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Optimization of fermentation medium and conditions for
antimicrobial substances production by
Bacillus amyloliquefaciens PC2
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(College of Food Science, Sichuan Agricultural University, Ya’an, Sichuan 625014, China)

Abstract: [Objective] To improve antimicrobial activity of Bacillus amyloliquefaciens strain PC2, the
medium composition and fermentation conditions were optimized in our work. [Methods] Single factor
experiments were carried to evaluate the effect of alternative constitutes for PDB medium on inhibition
zone diameter against Staphylococcus aureus, Box-Behnken response surface methodology was
conducted to obtain the optimal composition of the crucial medium factors. The optimal fermentation
conditions were obtained through frequency analysis based on quadratic general rotary composite
design. [Results] The optimal medium compositions were (g/L): potato 188.0, sucrose 22.0,
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L-monosodium glutamate 1.80, and the media cost was 0.81 RMB per litre. The optimal fermentation
conditions were as follows: inoculation amount 6%, culture temperature 30 °C, liquid volume
40 mL/250 mL, rotation speed 185 r/min, initial pH value 7.0, and fermentation for 24 h. Appling

optimal medium and culture conditions, the inhibition zone diameter of free-cell fermentation broth on

Staphylococcus aureus reached to 30.82 mm, increased by 12.60 mm compared with the original

conditions. [Conclusion] The present study provides a cost-effective medium and fermentation

conditions for further study on large scale fermentation for antimicrobial substances production.

Keywords: Bacillus amyloliquefaciens, Antimicrobial substance, Fermentation conditions, Response
surfaces methodology, Quadratic general rotary composite design, Optimization
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( 18.22 mm)
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2.1.1
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2.2 1EFELA 45 Box-Behnken {18 45 R
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Table 1 Effect of different medium component concentration on inhibitonzone diameter of PC2 strain

L-
Potato Inhibition zone Sucrose Inhibition zone Sodium hydrogen Inhibition zone
(@L) diameter (@L) diameter glutamate diameter
(mm) (mm) (g/L) (mm)
100 22.10+0.40° 10.0 22.97+0.44° 1.0 21.89+0.62°
150 22.77+0.43% 15.0 24.51+0.69" 1.5 23.95+0.56"
200 23.8940.53% 20.0 23.76+0.23% 2.0 19.97+0.22¢
250 22.610.20° 25.0 24.39+0.67" 25 20.83+0.22°
300 21.53+0.59 30.0 20.90+0.48° 3.0 21.58+0.39°
0.05

Note: The different letter in the same column means significant difference (P<0.05).
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%< 2 Box-Behnken it i% it R 4R 3
Table 2 Box-Behnken design and corresponding results P=0.000 3<0.001
A: B: ¢ L- 2
L-monosodium Inhibition zone (P=0.101 1>0.05) R=
Run Potato Sucrose glutamate diameter 2_
@l (gl o) . 0.9820 R,=0.9589
1 250(1)  20.0(0) 1.0 (-1) 16.70 pC2
2 200 (0) 20.0 (0) 2.0 (0) 24.62
3 250 (1) 20.0 (0) 3.0 (1) 15.98 3 P
4 200 (0) 10.0 (=1) 1.0 (=1) 19.72
5 200 (0) 20.0 (0) 2.0 (0) 23.15 (P<0.05) F
6 200 (0) 20.0 (0) 2.0 (0) 23.95
7 150 (=1) 30.0(1) 2.0 (0) 20.51 ~ “L-
8 200 (0) 10.0 (=1) 3.0 (1) 17.18 P (P>0.05)
9 20000  30.0(1) 3.0 (1) 2135 (P>0.05)
10 150 (=1) 10.0 (=1) 2.0 (0) 17.15 Y=—47.678+0.588 54+1.194 6B+3.266 0C—0.001 54*
11 250(1) 10.0(-1)  2.0(0) 16.36 -0.021 88°-1.395 3C° Orgin
12 200 (0) 20.0 (0) 2.0 (0) 23.62 Pro 9.0 3D ( 2
13 150 (=1) 20.0(0) 1.0 (-1) 21.60
14 150 (=1) 20.0 (0) 3.0 (1) 20.03 2
15 250 (1) 30.0 (1) 2.0 (0) 17.15
16 200 (0) 30.0 (1) 1.0 (=1) 22.44
17 200 (0) 20.0 (0) 2.0 (0) 23.40 - ~L-
3
Note: Factors level code values are shown in the brackets. 3

