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Dynamic Changes of Lactic Acid Bacteria During
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Abstract: To analyze the dynamic changes of LAB (Lactic acid bacteria) during a 15-day ensilage of corn
and the effect that came from inoculants. Plate isolation and 16S rRNA gene homology methods were
used to take count of LAB numbers and analyze the population changes during ensilage of corn. One
hundred and fifty two LAB were identified as species of Lactobacillus and Pediococcus which were iso-
lated from fermented corn, whereas 86% colonies were identified as Lactobacillus by 16S rRNA gene se-
quence analysis. The maximum numbers of control group in fermented corn achieved 2.1 x 10° CFU/g and
the second experimental group in fermented corn achieved 5.5 x 10" CFU/g after a week. It accelerated
growth of Lactobacillus when microbial additive was added. The initial bacteria during ensilage of corn

were Pediococcus and Lactobacillus, the dominant bacterium was Lactobacillus in the later phase.
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F M R K T A B A R R R
PRI H M A IR R — R EEE T A
FH B K AL B 9 2 g et 7 b = A R i LR 1) 4N A
XA 2 AT R PR, 25 IR
Sah it Bl [l RE T IR S A 4 B 4
e FZLRR M R A 5, R IR, LR TR AR
[ REIT I, B pH RYBHT R FEFI R AL
(e, LR R 7E B R a4 XA B, Hopth
E AR Z B, FLRR T ™ A K FLIR, il
pH i —25 T FE, HARAE Y B TE e — 2508055, Y4
pH RS —@ R LU, FUFFR A gtz 2] 74
il A T 2 WS I LR v R e AR
il A AR D, Ok s B R AR, A
Wk R A, 5 AR R AR AR . M AR AL
iR i — ELLIOR R K F I E i 2 — o B4R A
16S rRNA > % 7 20 T B A TA N 2 A &L HL W] SE Y 43
TRk, HRTE 4S80 2 B R HeS,

ARG LAFLEH oK BRI E R I,
B R 25 S AN [) A B 2 fe W2 AR A s hn ) kg
TP K & B A b LR B s, DL K FL R R AR
TP TR K B AR A K AR B, HE— 218
AN WK K B A v LR R S S R B A
AR Ak, LA KA A B I ) ok LR B Aol R AR Ak B 5
J A R AR MR Ak, A S R IR, B
N FERERAETE T E ORI E T A A5 A U E X,

1 MRS %

1.1 #MRE5EAZE

111 #8 DIELBH E RO ARL, Wi, SI7ERR
HHFN, WA AR RAI(CK), HBHRE 1% NaCl %
W, ALEL T MY FLAFE (Lactobacillus plantarum-2):
A B ZE 0 FT B (Bacillus  subtilis-2): 72 iR 22 82 £
(Candida utilis-3) = (1:1:1, FER L), LM 11 MY
FLAT B (Lactobacillus plantarum-2): 5 5 2 fFT B
(Bacillus subtilis-2): 7=t 228t (Candida utilis-
3) = (2:1:1, EH L), DIEINE 0.01 g/kg 7 51A T
1% NaCl ¥ b, Y5 mEMFES], o B e

TER; WY RSB E TGN T8, fim
Al B2 B i A= 0 1 R 58 I DR AE

1.1.2  EFE: MRS H#HEP: BAM 10 g, B
W) S e, FAF 10g, WA 20g, LS e,
FPAEmR — 4% 2 g, iR 80 1 mL, FEREE 0.58 g, Wi
R4 0.05 g, BEAIRAZHF 2 g, BillF 15-17 g, K
1000 mL., KB R pH M= 6.12-6.20, 1 x 10° Pa K
B 20 min. BRARESHIER L 2%, BRERES BT $ K
(160°C, 2 h),

.13 XE G MSSPX-250 %k fk 35 5 44,
SW-CJ-2FD B WA HLii ik TAE &, MLS-3020 = &
VK, E360K B0 AL, HIRFEK HWY-100,
PCR 1Y Eppendorf No: 5345, Hijk{¥ Bio-Rad Model
200/2.0, EEE 141 United-Bio, GK-330C plus, fH
K5, FREITEN VIR Hinf 1 & PCR TR
(TaKaRa Biotechnology), H:4xi5 ¥ k4344t .

