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T AR B 58 ZF 4T = (Bacillus firmus)
ABETIZHRUREEFEO D

W B okmm' H O EY
(. SR SEORE R LR E R R Sy M BRI T Al AR K IR A &
PR AL R IR IR TR A S A R R R PR RRAR R B
BT ORI R 2660715 2. BIFEEREAK 54 ER B 201306)

WE B8 F AT (Bacillus firmus) PC024 & —#k 7 % B F & ¥ Xt #F (Fenneropenaeus chinensis)
KT, ABREMNIT AR RN E L. AR RR AR T L A0, EHE
R, BEME N 2x10° CFU/g, RERAKLA 1:08, HEXENE A 90h, &L BE
B 37C, AEEEZFERERNIEM E, RAMEEEN 4 MNEEHTT MM, RAFHERELR
B4 KB 5 4 39.0°C, K BBt 4 100 h 18 min, B K K 11 0.96, F A& % 3.84x10° CFU/g.
ZWAEREBE)E, KB Y P hE g ik 1.23x10'°CFU/g, 385 A £ 5.13%, 1hiié
A, EMERBRERERE RN, THABNEE H(93.89£0.01)%, THEMEAEGE R KB
£7(39.160.01)%3% Jm 2| (58.80+4.54)%, T ML E & i th X B AT 6 50.71%3 2| 55.03%, 15 f &3
BRH) R A B B R R B 132.30%, B An bl KBy 5 B O AE A B (168.60%) . Hi & ER (157.20%) .
2 85 (152.50%) . 7 2.5 (139.04%) Fn H 2 5 (138.40%). % SDS-PAGE & 7T, & A A4 TR 2 A%

Ve fR . AHE 5T A Ak T R R e R R R B SR AR BT R B

K§EinA

hESERE S917.1  SCEkERIEAD A

e A iRl AT UR IR P Y EE B YRR, s b
A A A I A O A% TR R BR A AR
K, AW A T K REAE R A 08 19 )50k Hardy,
et al 1995; Cheng et al, 2013), 1A 4% 2L FAG ) Pk
TR, SRS R E MBS . G R RN AR A
FEMERRS, B8 T ERAEINaRERY
(Lemos et al, 2000), 7£ZFK = shPh oA 2R
R RESY, WK VG i (Salmo salar)(Refstie et al,

WREESFAATE; "MNEE; TH; BAKE
XEHE  2095-9869(2017)03-0163-09

1998) . N4 X R (Litopenaeus vannamei)(Lim et al,
1990). ZEPJEEF(Homarus americanus)(Floreto et al,
2000)%

SIS A ZRE FE N T (Rumsey et al, 1994;
Anderson et al, 1995), & MR 4 5 A 44 (Floreto et al,
2000), MR T EMBAAHNE, SHESEMEY
KR, BARS NI IHARMERME, gt
£ A FIB (Kim et al, 1999) L) K 75 & 3R (Weng et al,

* N g AT RO T 22 98 T H (201103034)  BUACAO ™ M FE AR A F (CARS-47) L IR 28 1L 248 B TR L4 3% |
T S PERL 5 BOR E 59056 2 R BT (20 1S ASKI02) Rl F B A5 5 A A 31Xl A 617 AT A 4 391 25 3 L[] ¢
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2010); AEMEA B ELBRPUE RN F, HEE/NKS &
(RHMEAEEE, 2009), SeMERESE(2013)WF 5 R, TEl AL
FFER I I 5 2F 7 4T 1 (Bacillus firmus) il i 2 42 & FL
20V X R B R T o AR I 5T SR G I 5 A AR
PC024, JELPURUIRETH RS B MPURBEY, B
) 4T 0F fe RE A A R T X A T B £ A E O
(WSSV)ELHIRE ST, XS WSSV 1 FLANEERTER ) AH
XTARY R AT IR 33.7% (FMSE, 2013), R HTZ B AT
TR T R, A A FLAT H e RO ) )
KA, TR A A R R TR AR

