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Screening of bacteria for thermophilic aerobic biodegradation
of food waste and the degradation characteristics
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Abstract: [Background] Food waste tends to increase and thus it is an urgent task to rapidly digest it.
The thermophilic aerobic biodegradation technology turns to be an effective solution. [Objective] To
screen the thermophilic aerobic bacteria which can adapt to food waste and decompose the organic
matter in the waste and thereby to improve the degradation efficiency and reduce the waste. [Methods]
Experiments on the temperature tolerance in casamino acids, yeast extract, salts (CYS) medium and
high-oil and high-salt tolerance in food waste leachate medium were conducted for the primary
screening of strains. The enzyme production test was used for re-screening of strains, and food waste
biodegradation test for functional verification. [Results] Strains N3-1, C7, N3-3 and G6-1 were finally
screened out. The degradation rate of volatile solid (VS) was 36.95%, 33.23%, 32.83% and 31.91%,
respectively, 3.02, 2.71, 2.68 and 2.61 times that of the control group. They were identified as
Geobacillus thermoleovorans, Bacillus smithii, G. caldoxylosilyticus and G. lituanicus, separately.
[Conclusion] The 4 strains have strong adaptability to food waste and high efficiency of degrading the
waste. This study lays a foundation for the development of thermophilic aerobic microbial agent and

provides technical support for the reduction, harmlessness treatment and resource utilization of food waste.

Keywords: food waste; biodegradation; thermophilic aerobic bacteria; Geobacillus; Bacillus
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ARSI e 14 JoF B 3 e T A SR A e
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1.1 ##

ARSI U« B S I T R 3
Tkl S P A B AR R X R R A B 1
I RE S E T 4 °C VKA IR & . izAE s
T AT A A P TR R 1 43 B R

BB WA T EREBE I SR
Bery ok, Hh EEAERIR. WA, B,
MR G E RS . kR B
PR RSk L B T AOR YRR AR, SR
SR AT . R T B a0g A Y rss
B BRA R, 48 ot S 35RO T 1 BRA6 4 S5 an
1R,

1.2 EHEH
1.2.1 D BESLIERE

Casamino acids, yeast extract, salts (CYS)
B EARREFRILINA 17 g/L BiiE, 80 °C
B SR A BN S A R 25V I o
122 #HIFEREFIEFE

BRI MR IR AR (1 L) e b R
W 100.00 mL, M 3.00 g, BEEHERY
2.00 g, AlEMETERY 1.00 g, NaCl3.00 g, MgCl,
0.13 g, CaCl, 0.50 g, FeSO,-7H,0 0.01 g, 100 uL
fi i 0 R W (Na,;MoO, 12.00 g, MnCl, 5.00 g,
ZnSO,7H,0 0.60 g, CuSO45H,0 0.15 g,
CoCly-6H,0 8.00 g, NiCl,-6H,0 0.20 g). [l A
FRIENA 17 g/L B5IG .

7 I e R RS BEOSCHR11-14]BC ] (g/L),

R1 MBEAMR

Table 1 Physical and chemical properties of
experimental materials

MAEAEAR

‘R KB

Physical and chemical Food waste ~ Sawdust
indicators

7K Moisture content (%) 72.29+0.05  8.76+0.01
RIS % pH 6.23+0.03 7.03%0.02
BA PR TOC (g/kg-TS) 492.11+2.73  447.80+1.29
SV TN (g/kg-TS) 32.240.02  3.69+0.01

% % Protein (% TS) 20.13£0.56  2.44+0.04
TEHY Starch (% TS) 53.54+132 0

RE D5 Lipid (% TS) 29.70+0.61  5.80+0.05
ML 4E Crude fiber (% TS)  7.4240.28  76.64+0.54

AT MEEL Soluble salt (% TS) 7.68+0.19  —

e TS: SEfA, BIAESHTE 105 °C TR 28 & 2 1H 8 T 4 [
R
Note: TS: Total solid, which means the total amount of solid

remaining when the sample is evaporated to constant weight
at 105 °C.

