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The screening and identification of thermostable decomposition

bacteria in kitchen waste and the relative application
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X13 4 ¥ R 3F 3047 # (Bacillus licheniformis), B4& F
X13 Ak ) % 6 A A A BT B, D AL BT AR 4
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Abstract: The efficient degrading and high-temperature resistance
bacteria in kitchen waste were isolated according to the character-
istics of domestic kitchen waste. The microorganisms in the
kitchen waste were cultured for 48 hours under the conditions of a
temperature of 55 “C and a relative humidity of 50% RH using a
nutrient agar medium (LA), and then they were screened and

separated according to the colony morphology. 20 strains of bac-
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teria were obtained, and their decomposition effects of starch,
protein, oil and cellulose were determined. X13, which has the
best decomposition effect, was selected and identified to be Bacil-
lus licheniformis by morphology, physiology, biochemistry and
molecular biology. The microbial agent prepared by X13 strain
was used to decompose the kitchen waste. After running for 48
hours in the small kitchen waste disposer, the decomposition of
the kitchen waste reached 72.82%. The results showed that the
microbial agent could effectively improve the decomposition effi-
ciency of the kitchen waste and shorten the decomposition time.
Therefore, the B. licheniformis could be used in the kitchen
waste decomposition industry.
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B SERF 5 RBE 5 T B b B bk X 5 — A5 LW R 43 i 3
R0 A A L 0 S AR SO0 18 AN B e Ah . E AT — 2t
WRIE TR AR R AL e e A R
TR RE 1A 2% R ik A 0 k48 B I 3 R A s e B e T
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1.1.4  FrgeH

LA R IR AR LB 35 5. iRt A Rk B A )
H M R K B S B 2 ¢ AR 2 g K
R 1 g, 281K 200 g;

WIS LI LT e R G 95 2L MR B 1.0 g iR B 0.5 g. %
BRI Ky 0.5 g, SALHR 0.5 g BEIR — 28 0.9 g B R A —
1.2 g WISREL 0.2 g LR 4E R ¥ 5.0 g, FRK fif ik 2 1
0.5 g, Bifig 15.0 g;

TEM E SR B NE 5.0 g, H Ik 10.0 g, NaCl
5.0 g AT MEVER 2.0 g. 3R 20.0 g5

HERE IR BEREE 5.0 g, nIE R R 10.0 g,
KH,PO, 1.0 g,MgSO, » 7TH, O 0.2 g, B W5 H# 50.0 g,
Bifig 20 g;

Memids 7= 3. | A 1 10.0 g, NaCl 5.0 g, CaCl, -
7TH, 0 0.1 g, 3§ 9.0 g,pH 7.4,121 ‘CK A 20 min, &%
Z 40~50 C,.MA 121 CHI K HFH 20 min ) Tween-80
BRWEN 1%,

L2 A *E

1.2.1 BUFE T # GB/T 9695.19—2008 Ay BURE J5 2%
B — 7 Tt 1Y) JoF b SR o o e A TG TR A8 b % 3L i Tl S
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1.2.2 B4 8 5 0 ik

Uy 2% Al T R OAR - {6 0 Hl 7 K1 A M o BURE A
10 g, f# A 250 mL p 4R . A 90 mL iy 7 A= B
oK, E Y 15 min, FFE S S ALK TSRS B E
1 min, il 58 104 BE Y 1A TR B, R0 & i TR K
F AR Sk BB AR W 1 mL FRBAAR A 9 mL /MR
Brp I 107 B . LA R4 107,10 1,10 0k
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JBE b A o s B3R

(2) WA 78 LA BEFR 200 100 oL 2% 9% B2 A6 B2 1A ¢
R IR )L & 3 A RAT .

