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RN 2% 19 DL-Met il J& B ( DL-Met 7 H #
S 0.52% . DL-Met 45 FE % 98.5% . H Ak &2
P 8 FRUE U Bk B0 A B LA 7
YA B B FR 2 PR A 2% 9 MHA-
FA TR #F (MHA-FA 75 H K 3% 54 0.58%.,
MHA-FA 400y 88% , H A A AL 24206, 5 1

M1 AR . OB 60 H Ry R TR A G il BURLAR Ry
1.5 mm P RFURRE, B R KT & . X582 H 300
- BIRTE Hy (8. 24 £0.03) g I filt JFE 4 1 6, Fifi H1L
Y2 AL RA 3AEE A EE 50 B H iR
HH# 1(DL-Met 41) 1 H #& 2(MHA-FA 41) , i 55
160 d,

F1 REBARABREFKFE(RFTEAM)

Table 1 Composition and nutrient levels of experimental diets (air-dry basis, %)

i H Items H i 1 Diet 1 H R 2 Diet 2
J5Bl Ingredients

1455 Fish meal 7.50 7.50
k) Soybean meal 7.50 7.50
KAKFEHH Rice gluten meal 10.00 10.00
Fi¥F#) Cottonseed meal 14.78 14.78
KM Rapeseed meal 29.56 29.56
Ay Wheat flour 17.57 17.57
£yl Fish oil 2.25 2.25
.3l Soybean oil 0.72 0.72
WiiE &l Premix” 2.00 2.00
WElE — 245 Ca(H,PO,), 2.67 2.67
AL NET Choline chloride (50%) 0.13 0.13
R L4 4 & Carboxymethyl cellulose 2.00 2.00
Z %A ¥ Ethoxyquin (30%) 0.05 0.05
& B Thr (100%) 0.59 0.59
#iE R Lys (78.8%) 0.68 0.68
DL — IR Wk DL-Met premix 2.00 —
B2 R PR HE R YU 25 IR B B MHA-FA premix — 2.00
41t Total 100.00 100.00
H# 7 /KF Nutrient levels?

HLEE 9% CP 32.14 32.14
Mg EE 5.80 5.80
#LJK 4> Crude ash 8.79 8.79
R AP 0.60 0.60
w=3 BRI «-3 EFA 1.00 1.00
w6 Wit IR -6 EFA 1.00 1.00
iz M Lys 1.99 1.99
R ER Thr 1.70 1.70
e R Cys 0.79 0.79
HHER Met 1.20 1.20

V4T i WE B &5 A One kilogram of premix contained: 4E4: & A BEEZES retinol acetate (500 000 1U/g) 0. 800 g; AH4S
{Li% cholecalciferol (500 000 TU/g) 0.480 g; DL — o — 4= B Wy ES B2 fif DL-a-tocopherol acetate (50%) 20. 000 g; H 25
menadione (50%) 0. 200 g; %% cyanocobalamin (10%) 0.010 g; D — 4= ¥ & D-biotin (20%) 0.500 g; M folic acid
(96%) 0.521 g; fHER M % Z thiamin nitrate (98%) 0. 104 g; 44 & C EEERE ascorhyl acetate (92%) 7. 247 g; #HFER niacin
(98%) 2. 857 g; WillGME LI phosphatidylinositol (98%) 52.857 g; D — JZ g %5 calcium-D-pantothenate (98%) 2.511 g; #
% 2 riboflavine (80%) 0. 625 g; R ML "% B pyridoxine hydrochloride (98%) 0.755 g; E K IEH) corn starch 910. 533 g;
FeSO, « 7H,0 (Fe, 19.7%) 69. 695 g; CuSO, * 5H,O (Cu, 25.0%) 1. 201 g; ZnSO, * 7H,O (Zn, 22.5%) 21. 640 g; Mn-
SO, « H,O (Mn, 31.8%) 4.089 g; KI (I, 3.8%) 2.895 g; NaSeO;(Se, 1.0%) 2.500 g; CaCO; 897.980 g.

