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Analysis of Microbial Community Structure in Lactic Acid Fermentation from

Kitchen Waste

LIU Jian-guo', WANG Qun-hui', WANG Shuang' , SUN Xiao-hong”, QIU Tian-lei*, LI Huan'

(1. School of Civil and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China; 2. Agro-
Biotechnology Research Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100089, China)

Abstract: In this study, PCR-DGGE was used to analyze the microbial community structure in lactic acid fermentation from kitchen
waste. The results showed that with Lactobacillus amylophilus inoculation, both the microbial diversity and lactic acid production in the
open fermentation system were higher than those in the sterilized fermentation system. These results indicated that the microbial
diversity and the lactic acid production have great correlation in the kitchen waste fermentation system. Through analyzing the sequence
of some DNA bands excised from the DGGE gel, it showed that in addition to the inoculation of Lactobacillus amylophilus there were
some indigenous lactic acid bacteria, such as Lactobacillus sp. , Lactobacillus casei, Lactobacillus plantarum and indigenous hydrolytic
bacteria, such as Pseudomonas sp.. These indigenous bacteria can help to promote lactic acid production. PCR-DGGE is feasible for
analyzing the dynamic changes of microbial community structure in kitchen waste with complicated composition.

Key words : kitchen waste ; lactic acid fermentation; microbial diversity analysis; Lactobacillus amylophilus; PCR-DGGE
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1 #MBEFZE

L1 SR

BB A I R R A A PR R
IR TG B ARAET - 20°C vkAR R . i TR 5
B PER  EEARXE E (29 50% ) oA T RIS B
() I 2 S | SIE50 BT FH DA R Ay 8 U A ZLFF 1, I S
S A A TR RS .

1.2 IRk %

AN R G T R 0 T X A I A R L 12 2 (48
Jef i/ K, gemL ") BC IR IR 3L, 452 0. 2 ¢ (AR
M) /100 ml (48 BF 57 85 7% 5 ) $2 A W8 U B FLAT
WL IEA SRR AR, B H )5 35C T A
%, BERE 24 h BURE 4255 .0 HL (eppendorf centrifuge ,
5417C) [ 43 25 )5 19 LIS 28 0. 45 um B3 98
Ji FH R AR 03854 ( H A B 28 W), LC-20AT) 43
BT LR MR BE 5 1117 2500 J A0 [ AR R o PV Bl A 4 R
5T HT.

KA e B P = R & I 048 T 4 3 FH K
B (HV50 , Hirayama , Japan ) 7 120°C %5 i K & 20
min J5 FHERE VE R FLAT I, A6 L3R R AR S5 1 R AT
KW WORER AT

WEAR IR AR I TR K e - VR o B 48
Joi 7 3 W AN K T N 22 o R i A LA 1R, AE AR [
FESRAE T AT R . BURERIATHT
1.3 FLEiE ik

K H A B A R S S0 A (15 LC-20AT,
R 5 28 UV-VIS A 45 . SPD (584043 e A ) -
20A; REFE . Inertsil ODS-SP (5pm 4.6 mm x 250
mm) , PREHE : Inertsil ODS-SP 5 wm; #A 27K (pH
BERRIH 2 2.5 ~ 3.0) fEN W s AH; Wl 0.8
mL-min ' ; MR N EIR,; RN S wL; W
GRS I R 210 nm.

FIFHAB SR AE R it s AR, (8 F R 40K 19 pH
BRI E] 2.5 ~3. 0. K HSHIVERUH 0. 45 pum
FUAR ML UE B 08, P2 MR AR D IR TR
FH BBC ], 2848 A 117 26 R €035 20 B BTl ok R
550.5 ~1 h, SR )5 FIH B EE R 4K (R 15:
85) FUTR A VR R M A P IR b 3 4% o 3
4l KA.