1 MeERE
1.1 HE#h

UZSEZEAIFF I PC024 i K =Rl 22 1 57 B B
TR 7K 7 W 5 T 55 BE A DR 1 ) 5 e 2R 5
ZT 2010 4 3 J1 28 H M AgtRE i = A X EF(Fennero-
penaeus chinensis) 77 i M 45 H1 43 25 (VL A5, 2013), T
PR AR RIZeTE AL, PRECER TR 7542 A 100 ml 2216E
KRR RS IR 5L, 28°C | 150 r/min 31 7 5% 55 2 I e
4 10% CFU/ml,
12 ZHHTEREELZE

T8 SO AR S 45%. 78 = 33 T BER AL
142 25000 r/min #3% 1 min, 3F 80 Hf, T 121°C
R K 20 min, 50°C . 12 h #tF, B 5.00 g HE Ay
MR TR, ImAGE RO K, R W,
PEIFRL 1.5 em )2, T 28°CIHIER; IR —E M,
BUR e i e FLE VR B
1.3 HREMNUE

W R B o BEFIR AT, FREL 2.00 g F 50 ml
ToH O, INBEIRER 2% vh I (PBS)E 20 ml, #AF
WY 25 min J5HGH, FH2EAA PBS 1Y 1.5 ml TCH &
O IELT 10 f5 B R R, FifE3) 107, 107 fiT 107°
L3 ABERE B 100 wl 376 T 2216E A K 55 373
BB 3 M, BT 28 CHEIRE IR h il ®
Kige, 24 h Je i T M 75 T8
14 BEEXW

141 BHEZEREER AR 2 K,

BEAN T2 R CR A HE T 5 SR 5.00 g, Bk
FU [ B (2)/ TE R KR (mD) A 12 0.6, fill7K 4 ml,
KR A 28°C, HMEBE 1x10°, 2x10°, 3x10°
il 4x10° CFU/g 3t 4 BRI BN BE IR E 3 41T,
AR )2 AT 64 h 5, HURERR B U ST A ) 2 B Ik B o

142 HAKWEEF EE KRR )2 L, B
AL A CK BT I EORR )M 5.00 g, H2Fha
2x10° CFU/g, RN 28°C, RPKE : n), nsr
B4 0.4, 0.5, 0.6, 0.7, 0.8, FMEERE 3 AFT,
MR E AT 64 h 5, HURERR B LR T HR I TR VAR
143 AEwMEREZEER  RAFWRERELE,
TS MR CR AU 5 SRR 5.00 g, it
9 2x10° CFU/g, KRR 28°C, RKH N 1:0.8,
R A] 43 % K 24 h, 42 h 48 h. 66 h. 72 h 190 h,
RS 3 A PAT , BURERR R AR 2 vk i
144 RERBEFRELE KR 2 K,
FEAF LERL CR M G RN 5.00 g, $%Fh
R 2x10° CFU/g, BIKEE A 1: 0.8, HE 4 LK
M, A 3T, AlTE 28°CL 32°C., 37°CHI42TC
4 AEE TR R E 96 h S5 HRURE AR R U A7 0 2 PRIV
1.5 Mg p m SEI8

H4% Box-Behnken H.02H 5 1 19 i 2 (Saha et al,
2011), X EeRbE . OBUK . KWERFIE] K R R
4 A5 AR R AT IO PR ER = KT o N T S A S
(Response surface methodology, RSM), LIFERE N
M WA, £ PR MK L3R 1.

Fz1 MEEKEEEREKEET
Tab.1 Factors and levels for response surface methodology
a2 7K Level

% Factor
Code RS -1 0 1

X, REEREZ(C) 30 37 44
Fermentation temperature

X, REETE](h) 66 96 126
Fermentation time

Xs  RbKE 0.6 0.8 1.0
Ratio of SBM and water

X, HERPR(x10° CFU/g) 2 4 6

Inoculation amount

1.6 EMABBERAAMERYESENNE

FREX 100.00 g KT 6 40, 3 10 7E 105°CHEFT N
2 5-6 h TR BUH , A TS R4 41 30 min,
BEREMT 1h, £F2 KFREZ/NT 0.002g, B REE
R, EFEMET R E (). KR 3 T REE, &
TR S5 AR B AR AL B2 Fh i | BLK B L & TR () AN
KWERRE , A= ok AR R BT 45 S PR () o

