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(1. RS A K 22 B 4 R (K= IR F TR R ARBF 7L, K70 410128
2. K7 AU REAE TR 2 W R R G, E AR 415000)

E: UYIIHKRE (30.00+0.45) gl H i (Monopterus albus) N FE5T 4, DMK SR RURL At B2, 7R o0 TRl k)
Hor B IR R AT RS o2 g/kg MR R E MR (C-Met). B IR EZBL(E-Met). HAM LI
(MHA-Ca). FEZRIRAFEZLYI(MHA), B 78 A Ok T BETRDRL R iR 8OR, JE5AN b B2, R 00 FF 48
108 . S5 R (1) TEAR Ao DRl sp AR N B 2R 2 38 v o 56 30 B RN B Y R AR L . BRI b R B
. H P MHA-CafIMHAZH 5 % IR 20 22 57t &8 35 (P<0.05). ()RR Rl i s IR R IR B & 52 1 it g
HABGE . MIEMHTER. SHERE., SEE. REFMMEA S E. PIRREFE SRR E(P<0.05); AN
MHA-CafIMHA & 2 $2 15 T W & ve MBS 7« I35 780 20 0 A v % P R 2 BRI 5 & PR 8 B 2 g Vs
Fi. AtEA SR VIR, Sk Ak (P<0.05), B3 FRAK 7 8 BT 4 b 5 i i 4 B0 S )
(P<0.05). ()X FELL7EHE froh IR R R 1, C-Met'5 MHA-CaZ Y9 7F 5% 6% 5 Oh H B 235 U FR W Wi A1,
E-Met4H 75 55% £ J5 12h H B A 2R R SO, MHAZH 23 73 7545 12 5 ShAIOh th IR B S R VB . 45 SRR WA, 7RI M

K UDRE AR N AR R Y B P e B A K AN B R A, HMHA-Ca SMHARCR B

KRR g SIAEREAR, GUREER, SRR, EERRERLUY, K B

PESIES: S965.1 SCERFRIRAS: A

TR SR G, kg Bk, REMEYIER
Vs S 207K pRkk b (ERE A B R s R R AN
P, JCH R R AR, S T SRR AR
DR] b, AP 56 2 a8 e s o 2 R LU B i i A i 1 U
(R R, AR AMIR MRS 0 1) R S BRAE /K = Zh ) v
(R FH 3 RAFAE 22 57, —SL it 50 3R B, 7R £ 1)
BRI A ERR(C-Met)RE B E I m e &P 4E
i1 (Oreochromis niloticus)[z]\ % ¥ th (Rachycentron
canadum)m\ W% (Oncorhynchus mykiss)m\ S
FIX R (Penaeus vannamei)™ . 5 & 80 Carassius
auratus) " F# Fit (Pelteobagrus fulvidraco) {4E
KM R (B X8 (Cyprinus carpio)™ . BET xR
(Marsupenaeus japonicus) ~ JBIR L (Myxocyprinus
asiaticus)"" " FIAE#i (Lateolabrax japonocus)" V5 1)
A KRR AR 2 . KA B =2 AN MR

