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Optimization of Medium and Culture Conditions for Bacillus cereus NJSZ-13
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Abstract: In order to research the biocontrol of Bacillus cereus NJSZ-13 strain against pine wilt disease, single factor and orthogonal experiments
were conducted on optimization of medium and culture conditions. Single factor tests showed that the best carbon source in the medium was soluble
starch, nitrogen source was soy peptone, and inorganic salt was calcium chloride. Orthogonal test demonstrated that the optimum proportion was:
soluble starch 10 g/L, soy peptone 14 g/L, calcium chloride 6 g/L. The experiment resulted that the optimal culture conditions were: fermentation
temperature at 28C, initial pH of 7.5; inoculum size of 2% and liquid volume of 30%. Compared with the culture conditions before optimization,
viable count of strain NJSZ-13 in fermentation broth under the optimized conditions reached 4.10x10° cfu/mL, 4.1 times of that before one.
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HIEEY T T A B IR SR LB,

TER A GRS 2 i 5, B R A A 27 AP Bacilllus, B MR Pseudomonas, ELEGHT
Pasteurella 55, H¢Al& ] DIZEAERTE E PO ETE, 98 2 T 3 00 A 7 16 77 TR 2 FAT I
FIFEFRTERY S FAFIE B. amyloliquefaciens, #HELZERIAFE B. subtilis, ELICZEFIFFIE B. pasteurii, U ZEFFF
B. lateralis, W&HEZEFAFE B. cereus, 742 #IAFF B. thuringiensis, %5/NEFFFF B. pumilus FIERIE 267
FFE B. sphaericus Z5°% IEREZERIFT IR B. cereus B—F¥ 2 FRBHIEFFI , BT T2/, L3 KA+,
BEFAEPUTSPEN AR, SR . T SRANERERI SR S IRR R A TRR P TRE 11, FEAEI R R S AT
WL OB, HHEIRETERETZ, GEASOhEIRVE AR E IO, AR SO AR ZERAT R NISZ-13 TP
— Pk N FE RIS P. elliottii b i gt i H ol IZE S 24 P. massoniana |7 FEIY ELA AR 2 diVE F BOAA Y
HEANT , BT ST WA TR PR PR VR /KB RAL LR 1 48 h e, BB TGk 5 81,5961 FK M REZEFFF T NUSZ-13
PR TA S, Bhld A R e 45, HISETAsR. R, R 2R AT oA NISZ-13 PRME A& BRI R A A

TR TR AR R SRER ) — 2 o A TR0 B0 TR R & B SR BRI 2 SR A R T AL, e — R R R TR A
AT A S I ZE AT TR NISZ-13 P RRAI U il R & 5 A 77 7 FH B4 S A

1 MrE 7

1.1 #H

111 R IEFEZERIAT R NISZ-13 Bbk B e ARl R A AR P B SE I = 4R Mk

112 fHREEFRIE  NISZ-13 WP FH55e5E: AR 109-L"Y, AR S5o-L", Aikii5gL”, pHIE 7.2~74,
1.2 A%

1.2.1 NJISZ-13 Wikt &1k KSC s (RAFRY NISZ-13 IR RIRHI IR E e 50 b, FRIEIRES R4 28°ClEIR
B3t 24 h R

122 FFReH & B—EEEH) NISZ-13 A TREA 40 mL Fh-FR737550 100 mL = fjfi, 28C.
200 r-min™ &0 FIRRIRGHE 24 h,

123 LB AL i S%IHER R NISZ-13 TP FIRBERREIAT 40 mL K RERE 3L 100 mL = £
HEHL, 7E28°C. 200 r-mint BSAE FIRFEIRGREE 24 ho TR 2R . Be3Rh IE A Ao A & 1 S A1

AR
NN O el N, 1 ks HELF
124 NISZ-13 KBEREE I HEEEIE R Table 2 B T il

MRG0, i By

125 FHabksmAfma %% 4 FAREESSEE (I 1 EAM0gLY, FHRES5gLY, NaCl5g-L*, pH7.2

2 1), 1% NISZ-13 BkEIEARRIH LR Fe st th gt 2 EEAM109LTY, EEREF59-LT, NaCl10g-L?, pH7.2
M By y TN 3 W&ME109-LY, BAM10g-LT, NaHPO,2g-L™", NaH,PO
PR, 435I E NISZ-13 Bk & IR TR A 4L Zg{-ﬁL‘l, Ngmg_L_l’ o 09 aHPO, 2 g aH;PO,
126 HEERE 4 FKE10g-L7, EEME5gLT, CaCOs3g-L", pH7.0

