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Tab. 1 Formulation and nutrient composition of the experimental diets %

SR 2H

control ' MHA02 MHAO04 MHA06 MHAO08 DLMO02 DLMO04 DLMO0.6 DLMOS
JEK  ingredients
oy 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
fish meal
A 44.00 44.00 44.00 44.00 44.00 44.00 44.00 44.00 44.00
soybean meal
Tk 21.78 21.74 21.70 21.67 21.63 21.78 21.78 21.78 21.78
wheat flour
A 8.90 8.90 8.90 8.90 8.90 8.90 8.90 8.90 8.90
mix oil
W A 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Ca(H,POy),
TR 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
premix
HoAt? 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
others
AR AR 0.24 0.48 0.71 0.95
calcium 2-hydroxy-4-(methylthio) butyrate
fmADL-HE R 0.20 0.40 0.60 0.80
DL-methionine
HEmR 0.80 0.60 0.40 0.20 0.60 0.40 0.20
glycine
RIS 1.52 1.52 1.52 1.52 1.52 1.52 1.52 1.52 1.52

crystalline amino acid premix

BIKF(FYFRER) nutrient levels (DM basis)

HEA 45.89 45.63 44.85 45.05 45.10 45.43 45.00 45.41 4525
crude protein

bt 10.60 9.68 9.39 10.03 9.24 9.96 9.70 9.24 9.49
crude lipid

AR 1.09 1.29 1.49 1.69 1.89 1.36 1.54 1.68 2.00
methionine

e LRGN f3.5%, TiH3.4%, REEME 2%; 2. TREL: EAT YR (mg/ketikl): —/KBIEREE 4000 mg, —I/KERERERSO mg, MLLAR
(1%) 100 mg, SALEi(1%) 100 mg, TLAKBRERE20 mg, —/KERERIEEL 260 mg, —/KEREREE150 mg, WANEREH(1%) 50 mg; HAREEN
(mgHg/kgEh): TREHE2S mg, %I HR45 mg, HMRMEED20 mg, 44 FB, 0.1 mg, 4E4EFEK; 10 mg, JIEE800 mg, ZFR60 mg, MHER200
mg, MR 20 mg, MK 1.2 mg, 4iERKALEREES2 mg, 4iEKD; 5 mg, a-EHFEN20 mg, ZAFEMEMIS0 mg, AHHH(50%) 5000 mg; 3. H
filt: BigE770.015%, HUEAG0.05%; 4. FeRLEEIRE: FIEERAR S E84%, MMy Afl (L) FRAF LM 5. DL-EER:
i 2z ab g5 A ARkl (L) A IR A RO 6. BERBEMEE: FIEIR 0.25%, AR 0.83%, FIEER 0.16%, HEAMR 0.07%, &R
0.21%

Notes: 1. mix oil: fish oil 3.5%, soybean oil 3.4%, soybean lecithin 2%. 2. premix: mineral premix (mg/kg diet): MgSO,4-H,0 4000 mg, Mn-H,0 50 mg,
KI(1%) 100 mg, CoCl, (1%) 100 mg, CuSO,-5H,0 20 mg, FeSO,-H,0 260 mg, ZnSO,4-H,0 150 mg, Na,SeO; (1%) 50 mg; vitamin premix (mg or g/kg
diet): thiamin 25 mg, riboflavin 45 mg, hydrochloric acid pyridoxine 20 mg, vitamin B, 0.1 mg, vitamin K3 10 mg, inositol 800 mg, pantothenic acid 60 mg,
nicotinic acid 200 mg, folic acid 20 mg, biotin 1.2 mg, retinal acetate 32 mg, vitamin D3 5 mg, alpha tocopherol 120 mg, ethoxy quinoline 150 mg,
choline chloride 5000 mg. 3. others: mold inhibitor 0.015%, antioxidants 0.05%. 4. calcium-2-hydroxy-4-(methylthio)butyrate: 2-hydroxy-4-
(methylthio)butyrate content 84%, supplied by Adisso (Shanghai) Co., Ltd. 5. DL-methionine: supplied by Adisso (Shanghai) Co., Ltd. 6. crystalline
amino acid premix: valine 0.25%, lysine 0.83%, isoleucine 0.16%, arginine 0.07%, leucine 0.21%