4 = RE SR R . DL 10 g BEER R
17 R e AR AL DL 10 g AT TEVER A
I VE R T VE BT TR0 5 D) 10 g FR T BR T4k
RO A Y R B LG R DL 15 mL
OS5 2R AR (1:3) A IS 0 18 7™ g s T s 3
gk, DLE 4 R FRAEER IS I B YA ]
HoAh o #R—FE . HoAth k. B 3.00 g,
FEREPE ) 2.00 g, FIEMETERY 1.00 g, NaCl
3.00 g, MgCl, 0.13 g, CaCl,; 0.50 g, FeSO,4*7H,0
0.01 g, 100 pL i JCER M (Na;MoO,4 12.00 g,
MnCl, 5.00 g, ZnSO,4-7H,0 0.60 g, CuSO,4-5H,0
0.15 g, CoCl,+6H,0 8.00 g, NiCl,-6H,0 0.20 g).
PR RS FE I 17 /L Biifg .

DL FIEFEHIS T 1x10° Pa iR K& 15 min.
1.3 EHkBES@

W1 g IR ORAF 19 28 I 17 R i T 25 mL
P K, CE FEEIR S RS 3746 (30 °C.
150 t/min) 4z 14 h, BUHJEEE 10 min, H
BV 100 pL, FCHE/KFRBERL 107, 1072,
107, 107 Fl 107 FANHBERL R, WEL 100 L
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107 F BRJE G R, 95004 F CY'S [ {k$:
FEE b B REMAE SR E T 50 °C ByfE R
PR 16 h, AR BB KRHEIESE S
W2 R bR T 2 O Sk, BEZRIERE
S RER, J R DO A e
AR T—80 °C vKFHH & .
1.4 BHRHF

K o3 B il J5 AR AE CY'S [ A BE 77 2
iR, JFH BRI E T 50, 55, 60, 65,
70, 75, 80 °C IUIEFRFNEL SR, 24 h JFHU,
SR A K IE O (B E A K L W% KN, &
NIV E 3 AT, THIEREETE 60 °C LU 1
T BE S5 AR TR R o K U T2 i P T T T
PRAEAS SR B IR s IR Ak s 3R, B IR Ny
60 °C, HAALFREEE 3 44T, 16 h JEid st
ARG O, 5 T AR 28 BT 4 3 S T R R PR R T
KRR
1.5 HHERF

W RIS 0 B TR AR 3 0 SRR 4 Rl il
i e 1% F5 3L AR, F 60 °C By E TR SR
FEH S IR 2448 h, XA [E] G 7 G O 08 - B gt
PSS, A0 s HL T V& /NI A A 37 B 1Y)
Kb
1.6 BEHIRE YR S0 IEXE

PRIBUCE Jif 17 % 90 g, KJE 40 g, BT 500 mL
PG . RS B EARTE 100 mL CYS ¥
RREFREE T 50 °C 155% 16 h, HUEFREH&
FEBWE 7 000 r/min &.0> 5 min, &% 50 mL,
TRIFHAEE) ODgoo TH(ODgoe=4.0) Fifi 5 11 52 56
HIBA PRI 50 mL & AR R IR,
XTHRE A 50 mL Jow 28 18K, wiHkss). &
LB 3 A PAT o S i Bl SUOR A T
S, PRIEHGF AR . R R 12 h #h ekl
KA HAT N T ERE, ALERRTE R 5 d, 4320
TR S0 2H B KR 0 it by W ok M AR (volatile