PR BT MR T ML 43 R SR R MG AR Sy S M AR R A A v — 3 TR ITRR Al  — 6 T AR TR AR
& NRC(1993) 1A Bl #4311 545 i . CP, EE, crude ash, Met and Cys were measured values, while Thr, Lys, AP, v — 3 EFA
and w — 6 EFA were calculated according to the feed component of NRC (1993).
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T 1AL 30 d JE IF AR 1 3R TG R
KL BE KRG (90 cm X 55 ¢m X 30 ecm) H ., K I K
B ERAK, KR H25.0+1.5C,pH 7.0, %4
PRFFFE 5 mg/L L b 356 30 (A AR 4 sl R £ 15 150
PR AR R, AR AR R AR R 30 min J5 A R, IR
HICEFR R
1.3 iERNZE
1.3.1 AR

R 5 T R A5 A A X I B S RS E
TR AR 30 A BE AL S R AR — 30
30 i ] TR BT i K o il e . iR
g o B BENLIEE 5 B ARG TG
A3 5 L PG 20T 2 DGl 2 1 R0 ) o vk 0 £ AR
TR AOR Ay i IR T B S ALK
SARUIELR . IR ARX R

FEEBARMT SO TR = [(B— A)/1]X100,

Hodr, B A 56 4 A fa (A o 3 5 Olg D 8K
o3 R (g) s A IR IR IT bR B R b 8 B B IR
KA e () T oAl 56 1 8 1 ot (IR i 8K 43
BARE(D.,
1.3.2  JHREMNLA A T 25 (GOT) . &4 N
5 (GPTIE Iy B i 2% 4 & &

g 1 W 12 h J5. & A4 5 2 BE Lk B
15 Bt , BB FfBCR M08 10 B T 4 C vk Fa it i
Jg,4 C .3 000 r/min .0 10 min, B 7E $0 E
SRR R S T A AR EE T - 20 C
VKA TR VR R AT 2 . T s 0T J A i 3 0 UL 1A
FHB AR G TE — 70 C UKFE R A7 &0 . F i A A
WLA GOT.GPT i Jj A5 & & Cra it i i A= 9
TR . fa 1 kA 6 h 5, B4 = EZ L
YEH S B fh . & DU & 1R — 4 (EDTA-Na, ) $t 5t

A R R ML SR L TR T2 0 R a2 e (A
e 8D .2 h N5E.
1.3.3  {HALM IS b

JVF I JU 0 Ji T B B ) G L AR ¢ S 0 2
B8 Hummel""™ 9 5 vk 6 47 . 6 WE R B 38 B 5 it
FIVE RS 0% 7 5E 2 B Furne 2802 (4 5 B 47,
4 fiz LR ¥ il (CKO F 45 1 B i M % 1R 1 (AKP) |
Na',K"-ATP [ 1§ 71 &9 W % 43 5 2 B Weng
4031 Krogdahl 261 [ Tlenchuk 257 4y 7 vk k47,
BBy — 4 &L KR (-G 36y F R &l
8 CRl 5t E A ) TRE I 9% ) LA 42 350 4 1t
Fi1T.
1.3.4 B dn

L35 7 38 A0 RF B IE /) MDA & & I 2 2 #]
Lingstone %5 J7 3 . 4 & AL 9 157 fk i (SOD) Fil
B WEH BE 2 4 AL W (GSH-Px) 3% 77 (19 0 7 2 BE
Zhang EV vk i A AL R #E (CAT) L4 e H Bk
5 (GR) . GSH F143 t H Bk o % % il (GST) 1
J1 I 5E 43 5 2 I8 Aebi™® [ Lora 28"/ fil Lushchak
o (R
1.4 Zitah

K] SPSS 11. 5 i 5 i 4l AT ¢ K 5, 45 2R
DAV BMH + bR 22 805

& R
2.1 HEKiERE

14 2 7750 MHA-FA 4140 #6100 K T 4T
T Aok 7 Ak % DL K B 5L R R 3 TR R
DL-Met ¥ 2253 A% (P>0.05) , Hig B & 2
FALF DL-Met 41 (P<<0.05),

£2 ZHEHM DL-Met 71 MHA-FA X %h 2 88 4 < {4 Bt 19 % 1l
Table 2 Effects of equal-sulfur supplementation with DL-Met and MHA-FA on growth performance of juvenile Jian carp

i H Items

2% Groups

DL-Met 2 DL-Met group

MHA-FA 2 MHA-FA group

¥ E Initial weight (g) 8.
R Final weight (g) 55.
4 H Weight gain (g) 46.
& & Feed intake (g) 62.
1A B} ¥4 4k Feed conversion ratio 1.
AT UTFLZE Protein productive value (%) 34.
Ne YT AL Lipid productive value (%) 76.
KA UTFL# Ash productive value (%) 26.

