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Optimization of Solid-state Fermentation Conditions of Bacillus methyltrophicus
BMF 04 and Its Effect on the Growth of Cucumber Seedlings

CHEN Xinyuan, CHEN Ru, WU Haixia, MA Guizhen*, BAO Zenghai
(School of Marine and Fisheries, Jiangsu Ocean University, Lianyungang 222005, China )

Abstract: Bacillus methylotrophicus BMF 04 is an excellent antibacterial strain with strong antagonism against a
variety of plant pathogenic fungi isolated and purified from the Lianyungang Sea. To further develop the application
of this strain, , using the total number of bacteria and budding cell rate as indicators, the solid-state fermentation
medium formulation and fermentation conditions were optimized by designing single-factor and response surface
tests, and the effect of the fermentate on the growth of cucumber seedlings was determined by indoor potting
experiments. The optimized solid-state fermentation medium formulation of BMF 04 strain was 92.5% soybean
meal, 6.7% bran, 0.6% ammonium nitrate, 0.2% sodium chloride. The optimal fermentation conditions were pH 7,
temperature 32 ‘C, inoculation amount 15% (concentration 108 cells/mL), feed-water ratio 1: 1 and culture time 68 h.
After optimization, the total bacteria amount could reach 6.61 X 10" cells/g, and the budding cell rate was 90.7%.
When the fermentation was mixed with soil at 1:250 mass ratios, it significantly improved the height, stem
thickness, fresh weight and number of root whiskers of cucumber seedlings, indicating the fermentation had an
obvious effect on the growth of cucumber seedlings.
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F 3 9270 2 KT 14 Bacillus methyltrophicus & 2010 E4RIE OB R, BRIILARE = 2 REE . X 4b
GRS IR 10 22 PO R T5 Y 00 35 5 S5, iRl 22 i FH T AR AT ) Vi 22 23 AR [l S 855 v
IF BT RN Z AN 2 MR A R UFRIBE ROCR I R A A AR T R H S IR 2E AT R o SRAR A A2
HEUO D H 5 SR 20 18 256 7 i L5 5 8 Alternaria solani SRR I AT B0 300 BR800 R ey
FERZEMFF T G-5. BRmaRira TR 2 S0 2020 55 I 0G TIOR3 IS0 M s —F 198 43 185 )45 68 G TR 259 1
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1 MRIERZE
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1.4 HE SRR E
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BREEARRE, SR MER T AR LT 0 e R A AN B R, R 48 R e kU T 2
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Table 1 Formulation of different solid-state fermentation media

T No. B 723 4> Medium composition #L7K E Material water ratio

1 K1 94.4%, EKEZ 3.8%, HiAHE 1.8% 1:1

2 KK 28.3%, EKFZ 65.9%, Hi%iNE 4.7%, FHEREL 1.1% 1:1.5
3 KRB T4%, FE5HY 18.3%, HIZIHE 4.5%, HEEK 1.8%, HIRE 1.4%, BER & 1% 1:14
4 HIBE 70.6%, EkBZ 28.1%, BRREL 1.3% 1:1.5
5 HRIZ 80.9%, A1 18.1%, &ALEN 1% 1:18
6 GH1 85.3%, HI%HE 14.7% 1:0.4
7 GH197.2%, EKIE 2.8% 1:0.8
8 FKK 97.9%, BREREE 2.1% 1:0.4

Ve WG BTA [ AR AR R 20 H 57

Note: All solid substrates used in the test have been crushed to 20 mesh sieve.

W4 05 308 H PRI VB AL B TR I B 2% 4% 6% 8% 10%; ZIBILE IR AL TR 0.4%. 0.8%. 1.2%. 1.6%.
2%; THLERIEEFRIE TR 0.1% 0.2% 0.3%. 0.4%. 0.5%, 23BN BIFEREEFRE, AERP D 2806 H
Moy Ko [ e AN, LIRS IR X I, AEIE R R TSk A N i, RO — N, RS AR
Rl 3 A 3 KR, W AN H)i s LURR YR . SR TEH LR R e I A B BRI 2E R, e R 08
TEHLER (s i L
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i3k Design-Expert 8.0.6 %1, F|H Box-Behnken B il J#H, LLAN B S HOmNAE, DURIESE (A) « A
Boa (B« B G = (O AR, SHTmNINRE, WE ARG K YT BMF 04 B bk 141 #
EECRIZERR, AT AN R 2RI ZKP 6 Bk BME 04 [i] 25 5 e ¥ 5 mi S L W 25
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RIEFAIATIA . RIS THACAAE 1.3 WIERSAE TR, HeftfahE 4 h BORE—IK, WE e A R IS
H); REEEEEW A 24 C. 28 C. 32 C. 36 C. 40 ‘C; KKK A 1:0.7. 1:1. 1:1.3:. 1:1.6. 1:1.9;
PR BN TR 5% 10% 15%~ 20%-~ 25%; AN[FFILE pH W 5+ 6+ 7+ 8+ 9, VAWIUG RKIES AN 5
fith, &R RZWPLAIILE T — R B PERE LT, B A RS R R 4l e e B % 2R .
ANRBESE N — A H, R AEHE 3 KER .