(3) Higr ff 23 Ui A J By 8 % L8 e i L4 O
BEFERh AEREE S 55 °C AR EE Dl 500 RH Y 41
A A AE AR R SR 48 b

) JrEsaifl - R UG SR 5 W 98 B0 30~ 300 MY
SR, BRI 25 RN AN R A B 2 5 1) SR A TR VR L R
FPAR R 2R e LA K3 3 BRIk 4 o e Ralifl 4~
5 YR BN R T T 4 C Uk PR

(5) T AN AR Tl 5 2T A B K 2 0 3 B R R
FUTRC i H b 8 . K T AR S T I AR B R AR P L TR
KRR IR (55 °C, 120 r/min) H1 1537 24 h, BRI 5 H il
W 2 T 1R BUR S T LS mL R U T AR K
—80 C AR vKAT " .

1.2.3 T oes afe AR A T 40 20 i S8R s

(1) JE oy W e 16 P « T 36 0 K O35 % B TR Bk )
PRI IE A B bR . R T U R B R B SR L. 55 TC TR EE SR
48 b, FETA VA JE B im0k S R OO RO 15 s R
S e bR RO % R B B M B2 D S % ER
Do I EEAE (D /D) » RV 32 T Wk 14 38 453 I8 A 35 1

(2) B BT R AR 1 < B0 B A T R 2 IR 13 ) B
PO E M AL T HE A IR 4,55 CTHi5F 48 h, ff
FREAR - RO Sk 5 v S B B0 B8 1 AR D 5 i 7 AR AR
I B AR Do 1 LA » B 32 T Bk 1) 25 11 J5 B A 05 14

(3) £F 4 28 A 0 PE < 60 B W SR 20 41 4 3R 5 57 4 I
IR PR A B 4 JER Bl R T RUR LS4 R B SR
$£.55 ‘CTFHEFR 48 ho f FIF AR R RO 4 B 9% J B K i
Bl HE D S BA& Do i HfE . BRI bR 19 2T 4 R
i it 05

CAD i i e i 105 P R o 8 2 A J5 15 300 ) 45 T b AR 42
B NG 5 5 55 6P B (R TR IR I SR AR R AE 55 C R B
7,48 h R I, iR R R E 2B HE D 5SHE AR
Do 9 LU AR - BI 32 BB 1 g 7 3 e 1 4
1.2.4  HFh % g

(D BE¥EE L LG IO R & E .
i i R 7 A4 2R R A AR A e ) TR B X o T R T
A R AN % 8 T WIAR X, BT IR S 4 S

(2) A PRA RS E - TG o 22 PR e (0 O O i
B V-P R i S A S O g | PP A R 0 R R T R
it 2K 30 ke XA AL 20 A 8 AR de A 1 T o AT 2R R A
BE .

B BFAYFEE R 1 mL IRIFFRGER A
1.5 mL B0 4 9.8 000 r/min B0 1 min, A 180 pL
JH Enzymatic lysis buffer B¢ ] i 20 % fi%) 125 1 il 4 Wk, T
BT AR YR DNA 32 B0 ) & 20 3R 225K 58 4 IO #5
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YE. W4 DNA . 42 Ui DNA 37 B 7E — 20 C R 7E.
$RHUH DNA 2628 T A8 TR CEEED) A R 7 .

TP 45 43 BT 16S rDNA 7 47 16 AZ I B4 22 (he-
tp://rdp.cme.msu.edu/index.jsp) b X},
1.2.5 AR PR RIS AL S . Pk 95 B
TR 5 mL IR ARG R AL 0 i L AR IR S 55 °C
120 r/min B7K R R AR % 4% K K5 3 K5 5% 24 h, 3 417
1o 3 500 M HEAN B R R BERD T 464 100 mL WIS 77 3
9 250 mL B9 HETE b & BERE 3% 60 h, % 2 h IUKE .
605 nm Tl g & BERAE OD {AH . 23 HHZ R 19 AR R 4R .
1.2.6 & Jof 5 3% 1) I ik

CLD T T 0% T 2 = o oA A 3 2R S5 i 1 T o e P 2
A 5 mL JEad T IR A B 7 FE AR AR A A il R
FE RIS AR IREE 55 °C L 120 r/min B9 7K 38 18 IR ¥ 4% R o
Bege. i FHIRRE A9 07 B3 1500 By B2 R it be PR R B R Y K
FE% IR RO B . O RS IR BB CEE 6 000 1/ min 2
L 10 min, 77 2/3 (4 L3S FIRT BRI M.

