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WE FRHEABacllu)FaABEMNRETMEFSLEFE, VHAXAIEREN T A D BY
(Micropterus salmoides) 4y # By FR AR, L] &4 & & h 50% 8k 0 B &5 a7 k), A2 2L a4 f o
AFERFEHEKBEIHSFER 0, 10%., 20%. 30%F 40%th &4, BeHl R 5 &R, ST
AR AR R ES SAA, BHAIANEL, BANEE 30 R & [WHEKRE 4 (19.83£0.33) g.
KHAEN B ERER TS do HFRED T, 20%H 30%5L 54 ¥ & £ § 25 T 4 4(P<0.05), {84
BEE, BEERENBHATLEZFP>005), 20%HHRABERLAREZEE AR AME; &
SLE 40 2 8] R E A AT AR L R B £ R (P>0.05), [EAKRAGEL B THEGLSE, AYERE
AL 30%E, B ET A A(P<0.05), Mm% A% B84 E&4E LR ENEERP>005), HRAL
BEMNE AN EEDES T EAP<0.05)4 7 4 2 B fn 4 5 4 7 B % ) 1 & 0 AR E a3 in i
BEAT, 10%4 5 3 B4 LR FZE7(P>0.05), Ht&HRATZEE T ELP<0.05), i
REMNHRERD T, 0%AWHHEEEEMGEREHL ERTXEA; 30%MHAESE
FRE R E & T & 4(P<0.05). 10%24 F 1 1 5 )8 5 B % & T xt B 41.(P<0.05), {25 5 b4 55
45 BT B £ 5 (P>0.05); 20%F 40%2 W i 4k 55 An g B KT R 4 (P<0.05), & 5L
W6 G R B AR T AT A (P<0.05), B 0% AKX EFEMTEHEES TAEA
(P<0.05), % EPrik, AERZRFHT, FRFHAERAELHER 20%N &R 2% HA 0 RE
By A KPR R, A3 e A — R BEER
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ol TEMA SRS . 8O PED . J IR,
BB B RS LA R R
K 7R R R O T e £ A IR (kAR I
2015), H Rt ol SR 08 HUR ) 1 % i DA K i

PR, SRR AR RFEOE R, FRBDNA
FAew, N, b g R BRI — BN IR

FERIHR S (B AR, 2019; HHMHI4E, 2019; Zhong et al,
2011), DMIMEAR G EE, @E5RFEE, HAR
T 4505 PE ) B (Kishida et al, 2000), S48 0 51
fky R R, B S Z RS SR,
I B ol T AN 2 B AR K 7= 8l i X 38 35 40 T %) W WA
FUF, i HL2 XK 7= s 4 B A6 2 G0 R 28 2R 03 il
#1473 (Dunsford et al, 1989), T2 HAE K =1l v i) g
F LBz 2 B . BFTE A, DML Rk o) R A
2| %) & 1% S HA (fermented soybean meal, FSBM)AJ 4 54
[ =S P R R O N e R (NS R Y = 3 AN
S E . ZRONKSE, B AR SRR A 1 2%
AR . LR . BB AR A K AR Y
JEEAT SO 5 R W R A WL IR (Hong et al, 2004;
AR OEEE 2016, SKALSE, 2018), KEEEREMIT A,
FEHE T TR I FE AR = A b 8 R I 7 o X 4R S
(2010) % B, BRI fiE % (Trachinotus ovatus) ks H & i
MR AR ARk 19 7K O (60.8%) B 3 5 Tl M
(45.1%) . B HEGREE(2010) & B, %} IE i (Carassius
auratus gibelio), A BEEAIRERIC 50% Ak, i35
TR RE AR 25% 1 fa ok . 3 B Y & T SRR AR fa
AR AE K A REm (B & =5, 2016; XIFE5,
2018; st FA, 2018), (H I SLAF 5T BT Y A I8 R0
B2 DL LR 4 (Lactobacillus) Jy 3 i IR 480 & B2 77 i
T T 20k S T SR B O A R R
(RHAMEEE, 2018), ZHIAT B (Bacillus)f A & 1 T 25
TR BEAAF AR B 2, 5 B & B R b 51 & i =)
FiP, IRMERRELEEA S, feafia A RRENE
PRI FRKARD ARG LUR E SRR T R 0 R T T 2%
THIPUE TR FRBE KA FE A (FEEPUREN)
B EBRAE I A B, L AE L8 14%~17.88% M KT
H (R 1), MAHTFE B 1 DL ZE AT A A L A
i, T RE N 10~30 kDa B/ FEA S EA
26.38%, IMXT KT8 I LBR R IK54.15%, fefisl
PE RS FERAMMEREE SR, L AR5 &5
FFR A IS, PR R . BRT, 7K EAY
FH W A BR o, X UL HT % (Oncorhynchus  mykiss)
(Moniruzzaman et al, 2018), JFL4N¥EXTHF(Litopenaeus
vannamei) (van Nguyen et al, 2018) 7l i (Sebastes
schlegeli) (Lee et al, 2016)25 JLAN il , ZEAIFT A A %