ks B HA: 2018-10-09; 1837 H#A: 2019-05-18

SCEHE: 1000-3207(2019)06-1155-09

mn MR R 5 DR b B B S S R R R SAN [F] 2B
T 36 B R SRR AR AR T Bk i, A
I B R i B Ak 7 20 C-Metih AT Z2 B b 2R
KA A LR IR H Z . ki, B R R (E-
Met)7E 88 FH R B (Crenopharyn-
godon idellus)[m*[l? I #2. e g B 28R AR T C-
Met. HERAMRALERLYI(MHA), £ HEZRTZ
Bl L U 1) B R R R Th R (48 (L R VR,
FA 505 1) B AL ) I BT R, LR I R0
MHA 5 258 A ES 3R A ES A R, BRI A [ 448
RV EARR LS T(MHA-Ca), HIAMHA S
MHA-Ca iz 5, (HAES) Pk A ml i A= L - 2
TR RIEAE R, AW R M, @4 (Cyprinus carpiovar
Jian) X MHAFIMHA-Ca ] F BCR A T-C-Met' s
P i (Monopterus albus) &[5 B 2 (1] 2 FEL
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IKFE b FRHENT B ARSLIG ERTHARE LR, B2
. ZMESER. PUREORSEIE RE TR
TRAE R H ) E B AR T 2o, (S B AUK
TR I 60% )5, # A K e B T, AR
PLR SR 48 AN B & IR, PR SO e
Ry A B R R INC-Met. E-Met. MHA-Caf¢
MHA X} B¢ i A2 K Ko 28 3 B A 1 52 ), oh B R R
TEAR Ry 5 5 LAl ) 5 RS FH R R RS A 4

1 MR5ERE

1.1 I ER

Plfaky. KRERFAEAMEKEANNEA
TR, m o A IR . DUIERR R A X A, AR R
ININE S IR FC[17], 23 ) 1) SR A DR A s
BT A2 g/kgl) iR EEZ IR (C-Met, 98%). i
JEE AR (E-Met, 49%). R F IR LM
(MHA-Ca, 86%). HZARZFELXLY(MHA,
88%). ZFEMR - i i 2 75 Ak R A i
PR A m HRA, PRLEC 7 AR 1FIR 2. FETRDRLE )
Wt 80 B i 5, 2 PRl EC 7 R A R VR A 34
A, EER T T 2K S EIKT10%, FHE T-20C
UKAR AR ORAT 5 P, B PEERT 0 A 8 p T IR A
1.2 HEAFR5EE

TR B 4 R TR B U8 XA 5 1Y) B A o
i HTUH 1A H(30.00£0.45) go B fiE N A YLIR48h )5
HEAT YA, B e PR/ 101 A i s A 6t £ 3 AR
T B B 175 LB 18 i e S P Bl g DA R R,
FI) B % B 52 S BB BF A, TN IR IR AR (B £
AR R 411, FEAK R A T S 3 kiR
TRRL LA, B 2 T 5 A ER Bk R L. TEYI
ZEJE, YU 24h, PRIEMERE . R4 50 i B g, B
BLor S AMRIR A, A B3N E R, FEISA MRS mx
2.0 mx1.5 m), BNFETIFES0R B fik . AR A o fik
(155 B I PR D F R %, RIS IR E T A
HKAEA b 37 E B0 TE W 7 7 I8 X 6 5% 4
Fepbrhdh AT, WA RS 10, W6 A, AR
11X(17:30—18:30), #% M5 4 ¥ fif 4 5 113 %—5%,
RF7TRFHE RIS, FRFEI, KiR28+3.5)C,
WA T5.0 mg/L, AL T0.5 mg/L. {EMHFRL
FG, 5 r24n 5 HEAT R AL .
1.3 A KIEFR

JiT FH B fi 34) 77 77 58 1A 56 71 )5 25 2 24h, FRE %
P 4 o B T R R v R AR, R IR I AR e SR T
MR EE. AR KR EFE: BRis R (Sur-
vival rate, SR). 3 # % (Weight gain rate, WGR). Tk}
ZH((Feed conversion rate, FCR)~ &% U Lt (Protein

=1 ARERREFRKE(FHIR, %)

Tab. 1 The diet composition at each nutrition level (dry matter, %)

JZ ¥} Ingredient
B 7R AR
Peruvian fish meal
WF5E

Shrimp head meal
FAREEH

Corn gluten meal
KE KRG HSoy

protein concentrate
¥ Wheat middling ~ 3.06 3.056 2.852 3.027 3.033
T ¥y Wheat meal 5 5 5 5 5

a-JEHa- starch 20 20 20 20 20
NP P R
Brewer yeast
1l Fish oil 3 3 3 3 3
SAAETH(50%)
Choline chloride (50%)
A R AR
Crystalline methionine
AL EER
Encapsulated 0.408
methionine

