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Optimization of fermentation medium formula and fermentation
conditions for enhancing the inhibitory activity of Bacillus velezensis
F-37 against Ralstonia solanacearum by response surface methodology

ZHANG lJiajia', CUI Wenyan!, SHU Huilin!, LUO Xiyan!, ZHANG Kaigqi!, HE Pengjie"!*

1 Guizhou University of Traditional Chinese Medicine, Guiyang 550025, Guizhou, China
2 Key Laboratory of Green Pesticide and Agricultural Bioengineering, Ministry of Education, Guizhou University,
Guiyang 550025, Guizhou, China

Abstract: [Background] The biocontrol bacterium Bacillus velezensis F-37 can effectively
inhibit the viability of the pathogenic bacterium Ralstonia solanacearum, which causes ginger
bacterial wilt. The response surface methodology (RSM) and quadratic general rotary design can
optimize the fermentation medium formula and fermentation conditions of the biocontrol bacterium
with a few tests. [Objective] To optimize the fermentation medium formula and fermentation
conditions of B. velezensis F-37, enhancing its inhibitory activity against R. sSolanacearum.
[Methods] With the antagonism effect as the indicator, single-factor experiments and RSM were
employed to optimize the fermentation medium formula for B. velezensis F-37. A quadratic
general rotary design was employed to optimize the fermentation conditions. The Oxford cup
method was employed to compare the antagonistic activity of sterile filtrates of strain F-37
against R. solanacearum before and after optimization. [Results] Wheat starch, yeast powder,
and potassium chloride were the most significant carbon source, nitrogen source, and inorganic
salt, respectively, for the antibacterial activity of F-37. The optimal medium formula was
composed of 14.9 g/L. wheat starch, 8.6 g/L yeast powder, and 7.8 g/L potassium chloride. The
best fermentation conditions were inoculum size of 1.0%, 27 °C, liquid volume of 78 mL/300 mL,
pH 7.8, rotation at 180 r/min, and fermentation for 3 days. Under these optimized conditions,
the inhibition rate of the sterile filtrate of F-37 against R solanacearum was 70.10%,
significantly higher than that (46.9%) before optimization, representing a 49.5% increase.
[Conclusion] The optimized medium and fermentation conditions significantly improved the
inhibitory activity of B. velezensis F-37 against R. solanacearum, providing a technical basis for
the development and application of biocontrol preparations for ginger bacterial wilt.

Keywords: response surface methodology; quadratic general rotary composite design; Bacillus
velezensis; fermentation medium formula; fermentation conditions
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1 DUEETZF4TE F-37 5 & # 55 RECEAVH]
FIHR A EWHCRE; B: REZCRE.
Figure 1 Inhibition effect of strain Bacillus
velezensis F-37 against Ralstonia solanacarum. A:
Front view; B: Back view.

EREES . H, DUNEZWER . BEERR X
AR 2 BIAE R — B . IR A TCHLER
PRI R F-37 JC PR T8 RO 75 4 575 1K EG TR A 000 TR 2R 43
MR 68.1% . 50.4% K% 59.6%, W3 E T H AL
AR . AR EHLER LA (F 2-4) H I,
Ay RN GENY . B REIR A AL N e
iR . SRR S R TCLER .
222 iR, SUBRMETHEHEREIRLE
B IR IR ZE R BoR , BRI /N e
g B A9 0 SR A A S M X6 TR Bk F-37 TG U
WFEPLIEYE R B, WE S R, BE
HIX 3 PP o B R n, X ARG 5T R FC A
B S EBE ETHE N AL, /N
TERTEN N R 15.0 g/L | BERER R A G AL B0 25
7.0 g/L B, X0 TR 2530055 61.3% . 62.7%
M 62.7%, WEmTHAIA , KT, &G

80
a
0ty &
C
@60—{- 4 % ‘T‘
P = de
o 30+ ‘} ! & & ¢
5 E
e 401
= 8
T E 301
=
= 20+¢
10 F
O o e e W B iy R
HIWTHT WIRTESEER S
S HERTHFTES & S
Seghs ey § F T
& AR 5 &

