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Optimization of fermentation medium and preparation of
effervescent granules of Bacillus velezensis CC0955

WU Tianshang, XUE Yarong, LIU Changhong*

State Key Laboratory of Pharmaceutical Biotechnology, School of Life Sciences, Nanjing University,

Nanjing 210023, Jiangsu, China

Abstract: [Background] Biocontrol of plant diseases and development of biocontrol products have
been the research focuses in plant protection. However, most of the existing biocontrol agents feature a few
available dosage forms (wettable powder or aqueous solution), short shelf life, and inconvenient transport
and use. [Objective] To optimize the fermentation medium of Bacillus velezensis CC0955 and develop a
novel biocontrol agent “effervescent granules”, which is easy to use and preserve. [Methods]
Plackett-Burman design, central composite design, and response surface methodology were used to
optimize the composition of CC0955 fermentation medium. With the evaluation indicators of pH and
bacterial viable count, the composition of CC0955 effervescent granules was optimized by Lo(3%) orthogonal
design, and the physical properties and antifungal effect of the effervescent granules were assessed.
[Results] The optimal fermentation medium for CC0955 was composed of peptone 12.00 g, yeast powder
1.00 g, glucose 15.00 g, MgSO, 7H,0O 0.40 g, K,HPO, 0.05 g, and distilled water 1 L. After 48 h
fermentation with this medium, the inhibition of the culture broth on Rhizoctonia solani reached 89.78%.
The optimal composition of effervescent granules is as follows: alkali-to-acid molar ratio of 2.00, silica
of 1.50 g, and potassium fulvic acid of 0.03 g. The effervescent granules showed the average
disintegration time of 61 s and the pH of the disintegrated solution was 5.44. In addition, the half maximal
effective concentration (ECsg) against R. solani was 27.65 mg/mL, and the number of viable bacteria was
6.05x10° CFU/g. The survival rate of bacteria was 58.68% after six months of storage at room temperature.
Pot experiment showed that the control rate of CC0955 effervescent granule solution on rice sheath blight
was 42.35%, and that on tomato gray mold was 57.62%. [Conclusion] The CC0955 effervescent granule is a
novel formulation against phytopathogens, which can be used for the control of farmland diseases.

Keywords: Bacillus velezensis CC0955; Rhizoctonia solani; fermentation optimization; effervescent
granules; control effect
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2.1 CC0955 R EEIE B N mHt ik
2.1.1 Plackett-Burman §FiE XE R FZRIER
Plackett-Burman B 45 R L3R 1, 4bH
8 LHIME R, N 77.05%, AbFE 6 AHIMH &
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Design and results of Plackett-Burman experiment

Group Glucose (g/L) Peptone (g/L) Yeast powder (g/L) K,HPO4(g/L) MgSO4 7H,0 (g/L) Inhibition rate (%)
1 15 12 1 0.4 0.4 67.21
2 5 12 5 0.1 0.4 73.77
3 15 6 5 0.4 0.1 60.66
4 12 1 0.4 0.4 67.21
5 5 0.1 0.4 70.49
6 6 1 0.4 0.1 60.66
7 15 1 0.1 0.4 73.77
8 15 12 1 0.1 0.1 77.05
9 15 12 5 0.1 0.1 70.49
10 5 12 5 0.4 0.1 70.49
11 15 5 0.4 0.4 63.93
12 5 1 0.1 0.1 65.57
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Table 2  Statistical analysis of Plackett-Burman

experiment
Source Sumof df Mean  Fvalue P value
squares square Prob>F
Model 233.94 5 46.79 4.510 0.0472
Glucose 2.02 1 2.02 0.190 0.6748
Peptone 80.81 1 80.81 7.790 0.0316
Yeast powder 0.22 1 0.22 0.022  0.8880
K,HPO, 139.95 1 139.95 13.480 0.0104
MgS0,4-7H,0 10.94 1 10.94 1.050 0.344 1
Residual 62.28 6 10.38
Cor total 296.22 11

IR i 25 (P=0.047 2); LAb, 2 I R(P=0.031 6)
Fl K.HPO, (P=0.010 4) W [K 25 ({52 i ik 2] I 2
Ko IR VBT R 1),
ik . EAE . MgS0,-7H,0 %t CC0955 ik &
TR YAV ] S7 A 24 A% TR IE RN OB ), T T B A9y
F Ko HPO, X CCO0955 T A A& T Y 4V il 57 s 22 4%