% 3 Box-Behnken iR AESHT

Table 3 Analysis of variance for Box-Behnken experiment

Source Sum of squares Degrees of freedom Mean square F value Prob>F Significant
Model 139.949 4 9 15.5499 20.386 9 0.000 3 g
A (Potato) 21.4513 1 21.4513 28.123 9 0.001 1 g
B (Sucrose) 15.2352 1 152352 19.974 3 0.002 9 g
C (L-monosodium glutamate) 4.380 8 1 4.380 8 5.743 5 0.047 7 <
AB 1.6512 1 1.6512 2.1649 0.184 7 NS
AC 0.180 6 1 0.180 6 0.236 8 0.641 4 NS
BC 0.525 6 1 0.5256 0.689 1 0.433 9 NS
A 60.010 6 1 60.010 6 78.677 6 <0.000 1 g
B 20.014 7 1 20.014 7 26.240 5 0.001 4 g
c 8.196 7 1 8.196 7 10.746 4 0.013 5 o
Residual 53392 7 0.762 7
Lack of fit 4.0429 3 1.347 6 4.1585 0.101 1 NS
Pure error 1.296 3 4 0.324 1
Cor. total 145.288 6 16
* (P<0.05) ** (P<0.01) NS

Note: *: Significant difference; **: Extremely significant; NS: Non-significant.
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Figure 2 The response surface plots for effects of three main factor interactions on inhibition zone diameter
of PC2 strain
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222 BEFEEEAFMUSEIE:

188 g/L
220g/L L- 1.80 g/L
24.89 mm
6%
50 mL/250 mL 37°C 140 r/min
24 h 5
24.62+
0.26 mm
1822mm( 1) 6.40 mm

223 MRUEFEBAREMEEE LK.

[13]

2

23 REBEFHRRFRRE

231 EME: 3A
6%
24.86 mm
(P<0.05)
232 EiR=E:
( 3B)
20 mL/250 mL

R4 BEFENASRERDEEMEILR

110 mL/250 mL

PC2

Table 4 Cost and inhibitory activity comparison for fermentation media for PC2 strain

Fermentation Compositions and amount Cost Total cost  Average cost Inhibition zone diameter
media (g/L) (Yuan/500 g) (Yuan) (Yuan/L) (mm)
NB Beef extract 3.0 115 0.69 3.07 S. aureus 15.35+0.75
NB medium Peptone 10.0 115 230 E. coli 12.28+0.86
NaCl 5.0 8.0 0.08 S. cerevisiae =
P. aphanidermatum -
Landy Glucose 20.0 8.5 0.34 0.84 S. aureus 21.39+0.46
Landy medium | _pn0s0dium glutamate 5.0 425 0.43 E. coli 16.86+0.68
MgSO0,47H,0 0.5 9.8 0.009 8 S. cerevisiae 34.57+0.63
KC10.5 21.8 0.021 8 P. aphanidermatum 15.36+0.84
K>HPO43H,0 1.0 20.0 0.040 0
FeSO47H,0 0.000 15 9.0 2.7x10°°
MnSO,H,0 0.005 26.0 0.000 3
CuSO045H,0 0.000 16 30.0 9.6x10°°
Potato 188.0 2.0 0.300 0.81 S. aureus 24.62+0.26
Optimal medium  g,cro5e 22,0 8.0 0.352 E. coli 20.35£0.38
L-monosodium glutamate 1.8 42.5 0.153 S. cerevisiae 38.45+0.58
P. aphanidermatum 19.24+0.49
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Figure 3 Effect of fermentation conditions on the inhibition zone diameter of PC2 strain
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242 BEZRWE D
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[17]

[18-19] 4

®S5 ZRTRBAREASHRERITRER

Table S Quadratic general rotary composite design and
corresponding results

Liquid Rotation  Inhibition zone
Run Tem(l::,eé?ture volume speed diameter

(mL/250 mL)  (1/min) (mm)

