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Solid Fermentation Technique of Geobacillus stearothermophilus CHB1
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Abstract : Using cell biomass as the index, wheat bran and soybean meal as the main fermentation materials, via through unifactor tests and
orthogonal experiment, the optimization of solid fermentation medium and conditions of Geobacillus stearothermophilus CHB1 were studied.
The optimal fermentation technique should be : wheat bran 11.3 g and soybean meal 3.7 g in each 250 mL flask, which was mixed with 50%
initial moisture content by phosphate buffer(pH8.0), 15% inoculum(V/m )and incubated at 55 °C for 24 h. The biomass was up to 8.12x10°
CFU -g™. Tt was found that the biomass resulted from the newly formulated medium was eight times greater than that from the standard

fermentation medium. In a word, the optimized technique could reduce the cost of CHB1 production, increase CHB1 biomass and help to

improve the efficiency application of CHB1 in composting process.
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L1.1 FERpRIR

e G W - ZF # AT # ( Geobacillus stearother —
mophilus )CHBL, HIAREEAE Ll B2 e -3 NE RIS
PR A TR A, IS TR A T A E
1.1.2 [EA R R

RIS ERE . AR SRR BR A w AR
1.1.3 Bkt

TEALRE 3L A T 0.3%, BERE 0.2% , KT EH
Ji 1.0% ,NaCl 0.2%, Bifig 2% ,pH7.5,

AT BEE TR AR B 0.5% , RS 0.5% , K
AW 05%, %1k 0.5% ,NaCl 02% , Bl 2%,
pH7.5,

WA K B fe s 352k . AF N 0.5%, KEEH
[ 0.9% ,NaCl 0.2% , K,HPO, 0.1% , KH,PO, 0.075% ,
pH7.5,

Ak A 9 5 . RIRER . 16 g, 41K 16
ml,
1.2 ik
1.2.1 BEaIE 5k

ZHRSCHR[1T]HL 2 g AR, FH 50 mL JTEH KR
WL FERIRY 2 h B 1 mL BRI, A ) H:
. .

i (CFU-g")=(Ax50)/B
KA B 1 mL W ER A E R, CFU-mL™; B L
B, 2550 AIMMATCHE K&, mL,
1.2.2 GFPHlA

- RHETE AL CHBL TR Ah 28D TR & AL ik
RS Pl A MR 18 h, & .
1.2.3 WS i i L™ (pH7.5)

PR BRI R 2 — 4 (Na,HPO, - 12H,0 )6.02 g Fll %
ik — S 4N (NaH,PO, - 2H,0 ) 0.5 g, Jil /K ¥ i I € %%
% 1 000 mL, pH 4% 1FE
1.2.4 CHBI [E/{A& k& Bk 77 3L (1) i 5
1.2.4.1 PpkHic bt e

DAASTRIEC Bk e R R AR (A A I il 155 7
Ferp ) R FERL , B R 22 vh O IR 0 k), K A e
T 60 CHEFE 24 h, e Br 72k b A T &, B SPSS #X
PRAER 2 S 0 B, i 5 1 5 SRR 18 B i
1.2.4.2 Ykl B EOL5E

{5458k e 5 TORIBE L R 10 g:6 g, AR H 8k
K RN ORTC ) B & IR, Wl R 22 R, O TR B2
RS T 60 CHEFE 24 h, W 55 TR 9 T i, SPSS
ARSI 22 St o0 A, 5 2B B2 X CHBT A=
(R FEI o
1.2.5 CHBI [E{k &R0 2k

FHA L0 8k K 5 COMIWE AR K ek}, PR HL e
A 10 g6 g, 2 Al T DUT i
1.2.5.1 KEHEE

W5 & BRI IR 2% g i ig: , K RS 43 ) 1
50.55.60.65 CTHiF% 24 h, Wl5E & Tokh b iy &
iE o SPSS X P AR B A T 25 S S A AT, B
SIRPEXT CHB [ & B2
1.2.5.2 REEYIEE K

V4 R R BRSO , S 3R 5L 5 K & 4y
WA 40% .50% .60% . 70% .80% , K # M5 T 55 C
THIRIGFE 24 h, M K EEHD B &1l f SPSS #k
PR TG AT, B T R 7 K
1.2.5.3 WfgEhx CHBI [{A & BER) 5200