P KA 7E K 1 BB difi(Micropterus salmoides) | At i FHF
FEE A ILARGE

TR A 3 4 SN £ R — o TR (g R
25, X RDRL B BB SR SRR (KT 37%)
(Z=H4E, 2011), 2018 4, FRIE K HRH5H) - 5k
43 J3 t, H, SREARESS R R A L]
50%, HORHRSTECSFE by & sEis, —Mch
50%~55%, DEEMEEEEE] 60%. L, WFREK
R S e L b ARy AR R A I R B L, A
SIS ZF AT B A SRR T ORI AR AR AR X R R
fipi A A PR RE LI A A AR A e 1B A LSS R S
BTEAN T AR O BT ma, s OR . gt
PEALBIS S FF .

1 ME5HE
11 KBt RS E

R K 101 P M ) 38 3R 0 oK, BC I A8 B Bl 50%
() Sl AR RHEM) , 2R A B A SR B SR o B AR
FM #H 10%(FSBM10) . 20%(FSBM20) . 30%(FSBM30)
Fl 40%(FSBM40)ffrky, FLifil 5 FhaFA . SFREAYSE
RN 2). AT A SR RS HICHE A 56.9%.
KRR 2%) Hh 11 A A 7 5247 PR Rl Rt At Jsokt
P TN I 2 A R A RS RIR AL, JFOR IR, o
60 B, HmBEFRE, BRIRS, IMAGE RN
K, RAER 10 B, FSRHLERL, B 2R
T 60°CHET 18 h, A/ B F-20CIKFRAF & .

®1 IREAREABESFANTAAELE
MEMEARKERESR

Tab.1 The difference of protein degradation on lactic
acid bacteria fermented soybean meal and Bacillus
aerobic fermentation of soybean meal

o7 F i SBM Soytide FSBM FSBM
Molecular mass /kDa /% 1% X/% Y/%
>75 50.20 12.85 35.79 37.12
30~75 3340 2557 32.86 33.78
10~30 8.00 26.38 10.53 8.98
5~10 220 12.66 5.14 4.56
<5 6.20 22.54  15.69 15.55
KAFEH 54.15 17.88 14.00
(>30) PR
Macromolecular

protein (>30)
removal rate
. SBM: T¥i; Soytide: ZEHFTEA R KM T ;
FSBM (X, Y): FLERF KB HI(X,Y)
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Tab.2 Composition and nutrient levels of diets (% air dry basis)