(1) BRIEFP2E S HR B i it

Sy SRR RE . FORKS . ZEZR0E . nIIATETERY . ERE . HEREER RIS SR O BRIE (C )
VIAHN C JER SRR FRE IR (CK) |, HAMARESAAE, BT ARE, S0EE 3K, RAETH AL
N E AN C AR TE IR, Tkt C U, FEik it C IR AEat |, 7EMH S FIXE 0.4%,
0.6%, 0.8%, 1.0%, 1.2%, 1.4%Rll 4, 6, 8, 10, 12, 14 g-L6 FRREE C IRAUREF R TIL LI, LI
B EE C KT,

(2) RIFFPZE S HR B i it

1E C IR |, /S ENEAN. FRE . IRE. Wi, KEEAK. RETE . B
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PR RIEREFRE P AR (NJE) , DU N JEREEFRER R (CK) |, HAMARERIAAE, Tk,
TALPFES 3 K. FVERE TGS THEANE N IRA R TE AL, et N U, ZE0E e N URAYESAE I,
TEARIE S T i%E 0.4%, 0.6%, 0.8%, 1.0%, 1.2%, 1.4%F[4, 6, 8, 10, 12, 14 g-L™ 6 FhAEIMESE N K
FrFR R T AR I, AR thaRe e N R

(3) FHEMLERFNZE I R B I i

16 C B, N EMRALBIZEERE |, 43370 0.6%H ZnSO,, NaCl, CaCl,, MnSO,, MgSO,, KCI {o¥kkst:
FEEP AL, DURITEAEL AR A I (CK) |, HAt kS EAE , SRS 31K, RAER T
Bkt EARN AL & B TR AL, i O . TR R TR AR b, FEAH R S T R AE
KEITTETHERANKEE (0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7% K12, 3, 4, 5, 6, 7g-L™") KEEEPHE
WAL, it M EE TR IR

127 KRERFEERREHRA  FHRERINRE R C I
KEESERAEZR R RS2 C Ih 50 EEHBHEESKT

oIy, BN oA REEARR, mELHESh CaCly. Table 2 Factors and levels of orthogonal test
AEEPERERY (A) L REEFMK (B) Ml CaCly (C) =4k Lo(3Y) o s Bi e
Bt ESSRRIIE 2 5K, W% 2. HIESRiiT, 76 28, - = -

200 r-min™, pH 7.2 fZHF THRGHESE 24 h, LUREBRRIIETHECY 2 10 12

ALTEbR, LRI &R R EEEL, e BRI AN . 3 8 10

128 #MAB AR FEFRROMAIERE -, SRR R TERE . V145 pH . ERhE . 2 E Tk
fbo BARIANE 3 IKER, T MARIRGRIE SRS, TN T A TR TR AL

REHRE B NISZ-13 FREHERN G 43 HI7E 25, 28, 31, 34, 37 CEM TR AR ; %144 pH: H HCI Fil NaOH
TR FEERIAG pH (5 )k 65, 7.0, 7.5, 8.0, 85; HfhiE: I NISZ-13 WHRILIRIAT I Eor 54k 1%,
2%, 3%, 4%, S%HYIEFNEPEATHRD; 2EWIE: ¥ NISZ-13 Wbk HIHEFh BFLAR 340 10%, 20%, 30%,
40%, 50%FEf AT FEEH (1 100 mL =i mEE NBEA 10, 20, 30, 40, 50 mL ¥5553E ) #RHARE.
129 BEHFHATE NISZ-13 £ KAWL BSOS SRR I TR T R i h, 2522 i
Bio Screener 4x H iAW K i 447X FP-1100-C 4HEIKE 2 h 2 & FER A BRI 64 Y 25 ODegoo
1B, 2t ih 2.