Carbon source

2 FERRRR VSRSt E F-37 HEiEY
BB ARG 5305 2 5 1 % (P<0.05).
INGE

Figure 2 Effect of different carbon sources on the
antagonistic activity of Bacillus velezensis F-37.
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differences (P<0.05). The same below.
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Figure 3 Effect of different nitrogen sources on
the antagonistic activity of Bacillus velezensis F-37.
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Figure 5 Effects of carbon source (A), nitrogen
source (B), and inorganic salt (C) concentrations on
the antagonistic activity of Bacillus velezensis F-37.
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Z 1 Box-Behnken RIGHITRER
Table 1 Box-Behnken design and corresponding

results
AL A/NETENT BREERHRR CEfLE WX
Treatment A Wheat B Yeast C Potassium Inhibition

starch (g/L) powder chloride rate (%)
(g/L) (g'L)
1 15.0 (0) 7.0 (0) 7.0 (0) 69.5
2 15.0 (0) 7.0 (0) 7.0 (0) 65.1
3 15.0 (0) 7.0 (0) 7.0 (0) 64.9
4 15.0 (0) 7.0 (0) 7.0 (0) 66.2
5 15.0 (0) 7.0 (0) 7.0 (0) 69.5
6 15.0 (0) 9.0 (1) 9.0 (1) 64.1
7 15.0 (0) 5.0(-1) 9.0(1) 40.6
8 15.0 (0) 9.0 (1) 5.0(-1) 68.6
9 15.0 (0) 5.0(-1) 5.0(-1) 50.8
10 17.0 (1) 7.0 (0) 9.0(1) 63.6
11 13.0(-1) 7.0(0) 9.0 (1) 52.8
12 17.0 (1) 7.0 (0) 5.0(-1) 58.6
13 13.0(-1) 7.0(0) 5.0(-1) 54.2
14 17.0 (1) 9.0 (1) 7.0 (0) 68.1
15 13.0(¢-1) 9.0(1 7.0 (0) 68.1
16 17.0 (1) 5.0(-1) 7.0 (0) 55.8
17 13.0(-1) 5.0(-1) 7.0 (0) 40.1

155 WEUH R 25 I 2K P I i BE
Values in parentheses denote the coded levels of experimental
factors.

Z 2 Box-Behnken RIEFET

variation, C.V.)=5%, St S5 HA 3 5 ik
WHE . LG DL B uidatn, Al LAHZA R il
W/INZEJERD | BB RS A B X TR 34 1 5
Wi, ARFEEEIR BN, — I A FI B DLk kI
C* (B MK IR T 0.01, I 7R 78 52 M 1 o
AT HA B FAT, ZHB AB K kW
A’ FI B Y 35 KSR T 0.05, % o 17 {2 H
FERTE S i A TR R O ETE 2 S N
0.05, W75 MR F A X6 e Al 7™ A= 38 25 52 )
AN, F AR IR /IN B BT A I DR 25X i) iy (L )
HEERE . NIRRT, 3 ANHEERW
F {EX/NA B>A>C, RIERBHFZm AR FIRH
W BRI A >/ N2 TE M > AL BT

K FH Design-Expert 12.0 45T FE KK Z
() () 28 EAE AT 40 8, DABIE SR X4 TR 8 1)
S, 454 3D i iy i A D R R R T
fie, DURRmNES SRR ZBPLR, KB
R YAZH. 3D wa by i an e 6 frs o Sk b
TR Rl /NAZ Ve Ry . T B35 b RS AL B 1
INESE LA E TR, NEER . B
MR R TAEAT, H 3D o i i &
P BEARXS F/NZZ vE by . SALBR A5 B A

Table 2 Analysis of variance for Box-Behnken experiment

KI5 VI H B ¥y F{E P1{H WEH
Source Sum of square ~ Degrees of freedom Mean square F value P value  Significant
1R Model 1 402.809 9 155.868 17.272 0.001 ok

