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I B FL BR B (Methylococcus capsulatus) J&
B2 QR , AR R SR A i B e 2B 7 T AR
EE, BN R MR . AR,
AT AR S e R R A A, W
Wil . AR BRI, AEE &M, R
TS JE B BLBR S 26 11 [methanotroph (Methylococ-
cus capsulatus) bacteria meal, MBM] e85 Bif4E H
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1970 KopE OE R 46 45

B AR, RTINS, R
PB4 i 4 PR S R R o o R rh B R
PEBT, A RE % AW (Gallus gallus domesticus) X9
POV, D0/ XG PATE SR R L i R R 0 i o) e e
R BRSNS, R AN 18% F1 36% 1Y Hy 3K
B LR A . R P 08T 18 (Alcaligenes acidovor-
ans). JE ZEAEFT I (Bacillus brevis) Fl V& 5 ZF {0 FT
W (B. firmus) 20 AR A T I EARE A, 7T
I F R = K E (Salmo salar) BFEE 4 KR,
TN 30% A9 MBM HE 2k K P8 vk iy T oK i |
KB RAER, DL AR, MBM REME M
EE A, fEIEE B R, R T
2 Bk o W A BE A (Epinephelus fuscoguttatus
QXE. lanceolatus &) HAT AN, Pk J158 1Y)
o, ATRE A B fa R FREM RN, B
JIEAT BRE #1121 BT SR TE 40%~55% 12, HARDRL 32
PR PR, ARk B B AR R
X A0 IR A T Rk R R LR, AL
I A B A fRDRL H OBy 9 % 1 TS I MBM, - R0

PR A URAE A AR AR R A IO
1 MRS TR

11 RIS T ANAREC

DLy F i 40% S X BRZH (MBMO), 767k}
RN 2%, 4%. 8% HI 12% Y MBM, 43 1 #:4¢
)Rk A A R A 5% (MBMS), 10% (MBM10),
20% (MBM20) 1 30% (MBM30), Fihil 5 %8 5%
JEMRE (R 1), WRHER T 60 B, TR
JEORHE A X540 5 il R 42 oA 3 mm 4 U 1A B
AR BRI 10%, 43355 EH 5 B T-20 °C
VKA AR o ARDRHIT F 1k 5 MBM 5 R4
3Nz 2 fim o

1.2 SR EMFEEE

FEHE SIS AE ] AR MR K 22U AR R 57 3 M
AT o SEIG T S Bk R IE A B4 [ VT T AR
BARMSE MY, THRMKEBYIFE 104, B

®1 EMESMERES (TR

Tab. 1 Basic formula and nutrient composition of experimental diets (dry matter) %

WH  items MBMO MBM5 MBM10 MBM20 MBM30
fFy  fishmeal 40.00 38.00 36.00 32.00 28.00
EEFHREREEA MBM 0.00 2.00 4.00 8.00 12.00
X PR chicken meal 5.00 5.00 5.00 5.00 5.00
M1 soybean meal 12.50 12.50 12.50 12.50 12.50
/NEL R wheat gluten meal 6.00 6.00 6.00 6.00 6.00
/NFETHFY  wheat flour 20.00 20.00 20.00 20.00 20.00
FAFFEE  cottonseed protein 5.00 5.00 5.00 5.00 5.00
il soybean oil 1.50 1.50 1.50 1.50 1.50
fail  fish oil 2.00 2.15 231 2.62 2.93
KGEI%E  soybean lecithin 2.00 2.00 2.00 2.00 2.00
SZALAHEE  choline chloride 0.50 0.50 0.50 0.50 0.50
IR — 445 monocalcium phosphate 1.60 1.76 1.92 2.24 2.56
$eA K C  vitamin C 0.05 0.05 0.05 0.05 0.05
Z4ZH"  vitamin & mineral premix 1.00 1.00 1.00 1.00 1.00
EI S0 betaine 0.50 0.50 0.50 0.50 0.50
YL AkF  antioxidant 0.10 0.10 0.10 0.10 0.10
MEEF4ER  microcrystalline cellulose 2.25 1.94 1.62 0.99 0.36
#it total 100.00 100.00 100.00 100.00 100.00
EFRBAEE S nutrient content
/K4y moisture 10.57 11.00 10.71 10.61 10.70
HMEA  crude protein 50.24 50.71 50.93 51.19 50.40
FLEIG  ether extract 9.72 9.47 9.80 9.93 9.82
K4y ash 18.67 17.20 14.91 12.82 12.81