FH Y& B2 9 0.02 mol <L~ [ Na,HPO, - 12H,0 7l
NaH,PO,+2H,0 Ag i pH 435k 7.5.8.0.8.5.9.0 (1%
1% 2% R A B B 4l K (pHT.5 ) iR Rk, i 45 35 i &
K& N 50% , KRG ,55 CHEERE IR 24 h, &
S BER e () B B SPSS B BEAT B M, B E
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1.2.5.4 FEpbxt CHB1 [E{K & e 52

250 mL = fA 43 0 R TR 15.30.45.60 g,
JH pHB.0 W R 2% sh WU IR W KL, BRI G K E N
50% , KRG 55 CH; % 24 h, 5 & Bk 5 1
ik, SPSS B A TR 43T , B A A ROR
1.2.5.5 $EREXT CHBI [ & B2 5200

K VR Ry 8.0x107 CFU -mL™ [ CHB1 B &
SCERA ) 2 TRt v e A TR AR R 1 B, 4
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2.1 ¥RIECLE XY CHB1 B % B2 R 200

# 5 GOM R R R AR e X CHBT A KA 3
25t (R 1), Al Bk sl G RPE £ TRERL, CHB #E £k
e R RROR B Bk B i D O B
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Table 1 Effect of material proportion on the biomass of CHB1

in solid fermentation

ZES LT

Significance levels

YR L

Material proportion/g

lg( B H#/CFU-g™)
CN lg(Biomass/CFU-g™")

a=0.05 a=0.01

16+0 3.76 8.09+0.095 ¢ A
1442 3.78 8.14+0.010 abe A
12+4 3.81 8.27+0.105 ab A
10+6 3.86 8.31+0.096 a A
8+8 3.90 8.10+0.100 be A
6+10 3.95 7.86+0.119 d B
4+12 4.03 7.50£0.146 e C
2+14 4.10 7.34£0.055 e C
0+16 4.20 7.39+0.076 e C

TEWPRHRCEE T, “+ R B BB, 7R o ORI, C/N S
APPRHECIE T BRB S OMITR L C 58 N Y LL(E. B35 (H P<0.05 225
B#E, HNEFIFIR, P01 2590 8% RS FREFOR, T,

Note: For the material proportion, before the “+”was wheat bran and
after the “+”was soybean meal . C/N was the ratio of total carbon in wheat
bran to total nitrogen in soybean meal. P <0.05:significant difference,
expressed by small letter; P<0.01:very significant difference, expressed by

capital letter, the same blow.

3.86 B, AR £ , ik 2.10x10° CFU-g™', #iBH CHBI
(A T P 3 B BRAA T, O T A A K B 7 JE 1 i
2.2 CHBI EfxEZEBEMHHEEME

CHBI1 fEA R4 & Bk i A K AE L (3 2),
YR AN A W5 CHB1 AY4 K . CHB1 7E A i iy
R A K B, TR 4.02x10° CFU - g7'; B B
R K B R B MR ARG, Y S, ST
PRI A (A PR R I R4 R A A 200 8 e 4%
FRILTR R R R T T A 5 5 L 3R A R fY
SO, TR M R AR 5 IR, BB AR I i i 8k B
5 RWE R R TR

=2 MR ERT CHBI Bk % BEE 2RI
Table 2 Effect of material fineness on the biomass of CHB1

in solid fermentation

Significance levels

a=0.05 a=0.01

YR/ A

Matarial fineness/mess

lg(AHR/CFU-g")
lg( Biomass/CFU-g™)

CK 8.60+0.03 a A
18 8.36+0.08 b B
40 8.27+0.05 b B
60 7.98+0.11 c C

2.3 iREXt CHB1 Eff & B 500

T 0T A 4 1 A R B A S A AR K
ISR, R TR Bl AR RO O L AR s A
REIN B o WNER 3, R[N EEXT CHBI A=K A 52
25 3 CHBL 7E 50 °C R A K82 B R B T
WG BT, 55 CRPR iR 2.29%x10° CFU-g ™5
T FE A v TR VR R T CHBL AR & e
Had R 55 C,
2.4 4/kEX CHB1 Bk % BRI 2200

FEREAR L T KE R 5L 5K & X CHBL A KA
RIS (W3 4) 0 KRR, RHE i A 22, 15 5%

R 3 REX CHBI Bk A B E BRI
Table 3 Effect of temperature on the biomass of CHB1

in solid fermentation

NE] Rl = ~ -1 %‘ch.f'i ﬂ g‘rﬁz
L le(RH/CFU-g") Significance levels
Temperature/C  lg(Biomass/CFU-g™)
«=0.05 a=0.01