1.7 fibEEFERAMEZBREENAR DK FR~E

W5 BIPE BMFE 04 43 3680 2 Ll 5 52 FE AL 5 i 37 56, 23 A Ak B A AL i (0 S A 3047 e %,
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Fig. 1 Fermentation of BMF 04 in different solid-state fermentation media
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1: JEHE Sucrose; 2: JEH) Starch; 3: %K% Bran; 4: TKK) Corn flour; 5: #i%5H¥ Glucose; 6: T Kits Corncob; 7: FHE Mushroom bran; 8: FH5%
¥ Rice hull flour; 9: KM Rice bran
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Fig. 2 Effect of different carbon sources on solid state fermentation of BMF 04 strain

2w REARMERCENH T LA IR R B A S EUs, h 2.66X 10" 41 i/g, &3
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Effect of carbon source concentration on solid state fermentation of BMF 04 strain
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Fig. 4 Effect of different nitrogen sources on solid state fermentation of BMF 04 strain
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Fig. 5 Effect of nitrogen source concentration on solid state fermentation of BMF 04 strain
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(IR ) P<<0.0001, “RIUTRF) PAE N 0.55, FERLRIAM 2, RRUGI AR, SLIIA KR Zx
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Fig. 6 Effect of different inorganic salts on solid state fermentation of strain BMF 04
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Fig.7 Effect of inorganic salt concentration on solid state fermentation of strain BMF 04

R 2 EH BMF 04 EFEMMEEZITRIAEER

Table 2 Response surface design and test results of culture medium optimization of strain BMF 04

5 A% Factors EHIEPEY
No. AT A BRI C:TeHL 4 it Total number of bacteria
Carbon source concentration (%)  Nitrogen source concentration (%) Inorganic salt concentration (%) (10 cells/g)
1 -1 (5.00) 1 (0.90) 0(0.20) 2.87£0.13
2 1(9.00) 0(0.70) 1(0.30) 2.78+0.09
3 -1 0 1 2.93+0.14
4 0(7.00) 1 1 2.6310.12
5 -1 -1(0.50) 0 3.07+ 0.16
6 0 0 0 3.2340.12
7 -1 0 -1(0.10) 2.9340.08
8 0 0 0 3.27£0.14
9 1 -1 0 3.04£0.11
10 1 1 0 2.6910.1
11 0 0 0 3.234+0.15
12 0 -1 1 2.92+0.05
13 0 0 0 3.22£0.09
14 0 0 0 3.23£0.11
15 0 1 -1 2.63+0.07
16 0 -1 -1 2.94+0.09

17 1 0 -1 2.80+0.13
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WIGEE R TIBAN, Bz . [FIHT R E R R=0.9890, Hili% 77 i 59l mi il A4t AR P
FOO A B AR M AINARIR], U > BB > TOHLER, i SRR 8 DR 36 2 TR (A8 AR Ak o
I EORARL A B 6.7%, RS 0.6%, SALEN 0.2%, 4B SETINE A 3.27 X 10" 4iffl/g (F2) .

Shy 56 E i N TR P TSRV, SR 1.3 (RIS PEREAT IR RES, SRR Ak 5 IR R IE4 3 41P4 TR
B, WA AN S 331X 10" MY/, ZEMER N 90%, STRHE 3.27 X 10" 4iiy/g 2 RANEE
(P<0.05) , TRI &G E RPN E PR, BB pb 48 AT 2%, 15 BRI & nT 18 A B PR 4
B IR (R 3) .