WA RO (BB )
2.1.2 FLEAIRIHRIE S R KR o
i 2.1.1 BYZ5IR, e[ HAB R R 55 T
(FE%50% 15.0 g/L, BEREK 1.0 g/L, MgSO,-7H,0
0.4 g/L), KM 2HE 5 KERP.OHEET T
e, WF9E T & A A K.HPO, & X CC0955
PR VR R ROV B TE R s, 25 SR 3R 3. Seit
ST B R(E 4), P=0.006 9<0.05, Lack of fit=
0.822>0.1, RKHIBIRIATEE, PIRIEXT CC0955
PR B TR I B 52 DL I 2., 24 38 RN 12.00 g
K,HPO, 7 0.05 g BHME K, H 90.60%.
PE LR CC0955 BRI M Y fie i T 1% 77 e 4 A
e M 12.00 g/L, BEREEY 1.00 /L, %
B 15.00 g/L, MgSO,-7H,0 0.40 g/L, K,HPO,
0.05 g/L. FIHILIEFRILEE 48 h, CC0955
PR & TS ST bty 22 % TR A ) 32 15 3] 89.78%,
S T UL ET A 2 51.11%, I SR
DA 90.60%JC it 2 1 22 7 (P>0.05) .

4.40 Bonferroni limit 4.404 66
D Inhibition
Y4 A: Glucose
B: Peptone
3.301 B C: Yeast power
/ D: K,HPO,
E 110 t-value limit 2.446 91 E: MgSO, 7H,0
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Figure 1
test. E: Positive effect; M: Negative effect.
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Effects of various factors on inhibition rate of strain CC0955 fermentation broth in Plackett-Burman
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Table 3 Central composite design and results

Group Peptone (g/L) K,HPO, (g/L) Inhibition rate (%)

1 15.00 0.04 91.13
2 18.00 0.05 88.98
3 18.00 0.10 89.25
4 19.24 0.08 90.32
5 12.00 0.05 89.78
6 15.00 0.08 88.98
7 10.76 0.08 88.44
8 15.00 0.08 86.83
9 15.00 0.11 87.63
10 15.00 0.08 90.05
11 15.00 0.08 89.25
12 15.00 0.08 89.52
13 12.00 0.10 84.68

2.2 EREFALAEI &
2.2.1 WP EAREYTRIE LS R

R 5 280 A W %) TR VR AR R A L B8, LR
TR AR e 1. SLREE R BIR(EE S),
R - R e SR B BE ) B, AEE IR,
VAR R - P R R RE T A 25

Factor coding: actual
Inhibition rate (%)
Design points:

@ Above surface
O Below surface

[ | BRI
84.68 P
&

X1=A4 g
X2=B =
=]

=

=

x4 HOASKIHRESIT SN
Table 4 Statistical analysis of central composite
design

Item Sumof df Mean F P value
squares square value Prob>F

Model 2433 3 8.11 7.88  0.006 9

Peptone 5.17 1 5.17 5.02 0.0518

K,HPO, 11.96 1 11.96  11.62 0.007 8

Peptone-K,HPO, 7.21 1 7.21 7.01 0.026 6

Residual 9.26 9 1.03

Lack of fit 3.14 5 0.63 0.41 0.8222

Pure error 6.12 4 1.53

Cor total 33.59 12

YIRS A R R (R S), FIRER
YR MR, AE] 94.16%; A Ky A B
TRz, 4351k 88.31%F1 79.22%; mik + )
MAVER 2, N 57.14%; I - 09 YA 251k
%

CRAA W M T R AE A A AR AR, R
IR EBR CCO955 TR A I R 10 s R i ) %) Wz
[{iE=AZNS

3D surface

2 BEKFHM KHPO, ZIIE Bk CC0955 % B ik # B 5 B Wil [z T =]
Figure 2 Response surface diagram of the effect of peptone and K,HPO, on the inhibition rate of strain

CCO0955 fermentation broth.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2606 (YIS Gk

Microbiol. China

RS5 BIKIRMEEDFIEMESME

Table 5 Adsorption capacity and biocompatibility of carriers

Carriers Adsorption capacity Biocompatibility
Volume (L/kg) Number of bacteria (10° cell/g) Alive bacteria (CFU) Biocompatibility (%)
Talc 1.10+0.20c¢ 5.50 136 88.31
Diatomite 2.50+0.05b 12.50 122 79.22
Bentonite 3.75+0.15a 18.75 0 0.00
Silica 3.70+0.15a 18.50 145 94.16
Kaolin 0.95+0.05¢ 4.75 88 57.14
CK 154

T ARIFV/NG FRER IR Jr 22 0 8 R0 BT W 2R I AE 0.05 /K Bk R #2255 T

Note: Different lowercase letters mean that Duncan’s new complex difference test of analysis of variance has significant

difference at the level of 0.05. The same below.