solid, VS)WJFEfRA ., &k VS 21T
ER/NE W
V'S FEAR 2R (%) =(WI IR RT3 VS B e Ab R4
JEF B VS )RR R B VS B 100 (1)
1.7 EHMELE

S (AR S FMCEE 8 i)Y "
CH DLAN B R G0 5 T DU O R o 2 Ry 3
Xt R MR B A 2R 55 . SR PCR ¥ 38 301
W%, B RS B DL A TR R ) 16S rRNA
FEH P 5 T i ik AT 5 e, AR R R
fdFH AxyPrep 21 18 3 K 41 DNA /N &5 i #3857
E AR BN 1Y R AR R AT, s
YIXHE ] 27F (5-AGAGTTTGATCCTGGCTC
AG-3)fl 1492R (5-GGTTACCTTGTTACGAC
TT-3"), PCR WK & : 2xRapid Tag Master Mix
10 puL, #ifl 1 pL, . FiF514(10 pmol/L)
% 0.6 uL, b ddH,0 % 20 pL., PCR S )i 514
94 °C 5 min; 94 °C 30's, 55°C 30s, 72 °C 1 min
30's, 30 XAEFF; 72 °C 10 min; 16 °C 5 min,
PCR =W 1.5% A B e 58 e v UK 24 7 A
Je, AR AR AR A B F AT Al
JF . M RSBk DNA JF51) £ R4 541
P FRfE /P 514E NCBI H i1 BLAST J¥41 [
B5rHT. 1 MEGA X # B MREE T 16S rRNA K&
KA R Gk BRTY,

2 BREM

21 HMIREEKMSBESHE L

TE CYS [EMAEEFREE b, M VR R
gt LOE B, PREUA 255 i S TR T
FIATARTE (35 52 0, i 2 2k 515 3 41 Bk
T bk RN, R EERFY
GenBank £ 48 7 i bR E R AR AT R L X
133 20 BRAS [FIFP2E B AR, 25 TR PR 0 24 R
SRR BN 2 P o
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Table 2 Similarity information of isolated strains

L7 SR FEXT PP 40 %0 R b 0 R (B T 44 S R vk ) GenBank 5t 5 AL
Strain No. Species information of the aligned sequences GenBank accession No. Similarity (%)
(Latin name and strain No.)
C3 Geobacillus stearothermophilus KY433303.1 ON140196 99.7
Cc7 Bacillus smithii MW802807.1 ONO000818 100.0
Cl11 Geobacillus thermodenitrificans 1X673949.1 ON140197 100.0
F2-3 Bacillus velezensis MT626060.1 ON140198 100.0
F2-4 Bacillus sp. KU159247.1 ON140199 100.0
F3-1 Methylobacterium sp. AB698698.1 ON140200 99.5
F3-3 Bacillus subtilis HM631833.1 ON140201 99.9
F3-4 Franconibacter helveticus KX146474.1 ON140202 98.9
F3-5 Pantoea sp. KR780434.1 ON140203 100.0
F4-2 Acinetobacter pittii CP049806.1 ON140211 100.0
F5-2 Acinetobacter baumannii MT367824.1 ON140204 100.0
F5-3 Acinetobacter sp. JQ408701.1 ON140205 100.0
G4-1 Geobacillus kaustophilus NR_115285.2 ON140206 99.9
G4-2 Geobacillus sp. GQ140232.1 ON140207 99.9
G5-1 Geobacillus subterraneus subsp. GQ140232.1 ON140208 99.9
G5-3 Geobacillus vulcani CP061470.1 ON140209 99.9
G6-1 Geobacillus lituanicus FN666246.1 ONO000819 99.9
N3-1 Geobacillus thermoleovorans CP014335.1 ONO000817 100.0
N3-3 Geobacillus caldoxylosilyticus AJ564618.1 ONO000822 99.9
S3-1 Geobacillus sp. CP008903.1 ON140210 99.5