1.2 A%

121 EHROBERFE: FEINEERAE G PRI T
FOKFESL 10 g B T34 90 mL Jow /KA =Ml
21 30 min, SRJ5FICE/KIEAT 107" 8] 107 86 B H
B, e 107, 107, 107 =ANFRRREE, AR EL
0.1 mL 7334 T MRS PR3 F3 b, A3 4>
WA, 7E 30°C TR 24-72 h, HUETEEE 30-300
Z AR AE A BOTECE M, SR 5 PRECE: S AN [
B RSB I, ralie S . BISSHZ E I
R FH DPS 3.01 #4F

1.2.2  16S rRNA FHH 18 R% EMFEF: PRvb o
W&, ANBA 25 uL THRK EP 4, 100°C 7
B 8—10 min, JEHE A VKAKESYF 5 min, B
10000 r/min. 5 min, 4°C {#7%, HBTEC Y, PCR
P HEZLIR A 16S rRNA J¥51, 54 1(27F): 5'-TCCTC
CGCTTATTGATATGC-3"; 5% 2(1492R): 5'-CAA
ACTTGGTCATTAGAGGA-3', PCR "1 7 )i 1A %
A50 L, & 24 pL premix Tag, 51911 uL, 514
21 pL, ik 2 pL, JCRE/K 24 pL, 3 &4 94°C
4 min; 94°C 55 s, 53°C 30 s, 72°C 90 s, 30 M,
72°C 7 min, ¥ 77 4)(2) 1600 bp)Zs 1%Ii IS M EE I
HLUKSr B %528, PCR 72 B AT XL, Iy
B b A AR R R A ) TR A B 7] 58 A
1.2.3 EEYI B R BBik: FRAIMENDIEG Hinf 1 BED)
A3 BEYIRZ: 10 x M buffer 2 pL, Hinf 1 0.5 pL,
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16S rRNA PCR 4724 20 pL, 37°C /K3, 1 0 il
Yl VKA 100 V, 45 min, BEASHEEER T 3%,
fit ) oy B Je, AR A5 i 8 H B K/NR TR, AL
Lablmage {4153 55 0 340, FI S5k DPS
3.01 FATRI,

1.2.4 16S rRNA FHI Lk R RFE AL E 9 K
7153 16S rRNA J¥51 5 GenBank %UHE E 1Y
KA /e % 9 #E 47 BLAST 4307, M 35 BOR 3 19
16S rRNA F41, F ClustalX %41 MEGA 4.1 1)
Neighbor-joining A4 H R GE L

2 HRAgH

2.1 AR ESEHERPABREHEMNTN
HIE 1 AT, BEF ISR, I A e 5ok

LR B AR H AR g, IES 2 KB A e o 7

K, HIWERFATEIRFLRE R AR T 1 %
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= 50 experimental gronV
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5 & Ak ©
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Fig. 1 LAB proliferate curve of different treatment

wR, ¥iAF) 107 CFU/g. £ RBEMES 15 K, FLIRMH
(85 A TR, X R R A L]
ViR WERY T 15 I [a] 2 FLIR B D 4 A 0, e
o oK I AR v LR T B H 3k B i R 32 2 ]
B, X THEE R ENER, SEis, BAZEK
HEMER . FLRAE TR 1 5 YR B,
ZH W RRTE 5% /KPR WA H AL B 11 5%}
MREH 22 3 W, AbFRA T 540 PIEE 11, X B 20 22 ) 22
AR . HALEZ 1T 540 PR 1 FLIR R A H 8
TXHRH R, FEBINFLIR T Z G W iE, A B
TR F R P FLRR R H A PE B N
2.2 H% PCR REBYIER

FI R KA R LR 16S rRNA PCR %3¢
S5, WA 2 PR, RS-1-RS-24 47 S T 3K [ 35
S PRIUR 75 1 16S rRNA LA R, BIhFLRR G, B
YU R RE R ST R R, SO/, HARSS
WV, JoA, L a8 DA [ b B bk ) g
WV 152 Bk,

