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8 E: xPATH0H AT R 69 £ B 1) KIE By S AR 4 4k R BOR BT 49 5 R 3F J0AT i (Bacillus cereus)
AR156, BT ¥ B £ if it A E KR 69 7 iR AT T A B A AL, R e maEBL Y A AR
0.25%, EK# 0.5%, & 28 0.5%, K& G 0.5%, CaCl,2H,0 0.05%, MnSO4-H,0 0.05%, K,HPO,
0.1%. BB *f E 3o EZAMAM T RAKL B L EHra B TRE, 45k, ds pH BFHFER
Hit, R T RAERIREM: w4 pHAL 7.0, R E 200 mL/L, &7 F 5%, KBEE 28°C, ik
200 r/min, & B#EF1E] 48 h. HhALE F I & H 1.03 x 10° CFU/mL, ¥4 mFEAL 97%vh £, AR
BT R B AR E R,
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Abstract: The single factor experiments and orthogonal experiments were adopted to optimize the lig-
uid fermentation medium and conditions of the biocontrol agent of Bacillus cereus AR156. The results
indicated that the constituents of medium, the filling volume of shaking flask, the rotation speed and the
temperature were the major factors that affect the yield of AR156. The composition of maltose 0.25%,
maizena 0.5%, soybean flour 0.5%, tryptone 0.5%, CaCl,2H,O 0.05%, MnSO4H,0 0.05% and
K,;HPO, 0.1% were selected to be the medium formula, and the fermentation conditions were the filling

volume 200 mL in 1L shaking flask, inoculum 5%, 28°C, shaking at 200 r/min for 48 h, and initial pH at
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7.0. Under the optimized fermentation conditions the production of spores was up to 1.03 x 10° CFU/mL,

and the rate of spores was more than 97%.

Keywords: Bacillus cereus, Medium optimization, Single factor experiment, Orthogonal experiment, Fer-

mentation conditions optimization

YR HHAF GG . BaZ M
TR 2, C R B TS T A2 25 TR A AR
AR, I 3R A e AR B R AR A B A o SRR
SEAUAT I B (Bacillus spp.)J& L3R A4 S R0
PAEE, A AP BRAT 25 E Y, Wb A
Yy R AR K SE P AE B TR AR D O T R AR 2 RO 4
TEHIP,

Xof T 2F FRLFT TR S 00 A M il 7], fef A )it
FisF AT LA B ) b e FE A R, B ORI L B L)
FITAERREE AN . 5 5 Eh M E . Ptk 2F
LRI A AETE, 3K T B 1 700 A m TR AE 4 5 42
WAL T A R A S, A L 2R R Y S e
FRFEWLTT I R B A RN . AR . SRR
ff L e — 2t o R o (R T RC H A A Y fif
19 R TR B v N R o R TR B 37 3 ) B A3 % 2R AT
PR S 2R A AR R B Bl

AR DA AR A 0 B R AU R R AR,
AR156 KRG WK SR /o0 B, SHERE X
K ST B A A 45 4 SRR 5 G 1 5 5 2 AT T
(Bacillus cereus) AR156 17 [ REIH A P 45 57 5 Je H
KB, VIO Z R 0 i — 2 I &
I AR AR R S 4%

1 MRS HE

1.1 ##

1.1.1 RIEE Bk WSR2 AT E (Bacillus cereus)
AR156, M mi Al AR AR B 3 rh oy B 3RS, W
A AR R A A W OR3P 2 B 2E W TR AR 250 K S g =
YERTF o

1.1.2 $%% %E: LB (Luria-Bertani)}% 55 3(1 L): Ji
FEEME 10 g, BERFREY) S g, NaCl 10 g, #MEKE
1L, i 1 mol/L A NaOH ¥H15 pH £ 7.0-7.2, [k
RS IEAE VL B oy S5 A B A 12 g Bk, e
1 x 10° Pa K4 20 min, M. A58 BT B Fh 7
RS W B LB 5535

1SRRI RO L): BokK 10 g, KEHEARK
5 g, CaCl,-2H,0 1 g, MnSO4-H,0 1.39 g; 2 5 K EER:
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FEHW L): 1E 1 S FREILR A MgS0,-7H,0
1.22 g; 3 S RBER R L) 76 1 SRR
W K,HPOy 1 g; 4 5 R 5L(1 L): 78 1 515 5%
FEILRE EIRAN MgS0,-7H,0 1.22 g, K,HPO, 1 g