2.2 HYRE 2 E KRV

By B Ak A3 200 20 BRETE CYS AR RS
I BRI, IS & T 50, 550 60, 65,
70, 75. 80 °C MyKFFRAH N, 8L AR AE K AE
B e 0t ok BB RS TE SR (=50 O TN AEK
(A B4R BRI RR o 33X 20 AR BT 11 T P88 A0 3240 s 52 36 4%
R 3 P, H, “oFRREHEK,
FORWEMAAER, HHEE 3 P,
SEOLATHN, 43 B8 2R AS B 1Y) 20 R R REAE 50 °C
DL R EE A, BB IX TR 1 S HA T i R
(RE ST o T A 3 i 8 ot b b LA Y
R sk, — B oty W A s o T S e L
Pl e 50-80 °C, ML, 6 5 B i 32 1 9 5k
P14 TR R P 38 IO A (RIS T PR 48 S a7 33 A 4 il it
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KIWHHEA 16 ¥k, BEMETE 70 °C LI HIRERE
AR B ERRA 10 Bk, 20 BRE 0 i e A K IR N
75°C, FE 75 °C RUEAEKMWEA 4 ¥k, 25010
C3. G4-1. N3-1 #183-1,

B f e AR KR EAE 60 °C LU_E R 16 BREA
ol 28 48 o b R R T AR B SR 2 |, Sl AR
PRI MR 7R 48 Jof 47 3112 HE R [ AR B 5 0 B i AR K
B, ik RENE it 52 B BT I 3 R i . R R A
TSR . 255N 1 R, 3X 16 BREE A 10 #E
PR AT A 5T by R R R AR R R 3 AR K H K
AT, BRI S 505 CT. C11, F3-4, F4-2,
G4-1. G5-1, G6-1, N3-1, N3-3 I S3-1, %
R B S R TR, DR SRSk
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Table 3  Growth status of strains in temperature gradient primary screening test

Strain No. 50°C 55°C 60 °C 65 °C 70 °C 75 °C 80 °C
C3 +++ +++ +++ +++ +++ +++ E—
C7 +++ +++ e ++— —_— E— —
Cll1 4+ -+ 4+ +++ +++ - —
F2-3 +++ -_— +— - - — —
F2-4 ot — _— — — —_— —
F3-1 +++ +++ +++ I - — —
F3-3 +++ +++ e - - E— -
F3-4 +++ — _ - —_— —_ —_—
F3-5 +++ +++ e - - E— -
F4-2 +++ +++ +++ E— - — —_—
F5-2 +++ -_— — - - — e
F5-3 +++ +++ +++ — - — e
G4-1 +++ +++ +++ +++ +++ +++ -
G4-2 -+ 4+ +++ +++ +++ - -
G5-1 +++ +++ +++ +++ +++ - S
GS5-3 +++ +++ +++ +++ +++ - -
G6-1 +++ +++ +++ +++ +++ - S
N3-1 +++ +++ +++ +++ -+ +++ -
N3-3 +++ +++ +++ +++ +++ —-— I
S3-1 +++ +++ +++ +++ -+ +++ -

e+ PARCEWRAERK; - FRCERERALK

Note: +: The strain grows on the plate; —: The strain does not grow on the plate.

E1 BREERNKEHRERERE LMEKER

Figure 1 Growth status of strains on food waste leachate medium.
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ARSI 10 AR B 43 S 22 4 Bl il hs 55 7
M b, GgE ] IR . YERTEE . N I A AT
HeZ W bE, JEUILE B ER S W% ER
{) FCAEL(H/D) K S W AR X A P~ B RE 71 . 3B 1
BRAE 7= BET-HR_E 2 H B 107 1 375 W P T ik ) 7
Tt 155 190 1 375 PR P B A% 5 TRV ELAR Y LB L 2% 4
ZRFW, FEIX 10 BRIAA 9 bR B A 7 I 6E
71, H P ERN AR R Z B RS CT. F4-2
FIN3-1, 3X 3 R Al 74 3 FiiF, G4-1. N3-3
A S3-13X 3 BRI AT P=2E 2 Bl . =Rk
F, B 7 HREACEAM, H N3-1 8 HD
R, ZHZHRET 3.00; A 3 BREA 74
VEWEE, Hirh F4-2 09 H/D fie kK, —HZ HikE|

