 0.1.5.2.0,2.5.3.0,
4.0 g/kg 1) Met-Met, Bt il 6 iz 46 1) &L, 43 51 1
MO M1.5 M2 M2.5 M3 M4 x4 , 53 Bie il & 10%
o RIS AR FE 3.0 g/kg S DL-Met B3R5 1) R}
FHFM i 45, B0 1RDRE A A B 3R 7K L3 1,4t
Ik Met-Met % it 5 20 FE R 41 W L 3% 2, B i)
RHECEL R BRI 21 5, 2895 75 SC R, 1 FH 30 R 2%
RHPRIHL(MYZL180 , YT HCE AR AT ) il i B4 R
2.5 mm [WRERURGRDRE, A AR BT IS & H

#1 RRERARRERAT(RFEM)

Table 1

Composition and nutrient levels of experimental diets (air-dry basis)

%

Tkl Diets

TiH Ttems

FM MO ML1.5 M2 M2.5 M3 M4
JEkl Ingredients
185 Fish meal 10.00 4.00 4.00 4.00 4.00 4.00 4.00
Wi S 45 8 H Pea concentrated protein 28.30  37.00 37.00 37.00 37.00 37.00 37.00
Wi F 1l Spray dried blood cell meal 6.00 6.00 6.00 6.00 6.00 6.00 6.00
T4 Wheat flour 32.00  32.00 32.00 32.00 32.00 32.00 32.00
R HS Wheat middling 10.40  11.30 11.00 11.00 10.70 10.80 10.60
DL-E% B DL-Met 0.30
IR Thr 0.40 0.50 0.50 0.50 0.50 0.50 0.50
HAM K Met-Met 0.15 0.20 0.25 0.30 0.40
AR LT 4E % Microcrystalline cellulose 5.40 0.90 1.05 1.00 1.25 1.10 1.20
S ALJHETE Choline chloride (50% ) 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Wi — %45 Ca(H,PO,), 2.00 2.40 2.40 2.40 2.40 2.40 2.40
iR % Premix" 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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k1
A%l Diets
i H Items
FM MO M1.5 M2 M2.5 M3 M4
K53l Soybean oil 4.00 4.70 4.70 4.70 4.70 4.70 4.70
411 Total 100.00  100.00  100.00  100.00  100.00  100.00 100.00
7KW Nutrient levels®
HE XL CP 37.93 38.53 39.01 38.74 38.90 38.37 38.47
HLEE R EE 8.51 9.34 8.64 9.46 9.15 9.35 8.16
MK S Ash 6.39 5.86 5.85 5.89 5.79 5.67 5.82
7K 4% Moisture 8.46 8.66 8.64 8.60 8.58 8.65 8.65
M BE Gross energy/(MIJ/kg) 18.55 18.77 18.60 18.59 18.60 18.43 18.49

Y FR AL A AT 74 R 44t The premix provided the following per kg of diets: VA 28 mg, VB, 12 mg, VB, 12 mg, VB,
16 mg,VB,, 0.2 mg, VE 30 mg, VK, 20 mg, VD, 14 mg, &/l niacinaminde 80 mg, VC 600 mg,iZ [iX45 calcium pantothenate
100 mg, =¥ biotin 0.4 mg, "R folic acid 3 mg,FeSO, - H,0 300 mg,ZnSO, - H,0 300 mg,MnSO, - H,0 100 mg, KI
80 mg,Na,SeO, 67 mg,CoCl, - 6H,0 2.5 mg,MgSO, 500 mg,
2B FRKH NI E (. Nutrient levels were determined values.

2 KEEAR Met-Met SE5VEREBRAR ( TUREAM)
Table 2 Met-Met content and EAA composition of experimental diets (DM basis) %
1Akl Diets

I H Items

FM MO M1.5 M2 M2.5 M3 M4
HAM K Met-Met 0.16 0.20 0.25 0.30 0.38
B IR EAA
5 R Met 0.88 0.48 0.64 0.68 0.74 0.81 0.92
PR Cys 0.40 0.44 0.45 0.42 0.41 0.43 0.43
EHAEMR+F AR Met+Cys 1.28 0.92 1.08 1.10 1.16 1.24 1.35
iR Lys 2.49 2.69 2.60 2.57 2.60 2.56 2.55
AR Thr 1.78 1.94 1.92 1.87 1.89 1.92 1.93
6,5 Trp 0.41 0.42 0.42 0.41 0.41 0.42 0.42
WBHEIR Arg 2.39 3.18 2.63 2.83 2.61 2.60 2.59
SR e 1.31 1.37 1.35 1.35 1.37 1.36 1.34
THEIR Leu 3.03 3.11 3.14 3.13 3.15 3.09 3.09
AR Val 1.99 2.03 2.01 2.05 2.06 2.00 2.01
& His 1.13 1.23 1.19 1.19 1.20 1.17 1.17
KINEMR Phe 1.86 1.96 1.98 1.97 1.99 1.96 1.96