HARIR IS

MHA-Ca

HARIRIEIRALY)

MHA 0.227
5 2 Lysine 02 02 02 0.2 0.2

B A MR Glutamate 0.5 0.3 0.3 0.3 0.3
TR — &4
Ca(H,PO,),
ﬁi‘iﬁ';*ﬂrVitamin*and
Mineral premix
i Antioxidants  0.01  0.01  0.01 001 0.1

Fi%5fMold inhibitor  0.03  0.03  0.03 0.03 0.03

Control C-Met E-Met MHA-Ca MHA

22 22 22 22 22

3 3 3 3 3

5 5 5 5 5

30 30 30 30 30

5 5 5 5 5

0.5 0.5 0.5 0.5 0.5

0.204

0.233

1.5 1.5 1.5 1.5 1.5

1.2 1.2 1.2 1.2 1.2

MitTotal 100 100 100 100 100
E 75 HrProximate

analysis (%)

F#1 5 Dry matter 903 892 899 894  90.1
FHE FCrude protein -~ 4322 4294 43.11 4379 44.08

FH 6 i Crude lipid 622 6.13 6.13 6.44 6.29
# K4 Crude ash 10.11 997 9.82 10.01 9.86

Ve TR T RIS A AR TR A TR, R
(mg/kg) N: KCl,200mg; KI (1%), 60 mg; CoCl,6H,0 (1%), 50 mg;
CuSO,4-5H,0, 30 mg; FeSO4-H,0, 400 mg; ZnSO,4-H,0, 400 mg;
MnSO,-H,0, 150 mg; Na,SeO5-5H,0 (1%), 65 mg; MgSO,4-H,0,
2 000 mg; WK, 3 645.85 mg; VB, 12 mg; ZIWEK, 12 mg;
VB, (EEIRIL S BY), 8 mg; VBy,, 0.05 mg; VK5, 8 mg; WLEE, 100 mg;
ZIREG(VB5), 40 mg; MW, 50 mg; MR, 5 mg; AW, 0.8 mg;
VA, 25 mg; VD5, 5 mg; VE, 50 mg; VC 100 mg; Z4AIEMENME,
150 mg; /NEEH), 2434.15 mg

Note: Provided by MGOTer Bio-Tech Co.Ltd (Qingdao,
Shandong, China), Premix composition (mg/kg diet): KCI, 200 mg;
KI (1%), 60 mg; CoCl,-6H,0 (1%), 50 mg; CuSO,-5H,0, 30 mg;
FeSO,4-H,0, 400 mg; ZnSO,4-H,0, 400 mg; MnSO,4-H,0, 150 mg;
Na,SeO;-5H,0 (1%), 65 mg; MgSO,-H,0, 2000 mg; Zeolite
power, 3645.85 mg; VB, 12 mg; Riboflavin, 12 mg; VB, 8 mg;
VB,,0.05 mg; VK3, 8 mg; Inositol, 100 mg; Pantothenic acid, 40 mg;
Niacin acid, 50 mg; Folic acid, 5 mg; Biotin, 0.8 mg; VA, 25 mg;
VDs, 5 mg; VE, 50 mg; VC, 100 mg; Ethoxyquin, 150 mg; Wheat
meal, 2434.15 mg
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Tab. 2 The contents of amino acids of the experimental diets
(g/kg)

FH M Amino acid Control C-Met E-Met MHA-Ca MHA

Asp 36704 35.787 36.844 38204 37.724
Thr” 16721 16381 17.221 15983 16351
Ser 18433 17.467 15498 16723 18.553
Glu 69.157 67.829 59.887 65.833 62.864
Gly 20403 20314 21.096 19.573 22.822
Ala 22610 24517 22.165 23339 23.621
Cys 2029 1824 1702 2013 1938
Val” 17.697 16273 17.524 16778 18.685
Met” 4291 6336 6281 6194 6.187
e 17475 16468 16382 15778 17.433
Leu” 32926 30516 29.998 28325 33.556
Tyr 9.013 10.551 10770 8369  9.305
Phe” 17.601 19.564 18.649 19911 16.625
Lys” 26956 26262 26357 26257 27.903
His™ 10.108 10468 10.778 9.449 10.846
Arg” 22516 23.803 22.801 23228 21.953
Pro 26976 24.408 25337 25.839 26.575
Trp” / / / / /