T 1.005 5 4 KRB0 = A N g, o N3-3 19
H/ID e K, ZHZWRET 1.50; f 4 tRiF AT
PR LT YEE N, Hih FA42 9 H/ID ek, —EZ
FLik 3] T 3.50, 543 Ak i B Sl an &l 2 f
TN o FHF P BT T i e TR AR S A1 OO
7 WA S SRR R S E AR TR — 2
A IO A 3 A U T B T S
24 BENIREREREIEIE

BRI HA N EL, BT OSAEOR.,
¥y B4R S KAWL,
KRS A LY B R R = e 4y
X S I P A7 R AT T B 5 T 28 o I 3 1) A i o
PR, FRATTHE R e 245 1 9 Bk N 314
Jo i 3 A ek e B v, 6 UE AR e b 3R V'S
REfg R . N 3 ATRLE H, NI Y
XTHRZH VS FEffRR A 12.24%, 163X 9 FREH,
A 8 BRI VS FEMARR T XA, H kg
S VS BRSNS CT (33.23%) . F4-2
(25.84%) . G4-1 (20.96%) . G5-1 (25.36%) . G6-1
(31.91%). N3-1(36.95%). N3-3 (32.83%). S3-1
(21.58%). SXTHEAIAHEL, SCIRAHAT VS FEAR 25T
SN 2.71 5(C7). 2.11 f%(F4-2). 1.71 1%

R4 BEREAMNTBEBEFELNERABESEEERILE

Table 4 The ratio of transparent circle to colony diameter of strains on four enzyme-producing media (H/D)

Bk G5 )R Al SR 7 UE A Tl A AR 7 MR 05 il 45 5 P Y R R SR

Strain No. Protease production Amylase production Lipase production Cellulase production
medium medium medium medium

Cc7 1.05 0.60 - 2.00

F3-4 0.60 - - -

F4-2 1.67 1.00 - 3.50

G4-1 1.75 - 0.40 -

G5-1 - 0.43 - -

G6-1 0.80 - - -

N3-1 3.00 - 0.25 0.33

N3-3 - - 1.50 0.67

S3-1 1.00 - 0.50 -

e - KPR R

Note: —: No transparent ring is generated.
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7 VR 5P -F4-2

7 TE A B T 125 - -F 4-2
Protease production screening ~ Amylase production screening
plate-F4-2 plate-F4-2

JrET Yk AR B e FAR-F4-2
Cellulase production screening
plate-F4-2

7 M T s 1P -N 3 -3
Lipase production screening
plate-N3-3

2 FEEERESRE LS BRSEERERFER

Figure 2  Status of transparent circles on solid enzyme-producing screening medium.
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PR N3-1 1 VS B e, 85811 36.95%, 4
X HRAL Y 3.02 £,

55 G TR AR A9 U 1) T TS 2 4 0 B R A2 O 1Y
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4 FREE AN AR WA W 048 Jot s 35 v iR
A 0 TR PR
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E ull
°
g 20r
=4
%)
>
10_|j:||:j
0%« " ~N ~N N o ~N ™~ N Y
/ 7 ’ ’ ’ ’ Q ’
e s EEE S £
Strain No
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Figure 3 VS degradation rate of food waste with
rescreened strains.

2.5 EMESFRFENETE

300 2 TR R ok TS 52 e S 1 AR 4 Jod iy 3 98 0
T v T i ER N 52 PR SE IR )0, LA SRR R Tl
M S s A Jo 47 3 A P S B B, Fe A
4 BRI N3-1. C7. N3-3 fll G6-1 #H47 F—#
HHRIE SIS E, 4R IE 5,
2.6 HEMRETE

