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Medium optimization for spore production of Bacillus subtilis

MA139 as a probhiotic

Quo Xiaohua, Lu Wenging, Deng Fing, Huang Deshi
(Minigtry of Agricuture Feed Industry , China Agricutural University , Beijing 100094 , China)

Abstract Using shaking-flask fermentation in the laboratory, the ingredients irfluencing spore production o Bacillus
subtilis MA139 were analyzed through the design of Packett-Burmanin Software JIMP 5. 0. The concentration of ingredi-
ents was optimized through path steepest ascent and sequent central composite design (CCD). The ingredients con-
centration was: corn meal 3. 17 g/L , soybean meal 5.80g/L , peptone 3. 62 g/L , glucose 5g/L, urea3g/L, MgSOa-

7H,0 1.5 g/L and KH;PO, 3 g/L. The total bacterial counts were improved from 8. 32 x 108 cfu/ i to 3. 10 x 10° cfu/

mL after medium optimization, and the spore rate reached 96 %. This study suggests that the spore concentration can

be improved by the experimental designs.
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2 Plackett- Bur man (n=12)
Table 2 Packett-Burman desgn

X1 X2 X3 X4 Xs Xe X7 Xg Xg X10 X1 19l N/ (W mL)] Ig[ NJ (dw/ mL) ]
1 -1 1 -1 1 1 1 -1 -1 -1 1 -1 8.69 8.48
2 -1 -1 -1 -1 1 -1 1 1 -1 1 1 9.37 9.35
3 0 © 0 o0 0 0 0 0 0 o0 0 9.01 8.99
4 1 -1 -1 1 1 -1 1 -1 1 -1 -1 8.41 8.40
5 -1 1 1 -1 1 -1 -1 1 1 -1 -1 9.31 9.29
6 1 1 1 1 1 1 1 1 1 1 1 8.43 8.32
7 -1 1 -1 -1 -1 1 1 -1 1 -1 1 9.25 9.24
8 1 1 -1 1 -1 -1 -1 1 -1 -1 1 9.07 9.06
9 -1 -1 1 1 -1 1 1 1 -1 -1 -1 8.23 8.18
10 0 o0 0 o0 0 0 0 0 0 o0 0 9.05 9.05
11 1 1 1 -1 -1 -1 1 -1 -1 1 -1 8.30 8.26
12 1 -1 -1 -1 -1 1 -1 1 1 1 -1 9.15 9.15
13 -1 -1 1 1 -1 -1 -1 -1 1 1 1 9.06 8.94
14 0 o0 0 o0 0 0 0 0 0 o0 0 9.02 9.01
15 1 -1 1 -1 1 1 -1 -1 -1 -1 1 8.79 8.74
B. subtilis MA139 4 , ,
MnSO,- H,0, 11 :
, a =0.05 (P
4 0.460 0.388) ,
2.2 ,
B. subtilis MA139 4 ,
Plackett-Burman t
3 Plackett- Burman
Table 3 Regresson anadyssof the Rlackett-Burman desgn du/L
Ntot NS
t P t P

intercept 8.876 203. 044 0. 000 8.831 163. 294 0. 000
X1 - 0.147 - 3.001 0.058" - 0.129 - 2.136 0.122

X2 0.003 0. 068 0. 950 - 0.009 - 0.152 0.889

X3 - 0.152 - 3.103 0.053" - 0.163 - 2.688 0.075°

Xa - 0.190 - 3.888 0.030"" -0.221 - 3.652 0.035""

Xs - 0.005 - 0.102 0.925 - 0.021 - 0.345 0. 753

Xs - 0.082 -1.671 0.193 - 0.099 - 1.640 0. 200

X7 -0.173 - 3.547 0.038" - 0.159 - 2.633 0.078"

Xg 0.088 1. 807 0. 168 0.108 1.778 0.173

Xo 0. 097 1.978 0.142 0. 106 1. 750 0.178

X10 - 0.005 - 0.102 0.925 - 0.034 - 0.565 0.612

X1 0.157 3.205 0.049" 0.158 2. 605 0.080"

P=0.082, R§=0.96 P=0.125, R§=0.94

Lo P<0.1,** P<0.05
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4 Plackett- Burma
Table 4 Concentration of ingredients used ater the Plackett-Burman desgn