2 HXR5p

2.1 EAHLEEIESER

B 10, IR ZERAT R R R NISZ-13 Rh B ARG 5 E M TR IR gE , AR RS &
BRI AR I ZE R B (P<0.05) , Ht, 1515 3 SE3asb A Rai - ISR ZEAT IR P AR NJISZ-13 (97
R MR BEES (P>0.05) , {HAR NISZ-13 16 3 S iR T, ORI IR L
B, 710,00 10° cfu-mL™, 1SR A IR L TR T B 9.27 x 10° cfu-mL™?, 2 51 4 54535
SLAPT ARV TR AR TR AR S 15 . 3 S HHEL B FEAR, b, 4 Sa3st R R B ) BT AR N TR TR
4 6.97 x 10° cfu-mL™. BLL, 4% 3 SRS MR ZERUAT IR P bR NISZ-13 SRR A BB Rt 355
22 EFEMUHRERRAE
221 3R CIEEMN  HE 2975, A C UM ZFRIFT A NISZ-13 WTE AR, Horr,
DIRIE R 252 C URRY, BN IARBRIR R B IR B R (B, 9 16.17 x 10° cfu-mL™, H4x C JEXHEH
BB  RBIMRUCH TRy . TR . RN HERREAIEIERE, CK AR, 4 7.93x 10° cfumL™. 54h,
WRUE N, WEFEZERIFF T NISZ-13 X HEM A & TSR s, B DL nl i Ml W Ve A A 2T A
NJSZ-13 #hjt A& Bk R 5E0) C R,
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12 20 r
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IETE AL/ (%108 cfu-mL1)
(=2}
TP (%10 8 cfu-mL1)

WeR

H: B EARNE RN EREE (P<0.05) , TH.
A1 RRRFAEAT AR NISZ-13 LA FA KT Hm B2 KF CREFATARNISZ- I3 FH LT 0
Figure 1  Effect of different culture media on viable count of strain Figure 2 Effect of different carbon source in culture medium on

NJSZ-13 in fermentation broth viable count of strain NJSZ-13 in fermentation broth

222 CHERENFE & 305, FE—aRETEHEN, WHEZERATRE NISZ-13 SRR A R rE e A &
Rl D PSRy B O BE I8, 4 T By A BE R INEY 10 - L7t B, AN PARBUR IR P TR TR B R B
Bl 0 16.80 x 10° cfu-mL™ . M4k EERIE 10 g-L B, Bl A NI ARG IR b A T TR A ki 2 D
A, LIRS 8, 10, 12 g-L™aX 3 AMNKREEVE M IEAS IR C I EER) =ANKF .

20 30 r
L a a
18 ab 25 r
~ 16 f b S
2 E 20 |
E 14 [ £
=} | S
2 12 ] o 15 b
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X gl < 10}
% )
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i w1 5 F
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TR (gL R
B3 ARRETEMEARNISZ- 13 FA4Fe B4 TR NRZRIAEHRNISZ-13 FBHF 0
R R
Figure 3 Effect of different concentrations of soluble starch in culture Figure 4  Effect of different nitrogen source in culture medium on viable
medium on viable count of strain NJSZ-13 in fermentation broth count of strain NJSZ-13 in fermentation broth

223 BRAENESMA bl 405, R NISZ-13 LIAEIRY N ECAERFREE R, % Bl
RS (P<0.05) o M, UIKGEAMKMEASS— N IFERNEEEETA, #17.3%x10° cfumL?, H
AR N EDRT B PR AR AR TSR e i R BV MRUCH TR TRy . BeRbE . AR, FRIRE . CK. GREA
ﬁi%, Hp, REEAR. ITORETH . Btk BRI, FRIRERAPLN B, GERERETHL N . WSEE
ZERAAR N, WEEEZFAUAFR NISZ-13 MR ZEeA LR B A ALt i o TEHUAR AR, A5 TEHLRNE A B— N R
A B BB R VR TR AL S LRI N R CKOBAIR . AL N JEM A 8, AR FURRAIE T N R,
WALE T CUAITEHLER , i TEHL N JEE0 B s AR RS Kbt FL AL B — o AT , R S B A R A e 2P AP 7T NS Z-13
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AL R R N IR