1.2 AFEE

RIS AE B K R A S (b et
) Z NIRRT R AN 0.26 m® B 5 #E
VI e S o R 7. W ol B2 WA o (i (1B W O =
B R 2 BT IR B B 3 A TR 10% Ry 1)
RIS IRDRL Bl ALk S A T £ B | A AR AT i 4 fe
[SEHIAE R (16.7£0.08) g, WEHL4H 7 4, &
Mo NEE BAEE ()30 B, sl 1 Fhik
W papRE, LA 2 10% 80 e ) A9 20 O 1E % HR 41
(FM 41) 3056 1 4 10 JA, 4 K 36 000 1 430 e 2
U PR ] 43571 24 08:00,16: 00, & M 6 i 7K

Ji, K AR FEAE 7 (DO W >7.0 mg/L, i
A (NH;-N) #J¥<0.3 mg/L,pH=7.5~8.5, /K
TRIFTE(20£3) C, EMENCR R H R,
1.3 HFRREMIEREN

RIGZE R, FEAR AU 24 h JFARE, it
T PR A KR, BAREEALI 6 F&fi, =5
TEE(300 mg/L) FRECG MR IR, SRS B
QN | 070 S e e R U = 77
IR H SR AR R B L 8, 7E 4 °C .4 000 r/min
45 T B0 10 min, B E )2 13K AR fF 7E-80 C
UKAR R AR, FEAR S ER 3 R A, 70 CTHET S R R

Yoran
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A B 43, AL RE A4 f0 B 5 4 R T 105 T
J& 2 (GB/T 6435—2014 ) | gl [ & A &
( GB/T 6432—2018) . 550 C %) % ¥ ( GB/T
6438—2007) . Jx tH = & W A @ 3% 35 ( GB/T
18246—2000) il 7€ 7K 43 LA BT KL K 9 | = ik
e o, kOB RE D7 & &R GB/T 6433—
2006 JIT 3 J5 2 R, BB R A G B AR B TR
(GB/T 213—2008) | &, Met-Met 7 @ X% H
AOAC(2005) " Fh 5 Bl 2 ,

I 2% A= AL F8 bR A 35 G I B BE(TC ) | H il — g
(TG) . = % B i 8 41 B [& % ( HDL-C) | & 2 1
(TP) . H#E H (ALB) , # % ¥ (GLU) | JR R A
(UN) & i DA S A 9 % 20l ( ALT) | 4 B2 2 il
(AST) i 1 ; 1l 3 HTE AL H8 bR 36 T8 1% (MDA)
S NMPEALEE S (T-AOC) AWk H K BR 5 7% il
(GST) #fitt, Hh TC TG HDL-C % & I & i 7
B WL AR B2 W A BR A B AR A8 A
FETR &I H R E Y TR ST, UL
5 i i 5 et B AR A ( Bio-Tek, 32 [# ) XF 4% 8 o5
AT
1.4 HELARX

% (SR, % )= 100XN /N, ;
WAH R (WGR, % )= 100X (W,—-W+W,) /W, ;

P E A K (SGR, %/d) = 100x(InW,~InW, ) /t;
Tkt ZB(FCR) = C/(WAW,-W,) ;
BER(FR,%/d)=100xC/

(W AW A+W,)/2]/t;
HHFIIRAE (PRR, % ) = 100x (W, X
B,—W,xB,)/(CXD,) ;
FILRRVIRE (%)= 100%( W, XB,, ~
WyXB,.,,)/ (CXDMXxD,,) ;

NEE B (CF, g/cm®) = FI{KE (g)/
ALK (em) ?;
JIERFEE(VSL, %)= 100x A JIEHE (g) /

M (g);

T 50 (HSI, % )= 100x T AEFE (g) /

M (g).

K. N, AW EcE () s N, WA K BEL
HOR) W, VIR EE (g) s W, WA K MK L
H(g); W, MIET-flREE (g);C AR (g) ;1
R FETHREL; B A RAOAR AR 57 (%) 5B
JWItR AR LR & B (%) 5 D, R R SRR
(%) ; DM AR B 5 5 (%) B, ALK A

WHLE TS B (%) 5 B, RS AR H oS
(%) D, HEFHHE AR S (%) .
1.5 HESITSIH

I A S LA F- 24 (A £45 #E 12 ( mean+SE ) K,
A5 48 FH SPSS 20.0 R4 i 47 B R 2R O 2553 B
(one-way ANOVA) , Jf: >k /| Duncan [ #1741
) Z2 8 L #, W R 7KF-2 P<0.05, 487 ) Met
oK —JC IR P AR (y =ax® +bx+c;
oy AERAHDFE AR, x AR Met &5, a Ry
FRAUE , b AR R AL, o A0 IR %0 Al
Pr& AR (y=a+bx; Horb y AR BIIER, x
RERE Met 7 2, a fURZ A% B A AEE, b ALK
LM MR A2 ) o e, S A58 (8 ] GraphPad
Prism 6.0 #4750 4 5 251l