I H Items FM FSBM10 FSBM20 FSBM30 FSBM40
[ 4+ Constant ingredient’ 26.90 26.90 26.90 26.90 26.90
¥ Fish meal 50.00 45.00 40.00 35.00 30.00
KIS H  Fermented soybean meal 0.00 10.00 15.00 20.00 25.00
EREHW  Corn gluten meal 4.00 0.60 1.00 2.00 2.50
JEH  Starch 14.50 12.50 11.50 10.00 9.00
HEZFR Methionine 0.10 0.14 0.20 0.20 0.26
WA IR  lysine 0.40 0.40 0.50 0.60 0.70
WA Ky Zeolite powder 1.00 0.96 1.00 1.05 1.04
4 f#BZ  Taurine 0.10 0.10 0.10 0.10 0.10
£yl Fish oil 3.00 3.40 3.80 4.15 4.50
FORGiE Total 100 100 100 100 100
HF/KFE Proximate composition
HEH  Crude protein /% 50.51 50.62 50.17 50.83 50.61
HMIBEWG  Crude lipid /% 13.29 13.28 13.37 13.45 13.50
fkk{b &% Carbohydrate /% 18.17 18.75 18.45 18.78 18.51
JK4F  Moisture 6.60 6.50 6.40 6.79 6.59
K4y Ash 12.14 12.21 11.80 11.22 10.72
MAE  Gross energy /(MJ'kg™) 20.31 20.43 20.31 20.56 20.48

e 10 FEEA Y% Tk : ARk 3.00; BEEEK 5.00; IMEKES 5.00; TEK1 2.00; SRtAFE 2.40; KRTEESM 2.00;
24 0.50 (5 T s 4k EFIR R & Va 8,000,000 TU., Vi, 2,000,000 TU, VE50g, Vg 10g, Vg 15g. Vg 15g. Vge8g.
Vi1, 0.02 g MABERE 40 g, D-IZRR4E 25 g, MR 2.5 g, 41X 0.08 g. ILEE 100 g); £4™ 0.50(4F T 5e 89 B IR RL & 4
Cal05¢g, K90g, Mgl2g, Fel.0g, Cu3.0g. Znl0g. Mn3.8g. Co0.8g. Se20mg); =%fk "% 0.50; SfLNHm

0.50; WEMR A4S 1.00; Tl 3.50; BEERHEEM 1.00

Notes: 1. Constant ingredient (% dry diet): Wheat gluten meal 3.00; Brewer’s yeast meal 5.00; Blood meal 5.00; Soybean
meal 2.00; Salmon paste 2.40; Soy phospholipid oil 2.00; Vitamin premix 0.50 (containing the following per kg of vitamin
premix : V4 8,000,000 IU, Vp 2,000,000 IU, Vg 50 g, Vx 10 g, Vp; 15 g, Vg, 15 g, Ve 8 g, V12 0.02 g, nicotinamide 40 g,
calcium D-pantothenate 25 g, folic acid 2.5 g, biotin 0.08 g, inositol 100 g); Mineral premix 0.50 (containing the following per kg
of mineral premix: Ca 10.5 g, K90 g, Mg 12 g, Fe 1.0 g, Cu 3.0 g, Zn 10 g, Mn 3.8 g, Co 0.8 g, Se 20 mg); Chromic oxide 0.50;
Choline chloride 0.50; Calcium dihydrogen phosphate 1.00; Soybean oil 3.50; Yeast extract 1.00

1.2 HFEEHE

SIS E b TV R 2 VS A R M S N R G L A
(1.0 mx1.0 mx1.2 m)" 47, KO BELHEEIEH
R R A BRAF], Yz B S e IR
14 d AR T I . B R4 Rk B S IE
HORTEEERE . FUARIIAING 450 AR E] 15 4>
M, SEERAr S 4, FHH3AEE, BAEE 30 R
i, BRI 2 Y(07:00 F1 18:00), #iH)5 1 h ik
RFRI . RIS K e s, 37256 9 R KR R (29.0+
3.5)°C, pH{H N 8.5+0.5, %A (DO)H 4.0~5.0 mg/L,
AN 0~0.03 mg/L, FEIHLHHFEE 75 do

1.3 HmXE
RS AR, (B8 24 h, FEATRENLEL 6 B

o, A3t fa AR BT SR, Kk g o E S
JEFREIC SR, AT IHEARE AR . B, B
34 2mL B4, B0 (10 min, 8000 r/min, 4°C)
A3 LY 45 1

