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Solid-state Fermentation Parameter Optimization and Experiment of
Bacillus amyloliquefaciens L. — H15
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(1. College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China
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Abstract; Bacillus amyloliquefaciens is a kind of plant growth promoting rhizobacteria. The response
surface experiment and orthogonal experiment were used to optimize the number of trophosome of
B. amyloliquefaciens 1. — H15, and determine the optimal conditions of its solid-state fermentation. In
addition, B. amyloliquefaciens L. — H15 solid-state fermentation inoculant was applied to cucumber plug
seedling in order to verify its actual growth-promoting. The optimized fermentation conditions were
identified. The solid matrix was composed of wheat bran and soybean (1:2.8) with external 20% rice
hulls, 0.2% lactose and 0. 38% soy peptone. And the ratio of water to matrix was 0. 4 mL/g, with 46%
bottling capacity, and 5% inoculation ( 10° CFU/mL). Under this condition, the number of
B. amyloliquefaciens 1. — H15 trophosome was as high as 1.68 x 10" CFU/g. L — HI5 solid-state
fermentation inoculant could remarkably increase the stem diameter, height, leaf area and accumulation
of biomass (P <0.05), and significantly enhance the mineral elements contents. The cucumber root
activity was increased by 5. 86 times than that without L. — H15 solid-state fermentation inoculant. Thus,
B. amyloliquefaciens 1.— H15 can effectively stimulate plant growth, and L. — H15 solid-state fermentation
inoculant had a good prospect in the field of microbial fertilizer. This means that L — HI5 is a good
candidate of biofertilizer and biological control agent in the future. The application of this kind of solid
fermentation inoculant can provide a new way for improving the yield of agricultural products.
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Tab.1 Single factor optimization condition
B A

AL 5:1 4:1 3:1 2:1 1:1 1:2 1:3 1:4 1:5
SNk I 5T 4 5 % 0.2 0.6 1.0
SR VR B i $ % 0.2 0.6 1.0
Bt/ % 30 40 50 60 70
B i/ % 1 2 3 4 5
WoRHH/ (mLog™") 0.2 0.3 0.4 0.5 0.6
A TI I/ % 0 1 10 15 20

1.3.2 Plackett — Burman iR ¥

M4 B PR R il 3 45 2R, 1 ] Design-Expert 8. 0
HAF T Plackett — Burman 8056 (N = 12) , % F ik 7
NRRIEATH L BARBTT Ko B D]k 2 B
71N WE DO (L A fifp 98 A3 2 L AF BR L — HILS 35 1 8. il
o X % R 2R T 2% RO (BRI BT R R A 43 BT, A 7 B R

Rt R EEN I AR ERNRHIITT —F
W5
1.3.3 Byl

A Plackett — Burman iR 56 T 15 3| 19 B 3 A %
LGOS, Bt B BE @ Sl 56 1) I m) FI 2B G o 35
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Tab.2 Design of Plackett — Burman experiment

KF-
AR I:1 1:5
LW T i 5 % 0.2 0.6
K L3R R G B % 0.2 0.6
BT % 40 50
i/ % 2 5
WORHE/ (mLog ") 0.3 0.5
A FC IR N/ % 10 20

*3 EREREREIEIT
Tab.3 Design of the steepest grade test

55 BRA Bt/ % KT R %
1 1:5 40 0.2
2 1:4 44 0.3
3 1:3 48 0.4
4 1:2 52 0.5
5 1:1 56 0.6
1.3.4 Box — Behnken g v/ iy i i 56

H i 5 I 5 3 5 ) 457 s A0 2 W I o 5 R e 3
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VL 0 g 7 7 TR VT, AR A e D00 A T 2 B, X AR B AT
Ji 285 Bt W FE AT A5 B, O 0 0000 285 SR AT Bk

% 4 Box — Behnken fIf 57 B H i 36 1% it

Tab.4 Design of Box — Behnken experiment

KA
HE ik =
A L 1:2 1:4
B/ % 44 52
R LI FWR 5T o) B % 0.3 0.5
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Fig.1 Influence of C/N ratio, carbon source and nitrogen source on bacterium number in solid fermentation
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Fig.2  Optimization of single factor of fermentation conditions
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Tab.5 Design and results of Plackett — Burman experiment