A L L TR 2R 1 (FeedKind®) H Calysta, (5% [) AW P2 4520 HURENE B H B S350k EMRHCA IR A A SERA ) SREeEE

Notes: * methanotroph (Methylococcus capsulatus) bacteria meal (FeedKind"“) was courtesy of Calysta, Inc., USA;

B vitamin premix and mineral

premix purchased from Qingdao Master Biotech Co., Ltd, China; © proximate composition was measured values
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2 EEREKEZAMGHNFIER (TYR)
Tab.2 Composition of the FM and MBM (dry matter)
%

T H ety REEFIEEREEA

items FM MBM
7K4>  moisture 8.99 4.6
HEA  crude protein 72.00 74.1
HUARG  ether extract 8.84 8.17
R Arg 3.71 421
HEF His 1.48 1.42
FER e 2.77 2.94
R Leu 474 5.04
AR Lys 5.06 3.78
HIER  Met 1.97 1.73
HKNEM  Phe 2.52 291
FEER  Thr 2.77 2.87
AR Val 3.19 3.89
HZ# Gly 4.03 3.33
25 Ser 2.76 2.20
BB Tyr 2.33 1.81
REEHR  Asp 6.36 5.82
B Glu 9.00 7.28
AR Cys 0.53 0.35
WA Ala 425 470
& #  Pro 2.72 2.52

[ 4 PR B SRR (7 AR A R A A A B A
HAEA SR 50%). FRIETEI R 5 41, B4 34
B (0.3 m’ BBNALAR) . oA HT i A B
N 24 h, PREEMRBIIGEIAY I E S (28.84+0.04) g
e FRAMABENL /> 2N B F A P (30 B). F75EE
K56 d, HERAE 8:00 Al 16:00 & MM, {0545
BRI BRCR B LR R BB . SR KR 2
UUUE VD UE, FRFEAN B KK & 70%~100%,
KA (30.0+£1.0) °C. KI& pH {E 2 (7.1+0.1), %
M (28.5+1.5), @AM 0.05 mg/L. HMAET
5.0 mg/L,

1.3 HEXE

TR ZE R, 4E 24 h, HIT&W (1
10 000) X A3 BE A HEAT RIS 5 HORE o 10 SR B A £ 2
AR, HTIHEAAES (SR). B ER (WGR).,
FiE A K% (SGR). 1Ak R £ (FCR) 45, 34 bl
Pk 3 & o 0] B A o B AN AR I R i —20 °C UKk A
AT, 4 H sy . FERREPLIE 6 B
KL, MK 4 °C vKAE R E LR, LA 4 000 r/min

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

(5% 8 B0 12 min, HU_E I O T80 °C vkAR f#
1o FEARBEMLILE 3 J £ A 5 H PN A0 JEF A 2 31 A
&, T (VS TR G (HST), Bt
AT AN L PR A4 AE—20 °C vkAR T, TR
WAoo TR T FEALE 6 4 iz 18 F T AEH 20,
BEHLIE 2 A 18 T 2 SRR i T35 4%
B 10 mL 204 b it AT, TRl &4 8n
WD R, HAY 4 /30 R0 I 4H 2RE 5 <7 BV R
TR, AR A A fi 8 2H 2 BT

1.4 $5MRNEFEIELIE

4 K484 SR. WGR. SGR, FCR, #HH
Jis% (PER) . BV (CF). VSI & HST AR

1715 % (survival rate, SR, %)= N,/Nyx100%;

1R ((weight gain rate, WGR, %)=(W,—W,)/
Wyx100%;

5 A4 K R (special growth rate, SGR, %/d)=
(I~ InWy)/d=x 100%;

Tl L 22 L (feed coefficient rate, FCR)=F/(W,—
W)

FEER (feed intake rate, FIR)=F/[(W,+W;)/2)/dx
100;

FEBRCE (protein efficiency rate, PER)=(,—
WO(F*P);

JES# ¥ (condition factor, CF, g/em’)=W,/L’;

W #& Ft (viscerosomatic index, VSI, %)=W,/
W,x100%;

JiF A&t (hepatosomatic index, HSI, %)=W,/
W,x100%
A, Ny Ny R SEE A8 I S BORN S2 50 T 46
R (B), Wi\ Wy hSEe gl it £ 4 R S0 5
FIGET AT (g), F. P osLiah f2 a4 5 ek
T BRORLEE S i (%), d S8 SR (d),
L RffRK (em), W,. Wy Kt IEEFIATE (g).