2 ZBREHW
2.1 AR HRMAREKFE Met-Met X %h #8 4 <
TERE AN HE AR O B2 M

TaE e 8 0 A [ 7K 7 Met-Met i 40 i £
BB L2 3, B S A AT R KT 9%,
5 MO 4H ( REIN Met-Met 2H ) A L , 45 Met-Met ¥
INZH A WA AR S B A R E A ORI Y
B P<0.05) , i fal Ak R B0 8 E BRI (P<0.05) .
AR, MO 20 )7 8100 45 1 % 2 5 Tk M4 A5
HAAKH(P<0.05) , £ Met-Met 75 11l 2H 47 1 f1t 43
ARG FM HRA B E 2R (P>0.05) . ik
Met-Met FR IR AE] 2.5 g/kg I, 38 5 R N4 & A=
AR B K BB R B A, AE KRR IE T FM
ZH (AR 10% Ry 9 IE X JRAT) X 3G E R
(y) AR Met 75 & (x) #H47—J0 K [l A AR A 43
Br, & 1 Fr s, d8 ok B H 7 R y = -853.29x7 +
1 389.6x—252.57(R*=0.971 4) A] %, 7£ 17 ¥} Met
Tk F] 8.1 g/kg B, 3 EH R, P Lk A 4
B Met F5 2K A 8.1 g/kg; R R R E(y) FIiR BE
Met % & (x) #E47— 70 R I A AR 2 B, dn ] 2
Frw, i B3 5 2 (y = 243. 73x° — 385. 22x +
249.19,R*>=0.984 7) Al I, 7 1A Bt Met & & A
7.9 g/keghf Rk R BORAR, P85 AR A5 4 ] 1 Met
TR 7.9 g/ke,

23 nl %0, 5 Mo 4L M e, ARk b s iR ]
JKF Met-Met J& 4 5 1) 1 16 8 BORIE M 38 50344
T AR, Hor M5 i M4 20 B9 BT B 4E B0 e M2.5
FT M3 45 IR F8 K05 MO 21 1 22 50k 31 I 5K
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F(P<0.05), TEAHIE AR Met &5t T~ ,FM 4 5 M3 ALK 22 5 3% (P<0.05) ,

x3 ARRRMAREKTE Met-Met X7 40 88 4 4K 14 B2 F AR 8 R B9 52 M
Table 3 Effects of diets with different Met-Met supplemental levels on growth performance and

body shape indexes of juvenile common carp (n=6)

2H 5 Groups

i H Items
FM MO M1.5 M2 M2.5 M3 M4

G SR/%  99.40+£0.57  100.00+£0.00  100.00£0.00 100.00+0.00 100.00£0.00 100.00£0.00  99.40+0.57
AKIFJE FBW/g  72.04+1.50° 58.33x1.25° 71.75x1.24° 71.35x0.87° 76.72+1.70° 75.50+1.48"™ 74.65+2.14"

ii;c i i ‘

50157 290.43+7.06" 217.83+7.07* 291.09+6.13" 288.59+4.55" 317.06+8.89° 309.58+7.97™ 304.07+12.80™
(2

4 oz 2%

i?fvi(j;i) 1.84+0.02° 1.56+0.03" 1.84+0.02"  1.84+0.02" 1.93+0.03¢ 1.91+0.03"  1.88+0.04™
(o}

?ﬁf/d) 1.62+0.25° 1.70£0.24°  1.62+0.16°  1.60+0.17°  1.61x0.25"°  1.62+0.02° 1.63+0.40®
(o}

V=N ¥

LRI R

Fﬂcﬁgﬁ 1.01+0.01° 1.21+£0.01*  1.01+0.01°  1.00+0.01°  0.97+0.01°  0.99+0.01° 1.00+0.03"

HB ‘?ﬁﬁ J_g c ab abc be abc a ab

CF/(g/em?) 2.16+0.03 1.99+0.06 2.07+0.03 2.12+0.04 2.06+0.04 1.96+0.07 2.00+0.03
158 % , ‘

%\tﬁ;%& 10.52+0.72"  11.44+0.34*  9.79+0.36™  9.85+0.25" 10.71+0.90" 11.17+0.43" 9.00+0.26"
0

i g

:Sft;ﬁ 2.25+0.11° 2.21+0.06" 1.81+0.08*  2.00+£0.09®  1.91+0.14™ 1.99+0.15"  1.84+0.13"
(o}

FATEER B AR C PR R R R 2 R A B E (P>0.05) , ANF/NE FRERZER B3 (P<0.05) . FFEF,
In the same row, values with no letter or the same letter superscripts mean no significant difference ( P>0.05), while with
different small letter superscripts mean significant difference ( P<0.05). The same as below.