50 7.57+0.04 c C
55 8.26+0.06 a A
60 7.90+0.02 b B
65 7.10+0.08 d D
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Table 4 Effect of moisture content on the biomass of CHB1

in solid fermentation

%E R
EESH lg(pH/CFU-g™") Significance levels
Moisture content/%  lg(Biomass/CFU-g™)
a=0.05 a=0.01
40 7.38+0.021 ¢ C
50 8.42+0.007 a A
60 8.23+0.035 b B
70 7.43+0.042 ¢ C
80 6.38+0.035 d D

BERT AR T E = Bt 2 AU A 9 o (s 4 ) 43
AR LT S0 SR B IS oK At 22 kL
K G KRG B2 s AR A K s A
BER . 50% & K feidi . CHBI B K, Bk 2.60x
108 CFU-g",
2.5 BEERZE MilxT CHB1 Bl & BERI 500

A LI Al K X B, U CHBI 7EAN[R] pH
BERRZE pi h A (3R 5) W RR Eh 22 vl X CHBI
A KA RE , iR pH 7E 7.5~8.5 Z [H] | A 7%
B8 K ;pH N 8.0, HIV Na,HPO, 5 NaH,PO, Jill & 43
95 5 5 mL B, R R AHR 5.70x108 CFU-g, 437
25 BA T 0, 43 pH7.5 fRER 2l K R AR 2% i
IR YRL 5 i ROK, B W RR 22 v iR A T
Ykl pH A —E Mgz ER, IR 22 51
A AN RE A A E A, A R TR R A
2.6 ERIE N CHB1 Bk & B2 2200

CHBI1 fEA AR T A LS R, an3k 6, 2k
wl b, R RIS R RS AS A, K
SHPERR FWILVER S 78R T, ARITAREAR %

&S5 BiERELYS CHB1 EfA R B E 200
Table 5 Effect of phosphate on the biomass of CHB1

in solid fermentation

e e T kRaER

WERRER NG BRERZE MR pH le(FTE/CFUg™)  Sianificance levels

Phosphate/mL, Phosphate pH value lg(Biomass/CFU+¢?) ————————
a=0.05 «=0.01

CK 75 8.45+0.020 c C
84+16 7.5 8.57+0.012 b B
95+5 8.0 8.76+0.006 a A
98+2 8.5 8.59+0.035 b B
100+0 9.0 8.18+0.080 d D

TE BRRRER N T, 47 TR R NaoHPO, + 12H:0 Jilli, “+7 JF 46 7R
NaH,PO,+2H,0 fii#: .
Note:In the amount of phosphate,value before “+”was Na,HPO, *
12H,0, after*+”was NaH,PO,*2H,0.

* 6 EREN CHB1 Bk & BN
Table 6 Effect of substratum volume on the biomass of CHB1

in solid fermentation

\ FYeE
FopH lg(BHHR/CFU-g ™) Significance levels
Substratum volume/g  lg(Biomass/CFU-g™")
a=0.05 a=0.01
15 8.67+0.078 a A
30 8.82+0.035 a A
45 7.91£0.035 b B
60 7.24+0.056 c C

BHETE 15~30 g Z A, CHB1 A= K5 2% S/, B
TR B B G, WBhE P REAIG , 52 M S0 <
JNE, TR T R B s AR R A K i Bl Rk 30
2/250 mL = ffii.
2.7 ¥EFEY CHB1 Bk & EBREN

B ) /N BH S5 M B AR A A S T A e o
K, Ed A, AR e, W 7 AT,
CHB1 2R 7E 10%~15% 30 R854, B B AR K
22 FHEAT, WIS A 1, BLIE SR 10%35 705

&7 EMEX CHBI Bl R BRI IT
Table 7 Effect of inoculum percentage on the biomass of CHB1

in solid fermentation

) %E, R
Rl (V/m) lg(THH/CFU-¢™) Significance levels
Inoculum percentage lg(Biomass/CFU-g™)
a=0.05 a=0.01
5 7.200.134 ¢ C
10 8.60+0.028 a A
15 8.77+0.050 a A
20 7.98+0.021 b B

2.8 CHB1 Bl % E2JE &

CHBI [fA & B K M Zean & 1,0~4 h &b FAK
HEF 915 4~20 h 2L TXPEUE RN 20~32 h b FAE KRR
SEW;32 h e A KT, MRS AN A K i —
AL, FERE T T EGA BB, IR R 2 , ]
A 155 7R B A A RS e TR AT o 1 RSO A T 550 9
BN, PR A BERT [B] A 24 h, R UE R B P iR
KiIGHEEL
29 EXIRMHKN CHBl BELEETE