E*ﬁﬁi@%ﬁ%(%):% x100%

SR KPR R0 5 W] 1k [T 0 5 - Rl e o
80 [ i i SR AR T An_EAR R #R4 . FREREE



53 P OEREE TOMIAY IR TR ZE R TR (Bacillus firmus) & I T 2 kA K 0 35 U4 43 A 165

TR EEE R 2 A EORB R TR, A 100 ml
KW PE =4 5), R A I 2 SEA TR E . R g4t
JrFIIEAR R B RN Y G AR T AR R AR
WO my, JEACR RN m,
SLRA R AT R 4 5 4 (%)=
2.000—(m —m)
2.000

1.7 HEAMSEBRN=E

UM A B SR TPORLEE FT LR 15 MR 2t [
SORT B AN OIS, S ilE B iE ik GB/T
6432-1994 Fl GB/T 18246-2000 #1117 .

1.8 EMMAESHNAIEEESHEN

FREUKY BEHE T IR BORE S 0.20 g, FEAMAEMT 5 ml
PBS H7,4°C 44 F 4000 r/min &5.0> 10 min, 3% J Pierce
BCA # a2 s 4 il &l e b7 i 28 R
Jn PBS B [A]—Wk B, HT SDS-PAGE 43#r. AJ
VS R I 2 BT SR I BKBH 52 55 (2008) Y J i : B3
W40 ul, fA 10 pl 5x EFEGZ 0, oK 3 min J5
OB ENED AR S o SR 15%89 T BT 5% 1
&, 70 V HLYk 30 min, FEAEMRIEADERE, K
FEPH 2 110 VR S E5E#E R250 A 44 1 h,
Jt e 3 1A 2 B 1 T DX Y A

19 FitaHr

Wi 17 [ S5 30 1 31 M 45 S 43 B>k - Design-Expert
8.0.5b {4, RJH SPSS 16.0 X AFHEA 750 3 Fn S
i1, B &K )7 22301 (One-way ANOVA), P<0.05 /£ H
25 BEKF

2 HERE5HW

21 EMEABAERNREMBREEL

MK ERT R O, AMECIRIER , ATRIRIVEL
IR ;s 2 HRIERZ AR, BEE KR AT, &
MIFEE VRN, BORER, ZHEBNE 0, 1)
KRN TR, ISR o

22 BEARXWERSH

221 B EAHKRENGH® A [e) 45 i i1 2H
kv, R ZEMAT R AFE 3.15%10°-5.33x10” CFU/g
Zl, MWFHMERE, fefEfhih 2x10° CFU/g,
H A% 21 7] 22 53K 1 3 (P>0.05) (] 1-A).

222 HR At K E 6w ANRVEK H A
KA HR U 5 ZE AT B AR 4.76x10°-1.76x10"° CFU/g 2

x100%

], Fe AR K EE A 12 0.8, HAS 4 18] 22 57 .2 (P<0.05)
(K 1-B).

223 REERHE A E K E G R AN [) 2 PR st (1] 25
ST, EREERIFTRRACE 1.05%10°-2.36x10' CFU/g
ZIH, WFEBERE, SEREEREY 90 h, JFH
90 h 1 24 h % T TR H TR VR 5 At & I [R] 2H HL
AW EME 25 (P<0.05), 42h 5 48 h Z A G g E k%
5(P>0.05), fH =355 H A A& WA () 41 1 BA 4k
#5(P<0.05), 66 h 5 72 h iz FHEER
(P>0.05), fH 5 HAth 4 ¥y BHA W 2 % 22 7 (P<0.05)
(K 1-C).

224 KERESAREAT A AEEBIREH
ORI R ZE AT B 1.12x10'°-2.82x10'° CFU/g
ZI, WPERE, RAERBRES 37C, JFH
37°C R PRI BN BV B 5 A A A BEIR FE A B W
FPE2E 5 (P<0.05), 28°CH 32°CZH T EH k%R
(P>0.05), fH =3 5 HAth & It ] 20 34 B A7t 25 M 2
5(P<0.05), 42°C AR 5 HADA Y BA 212
5 (P<0.05)(F 1-D).