1 F5 3K (weight gain ratio, WGR, %)=100x(W -
W)W,

e K R (specific growth rate, SGR, %/d)=100x
(InW—~InW)/t

T £ 2 £ (feed conversion ratio, FCR, %)=W,/

W TR AR R R (T E, o), PIAKIK
BT (), Po WA IR R & R (g),
W R AR 2)-

1.5 BUEAIE

(W=Wy)

Z P4 B8 > (nitrogen retention rate, NR, %)=100x
(WxP~WoxPo) W,
K, NRAKEE, NoAWIRRE, W AR
Bid(g), Wy NP E (g), A1 3R KEL(d),
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Tab. 2 Amino acid composition of the experimental diets (dry-matter basis) %
IR -
amino acid XHE4 control MHA 02 MHA04 MHA06 MHAO08 DLMO02 DLM04 DLM0.6 DLMO.8
RIVEZARR  Asp 3.29 3.37 3.42 3.29 3.33 334 3.35 3.24 3.35
T Thr 1.36 1.44 1.49 1.42 1.41 143 1.41 137 1.48
YHBR Ser 1.59 1.71 1.63 1.51 1.62 1.67 1.56 1.57 1.66
REMK Glu 6.39 6.47 6.50 6.29 6.50 6.35 6.26 6.30 6.49
B Pro 435 4.36 4.76 4.94 4.54 473 4.64 4.46 4.60
H#E®R Gly 2.63 2.22 227 2.07 1.97 221 2.11 1.96 1.69
NEE Al 2.18 1.64 1.74 2.08 1.91 1.73 1.96 1.67 1.68
R Cys 0.80 0.70 0.76 0.78 0.80 0.76 0.75 0.75 0.71
4R Val 1.97 2.04 1.82 2.02 2.04 1.81 1.83 1.80 1.86
HEE  Met 1.09 1.29 1.49 1.69 1.89 1.36 1.54 1.68 2.00
SRR e 133 121 1.13 121 1.29 145 1.19 127 1.16
FHEM Leu 1.87 2.08 1.89 1.86 2.03 2.15 1.87 2.00 1.89
B Tyr 1.61 1.76 1.58 1.58 1.87 1.90 1.88 1.66 1.60
KNEM Phe 0.75 0.83 0.71 0.69 0.85 1.02 1.00 0.81 0.75
MR Lys 3.22 3.72 3.40 3.55 3.40 3.34 3.19 3.59 3.35
HEMR His 1.03 1.00 1.20 1.12 1.12 1.10 1.14 1.14 126
Walg  Arg 247 2.26 2.38 2.44 2.48 2.46 2.51 2.24 229
E®R Trp 0.41 0.37 0.36 0.40 0.41 0.38 0.40 0.34 0.09

g AN Ee SR 7/ Ly D N € N TR 4
i, DA AR R KRR FIE SR AR, oL
AN T R Y=aX+b, LAY RS, aft
TRR, UK, XURAR M H R K
), IR T PR S R 4 A AT

2 4

2.1 AREZEEEIRIGERDL-ERERKENTE
A < 5 1A R FI A #9520

T Rk in 2 3k 26 S R %5 L DL- 2 28 R o A6 fof
A K SRR s n 263 Rk AR R Ok IR
K B R w A B R e A KR
(P<0.05), BTRHE KRS a3, 166
R REARKRRRET G, JFFE0.6%M] ik F K
KAA, H M R 7 0 i85 0.8%I, A6 &1 &
FOREERREEM, FAESFMT, BREE
SRS 2 0 R 1 HE %2 K T DL-8R & R 41 (P<0.05).
R K T B3 5 iR R R B(P<0.05), Rk
R m (BRI IE X Wk R 500

B FE R (P>0.05), AN, AL AMEE .
BT F(P>0.05), MR AR K,
PLAERAMRMTRE, BN ERRT R E
F1.57%(K 1)
22 ARREESIRRIERDL-EREKENE
&5 (A 4H YR 52 M