350 V=853.20x+1 389.6x-252.57 550 IR B 22 SR B 2 K (P<0.05)  fH X4
e O S B C B E W (P>0.05) , MO 44
= 0 R4y S i TS T AR A 4L (P<0.05)  HoA
2 AL 2 SR B3 (P>0.05)
m y=243.73x*-385.22x+249.19
am 0 R*=0.984 7
120
200 Y
0.4 0.6 0.8 1.0 100

ERIMetE & (FHIRERD
Dietary Met content (DM basis)/%

E1 fA# Met SESPEIEERMEI[XFR 80

Fig.1 Regression relationship between dietary Met

Tk R % FCR

; : 0.4 0.6 0.8 1.0
content and WGR of juvenile common carp Mot S B (TR D
Dietary Met content (DM basis)/%

2.2 ARFRFEMAEKFE Met-Met 3t 4h &2 {5 e N
By el Es B ENREAR. ME 2 AR Met SESHEBRAMRBHEEXR

S — h Fig.2 Regression relationship between dietary Met

s g TR A=A

SEE Met Lys i AR content and FCR of juvenile common carp

T VR R [ JK P Met-Meet %440 88 {1, 43
M2 UL 4, 5 MO A AH L, fRDEH B A [] 7K TR IS A [/ 7K 7 Met-Me X 4 fiifl 4 ff1 0

- Met-Met S af BN K Jp & i b M1 4 SRR & AN WK 5. 5 Mo U AH L, Rk
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1S IS 6] 7K S Met-Met 33 0] i 2 3% i 4> £ rp
Met Met+Cys  #i Z 2 (Lys) , (4282 (Trp) | 5+ 5¢
IR (lle) 5= &R (Leu) A& R (Val) |4 &R
(His) )% & (P<0.05) ,{H4% Met-Met i3 il 4H 22 [A]

TR EEF(P>0.05), H$ Met-Met #1405 FM
AW BEESF(P>0.05), MO 204 Thr
S E T M3 M4 41 (P<0.05) , HoAh 41 i) 22
SR E(P>0.05),

K4 @ARBPRMARKE Met-Me i 4h 88 {4 5 23 9 22 1

Table 4 Effects of diets with different Met-Met supplemental levels on body composition of juvenile common carp (n=3) %

2H 5] Groups
Ui H Items

FM MO M1.5 M2 M2.5 M3 M4
K5 Moisture  72.61+1.00"  71.53+0.48" 75.53+2.01° 73.02+0.48™ 72.29+0.28" 73.26+0.58"  73.52+1.23"
MEMR CP 14.85+0.52 14.57+0.23  13.45+1.16  14.85x£0.09  15.30+0.16  14.89+0.27 14.87+1.09
MUK S) Ash 2.73+0.10° 3.27+0.10°  2.64+0.46*  2.87+0.17°  2.82+0.14*  2.78+0.04° 2.69+0.17"

x5 ABBRRMAREKE Met-Me W EEBNEEERSENH M

Table 5 Effects of diets with different Met-Met supplemental levels on essential amino acid contents in

whole body of juvenile common carp (n=3) %
WA R AR 215 Groups
EAA FM MO M1.5 M2 M2.5 M3 M4
HER Met 1.42+0.05" 1.21+0.09* 1.40+0.03"  1.47+0.07° 1.45+£0.03°  1.50+0.02°  1.43%0.04°
&R Cys 0.39+0.02 0.35+0.02 0.38+0.01 0.39+0.01 0.37+0.01 0.39+0.01 0.38+0.01

= ,L¢+\/H\//=‘ A

ﬁiﬁé‘yf R 1.80+0.07° 1.55+0.11° 1.79+0.04°  1.86+0.08" 1.82+0.03"  1.89+0.02"  1.81+0.05"
AR Lys 4.17+0.14°  3.78+0.27°  4.22+0.07°  4.39+0.15°  4.29+0.02°  4.41+0.06"  4.30+0.03"
HE MR Thr 2.24+0.08"  2.00+0.11*  2.27+0.04  2.28+0.05"  2.28+0.01"  2.34+0.05"  2.31+0.02"
R Trp 0.49+0.01™  0.43+0.02°  0.49+0.01°  0.50+0.01™  0.49+0.01°  0.50+0.01™  0.51+0.01™
HEIR Arg 3.31+0.12 3.06+0.19 3.42+0.04 3.50+0.11 3.44+0.00 3.25+0.36 3.43+0.03
SRR e 2.24+0.09" 1.91+0.14*  2.23+0.06"°  2.35+0.10"  2.33+0.05"  2.41+0.05"  2.30+0.07°
TEMR Leu 3.66+0.17"  3.14+0.24*  3.69+0.11°  3.89+0.17°  3.82+0.08"  3.95+0.07°  3.76x0.10"
HETR Val 2.51+0.08"  2.19+0.16*°  2.51+0.06"°  2.62+0.09°  2.59+0.04"  2.67+0.04"  2.57+0.06"
A BR His 1.75+0.05°  1.48+0.12*  1.78+0.05°  1.86+0.07°  1.81+0.05°  1.88+0.04"  1.85+0.02"