B 2sfILRAS R 105 °C HE
FETE E AT K A3 i o SR AR Ol 4 A L A
U5k, SRR N S (A 30~60 °C), filife
AR A 2 he SRATAE S8 (LECO. FP-528) 2 &1k
R A % . WLIR R Z 40 AR 1E 2 4Dk
S A A BR 2w A

. MiEfe M d AR FRECL g il
SRR EUS A 9 mL AEFEERIK, vk A el
H 3 500 t/min A9 HUES . 10 min fHHA53 )2,
IE W80 °C PKAE ORAT . FH T G PR A o
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1972 KopE OE R 46 45

L« T R 3 G 2R FH AR 0 A (g st e
B TARESE AT BN |D), 45 5 7™ 4 4
VLA A3 AT

FFREFe M8 B8 5 o041 ARG 440
2 W 8 5 e s, bl R B, AR
21 (H.E) Yet, K3t R I il B i A i i 4 40
H.E 2L 1] o S S5 WL I 7 < 100 135 F1%400
5 N HRE B R 43 B A H 3K 7 Image-Pro Plus
6.0(Media Cybernetics, Inc., JEH), & iklgiE Y]
FBEALZEEL 20 ARSEE I S8 E m T, Bl
TEHL 20 A S I A T WUZ IR . AR ATFRE Y A
BEBLLERE 5 A REFGE T2 AL AR E

HAEoAT LS I E SPSS 20. 0 1§
LK 2 )7 2% 43K (One-Way ANOVA) , 4[] £ &
b %5 Rk ] Duncan 2% . SEI0 %05 2 om 05 X F 1
{H+FRERE ( meantSE), P<0.05 4 EMHER,

2 4

2.1 MBMEBEREMWBHKLBAREE KM
BE TARF A AMRSF IR

2 20 A BE A0S R I IR ] 100%, B
TRk R ORI B 1 B0 TG B PR 25 7 (P>0.05),
5%~30% e AC 2H A1 B A1 4 E SRR AR KR 5 X
FEZH AR LG 30 B 35 1 225 57 (P>0.05). 1 B 1 iF AR
Fb A0 E A EE 24 B MBM 5 A & 5 88 0 i T
MBM20 fil MBM30 41 fiT & [t & 3% = T MBMO,
MBM35 1 MBM10 4H (P<0.05), MBM30 41 I {4 [t
3w T MBMO, MBM5, MBMI10 1 MBM20 21

(P<0.05), MBMI10 AR B (LT MBMO 41 (P<
0.05)(# 3).

2.2 MBM ¥ AD &AL SR

B 2K B T X IR (P<0.05),
LA G DT B MBM 2K FHE T
MBM20 Fl MBM30 41 & 3% T MBMO. MBMS5 Al
MBMI10 41 (P<0.05), #SdlafflEr, WRKS .
JULPRKEL 2R R ATL PR AL AR 7 38 T Wl 2 1k 25 5% (P>0.05)
(F 4.

23 MBMEBR&MVNEHREBEAREIHR
SR

IS MBM X} 4258 41 B i LA R 2R R L i
WA IR AN R 2 S R o 4 G i S5 R R ) (P>
0.05)(3 5)-
24 MBMEBR&MWEHREEANSE MBS
&N

MBMO 43 Hil =g . EHERE . S
I8 B DR A 11 4 o R A B il 0 S T
AL (P<0.05), 4% £H 1)L 37 11 2K 1A %
fE M & o F 2% (P>0.05), MBMO 4 %%
GBS L B 25 T MBMS 41 (P<0.05), MBMO
HA TR BHG S MBM10, MBM20 1 MBM30
I EMESR (P>0.05)(3 6).

25 MBMERGBMTEZHKEBEARANLE.
FAIEFNATBELR LRI | L BE I HIS2 N

UL A N S, S BTRALRE

#*3 MBMEBREMNBLELEABEE KL, ARFBNESERRNSE
Tab.3 Effects of MBM replacement of fish meal on growth performance, feed utilization and morphological