224 NIRWREHFE W 5 A, KOE B RR B BERE ZEAAT A NJSZ-13 Wi R 52 .2 ( P<0.05 ).
TE—EWREEEHEIN, NISZ-13 BAALARFRA IR 0 P ACE RIS K 228 AR BRI i s, 4 RSB AR
WREH 12 g-L I, SRR B OV PR EA BB EL, o 24.77 x 10° cfu-mL™. 4k 12 gL B,
Bl R G R B BE I, BT T b YR TR R ik B8l BLAagESE 10, 12, 14 9L X 3 MK
FEVE A IEASIRE: N YRR EER) = AN KF

225 FExFEALHEAMmA  BHIE 6 BI5, TEHERFIZOT IR ZERIAT P NISZ-13 SRR B BRI TR B 3
Wi (P<0.05) , LA CaCly AFEHLERRT, NJISZ-13 XHIEHLEL A FEclT, SR L B TR P AR B R
{H, 4 26.67x10° cfu-mL™, L. ZnSO,, MnSO,, MgSO, AICHLERRS, BANIIAFR A BRI TR TR H0R ¥ /N T AN
TEHLEREIRTIEZE . BRI, 35643 CaCl, VR MESHE ZFHIAF T NISZ-13 $H A TG Fe AL 0 JopLE:

30 0 r a
a
% 25t b o ST
| 4
£ ¢ £ 2
S 20 3
= d > 15
x 15t X
= e R I
g0 | = Y
5 -
5 L
O 1 1 0
) s o o 12 *’\Eﬁmc\ ZnS0, CaCl, MnSO, MgSO,KCI NaCl CK
gt -
KEEAWR(9-LY) Tetlih

B 5 FEREXZZAOMATEHR NISZ-13 FH4  H6 AL LS A NISZ-13 TR K Z R
B WA Figure 6 Effect of inorganic salt types in culture medium on viable count
Figure 5 Effect of different concentrations of soy peptone in culture of strain NJSZ-13 in fermentation broth

medium on viable count of strain NJSZ-13 in fermentation broth

226 FEAHLEHKEHFHE  AREIKRE CaCly, Xf ik 35
NJSZ-13 JETHEL R 52 WL 7,

HHIE 7 BT, IR s ISR B CaCly X i
FEZEFIFF IR AR NISZ-13 & TR E a2 2 (P<0.05 ) ,
FR AP IR NG CaCl, ik R, TAPR NISZ-13 TEL TR
WA KSR, X CaCl, BRI BT, BApi iRk I

IEE /(%108 cfu-mL1)
&

WP B ST R, 7E CaCLik/EHh 6 g L H# 7 9L 10
B, BNARRA R P RE RS EZ B A RS EER S5t
(P>0.05), {HAMREEFE 7 g-L ™ BHAOTR A SR i, 4y 28.4 0

x 108 cfu-mL™, [, #%3%5, 6, 79-L1 X 3 NMKEER

. o . CaCl,/(g-L™Y)
IEAZIRGRH CaCly W EER) =AN K P,

23 BFEEZMUILE B 7 ZRIRE CaCly*t HAk NISZ-13 FH 44 F
HIE 8 T, HE3RdE C RATIE R . N A E REAL

B E MR L IEHLEL CaCly A )ik BEHL X i Bk NJSZ-13 i Figure 7 Effect of different concentration of CaCl, in culture medium

B A RS2 (P<0.05) TE 35 R 2 3 1ot on viable count of strain NJSZ-13 in fermentation broth

P25 HTal (3 3 ), N IR R L8R 1 BROG MERE 25 ST I NUSZ-13 B R AR IR B0 B 336 T 5 B S e K
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HWETHE: CaCl,, C JERIEMERy, MMIAA N 4 %3 EXHBRSE

EREFER A,B,C,, HL AR % U v B TR TR A 37.00 — ATables BOrthogonacI: test ejr';:d %z;(t:macfu.mu)
x 108 cfu-mL™. P, i AR ZEFAF I NIOSZ-13 Bl 1 2 2 3 18.60

W RO AR 10 gL, KEEA gL, 2 8 ¢ 2 i
CaCl,6 g-L%, 4 2 1 2 37.00

2.4 FENRFRAGAL c 1 2 i

241 KBERAMGA ORI, ARBRE FRLE T % L3 e

BRI AL ARFUER ZERIATE NISZ-13 WM EEREE o 2 3 1 19.93

26.11 33.49 26.67

(P<0.05) , 7E 28°CHI MM EI L RAR i R SRR FRR) R o e1s  aits 2ves
A, 4 35.80x 10° cfu-mL™, iR EEkT 28°CHY, Bl Kz 2238 1700 2011
TLEERIRAIN, KR A AR SR SR>, fe R 273 1649 778

2

it 34 CLUG, AAABNE SR AR 28 CHFRESRE/D TR, BEHHEREZF AT i NISZ-13 B0 B SR
AT 34T, HglEHiFFinEHh 28C.