A A b R T P ¢ B A B 10 1 1 AR g #AR b kL,
H 0 BV e 4 R R VR R G L0 1 M BT A 4 1A
ARk i B A 7

(2) BRI EHBCRNNE . S % T REE X
F A JBT g SR TE Y B T LR U RN AT 4 2 A A 1
FAR A H R B E IR AR A 5 1 4 BT B
WA (K D,

x1 BEENRBREEMR

Table 1 Main composition of kitchen waste %
KR X 7E SIEE mEYah GES Hopl
54.0 8.0 21.4 5.4 1.9 9.3

H AR S TR A S Y A R 1 I B K
3SR L R B I R . B R 4 10 1
A JBR R L VS 0 30 48 Jgf dar 3 A BRLESR R L A 55 CC AR B 48 h e
A AR A JBT iy 38 5 S 1 A Tk O I AR
2 8RS0
2.1 H#HE

HR 8 T V4 1 T 25 25 R0 50 78 LA B5 3R 3 b0k 43 5 1
Tif o ik P 2 B 20 Ak 43 Sl 4 0 s XL X2 e e .X20,

2.2 HWMER

¥ Lk B AR B 20 405 4 B0 AT vE R L R A
T e 7 F 4t 2R 0 R R ORI R LR 2,

SR HABIFE Y . D/D, >2 W F 7R 1% 0k T A HLY
SRR AF . AR 2 WAL 45 X1.X3,X5,X6.X8,
X10,X13,X18,X19.X20 #§ D/D, > 2, iiF B 33 £ 74 # %I
TE A I 43 R AR B AT . T g 2R LA 1 43 i AR
G5 X130 X17 WA D/Do>2, X FL44%EM
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IR . D/Do>2 MRS FH : X6.X7,.X8.X9.X11,
X13.X14.X16.X17 . X18, & ¥k 240 B % 3€ 4 L 2 3 8

R2 LWMEHNEN . EEREH . FEZNEBIR
Table 2 Degradation effects of all strains on starch,

protein, fat and cellulose (7n=3)

AXEE - MEREFERSBARNGHE EERER

W T 2 3% DU 2 2 B DL B0 53 i BE T 25 AN AR TR L 255 4%
TR PR XS T Ry R U5 L I R AT A R B R AR AR B
X134 bR X DU 2K 3 24 LY o i ROR AR B i
HORRHB>2. A WF 5 e 1 X 48 J6F 4 3% b O 26 32 %2
PO B0 e i S SRAR R 1) X3 A — 25 i T R 5