1.4 RUEWZFEES T

(1) 3R 2 DNA F$EBURI4lifk

DNA 2 BCR ] Zhou 256145 1 Y 25 11 K-
CTAB i, 42 J5 1Y) DNA ¥R B Promega 73 H] 1Y
Wizard /D DNA Zifb R GEX S DNA #1744k, H
R S 440 5 19 DNA T S L 2547 0. 8% B g b
P8 M L KRG

(2) KK 4 DNA 1% PCR 9%

IR K Z R Y 16S rDNA JEPH V3 X A
B S MR 5 B X F338-GC ( CGCCCG
CCGCGCGCGGLCGGEEGGEGCGCEGGGCACGCGGGGEG
ACTCCTACGGGAGGCAGCAG) Fil R518 ( ATTACCGC
GGCTGCTGG) X 4l fb J5 i) DNA #f 17 PCR ¥ 3
(EDC-810, dt. 350 75 ik A 3 A= W B b2 A BR A &) .
PCR WA ZR .1 WL #EAR 4 WL ANTP A I (4
WA 1 pmol - ™) , 5147 (10 mmol - L™ ) & 1 L,
10 x PCR S 2% w3 ( 2 MgCl, )5 pL, Tag DNA
RAEE 1 pL, IJCE Milli-Q 7K %M E % 50 wL. PCR
RN HEEAF R :94°C TAE T 3 ming #TFKJE 94°C
ARME 60 s,57°CiE K 90 s,72°C #EAH 90 5,30 PMEIR;
72°C ZEfH 10 min. PCR ¥ W45 (i 1% Bl b
Ji HL UK AT AR

(3) PCR =W PR BE BEIE HL UK ( DGGE ) 434t

PCR 934 25 o, R FH A8 M0 B 6 IS HL Uk R 42
(DCode™ Universal Detection System, Bio-Rad, USA)
XF PCR 7= 047 56 R S AR K. A S 86 1 Lk 2%
PF B AEYERS E 30% ~60% , B8 PN M Bt Mg 15 M vk
&M 8% , K IR E 60°C , LYKk B 100V, FELJK A (]
6 h. HLUKZE G, B AT AR Y, FHE R AR S
M1 Z4% (Gel Doc 2000, Bio-Rad , USA ) WLELEEIE | 1Y
Fr JFFARE. {8 Quantity One Xt DGGE K35 #47
AN AL 3, K BRTE S S, 315 SRR L 1 AE A
PEAE P

(4) B &y

M DGGE Eli e Bt H i 457 247 D0 1 [l
I 455 A5 3] 1.5 mL B0 45 ) RIS S 3 e
JIA 30 pL TE Z2i ,4°C IR, R E VRfl 1 5
3UCGEUL L AR FOBT AT PCR §7 84, F DGGE
o IS4 B 4l B Ay Bk L. TR R B,
H#| DGGE %@ M H— %475 , L 20 pL PCR 973
PRI ST AR AF AN TR Y 16S tDNA 41 I
4EWLTE GenBank B E H #E1T BLAST XA, %
FIEARRIG PR, R34 5575 1 RIS .



3238 2N

i

B 3B

2 GRS

2.1 REE R IR E AR

Fie 1.2 TR LR R Wk, A ol iEAT T &
Joi s AN KA T 5 o 0 U Ay LA AT 1) il X 1
A8 Jo 7 3 K TR I B e E A L AT T P A s o R 1
FIREA K AR i ik e 3 Fh ki 2
() FLIR MR B AR AL an & 1 .

25

20 +

S /gL

—&— KB M
5 KA R
A= RRBAE

1 1 1
0 24 48 72 96
RN/

Bl1 3#MEGTHIARRERREBEREZWL
Fig. 1 Time courses of lactic acid production

under different fermentation conditions
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W™ R BN D8« AN KR TR R > AN KT AR >
K .

K BERZ P LR T KR R R Al RE R
LR A AT K i . WEAL . FLRRAL B B, K ik Bir
B UK v (BOKMERE ) | I b AnAe e BE 23 AWl
PR AR T , o m] (2 SRR AL, A KGR 2R 42 ot 13
A B S KR 3 TR, BT VR 2K
Pl TR Pl T 5 L 7 i | o Rl P 228 o 7 3 o 19 3
B AR T W) BB HOK | AL PR
ATRAR BB | SRR (Vo8 B8 25/ TR,
HEMIAEHE 7 FLIR 1 7™ A, T4 Jof B 3 28 78 PR KT
Jei IR I3 1) 35 B B R 28 TR FLRR Y
7L R EKEE SN b FUAT R 1, 3 OB
ANBEFGAL A FLIR B AT M AT A P 5, TR e 28 L TR
F 7= e AN S e T ) L