Tl AN [ 35 35 2R 2 R 45 B DL -85 S R X A8 o
PRGN AN 64 Tl RE R 2 R K 7 T 2 Y
mi fa A K g o MR . MLAR I . K 4y K OF
(P<0.05), T 2 2 W JE =X X LA b 38 b5 TG B 3 5%
I (P<0.05)(F4). AL F1 & B BT R A R
YN 0 A B 2 5 T R A g, T fa
PARHELAE 725 e DU S B S A 34
23 ARREESRRIGERDL-EREKEXNE
B5 AT B E AL BE RO RN

T Aol 2 2 R K 5 i A B IEGR
GSH. CAT. SODi# M MIMDA % & (P<0.05),
GR. CATI T P Bl 1) 4} o 2 2 R K 7 19 7 i
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Tab.3 Effect of dietary methionine sources and levels on growth performance and feed utilization of L. japonicus

2153 K /g Y H AR/ % HE 4 KR /(%/d) b ¥ RARE /% FIER /Y%

groups final body weight WGR SGR FCR NR SR
R4 control 29.75+0.57° 425.29+11.38% 3.12+0.01° 2.07+0.02¢ 24.3342.39 97.78+2.22
MHA 0.2 30.66+0.78™ 443 44+13.54™  3.24+0.01% 1.94+0.03™ 27.98+1.46 97.78+2.22
MHA 0.4 31.22+0.79® 450.00+16.52 3.2840.01¢ 1.89+0.05™ 29.47+2.01 95.56+2.22
MHA 0.6 32.88+0.55° 481.13+10.73° 3.2940.04° 1.85+0.02° 29.05+1.07 95.56+4.44
MHA 0.8 31.62+0.88™ 454.93+14.39™ 3.2340.02¢ 2.05+0.02° 26.61+2.92 95.56+4.44
DLM 0.2 30.32+0.38" 433.53+6.64™ 3.17+0.01* 2.09+0.03¢ 25.56+0.30 97.78+2.22
DLM 0.4 30.94+0.55™ 443 .67+8.41™ 3.1940.02% 1.87+0.04" 29.37+1.48 95.56+4.44
DLM 0.6 31.72 £0.14% 459.78+5.15™ 3.2540.02¢ 1.79+0.02° 29.704+2.62 93.33+3.85
DLM 0.8 27.73 £0.10° 390.93+1.09° 3.09£0.01° 2.04+0.03% 27.86+1.53 97.78+2.22
P Pvalue
IR 0.01 0.01 0.58 0.92 1.00
methionine source
HERIKT 0.00 0.00 0.00 0.09 0.80
methionine level
ZHAEH 0.02 0.06 0.03 0.91 0.97
interaction

T FFBREA R RS 22 57 B3 (P<0.05), T

Notes: the same column marked with different letters showed significant differences(P<0.05), the same below

3.5 -
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Fig.1 Second-order regression analysis between

specific growth rate and dietary methionine levels

for L. japonicus

EIETHE G AR S, SODS X} R4 AH Hb &2
MAFmEHE, i, EHREX LSRR EE
MDA 5 CATH & & (P<0.05), J H.[F/K¥DL-
ERRYMDA & BB (F5),
24 AREZEEIRIGEADL-ERERKENTE
85 M55 & LI FRRYF2 M

) e 2 B R /K ST S 35 R ) I Y AL T B 9 1
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Tab.4  Effect of dietary methionine sources and levels on the whole-body composition of L. japonicus %
oreH Koy HEA FELI 07 Koy
groups moisture crude protein crude lipid ash
XHIEZL  control 67.75+0.10 17.59+0.19° 9.26:0.06° 5.66:0.17
MHA 0.2 68.18+0.49 18.12 £0.20% 8.87+0.06" 5.70£0.13
MHA 0.4 68.05+0.11 18.51£0.13° 8.73+0.10" 5.93£0.06
MHA 0.6 68.930.20 18.14£0.11* 8.560.14" 5.82+0.17
MHA 0.8 68.06:0.24 17.860.09" 8.77+0.11 5.43+0.12
DLM 0.2 68.18+0.60 17.64£0.17° 8.8120.14" 5.81+0.10
DLM 0.4 67.34+0.04 18.29+0.02* 8.67+0.17" 5.91+0.02
DLM 0.6 68.79+0.66 18.30+0.17" 8.28+0.12" 5.91+0.07
DLM 0.8 67.78+0.33 18.19+0.17* 8.68+0.12" 5.65£0.11
P Pvalue
HZBIE  methionine source 0.33 0.67 0.19 0.30
HZEMI/KF  methionine level 0.03 0.00 0.00 0.04
ZHAEA  interaction 0.85 0.12 0.76 0.88
AR I SRR R E 7k T 1 85 BT B L A B B
Tab.5 Effect of dietary methionine sources and levels on the antioxidant ability of L. japonicus
3 BRCH R R R R B A A A AL G/ W m/
(U/g prot) (mol/g prot) (U/mg prot) (U/mg prot) (nmol/mg prot)
groups GR GSH CAT SOD MDA