1.4 WEHRFATE

TG A HUE B AR T, THEORRER, IR
TR W H AR R A HHRINEIT

1715 % (survival rate, SR, %)=100x 3 F0 45 i} 2
BuIc st R EG

A ¥ (weight gain rate, WGR, g)=[(KIKH )
B ACH )/ IR A ] X 100%;

T B35 % (feed efficiency, FE)=(FAK & 4] tH 14k
HAHFE TR E)/(BORHE SR ),

Tl RHE IR BN E K A3 5E SR AT 105°C T
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PEvk, B0 E R 550 CHyBe:, MR H E
K I HE DO 39k B2 (Etheridge et al, 1998), #5175
K A Bk (B LA, 2011),

ML PRI BFALP) . B8 . MENE . 3k
E A AN E R (ALT) A 5L B (AST)R FHYT I8
A A ) TR 9 A I AR B R

15 BALVIFFMERME

FAM I LE R T, YUk 24 h, A EEREHLIK
3 B, vk EABEIFEGT . PG B gis 2~
3cm, A HERKPYEE , FINRAUE T R H K 25 A
Bouin [CE 1, 24 h (N 70%B9 kS P47 . Hil1EY)
i, LR LR K, HIRBHAE, H
WEALHE, VIR (S pm), B TIER . R . H&E 4
R SR TAEEHE, 2015; BREEEESE, 2018).

1.6 HiE4biE

SEH R R ] SPSS 17.0 A EAT 2A R 105 22 4
Mr(one-way ANOVA, LSD), #A71E &5, Mk
17 Duncan £ & L T A GEiHE I L S {EHbR i 2
(Mean=SD)#£ /R, {2 #E K- H P<0.05,

2 #R

21 FANEASABEMERENNKXOERGLY
A KRR T

HI5% 3 AT, A 00 2 ST R AT SRR T SR BE

®3 FANFEEABREMBERENTAORFERKELE

P R K SR £ ) 1 H R (P<0.05),  HLKE 5 & %
TR Ry FH R BG5BT E R R
10%4H 5T 2 T b 25 25 55, B XA 20% 4 iy A= K 1k
REfc i 1 W 2 U0 T A &% 52 95 2H (P<0.05), [HS AR
A F] 40%H, 38 HH A5 ) R4 TG i 3 22 5 (P>0.05);;
A LB AH B PR SOR I T B 3 25 - (P>0.05) . #4550
21 ()47 6 R AT 35 22 5 (P>0.05)

22 FANHARABEMERENTXOERLM
BELIEREI R0

P 4 RTAT, ORI SR B i Y mp ) B A B R
RE WIS TG TR, 78 20%41 1 3w K AE, 5
25 AR UG 35 22 5 (P>0.05) ;. SC 04 B 2R (A ER 2 1
2 i 3 R T IR (P<0.05) s A% NG S i ) B
FORY AR A SEINIT 2E TH S, 10%4] 5 % IR 0 i
2% 5 (P>0.05), At £ B ACA WS T A
(P<0.05). 10%ZH i 4% 2 2 Bt % 77 5 %) BRZH TGt %
225, [HHAD AR AL 3 X B4 (P<0.05)

23 REEMBREHNXORGHIEIEIRRIT

% 5 AT, B B2 BE 2 R R R i3 i S22 ke
TR FRER RS, 15 20% 210 R IR oMl (H
TG 32 5 (P>0.05); IR LLBEE R MRINE T
RS, (A4 2 0T 3% 22 5 (P>0.05); BlE &
RN, BN IRk, H SRR
AL 30%HT, I KT R ZH (P<0.05).