o T B E PR N3-1, C7. N3-3 il G6-1 [
SrRFHAL, K 4 BREIFASEI 16S rRNA
FLH 75452 B NCBI #£4T BLAST Hxt, LA
MEGA X A i SR 2 4 BRI RGEK
AW o R YLK E L gl i B AT R
(Methanobacterium alcaliphilum, AB496639.1)
VERSNIERE, HABE IR R RSE LS BLAST
DA NCBI Taxonomy £ W . i RA KR E
PEELXT, BERE N3-1. C7. N3-3 fil G6-1 73 5l)E T
PG D ZEFAT 28 (Geobacillus thermoleovorans)
8 R AT B (Bacillus  smithii) . AN 2
AT 1 (Geobacillus caldoxylosilyticus)FINr. b %5
b ZEHIFT B (Geobacillus lituanicus). T£ NCBI
ISR S5 3RAS 4 PR A9 GenBank & 5%
2, 43512 ON000817 (N3-1). ON000818 (C7).
ON000822 (N3-3)F1 ON000819 (G6-1), 4 KR
ARG BWINE 4 PR NRGEK BRI, N3-1,
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Table 5 Morphological characteristics and Gram staining results of strains

WG S R3S EEN e S

Strain No. Colony morphology Gram classification

N3-1 B, R, RIEDCH A, HgE5T, A& 22 R
Round, light yellow, smooth and shiny surface, neat edge, opaque Gram negative

c7 PERIBEDE , e, RIEALH, DEAEST, AEY 2 [P
Approximate round, light yellow, rough surface, irregular edges, opaque Gram positive

N3-3 ERIRIE , e @, REACH, AT, REY R
Approximate round, light yellow, rough surface, irregular edges, opaque Gram negative

G6-1 B, e, RIEDLHAEHE, HEE5T, A&V 22 R

Round, light yellow, smooth and shiny

surface, neat edge, opaque Gram negative

71, Bacillus sp. (AY603079.1)

78 L Bacillus aeolius (AB362281.1)

68 "— Bacillus kexueae (MN252919.1)

82 4{
99

|
86 100 |

Bacillus smithii (MW802807.1)

C7 (ON000818)

Geobacillus lituanicus (FN666246.1)

G6-1 (ON000819)

Geobacillus caldoxylosilyticus (AJ489326.1)

93 88 495i

Geobacillus caldoxylosilyticus (AJ564618.1)
N3-3 (ON000822)

72

Geobacillus kaustophilus (CP038860.1)

Geobacillus thermoparaffinivorans (KC252980.1)

Geobacillus thermoparaffinivorans (KC252981.1)

84

76

8
—oz "

Bacillus caldolyticus (CP025074.1)
Geobacillus kaustophilus (NR 115285.2)
Geobacillus thermoleovorans (CP014335.1)
N3-1 (ON000817)

4 THEH N3-1. C7. N3-3 1 G6-1 T 16S rRNA EFFFHWEMRFEAEN FHShESFRXT

IR BT GenBank #5855 43 3 8 BRI FROR
2= SERE W B

ARV E ERZRGOCR s AR R84l A]

Figure 4 Phylogenetic tree of strain N3-1, C7, N3-3 and G6-1 based on 16S rRNA gene sequence. The
serial number in parentheses represents the GenBank accession number of the corresponding strains; the
number on the branch point represents the phylogenetic relationship of different branches; the distance scale
represents the unit length of the difference between sequences.

C7.N3-3 1 G6-1 J& T 1 ZE HIFT B (Geobacillus)
FZFAUFT I (Bacillus), AP iRtk N3-1 55 H0E
2 1t ¥F 18 (Geobacillus  thermoleovorans KCTC
3570, CP014335.)RAEM—3; Wtk C7 5£IK

Tel: 010-64807511

E AT (Bacillus smithii MAL61, MW802807.1)
RBAER —Z; WPk N3-3 5 S AHE Hh 25 f 1
W (Geobacillus caldoxylosilyticus partial 16S rRNA
gene isolate Tj, AJ564618. 1) RILE[R]—7; WK
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G6-1 5537 P58 #b 2R AT 7 (Geobacillus  lituanicus
partial 16S rRNA gene strain AE8, FN666246.1)
RIER—3Z,

