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Optimization of the spore-forming and high density culture conditions
for Bacillus coagulans
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Abstract: In order to improve sporulation rate of Bacillus coagulans, in this study, we investigate the high-density
fermentation culture conditions for Bacillus coagulans using a batch experiments including single-factor experiment,
Plackett-Burman design experiment, steepest ascent search experiment, response surface experiments with the
Box-Behnken design. The results showed that Bran 36.91 g/L, corn steep powder 13.70 g/L, MnSO, 0.84 g/L were the
optimal medium for Bacillus coagulans. Under this condition, the spore number of QR-N323 was 2.848x10% cfu/mL.
The number of spores increased by 61.72% compared that before the optimization. The optimized medium components
were used for 500 L fermentation scaling-up test with temperature 40 “C, Rotating speed 150 r/min, ventilatory capacity
2.5 m*h, inoculation quantity 5%, pH 7.0 and incubation time 36 h. The results were comparable to the optimized
experiment results, which provides necessary data supportting further production process optimization.
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(Bacillus coagulans)
(1] [2]

[3-4]

pH
[5-6]

[7-9]

[10]

[11-12]

[13-16]

1 RIS EZE

1.1 #
(Bacillus coagulans) QR-N323
-40 C
( YPD )]
249 10 g 549 59
159 1000mL pH7.0 121 °C 30 min
(18] 20 g 209

109 1000mL pH7.0 121°C
30 min

10 g/L 5¢9/L
0.34g/L pH7.0 72 121°C 30 min

NacCl NaNO3 FEC|3 MnSO4 MgSO4 K2HP04
Na,HPO,

CaCO,
1.2 FENE

SW-CJ-2FD

HWS-1200
ZHWY-2112B

BX53
500 L
2 HE

40 C 48h 4°TC

40 C 150 r/min
36 h
5%

40 ‘C 150 r/min 2.5m’h 36h

2.1 BEZRRAE

10 g/L
5% 40 C
150 r/min 2.5 m’h 48 h
5 g/L
5%
0.34 g/L  MnSO, MgSO; NaCl

FeCI3 KoHPO, Na,HPO, CaCO; NaNO;
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Excel 2013 Plackett—
2.2.1 Plackett-Burman (PB) 4% 1 i i& #% 25 o 76
HHEHEEARYHLFET
PB (el
MgSO4 MnSQO,
1
Ll_l!! “+1”

%1 Plackett-Burman R+ E = S5KFE

Table 1 Factors and levels of Plackett-Burman experiments design

“1n 1
I(g-L™Y) 6.0 16.0
I(g-L™ 3.0 7.0
MgSO4/(g-L™) 0.7 1.4
MnSO,/(g-L™) 0.3 0.5

I(r-min™) 120 210

IC 30 45

I(me-h) 2 3

2.2.2 IR RIEX It

Plackett—-Burman

Burman
Design Expert 8.0.6

3 ZR5SMH
3.1 ARERRIRIEREE S AT & & B R RN

1
1.09x10% cfu/mL

6.8x10° 7.5x10° cfu/mL

8.3x10°

/(x108 cfu-mL™)

E1 AREECIEAELE TR AR
Fig.1 The sporulation of Bacillus coagulans treated with different
carbon sources
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Fig.2 The sporulation of Bacillus coagulans treated with different
nitrogen sources
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Fig.3 The sporulation of Bacillus coagulans treated with different
inorganic salt
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Fig.4 The sporulation of Bacillus coagulans treated with different
inoculum size
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Fig.5 The sporulation of Bacillus coagulans treated with different
speed
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Table 2 The design and results of Plackett-Burman experiments