T KON TR, Trp (V) A
Note: ¢ for essential amino acids, Trp not detected

efficiency ratio, PER); 4548 B A/LHLS 2 2 fi, k& 1T
HAMRE, WEARK, EEE, 7588 N IE LT,
FREMMEE ., &oeHE. RAfRAR R IR
(Hepatosomatic index, HSI). HEJ# & (Condition
factor, CF)F1 N I F8 %1 (Viscerosomatic index, VSI).
WEINENT:

SR (%) = 100% x N,/Nq

WGR (%) = 100% (W — W) /W,

FCR = Wo) (Ws— W)

PER =100 x (W5 — W)/ (Wo x P)

HSI = 100 x Ws/W5

VST = 100 x (W5 — W) /W

CF (g/m’) = ws/L°

o NS 45 R R AL, N i ie s )46 R 3L,
PRI RL R 1 &, W MRS P 4 2 1)
BEFPIR E(g), W RIS A E(g), W iR
KIJTE (g), W MRS R ik H (g), W iR 5
Sh ORI 0 25 TR (), W AR I 45 RN i I (),
LRI 25 R K (cm) o
14 FANSFERESENE. ANREEENEFR
DXy

TRRL K AR 2 R 7 &l e - 2 IR [E FR(GB/5009.

124-2003) £ i HR 2 L TR FI 2 7 i F AR5l DR}
R TR, HU100 mght it B T /KA, IS mL 6 mg/L
AR, BHE/KARE 1, 7E110°CHEIR TR /K
22h, B A, FTIKIRE, BRI IE, A2
100 mL, BX1 mLF#RE 2210 mL, HURE BALA AT (R 2k
1% 5 873 HrX, A300, 2 [E).

W RE TR E . BRI AR i A 4 £ (g
AN PAE T AL BS R B ), 7K 3 105 °C 8 He T 45
1%£(GB/T5009.3-1985), M & H: YLK E & 7%E(GB/
T5009.5-1985), AT : ZEEAEEE(GB/T5009.6-
1985), ¥ K43 550°C Rl K Ai%(GB/T5009.4-1985)
1.5 MFRBSEALIEFRNE

FEFRFA RS 45 R, TEAH BN 6 2 i ik R
i, FEFEREALR M6 8, MEFENLIE S T2 mLIGH &
O, 4°CHE 12h)5, 4000 r/min 0> 10min, B
JAMIERE G T-80°CUKFaRIF s . Mm% R lR R
[ IH [ % (High-density lipoprotein cholestero, HDL-
C). &% i & 1 JIH [ B (Low-density lipoprotein
cholesterol, LDL-C). & H{T 2 (Total bile acid,
TBA). H i =E8(Triglyceride, TG). J& fJH i %
(Total cholesterol, TC). /&% [ (Total protein, TP).
2 B B (Glutamic oxalacetic transaminase,
GOT). % N ¥ % ¥ (Glutamate pyruvic transa,
GPT). JRZE % (Blood urea nitrogen, BUN) A X Ifil %
(Serum ammonia, Amon)K F 5§ 5{ g B AE W) TRE B
FE AT AR G 2, MUHE(Glucose, Glu) K I #iyL A7+
IR AE P HARAT B2 w3 S0 5E