IR

Tab.3 Effects of replacement of FM by FSBM on growth indices of M. salmoides

434 Group  FJ T Initial weight/g 2R Final weight/g R WGR/% 1715 % SR/% T k5 % FE
0 20.00+0.33 66.67+0.82° 232.70+0.35° 94.44+2 .22° 1.2440.01
10% 20.00+0.57 67.24+0.82° 236.40+11.06° 94.44+2 22° 1.1940.05
20% 19.78+0.51 71.1240.52° 259.76+6.20° 93.33+0.00° 1.2240.03
30% 19.56+0.19 69.95+0.07%° 257.71£1.69° 95.56+2.22° 1.21£0.01
40% 19.83+0.06 67.74+0.93° 241.56+5.30° 100.00£0.00* 1.17+0.05

TE: FFEAE R AR AN Rl R 22 57 .35 (P<0.05) . T

Note: Values in the same row with different superscripts are significantly different (P<0.05). The same as below

x4 FRMEAEXBEMXNXORSMEENLIER

A

Tab.4 Effects of replacement of FM by FSBM on biochemical indices in serum of M. salmoides

SUH Ttems 441 Group
0 10% 20% 30% 40%
% 1 Albumin /(gL ™) 14.09+1.88 15.81+1.63 16.84+2.15 14.91+0.69 12.99+1.81
BREE 1 Globulin /(gL ™) 5.83+1.61° 10.26+1.44% 14.04+1.57° 11.76+1.96* 10.06+1.83%
MM Total protein /(L") 19.911.57° 26.07+2.00%° 30.88+0.58" 26.67+2.08% 23.05+1.27%
AN ME ALT /(UL 10.42+0.07¢ 10.24+0.05¢ 12.74+0.33¢ 19.09+0.58° 21.4940.62°
BEEEE AST /(UL 11.1740.57° 13.0440.40° 15.39+0.90° 15.89+1.59° 18.8940.18"
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x5 FAMEHEERBEMEREYH
Xt K O R 8 K45 R Y 7200
Tab.5 Effects of replacement of FM by FSBM on
morphometry of M. salmoides

i H Items

441 Group —
AESE CF AR HSI/% HEIKEL VSI/%
0 2.23+0.04 1.87+0.10 5.63+0.18%
10% 2.28+0.02 1.77+0.13 5.61£0.14%
20% 2.32+0.04 1.7240.10 5.2240.28"
30% 2.28+0.05 1.73+0.10 5.09+0.25°
40% 2.28+0.04 1.72+0.09 4.79+0.14°

TE: JFUR /%= T /R )< 1005 JIEAAR HE/%=(P9 I/
TRTE)x100; MO =GR AT /A K *)*x100
Note: Hepatosomatic index /% = (liver weight / body weight) x
100; Viscerosomatic index /% = (viscus weight / body weight) X
100%; Condition factor = (body weight/body length®)x 100

P ZRAUFT A S R T R AR o A 11 S B 7 T 2 45 4 B4 2

24 FRAAHAERXBENEREHNNKXOERY
18 H R G E) 720

i V) R T A5 85 0 Ao S K R, i %o A2 K
F#S Ao B8, KB BRI, MRdiiiig 2 2
HESV A 7, 5 40%4 117 980 6 % B R A FRA , A 94
EME ; JEIA A SR AR F] R 40 A IL IR 2 Y o
ML, 40%H o ER EEMERRAL, BB,
RN A IR, I H AR S5 M WUZ 2 8] 3% 42
I AR AR A (A 1),

M 6 AT, W & B EOREAR ARSI, miia i
L2 R 5t I 2 T B i 54(P<0.05), 45 U0 AT
Y 98B K BE AR B i B 34 I 2 KT 0 R 4(P<0.05) 6

HF i L2 JEE B 4% S B0 2 I S5 IR X B4 (P<0.05),
WEK R 10%4] W3 KT X AL oh, FHoAh 452564

)

Fig.l1 Effects of replacement of FM by FSBM on intestinal tissue structure of M. salmoides