27%0.06 8.27+0.02
17+1.28 54.34+1.44
90£1.28 46.07%1.44
37+0.22° 61.00£0.78"
33%£0.03 1.32£0.04
82+£0.89 34.97£1.09
14+2.03 74.42+£2.40
00£0.67 26.02£0.81

Al A7 B4 JR A [l /NG 7 B R 25 S 3% (P<<0.05) . T K.

Values within the same row with different small letter superscripts mean significant difference ( P<Z0. 05). The same as below.
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2.2 I AFMBFER GPT.GOT FHU BRI &
&

]

i 3 1] 1. MHA-FA 41 % & 8 [ T J5E

GOT. WL AT E GPT & W R R &= S
DL-Met #4252 %A 5% (P>0.05) . fHJLIN GOT
i B EAEF DL-Met 41(P<<0.05).

®3 EWMAFM DL-Met F1 MHA-FA X4 Z@ALAF AR GPT.GOT @A ME MK R SN
Table 3 Effects of equal-sulfur supplementation with DL-Met and MHA-FA on GPT and GOT activities in muscle and

hepatopancreas and plasma ammonia content of juvenile Jian carp

(U/g)

2 5 Groups

i H Items

DL-Met #i DL-Met group

MHA-FA 24 MHA-FA group

WLAS S Z  GOT in muscle
JIT eI 25 %5 45 % # GOT in hepatopancreas

2639.4+£129.6°
4601.2£270.7

2 193.6+147.5*
4369.31£341.2

LA A 5 & ® GPT in muscle 551.9+33.8 537.0+37.6
JFENEA N & B GPT in hepatopancreas 1367.7+135.5 1308.7+37.4
Ifl 3% 48, Plasma ammonia (#mol/L) 184.2+11.3 192.1+18.8

2.3 HUYRUIEER
2% 4 BT 40, MHA-FA 20 1) JIT J55 0 0 g 3 i 2
F L BE 2R B LA K i 38 IR 0 B R R B S O S

DL-Met4] #2555 A8 5.2 (P=>>0. 05) o J1F 1 I BS 1 il
FITER BETS 1 W FH KT DL-Met 4 (P<<0. 05),

R4 FEWEFM DL-Met #1 MHA-FA 3 %) 3 88 7 & 0 AT 5% At 6 1L BB & h B9 200
Table 4 Effects of equal-sulfur supplementation with DL-Met and MHA-FA on digestive enzyme activities

in intestine and hepatopancreas of juvenile Jian carp

(U/g

20 51 Groups

i H Items

DL-Met 41 DL-Met group

MHA-FA 41 MHA-FA group

i Intestine

Ji 2 F1 i Trypsin 1.25£0.12 1.21£0.03
B T F i Chymotrypsin [AA/(g « min) ] 8.08+0.53 8.61+0.23
N Wi Lipase 1378.2+£88.8 1459.3£102.6
VEM i Amylase 1941.8+£25.8 1904.2£24.6

T J#EIE Hepatopancreas

[ ZE [ Trypsin 1.97+0.15 2.03+0.06

8 % A B Chymotrypsin [AA/(g * min) ] 6.39+0.52 6.86+0.51

Ji& i Lipasc 1216.1+88.8 891.8+88.8"
VEM T Amylase 1329.2+£29.2° 1287.5+£13.7*

i # 5 Al AL, MHA-FA 419 8 7 #1 0 i AKP,
#WB Na™ K™ -ATP ffi . v-GT DL K4l CK
715 DL-Met i R AW & (P>0.05) . H)5
W AKP . Rila G W v-GT 36 J1 2 #K T DL-Met
4 (P<<0.05),