A Wheat starch 119.351 1 119.351 13.226 0.008 ok

B Yeast powder 832.320 1 832.320 92.232 0.000 ok

C Potassium chloride 15.401 1 15.401 1.707 0.233

AB 61.623 1 61.623 6.829 0.035 *

AC 10.240 1 10.240 1.135 0.322

BC 8.122 1 8.122 0.900 0.374

A2 63.061 1 63.061 6.988 0.033 *

B2 111.457 1 111.457 12.351 0.010 *

c? 145.082 1 145.082 16.077 0.005 ok

5% % Residual 63.170 7 9.024

44 Lack of fit 42.018 3 14.006 2.649 0.185

1%2% Error 21.152 4 5.288

JE Al Cor. total 1 465.979 16

R=0.956 9, C.V.%=5. *: R W3&(P<0.05); **: 25k E3F(P<0.01).
R’=0.956 9, C.V.%=5. *: Significant difference (P<0.05); **: Extremely significant (P<0.01).
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Figure 6 Response surface plots of the interaction
effects of three factors on the antibacterial activity
against Ralstonia solanacearum.
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(G5 64.7%. 68.3%M 62.7%). ik, e
HA R 1.0% . AEPILG pH {0 8.0 fefERs
FEIFE 2 3 do
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Figure 7 Effects of different culture conditions on the antagonistic activity of Bacillus velezensis F-37.
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Table 3 Experimental design and results of ternary quadratic universal rotation combination

b3 s e pH MG
Treatment Temperature (°C) Liquid volume (mL) Inhibition rate (%)
1 31 (1) 100 (1) 9.00 (1) 60.1
2 31 (D) 100 (1) 7.00 (1) 48.4
3 31 (D) 60 (-1) 9.00 (1) 60.5
4 31 (1) 60 (—1) 7.00 (-1) 51.7
5 25(-1) 100 (1) 9.00 (1) 61.3
6 25 (-1 100 (1) 7.00 (1) 61.1
7 25(-1) 60 (—1) 9.00 (1) 64.8
8 25(-1) 60 (—1) 7.00 (1) 63.7
9 23 (—1.681 8) 80 (0) 8.00 (0) 56.8
10 33 (1.681 8) 80 (0) 8.00 (0) 63.3
11 28 (0) 46 (—1.681 8) 8.00 (0) 50.8
12 28 (0) 114 (1.681 8) 8.00 (0) 48.5
13 28 (0) 80 (0) 6.32 (—1.681 ) 52.8
14 28 (0) 80 (0) 9.68 (1.681 8) 0.0
15 28 (0) 80 (0) 8.00 (0) 64.9
16 28 (0) 80 (0) 8.00 (0) 64.7
17 28 (0) 80 (0) 8.00 (0) 63.6
18 28 (0) 80 (0) 8.00 (0) 63.4
19 28 (0) 80 (0) 8.00 (0) 60.3
20 28 (0) 80 (0) 8.00 (0) 61.3

55 N EE SRR 4 P Z K B G i B0E

Values in parentheses denote the coded levels of experimental factors.

Y=62.560 14—1.410 89X;—1.000 83X,—4.905 86X3+
2.037 79X:>-1.639 17X:>—9.859 28%5>+0.300 00X, %o+
2.400 00X;X:+0.250 00X%:Xs. J7 T /R (R 4),

B S HOT MR R0 BN HEF N . Wl is pH
(Xa)>THLHE (X0)>HE (X)L pH (Xa) 4 &
PR AV AT 3 1 LA A 3 S R (P<0.001), 1T ¢
Wi Xo AR IK 0 E PR {E (P>0.05),
252 AEBEFHMUESEIE

pH Z R MR F-37 KB CHE N R 2 —,
e N B T G IS Y i B 1 L O
GERPENZR 5. 1E 5% EEKET, YLK
TR ZE R 1 56.1% 0 [ (A B, 457228 5 ) 2 fich X
(B X ] 43 51 2 —0.711-0.056 . —0.432—0.286 Fil
—0.591--0.256, BISEALACIEE Ry KB
25.9-28.2 °C, Z£ it 71.4-85.7 mL/300 mL .pH