45 ¢ . 40
~ 40 } a 35
4035 f b T
£ b R
230 c 3 25
w 25 F d d S
e © 20
S|4 e S
X X 15
= 15 %
0L & 10
"
2 5 | 5
0 0
1 2 3 4 5 6 7 8 9 25 28 31 34 37
Jr i/ C

B8 EREMIZFIAERNISZ- 13 FHAENFH B 9 TRABREMNEAK NISZ-13 FHHEW "
Figure 8 Effect of orthogonal groups of medium on viable count of Figure 9 Effect of different fermentation temperature on viable count

strain NJSZ-13 in fermentation broth of strain NJSZ-13 in fermentation broth

242 KEE#E pH A BB 10 BRI, BEREAIAS pH 7E 6.5 ~ 8.5, BEREZFEUAT IR TR NISZ-13 B4R F]
KRR SHEERDE (P<0.05) , 1EREHIES pH 7.5 NEAAARUA R b ST s, HIR RS
37.67 x 10% cfu-mL?, {HJE: pH 7E 8.0 ~ 8.5 B}, Pbk NISZ-13 BN AFUA T h IR A B ARG 5, (HIRTH
BB R R BT, SRR SEFAT TR MR NJUSZ-13 X pH 38 7 7 Fel4s 58 HL 3 {1t Ss PRk AR T3R8, Rk,
PR pH 7.5 JTRkk NISZ-13 Fif & e e 014G pH fH.

243 KEBEMHEHMA  BE 11 R, NEREERES KRR E WA BEER (P<0.05) , fEH#
PR 1% 2%0F, XFTERE NISZ-13 BRI IAF & B H AR T EL B A B0, (HJRTE 2% i s ik
TR TR P TSR IR BB Al , b 3.81x10° cfu-mL™, #FhE LT 2%, BRI A AT A
FE P TR TR SR R IR, TGS 2% i & TR i e b 2

244 KREEREOMRMN BIE 12 2, KRR NISZ-13 G R AR 2 22 53 (P<0.05) , 7£
RiFRIhy 20% 003, BB IR TR TR R R T HA IS R TR A AL, AR R
3413 x 10° cfu-mL™, 3& gkid 3000k}, FlFR B AN AR R IR b B0 A A R IR (HR%
BB E R A IS BITEA R, 58 30%VE AR A BRI S AE2E T =
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45 ¢
a 45 ¢ a
40 r a0 b 8
¥ 35t c be P o b
'_El c o 35 c d
L 1S
£ E oot
S 25 S 25t
\% 20 g 20 F
= 15f = 15}
& L L
b 10 tg 1.0
5 F 705
0 1 1 1 1 ] O 1 1 1 1 )
6.5 7.0 7.5 8.0 8.5 1% 2% 3% 4% 5%
pH AR

B 10 FREREE pHATEMNISZ-13 Ff 4 Fe%n B 11 TREA EXTEAK NISZ-13 A e #oh
Figure 10 Effect of different initial pH of fermentation on viable count Figure 11  Effect of different inoculum size on viable count of

of strain NJSZ-13 in fermentation broth strain NJSZ-13 in fermentation broth

2.5 NJISZ-13 EFEMUBIENE K& SERBEXILE

\ - o R 4 E¥E NISZ-13 B A B AT G EE R E
MIE 13 ﬂ‘u‘ﬁﬂj ’ E 0 4 h, mﬁﬁf‘ﬂai@ﬂ:ﬁ NJSZ-13 Table 4 The viable count before and aftelr:optimization of
ReTIEZEM . 16 4 h UGG BENTEEON , (H2AEH8800m], culture :
NJSZ-13 Ptk Ptk Ptk e

M FRALATI B IERN 3 SR HR IR0 g a0 o Toom0 sl 2108060

4 ~ 24 h, RACERREFREREFRIGEON A 4 ~ 30 h, HHELMLAL
BTSN T 6 h, EARHIAEX M BEI T AR08, 7630 h DUGAEENFRE M. MERMALER
RS R FR M TR A T, 24 h JGHEUERREIRAG , Dotk o SRR & TR Hh B3R P 4 2 P HME R 4.10 x
10° cfu-mL™, JRFIALIEFEEN 4.1 5 (£ 4) .