T Ak R 38 0 AR 8] K S Met-Met X 4 i 2 1
i T SR Met Al Lys VLEUR R WL 6.,
AR 1 BT T AR AR B 1A B Met-Met 75 117K SF- 1Y 3
IS in 5 BEAR , 22 A BT TR () FiA kL Met 7
i (x) FEAT I LA S04, AR 3 Bl A A
FERY (y, = 38.23x,+13.641, R> =0.773 7;y, =
-12.618x,+52.167, R; =0.956 6) 1] %I, 1 £l Met
THON 7.6 g/kg W E BTG B Ok 4 itk
PAFL B Met 752K iR 7.6 g/kg, MO 41 4)) fiif
W F IR VIR B F T H AR &4 (P<0.05) 5
Met JLFLKFE Met-Met 78 Il -2 1) 388 i1 4 K 5L R (%
MO M1.5 M2 M2.5 4 1) Met PR R i
T FM 41 (P<0.05) . Bk M1.5 415), % Met-Met
WNINZH Lys DU W35 T MO 41 ( P<0.05) ,

H# Met-Met B Ingl Z 6] DL Je EA115 FM 41 2 (1]
R 8% 225 (P>0.05)
2.3 ARBRMAEKE Met-Met X7 4 2 1fn 32
AU RIENIERE R

TRk g8 AN 5] 7K S Met-Met %o ) 8 1fi 3 A=
UNE kA =L N0 A S B 1| B e o i
F5(UN ALB .GLU .TC .TG .TP % & 5 ALT .AST
TR B A AE S 5 H I Z N 45 4 1 2% GLU
B A AL T AR K 5 MO 4L AR Eb , 4RDRL A s
A 7K Met-Met 3 8 2 FEAR T LK UN & &
(P<0.05),71 MO 415 FM 4H 2 F A B E (P>
0.05) ;5 MO A Lt , B Rk i 38 in A [/ 7K SF Met-
Met AS[a] B2 BE 3 1 1K TP % &, M3 M4 41
5 MO0 42 5k 8 8 E K (P<0.05) , H M3,
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M4 831 5 FM 4 A S B3R (P>0.05) , i
W ALT 3% 1 B Met-Met 7% hil 5 (9 386 i 52 35k 2 25
b, M2 M2.5 M3 4 F KT MO, FM 41 (P<
0.05) ,M4 21 % % & F MO.FM 4 (P<0.05),
M2 M2.5 M3 M4 I3 AST i 8% & T FM
21 (P<0.05) , L% TC & & bk Met-Met @311
AN A B AR A ok M5 M3 M4 4]
HFKT MO 4H (P<0.05) , M2.5 ZHI0IM3E TG &%
IR, B ECT MO 41 (P<0.05), M2 M3 M4

i I HDL-C &% i i F K T M0 41 (P<0.05)
M4 4] 1fil 3% HDL-C/TC .3 & T FM Fl MO 4 ( P<
0.05) ., 5 MO 4AH L, fREH R S I AS [F] 7K SF Met-
Met A~ [a] R B Mo 3% 0 1 1fi 2% T-AOC, H A [A) 72 &
MR AR T 0 %% GST 36 %, 2o M2 M4 4 ffi %
T-AOCLL K M2 M2.5 M4 4 i3 GST & M5 Mo
HiWZEFIEF T 8 EKF(P<0.05), I3 MDA
Tl M3 AL, B E LT B M1.5 M4 4159
HAA 4 (P<0.05) .

R6 ARRRMARKTE Met-Me Xt 4) 88 F 5 57, 4 F SEER  Met 0 Lys AR E R 2200
Table 6 Effects of diets with different Met-Met supplemental levels on protein, EAA, Met and Lys

retention rates of juvenile common carp (n=3) %
WiH 2H 5 Groups
Items FM MO M1.5 M2 M2.5 M3 M4
R RLR , )
I;ERR* # 43.28+3.28"  36.35+1.45" 38.66+5.21" 45.57+0.69° 47.81+0.89° 45.88+1.54" 44.66+4.96"
N E LRI
R %‘ U 34.19+1.22°  28.89+2.01° 33.91+0.70° 34.78+1.19° 34.21+0.35" 34.95+0.75" 33.82+0.53"
EAA retention rate
= TR T RO 322
UL N .
ERM $}; 44.21+3.88™  61.20+6.01¢ 54.87+4.71° 59.78+2.59 57.79+0.78 52.44%2.43° 42.71+1.75™
Met retention rate
i 22 R AL R
A f 46.05+4.23™  33.94+3.24°  40.46+3.82" 47.55x1.79° 48.79+0.26° 48.90+2.24° 46.19+2.95°