AR R T 3R AR B S R K & R
g, HEEIEE, AAEKZE 1L, 1 mol/L ) NaOH
AT pH E 7.0, F2ME 200 mL/L fYHE43%E )5 1 x 10° Pa
K 20 min, £/,
1.2 A&
1.2.1 MFHERH F: PRE—1G1E AR156 T #k
T VE T WAAFFRE 3RS, 30°C, 180 r/min £
TR 16-18 h, MHFE EZh 10° CFU/MmL, fEH
T PRIV o
122 ¥EABIEFRENTFE: SRTR2O 5§
[ EE U, e VA Y 2 A AT B & R 7R I Oy
11243000 0 5 45 2 4 Fh sl R BT 19 1 b 1R 1 1 9]
UG KRR IR o W & 1 O FD F R R 1%
PR Loy N T AW R R R b, F 30°C,
180 r/min £/ FHi#: 48 h, FRH. T KB =1, &
A B 3 AN EE
123 ABEFEHEHSNBEERZERIE: ERARE
PRI I 2 4t 7™ Skt e 1Y) % TR B SR A W ik ke e B
FrHk, AT HE IR LA 43 10 B R O I

AR E : 0 LA &k 1% (W) 2
WL R FLAE . EHZENE. nTIRMERER . ERTER
WAL TR A 7 B IR LB e i & T ks R S i oK
Ky, AR ARAE, DL KM R s 5 A X B =
fo P RS R 200 mL/1000 mL, #% 1%AY3%ERD
HAEFIEE IR 16-18 h IFEIGF M, T 180 r/min,
30°C ZF FHESS 48 he FRAMAbHfY 3 NEE

T AERIRE: 0 LAE R 1% (W/V)INEE
W CEEEERY AR M B SRy Bk PR E ONHLNO;
NH4Cl. (NH4),SO4 55 9 Fh R 25 B e 40] s A e 45 5%
FEA R ZE AR, ARG & E A I AR S X
M, e BB L
124 EXREMUEFERS KRB XiEEs
B B AR IR 2 2R (A) . T2 Kb (B) Al 1 40U
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TRSCE A TR ZEAUFT TR AR156 J s 97k X Jz e 4k 1R A4k 805
BANC). BEFRD), PARBERFETTIEEE 2 sE B4
(CaCl,-2H,0), F (MnSO4-H,0), G (K,HPO,)i##47 7 A B
2.1 ¥R REEE Uiipvie
£ 3 KTPIIER R, 5 IS RS R IR o
M, P L27 (3)IE A F U2 4 4140 I (T L e o
’ L R 3 BRI, W R R T

27 ANAEERA G, HAALE 3 N EE ., B

R BRI 1,

£1 EXRBEEKFT
Table 1 The factors and levels of the orthogonal
experiment
Ik FF Factor (%)
Level A B C D E F G
3 1.00 1.00 1.00 1.00 0.20 0.20 0.20
2 0.50 0.50 0.50 0.50 0.10 0.10 0.10
1 025 025 025 025 0.05 0.05 0.05

1.2.5 HREEFEHFRFIE: WG pH 5300 5.0,
6.0, 6.5. 7.0, 7.5, 8.0, 9.0; ¥ H/>H% N1E
1000 mL # =t AR 50,100, 200, 250,
300, 350, 400. 500 1 600 mL AYHEALREF 3L, ¥
FERP R R 1%, 2%, 4%, 5%. 8%F 10%;
KR BERE3 % h 20°C ., 25°C, 28°C., 30°C., 32°C.
37°C Fl 42°C; $&PR¥E #5151 15 4 100, 150, 180,
200 £ 220 r/min; HiFEAFEIH] 6. 12, 18, 24,
30, 36, 42, 48, 54 f1 60 h, HRALFE 3 A~EHE