45 r o
16 e I AL
40 | 1a | A=
2 35 ¢
| 12 -
E 30
2
S 25y | ﬂ“‘\\uﬂ»
o
z 20 :
E 15 |
E 1.0 B
05 f
O 1 1 1 1 ) ) ,
10% 20% 30% 40% 50% 100 150 200
By Bt E)/h
B 12 AR RZFA AR NISZ-13 /& B AR A B 13 NJSZ-13 Eikey A K £
Figure 12  Effect of different liquid volume on viable count of strain NJSZ-13 Figure 13  The growth curve of NJSZ-13 strain

in fermentation broth

3 Zwhit

3.1 i
ARG T B R Z RIS T Y T M RE SRR IR NISZ-13 Rk 3L C IE - AnT ARy, 0l N R
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KREEAM, RELHEEHA CaCly, W HIERSIRIRTIE TR R vl 10 gL', KEEAMR
14 g-L*, CaCl, 6 g-L™'. FEMIERE L, PARFUIARE T meactt: LR, 28°C, KEEVIL pH (B0
7.5, HERER 2%, FEEY 30%. UGS RS EE RIS TR L . IE K T AR RO TR
SRR N BRI T RN, SRR IR P AOTR TR A B Y 4.10 x 10° cfu-mL™, R AR 37
TCERPABURTRZCR 4.1 £,

3.2 itig

Xt FAE T AEF= p B &0 R A TR, 385 B A B SR T AL LR B A R S B
B BT 23 H SRS, ZERFF IR &R R IR S Z MR 5 (BB AR K
oy WRERR RS ) RO . FE Tl LA =, TR RS A A KA — A BN E, RS
M B A A AR AT S e B A4, TELRE TR vl LA A s PR 27 2R I v PR, (BT e i v e S 2
TR KB S PR TR 3G RE AR R S A BT R e E K . SR IR R AR = ) F AR 2
K5 BEREIERN ST LU P AT NAE RSSO, ARl I, (R R RS Syl e FRIH RELR, 1A
RE TV A b, IR RR A KAZERIATE R . R S P AT SR 0 o L e T i e 40 45 1
Ak,

h T IRER AR, WS 2R BRI TG kR 2 SRR, N B 2 AT 3 EIBT TG fA R T i
ARAS I PARE 28 U B R E M B ZE AP R T RS, RS AR R B S A b B 1 SRR R R I Y
Ak, HHiA R 2 S E AR B 7 ik F AR T2, AR, ka0 R 2
FFEE ( B. subtilis ) CS27 il &% St AT AL Jo B AR & It b i 4 A iy sk ik 31 1.75 x 10° cfu-mL™, T~
S R A b R 2R FAT I BQ-4 RIRERE SR AL Ja B AR AR R I P O AN i A 1R B 2.936 x 10°
cfu-mL™. ARG e H A ERE SEFIAT I NJUSZ-13 E&RIFSE T XM A R dUgUR_ ™ S T % bk T
PR, SRETHARI RN, IHATEVRIT T R ESHt . BEREZERAF T NISZ-13 SRR RRL B b 3%
RACERR 1752 B SR EIRAL, SIMNERRESM (R, SRS WRETERNE., Tl
ZERIFFER NISZ-13 RUPREE HUAE KGR A B0, I IE KRR 1, DGR i S B S I P B T i
X R SRR L R S AT T Ak . ASIREE S i i 3 D SRR I e s R R IR . SURAIEHLER . BRI A
ZWFEZARPIERREEA T, FEGERETRER TR T, B 7T iRg s, 40 7 R, Al o2 AR 200
it G kA B B bR 2R AT STW-2 Fil STW-64  HE4T % % 45 1 Do Ak A T B8 S PU SO fig e 5 2F f0 AP T B
amyloliquefaciens GZ-5 %51 LL ODeoo MAZEL, ASCLLANARUA B AT AL I I SH A
B P B R RR

SE R
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