Lys retention rate

y,=12.618x,+52.167

507 ) =38.23x +13.641 Ri=0.956 6
2 . .
g Ri=0.713 7
2 40
; 1
B30
=
2
{{g( 20
{ x=0.76
pr 10

0 v

0 02 04 06 08 10

EIMet& & (TYFREM)
Dietary Met content (DM basis)/%

3 AR Met ESHEEFRNREMOEAXE
Fig.3 Regression relationship between dietary Met

content and PRR of juvenile common carp

3 i 8
3.1 F A Met-Met X4 2 Met EREH ITH
L

HAT, a2kl X F Met TR A K&
A, S 43 28 i A Met 75 oK = 38 8 4 R 2R
FUTIY 2% A A7 27 — R ok FE 2 K TR

g 2 IR TR R E R TR, Wtk
KUOE T T X Met 7R i
FIBIE 5, 4 A 4 P BE o 8 1 5 oR | ZE 5.3 ~
120¢g/kg (/i W B & B8 8 1. 69% ~
3.73%) 0BG R AT AR A A ) 3 )
TR T T2 0 B S B, 0 A 04 A K M BE AR,
Tk 2 H = (>2) , % sl i £ 4R RS 7 1 98
B XA B, Tang %™ WF 5% & B, £ & Cys
3.0 g/kgh B h 48 I MHA-Ca 45 H 8 () Met
oK IR 12 g/kg, BARXT Met 77 3K & 99T & 42
Gl E R 1 R RN B B T N W Y
SRR (322 5 R 58 7 24% 1
KR T 5%AE T, &0t 8 JEA 5, a9 AR KR
08 1.0 2247, Bt R A 2, B KT IE# R
PR IR A AR K P e T B B Met 75 2 Y
Al o AW ST AE B R A M 2 IR AR &)y R
SEAEKORINF] 1.84~1.93, 5] Met-Met 4 H & 7K
VPR ) R Met Bz MHA-Ca 7 1) M2 4% 5 A1 4k 5%
F AL, MeAh, AW G bR g ) e SR R i A
A et 3k SR FH 9 28 VU] ) A B AR DR T 20 2
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PRAUE 2 80 0E 5 A A SRR 22— 3 e 3 R OR R
B RS R Met 7 i B9 — ot Wk 13 4 67 15
L fERE Met A E] 7.9~8.1 g/kg I, B 4R
FEHFMN 2.0% ~2.1% 0, K ek, 5
Nose' "' Il NRC(2011) % H (4l 8.0 g/kg HY Met
ToRE T, AT P, FR IR I Met-Met J5
A A K S B A B B, M2.5 413 R
B KRB ERT M 4, REWI B A
B Met-Met 19 2 P 2= 50 & DL-Met /) 150% , iX
AT e T Met-Met $8 A K H i 3% 28 SR EAIK T,
It HAEW AL B A L AR TE 2 Met RE 5 55 A 2
R I o | K (RS0 S I R =
HOS NS i DL-Met A] fig i 2 3 g 7 DURL% IF
R BT R, B AR TR A, &
Met-Met 78 120 AH L MO 5 FM 20, AT JBE 5 % e
RAEECA BB S, FIFE, 76 K E i pF o

KBRS Met ZER (2~ 8 Jik) AH L 7S i di A
Met g itk 25 B AT, 3¢ 158 B Amopel v il 2 9 m /s
JRIE ) Met A B T 235 4 81 B 25 A #F A=
Ko B, AR H, Met-Met BRI &2 m T
LR A A BT AR BRI T Met DURLR T
FAETR A AR AE T, Met-Met 1Y %5 fin -t 4
& T AR Lys 5007 Z IR TR, X5 Wang
At 5 I A R 9 ok BAE W R B R R AR
IR I DL-Met 3% MHA-Ca 7] DL A 204 5
SEE RN Lys DU A {2 i S B AR P A Ky 45 R
A—E, EAT R Met &8 R, M2.5 240 1)
Met JIER B ZE ST FM 4, Ui Met-Met Fl| 41
Lt DL-Met BE4f, #ig b e, 5 & A F AR XY
Met AH L, fAREH Met-Met $#24E19 Met 585 (55 H
552 Met BITHALMRISCREE AR, LA Met-Met A1 Met
HAFTTAL 2 Met 7K 23 B MIVER

K7 @ARBPHFMARKE Met-Met 345 88 1 32 4 ¥ R EXIEERAIZ 00

Table 7 Effects of diets with different Met-Met supplemental levels on plasma biochemical and

antioxidant parameters of juvenile common carp (n=12)

2151 Groups

it H

2%

Items

M MO Ml1.5

M2 M2.5 M3 M4

Reference

values

UN/(mmol/L) 3.24+0.22
H A
ALB/(g/L)
SEH
TP/(g/L)
AN AT
ALT/(U/L)
7 LI o i .
AST/(U/L) 14.20+1.61
Gikaki