FRAGIVE N VIR Hinf 1 8815374 F5 i Dk 45 8 4n ]
3 i/, RS-3-RS-94 J FRA| 14 N YT A Hinf TRV 1
TR VKSR, AR S B H B RN TR, R
Lablmage F {41545 # K/, FIH DPS 3.01 # it
I8, 1R 18 AR 2R AL
23 RPEBHI

FEEVEAL R o0 A (] )R BH, 35 I E K P Ay AT 8
FHBRBELES T Lactobacillus 1 Pediococcus, HFL
e e RIC 2 T kg, 582 mrh iy
56%, FLFFE EBEEAE Lactobacillus arizonensis .
Lactobacillus plantarum Fl Lactobacillus delbrueckii
%, FERE EZ L) Pediococcus pentosaceus N FE .

bp M1 23456 78 91011121314 1516 171819 2021 2223 24

T - .

2 E% 16S rRNAPCR &R
Fig. 2 The result of 16S rRNA PCR colony

Note: M: DNA marker; 1-24: Samples.
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Fig. 3 The digestion typing of restriction enzyme Hinf 1
enzymatic

Note: M: 100 bp ladder DNA marker; 3—-94: Samples.

2.4 AESLIE S FERERER B A

AR P s I RS T 2 T I S LA T 1 3 e
B (181 5), FLAFR A AR5 R BRI Y AR 52 S ik 3
RO, FA X BREH R B 5 A B R A K, H
AT SE I KB ILT e o e % 400 i
_IHE%%LJ?T‘JJD B S0 0 T I A Y ik

o B R BREA B0 3B LA TR i DR RO, i
ﬁﬁﬁﬂﬂ’]?LﬂlﬁlTﬂﬁﬁlﬁﬂﬂEﬂV\]ﬁilil_iﬂiifﬁéﬂﬁﬁ
ROR, 2 U0 B 75 IR W s o) vl AGR R 3L AT
TP A o F3 5 S 1 2L IR T 7 Ak 4 B A Th FE 5L
& &8 (Lactobacillus)F i BR1E J& (Pediococcus), H

13 | RS-98
RS-140

RS-5
99 | RS-33

i Pediococcus pentosaceus MY-800

RS-87

99 Pedzococcus lolu NGRI 0510Q

'— Pediococcu claussenii DSM 14800T

[— Pediococcu parvulus L2261
Podinrnnrriic nnninatiic AL

nag nNoc
reqtococcus l’lUPl’luluJ LIDIVL LULOO
100 L|
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RS-93
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100 Lactobacillus helveticus IMAU20026
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100 | Lactobacillus plantarum IMAU70023
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0.01

Streptococcus lactis

4 FLEREHLK

Fig. 4

16S rRNA cladogram of LAB

Note: Numbers on branch nodes are bootstrap values (1000 resamplings). The sequence of Streptococcus lactis was used as an outgroup. Bar

1% sequence divergence. RS- means colony serial number.
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Fig. 5 LAB dynamic changes curve of different genera in
ensilage of corn

H86% Y T Mk IR T FLAT T Jm, L A R
K, EWFEEIATHE AR H 2 E R
I8N AE 5% K F A B 4H T-Lactobacillus 5 % 18 241
CK-Lactobacillus 7%5¢ 5.3, AP 11-Lactobacillus
5X M4 CK-Lactobacillus ., 1-Lactobacillus 2 [8] 2
SN, UL N o FLAT T A R T A
R 0 S ) e e AR R FLAT R B S A i, —
IS I C 2 R g i B L i R e, (REFFLAT 2R
IAVEH

3 g

(1) SA s s ) T35 I 0K b 2L R 1R 7Y
Mg B, 873 Lactobacillus M1 Pediococcus
B EKRKEERNG I Z—, EREERIRR
Hh— BAATE, (BREEEFAT B RN EoK I
TR 1) F 2 AT o

(2) FLARER16S rRNA JP3I Mk, Ik
KEERIFRR15 d WELRR W FEEPEITEIE A
R JE, WIS EGUIZE A 34, Horhs6%ny# Ak
HIT)R TR, RAIAFEE SRR EA R
FLIR R H AY86%.
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