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Abstract: Geobacillus galactosidasius is a common bacterial group in the livestock and poultry waste composting
fermentation process, and plays an important role in aerobic composting fermentation. To obtain the optimal liquid
fermentation conditions for strain BWTGW1-1 and establish its large-scale production process, a single factor and response
surface methodology were used to optimize the composition and fermentation conditions of the liquid fermentation of strain
BWTGWI1-1. The results showed that the optimal medium composition and conditions for liquid fermentation of strain
BWTGW1-1 were as follows: mannitol (2.50 g/L), yeast extract (8 g/L), soy peptone (5 g/L), sodium chloride (1.50%),
culture temperature of 60 C , pH value 6.00, and liquid inoculum (0.50%). Under these conditions, the ODy ., value of the
liquid inoculum of strain BWTGW 1-1 reached 1.423 7. On this basis, using a 5 ton liquid fermentation tank system, a large-
scale liquid fermentation process for strain BWTGW1-1 was established, and validated through two batches of large-scale
production. Nearly 5.50 tons of strain BWTGW1-1 liquid microbial product were obtained, with an effective viable bacterial
count of 7.25%10° CFU/mL. The effective viable count in the spray-dried raw powder reached 1.12x10'° CFU/g, with a noticeably
low impurity rate (<0.01%). Conclusively, the optimal pilot production fermentation conditions for strain BWTGW1-1 were
as follows: mannitol 2.50 g/L, yeast extract 8 g/L, soy peptone 5 g/L, NaCl 1.50 wt.%, pH 6.00, temperature 60 ‘C , fermentation
speed 150 r/min for 0~12 h, 250 r/min for 12~24 h, ventilation rate 20 m’/h, and fermentation time of 24 h.

Key words: Geobacillus galactosidasius; high temperature resistance; liquid fermentation conditions; response surface

optimization; pilot fermentation
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Table 1 Factors and levels of path of steepest ascent method

experiments design
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Table 2 Factors and levels of response surface tests design
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Fig.1 Effect of carbon source types on the bacterial cell

density of G. galactosidasius BWTGW1-1
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Fig.2 Effect of carbon mannitol addition on the bacterial cell

density of G. galactosidasius BWTGW1-1
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Fig.3 Effect of nitrogen source types on the bacterial cell
density of G. galactosidasius BWTGW1-1
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Fig.4 Effect of soya peptone addition on the bacterial cell
density of G. galactosidasius BWTGW1-1
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Fig.5 Effect of yeast extract paste addition on the bacterial
cell density of G. galactosidasius BWTGW1-1
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Fig.6 Effect of NaCl concentration on the bacterial cell
density of G. galactosidasius BWTGW1-1
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Fig.7 Effect of pH on the bacterial cell density of
G. galactosidasius BWTGW1-1
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Table 3 Design and results of the steepest climb experiments
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Fig.8 Results of the steepest climb experiments
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o FRUE A S FRLRT TR R e R TR S5 A A, B R4 SRR
B, TEmMIGFRACM N KR ODg (4 2.365 0, iX
EGRRATI = FUHE Hb 5T AT 1R B R T 45 R 2 BRI EA 2
TRK, UL BHARTIF TR 75 LRk e il 2% A PR i v di 1 5L
B ST B AR B 1 BN EAR KT

x4 MEERBIETRER

Table 4 Design and results of response surface tests design

&5 MEAREFTEST

Table 5 Variance analysis of regression model

[

kB BAA AWE ¥HF  FM PHA RE

RE5 X1 X2 X3 EAREIEE (ODgy, 18)