/(g/L)
(X1) 5 15 5
(X2) 5 15 , 20 %'
(X3) 5 15 15 ,
( Xa) 10 30 1 10 ,
(NHg) 2904 ( Xs) 2 6 , 20 %,
(Xs) 39 3 , , 20 %, >
(X7) 5 15 15 ,
MgS0;- 7H20( Xg) 0.5 1.5 1.5 , 20 %,
KHz PO4( Xo) 1 3 3 , . P
Cad> ( X10) 2 6 , 20 %,
MnS0;- HyO( X11) 0.05 0.5 0.5 1.5 , ,
( Xa4) ) , 3,
1% () 5 Yy =1.547 6,
, , 5 7
( Xs3) ( Xa) (X7) MnSO,- ( 8, (P<0.01),
Hzo( Xll) 4 , , RS;] =0.93 B.
subtilis MA139 93 %
( 5 Plackett-Burman :
, Y=9.434 - 0.003 X3 - 0.025 X4 + 0. 028 X7 -
, 0.013 X117 - 0.006 X3 X4 - 0.02 X3 X7 - 0.009 X4 X7
- 0.012 X3 Xll - 0.026 X4 Xll - 0.03 X7 Xll -
2.3 0.068 X3X3- 0.013 X4 X4 - 0.043 X7 X7 - 0.025
5 ( X3) X11 X11
(Xa) (X7) MnSO4- HO( X11) P
5
Table 5 Path stegpest asxcent
/(g/L)
MnS0O;- H,O
(Xa) (Xa) (X2) (Xa1) Ig[ Nio/ (fu/mL) ] Ig[ N (cfu/ mL) ]
1 5.00 10. 00 5.00 0.50 9.33 9.28
2 4.52 9.00 4.52 0.61 9.37 9.30
3 4.08 8.00 4.08 0.72 9.13 9.12
4 3.64 7.00 3.64 0.83 9.34 9.29
5 3.20 6.00 3.20 0.94 9.43 9.40
6 2.76 5.00 2.76 1.05 9.39 9.34
7 2.32 4.00 2.32 1.16 9.10 9.01
8 1.88 3.00 1.88 1.27 9.17 9.15
9 1. 44 2.00 1.44 1.38 9.06 8.95
10 1. 00 1.00 1. 00 1.50 8.91 8.84
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6
Table 6 Asdgned concentration of each variable at different levelsin centrd composite desgn gL
- 1.547 -1 0 1 1. 547
(Xa) 1.65 2.20 3.20 4.20 4.75
(X4) 4.45 5.00 6. 00 7.00 7.55
(X7) 1.65 2.20 3.20 4.20 4.75
MnSOy- HO( Xa1) 0.55 0.69 0.94 1.19 1.32
JMP \ , ;
, , , 36h
9 4 , 8.32 x10° fu/ mL
3.17g/L, 5.80¢/L, 3.62 3.10 x 10° cfw/ mL , 36h
g/L ,MnS0O4- H,O 1.06 g/L 96 %
, 2.84x10°fu
mL 3
, Packett-Burman
3 2.91 x B. subtilis MA139
10° du/ mL B. subtilis MA139
: 3.10 x 10° fu/ mL , 96 %,
2.4
7
Table 7 Centra composite desgn
lg[ Nd (Fu/L) ] Ig[ NJ/ (fuw/L)]
X3 Xa X7 X11 X3 X4 X7 X11
1 -1 -1 1 1 9.36 15 -1 1 1 -1 9.39
2 -1 -1 1 -1 9.36 6 -1 1 1 1 9.27
3 1.547 0 0 0 9.28 17 1 -1 1 -1 9.24
4 -1.547 0 0 0 9.27 18 1 1 1 -1 9.31
5 0 0 0 1. 547 9.34 19 0 0 1.547 0 9.30
6 -1 1 1 1 9.23 20 0 -1.547 0 0 9.46
7 1 1 1 -1 9.30 21 -1 -1 1 1 9.29
8 -1 -1 -1 -1 9.20 22 0 0 1.547 0 9.37
9 0 0 0 0 9.42 23 0 0 0 0 9.44
10 0 0 0 0 9.43 24 -1 1 1 -1 9.20
11 1 -1 1 1 9.29 25 0 1.547 0 0 9.34
12 1 1 1 1 9.20 26 0 0 0 - 1.547 9.41
13 1 -1 -1 1 9.34 27 1 -1 1 -1 9.36
14 1 1 -1 1 9.20
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8

(CCD)

Table 8 Regresson anadyssof the centrd composte desgn

t P t P
Intercept 9.434 0. 015 638. 810 0. 000 Intercept 9.434 0. 015 638. 810 0. 000
X3 - 0.003 0. 007 - 0.391 0.702 X3 X11 - 0.012 0. 007 - 1.635 0.128
Xa - 0.025 0. 007 - 3.860 0. 002 Xa X11 - 0.026 0. 007 - 3.491 0. 004
X7 0. 028 0. 007 4. 282 0. 001 X7 X11 - 0.030 0. 007 - 4.067 0. 002
X1 - 0.013 0. 007 - 1.961 0.074 X3 X3 - 0.068 0. 009 - 7.672 0. 000
X3 Xg - 0. 006 0. 007 - 0. 855 0. 409 Xa Xg - 0.013 0. 009 - 1.522 0.154
X3 X7 - 0.020 0. 007 - 2.615 0.023 X7 X7 - 0.043 0. 009 - 4.891 0. 000
X4 X7 - 0.009 0. 007 - 1.257 0.233 X1 X - 0.025 0. 009 - 2.805 0. 016
P<0.0001,R§;=0.93 ,RSquare Adj = 0. 85
9
Table 9 Critica value on the repponse surface
N/
X3 X4 X7 X11 (dfu/ mL)
- 0.03 -1.2 0.42 0.12 9. 454 2.84x10°
29
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