1.2.6 EEHRFMEAEN A E: K LR L B
BEE 107°-1077, SRJF45H10 pL i T LB AR L,
ANUREE 4 NEA, 24 h R TS B B T BUR TR
FH 80°C 7K ¥+ 10 min J5 ¢ HR T PA A 7532 a5 A A i)

s IR %E, HRIAF] 4.16 x 10° CFU/mL, ZEA1E
oM 2.63 x 10° CFU/mL (& 1), &35 2R 4 iR
1R 63.22%, FE3E B A ARG ] LIE o % & B ks
F5 i e 35 35 S AT O A DA T 488 o3 B o, I O 2
FELAR P A, R B v 2R AR R

6.00
5.00 r

hig il

3.00
Medium

2.00
MR A EEIEFFE R THIE LLE

1.00
Comparison and selection of the initial fermentation

[ Living cell O Spore

(x 10° CFU/mL)

0.00

The amount of living cell or spore

1
Fig. 1
medium

22 REEFEAHSWBEREETFIE
2.2.1 BURBOREE: SRIAAY AN R kg R 2

Jiws, 24 EKRBE R, RS R R Rk, ik
# 4.76 x 10° CFU/mL, HJ5 # 8 K/MR I % 2
B> FLBE > FAERE > AR > 35%@%%‘ >
REWE . JEM . IIBYRR, M EEMLA LR PR,

2100 WEVE BRI, e I Jm 28 960 77 1 de e, 3K F 3.34 x
o 6.00 ™ O Livingcell [ Spore
=}
500 f +
=]
BB 400 ¢ T
25
28 300
52
g x 200 [
é X
s 1.00
£
0'00 1 1 1 1 = W— 1
Glucose Sucrose Lactose Maltose ~ Amidulin  Maizena Maize  Sorbic acid
starch

Carbon source

2 FEBRIREI AR156 & B2 6500
Fig. 2 Effects of different carbon source on the fermentation of AR156
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10° CFU/mL, HRPBIESLRE > TR > Ak SR/E MR B, LBE R ER K, k7 4.56 x
5> FOKRUER > #ARE > IR . . Al 108 CFU/mL, HAYH &K /MR HIEE A > &
PEVER o SEAK > BEAK > K > (NH),S0, >

AHRT R FHRREE, ZEBEN MR NHNO; > A& > NHLCl > RE > Bhkk;
FERIR o [RIE & B DL E KBV i IR I, 2R MR st PR AR, R B WRIE N RIR R, &
RERBI S, (HREE KFMEREYE S, RHEEERS, 8% 3.50 x 10° CFU/mL, HK 45
HAELZ 1%, AR, RUESZ 2005 ok SR8 ok > REEAK > kK > Halk >
YRR AR (NH,),SO4 > NH,Cl > NH,NO; > AHNAJE > Btk
222 RIREEIGHIE: WEIRIETREERE, M B > REWRE 3).

6.00 O Living cell [ Spore

5.00 | l
400 | |

3.00 |

—
o

(x10® CFU/mL)

2.00

0:00 - . L L L L rh—; A_% ﬁ_li—l I'I"EE r}‘il

Soy Peptone  Yeast Tryptone Soybean Wheat Urea (NH,),SO, NH,NO; NH,CI
peptone flour bran
Nitrogen source

The amount of living cell or spore

B3 TREZRIREX AR156 & BRI 00
Fig. 3 Effects of different nitrogen sources on the fermentation of AR156

i RRBIE T LUE 1, A ALRVE Q08 SR Z A AT R RIS, 4% Lop(37) AR . ik
KGHEAMFEEMRIE ARIS6 K FEIIEEIYIEGHE . 2F Bt KA as Rl & 2 . % 3 Al AL, WMEE R K
R PR B RER, R TIMASERERNITI  /Nrilh A>F>D>E>G>C>B, WRIFEE -
AR (NH,),S0s. NH,NO; 28 [a] I & B LA ¥ S0 1 T F F kK MnSO,-H,O X 2F A Jli e 8 B4 H
JEERE R A VR B, AR (R s s i3 i . 2 St B AR, ORI A i I 4 A T
L0 7= AR SR A AR, 25 B0 AR AR B I /g FEEAE T ZER(A) S B SR (C) Z IRl BLAE R
At R MBRECOGENE S ZEE R THESE 4 67, BT iR IR A R X & S