2.4 mEMIER

i 6 Al MHA-FA 41 1M 7% . 7 18 F0 1T Jig

i MDA % & & % & F DL-Met 41 (P <<0.05),

MHA-FA 4 i i g 0E fi i GSH {6 715 DL-Met
HERA R EH(P>0.05 AHIME GSH 7 7 8 # 1K
F DL-Met 44 (P<<0.05), MHA-FA £ ¥ IfiL 7 . T
JEJIEF iz & SOD.GR i Jj 5 DL-Met 41 JC i # 2%
S (P>0.05), MHA-FA 4/ 1L #1 i i CAT LA
J% % 18 U BE GST.GSH-Px 1% J1 i Z{% T DL-
Met 41 (P<C0. 05) , 1 i Jf JE CAT. 1fiL 3% GSH-Px.
GST i 15 DL-Met 41t . # % 5 (P>>0. 05) ,
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&5 ZEHM DL-Met #1 MHA-FA 3 4 22 8 7 18 W 44 B8 7% 1 ) %1
Table 5 Effects of equal-sulfur supplementation with DL-Met and MHA-FA on absorptive enzyme activities

in intestine of juvenile Jian carp

(U/g)

i H Items

2 5 Groups

DL-Met 4 DL-Met group

MHA-FA #f MHA-FA group

B 7 08 PE B ER ilf AKP in foregut 37.
w7 B PE B R i AKP in midgut 33.
J& W i Pk W BR i AKP in hindgut

fifm Na® , K" -ATP fif Na* ,K' -ATPase in foregut 328.
il Na® , K" -ATP fif Na* ,K" -ATPase in midgut 269.
Jal Na* ,K'-ATP fiff Na® ,K" -ATPase in hindgut 165.
"l Y — & B E KBS v-GT in foregut 235.
gy — A& K v-GT in midgut 182.
J5 W v — A A B K v-GT in hindgut 272.
2 LR ¥ CK in whole intestine 171.

8.

17£2.99

00+3.28

50+ 0.55"
95+ 38.24
08*21.68
79+16.18
27+13.27°
56+ 13.86
09 +£20.27°
78+£7.01

39.
33.
6.
344.
279.
160.
213.
175.
233.
172.

00+£3.57

83+£3.18

83£0.41°
74£13.59
61 +£24.89
53+14.91
57+14.52%
58+ 14.62
33+£15.19°
41+£7.04

R 6 FTAHM DL-Met F1 MHA-FA 34 4) # 8 [ 75 . 15 18 T BT IR BE S | L H5 AR 0 %5 1

Table 6 Effects of equal-sulfur supplementation with DL-Met and MHA-FA on antioxidation indices

in the serum, intestine and hepatopancreas of juvenile Jian carp

(U/mg prot)

i H Items

215 Groups

DL-Met 4] DL-Met group

MHA-FA 4 MHA-FA group

N[ MDA
I3 Serum (nmol/L)

18 Intestine (nmol/mg prot)

B E Hepatopancreas (nmol/mg prot)

A WEH K GSH

1fiL7% Serum (mg/L)

%38 Intestine (mg/g prot)
JF IR Hepatopancreas (mg/g prot)
A AL 8 Ak B SOD

I3 Serum (U/mL)

i€ Intestine

[T JEIE Hepatopancreas
WA AL A CAT

1% Serum (U/mL)

%38 Intestine

AT i Hepatopancreas
e H RIE )5 GR

i3 Serum (U/L)

J%i& Intestine (U/g prot)
JFJEIE Hepatopancreas (U/g prot)
BB BB 4 B GST

1Ly Serum (U/mL)

%iE Intestine

BT i F Hepatopancreas

AW H Ik S AL G GSH-Px
1fiL¥% Serum (U/mL)

%18 Intestine

JFJBEIE Hepatopancreas

15.
.11£0.
.04£0.

17.
15.

165.
57.
134.

4.24%0.
2.37%0.
28.11+2.
265.
65.
89.

85.
50.
84.

219.
59.
182.

130

45+ 1

10£1.
.4010.

20+8.
87+ 3.
264,

33+7.
03+2.
42+ 2.

.81°

11¢
16*

.35°

36
41

63
46
92

25[)
07°
95

27%22.02
71£3.
94+ 3.

28
39

30
98"
43[)

13+£12.23
11£1.
50+ 8.

92"
42°

17.
1.
2.

10.
15.

166.
58.
138.

30.

273.
61.
84.

85.
41.
68.

225.
54.
161.

12£0.
30£0.
35+10.

02+£0.
07+£1.
.91+0.

32+8.
98+5.
02+£6.

.8910.
.90 +0.
52+ 2.

56°
04°
1317

72°
04
52

31
52
52

244
112
55

31+£17.97

08+4.
39£5.