2.3 [ SR8

231 A LRI AR L T WA T i
X1)« BRI (X)  AE7K H (X)) IRl i (X) R F A8
T, ST R B (Y) g RO AEL, RO TR 9 S
VO E R 2.
232 $A_KREEFREMEIRBFREE  ff
JH Design-Expert 8.0.5b % S 4 45 i 47 2 oo Al
HHLE, T AS 28 28 AT B B2 () 5 & B IR
X1) . EBERFEIOG) « BHK (K)o #EA (X)) Z B 1)
TR Z IR
Y=—178.80227+5.45219X,+0.31789X,+
113.15821X5+7.26961X,+0.00692857X; X+
0.68214X;X;-0.033929X,X,—0.085417X,X5—

0.00520833X,X4—1.45000X5X,—0.085643 X7~
0.00242111X7—65.31875X7—0.52444X3

FUE SRR 2200 W3k 3, M 3 v g, %Ml
i) P<0.0001, FRUIBHIN W25, HARMIN 0.1407,
AN NI U B 5 R S 35 (R 40 At AR v —
WI Xy FIRIT XP . X3 29, — kI X, Al
ORI XS XP e AR AT EA 2 KT
IR, £ RS IR mHET A X>X> Xo> X0
2.3.3 AaE v @A i# it Design-Expert 8.0.5b
A S a2 R T b 3, A5 3 e 1 it A B (B 2)
=2 T P L S W T A% DR R R ZE AT TR e TRV
A 67 s A 3 7 i 7 (A
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‘.; 1.0 T; 11
D a ) a
@ Lg 10 |
g 98 a E .
S K]
@ & g g0 =
# 8 =y c
=5 ool s =5l .
B S 1 oE
- 2 =
® 3 " g 7r e
2 94 S
2 -2
g £ o1
£ E
2 92 : - ' . ' : - '
= 1 2 3 4 = 1:04  1:05 1:06  1:07  1:08
A B B Bk
Inoculum/(CFU-g™) Rate of raw material to water
—‘;11.0 :u; 10.6 -
2 a 2 3
2105 S
: N
= b £ 104}
o E 10.0 T ot %
5 § [ Y 8 b b
= 8 95 ® g 102F L = c
B3 g
BE d RS .[
® g 9.0 w8
8 ]
o o 10.0F
£ 85 2
z :
§n 8.0 LA L L L 5 o8 : : : :
2 24 42 48 66 72 90 S 28 32 37 42
C KB ] D REHREE
Fermentation time/h Fermentation temperature/"C
1 ASTR] PR R R i e e SR P T B ) 5 i)
Fig.1 Effects of four factors on bacterial concentration in fermented soybean meal
IR AR 2 2 58 B (P>0.05), AT EHEH 2% 5 5 %(P<0.05)
Same letter indicated no significant difference (P>0.05), different letters indicated significant differences (P<0.05)
x2 MREERITREREER
Tab.2 Experimental design and results of RSM
LS 0 e A 0
Xi X5 X3 X4 Y (x10° CFU/g) Xi X5 X3 Xy Y (x10°CFU/g)
No. No.
1 0 -1 0 1 6.40 16 1 0 0 1 5.10
2 0 1 -1 0 0.43 17 0 0 1 7.75
3 -1 1 0 0 2.33 18 -1 0 0 1 2.43
4 0 0 0 0 10.25 19 0 -1 0 -1 3.68
5 0 0 0 0 10.65 20 1 1 0 0 7.65
6 0 0 -1 1 0.38 21 0 1 0 -1 6.28
7 0 0 0 0 8.30 22 -1 -1 0 0 1.95
8 1 -1 0 0 1.45 23 0 0 0 0 9.96
9 0 -1 -1 0 1.03 24 0 0 1 -1 10.80
10 0 -1 1 0 10.23 25 0 0 1 1 8.55
11 0 1 1 0 7.58 26 0 0 0 0 10.23
12 0 0 -1 -1 0.31 27 -1 0 0 -1 0.58
13 1 0 1 0 8.60 28 -1 0 -1 0 0.30
14 1 0 -1 0 0.33 29 -1 0 1 0 4.75
15 1 0 0 -1 5.15

Y: RIS TR R ZEFAT R PCO24 IR L

Y: Concentrations of the B. firmus PC024 in the fermented soybean meal
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*x3 FENS

Tab.3  Analysis of variance (ANOVA)
75 S R A 5 A F e ¥y75 2% F{H P{H A
Sources of variation Sum of squares df Mean square error F value P value Significance