BRAN KT UL A ol 8 0 IR S o, RV 95 A7 A
N VE RS FUAT T, 28 S R 1 B ) - 3 TR R A
PR TR Z R, X EWE L E W P RS
(2 FLRR . rh atE mT I, AN IR A Ik I8
TR R B Z2 B L2 T K AR T A e
R, N TUESSX — 5, 0 3 MR e RE e AT T R ik

R RLEE PRI 2 B
2.2 EFERERIEN 4] DNA f3RECS 4l

WU ST 457 388 43 2 B A b i£ 4T PCR-DGGE 1Y
IYMT. SR E S K-CTAB B0 5E R 4 B DNA
HEFT BRI, $R IO AR b v B A A 2 1 i A R A L
BT, NEE T HEEAT PCR 45 )5 S Se b B, i ]
Wizard DNA Clean-Up System X} ##& DNA #E 47 4[
b, ZlifbJ5 BT A% DNA Z%af 52 B B f | B I SCrp iy
W) DNA $2HC 1 AT LAGF] 3 MK % A it o 4R B
S DNA B, I S 8U™ HE 1) DNA Wi, 4life
Ja¥iE 75 DNA Mgl B 5k EE A F T 528 PCR
P,
2.3 KWEFEARE) PCR §7HESER

DL 16S rDNA V3 J7 3113 FH 5 |9 F338-GC
F1 R518 X 2lifb )5 iy & A & DNA ##4T PCR 94
FNE. PCR 4" 14 7= 8y DL 19% 35 i M 6 Je v, Tk O 7
EtBr e €8, 58 AN KT 28 58 B AR 3 G0 A5 0 40 e
PCR #3845 R Kl 2 fs.

M O Al A3 Bl B3

Cl C2 C3 ¢4

O IRFE TS WA IAFE S (RIETEEO h) 5 AL, A3 fRFKTHE
PR 1 d 045 3 d FEMh; Bl B3 ARRAS KR AN HEfh & B 1Y
51 dRISE3 d BERL; CLL G2, €3, C4 R IR M T & e
%1 ~4 d IR, TR

2 EEEHESRE PCR ¥ B KEE

Fig. 2 PCR electrophoresis image of samples

2 ) BER BEZ R 200 bp, 45 BL— | ZRJE
Wi, RIASRAS T &= m A S R R R PCR 724,
BRI AR SRy A P A B S8 S L Wk ( DGGE) PR i
2.4 RS EFHRE DGGE 8 8B4 R 5
ZREME T

8 Jot b I BE Ak & T AR L PCR ¥ 18 = &
DGGE 7 ES A H | 35 A B8 A & #0 A W) 1) 2t
(VLI 3) X SR [R)A E A i R3 36 AS [R) 9 40
FREE, [R) BT T DU H 40 B8 0 R 2 R 78 & Bt
R Ry L.t DGGE B3 (& 3) i LIE
AN T 25 1 48 o B R & R I A B 16S 1DNA
JF5{# ] PCR-DGGE 73 A 15 2] T LRI 43 55, 5%
WAL EVEMT, SR R, AR K I G & EER L
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MY AEFF I A B IS IR, 31X 2 PP K i il
fe 250 aL by ey d JLPARTE TR R 72 10
B S s S PR Y A B o R, B T Iz 15
P, TR LR By K B R 1450 e,
5 e MR BE VAT Bl A IR IST ) I 0. (HIX 2R 4%
HMEANR 2 FLRR T | WA R 1Y W8 v A 3.
FEB, WA HAD B A 75 275 T 3 B Y 25 T 7
SR IESE.

L 3 34 m] T KRR 2 Jat s 3 v i i A= ) 22
FEPERT AR T K R H A IRE . 48 7 w0 1R 1A v
AR Z 13T (B A = iR IOK IS, Hoh iy
FERCE IO M IETE My FLAT S | B KR
ANWTHET 2541 e TE R TSRS 1d W52 BE 3 4 Ry ]
B, Z R IR E.