GLU/
(mmol/L)

A JIE ] st
TC/( mmol/L)
e 2 B A
JIE [ e
HDL-C/
(mmol/L)
SRR
JIEL [ e /

S [ B
HDL-C/TC

3.33+0.37°  2.64+0.13"

11.51£0.47" 10.31+0.34"

21.76x0.33° 17.06+0.59* 17.46+0.6"

15.9+0.55" 14.51+1.51° 15.81+2.06"

4.06+0.37°  3.70+0.28" 3.28+0.41°

3.65+0.19™ 3.84+0.17° 3.28+0.18"

2.34+0.16™" 2.71+0.17° 2.27+0.19®

0.22+0.02*  0.22+0.01*  0.27+0.03%

2.22+0.21"

10.67+0.34" 16.23£0.52"

18.70+0.75® 18.44+0.77* 20.88+0.74° 20.35+0.42"

8.94+0.83"

18.53+1.66™ 18.36+1.53" 20.80+1.29" 23.96+3.56° 18.17+1.72" 22.51+1.75"

2.74+0.22*

3.42+0.17"°

2.16+0.17"

0.25+0.02"°

1.91£0.10" 1.89+0.08" 1.63x0.12" 1~3

15.24+0.28" 15.40+0.32° 10.28+0.49° 5~20

20~40

7.17x0.56"  8.40+0.91" 20.01+1.59°

3.46+0.30" 3.43+0.32" 3.94+0.19"

3.37+0.14™ 3.17+0.18" 3.03+0.19* 1.2~12.0

2.38+0.18" 2.21x0.11* 2.15+0.15"

0.28+0.02" 0.27+0.02" 0.31+0.02°
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53R T
5iA 207 Groups HEAE
Reference
Items [22]
FM MO M1.5 M2 M2.5 M3 M4 values'
Bl =g
TG/ 2.36+0.12"  2.67+0.26" 3.29+0.54° 2.07+0.28° 1.92+0.19° 2.60+0.29" 2.27+0.45™ 1~4
(mmol/L)
SPTE bR
T-AOC/ 3.20+0.15® 2.91+0.16° 3.37+0.32" 4.36+0.75" 3.75+0.15™ 3.57+0.19® 4.08+0.27"
(U/mL)
A e H R
R it 86.60+6.39™ 92.70+4.76° 87.17+3.83° 74.00+2.52" 72.83+3.08" 82.31+3.33" 71.51+4.53"
GST/(U/mL)
N
MDA/ 14.60+0.16™ 15.08+0.17* 13.66+0.22" 16.95+0.74" 16.07+0.47% 12.63+1.22"* 14.31+0.30™
( pmol/mL)

3.2 AR RMAEKE Met-Met X7 4 2 1f1 32
AT E NIRRT

XoF WO B TR T >R A TR B T L A2 K
SRR AN 382 K = sh YRR i 2% A Ak
FE bR A 1 U0 M S Bl £ A 2 AR I 5 1
Met S HC A AR5 7= W ] LA SR 44 P 45 2B Ak RO
PR LA AR A1 E AU O A A3 5 At 5
AR, R R AR AR S — R B T, B AR
I JE i1 4 21 5 32 AR S DR R, 2 5 A e
fiz'®' . HDL-C 1E N %5 5 K 1 i 48 b, 3 o5
TC [ b 91 48 3% 0K i 107 10 5% i R e my R,
Tk v Met 1) 43 fife A I8 kR o ELBRE ) A A e
BT OMISEE A8 A SR EE T R BEIR e
IR B R A R I, 1f 3 o HDL/TC
B 1AL Met-Met %8I0 &2 19 T &5 1 T & 5 [R1E
A UMK TG M TC 17 2 Met-Met (1998 i f#
I, EPSIE T 3% & %5 0 Met-Met 1] L AR 37 I 3] 52 i)
bz, EMFLaYTh , &Y bz Mt i Met
4 5 W JHE U I R B A R HR o A
Met 2305 B I IEf R | 3 5 A6 i 75 45 SR 2%
I, M2 ALT 5 AST B3 14 2 I 41 i 353 453 1
JEFEFR , Met-Met ifi 8 ¥5 iN 4l (M2 \M2.5 M3 41)
M3 ALT 3% M 2 & KT Mo il FM 4, iX — 3
S 5@ LR g AR, IR UN & &
FE A5 (1] 422 52 e 3 00 K P9 88 11 5 1) Qa8 1% 100 R ) e
SR VAR O, H 2 5 A R 1 A R ok
T el 5 R ) Y- R B S PR DG A R TR A

