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Optimization of Fermentation Process for Straw Decomposing Inoculant
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Abstract: In order to optimize the fermentation process of straw decomposing inoculants(Bacillus subtilis and
Saccharomyces cerevisiae) and improve the inoculant activity, single-factor and orthogonal experimental methods
were used to explore the optimization schemes for fermentation medium composition, culture conditions, and
small-scale production of fermentation tanks. The results showed that the optimal fermentation medium for the
straw decomposing inoculant was composed of glucose(10 g/L), tryptone(5 g/L), maltose(2 g/L), yeast extract
powder(5 g/L), NaCl(4.0 g/L), KH,PO,(1.0 g/L), MgSO,-7H,0(0.3 g/L), FeCl,(0.01 g/L), and CaCl,(0.1 g/L). The
optimal culture conditions were: initial pH 7.0, culture temperature of 30 °C, rotation speed of 180 r/min, under
which the colony count reached 7.57x10° CFU/mL. For the small-scale production in fermentation tanks, the opti-
mal culture conditions were: stirring speed of 180 r/min, ventilation rate of 0.8-1.0 vvm, and inoculation amount
of 2%, with the colony count reaching 13.82x10° CFU/mL, which meets the content requirements of agricultural
microbial inoculants. This study provides a theoretical basis for the industrial production of straw decomposing in-
oculants
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IR %(Saccharomyces cerevisiae)2H 1 , 45 B
RA B 1: 204 B L), T8 7% $>2x10° CFU/mL.
W4 5 7 ik - & 0% 10.0 o/L, 3 1R 5.0 ¢/L, NaCl
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T K% 30 min,

1.2 KA *E
1.2.1 R B3R 48 kAt

SR FH H PR 2R a0 1R AN [ 1 i D (K L R
AP 7 2R R CFLRE)  ZUR (BEREIR R G R
B PRFE R MR AR RS R ) G 1 A
o B A R A, A AL HE 3 R R T i 1
F2 P 2% (R B4 800 , % 3 180 1/min .28 C A%
THiFRE 2 do S MRA 05 Oy 1k D A TR TR R
i BOR S BUA HLY RS 200 7 R 38
PR, B PR 2R 4 0 44 3 T A — 50 0 B 4 R
1tttk .

IEZE A5 MR B P R B0 25 2, LA VR B0k
KA bR, R R (A) 22 28 5 (B) | %4 A (C) AN
Pz B2 B (D)AS [RS4TR8, R R U R &R
K LGBOI IE 283 50 13 11 (5% 1), B A2 fie AR

®1 RAEEFEAREXZRBEARSKFE 4L
Table 1 Factors and levels of orthogonal experiment
for fermentation medium composition optimization
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Table 2 Factors and levels of the orthogonal experi-
ment on culture conditions

EN
. Factor
Lol AWE - BERRECC Fedliemin DR /%
pH {8 Fermentation Rotations Inoculum
pH Value temperature speed size
1 5.0 27 160 1
2 6.0 30 180 2
3 7.0 33 200 3
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Table 3 Factors and levels of the orthogonal experi-
ment for pilot-scale production in fermenter

S
Factor
KV
Lo ABEFRERE B ALt/ CHkRlrg/
remin”' vvm %
Stirring speed  Ventilation rate Inoculum size
1 160 0.8 1
2 180 1.0 2
3 200 1.2 3
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Fig. 1 Effect of Different Carbon Sources
on Colony Count
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Fig. 2 Effect of different nitrogen sources on colony count
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Table 4 Results of orthogonal test for fermentation medium composition

P A REE A /g L B 2f Mg L7 C Hjjhl/g- L DR M g L W75 80/10°CFU - mIL™!
No. Tryptone Maltose Glucose Yeast extract powder Colony count
T1 1.00 1.00 5.00 3.00 0.93
T2 1.00 2.00 10.00 4.00 3.38
T3 1.00 3.00 15.00 5.00 2.59
T4 5.00 1.00 10.00 5.00 6.33
TS 5.00 2.00 15.00 3.00 6.58
T6 5.00 3.00 5.00 4.00 1.34
T7 10.00 1.00 15.00 4.00 4.19
T8 10.00 2.00 5.00 5.00 5.16
T9 10.00 3.00 10.00 3.00 4.59
K1 6.90 11.45 7.43 12.10
K2 14.25 15.12 14.30 8.91
K3 13.94 8.52 13.36 14.08
k1 2.30 3.82 2.48 4.03
k2 4.75 5.04 4.77 2.97
k3 4.65 2.84 4.45 4.69

R 2.45 2.20 2.29 1.72
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Fig. 5 Effect of rotation speed on colony count
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Fig. 6 Effect of fermentation time on colony count
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Table 5 Results of orthogonal test on culture conditions
%' AR pHE BRIRIRLEE/C C % ¥ /- min™ D HERl it/ % W E/10° CFU-mL™
No. pH Temperature Speed Inoculum size Colony count
T1 5.00 27.00 160.00 1.00 2.64
T2 5.00 30.00 200.00 2.00 4.62
T3 5.00 33.00 180.00 3.00 3.94
T4 6.00 27.00 200.00 3.00 5.73
TS 6.00 30.00 180.00 1.00 6.93
T6 6.00 33.00 160.00 2.00 6.19
T7 7.00 27.00 180.00 2.00 7.04
T8 7.00 30.00 160.00 3.00 6.87
T9 7.00 33.00 200.00 1.00 6.52
K1 11.20 15.41 15.70 16.09
K2 18.85 18.42 17.91 17.85
K3 20.43 16.65 16.87 16.54
k1 3.73 5.14 5.23 5.36
k2 6.28 6.14 5.97 5.95
k3 6.81 5.55 5.62 551
R 3.08 1.00 0.74 0.59

T7 T 7% %0(7.04x10° CFU/mL), 3E 52 T X — S 54
G A R ik B A ABLCD, O K R 5
R R R A
23 ABENIEFIZER

AL A 7= 5 % R TR S5, & 6 1IE ik 5

R AP R R R I T RO 1Y i 3 R (R=
5.82), FL UKy 32 Aol i 0 E JXUEE , % B A R X
PR AR A O AR A R R B 32 O
N AP T (R=5.82)> 3% i #E (R=2.48)> 1 X i (R=
2.24), M E{H AR B AU IR AL G N
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Table 6 Results of orthogonal test for fermentation tank pilot cultivation

s AEFEHEE /v min ™! Bl M4 /vvm CHERN /% HE5010° CFU - mL™!
No. Stirring speed Ventilation rate Inoculum size Colony count
T1 160.00 0.80 1.00 2.70
T2 160.00 1.00 2.00 4.83
T3 160.00 1.20 3.00 6.03
T4 180.00 0.80 2.00 13.70




13 BG% RATE MR LR T 2L s 73

K6
Table 6 Continued

i AP /e min™! B3 K/ vvm CHERN /% HY5%0/10° CFU-mL™!
No. Stirring speed Ventilation rate Inoculum size Colony count
T5 180.00 1.00 3.00 11.40
T6 180.00 1.20 1.00 5.93
T7 200.00 0.80 3.00 7.53
T8 200.00 1.00 1.00 9.67
T9 200.00 1.20 2.00 7.20
K1 13.56 23.93 18.30
K2 31.03 25.90 25.73
K3 24.40 19.16 24.96
K1 452 7.98 6.10
K2 10.34 8.63 8.58
K3 8.13 6.39 8.32

R 5.82 2.24 2.48
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