NG, SEA AR —E R, 456 K, AR5k
23 EXRBMELEFERS RECL W AERC N A F DLEG,CoB,, [RS8 AT 1IF 22

ik ERER IR IR N KRBT, BE R i R 4) 1 A B 4 R R e f
TR R R 7 R ) B A i U A SRR AP 2R DL K e TKF T A5 2 B A HE -
BB RIKSE . NiE— L RMRER 24 BEEEE4HHTR
RIATF2Z RA M, B BRI M 240 REMBE pH{E: MET 50, 6.0, 6.5, 7.0,
ZEEA). EXBB). HUB(C). REHKD). 7.5, 8.0, 9.0, 7 A4 pH {EX] T 1 B ZE A = A RE )
CaCl,2H,O (E). MnSO4H,0 (F). K,HPO4 (G)7 1> KRR SR IO IR pH M 5.0-7.0 B, SR ZF A
HZ, JTIER S . AR 3 K, R A IEAH G, 7.0-9.0 B FAAROC(# 5). 4 pH {E A
ZIHEA). EKRBB). BEH OV LBEEAKRD) 7.0 WS TR & EE g5
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K2 BAEEXBEFEETRE L3 )YMHERRIBRER

Table 2 L27(313) orthogonal design and results for liquid medium optimization

e 5|5 KA. Array and efficiency i e
Test No. A B C D E F G The amount of spore (x 10° CFU/mL)
1 1 1 1 1 1 1 1 5.008
2 1 1 2 2 2 2 2 6.500
3 1 1 3 3 3 3 3 0.588
4 1 2 1 2 2 3 3 4.725
5 1 2 2 3 3 1 1 3.667
6 1 2 3 1 1 2 2 8.425
7 1 3 1 3 3 2 2 0.505
8 1 3 2 1 1 3 3 6.633
9 1 3 3 2 2 1 1 8.763
10 2 1 1 2 3 2 3 3.908
11 2 1 2 3 1 3 1 0.003
12 2 1 3 1 2 1 2 3.592
13 2 2 1 3 1 1 2 4.638
14 2 2 2 1 2 2 3 6.250
15 2 2 3 2 3 3 1 0.006
16 2 3 1 1 2 3 1 0.655
17 2 3 2 2 3 1 2 5.913
18 2 3 3 3 1 2 3 0.006
19 3 1 1 3 2 3 2 0.005
20 3 1 2 1 3 1 3 3.108
21 3 1 3 2 1 2 1 0.004
22 3 2 1 1 3 2 1 0.768
23 3 2 2 2 1 3 2 0.016
24 3 2 3 3 2 1 3 0.004
25 3 3 1 2 1 1 3 3.313
26 3 3 2 3 2 2 1 0.026
27 3 3 3 1 3 3 2 0.455
K1 44.81 22.72 23.52 31.02 28.05 38.00 18.90
K2 24.97 28.50 32.12 33.15 30.52 26.39 30.05
K3 7.70 26.27 21.84 13.31 18.92 13.09 28.54
M1 14.94 7.57 7.84 10.34 9.35 12.67 6.30
M2 8.32 9.50 10.71 11.05 10.17 8.80 10.02
M3 2.57 8.76 7.28 4.44 6.31 4.36 9.51
R 12.37 1.93 3.42 6.61 3.87 8.31 3.72

x3 EXRUHAESH

Table 3 Analysis of variance of orthogonal experimental design

A5 R UR Variation SEJ5 R SS H i ¥ DF Y197 MS FA{& Fvalue B E /KT SL
A (%) 77.0731 2 42.1621 12.7510 0.0014
B (%) 1.9070 2 0.9525 0.3304 0.7486
AxB 7.6374 2 3.7652
AxB 0.4543 2 0.2269
C (%) 6.7841 2 3.7112 1.1224 0.4019
AxC 16.3335 2 8.1579
AxC 3.2443 2 1.7748
B xC 9.5268 2 4.4301
B xC 1.9184 2 0.9571
D (%) 28.9937 2 14.2939 4.3657 0.0414
E (%) 8.3620 2 4.1719 1.3702 0.3315
F (%) 37.4800 2 17.4287 5.8148 0.0200
G (%) 8.1716 2 4.4702 1.3519 0.3343

%25 Error 37.8269 13 3.1488
JEUFN Total 219.8864

© PERFRHEDTRAATIESHEEIR http://journals. im. ac. cn
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Maltose Maizena Soybean flour