indices of E. fuscoguttatus Q xE. lanceolatus 3

WH items MBMO MBM5 MBMI10 MBM20 MBM30
G E /% SR 100 100 100 100 100
HER/% WGR 201.40+4.83" 210.8146.15° 199.96+1.68™ 205.77+2.85° 187.46+7.47°
e E KR /(%/d) SGR 2.04+0.03™ 2.10+0.04° 2.03+0.01" 2.12+0.05° 2.01£0.06°
HE%/% FIR 1.79+0.03 1.89+0.15 1.75£0.01 1.73+0.02 1.75+0.03
Tk R# FCR 1.00+0.01 1.03+0.10 0.98+0.01 0.94:0.02 0.99+0.03
HAPRE PER 1.99+0.01 2.11+0.01 2.01+0.01 2.09+0.06 2.0120.07
A E/%  CF 2.58+0.07° 2.45+0.03" 2.38+0.01° 2.42+0.05% 2.51+0.06™
JF#ARLG/%  HSI 1.34+0.10° 1.49+0.11° 1.39+0.08" 2.09+0.05° 2.04+0.08"
WEfREE/% VST 6.33+0.19° 6.91£0.07" 6.83+0.20™ 7.49+0.39" 7.71£0.06°

A BUE P EAATHER(n=3) 808, AR R FRR 257 B (P<0.05); TR
Notes: all data are expressed as mean+SE (n=3), values in the same line having different superscript letters are significantly different (P<0.05); the same
below
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F4 MBM BREMMNBLIREIBABEEKESHIFE GEE)

Tab. 4 Effects of MBM replacement of fish meal on body composition of
E. fuscoguttatus Q< E. lanceolatus 5 (wet weight) %
TiH items MBM0O MBM35 MBM10 MBM20 MBM30
418K body moisture 73.14+0.18° 72.02+0.40° 72.2240.10° 72.27+0.10° 72.20+0.07°
AfmfEA  body crude protein 16.63£0.41 17.28+0.30 16.56+0.24 16.51+0.03 16.61x0.27
SR body ether extract 3.88+0.30° 4.39+0.33" 4.56+0.53" 5.06+0.26 5.07+0.31°
WIAIZK 4> muscle moisture 78.00+0.08 77.75+0.17 77.61£0.13 77.89+0.09 77.72+0.31
WIPIMLE H muscle crude protein 17.87+0.47 18.48+0.12 18.15+0.41 18.21+0.22 18.48+0.31
JULARLIEI  muscle ether extract 1.18+0.07 1.30+0.09 1.26+0.09 1.25+0.05 1.24£0.10

&5 MBM ER&MWNBHREEAMHE N ASERNETE

Tab. 5 Effects of MBM replacement of fish meal on muscular amino acids of E. fuscoguttatus 9 xE. lanceolatus 3 %
WH items MBMO MBM5 MBM10 MBM20 MBM30
WA Arg 4.85+0.04° 4.97+0.02° 5.18+0.02° 5.17+0.03° 5.03+0.02°
HEARE His 1.8420.06" 1.89+0.01* 1.97+0.01° 1.97+0.01° 1.97+0.03"
AR Lys 7.84+0.27 8.16+0.02 8.02:+0.03 8.18+0.07 8.15+0.10
FREMR Met 2.59+0.07 2.64+0.03 2.60+0.03 2.57+0.01 2.63+0.02
REER e 3.49£0.09" 3.62+0.06° 3.32+0.01° 3.42+0.08% 3.37+0.04°
SEM  Leu 6.65£0.25" 6.86+0.07 6.31x0.01° 5.94+0.57° 6.49+0.08"
HREENEARL Phe 3.32+0.16" 3.8240.15 3.56+0.02" 3.70+0.03" 3.71£0.11°
SRR Thr 4.10£0.14 4.15+0.02 3.93+0.02 4.01£0.01 4.04+0.05
HER  Val 3.43+0.11 3.62+0.06 3.48+0.01 3.56+0.06 3.56+0.06
WHREILR EAA 38.11£0.98 39.7240.32 38.37+0.03 38.51+0.83 38.94+0.44
REEE Asp 10.11£0.33* 10.40+0.07° 8.97+0.02° 9.200.02° 9.17+0.10°
Y58 Ser 3.50+0.10 3.55+0.04 3.46+0.02 3.51+0.02 3.53+0.03
HHAM  Glu 13.25+0.41 13.60+0.02 13.50+0.08 13.73+0.08 13.65+0.11
HZR Gly 4.44+0.06 4.53+0.11 4.66+0.02 4.63+0.08 4.66+0.12
WAE Ala 5.04+0.08° 5.19+0.04° 5.25+0.01% 5.35+0.36" 5.56+0.11°
B Tyr 2.80+0.06 3.16£0.29 2.84+0.03 2.96+0.02 2.97+0.09
%  Pro 3.56+0.01% 3.630.05° 3.64+0.02° 3.61+0.07° 3.41+0.07°
BERSIERE  FAA 37.68+0.86 38.68+0.22 37.56+0.07 38.07+0.09 38.08+0.15
BEE TAA 80.80+1.94 83.77+0.62 80.69+0.04 81.50+0.74 81.89+0.63

IR S Ak B AL e 1% PR 38 T i 2 Pk 22 5% (P>0.05),
2 20 I S BT AL RE 7 R 48010 1 5 Ak e T P 1y
JC i F P E  (P>0.05), MBMO 2H AT [N % &
R E R T HRALA (P<0.05)(% 7).