1 0 1 1 1.061 7 +0.027 9
2 0 0 0 0.849 6 +0.027 2°
3 0 0 0 1.092 3 +0.047 4
4 0 0 0 1.094 2 +0.027 1™
5 1 0 -1 1.034 4 +0.023 2
6 -1 1 0 1.001 3 +0.022 2°
7 1 0 1 1.4355+0.026 9°
8 -1 -1 0 1.117 3 £0.018 6™
9 0 -1 -1 1.121 3 £0.046 5%
10 1 -1 0 1.103 8 = 0.045 6™¢
11 0 0 0 1.068 3 £0.031 3%
12 0 1 -1 1.034 9 +0.036 8
13 -1 0 -1 1.101 4 % 0.054 8™
14 1 1 0 1.086 7 +0.027 0
15 -1 0 1 1.001 5 +0.031 5
16 0 -1 1 1.1957+0.0152°
17 0 0 0 1.092 8 +0.013 1¢

AAL 01800 9 0.0200 4.8000 0.0253 R
A 00032 1 00032 07600 04123 R
0.0580 13.5800 0.0078 =2
0.0400 9.4200 0.0181 =
0.0130 29800 0.1280
AC 00150 1 00150 34700 0.1048
BC 00001 1 00001 0.0010 09744
A 00011 1 00011 02600 06259 <2
0.0500 11.8300 0.0109 =R
0.0500 11.8500 0.0108 23

B 0.058 0 1

L

C 0.040 0 1

A
o
b

AB  0.0130 1

HOA
S
o o B

B> 00500 1
' 0.0500 1

REZ  0.0300 7 0.004 3
@I 0.0210 3 0.0072 3.4400 0.1318 F~2#
ik £ 0.008 3 4 0.002 1

iz
BEEZ 02100 16

Design Expert 8.0.5 % {4 Bt Tl 1) B £ i 5
SN H R EE 2.50 g/L. EREE 8.00 g/L. K EEH
J 5.00 g/L. NaCl 1.50%. pH {H 6.00. }K5F%IEE 60 C.
NG FLAER T, T RIGUE RS, 38R EER A
B Hh 5 AT B BWTGW -1 B 44 41 i %% FE ol 1.423 7,
i R A A VA6 U R B0 2.50%10° CFU/mL, kAR
R B TR

2.4 5000 LK% B 6 iR & B
%6 WHLRRiREEER

Table 6 Two batches of pilot fermentation situation

= 5000 L &8  5000L &8
R E o po
F— # — 4t
KB /h 24 24
R AE
(x10° CFU/mL) 7.20 7.25
T IRRDA RGE
% (x10° CFU/g) 108 12

HRT, AR A H B AT B 8 SR A DG 1) A ik 1
RIGHE T . AHFFEPIHEIK 5 000 L sk Ak B a6 E 1)
B 24 h, KIBESERUREERS, $ERMT 5.50 t AR KR
B R 1t OSSO LS O B
TR EE 0 55 T 4L 3015 45 kg AR B R BET
5% 55168 J5UR 40 Sl EAT R AROH B, S5 R IR 6.
IR IR A B SR ik B 7.25%10° CFU/mL, 15§
5T 98 SRR A 0 1 AU R A 3 1.12x10' CFU/g.
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Pt IR 45 R ZE AR, IR BBk T &
SR AT

3 #ip

AT 5T LB A4 20 i %25 B OD g {E 9 Wil B, 38
ok B RT3 96 AR o S T X 6 15 1 i o i P L
M G. galactosidasius BWTGW1-1 sl & FERs 57 3%
BoJr N H EREE 2.5 /L. FEBEE 8.00 g/L. KU HEH
ik 5.00 g/L. NaCl 1.50 wt.%- pH fH 6.00. X% 7% iR
¥ 60 C.

G. galactosidasius BWTGW 1-1 fltAb J5 I B 441 it
E ODgy 15N 1.423 7, iEE N 2.50x10° CFU/mML.

Ptk BWTGWI1-1 (et il e = R e sk At A, 1
FEWE 250 gL, FEEEE 800 gL, K 4K M 500 gL,
NaCl 1.50 wt.%- pH {f 6.00. &% 60 C, KM 0~12h
#3150 /min, 12~24h 3% 250 v/min, 385 E 20 m*/h,
RIEIT K 24 ho
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