L3759 25 S BE IR & e : 29 ) S B A
0. 3h. 6h. 9h. 12h. 24hidk47 &KL, B
J7 A4 BT A A e HX200 pLifiliE 1.5 mL &
O, FHFIMNEAR 8% K MR, 760182,
4CYLEE R . B B0, fE4°C AT, 10000 1/
min 0 10mine ¥ EIEHMH, £0.22 pmiEEE T
UE, BUFE_ENL A (2R E 320 B A, A300, 5.
1.6 MAEHEEEMENE

AR BE LIS R B 6, fig, BURApiE, 2R
WA, 3 OKA 3 3K e i, JE4R T, #R
. BIREIEAISK, 4°C 3000 r/mins 0y 10min, B35
W, T24hN 0 #7. WA TE JE K B (Amylase, AMS)
JIg Wi (Lipase, LPS)H1 H & H B§(Trypsin, TRYP)K
FH P 5 AR it 5 B N
1.7 AARMAEHIH

BEAA LIS FE s i, B FELAN(0.5 cmx0.5 cmx
0.5 cm), R A AL (TMS-PRO, FTC, USA)lififi &
(Hardness). &% (Gumminess). PH M (Che-
winess). 2P (Adhesiveness). P51 (Cohesive-
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ness) X 3 (Springiness). A IE & 430 mm/min,
Fef 12901 N, TEAZ 58960%
1.8 BIELES S

T 56 5 14 FH Microsoft office Excel 2016544
BATHIEHE, SR )5 K HSPSS (22.0/A) S8 it # A4
AT BRI R 7 208, % R W R (P<0.05), K H
Duncan’si#E 1T 2 BAGL, 7 B 45 R H -1 Y E AR 1
1% (Mean+SE)Z£ 7~ .

2 R

2.1 FRFEREZREEXTREESE KRR

1 3R] %N, S R A AR Th, 7EAR fok Tpl o s
B SRR 35) e 2 ey v B 0 R 3R B S R L, B
Rtk 2%, HMHA-CafIMHAZH LE XS &2 22 53 4
F(P<0.05); IR R R AL B i TR LU 1 2 F (%
# H.C-Met. MHA-CafIMHAZH Eb X} R 2H 7 7
#(P<0.05); #INE-Met FIMHA -Ca T fif i {4 b 2 2%
PEE(P<0.05), % 4 ] 3 6 JE 3G 2 L B E 2 R
(P>0.05).
2.2 AREAEREIREEREELEE I
A

R 4TT %0, S50 HRALAR LL, 7R foky DRl vh s
IR IR B P T A IE I A RS 11(P<0.05);
INE-Met. MHA-CafiIMHA 225 T i ek
B35 11(P<0.05); HIIMHA-Cali 2 #2751 1 HE i B
% 11(P<0.05), {H# hInC-Metfig i B 1% /1 5. 2 F %

(P<0.05).
23 AREFEABSEX HEEMEI S E IR
=AU

HHER SAI A0, S RZHAR LE, s n S = fe 1) i
R 7 EEEME TR . BHERE., REA. R
2 A L4 & B (P<0.05); E-Met. MHA-Cafl
MH A 2 1L 775 6] 267 9 A0 v 240 I A e T 2 2 I
E T R(P<0.05), T A AL BiR 71 0% T FE(P<0.05);
E-Met5MHA-CaZH IfiL 75 {55 5 i 25 1 0 [ 75 i
o EFH(P<0.05).
24 ARFEAERE T HEET IR RETE D
=AU

HEE 6n 51, 5 A L, E-Met. MHA-
CafIMHAZH I IFGOTIF /745 i 2 42 51 (P<0.05), C-
Met I IEGOTIE /7 2 3 B#1IK; C-Met. E-Met#l
MHA-CafH I GPTi /734 2. 2 52 151 (P<0.05)
25 TREFEAESEXHREN A RESHAFN

EHEE 7r] %0, 55 FRZHAH b, ZEAR AR TRDRL
IR SR ¥ 2 35w T UL P A B AR B
(P<0.05), {HXF P4 514 0 2 3 52 M (P>0.05); ¥ INE-
Met. MHA-CafIMHA & # s TWLRGEE . 3
HIIE Mg (P<0.05) -
2.6 ATREFEAESTEXIRES KRS