A Model 382.48 14 27.32 12.88 <0.0001 Bk
X 21.17 1 21.17 9.98 0.0070 **
X5 4.42 1 4.42 2.08 0.1710
X3 189.85 1 189.85 89.50 <0.0001 oAk
Xy 1.21 1 1.21 0.57 0.4627
X1 X2 8.47 1 8.47 3.99 0.0655
X1 X3 3.65 1 3.65 1.72 0.2108
X1 Xy 0.90 1 0.90 0.43 0.5248
Xy X5 1.05 1 1.05 0.50 0.4931
Xy Xy 0.39 1 0.39 0.18 0.6744
X3 Xy 1.35 1 1.35 0.63 0.4391
X} 114.23 1 114.23 53.85 <0.0001 oAk
X3 30.80 1 30.80 14.52 0.0019 *E
X3 44.28 1 44.28 20.87 0.0004 oAk
X3 28.54 1 28.54 13.46 0.0025 *E
4% 7% Residual 29.70 14 2.12
ST Loss of quasi item 26.34 10 2.63 3.14 0.1407
4l % 2 Pure error 3.36 4 0.84
B 5 Total variation 412.17 28

N 22 I (P<0.001); 0 2257 5 & 12 (P<0.01)

**%: Extremely significant differences (P<0.001); **: Highly significant differences (P<0.01)

KRR . R TR IE] | b L R i R 2
WA 22 1] 34 5 DR T 5 7 ) v 2 T TR R B S )
LMK RE 2), I HAFEWRMERS, BIET R
P kI P>0.05, PRI 2R Z 0] 1 28 BAE R A i
= MEBHEE N 39.0°C . & BERHE] A 100 h 18 min,
BKEE A 10 0.96, R 3.84x10° CFU/g FH15%
TN RS
234 HiEgik K _E R 55 5 i 15 1% I 56 2 4
FF & PC024 & % TR 14 e A 25 A CR il B2 R 39.0°C
AR PERTE] R 100 h 18 min, BFK A 10 0.96, Hifh i
b 3.84x10° CFU/g) it 7 & %, W 3 AT, KT,
B 2251 1.22%x10" CFU/g. 1.38x10' CFU/g.
1.10x10'° CFU/g, ¥J{& K 1.23x10'° CFU/g, 5 Hiil {4
1.17x10"° CFU/g +433%30 , R 22N 5.13%, BiiAm
IO TV 43 BT B A5 A 0 AR 2 W] HE Y

24 EMABSERWAEERYSENE

R AN TR R K B AR Z A LY L B R
FIBEA S, Tol W 7E B el A B A T KA 1 3 A o
EEAMERRRSTER, ZBRIUERET, A
IR — B R L T CO, KA B
SR, BN EMABMTFEEE n A
(91.60£1.43) g, K Fik 54 % B 100 h 18 min 5,

P BEE n, }9(86.00+0.57) g, A K RS
%4(93.89+0.01)%.

A R W B 0 78 Ak RE A5 s i A ) O T
THIMABE S, BBEE DAY Eb e, R
FIE S H AT . TR ZE AT PCO24 K %
JG, MEHEIEY SRR THBRS, kBN
(39.16£0.01) %38 /11 5 (58.80::4.54)% . - HIFTF B8 7E & %
I FR I — SRR T T B, AR A SRR LA
WA KAy 04SSR [R) R BE A R A, T B84 & M
R AL AN R 3

DU R BRI OB i, B R OR, B
g K, HE A1 108.50%, 456K
TR AT L, 100.00 g TRHIZ L WA E] 93.89 g AW
PRy, Ho, R R R RERTRY 50.71 g B hNE] 51.67 go

ME G R BERTG Y 15 PRt & i, 4R e
IN(GER 4), REEG AP SRR LA e n, 15
GRS E w MBI FOR 1Y 132.30%, 5 iR 2
MR o mARLG, SN B ER K 5 R R S AR
(168.60%) . #iZR(157.20%). 2R IR(152.50%). Fh
AR (139.04%) M H 2 2 (138.40%) . e, 6 Fhnd
RAIMRAR . ANAR . HAR. FodAMR. 5%
ZATR NG 2 R ) i) & - A3 0 2 R Y 133.20%
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%38 %

TR
Concentration of soybean meal bacteria
(x10°CFU-g!)