2.2.2 EEFRIAKRITLL R EE

KHIERZ WAL, b T 0k B R
(A). FIRBEEB)MEERE RO —=HE
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FFEFR AT, NE B 2/ K (R=2.877),
FHH 11 ¢ FAXT TG T RO A e K (3R 6). [NZR B I
C 1E K3 KV S V- 34 6 T AR KA, RIE
B3 (1A &)FI C3 (V5 FF R 1) AT S B0 A K0 T4
B, BARHEKR AT KKEFERESERS, H
pH {H AR, AT . 256 7% TG A 40F pH,
Ve Ky K, B A2=2, mAPAREINE K
FERCEE R A2B3C3, MEBCHETT 1 kg 018 F0R 75
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438.60 g FITEJEMRAN 8.77 go WIHULEL LY,
K AR KRR, B i) & 7 DL SiE 0 28 f AT
CCO0955 T I A I VA 1 . 1S FOUR L
2.3 BEEENBIYIE MR

LB URL AR 1 €8 R AT IR ASOR (] 3) 5 Vs
RS AR 0.70 cm, I EEE K 0.77 em,
TR 0.21 g, FHEEHR 071 g/om’; =
TR 1 g BB URIAE 99 mL 7K Fp P24 A st ] Sy
61.00 s. WA pH {H N 5.44; OB IR T 5%

HECH 6.05x10° CFU/g. =i FRA 6 N, 41
R AT A e IRl — B0 g, R 3.55%10° CFU/g,
TEE Ik 58.68%

24 BEERN 3 MENRKREENENE
U3 #h 2%

SR ARSI P 22 A K BRI s, A4S T s
SR 3 FhAE R R A EE T R 2 (B 4),
TR ISR I R X S A 2 A T . R
WA A K BEIR 1) ECso 53908 27.65. 34.49
#1 41.50 mg/mL.

2.5 AEENS ABRRINEENEER

KRR 22 E KRN, iR T
CC0955 TR & TR -5 7 55k R IRV TR0 IV Jor
X IR AR I 222 7, 45 R (K 5),
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il A B R T R
2.6 ABEPRNKIBYFEBEAEMKER
BIBE AR
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Table 6 Scheme and results of Lo(3°) orthogonal design

Group A4 Molar ratio of alkali

B Silica (g)

C Potassium fulvic acid (g) pH Number of alive bacteria

to acid (x10® CFU/g)

1 1 0.5 0.01 5.04 1.00
2 1 1.0 0.02 4.98 3.50
3 1 1.5 0.03 4.94 7.25
4 2 0.5 0.02 5.66 1.88
5 2 1.0 0.03 5.72 1.75
6 2 1.5 0.01 5.74 2.88
7 3 0.5 0.03 6.88 0.75
8 3 1.0 0.01 6.53 225
9 3 1.5 0.02 6.45 2.13
K, 4.987 (3.917) 5.860 (1.210) 5.770 (2.043)

K, 5.707 (2.170) 5.743 (2.500) 5.697 (2.503)

K; 6.620 (1.710) 5.710 (4.087) 5.847 (3.250)

R, 1.633 (2.207) 0.150 (2.877) 0.150 (1.207)

TE: 155N DL pH (EN AR AR 20, 455 N Bt 2 LS TR ECH T8 PRS0 20 A
Note: The data outside the bracket is the analysis with pH value as the index, and the data inside the bracket is the analysis
with the number of alive bacteria as the index.

5| 2 1) 7K R S 9 1 B 3% 55 & T VR R0
Bi s L% 225, /5 42.35%. 45.63%F
39.08%, H A R 7 35000 S 25 08 TR 75 i
I SR X A 7 8 6 5 | 1 7 o K AR 1 B K
SEBERAMBATREES, 50k 57.62%.

58.93%7%1 69.13%.

3 WwE5E®

ALK B RG IR B S i IR 26, e A B

3 EEEFURL(A)FN B RS TR 7E 7K TP B9 BE R (B)

Figure 3 Effervescent granules (A) and disintegration

of effervescent granules in water (B).