FHE ST KN, 55 FR AR L, 78R SO TRl R R
08 IR %) o sk 4t K oy U R G & R T B 3
PEFZIE (P>0.05); R INC-Met. MHA-CafIMHAY

R3 TRFEAETEEREE KRN ICEIEHRER, 1=6)

Tab. 3 Effects of dietary methionine on growth performance of Monopterus albus (Mean+SE, n=6)

i hrIndex Control C-Met E-Met MHA-Ca MHA
YIXIEIMW (g) 30.44+0.01 30.11+£0.23 29.97+0.04 30.12:0.04 30.03+0.01
KIJEFMW (g) 57.80+3.40° 60.78+0.09" 61.411.14" 64.44+0.98" 66.78+2.13
FIE ZESR (%) 97.23+1.11 95.45+5.10 92.00+4.46 99.15+1.24 95.56+3.78
14 # R WGR (%) 92.67+11.35" 102.59:0.34" 104.93+4.09° 113.99+3.54" 122.40+7.19°
TR R BFCR 2.36+0.32° 2.12+0.05® 2.10£0.04" 1.86+0.05" 1.7840.08"
E AR LLPER 0.84+0.17° 1.04£0.06™ 1.15£0.04" 1.18+0.05° 1.20+0.09"
JFFAA LLHST 7.92+0.09° 7.2340.26" 7.75+0.23% 6.76+0.17" 7.09+0.15"
4K L VST 17.96+0.37" 18.60+0.08"™ 20.78+0.47° 19.020.08" 18.06+0.29™
BERECF (<10 g/m’) 9.25:0.09 9.04:0.06 10.39:60.20 10.3120.27 9.52:0.09

1 AT HUE B AR BEAS [ AR 22 7 B35 (P<0.05), T[]

Note: Values in each row without a common superscript represent significant differences (P<0.05). The same applies bellow

x4 TRIEAESTERN REEEHLEEENNEMTIEAREIR, =9, U/mg prot)

Tab. 4 Effects of dietary methionine on the activities of intestinal digestive enzymes on Monopterus albus (MeanSE, n=9, U/mg prot)

JHALEEDigestive enzyme % H& Control C-Met E-Met MHA-Ca MHA

JEN B Amylase 15.5842.47 18.93+0.31" 20.24+0.32° 31.23+1.76° 22.2640.39"
e Wi BELipase 0.68+0.07" 0.47+0.02" 0.66+0.04" 0.86+0.01° 0.57+0.08™
B & H i Trypsin 1.92+0.07" 3.24+026" 3.11+0.17° 3.43+0.22" 3.08+£0.22"
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TS T A E RS EP<0.05), W INE-MetiZ
AT S /IK S R (P<0.05), s IC-MetAll
MHA-Cai 3 K T 4 1K 7 & 1 (P<0.05)
27 PREAEBEERIEEZEMENSREKRSE
opAl

FH ] 1] %0, o B ZHAE B B oh ), I H e
5 28 JE R R WA DA, (H B SRR M WSO L B0 B J U
Hiah i Ffa. C-Met5MHA-CaZl E 45 & oh)5
HILER RS FHRERRNEE. E-MetH1E
AT 3hJE LTS BB 06 7 & R R W IS G, $R
12h )5 H LIS B W BV . MHAZA R B3h)5
H BRIV B R AN S0 T SR R S U, TR
Oh 5 F- I HH P B R VA