7.4-83, W% EHEMERE, WA BRI S
R RERE 27 °C. W 78 mL/300 mL .
pH 7.8, £ 3 AT IR, WIS FK F-37 T
B USROG A 57 7R BB PR R %M (70.10£0.07)%
(K 8), HIEFHISIH 70.7%, 51040 T il 1% 55
3£ (46.9%) % LB 5532 FE B 2R (25.9%) M L,
P TR 5 4R v, R T AR AT U e A T
M

3 Wik

UCAER, Rl A 2RI AR AR A TR
RGO SR P R . ]
BAGRL AB iR s — e R AR, H
PTG e . IR A2 PSR I, L
SZEN TR . VUSRI 2F AT TR O B Iz B
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Table 4 Analysis of variance for quadratic general rotary composite design

P/ SR FI B2 ¥5 F1H P1H
Source Sum of square Degrees of freedom Mean square F value P value
X1 temperature 15325211 1 1532.5211 7.905 8 0.018 4
X2 liquid volume 771.143 8 1 771.143 8 3978 1 0.074 1
Xs pH 18 528.908 2 1 18 528.908 2 95.585 4 0.000 1
Xi? 3373.5719 1 3373.5719 17.403 3 0.001 9
Xz? 2 182.813 6 1 2 182.813 6 11.260 5 0.007 3
X3? 18 969.918 2 1 18 969.918 2 407.383 5 0.000 1
XiXa 40.588 3 1 40.588 3 0.209 4 0.657 0
XiX3 2 597.650 4 1 2 597.650 4 13.400 5 0.004 4
X2 X3 28.186 3 1 28.186 3 0.145 4 0.710 9
[ I3 Model 1962.9335 9 218.103 7 F=1.125 0.434 5
4% Residual 1 938.466 5 10 193.846 7
582 Lack of fit 1921.2732 5 384.254 6 Fi=111.745 0.000 1
%22 Pure error 17.193 3 5 3.4387
J2F Cor. total 3901.400 0 19
=5 TENERNES T
Table 5 Frequency distribution of variable value in the optimization scheme
Item X1 Temperature X2 Liquid volume X3 pH

L LIES KA LIES KA LIES

Times Frequency Times Frequency Times Frequency
—1.681 8 12 0.292 7 7 0.170 7 2 0.048 8
—1.000 0 10 0.243 9 10 0.243 9 14 0.3415
0.000 0 7 0.170 7 10 0.243 9 25 0.609 8
1.000 0 5 0.122 0 7 0.170 7 0 0.000 0
1.681 8 7 0.170 7 7 0.170 7 0 0.000 0
JINAL Y%L Weighted average -0.3270 -0.196 0 -0.424 0
FrUELR Standard error 0.196 0 0.1830 0.086 0
95% {7 IX.[i] -0.711-0.056 —0.432-0.286 -0.591--0.256
95% Confidence interval
K T 2540l Factor range 25.9-28.2 71.4-85.7 7.4-8.3

FE, kB 22 R T Al D R AT S Y
PR Bldn, T E AR B UL S I 2 4
FRE FY-C X B0 55 A T FL A At O BT 2
Ry E RGPS, D3RI ZF AR
ZN-S10 AL ARE S 2 25 Ik 22 7 il 7 Al 114 93 154
K, 03 0l A P P RE AR IR AL I . H R
TSI TR AR SR A Bk B A e S U A
AR M EEYE. MR, fx A%
Fili o 4 £ B3 TR I ST AR b o ARBIESE LAY B B

A A Y DUSERT ZRFAT T F-37 X4, Al
485 SR X A 2275 4k 57 R IQ B B 30 1Y 58 B2
15(0.67+0.01) cm, FRIH KU F 30 B 15 7
D13 107 2 F AT B A S — i L 9 4B Bl TR
PR, BEEIE 1A B2 AR G A ) B T AR
A HE6H i T T AR AR T . Herp, gAY
Y FEEAFE R R . AR RN
AL A YPIE, EREBEPIR LM, NIk
Wr ZE AT MB1019 BE4% 7= A HAA P 1 PR Y
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Figure 8 Comparison of the inhibition effect of
the sterile supernatant of Bacillus velezensis F-37
on Ralstonia solanacearum under the conditions of
before optimization and post-optimality.