Met & & T, Met-Met % 4L MIL3K UN & & 7 2%
T FM 41, JF H FM 2GR 3R T 0.3% 19 i 44
DL-Met fE R #h58, X AP L L AT BB ] T Met-Met
F I ORI FH 2 55 T S R DL-Met, A B 1 i AR i 17
1, Met R4 LAY Cys 7T 2 5HE LY i GSH
FAERRR I AR, HHA B 55 A f ek
SRR AN AL R G D R
PEFES 2 1 i 2 #1) 0 4204k 468 45 B, GST il
MDA K RT3 I A P 5 A 400 4 1
bR, ARE P, A 4K b GST 36 4 f1 MDA
A Met-Met iU I B AIG, [ B Bt 45046 )
T, HiE B A Met-Met 2 YRR i F FM 41,
Vi AR P R 0 3E B Met-Met A F) T2 37 4 6 AT
JUE 5

4 & ®

Met-Met A DLAE A 4y K i 43 1) ek A 2501
Met #hFE5 . 4300 LIS 8% falih R BRI 1 it
TR F8 b b g o] T BT | AR A5 4)) i Met 75 5K &2
H7.6~8.1 g/kg(fAEHH Met-Met 781 242,95 ~
3.47 g/kg) , i AEHEE BTG 2.0% ~2.1% TR}
H Met-Met T 42 {111 Met 5 KK & F1 5 P Met
FETH AL W 5 T bR M AE 8L, L Met-Met 2 5%
TR PEAS 2 Met 7 >R 2 5 fin o

SE
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ile common carp diet and to determine the methionine (Met) requirement of juvenile common carp ( Cyprinus
carpio) by adding different levels of Met-Met into the diet. Juvenile common carp with the body weight of
(16.70+£0.08) g randomly assigned to 7 groups with 6 replicates per group and 30 juvenile fish per replicate.
Using pea concentrated protein as protein source, six experimental diets supplemented with 0, 1.5, 2.0, 2.5,
3.0 and 4.0 g/kg Met-Met were prepared based on a low Met diets with 4.8 g/kg Met and 4.4 g/kg cysteine
(Cys) to fed fish in 6 groups, which was named as MO, M1.5, M2, M2.5, M3 and M4 groups, respective-
ly. Fish in the last group were fed a diet contained 10% fish meal and supplemented with 3.0 g/kg crystal
DL-Met, which was named as FM group ( positive control group). The feeding trial lasted for 10 weeks. The
results showed as follows: compared with MO group, the final average body weight, weight gain rate (WGR)
and specific growth rate (SGR) were significantly increased and the feed conversion ratio (FCR) was signifi-
cantly decreased in each Met-Met group ( P<0.05). Taking WGR and FCR as assessment indexes, the Met re-
quirements of juvenile common carp were 8.1 and 7.9 g/kg according to monodic quadratic regression model
analysis, respectively. Taking protein retention rate ( PRR) as assessment index, the Met requirement of juven-
ile common carp was 7.6 g/kg according to broken-line regression analysis. Diets supplemented with different
levels of Met-Met all could significantly increase the contents of Met, Met+Cys, lysine (Lys), tryptophan
(Trp) , isoleucine (Ile) , leucine (Leu), valine ( Val) and histidine (His) in whole body, but there were no
significant differences between each Met-Met group and FM group ( P>0.05). Essential amino-acid retention
rate in MO group was significantly lower than that in other groups ( P<0.05). Met retention rate showed a de-
crease trend with the Met-Met supplemental level increasing, and the Met retention rate in MO, M1.5, M2 and
M2.5 groups was significantly higher than that in FM group ( P<0.05). Lys retention rate in MO group was
significantly lower than that in Met-Met groups except M1.5 group ( P<0.05), and there was no significant
difference between each Met-Met group and FM group ( P>0.05). Plasma high density lipoprotein cholesterol
(HDL-C) /total cholesterol (TC) in M4 group was significantly higher than that in FM and MO groups ( P<
0.05) . Plasma total antioxidant capacity ( T-AOC) in M2 and M4 groups was significantly higher than that in
MO group ( P<0.05). Plasma malondialdehyde (MDA) content in M3 group was the lowest, which was sig-
nificantly lower than that in other groups except M1.5 and M4 groups ( P<0.05). In conclusion, suitable level
of Met-Met added into a Met deficiency diet with 4.8 g/kg Met can effectively promote the growth and feed-
ing, improve the transport and metabolism of lipid, and increase antioxidant ability of juvenile common carp.
Met requirement of juvenile common carp is estimated to be 7.6 to 8.1 g/kg (the supplemental level of Met-
Met in the diet is 2.95 to 3.47 g/kg) , which account for 2.0% to 2.1% dietary protein, by regression analysis
base on WGR, FCR and PRR. The Met supplied by Met-Met has the similar characteristics in digestion, ab-
sorption and utilization with the Met from natural protein source. So, it is can be more accurate to evaluate the
Met requirement of juvenile common carp using Met-Met. [ Chinese Journal of Animal Nutrition, 2019, 31
(6):2765-2776 ]
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