B A ST B, R LR LA R S
ENE N A R T L IR IOR S S e (Y U8
P AR B N 20 5 O A8 iR 56 1 TR 4
EBITE:, X Bacillus brevis W4 TH ¥R & B2 55 5%
e R EFR AT TR, DUAR S A R I R

6.0
3.5F
50F
Q
u=
g |
A
45k - R. solani
¥=3.109+1.313x, R>=0.969
Y —&— P. myriotylum
4.0k ¥Y=3.229+1.151x, R*=0.966
- - B. cinera
¥Y=2.619+1.472x, R>=0.934
3‘5 1 1 1 |
0.5 1.0 1.5 2.0 25

Logarithm of concentration

El 4 BEHRLA RN 3 #iERE RIS BT hsk
Figure 4 Toxicity regression curve of effervescent
granule solution to three pathogens.
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Figure 5 Inhibition rate of effervescent granule
and fermentation broth to phytopathogens. *: P<0.05.

e il PR B 9s T P A R R AL T4 = T 26.9%.
XU 5T 22 AU F i 1 1w Ak B 79, B Bacillus
velezensis CC09 H L & 7™ iturin A B BE 13540
fERiEE s T 4.2 £%, &b 501.0 mg/L. ARBFHR
FAma R PR T, XF CCO9 [T AR - 5848
Pk CC0955 #F4T T Rk LA imtitt, 1t
b J5 1 K T RN ST R 22 R T ]
89.78%, HARALHIIRER T 38.67%, BERTIT
R AE R A 7 B B L T o

H HTT D A A Ak 2 22 kR R B,
11 H K 2 B R R E P A = sl sk 9 7
A= W R R R SRR £ 7= i PO, A HE R R 22 8
M CRAT 128 i S5 1 AT 6 % ) S — Pl oRE X i

FYFIRL, e e A R 2y U R 2 . SR E
P S PTR HIE AR W AL T =8t % A i Ak
77, IRAFHIIIE R . PR R 7R
AR, A% L BREEFFIR BRI A s A
THABRER N =220 H i B A B T e s 751
R, TSR AR W SR s i
i SRS, TN TR R . A SCRF9E il 4
FE B R, ERRFA T CC0955 TR PRI IR 4
N LR T P s I A3, HA PR A e . PR
TEPE R AR IR, IR TR 6 G
BEATIE K H ik 58.68%, 1T Wiwattanapatapee
DR ZERL, BRI —E R A

CCO0955 i PR i 5 WAL LA -5 K I TROAH 24
PIPLIETE PR, H X 22 25 58 R (9 410 i) 23 o 21K
TAREER(E 5), XAl fig 22L& n £ KX
pH A S0 0 s ORI R, % T D B
B SR AR T2 2R AR . AR,
FESZ BRI T H, - JC e 1 U I 2 & I T T
BT R MR, MBS R pH #EE M,
DEAENN, AE S HH R B, 0 9 AR i A T R %
LRI R T EUR FE B SOR T 2 R
AN, IR UK 37 A 22 A% T R0 2 Al K %5 T Y
PO 5 R B TG 0 2 2= 5, 1 B IR s
Pl FE P IEA R B T CC0955 TRtk & IR
HIPL IR LT

&7 CCO0955 7 BU XS K TR LA s FNEE i I B s RO B B SR
Table 7 Control effect of CC0955 formulation on rice sheath blight and tomato gray mold

Treatment group Rice

Tomato

Disease index

Control effect (%)

Disease index Control effect (%)

Negative control 0 0

Positive control 27.52+1.76a Oc
Fermentation 14.96+0.87b 45.63+3.89a
Powder 16.76+1.03b 39.08+4.60b
Effervescent 15.86+0.78b 42.35+3.45ab

0 0
13.97+4.53a 0b
5.74+1.10b 58.93+7.85a
4.31+1.54b 69.13+11.00a

5.92+2.45b 57.62+17.55a
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AR, Bl FE O A RO 1 v B A
Az 95 T 7 i e H R RO 37 B DG B A
F5E LA DL SERT 2E AT I CC0955 BRI bk & TR T M
7 SR IR 1 9 IR 1 ), 30 AR RO
F 7 A 2202 T 5 | RS AR 7K R SR 5 LA B FH IR A 8
605 | 2 1) T i K B9 AT BT I BT IR AR . Bk
5 CC0955 KRR EES . 1ER—FHH
A B TR R Y, 2 vt R o ) 5 1 g
FHET M EL

T R SR AR W T RE S AT R, BRI T
T ORGSR B R, 0 I R e LB
ROR . I, A e o]k i i U B B ) 8 5 1Y)
AR AR 3 e 4 R U OV A R TR T VA i R
TR Kz AR B8 S iR SR T Ok X
VIR B, E— 25 B T TR 1 B AR
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