33+£5.
76+ 1.
38+ 3.

52
23

57
07¢
18

39+£15.39

24+ 3.

964

76 £10.00°
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3 i i
3.1 %®AN DL-Met 1 MHA-FA 34 & 88 4
T4 BE B 221

AR TS A T AR YR
1R P oRh 78 B R T DA e e g AR T A
AR 5 H O #h 78 48 B K - 19 DL-Met Fil MHA-
FA J 31k 8 &)y g 0 1) 25 2 R i 22 i, 25 R R B
THERARE, X5 Keembiyehetty Z5EH A
Kelly™™ 7£ 4 80 f fig & Goff 258 e IR B34 15 0 1
W55 45 9 DL-Met f938 3000 B & & T 56
) MHA-FA (455K — 30, 458 A K —5m K
ATREA : DK A AF . MHA-FA # ABLIK
WS L —2- BERAEM D -2 - FHRN
AW 2 - B — 4 - PRI T R . R
bl L — B &R A REWALIR R A, a5 f )f
FIF MHA-FA fRE i ml g T ALK A 319, 2)
HRREARUANR , A5 R S H R, DL B WFSE
PR 4 45 82 44 H M. Gutteridge 45 Al
Daenner 25 YR W ERBFSE BRI, SCH A AR T 25
A MHA-FA 5 DL-Met {5 #8URAHY .

T A AN ) et e Ak 2 52 e K AR S AR K 2
ANEBERER . METTBRNZE —ERE LR T
SR R AR . A 45 R B R, MHA-
FA 20 1) &) i i 45 3 48 0 25 (KT DL-Met 41, {H &
B IR R A DL 2 S ARE , 85K
TR R AR AE Y X SR &) a R A SR AR
MHA-FA F1 DL-Met il B} ) 808 & — . EHH
JE AR 5 LA A & AU DL S AR B A Y RE
A SO T M R LA R A P B AR
S0, 0 GOT 1 GPT & 2 ff E 3 2 5 & LRI
I A T LT T R A AT DA e A P S R R 1)
LT Rt S TR AR R A E 4 A
M REL Y, KA & =S R R S & R
Bl 5 ARBE 9 & B, % 6 ) MHA-FA il DL-
Met 21 () & R A LAY L BF R IE - GOT #it GPT i
UL MKERZAGR LR EER. XERW.FMMN
MHA-FA F1 DL-Met #7972 % /R 1 8 % A 1 Fn 2
F1 0 A B I S8R LT AH 2 R B R B (R 1
RO —AFE .

3.2 i DL-Met #1 MHA-FA X 4 & t&
i 1k B A0 R U B TR 1 B M

K A= 2 e A K Sl TR T N IR ) R TS A T Ak
WA B 5 0 J5T 1) 3 Ak DA A6 oy 3 W 22 Ak
WS 5 B o PR G A K 5 T Ak Tt R R A B 1) 3 T 4% )

A ARSI KB MHA-FA 41 19 T Ji i 0 i i
JoR R T L JBE AR P A K B G g U T R Y T TS
5 DL-Met 4 22 5 A o 3, {5 B9 0k i i 6 A o
i35 7 55 3L F DL-Met 41, X 3. DL-Met 7]
FE T8 A7 I N I 16 A 0E A9 B %) 40 06 (H R F R B T
LTS 11K 2 5% 5 ) MHA-FA #1324, —# 1E1H
L RE 1 b LT AT 3k 20 AH [ A 5028