1~5: 0. 10%. 20%. 30%F1 40%ZH MFIAZHLL; 6~10: 0. 10%. 20%. 30%F1 40%H i) 4l ;
11~15: 0. 10%. 20%. 30%F 40%4 15 i 41
MT-WUZERE; SM-FETZ; GC-Fifl; PL-gAEBKAE; PW-EHE; IV-MLE
1~5: 0, 10%, 20%, 30%, and 40% groups of anterior intestine; 6~10: 0, 10%, 20%, 30%, and 40% groups of
middle intestine; 11~15: 0, 10%, 20%, 30%, and 40% groups of distal intestine
MT-muscular thickness; SM-submucosa; GC-cavity; PL-villi length; PW-villi width; IV-microvilli
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x6 FRAMEERLABEMBEREHNX

X AR 78 H RS E
Tab.6  Effects of replacement of FM by FSBM on

intestinal tissue structure of M. salmoides

Wi
Group

WUZ 5

Muscular
thickness/pm

HWEKE
Pile length/pm

Pile width/pm

A% Foregut

0 351.73+8.24° 550.92+9.60°  92.24+0.89°
10% 315.58+6.14° 636.06+2.23*  101.98+3.41°
20%  264.08+9.20° 609.22+8.88%  100.82+0.95"
30%  204.93x13.05¢  625.68+12.68* 116.03+2.26
40% 190.12+5.80¢ 585.16+5.49°  114.5+4.93"
rh % Midgut
0 223.67+4.95° 560.28+12.12° 101.49+4.00
10% 193.49+1.10¢ 602.29+11.09* 111.97+0.64
20%  202.03+1.55° 513.3£6.58°  108.07+6.04
30%  214.05+1.84° 523.91+8.71°  110.3242.69
40% 198.64+0.83%  440.17+8.71¢  106.35+2.93
J5i % Hindgut
0 210.52+6.09° 448.87+£1.39°  106.76+3.3°
10% 139.87+2.91¢ 433.75+4.49%  102.32+0.44°
20%  237.86+5.61° 399.83+6.51¢  124.13+5.91°
30%  227.10+3.43° 510.17+4.37°  132.53+0.86"
40% 197.68+5.56*  425.87+5.68°  109.47+2.16°
N T X R4 (P<0.05), T 2% B Vi B 4% 40 0] G b 2
#5(P>0.05),
JE B WUZERE 20%F1 30%2H 1 35 KT B4, i

HoAth Sz 56 20 &2/ T X5 BE2H (P<0.05), 30%ZH 44 B K
R T HABAS 2, 20%H1 40%2H 4% B K i 35/
THFHRZH (P<0.05), ZLETiE 20%F1 30%4H i 3 K T
Xof B ZH (P<0.05).,

3 it
31 FANEARABEMNAORSHEERNY
BERY ST

SRR AR A0k 27 B BR ) 32 2202 P R P s R I 7
X A K BT ARG T, TG GORA T FR R T B A g 4
Bl TR A PR R . DAL R IR AR
1909 & T oA 550 GORAH EE, AR 2R A K PERE
TH A0 I A R o . 28 T A A 3L 435 44 1 52 i) ) T AT A R
AN, o a2 Hp AR [6) T2 AL B () & Il A RE R
R 16%~40%HY fi K} (Barnes et al, 2015; Yaghoubi et al,
2016), EAAALER K KB T A AR PUE SR 1)