1 325() 60 (1) 190 (1) 26.47
2 325(1) 60 (1) 170 (-1) 23.22
3 325() 40 (1) 190 (1) 28.10
4 325() 40 (-1) 170 (-1) 25.52
5 275(1) 60 (1) 190 (1) 24.59
6 275(1) 60 (1) 170 (-1) 22.49
7 275(1) 40 (1) 190 (1) 27.46
8 275(-1) 40 (1) 170 (-1) 25.71
9 25.8(-1.6818)50 (0) 180 (0) 22.25
10 34.2(1.681 8) 50 (0) 180 (0) 22.58
11 30 (0) 33 (—1.681 8) 180 (0) 32.10
12 30 (0) 67 (1.681 8) 180 (0) 24.59
13 30 (0) 50 (0) 163.2 (-1.681 8) 24.65
14 30 (0) 50 (0) 196.8 (1.681 8) 30.52
15 30 (0) 50 (0) 180 (0) 27.96
16 30 (0) 50 (0) 180 (0) 28.31
17 30 (0) 50 (0) 180 (0) 28.59
18 30 (0) 50 (0) 180 (0) 29.18
19 30 (0) 50 (0) 180 (0) 28.95
20 30 (0) 50 (0) 180 (0) 27.66

Note: Factors level code values are shown in the brackets.
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Table 6 Analysis of variance for quadratic general rotary composite design

F P
Source Sum of squares Dfi g;zzsrﬁf Mean square Partcizlecﬁcgzri:ilattion F value Prob>F
X, Temperature 0.956 9 1 0.956 9 0.346 9 1.368 4 0.269 2
X, Liquid volume 37.566 1 1 37.566 1 -0.918 2 53.7193 0.000 1
X; Rotation speed 27.9922 1 27.9922 0.894 5 40.028 7 0.000 1
X’ 72.462 0 1 72.462 0 —0.9550 103.620 4 0.000 1
X’ 0.306 3 1 0.306 3 —0.204 8 0.438 0 0.523 1
X’ 24758 1 24758 -0.5113 3.5403 0.089 3
XX, 0.5832 1 0.583 2 0.277 4 0.8340 0.382 6
XX 0.490 1 1 0.490 1 0.2559 0.700 8 0.422'1
XX 0.1301 1 0.130 1 0.1351 0.186 0 0.675 4
Model 140.846 3 9 15.649 6 F,=22.3789 0.000 1
Residual 6.993 0 10 0.699 3
Lack of fit 5.307 1 5 1.061 4 Fi=3.1480 0.0579
Pure error 1.6859 5 0.3372
Cor. total 147.839 3 19
243 BEXEEGORLSRIT
190 r/min

7

- 324
£ 7 95%
g 26.55 mm
g
E 26 —0.231-0.231 -1.041—0.376 0.310—0.958
§ 244 29.42-30.58 °C
;é 22 39.6—50.8 mL/250 mL 183—189 r/min
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= 04 =+ X;: Liquid volume
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-2.0 -15 -1.0 =05 0.0 05 10 15 20
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185 r/min
5

& = X EITRAY o %]
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Figure 4 Analysis of the one-factor effect of three main
cultivate parameters on inhibition zone diameter
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Table 7 Frequency distribution of variable value in the optimization scheme

X, Temperature X; Liquid volume X; Rotation speed
Levels . - :
Times Frequency Times Frequency Times Frequency
—1.6818 0 0.000 0 13 0.361 1 1 0.027 8
—1.000 0 9 0.2500 10 0.277 8 5 0.1389
0.000 0 18 0.500 0 8 02222 8 02222
1.000 0 9 0.2500 3 0.083 3 11 0.305 6
1.6818 0 0.000 0 2 0.055 6 11 0.305 6
. 0.000 0 —-0.708 0 0.6340
Weighted average
0.1180 0.1700 0.165 0
Standard error
0,
95% . —0.231-0.231 —1.041--0.376 0.310-0.958
95% Confidence interval
29.42-30.58 39.6-50.8 183-189
Factor range
3 e
6% 30 °C 40 mL/250 mL
185 r/min 24 h pH 7.0
pH
[15] [20]
[14-15]
1
[15] [10]
( ) 02141 e 121
Box-Behnken
PC2
188.0 g/L 220 gL L-
1.80 g/L 0 :
g 2 % X Wk
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