IR GAH =Y, DL SR B RN AF 2 R
IX 6 ST ) A A T A T R R 3 R R
Mo BAEPIPIRRY, DS 2F AT A K19
g A RS R D ARG R
P AR R AR . AR R AR — R AR A
BRSBTS B T
FIE 02 388 320 il DA AL 240 L P 240 o B i 0 ) G 4 i
B BRI EI 4 A AP BRI, DSR2
FIFF R CM7-4 77 A5 B 41 T 2R IR P x) 22 g >
CC BRI A0 BH P e SR B T S 2 AR R,
Xof K J AT B (Escherichia coli). 4 8% 8, 7 45 5K 14
(Staphylococcus aureus) =5 5 2% BL i 535 21 Y
PR s, LSRR 20 AT R i A
BEREADALE YIS | WG5S, o
— A B ARG, JUHAE A AR PR
g v R B L R B O L A

WFRIR R, DU 2RI B TEAN [R] PR 5T %
T, SR RS B R ATE PR R 2 25
i, . pH fE A mK . AIRAIASEXS HE AR
Wy SR AT B P 5 A FEEE e PT

W, DA S B R B T T B P Y O
FBZ—. RSM BEMEHRG I 70 By 2148 & 2 (R 1
LHAER, fEESmEcE, BERIEY R
MYAE P o ASBIESE L T B R R T e AR AR AR . A
T e TTALER G B LY, 454 Box-Behnken M
PETEPLARRE RS, R G fif B - B ik DL 3T 25 AT
W F-37 REERG R RN A, %R
JRRHE 15 . AR, SRR B35 3%
FEHAT RS, DS 2R 04T & F-37 A9 TA P
HARBRIACHT B30, R IZEC T B B 512
AR F-37 XA 2 H A ST R R BTG 1

AR F-37 7€ 25-34 °CYE N ¥ BEE &K, (1
1E 28 CCI TR TG Mt , W TH 2 34 °CI 4l
PRBE A VT R, TSR T2 37 °C
BFII TR B ) A2k, BB S IR A T AR T
DARE F-37 ;7 AE MBI, 5 X0 A6 5P v
M &b 22 B R ZE AT 1 (Bacil lus megaterium) [y
WFELE AL o AN [F 5% 0 TR A F-37 JCTA B
FIFE BTG M 22 57 8.3, 78 180 r/min i 3k I (F
5 e 2 129V 5f B N 2 4 FF T4 (Bacillus pumilus)
DST27 W58 45 RAHIE

HIMRIE RS TR Re 5%, A
[F) AT Ao o) 5% 7 5 K o3 0 A T 2 5 ) 0 =K VT BB AT
T2 I, R AR T witk F-37
B R B A, BN () DL 35 80 2 A FF 17 76 A [R] 4%
PN BT S AR W e RE A . T
JE SRR, WA R T b B R T
(N % T i — B B UE R bR F-37 Mk 2.
BUA, B RIR AT BRI RR F-37 I A 9000 1 1
P Ap s . RRUE MERPERPLEL, LU A 5 A
R IR A BT iR P e SRR, I IR
PR B RS A= 7= 0 HH (1) 1o ) B4 2 S A

4 Z

AW E T VLS 2T TR F-37 I A
KR I T (g/L): /NZVER 149, [EEHR
¥y 8.6, EALBH 7.8; HiE HIRAL LS E N . 3
Wt 78 mL/300 mL \4&Fh & 1.0% . W) 4G pH 7.8,
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