®3 EEAFEMAESN

Table 3 Analysis of variance for the regression model

T3 2RV Rl H 77 F P
Sources of variance Sum of squares Degree of freedom Mean square
B Model 0.76 9 0.08 241.31 <<0.0001%**
A 0.03 1 0.03 85.93 <<0.0001**
B 0.17 1 0.17 473.29 <<0.0001**
C 0.0002 1 0.0002 0.57 0.4739
AB 0.01 1 0.01 16.1 0.0051*
AC 1.00E-04 1 1.00E-04 0.29 0.6092
BC 1.00E-04 1 1.00E-04 0.29 0.6092
A’ 0.06 1 0.06 171.42 <<0.0001%**
B’ 0.17 1 0.17 478.58 <<0.0001%**
c? 0.28 1 0.28 794.65 <<0.0001%**
5 7% Residual 0.002 7 0.0003
RAIF Lack of fit 0.001 3 0.0003 0.81 0.55
4l 75 Pure error 0.002 4 0.0004
&M Total 0.76 16

He HEFNRERE, *EFAEE.

Note: ** is extremely significant; * is significant.

2.2 E#k BMF 04 E7S & B &ML

221 kEBEEE B AL BE B AL 8~44 hitf, NEEECPGERIN, 44 h NIEBECN 3.4X 10" /e
AP, G E R B N, HEARUE, 72 h MRS BOTEE FEEN 3.32X 10" 4 fil/g, HEAGER
. 36 h INTFEATE R A, 44 h 2P badi i s, 44~68 h I 2R i 3% K &8 92%, PRiA kAL
FERZEMUAT I BMF 04 [8 A K B2 TR 4 68 h (& 8)

222 KEEEAMERLBEHTE  ORBALEXTRER BMF 04 41 BRI 25 MR A7 B 5%, I 32 C

——— 4l K141 Total number of bacteria — —B— — ZiEffil % Spore production rate
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JZ IR [A) Fermentation time (h)

[E 8 E#k BMF 04 [E75 & B2 Y AT 4 #h 4%

Fig.8 Time effect curve of solid state fermentation of strain BMF 04
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I, AN ER . 416X 10" 4ifil/g, W T HMANEE (P<<0.05) , WE R TEALT 32 CI, 4
BB N . SR ZEMR SN, ST 28 CHF, ZEMRAREI N, IbiERE 32 CAHE N
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Fig. 9 Effect of fermentation temperature on solid state fermentation of strain BMF 04

223 KKWATEALBHEE YRKEY 11, 9@ 85 R 2w T HALALTE (P<0.05) , b 4.13X
10" /g, HMFEN 89.7%, KLKHAR TEGE T 1:1 N, 4 S8y B35 F M. Pk, Btk BMF 04 [ 2
KR FERERIK N 1:1 (B 10) &
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Fig. 10 Effect of feed water ratio on solid state fermentation of strain BMF 04

224 BEMEMESKBEHDW RS HRM, FEREX R BMF 04 75 K B 40 i ST 535 520
PR EA 15%IN, A0 M B T AL B, S 4.88 X 10" 4ififw/g: AP EALT 15%I5, 2
FIHARALE, Dk, P 15%1F 0 BMF 04 KR A& &k B i (-1 .
225 itk pH EATE AL BT R HKE, pH W HEK BMF 04 41 S 082, AN pH i
RPN B B e 3, TN 2RISR SN . pH AR 7 I, R a0 T B s,k 6.62X10%
MM/g, HFMIEEK 91.7%, pH i1 7 BUKT 7 B4R SEE 2w (B 12) o ik, BMF 04 BFEFZA
R FRIENI LG pH N 7.
23 U EIEFERANA RS HMEE SRS R HIA

Hikk BMF 04 [FIH Ak i R AL 5 (4 PEREAT R A5 1, Ak R 4N B30k 6.61 X 10" 4l /g, 2
AL HT RN BB 2.5 15, ZEIERIE 90.7%.
2.4 H# BMF 04 Bl A B B R4 EE KN