MnSO, MgSO, / / / /
/(g-L™) I(g-L™) I(g-L™) I(g-L™) (r-min) C (m*-h?hy  (x10°cfu-mL™)
1 16 7 0.70 0.50 210 45 2 7.85
2 6 7 1.40 0.30 210 45 3 6.18
3 16 3 1.40 0.50 120 45 3 4.35
4 6 7 0.70 0.50 210 30 3 7.31
5 6 3 1.40 0.30 210 45 2 6.99
6 6 3 0.70 0.50 120 45 3 11.48
7 16 3 0.70 0.30 210 30 3 5.80
8 16 7 0.70 0.30 120 45 2 8.01
9 16 7 1.40 0.30 120 30 3 7.01
10 6 7 1.40 0.50 120 30 2 13.74
11 16 3 1.40 0.50 210 30 2 4.76
12 6 3 0.70 0.30 120 30 2 11.08
&3 PBIEEEMNS
Table 3 Effect analysis of factors of Plackett-Burman experiments
F P
30.46 1 30.46 1.58 10.24 0.0019 *x
88.29 1 88.29 2.56 35.27 0.002 5 *x
MnSO, 11.03 1 11.03 0.87 3.14 0.025 2 *
MgSO, -8.63 1 8.63 0.80 2.56 0.1120
—6.65 1 6.65 0.74 2.05 0.198 1
—6.94 1 6.94 0.69 217 0.178 2
5.85 1 5.85 0.77 1.78 0.2254
aieial 0.05 0.01
23 MnSO, #4 BREEEREIGH RER
MgSO4 Table 4 The design and results of the steepest ascent experiments
P MnSQO, /
I(g-L™ I(g-L™ 1(g-L™) (x10% cfu-mL™?)
P<0.01 MnSO, 0.01<P<0.05 1 m s 0.34 0.93
MnSO4 2 16 7 0.44 1.06
3 21 9 0.54 1.32
40 °C 150 r/min 2.5m%h 4 26 1 0.64 155
5% pH7.0 40 h 5 31 13 0.74 1.76
4 4 6 6 36 15 0.84 1.89
1.89x10" cfu/mL oA 7 0.94 076
36.0 g/L 15g/L  MnS0O,0.84 g/L 8% 19 1.04 055
40 9 51 21 1.14 0.21
C 150 r/min 2.5m’h 5%

pH 7.0 40 h
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Fz6 FLEEHBER

3.9 ILE AT
EF L = _tqull -l_ Table 6 The results of central composite experiments

MnSO, /
. I(g-L™Y) /(g-L™) I(g-L™") (x10%° cfu-mL™)
MnSO4 Design Expert 8.0.6 I ) 13 084 178
MnSO, 2 41 13 0.84 1.22
% X 3 31 17 0.84 1.58
1727 4 M 17 0.84 1.34
) 5 31 15 0.74 157
5 6 6 41 15 0.74 1.08
7 31 15 0.94 1.69
7 8 41 15 0.94 1.48
9 36 13 0.74 1.88
%5 HuMESRBEIRITERSNKE 10 36 17 0.74 1.97
Table5 Factors and levels of central composite experiments 11 36 13 0.94 2.09
design oL 12 36 17 0.94 2.05
NInSO 13 36 15 0.84 2.57
14 36 15 0.84 2.45
15 36 15 0.84 2.64
-1 3 13 0.74 16 36 15 0.84 255
0 36 15 0.84 17 36 15 0.84 2.65
1 41 17 0.94
F=7 EVIRBEFTESHER
Table 7 The results of variance analysis of regression model
F P
4.20 9 0.47 90.63 <0.0001 ok
X1 0.28 1 0.28 54.60 0.000 2 *x
X2 1.125x10™ 1 1.125%x10™ 0.022 0.886 7
X3 0.082 1 0.082 15.92 0.005 3 ok
X1X2 0.026 1 0.026 4.97 0.0610
X1X3 0.020 1 0.020 3.81 0.092 1
XoX3 4.225x107° 1 4.225x107 0.82 0.3952
X1? 2.81 1 2.81 545.98 <0.000 1 *x
Xo? 0.32 1 0.32 61.71 0.000 1 *x
X3 0.38 1 0.38 73.45 <0.0001 ok
0.036 7 5.151x107°
9.975x1073 3 3.325x107° 0.51 0.696 6
0.026 4 6.520x1073
4.24 16 0.47
R? 0.9915
Ra’ 0.980 6
Rp? 0.952 7
26.810
w001
y=2.57-0.19x%;—3.75%+0.1x3+0.08x%;X,+0.07X 1 X3—
0.33%,X5—0.82X1°—0.27x,°0.3x5> Design Expert 8.0.6
7 P<0.000 1 MnSO,
y 6 7 8

R’=0.9915 P 0.6966(P>0.05) MnSO,
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Fig.6 Response surface plots between bran and corn steep

powder extract on spore number
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Fig.9 The results of 500 L fermentation test of Bacillus coagulans
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