R A c D F e H K L—HI5 if %0/ (lg CFU-g™")
1 -1 1 -1 1 1 -1 -1 9.989 +0. 064
2 -1 | 1 -1 -1 1 1 9.906 +0. 103
3 1 -1 1 1 -1 -1 1 9.841 +0. 055
4 1 | 1 -1 -1 -1 -1 9.878 +0. 067
5 -1 -1 -1 -1 -1 -1 -1 9.904 +0. 165
6 1 1 -1 -1 1 -1 1 9.843 +0. 067
7 -1 -1 1 1 1 -1 1 9.961 +0. 024
8 -1 -1 1 -1 1 1 -1 9.954 +0. 039
9 -1 | -1 1 -1 1 1 10. 143 +0. 095
10 1 -1 -1 -1 1 1 1 9.840 +0. 107
11 1 1 1 1 1 1 -1 9.816 +0.249
12 1 -1 -1 1 -1 1 -1 9.835 +0. 028

% 6 Plackett — Burman i I& 5 5 5 #7

Tab.6 Effect analysis of Plackett — Burman experiment

At -0.210 62.34
LA T = 4 4L 0.026 1.88
PNER: SN Y50 0. 094 19.27
BN 0.124 28.33
et -0.011 0. 69
TR -0.042 6.81
(R R IEs -0.023 1.74
102
o 10.1F
jus}
25}
(&}
20 100
ﬁ
@ 99
98— 2 3 4 5
TS

3 B BENC Y i 6 25
Fig.3 Result of the steepest grade test
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Plackett — Burman 235 §ifi 46 H 0 2 2 B R 3 47 1)
T LA , LA s BE TE B 30 e At A9 Bk L g 123 3%
LR O = AR 48% R LA H R IR g K
0. 4% W) Ay pols e AT I8 o AR U B 25 S AT
L — HIS { B 80k i B AE, B A8 07 58 &% &5
W7 PR

& 7 Box - Behnken iXIfi%it K& R

Tab.7 Design and results of Box — Behnken experiment

A
A5 B KEEAE
B ‘ (lg CFU-g™")
% RSB

1 1:3 44 0.3 10. 167 =0. 400
2 1:3 52 0.3 10. 207 0. 092
3 1:3 48 0.4 10.225 £0.732
4 1:3 44 0.3 10. 197 £0. 079
5 1:4 52 0.4 10. 198 +0. 335
6 1:4 44 0.4 10. 186 +0. 071
7 1:3 52 0.5 10. 172 £0. 206
8 1:4 48 0.3 10. 128 +0. 625
9 1:3 48 0.4 10.217 0. 737
10 1:2 52 0.4 10. 143 = 0. 531
11 1:3 48 0.4 10. 201 +0. 674
12 1:2 44 0.4 10. 127 £0. 665
13 1:2 48 0.5 10. 224 +0. 595
14 1:3 48 0.4 10.241 £0.913
15 1:4 48 0.5 10. 132 +0. 517
16 1:3 48 0.4 10. 173 £0. 107
17 1:2 48 0.3 10. 176 +0. 142

HL 4% Box — Behnken i 5 45 4 4 37, 1] 5 455 74 I
PRI 25581 . B A P =0.0027 <0.01, 4
RUMI AR 3, AR AT A5 B R4 P =0.077 5 >
0. 05, 2k UK 30 AN .3, U6 B R 00 PR 3 i B &6 41 1
P/ BRI BEREE Y

Xf Box — Behnken i3 56 1] )5 #5254 1F 15 A {5 B 43
Br, P RECH 0. 957 , B IE e E R ALK 0.910 8, {5
M LY R 4, U B T 5 S I E 2 A EL A Y
G, RIRERL G B A

B4 T DL 45 o 4R 38 D 6 TB1E  im 7 T6
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Fig.4 Contour maps and response surface three-dimensional diagrams of Box — Behnken experiment
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Tab.8 Effects of B. amyloliquefaciens L. — H15 solid fermentation on cucumber seedlings growth

2 14 d Hig24d
CK L—-H15 CK L-HI15
¥R /em 8.9+1.4" 10.2 1.2 11.8 £1.6" 23.9 +1.8"
ZEH1/mm 2.64 +0.22% 3.29 +0.24° 3.16 +0.29" 3.45 £0.24"
T L/ em? 36.4 +2.3" 60.1 +5. 87 50.3 +4.7° 129.3 +14. 3"
SRR TR/ g 1.48 +0. 06" 1.89 0. 207 2.04 +0.08" 3.48 +0. 15"
T /g 0.113 £0.003* 0.114 £0.001* 0.192 +0. 045" 0.270 +0. 050"

VBT ST B R 22 RN B E (P >0.05) .
2.2.2 WA KM E

DAY e 38 T SR AR AR b, L 450 nm P A TR
FHE Y AL bR 22 ] TTC brufE i 28 (& 5) . Ui B

SR A R 5 W S B 2 ) LA A R A R ek, [T
PER AT,
WK 6 Frws, EE N 14 d Fi1 24 d 1), f#
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Fig.6  Determination of root activity #
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Fig.7 Determination of plant mineral elements content
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Fig.8 Determination of nursery substrates available mineral elements content
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