WK BMF 04 [ 25 5 BEE s A 0 FObR . 250 M L0 3o o L S AR B W B e, R
Y5 IR EBIRE, SN SR 1:250 I, #R4IERER N (100.134+3.15) mm, % CK $#25
39%; M LEFFEh (4.77+£0.21) g, B CK $#£5 50%, 22 S5AUREE: CK W B (P<0.05) (% 4) .
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Fig. 11 Effect of inoculation amount on solid state fermentation of strain BMF 04
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Fig. 12 Effect of initial pH value on solid state fermentation of BMF 04 strain
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Table 4 Effect of solid fermentation of BMF 04 strain on cucumber seedling growth

i idad 7 e EViil M - R AR AL
Mass ratio Plant height (mm) Stem diameter (mm) Fresh weight on the ground (g) Underground fresh weight (g) Number of roots (root)
1:100 73.23+1.99¢ 2.90+0.10 ¢ 297+021¢ 0.33+0.02d 47.67%£3.06 ¢
1:150 78.70+4.00 d 2.93+0.06 ¢ 3274023 ¢ 0.401+0.02 ¢ 52.671+4.62 ¢
1:200 88.001+2.26 ¢ 3.27+0.06 b 3.94+0.06 b 0.45+0.02 b 73.001+4.36 b
1:250 100.13+3.15a 3.601+0.10 a 477+£021 a 0.51+0.03 a 83.33+7.23a
1:300 94.93+2.44 b 3.4710.06 ab 4.66+t0.24a 0.481+0.02 ab 79.00£5.57 ab
CK 72.03£3.71¢ 2.9740.15¢ 3.18%0.26 ¢ 0.35£0.02d 48.33+321¢
3 it

N TS AR RS FE A S AT R BMF 04 KA b S80S 2F e e, 3R mnilie R, FRARAR = A,
AW G PR AR BB At ST i 7 T AR A s S e U™ & e, O IR A SE AT 1 BMF
04 [ K WER e A IR B 7 M. K 92.5%, BBk 6.7%, THIREL 0.6%, SALHN 0.2%. 18 i P IR 354
B 0 06 HY R IR 2 2R O 1R BMF 04 S fl RS0 pH 7, BLKLEE 1:1, #&BE 32 °C, KigRINt(A] 68 h,
PR RN 15% M 70K N 10 i/mL) , 7ESRAAE N, RIS EGE 6.61 X 10" 41 /g, 2
HIEF] 90.7%.

oAk Ja (s Rt vh By N TR, R IEE R S i B, AR T AR A K0 O A
AW BMF 04 FO40 B M3 BAR TR, 2R T25 P it or g5 R ], REREA 40 A misid )k, S5
BRI T A A K, SR MED AN iK™ R SRR AR s R B, TR T
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XL TR T A B R AR KT G BRI A ME & AW E TR, R A KR A R S A R
O, EEHFEENESHEEAEA, G ERE KRS 7R

20 TR 1) A K RN 25 M P JE B 52 B TE LR B RIELE L pH 2 R 21 i 420, A5t 45 ik BMF 04
RGN 32 °C, W BART R 2 S 5T ) P G 75 70 28 T B NCUS07 [ 25 R e A% 40 °C,
RIS ARG, RIAEREAR, R T BRI A, (T %R TIT R N s & eI )R L T2 e a2
R3E (K 2 R 2F MUFT B SHIS Sl R0 18] 144 h B4 ABFIUREN 15%, LT EAr%RmEY
(ISR S HUFF I L-S60 30% MR . AEVESEPSI WISt N H 2L JR AL SE AT 18 B-1 [ R etk pH
T, SRS R pH 7 AH 5.

SERAT AR ) MR, (AR S, R G L . B PRSP
VERY 2 HUFT B PHODB3S X34 i B B R AR AR R, Tt BT RR G X P b B85 743 S0 28.21% 4
22.59%; ARBUEPOSRE RN 2 AT B GBO3 MHAEAE KA MEHEEN, GBO3 AbERfIAZA MUK 5550 A EL
P2 31.19%, ZEK XA ECIR S 6.26% . A I A FH FHILE 72 74 28 A B BMF 04 [ & kK e 5 1 L)
1:250 i LIRS, 2R p bk s AR 2 T (P<<0.05) , BSR4 39%A1 50%, XT3
SRSt B A B AR, BAA)T R I RN T 5

B 2B 2 RIRL 2 IR B, R A2 7 BRI AR B B R A Vs e . S AESIREE /N A, B
BCAFEDIE FEBTE I TR, R JEW . BT, ARIS AU FUEE FR 81 2F AT BMF 04 [ 24 Kk
BEFREERUR IR AAT AT OUA LA B 3 RTS8 IO A2 5 TR EA T T 5T, A8 00 TR S BRTRR IR #6133 & R F )
IR A R — P

& % xx #f
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