®) ®) ©

Factors

Tryptone CaCl, MnSO, K,HPO,
o ® F) (&)

~
T

w
T

TN

[\
T

The amount of spore (x 10 CFU/mL)
T

J %

AxXB
AxB
AxC

w
AxC

Nk

(%)
BxC
BxC

Levels

4 IEXXHMphZ
Fig. 4 Curve diagram of orthogonal experimental design effectiveness

TE: B TR 15 3R v 4 L0 0 2 A . AR R, Py 8 3 FIUKCE (R 1 TR, ofUaRTEA I BB HUR Rl K - I &

S 9

Note: Graphical analysis of the relationship between media formulation and spore production. The o represent the spore production of dif-
ferent factors at their different levels. The factors levels coded are: low, medium, and high as presented in Table 1.

g 10.00 - O Living cell [ Spore

Z 9.00

5 800} F {-J[

B2 7.00 |

@S 600 f

285 500t

S E 400 r

R

% 1.00 |

= 0.00 ' ' : : ' : '

50 60 65 70 75 80 9.0
pH Value

5 #% pHEMNEKRRFAEEHFM
Fig. 5 Effect of initial pH value of media on living cell and
spore yield

242 BRERKE: SRBER SRR R
55, TESEME N 200 mL/L B % 75 B R M 28 40 3k
B K o EARBEBARK T 200 mL B B R 2R A i
o, R AE R B R, (HA7E 1000 mL
SRR >, nTRE T R B R T B K 4
R B F5 B rh & 4 43 VR FE R A U2, 72—
FERIR I 22, 53 A0 & AR AR B /N I 3 BRI
AR /N, PRI SCPR B SOR K o Bl 2 Y 1 15
KW A AN, TR SRR AR K A2 B,
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BRI ZE A 00 = R R ARG (18] 6) PR T AR 505
eut, B AR R 200 mL B G FE, IR &
P o v A SRR R, HL R T A b 2 At i

2

% 12.00 O Living cell [ Spore
§ 10.00

)

SE 800

==

23 600

G 00

o <o

5= 400 F

o O

£ 200 F

=]

: 0.00 A s o o=

50 100 200 250 300 350 400 500 600
Medium volume per flask (mL/L)

El6 LREMNEARRFESEHFIN
Fig. 6 Effect of medium volume per flask on living cell and
spore yield

243 HEEME: EAENIRKSREY, S
T TE 1%—5% 1 78 Bl P9 G5 ™ d 2 IE AR OG, 7
5%—10% 1) 70 Bl P9 2 A G, Y3 Fh & ol 5%, T
= i R (7)o 240 R AN R, AR
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ek 5 AR iR O — B, LA E Rl
HAS%I IR K . LR R R i SR,
PSR AR N AR S50 (Y R AR P

12.00 r
10.00
8.00

6.00 |

4.00 L

2.00 |

0.00 . s s .
1 2 4 5

Inoculum level (%)

O Living cell [ Spore

(x 10° CFU/mL)

The number of living cell or spore

8 10

7 EMEMEARFEASENFIE
Fig. 7 Effect of seed volume on living cell and spore yield

244 REXBERE: S5 RFERE FHETL
Tz, 255 K BEIR T R 28°C fioAs F T B AR A 2F 4t
REEE, IR TE R 37°C LA b EE A R R
i {H7E 25°C—32°C i [l N P A B 2R A0 3 AT A5k
K, FEREEN 20°C-28°C I 5 Hw X A== 2 IF
FHOG, 30°C—42°C W A (K 8), LG HiRAIE,
e 28°C A LI e AR BRI -

2

2 12.00 r O Living cell [ Spore

5 1000 | {,

gé 8.00 f

g9

28 600

=

S 2 400t

g x

g 2.00 |

8 &

E 0.00 : : : : ' ' '

E 20 25 28 30 32 37 42
Temperature (°C)

8 AREEEMEARRIFA~ENIIE

Fig. 8 Effect of temperature on living cell and spore yield

245 BRERRE: IR S DR, M
K% 4 200 r/min B}, BN ZEMEEH B &S T
HAAL (A 9)o 124543 100 r/min B 2F 96 5
AR o o i R ZF AT B R, T A S B
S5 S eI B P SR, DT R I 3 7 3
(A KT, HE TR Mo R 2590 0 2R i o PR e
200 r/min VE A AR 52 50 1) dpe A5G

o
% 12.00 1 O Living cell [ Spore
5 _ 1000 | ]
33
°E 800
25
23 600
oy
£2 400t
g XY