SR E

Concentration of soybean meal bacteria

TAATAVREE
Concentration of soybean meal bacteria
(x10°°CFU-g )

oy
o

k —

D: J%ﬁ;ﬁ

Inoculum

- 37.0
A: REERE
2030  Fermentation

. temperature/‘C

(x10°CFU-g™)

126.0

Concentration of soybean meal bacteria

2.066.0 B: KEENfH
Inoculur_rll Fermentation
/(CFU-g™) time/h

& 2

AN E

Concerfigation of soybean meal bacteria

AR E

o
—
N

(x10°CFU-g ™)

37.0

0.8 ———7,
C: Bk A: REERE
Rate of raw 30 Fermentation

material to water temperature/‘C
d " .

(x10°CFU-g ™)

Rate of raw .
material to water Fermentatlon
sf ‘.
8 12
8
£
§ 3R
g~ 6
i
> P
g5 !
S
g :
é R g 1
g : :ff,fi’/*/o‘s
S N C: Rk
o} D: #ME 2006

Rate of raw
material to water

A T AT 25 X TR T e ) O L 4 22

Fig.2 The influence of four factors on the response value of soybean meal bacteria concentration

2.5 SDS-PAGE 4y #f

35 % T S MY SDS-PAGE (I8 3), 45% 5
N, REENT AR AR 2, W HZ28EE e
35kDald I, kKMZJ5, M4+ =7E 35 kDa LA
R PRI R, A R BAE 20—
30 kDa Z[i], FRHH R 5H ZFHFT I PCO24 YK BE DA,
FIE 8% ol JH v 19 B 1 IO R 2 i

Wig

UCAFA, £ AR AR AR SR B P Y AR
Z, WOS TR R FRFE BT IROR , KORRRIR THTER
A o ZFAUFT R m HA X pH FIER AR 52
A B, T SR B RO HT AR S2 T bR . ES S0

3

S5(2008)F1] FH A =02 f1FF i (Bacil lus subtilsi) LR
(Lactic acid bacteria) . it /7 % £} i (Brewing yeast) & i
M, SRR Y JER AR A ) PR A AT SR A
193] T AR o 7= BEAESE(2008) A1 FH Al B 2R F0AT 147
A ZE /04T 18 (Bacillus cereus. Frankland)., FE#)FLER
DRI B TR T P 45 5 [ A R T A, ke B FH A R 2460
FF TR RIRE P 2L R RTE T R TRESE , =4 v /NI F ik 3
12.01%. A% 55 (2008) % H 44 5 25 fi #T B (Bacil lus
natto) . %45 4T % (Bacillus coagulans) TQ33 [ 45 %k 1
T, B B E R T T R R SR 95%. BR
Mz Ah, ZEHOFT IR — 2R R B v X R BT 7 1 £5
AT, Rengpipat 5 (2003 VK5 2 AT 1 S11 /E R fapRL £
FEFIHE ML BE Y XTI (Penaeus monodon) , ANY & T XF
WRAg AR, 1T HOG RGBT A O 4 TR 68 I (Vibrio



%3 P OEREE TOMIAY IR TR ZE R TR (Bacillus firmus) & I T 2 kA K 0 35 U4 43 A 169

x4 EMMAEBEHP 15 R ERRRYAK
Tab.4 Amino acid composition of soybean
meal and fermented soybean meal (%)

R Xt KGR
Amino acids Soybean meal Fermented soybean meal
RIVEZEBR Asp 3.85 5.22
JEMR Thr 1.46 2.03
27 R Ser 2.23 3.40
HER Glu 3.70 3.84
HZM Gly 2.16 2.99
WEfE Ala 3.46 420
HER Val 3.69 438
RITRAR e 1.68 2.32
SRR Leu 3.12 4.22
W& E R Tyr 1.42 1.79
HKINZAFR Phe 2.18 2.72
A Lys 2.01 3.16
HE MR His 1.49 1.90
R Arg 2.39 4.03
& f: Pro 1.13 1.38
Bt Total 35.97 47.59
M 1 2