2.3 HMEXE

ETT— - : ” —
Wfi?ﬁ? 2.22?12.20 2.iiis 1.021}1}2.05 1i:fjo) 230 PAERIE W X151 ‘LA %%%L%%'ﬁ@
X2 1.9040.08 1.90+0.08 1.100.09 1.00%0.11 FAEDy TR BB R TR SR R R 5T BN
X3 1.8240.21 1.91+0.07 1.434+0.12 1.0040.06 WY XH B, ALE l(a)"‘ o )
X4 1.7840.05 1.78+0.19 1.2040.11 1.0040.11 2'3'2/ tt‘%tk%%%% EEEE;%@,;X%S PR L
X5  2.5540.15 2.5540.23 1.1040.03  1.0040.08 ERFE FRARRRE R RREHEILE 1) .
X6  2.35+0.11 2.354+0.11 1.68+0.14 2.0040.25
X7 1.3340.04 1.3340.08 1.1040.08 3.11+0.08
X8  2.9740.10 2.974+0.17 1.0040.24  3.1340.26
X9 1.95+0.11 1.9540.32 1.7040.22  2.224+0.09
X10  2.5040.08 2.50+0.19 1.12+0.09 1.1240.17
X11  1.9740.05 1.97+0.15 1.47+0.19  4.0440.04
X12  1.2440.04 1.2440.04 1.10£0.04 1.00+0.16
X13  2.0940.07 2.0940.08 2.1040.02 2.3940.14 (a) HREIEAR (b) H2RYefE
X14  1.3540.09 1.3540.06 1.31£0.09 2.4540.08 Bl XI3HEDEEZRLER
X15  1.0040.16 1.00+0.02 1.24+0.04 1.0040.04 Figure 1 Colony morphology and Gram stain of X13
X16  1.9740.05 1.9740.17 1.20£0.07 4.29+0.72 R 20 B 0T 25 2 3 o2, LB B B 1 e
X17  1.9440.03 1.94+0.08 2.300.25 4.02+0.11 TR AE 75 A o 6 T 5 2 1 A i i AR 4 4
X18  2.3340.05 2.33+0.20 1.2040.22  4.5140.50 S PR et AL SR VP B A TR A R (52 3)
X19  2.2940.09 2.294+0.09 1.30+0.16 1.0040.04 E L B W X13 TR Y M A 2E AT
X20  2.2640.12 2.2640.13 1.29-20.02  1.00+0.07 (Bacillus licheniformis) .
£3 4AEANRBERT
Table 3 Physiological and biochemical test results
EEEmE VP RE :J%Mt'fu - ﬂi:ﬁ@z & Rk %
Fifg 1 36 it a3 et TR
+ + + + + + +

T FOR IR A RO A R A R B

2.3.3 ST A= 16S fDNA IS ¥ 8 X13
PR rDNA K B2 1501 bp 19 5 BeifEAT 16S rDNA {97 »
W7 45 B 76 GenBank %4 1w i 47 [ U8 1% b X, 45 1
(FH FRW., HE X13 B 5 GenBank 45 5
KX785171.1 fy3th A 2F # #F 4 ( Bacillus licheniformis) [
TR B FOARRUEE O 10024, B Bk X13 Y 16S rDNA 1)
PCR 7 ¥y 14 35¢ i A 068 Je vl UK [T DL 1] 2,

2.3.4 WHRAKEZ MR 3 KL, Rdk X13 i
A ZETRLFT BRI 119 S W5 0 R AR A L FE SR 1 4 2 h X JE] P9 LT AT
VL2200 5 T8 5 AR ZE AR 1 2 AR B4 KL HL O T A
EEXTEOE K TE 20 h )5 B AR E AR R A 0 TR TR 4
I e BN FRRG 0550 b5 iE AT IS 05 TR AR

T W o LT 02 A 2 AT T A 20 h i T K F)
T R BB O MR SR E K

2.3.5 RBTHLICFEAE AU AT B R 0 Y R
BEZy 7y 8X10" CFU/mL. il % Y 4 Jof B 3K 73 & 4 20
22,210 o SR JH AT AL 40 Wik A 8RS A1 ) T R Mt A 2F AL AT
TR E ) T A 0 b B A R I B3R L 55 °C A AT AE /D

F 4 X13E# 16S rDNA L& R

Table 4 16S rDNA sequence alignment results
of X13 strain
wES B4 EEEFE O OEM 8% B R
2 756 2 756 100% 0.0 100%  KX785171.1
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Figure 2 Agarose gel electrophoresis of 16S rDNA gene
PCR products of strain
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Figure 3 The growth curve of Bacillus

licheni formis strain
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TRCP) SR 354 0 0 B A B 0 S . G AT AR B 2 Ak
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% 5536 0 10 5 AE & #9515 L R E o 1) S R
ORI B MR A 00 B R T R R DA B
3 ik
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TR BTSN 1> 1> G Q) 544 4 45 I iy i 8 vk
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