[ A, FFH Quantity One 5% # 3k K135 451 7

O Al A3 O Bl B3 O ClI C2 C3 cC4

KBt AKEAER

AR TR
E3 AEHRE DGGE BikEiL

Fig. 3 DGGE electrophoresis image of samples

TUKIERAAF RS i R GLis Ae A
st AR AR B JE E , DLR 1.

R1 REHRBECESTER

Table 1 ~ Similarity analysis result of samples

0 Al A3 Bl B3 Cl C2 a3 C4
[0) 100. 0
Al 12.8 100. 0
A3 15.3 47.6 100.0
Bl 29.8 15.8 18.5 100.0
B3 33.4 17.2 20.2 87.9 100. 0
Cl 27.9 33.5 30.7 54.4 62.9 100. 0
C2 22.1 30.4 28.1 74.3 85.6 70.8 100. 0
a3 30. 4 26.0 32.9 84.0 76.1 54.9 70. 4 100. 0
C4 22.0 26. 1 35.5 84.8 80.8 66.0 88.3 73.9 100. 0

R 10, AR RIRE Ry 12. 8% (HEdl O Rk
i AL RUK G R & BE 1 d 5 BORE i 5 48 et by
JATURHE S R RIRE S5 K4 AH LR A, IR o] LU 3]
K HeFh R TR RE i (FE i A) 5 HA AR 5 (FF
il BOFIRE A C) P ARARURE X BAI% , U P K R SE T 36
Berp R4 B AR W, A5 5 IR il Uk W (T ie
EEUIMELIR ) A S AVESS FAE 2R K. D3 4h,
Fedh B 5HREA C Z B A AR RLRE 35 L85/ (40 B AN
C3 MHEALRE S 84% ) , Al AR T il =X & et R vl
VS NG VE K FLFT TR I AT R ot R PR 45 ) e A= K
AR k..
2.5  HWEA T30

EH DGGE I3 (&1 3) iy & 43 451, & Ui
i, PCR FEH 44 Ml DGGE %2 A ¥ — &4 5, B
20 pL PCR ¥ 37 ik sc bt i 1Rk & Je A [
oyalill iy, — 4315 5 &R A Y 16S tDNA [ 31, 4%
5 %)% 5 5 5 e v 8 A AT LR AR TS A% SR
IR RIIEPELE B, L3R 2.

K2 REHERS MEFHFIILEXER

Table 2 Sequence comparison result of 5 bands

— HATFE A1 -
e e I IR %
a HQ697623 Lactobacillus plantarum 98
b JF286632 Uncultured bacterium 100
c JF767386 Pseudomonas sp. 98
d HQ697665 Lactobacillus caset 90
e JF811579 Lactobacillus sp. 100

MF 2 AT LR L, DGGE BI I ¥ i1 5 A~ 4%
AT LLTE GenBank Hh 4 3] 15 7 1) 1] IR 6 e
( >90% ) KIRNHE. Horb 27 b AR IRV FR, 5%
Woa, d#E TIMREE, BN Lacobacillus
plantarum F1 Lactobacillus casei W [R1FYE 535135 2] T
98% i1 90% , WF 5% 3 W A7 L6 FL IR 1 n] 7 A= JE A i,
4 Narita 253 %I Lactobacillus casei REWST=H: a-JE
Foy ity , O IR T T B T A LR 5 A%
W e 58N F @ Pseudomonas sp. A ] T ik 2]
T 98% MBI IZAFAET L K I s
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S LA FAE L R IR R RE IR , A B A] = 2
JiL A1 , 72 AR R R R K ff 2 Jot b 3, BRI 22 5 )
fFE BT, A 05 R UE Ry () BE T, K A 7 A 1R /N o
Yy T2 FLIR B A A, 2E TR 2F T FLIR i e Ak
sk aEER Y IG EDUR Y 4 B 1 R P TE AR
AT, 250 e SFLIRHFTI Lactobacillus sp.
() [R1 5P 25 3K 100% , B DGGE &35 (18 4) Al LI B
IR KA IR B A e, HILHED &
A AT R AS S50 BTN %) R VE A LT IR IR AE R
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