26 MBMEBREGMTIZHKLIELANEFEM
RFBEFZ 7S RS20

ME B B2 mE TR E . 908

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

TeEFNUZEE (KR D), 4518w, MBMS 4
Wi 256 BT MBMO 41 (P<0.05), BEJ5kE
# MBM WIS & B3 in, MBM10, MBM20
1 MBM30 21 2% E /& £ KT MBMO 41 H G o 35 1
225 (P>0.05), B AREE ST SN
—3%, MBM10, MBM20, MBM30 204 F %)% 5
MBMO G i % 1k 22 5 (P>0.05), Fi A 4LZEERE
ToiFEMEZES (P>0.05) (& 1),
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1974 K=

oAk

46 &

#F 6 MBM BREMNBIRLIBATEE MFE IR

Tab. 6 Effects of MBM replacement of fish meal on serum biochemical indices of E. fuscoguttatus 9 xE. lanceolatus &

WiH items MBMO MBM5 MBMI10 MBM20 MBM30
Hil =W8/(mmol/L) TG 0.85+0.03" 0.59+0.04° 0.31£0.03° 0.32+0.02° 0.320.02°
SSBE [ #E/(mmol/L)  CHO 1.65+0.05° 1.28+0.01° 1.21+0.03° 1.22+0.05° 1.32+0.04°
BEA/(gL) TP 35.92+0.90° 31.33+0.57° 30.98+0.74" 30.47+1.51° 31.74+1.47°
H#EA/(g/L) ALB 7.33+0.59 7.52+0.29 6.89+0.22 7.61%0.18 6.83+0.22
T 4 IR & 1 /(mmol/L)  HDL 1.2140.04 1.16+0.02 1.10+0.01 1.18+0.02 1.1740.04
5% G 88 (1 /(mmol/L)  LDL 0.69+0.06" 0.54+0.03° 0.44+0.06° 0.51+0.04° 0.42+0.05°
BEFLFM/(U/L)  AST 43.23+5.10° 22.23+6.49 18.15+1.02° 25.75+3.75" 21.23+1.76°
RNFEEM/(U/L) ALT 209.88+11.74° 169.50+6.49° 182.74+3.10™ 185.43+10.66™ 182.39+12.39®
#£7 MBMBREMIBHKEMBAREME. FEFMITIEELSELFLEE RN
Tab.7 Effects of MBM replacement of fish meal on antioxidant capacity of serum,
intestine and liver of E. fuscoguttatus Q< E. lanceolatus I
TiH items MBMO MBM5 MBM10 MBM20 MBM30
135 74 —f%/(nmol/mg) MDA 3.84+0.34 4.57+0.29 5.05+1.05 4.38+0.42 5.71+1.03
1% APTEARE J1/(mmol/L)  T-AOC 0.64+0.02 0.61+0.02 0.62+0.02 0.61+0.01 0.65+0.01
ML A A B A /(U/mL) - SOD 21.96+2.23 22.42+0.02 19.05£1.17 21.66+0.77 19.60+1.46
J¥ i A —E/(nmol/mg prot) MDA 3.39+1.22 2.04x0.71 2.45£0.12 2.15%0.14 2.07+0.16
JiE B RE 71/(mmol/L prot)  T-AOC 0.11£0.01 0.13£0.01 0.11£0.01 0.110.02 0.14£0.01
Jigrit i SE A P AL /(U/mL prot)  SOD 130.27+6.31 147.71x0.59 137.24+0.94 139.49+6.10 152.2249.96
JFFEP — % /(nmol/mg prot) MDA 2.88+0.18" 1.98+0.11° 1.49+0.11" 1.38+0.10° 1.43£0.26"
JFAE & i AL BE 77/(mmol/L prot)  T-AOC 1.060.12 1.19+0.05 1.17+0.04 1.22+0.08 1.28+0.17
JFFIE e 8 A P S5 A B /(U/mL prot)  SOD 155.42+8.15 157.72+14.57 146.26+11.50 148.35£19.07 128.51+11.06