RIS X RZ 0 CHBI [E/A & A R iR 6 4>
PRI, BIYPRHEC e R 3K BERR AR Remb it Fnis
R T IE SIS A Ak o B BRI 2R OKF- 36 51
TR REETR L3 8 .3k 9 H3 10,

B BT S PR AR A - ABLCIDLEF,, X
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Table 10 Analysis of variance for the experiment result with
~7 8.0 orthogonal design
*o TEH WET I AME i P . W
§ S 76 YIRHEE 0777 9 107779 7223 Fs(1,1)=1614  *
”E % WE 06922 1 06922 6427 *
= % 72 b kA 00738 I 00738 68.50  Fop(1,1)=39.1 *
4 hiREh 00425 1 0.0425 39.50 *
N Hofbt 01502 101502 1395 *
0 4 8 12 16 20 24 28 32 36 40 44 43 PRl 01342 1 01342 1246 #
Eﬂﬁ #¥e 00011 1 00011
M 18720 7

E 1 CHBI BElk% B4 <t 2k

Figure I Growth curve of CHBI in solid fermentation

R 8 L(2NEXRBWEARAKFR

Table 8 14(27)orthogonal experiment factors

KF ke WEC AKibe  BERRE ke A%
W ®  © (B ()

1 3:1 55 50 7.5 15 10

2 53 60 60 8.0 30 15

TE - WPRCLE , $5 8k 52 55 TOMIRYBORE LU s BERRER B9 LA pH 3,
Note: Material proportion was the ratio of weight of wheat bran to

soybean meal ; the amount of phosphate buffer was expressed by pH value.

RIS HE AT 220007, 45 51 (38 9) R BH , 4% 1 Z %t
CHB1 [ {4 % BERZ A ) 25 RTUF A - H0RHAC b > T >
SRS A E S BKESTEIREL, BISHRAAEH AN
A\B CaDEFy, J7 25007 (32 10) W, MBI o5 R
X CHBI [ 1A & e A K B2 R 3, 38 0.05 7K
SRR A SUK R FIBEER R CHB1 A= K Y
M5 835,38 0.10 7K. DA ECAFEARXT P2 & E T

T % FOREI AL o R LA 2

Note : * significant difference, *" relatively remarkable.

I IIE , i J5 i€ e FELL G - A BIC.DLEF,, BV, %k
Rz moR=11.3:3.7CB 3:1), SR 55 °C, &K & 50% ,
PR Eh pH8.0, 2k 30 g, AP i 15% , 7RI A5 1F T 1
ik 8.12x10° CFU - g,

3 INEFNTE

(D)AWFIE 55 s , CHBI 7R 8k i | OoM145 K 1
YRR A A, i R T IA 8.12x108 CFU-g7', L
AR e 8 £ AL, 5 R A 2 TR AT A 24 TR B
REEHAR IR BN A AR R i BB E SR FH A%
SURZRILLN 3 AT A Yl W N NN e R - 1
A, FEA K B HLAT 7= il et PRBE T Yo /NI A5,
WEH T CHBL (T fbAr=,

() PR AA 2 ) A & A 1 rh | 6 AR kR
ER R 5 SR AR A 5T S AR (B
BT R IR KA, AR RO O 2 IR
B X SINRA P AT T AR, PRI A 26556

9 EXKBIGIHFIRE S

Table 9 Orthogonal experiment design and the range analysis

v oaes PrRHC HE 5/ C KA % Witk Pkt e/ % e lg B HE/(CFU-g™)
1 1(3:1) 1(55) 1(50) 1(7.5) 1(15) 1(10) 1 8.15
2 1(3:1) 1(55) 1(50) 2(8.0) 2(30) 2(15) 2 8.81
3 1(3:1) 2(60) 2(60) 1(7.5) 1(15) 2(15) 2 7.99
4 1(3:1) 2(60) 2(60) 2(8.0) 2(30) 1(10) 1 8.18
5 2(5:3) 1(55) 2(60) 1(7.5) 2(30) 1(10) 2 7.97
6 2(5:3) 1(55) 2(60) 2(8.0) 1(15) 2(15) 1 8.13
7 2(5:3) 2(60) 1(50) 1(7.5) 2(30) 2(15) 1 747
8 2(5:3) 2(60) 1(50) 2(8.0) 1(15) 1(10) 2 7.06
K, 33.13 33.06 31.50 31.60 31.34 31.37 31.93 7=63.77
K, 30.64 30.71 3227 32.18 3244 3241 31.84
R 2.49 235 0.77 0.58 1.10 1.04 0.09
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