116 kDa

66

45

35

25

18.4

144

3 GHUREEHT)S Y SDS-PAGE J3 47
Fig.3 SDS-PAGE analysis of soybean meal and
fermented soybean meal

M: EHDFREARE; 1. 5 2. KRBT

M: Protein marker; 1: Soybean meal;
2: Fermented soybean meal

anguillarum) (i) 58 1 A5 LA a5 . Li 28 (2009)K ZF F AT
P OJ WS i 2 4R} vt 58 A% £ 1R FL 4 T X AR AR ST
WSSV BRE ST o ASHIF 5T SR 2ot 4 4P S0 05 Rl H 2 5
IS IOIF 1 RO ZE AT I PCO24(FMEEZE, 2013)%f TLH1E
TR, B WsmZEAATH PC024 16 K& B =4 v ik

FEAE P K B T2 AR AR A b

NI IEHTE LB R, B A 0 2 & X
TR ) A= 2 5 A i DR ORI R TR e 1 IR A
VRS2 T 53 T 3l 0 3 AL R P AS s g, AT J 2
FA A ) DR 7 5 R (R MR AR A, 2009), 8RN 2R (%
THACFR) A A BELAS 5 48 e IR & i (R R AR AR, 2008;
TR, 2011)  IREE AR (R 5 B 4, 2010)FIK fif i
W/ K5, 201004, (G EA B fmb:, 16
SR INIKEE 2 2 g, AR R R PR AR
FI & (T BB AR 4, 2011; WAEGSE, 2013), (HEIEMR
ZH R ISP A B AR B AE HE S — R AT 4T X
2 I F R B UE B e DR R S I AR, 1 et
U5 ZE AT T PCO24 & e M) 2 e Z A il Ak
T TRAR T AR Ry & I v o oy FH 381 & I R, 45 ki
SRR, 5052 HA B R K B AT Rk W
FfE] . A FRDK R Ak . 25 R BOR, X RER
Foo A BRI 08 3R A, FETE & Tt R v T
B, REEZ) 100 h f R EE k] 10" CFU/g, AL
REME R BB ORI R O T AR AR, i HLRg e M =
IR L E AN S8, X5 Teng 45(2012)
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Optimization of Fermentation Conditions and Analysis
of the Nutrition Components of Soybean Meal
Fermented with Bacillus firmus

SUN Jing'?, SONG Xiaoling', HUANG Jie'”

(1. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine Science
and Technology; Key Laboratory of Maricultural Organism Disease Control, Ministry of Agriculture; Qingdao Key Laboratory of
Mariculture Epidemiology and Biosecurity; Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Qingdao 266071; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract Bacillus firmus strain PC024, isolated from Chinese shrimp (Fenneropenaeus chinensis) rearing
environment, has demonstrated its ability to increase shrimp resistance to white spot syndrome virus (WSSV)
infection and to ferment dietary soybean meal. The purpose of this current study is to optimize the processing
conditions for the fermentation of soybean meal using B. firmus. Considering single factor trials, results
indicated that the optimum bacterial concentration for inoculation, water ratio, fermentation time and
temperature were 2x10° CF U/g, 1:0.8, 90 h, and 37°C, respectively. However, on the basis of univariate tests,
the response surface methodology (RSM) was applied to optimize four fermentation factors when they were
combined, including temperature, time, water ratio, and amount of bacteria required for inoculation. The
optimum fermentation conditions were as follow: fermentation temperature, 39.0°C; fermentation time, 100 h
18 min; water ratio, 1:0.96; and amount of bacteria for inoculation, 3.84x10° CFU/g. Under the optimized
conditions, the bacterial concentration reached 1.23x10'® CFU/g after fermentation and it was 5.13% deviated
from the predicted value using the RSM model. The quality of soybean meal improved significantly after
fermentation. Firstly, the yield of the fermented soybean meal reached (93.89+0.01)%. Secondly, after
fermentation, the soluble protein content in the soybean meal increased from (39.16+0.01)% to (58.80+4.54)%,
and crude protein content in the soybean meal increased from 50.71% to 55.03%. Finally, the total amount of
amino acids (15 types) had 132.30% increase compared to the original content; the most significant increases in
the proportion amino acids were arginine (168.60%), lysine (157.20%), serine (152.50%), threonine (139.04%)
and glycine (138.40%). It showed that the protein molecules were effectively degraded in SDS-PAGE. This
study provides theoretical support for the application of probiotics in shrimp plant-basis diet and disease
control in aquatic animals.
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