Na®" ,K"-ATP i 2 T ZMAEWE Ly —
PR AN, 25 2 MR RNz B> HiEh
[) 2 I W Jip T 1 W MR RE AT . ER AR T 5 4 R AT g, 4
T S5 5% ) MHA-FA F1 DL-Met 1 %} 14 47 2 i 114 4
B Na®™ , K" -ATP i 1 =2 R H AR E., v-GT
A S TR AT P 1) O S g 1T 2 1 S0 TR 1 A0 i N
8, R AR A YA BRI FEOR . AR g & B
MHA-FA ) d i v-GT 1§ 515 DL-Met 4 2 &
ANEEAHAT I A S W v-GT & 1 8 FLF DL-
Met 4. JpiE AKP 73 4 78 i b B Rl AR 2 40 i 2%
T, S5 RRZE LU FE R A 00 55 2 Fh o i Wl A oG
S Wl 1 Rz 40 i i W i RE Y L AR AR R
MHA-FA 2 (% 5 7 #1 b i AKP & J1 5 DL-Met
HILBFEES HGW AKP I )1 B E LT DL-Met
M., CKERERIWHIEEE MO, S5
5 ATP (4 3e i 72 . o0 i 8 37 90 5 1 Wz s 42 13t A
. AR R R S B A MHA-FA fil DL-Met
TR 4 e A i CK IE AR AR %, Dk
ZEHL I, SR MHA-FA fl DL-Met B, 4 &
8 11 246 S0 43 i T R AL TR T3 AH Y
3.3 Wi n DL-Met #1 MHA-FA Xt 4h 28§k
BE MR

HEA AU A W Cys 7l 2 558 LY
GSH FlZFEBEER 0 A % HIA B R 53 A A
fEIR JE A S5 R R R S P R E
EEAEM . RNIR P 2 RS R 5 %2 16 )
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A Comparative Study of Feeding Effects of Equal-sulfur Supplementation with
DIL-methionine and Methionine Hydroxy Analogue Free Acid in Juvenile

Jian Carp (Cyprinus carpio var. Jian)

XIAO Weiwei' FENG Lin'?* LIU Yang'* JIANG Jun'* JIANG Weidan'?
HU Kai'* LI Shuhong' ZHOU Xiaoqiu'*"

(1. Animal Nutrition Institute, Sichuan Agricultural University, Ya’an 625014, China; 2. Key Laboratory for Animal Disease-resistance

Nutrition of China Ministry of Education, Ya’an 625014, China)

Abstract : The purpose of this study was to study the effects of equal-sulfur DL-methionine ( DL-Met) and methionine hydrox-
y analogue free acid (MHA-FA) supplementation in diets on growth performance, activities of digestive and absorptive en-
zymes and antioxidation indices of juvenile Jian carp (Cyprinus carpio var. Jian). A total of 450 fish with average initial
weight of (8.24%0.03) g were randomly divided into 2 groups with 3 replicates in each group and 10 fish per replicate. The
fish of two groups were fed practical diets supplemented with DL-Met and MHA-FA on equal-sulfur basis, respectively. The
trial lasted for 60 days. The results showed as follows: MHA-FA and DL-Met had the same effects on weight gain, feed con-
version ratio, productive values of protein, fat and ash in juvenile Jian carp (P>0.05), but the feed intake in MHA-FA
group was significantly lower than that in DL-Met group (P<Z0. 05). Glutamate-oxaloacetate transaminase (GOT) and glu-
tamate-pyruvate transaminase (GPT) activities in muscle and hepatopancreas and plasma ammonia content also had no sig-
nificantly difference between MHA-FA and DL-Met groups (P>0.05). The activities of trypsin and amylase in intestine
and hepatopancreas, lipase and amylase in intestine were not significant different between MHA-FA and DL-Met groups
(P>>0.05), while the activities of lipase and amylase in hepatopancreas in MHA-FA group were significantly lower than
those in DL-Met group (P>>0.05). The activities of alkaline phosphatase (AKP) in foregut and midgut, Na' ,K" -ATPase
in foregut, midgut and hindgut, y-glutamyl transpeptidase (y-GT) in midgut and creatinekinase (CK) in whole intestine
were not significantly different between MHA-FA and DL-Met groups ( P=>0. 05). However, the activities of AKP in hind-
gut, y-GT in foregut and hindgut in MHA-FA group were significantly lower than those in DL-Met group (P<Z0. 05). Com-
pared with the DL-Met group, the content of MDA in serum, intestine and hepatopancreas in MHA-FA group was signifi-
cantly higher (P<Z0.05), while the activities of glutathione (GSH) in serum, catalase (CAT) in serum and intestine, gluta-
thione S-transferase (GST), glutathione peroxidase (GSH-Px) in intestine and hepatopancreas in MHA-FA group were sig-
nificantly lower (P<C0. 05). In conclusion, supplementation of MHA-FA and DL-Met on equal-sulfur basis in juvenile Jian

carp diet nearly obtained the same feeding effects. [ Chinese Journal of Animal Nutrition , 2010,22(4) :1122-1130 ]
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