-5

& hix

I BHREBEAR&EMERSFUNE

3 20

1. MBMO 41, 2. MBMS5 41, 3. MBMI10 41, 4. MBM20 41, 5. MBM30 Z41; T[d

Plate |

Intestinal morphology observation of E. fuscoguttatus QxE. lanceolatus &

1. MBMO group, 2. MBMS5 group, 3. MBM10 group, 4. MBM20 group, 5. MBM30 group; the same below

SREEFRETE A5 2% (BT ) FEX0 A 23 AL
RIS, SR, FFEZS ik E ALk MBM
BRI, MBM10, MBM20 Fl MBM30
20 I 25 3 Al TH AR TG 2 1 25 S/ (P>0.05), fH IR
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Effects of methanotroph (Methylococcus capsulatus) bacteria meal replacement
of fish meal on growth performance, serum biochemical indices and intestinal
health of hybrid grouper (Epinephelus fuscoguttatus Q@ xE. lanceolatus 3)

LIANG Weixing', WANG Jia’, TAN Beiping', CHI Shuyan "
(1. Aquatic Economic Animal Nutrition and Feed Laboratory, College of Fisheries,
Guangdong Ocean University, Zhanjiang 524088, China;
2. Calysta (Shanghai) Business Information Consulting Co., Ltd, Shanghai 200041, China)

Abstract: Methanotroph (Methylococcus capsulatus) bacteria meal (MBM), which has the advantages of high pro-
tein content and balanced amino acid composition, is a kind of the single-cell protein produced by M. capsulatus,
which using methane as the sole carbon and energy source. In order to investigate the effects of substituting MBM
replacement for fish meal on growth performance and intestinal health of hybrid grouper (Epinephelus fuscogut-
tatus QXE. lanceolatus &), five groups of isonitrogenous and isolipid diets were prepared by adding 2%, 4%, 8%
and 12% MBM to replace 5% (MBMS), 10% (MBM10), 20% (MBM20) and 30% (MBM30) fish meal based on
control diet, respectively, and hybrid grouper [initial weight (28.85+£0.04) g] was fed for 8 weeks. The results
showed that the survival rate of grouper in each group was 100%. There were no significant differences in weight
gain rate, specific growth rate, feed intake rate, feed conversion ratio and protein efficiency ratio among replace-
ment groups compared with control group (P>0.05). In whole fish composition, the moisture in all replacement
groups and the ether extract in MBM20 and MBM30 were significantly higher than those in control group
(P<0.05), but the crude protein of whole fish and the moisture, ether extract, crude protein, total essential amino
acids and flavor amino acids of muscle showed no significant difference in all groups (P>0.05). Serum trigly-
ceride, total cholesterol, low density lipoprotein and glutamic-oxalacetic transaminase in replacement groups were
significantly lower than those in control group (P<0.05), but there were no significant differences in serum albu-
min and high density lipoprotein among all groups (P>0.05). Intestinal total antioxidant capacity and superoxide
dismutase activity in replacement groups were higher than those in control group, while malondialdehyde content
was lower than that in control group, but there were no significant differences (P>0.05). There was no significant
difference in the thickness of intestinal muscle layer among all groups (P>0.05), and no significant difference in
the height and width of intestinal villi in MBM10, MBM20 and MBM30 replacement groups compared with con-
trol group (P>0.05). The height of intestinal villi in MBM10, MBM20 and MBM30 groups and control group were
significantly higher than that in MBMS group (P<0.05). The width of intestinal villi in MBM30 group was signi-
ficantly higher than that in MBMS5 group (P<0.05). The vacuolated area of liver increased with the increasing
replacement of MBM without significant difference (£>0.05). In conclusion, when the fish meal content in the
basal diet is 40%, MBM can replace at least 30% of fish meal without negatively affecting the survival, growth
performance and feed utilization rate of hydrid grouper, and can promote the reduction of blood lipid level, pro-
mote the accumulation while reducing the catabolism of lipids in liver and improves of intestinal antioxidant capa-
city of grouper. This study confirmed the feasibility of using methanotroph (Methylococcus capsulatus) bacteria
meal in the diet of E. fuscoguttatus QxE. lanceolatus &, which has a facilitating effect on saving the use of fish
meal in the diet of the groupers and reducing the cost of breeding.

Key words: Epinephelus fuscoguttatus Q*E. lanceolatus &'; methanotroph (Methylococcus capsulatus) bacteria
meal; fish meal replacement; growth performance; intestinal health
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