JFHEZ control 5.34+0.39™ 48.41£0.22° 139.68+2.92° 334.58+1.81% 7.10£0.20°
MHA 0.2 5.93+0.21° 46.53£1.12" 173.99+1.37% 343.42+2.05" 6.43+0.10™
MHA 0.4 6.74£0.29° 46.27+0.52" 188.23+2.06™ 364.64+4.66° 6.10£0.56™
MHA 0.6 5.37£0.10" 46.161.76™ 156.43+2.28" 341.88+4.34" 4.730.60®
MHA 0.8 5.63£0.29" 47.90+0.58" 152.64+2.47" 337.97£2.81° 7.14£0.74°
DLM 0.2 5.84£0.27" 47.31£0.55" 159.75+4.86™ 335.88+3.61° 5.08+0.15"
DLM 0.4 6.10+£0.35" 46.55+£0.29" 183.87+4.84% 329.9443.11° 3.56+0.07"
DLM 0.6 6.31£0.12% 45.90+0.66™ 192.08+4.22° 345.8943.56™ 4.57+0.48®
DLM 0.8 4.89+0.10" 45.26=0.30° 163.55+3.01% 356.89+1.05¢ 5.50+0.23"
P Pvalue
HZBJR  methionine source 0.55 0.34 0.01 0.06 0.00
HZEMI/KTF  methionine level 0.00 0.01 0.00 0.00 0.00
ZHAEA  interaction 0.05 0.07 0.00 0.00 0.03

AR A K WA TR 4

oA, BN ImFERL R

BB E, R R B AR, 170.8%2H i {4

28 TR F5 B DL~ A IR ¥ BE 2 35 4 e fa AR R
X R B AE 5 T LAY S8OR) AN IR AR R . ER N
0.6%1 MR A R A M R E R | R AR R R

R F AR, AL DR v A0 U R Y 1
HAINE0.6%, ARLIERBEY, 8 dm
SRR & R AE B 1 R AR A AN R ), 3K AT RE
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Tab. 6 Effect of dietary methionine sources and levels on serum biochemistry of L. japonicus
2853 BHEEM/(UL) SEEZE/(U/L) JH[E B/ (mg/dL)  Hih =HE&/(mmol/L) Y HEE/(U/L)
groups ALT AST TC TG LZM
XHHEZH  control 13.14+0.23° 64.25+1.68° 4.17+0.05 6.27+0.43° 66.34+2.78"
MHA 0.2 10.99+0.42" 52.16+0.94° 4.11£0.05" 4.97+0.45" 100.003.33™
MHA 0.4 10.47+0.78% 51.73+2.80° 4.07+0.01% 5.67+0.03" 96.1542.15"
MHA 0.6 7.80£0.51° 48.29+1.10% 4.060.004" 5.43+0.12" 125.00+2.61°
MHA 0.8 8.21£0.37° 42.29+0.11° 4.01£0.001" 5.24+0.008"™ 102.88+6.11%
DLM 0.2 10.45+0.35% 54.04+1.36° 3.5440.04° 4.03+0.29" 92.70+1.53%
DLM 0.4 9.66+0.38" 53.10+2.06° 3.90+0.10° 4.28+0.58® 91.35+0.56"
DLM 0.6 8.59+0.88" 51.88+1.56" 4.11£0.00% 5.37+0.21" 109.62:+5.55%
DLM 0.8 8.83+0.72" 43.05+2.19° 3.97+0.006™ 5.98+0.29¢ 91.35+3.89"
P{E P value
FEFRIE  methionine source 0.97 0.03 0.00 0.14 0.00
KT methionine level  0.00 0.00 0.00 0.00 0.00
ZHAEM  interaction 0.50 0.00 0.000 0.039 0.26
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Fig. 2 Effect of dietary methionine on
intestinal protease activity of L. japonicus