3 1hig
TR A E R R EEE KM RERFNT

ARG 25 R OR, TEAR S0k R I ITMHA-
CafIMHA e 5 fiff A K 3R 2 2%, (B INC-MetXk

3.1

RAEE, X515 B8 (Cyprinus carpiovar Jian)[ls]
F YRR (Litopenaeus vannamei)' '™ F {15
FaE R FIR KT B & C-Met/E Ji 3 i iR
W, B B I 45 A ' IR R A KIS A
REHCA ), B AR PAAF L . @ 73 Hr 5
M 111 75 Ui 15 2 FE IR K ML, E-Met4H £ 2 IR R WA e i
HC-MetZ147 it ZE K, 5L A 52 E-Met ifs 6 40 fiff (2
R, A MetiZ ¥ i TE R WL, oA — B 2B RCR, (1
HC-MetZE L, HAL ERKFCRA R ZE, X510 @6
(Cyprinus carpiovar Jian)[ls]J:El@ S5 IRANE], nTRER
AN [ 48 Z8 06 E-MetH] HI A7 £ A Ja /) 22 57, FL AR K]
ARFIRNITFL . MHAZH S 75 28 58 98 R B SRR
WSO AF L C-MetZH 42 i, ELAT) P I HH 30 2 2R TR i
e M, 3 AT R 2 B T -2 MR B 1 Na $ pA ot 1
W, TIMEAE TH S Ak — PR R G
iz AMHABA B R 1, AE E SR HEH
HUBUR 5y W 8 i B I, R AE B b R A
HL-ER TS 5. MHA-Ca5C-Met?l A

x5 TREAZEERIREMFIRDENIBFHOF I HESRER, =9)

Tab. 5 Effects of dietary methionine on serum biochemical indexes of Monopterus albus (Mean+SE, n=9)

e hrIndex %t i Control C-Met E-Met MHA-Ca MHA
Gl (mmol/L) 2.9340.17° 3.25+0.04° 3.86+0.26" 3.93+0.06" 5.05+0.08°
7% JE i 3 FAHDL (mmol/L) 1.5120.12° 1.7+0.04" 2.24+0.05° 2.29+0.07° 1.8820.11°
%% % I 28 FALDL (mmol/L) 1.42+0.07° 1.56+0.03" 1.69+0.03° 1.75¢0.11° 1.420.06°
JHY+ B2 TBA (umol/L) 0.27+0.23° 0.3420.01 0.61£0.01° 0.52+0.01° 0.39+0.01°
H i =HETG (mmol/L) 1.09+0.16 1.1£0.03 1.3+0.15 1.33+0.03 1.03+0.09
SPBFEEETC (mmol/L) 3.57+0.13° 4.74+0.1° 4.31£0.08° 4.240.07° 3.88+0.13"
M ETP (mg/l) 27.97+0.45" 33.42+1.63° 37.58+0.61° 47.4842.5° 43.13£0.56°
BHFLEMGOT (U/L) 8.76+0.92° 7.08+0.83" 2.48+0.44° 4.58+0.84° 2.84+0.37"
BHFEEMGPT (U/L) 1.92+0.18" 1.87+0.19% 1.37+£0.37° 3.76+1.44° 2.73+0.16®
JRZZUN (mmol/L) 1.51+0.04" 2.4240.09° 2.670.06° 2.42+0.07° 2.49+0.06b°
15 Amon (umol/L) 123.74+0.88" 180.57+2.94° 185.3342.34° 171.65+1.18" 169.18+2.75

* 6 AREMAEREREERT B REGE DRI AT HEHTEIR, n=9, U/g prot)

Tab. 6 Effects of dietary methionine on the activities of hepatosomatic aminotransferases on Monopterus albus (Mean£SE, n=9, U/g prot)