3 & #

HETC A MR, AR5t b 3% ] LA
0 326 14 i s T ) AR 0 T e R B 3R P
fifR e, AFLTS I TR R 5 8 B TR R OGS PR N R
175 BB FERRIES . AR E L
SR FE YR VB2 s TS 2 P S 360 R 28 Joid oy 30 S YA
T R A2 PR SC IS, X A JBt 45 3% i i A AR Ak
PRFE S b oy B 24k B B AR SEA TR 0 L A5 20t
T R IR A A A s L UCR T RS AR
S, SRR R REEE . .
R . T 4k 2 A8 77 (0 TR /3 70 15 32k PR 5% 1) v T e
U e DVR BB A Y SR I,
ZARAT 4 BRABHS = R A Jot a7 35 10 v T 24
AR T o 3X 4 R EA B AR T A 3
RFIE o7 1 A R A A AL B A BE T

W E AT 10 RIS ATFERIRE50 °C)
B A ot B 3R R T R A R A
K, 10 B A B R RT3 I By R R TR AT R A
R F P 1 Yk B R v el v R Y DR . A
WA T, A 9 PR B A E . k.
BRIl . £F4E KB 1-3 FhBEAYRE S, £
TR TR EL A R A R A 2 ot b R A A L
YISy, 1E%ESE 5 d BR B IR IR A Ak
VISR UESE s, B 8 MERE LI VS
REff R T AU XS R4, E— B uEse 1
UNINIX 8 R TR AT AR A o 37 3% o U A 4R A
AP R A 4 BRE N3-1. C7.
N3-3 Fll G6-1 X4 i Iy 3% 14 A= ) i ot 5 R 22 R
i, H VS BRI 51 36.95% . 33.23%.
32.83%F1 31.91%, 43l & X B Y 3.02. 2.71,
2.68 1 2.61 1%,

ZUE, WK N3-1, C7. N3-3 F1 G6-1 43¢
S JE T g b L ZF A M S (Geobacillus
thermoleovorans) . % [% ZF il #F & (Bacillus
smithii) . F K B b ZF 10 4T B (Geobacillus
caldoxylosilyticus) #1 7. B& %8 Hb ZF i #F
(Geobacillus lituanicus). TETRZEIRITHT 4 PRI
o, HZEAAT R (Geobacillus) FIZEHIFF I (Bacillus)
SRR R o TR AR N3-1 J& TP it 2
AT 18 (Geobacillus thermoleovorans) , 1% F Pk &
M ZE AT B R — SRR, JE T 2 IR
N AR, i, e A AR B
Pk, It HoH 2E AT i B R 1 i e
R SCR  3X 5 Druteika S5 BOMF 5T 45 SR — 3020,
kR C7 J& T 5 [RZEAEHT I (Bacillus smithii), i
PR RS 2F A TR R ) — SRR, R T 2L I
PERE . HATOCT S [REF AT W R i o8 24 v
FE BN T | A 7= 2R A IR D e 4 e
8 T 57 3 v s AR AR R T P S A T
b, Sakai 55 MHEAEAE i b 20 B A5 31— bk s R F
KT (Bacillus smithii), 1] HiESZ HA] =4 g
Dt , XPAgE B A FEAREE ) ; 2 55 °C N, o
BRI BR 3 d 5 I8 TR AR AT A F) 35.6%,
BFIRE N3-3 J& T HIAEANME 1 ZE 7T 1 (Geobacillus
caldoxylosilyticus) , 1k [FFF A ZE AT 1
A —ASB Al SRR SR A AR S g v o3 i 4l
PEBRAT T — Bk i A 53K B A 161 (Geobacillus
caldoxylosilyticus) P FHFBEMA TR itk G6-1
J& T 57 P 5E b 2E HOFT B (Geobacillus  lituanicus),
ZERALE TP AR )R . Kuisiene 58 M
7 B 56 R — 4~ g T T e 2615 3] — bk 2F
JAF R, 12 R H A 0 I R R A, RIS %
R AR HL A K AR I RE 1 0, DA BT 4 B
ISR, % 4 bR EA R A P
YR RE Sy, DRI, o H ] T 3 T
AR P i R AT — S A ML AR
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