1. control; 2. MHA 0.2; 3. MHA 0.4; 4. MHA 0.6; 5. MHA 0.8; 6. DLM
0.2; 7. DLM 0.4; 8. DLM 0.6; 9. DLM 0.8.
Different letters indicate significant difference (P<0.05)
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Tab.7 Bioavailability of two methionine sources

TiH HERIE LR A TT e HAXS AN /%
item methionine source linear regression equation relative biological potency
WEAE  WGR MHA Y=87.04X+423.85 0.93 153.23
DLM Y=56.805X+423.53 0.98 100.00
FrEEKE  SGR MHA ¥=0.275X+3.15 0.83 134.15
DLM ¥Y=0.205X+3.121 0.97 100.00
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Effects of crystalline methionine and calcium
2-hydroxy-4-(methylthio) butyrate on growth, antioxidant ability and
intestinal protease activities of Japanese seabass (Lateolabrax japonicus)

ZHANG Shuwei, LU Kangle, SONGKai, WANG Ling, ZHANG Chunxiao "
(Key Laboratory for Feed Quality Testing and Safety Evaluation, Fisheries College, Jimei University, Xiamen 361021, China)

Abstract: To investigate the bioavailability and requirement of methionine, this experiment was conducted to
study the effects of DL-methionine (DLM) or calcium 2-hydroxy-4-(methylthio) butyrate (MHA) on growth,
antioxidant and intestinal protease activities of Japanese seabass (Lateolabrax japonicus). Fish [initial body
weight: (5.67+0.05) g] were fed one of nine experimental diets containing 0%, 0.2%, 0.4%, 0.6% or 0.8%
exogenous methionine (control, MHA 0.2, MHA 0.4, MHA 0.6, MHA 0.8, DLM 0.2, DLM 0.4, DLM 0.6 and
DLM 0.8) for 8 weeks. After the feeding experiments, growth performance, body composition,antioxidant,
intestinal protease and blood biochemistry were determined. The results showed that weight gain ratio (WGR) and
specific growth rate (SGR) were significantly affected by dietary methionine level and source. Weight gain ratio
increased with increasing level of DLM and MHA from 0% to 0.6% and then decreased. Moreover, weight gain of
fish fed with MHA diet was higher than that of fish fed with diet contained the same DLM level. Dietary
methionine level could significantly affect feed conversion ratio (FCR) and whole-body composition of fish. FCR
and crude lipid content decreased and then increased with methionine levels increasing. The opposite is true for
crude protein. In addition, superoxide dismutase activity was decreased in the methionine group than that in the
control group. The activities of catalase and glutathione reductase in liver also increased and then decreased as
methionine levels increased, but the contents of glutathione and malondialdehyde were just opposite. Serum
alanine transaminase levels decreased and then increased with the increase of methionine levels. Cholesterol and
triacylglycerol, aspartate aminotransferase activities decreased in the methionine group than that in the control
group. Lysozyme activity was significantly higher in the methionine group than that in the control group. The
activity of intestinal protease increased as DLM and MHA increased from 0% to 0.6% and then decreased with
further increases of methionine levels. In conclusion, the optimal level of dietary MHA or DLM supplement for
seabass was estimated at 0.6% on the basis of WGR and SGR. Based on the second-order regression analysis of
SGR, the optimal methionine for seabass was 1.57%. The bioavailability of MHA was higher than that of DLM
(134.15%). The supplement of DLM or MHA could improve the hepatic antioxidant ability of fish, which would
benefit the health of liver.

Key words: Lateolabrax japonicus; DL-methionine; calcium 2-hydroxy-4-(methylthio) butyrate; antioxidant
ability; bioavailability
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