% lffHepatosomatic aminotransferase Control C-Met E-Met MHA-Ca MHA
REHEHGOT 8.9740.25" 7.11£0.18°  13.97+0.91°  10.87+0.51°  12.56+0.26"
BN EMGPT 15.52£1.26"  19.1540.36°  25.22+0.42°  22.42+039°  16.18+0.47
£7 TRFAEREX HEE A RS BN INCESERRER, n=15)
Tab. 7 Effects of dietary methionine on muscle texture of Monopterus albus (Mean£SE, n=15)
Z ¥ Parameter % i Control C-Met E-Met MHA-Ca MHA
T ¥ Hardness (N) 1.79+0.07" 1.89+0.10" 2.98+0.18° 2.6340.05° 2.55+0.02°
BiP4 7 Adhesiveness (N.mm) 0.01:0.00° 0.08+0.01° 0.1+0.01° 0.08+0.01° 0.09+0.00"
S 1 Cohesiveness (%) 0.67+0.03 0.67+0.03 0.63+0.03 0.700.00 0.70+0.00
P Springiness (mm) 1.03+0.05" 1.04+0.06" 1.81£0.10° 1.72+0.10° 1.47+0.03°
£ % Gumminess (N) 3.11+0.16° 4214021° 7.36+0.02° 7.07+0.04° 5.79+0.33°
NH I P Chewiness (mJ) 3.17+0.29" 4.33+0.07° 13.33+0.79° 12.20+0.76° 8.53£0.47°
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*8 FRFEAZSTERINERES S KRS HIFI(EHESHRER, =9, %)
Tab. 8 Effects of dietary methionine on the composition of whole body of Monopterus albus (Mean£SE, n=9, %)

%4> Composition %} ff Control C-Met E-Met MHA-Ca MHA

7K 4 Moisture 74.3+0.22 74.33+0.38 73.56+0.27 72.7140.3 72.18+0.65
17 1 Crude protein 3.44+0.11" 4.2540.03% 3.82+0.04° 4.86+0.08" 4.66+0.32°
KL i Crude lipid 17.310.05 17.7120.05 18.55+0.11 18.33+0.18 18.010.04
JK% Ash 2.92+0.06" 2.66+0.01" 3.12+0.09° 2.73+0.04° 2.92+0.04°
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EFFECTS OF DIETARY METHIONINE ON GROWTH, SERUM BIOCHEMICAL
INDEXES, SERUM FREE AMINO ACID AND MUSCLE TEXTURE OF RICE
FIELD EEL (MONOPTERUS ALBUS)

2

HU Ya-Jun"? HU Yi"’, SHI Yong"’, DAI Zhen-Yan"” and ZHONG Lei"

(1. College of Animal Science and Technology, Hunan Agriculture University, Changsha 410128, China; 2. Collaborative
Innovation Center for Efficient and Health Production of Fisheries in Hunan Province, Changde 415000, China)

Abstract: To investigate the effects of different forms of dietary methionine on rice field eel (Monopterus albus) [ini-
tial weight (30+0.45) g], Crystalline methionine (C-Met), encapsulated methionine (E-Met), methionine hydroxyl ana-
log calcium salt (MHA-Ca) and methionine hydroxy analogue (MHA), whose effective Met content was 2 g/kg, were
added in basal diet to form five experimental diets for a 10-week trial. Results showed that methionine in all forms im-
proved weight gain rate and protein efficiency ratio and decreased feed conversion rate of rice field eels with signifi-
cant change in groups of MHA-Ca and MHA compared with control group (£<0.05). Methionine addition significantly
improved activity of trypsin, the contents of serum bile acid, total cholesterol, total protein, urea nitrogen and ammonia,
muscle gumminess and adhesiveness (P<0.05). MHA-Ca and MHA addition improved the contents of serum glucose
and HDL, activity of intestinal amylase, hepatosomatic GOT, crude protein of whole fish, muscle hardness, springiness
and chewiness significantly (P<0.05), but reduced hepatosomatic index and serum glutamic oxalacetic transaminase
activity significantly (P<0.05). The peak level of serum methionine appeared at 6h in control group after feeding, but at
%h in C-Met and MHA-Ca groups, at 12h in E-Met group, and at 3h and 9h in MHA group. These results revealed that
methionine addition improved growth performance of rice field eels with better effects for MHA-Ca and MHA.

Key words: Monopterus albus; Crystal methionine; Encapsuled methionine; Methionine hydroxyl analog calcium salt;
Methionine hydroxy analogue; Growth; Amino acid metabolism
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