200 |
g
2 o000 : ' '

100 150 180 200 220

Rotation speed (r/min)

9 FRXMEIKRFHENRM
Fig. 9 Effect of shaking speed on living cell and spore
yield

24.6 mEAXBERE: ELE SRS, B 6 h
XoF 2 T R TR B AR A AT I R, 45 AR R AR
0—48 h I P Bt 25 FsF [0 (38 o, 4R % 23 9 7 o 52 %
BOEK, FAEISICTREARE . 78 24 h B2 A4 B
AR, TMFE 48 h B B i X 2 i Bk B IRk
48-60 h B I ZF A TR RIE AT 1 (E
10, PRI AR S 560 Jr 1 56 ) e A2 IE R ) 48

12.00  —¢-Livingcell —— Spore
10.00
8.00 [
6.00
4.00
2.00
0.00

(x 10° CFU/mL)

The amount of living cell or spore

18 24 30 36 42 48 54 60
t(h)
E 10 AEEENEREFAZFHR~EENEN

Fig. 10 Effect of fermentation time on living cell and spore
yield

6 12

2.5 CIRIEIRIE

Zig LRSI, BRI i R BERE FR EL T
i ZTHE 0.25%, EKH 0.5%, BT 0.5%, K
T 0.5%, CaCly-2H,0 0.05%, MnSO,4-H,0 0.05%,
KoHPO, 0.1%. Wi T B fEdE 37 56 0F: ®ith pH (A
7.0, WK 200 mL/L, $ZFER 5%, KEEE
H 28°C, %K 200 r/min, & B[]y 48 ho, FEAT
AH A B E B, AR AR SR AR AL,
ARI156 KB Wi M i A T 0 3 B s (B
11), BHEik# 1.06 x 10° CFU/mL, 14 ik %
1.03 x 10° CFU/mL, ZFHA: k5] 97%Lh I,
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12.00 1 i

g [ Living cell [ Spore 10.61 10,32

2 10.00 |

o

B2 800

22

235 600 |

b= 4.17

k= 4.00

5% 2.63

§ 200

Q

<

& 0.00

Before After

11 REBEAUETEEARRFE~EMILL
Fig. 11 Comparison of the living cell and spore yield be-

fore and after the optimization
3 u

HA 7 0 L B 2 JAT s et 2 ™ i A v a
Oh E R DL AR O E Ry, (2R AR O
AN AR AR S A — A B R, R S A
AEA R, NEEME AR, 5 ZE T
I B E IR BT R 2 s

TEXS AR156 A I 15 37 BB PR i e b, 455 18
TR L 2R i, MBS bR o f ke, e k4%
TS TR AR 9 A e IR, R AR R L
KAV I o FIRF LR 1 R BB AR R A
RHOR VR SRR TR 0 S5 R o X T R BB SRk
Iy B HE R BE DL AR T T IR SRR vk © 17 ik
TE AN AR 7 F0 A RE 27 F 7 S0 45 3 ) 2 19
I FEU3-141

TERG IR AR T, KB AR156 X415
pH R N PR, FEREFE IR 7 AR pH {H
WEE PR, X WER AR AR L
KAAFAE RGO AE AT R R R O g,
T AN [V A T] 14 20 0o A A [ 9 AL 2R A F
X R T I TR e 2 AR B SE MR R, 1E  E JTCEF A
FFA AR156 4548, HAE R EALUT i i A % A,
o A1) 2 A0 B S AN 2 R BT I, A At
RSN —E RGO, 5 i AKOF B =
MM T2 A A, EE U R R S
JCTi 2 PR R A 1 35 B 2R A R0 e o

DRSS 5 25 T4 R AR 156 B 44 B 2 0 1 7 e
BALACHTA T2 e, (HARTIERAE S50 % 7
HANE T AT, BB AT &, 7 AT R
WEZE AT ORI 8 K AR SGHR BY B TF A5, LR
AR TAFIELEHEF T
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