EBREE ST MA—FE, 2R R A AR T X K+
HEAMKEFRE I TSR AR ELREGER 1),
X SRS FE R T AL BRAE 1A W R

W SRR A AR B ) 5 T R A
T RSN R EEA BV CR  ASLI 5T 2546
FF IR A SR e K 1 R e v B AR ok 138 0, 3%
B S R BB, 20%~30% A0 2H 1 2 I D e A Y
AR MERE. Azarm%F(2014) 58 &3, 68 FHFLIR I IR 48 &
Mo &R B AR 40% 1Y A A 1A R 2 6 (Acanthopagrus
schlegeli), Barnes%:(2015) %, fEFHFLIRE KA L
P Ok AR 35% 1y fa A 1) M A 6% (Oncorhynchus
mykiss), Zhang%F (2014055 & B, fe Hy LG
1) G EE AR 16% 11 K3 1 I H 7 7E % (Lateol abrax
japonicus). KokouZ:(2012)WF58 & B8, feA:Pabn
GHIERACIT 40%AY £f8 1A W 4 Sk B (Sparus aurata) .
ZEAOAT T A A I ORI AR Aok B9 UF 5 H AL A AR
FARAE , UNTENT B | LGN T R N £ (Moniruzzaman
et al, 2018; van Nguyen et al, 2018; Lee et al, 2016 )&
FRAKS I B 30% . 25.36%F1 40%.,

ARHIFGE 20%~30% 32 B 2 X HE 2 5 2 4t vy 1 0
HR AJREAE T A RS Ko+ 8 1 Bp K o g h
Z KRNI, B T MOBOSOR o U 2 2 B IR ) R A
TR FE R R A2, BB SR Na* #5132 R84 g
5¢ i (Matthews, 1980), FLJ 5 2 B MR 7E W B A AH B
Te T BOHFE R Z W RE I o /NI WSOAN 38 3o K fi
M2 38 o Rk ) i R g0, o8 E A I
(Jalkanen et al, 2004), Hit, /MEHIFE A RERRER
FIT a2l , R a2 i B I A Uk . Ut
A, HE A AR O e K B AR R 30 ik = — S )
A IR (Kader et al, 2012; Zhang et al, 2014; Jo
etal, 2017), SE07E WU £ 5 0 22 L R 7R AR P A5 i
HE BT AR, T A/ KA 3 2 W AT RE 23 i A

ARG, AR BRI T T E— 2T
JEEARH R4 A2 PRACE R IR S
32 FANHASARBEMMAXORGHEMNEE
&L A
0 28 B LR A s BE TS 0 o I £ A £ A TR

RZS (Maita, 2007), B el B R AR S SECEANTH
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Effects of Replacing Fish Meal with Bacillus Aerobically Fermented Soybean
Meal on the Growth Performance, Serum Biochemical Indices and I ntestinal
Histology of L argemouth Bass (Micropterus salmoides)
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Abstract This experiment was conducted to study the effects of Bacillus aerobically fermented
soybean meal (FSBM) on the growth performance, serum biochemical indices, and intestinal structure of
largemouth bass (Micropterus salmoides). Five isoproteic and isoenergetic diets were formulated. A high
fish meal (FM) diet containing 50% white fish meal was used as a control diet (0); FSBM was used to
replace 10%, 20%, 30%, and 40% of the FM in the control diet to obtain the other experimental four diets.
Largemouth bass [with initial body weight of (19.83+0.33) g] were randomly divided into five groups and
reared in an indoor cage system for 75 d. Each group had 3 replicates, and each replicate contained 30 fish.
The results showed that the weight gain rates of the 20% and 30% trial groups were significantly higher
than that of the control group (P<0.05), but there was no significant difference in feed efficiency and
survival rate in all experimental groups (P>0.05). There were no significant differences in either condition
factor or hepatosomatic index between all trial groups (P>0.05); but the viscerosomatic index was
significantly lower than that of the control group (P<0.05). There was no significant difference in serum
albumin in all trial groups (P>0.05); the total protein and globulin of experimental groups were
significantly higher than those of the control group (P<0.05); the serum alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) activities of the trial groups were significantly higher than those of
the control group (P<0.05); In the 30% and 40% FSBM treatments, the intestinal muscular layer appeared
thinner and villi integrity dropped. These results indicate that at least 20% of dietary FM protein in the
diets of juvenile largemouth bass can be replaced by FSBM without having any adverse effect on growth
performance, physical fitness, and intestinal health.

Key words Largemouth bass; Bacillus aerobic fermentation of soybean meal; Growth performance;
Serum biochemical Indices; Intestinal tissue morphology
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