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WE ZMAHARERFRRARS LHR ERmBAR, AR A B G E B3R R R FUB A b 2 I 4k
B RAE A B A, A A AT A A 16S TDNA M AR EHLBE, FiE— TR EARTFAMENG T @l
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FLB& # (Lactic acid bacteria, LAB)/E i —Ff
A=, HRE NS o i ik K AL S 0 = AR LR R I
[ URE =R A=A PN S e it
FECTE A AE KD, 2R e SO F6 S 43 2 3 Bk 7
5 Mot B A B A BT /E R FLRR & 15111520,
L544 AT IS B AR KT 18 mm, £ 4 227
PN T i rP 0 B O 2 11 2 R T A R S
BA B RIEPUE ME FLER B SC3 A1 PC3, X
HEIIHI R BN 61.929%H 62.62% , % B h F
4 2435 R 65.96% F1 76.03% , Lv 581 2k 3k 15
1 BRAE Y FLAF B C10, X3 21 S it 46 i 8 3 i 7
FH 046 2835 93.93% ; 75 i IR e by 21 5 vifs 46 11
PRSI B ST ZAR ) FLFF TR C10 b3 JBe g X
1 A > T 19.58% ., SR, H 1 L R B X IR 38
i 160 8 10 400 0 A P A RIS R

AR SC LR 1 ML TR S L B B SR S (1) L 58
FLRE BTG, SR FHBR R DN K ek S5 v 40 B
i 356 XoF . B 5 i 00 A A 5 4 o 4 FH A LR A
TR 5% A [) o B8 L 1 T A 30T T o A e 00 7 22 A K
KA K T R oE s v 9 R TR A
TG, PV T e LA R B A 1 R e ) B L TR
PRV BB 3 S A B RS BUALEL ;. JFaE— 2P R FL
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H a2 55 /5 (Alternaria alternata) 1 Fk Bd-
1243 85 17 MBI Sp R SRBEG R 5

FL 2 A B A% . LNL1 -4 LNL1-5 LNL2-4-1,
INL2-4-2 INI2-5 /r E HIL TN E G ERA
FRAFI MBS D,

DL BRSO 8 T A B A= ) 5 50 4=

BRI TE MR T,

B R R B R R #R 2 (PDA) MRS &
W R AR R (PDB) , bt Wi A R
WA H R TTAEA T ;Tag PCR Master mix | 2l g
FERZH DNA P 4 #2855 & . DNA marker-D, 4=
T TR () I A7 BRAA ) 5 7L 1R 11 2 b 4
FEAE B R A E iR A BR A F
12 UB5EE

SPX-250 A= b3 524, 77 I I I8 AR S 3 )
#ir) " 55804R F R VR ELO AL, 12 E Eppendorf 24
F];GI54DS HEKE#H, EMULEABRA | ;DL-
CJ-2N MG TAEG , dbat i AR B R A
WA RA A THZ-D A AE R SRS 4, K
YA T JE HE Ti-s R 18] B & 6B, 1 1 Al
AL AT BR A & UV2550 A e, HA
By HE; DDSI-308A HL T34, FERG 2 AU AU RA
FRZS ] ;S—-4800 A4 ML BE, HAS H L 4 W]
1.3 FHik
1.3.1 FLRRWEMISr B S BEOCHRI9 1K i 4 L 1)
MR EES NI 2 emx2 em BIHOIR A TCEE
PRER K R 15 min, BURE SRR 1.0 mL 8] A
A FRER K 10 AR5 R B . TETCI 2 F T R
0.1 mL B BEWOA AT TE 1.0%5% R 45 19 MRS 15 97 3
FM,37 CHEFR 24 h PRI A 745 18 1) 11 (6 B
Y5 AE MRS 559738 |y X Rk alifh , 2 Lk ¥k
3R IFHEAT 2 QY R AU S, ¥ 2lifh
J& R REEF T MRS R, & T -20 CH&AMF T A
&M

1.3.2 X B B 5 65 0 5 H AT 400 ) 346 1 L R T 1 O
e DR BUFL R TR B R LA 2.0% 4 Fh i 7E MRS A
ZirhiE AL, 37 CHFE R IR 24 h G40 = 3 MR, H4E
WA 22 R A K B i 4% B Tatsadjieu 5521 5 3% 9T
R AR B, 4535 Al i 1) FLIRR T BB M A 1.0% HFh
PN INAE PDA 8597 HE-P- M R 1, O FH U A 4%
WA RGBS B R UF . DL MRS W
PR B 37 A X R 26 CREOGEE SR 7d, MR 24
o, e HpA 75 BLAR 2 BR AL H rp B 22 KT
LI TN I A6 B T SN 5 . - 3 B K E I
(mm) , FF4% 2 (1) 353 70 198 T X 5. B 52 B 6 25 1)
PTE AR o B BB [R] 7L R B 0 B BB AS B A Y
TR, O 1 MR B A S A A KA R
FEHUVE BBk, 64T IS 221

ME R (9%)=%~d 100 (1)
dod,
A dg Yo T8 2H BB A2 5% 10 5 H VK B

(mm) ;d,—I& 50 41 B & A2 #E 6 /% W 3% H R
(mm) ;d— R E P HZ (mm) ,
1.3.3 FLRWH RS E  AMAMRN S
L2 TR FR GE A E T ) A LR 40 T 03 28 M e S
5 7V )Xok LR AT DA AR R AT A B AR R S
16S tDNA J¥ %1 % 7€ . 2 i SC#R[13],PCR N
25 pLy iR R . 15190 27f, 5'-
AGAGTTTGATCCTGGCTCAG -3' ,1492r. 5' -
TACGGYTACCTTTGTTACGACTT -3’ % 1.0 pL,
DNA £l 1.0 wL,Taq PCR Master mix 12.5 pL,
ik 9.5 ul, PCR ¥4 ) W #2)¥ .94 °C 2 min,
94 °C 1 min,60 °C 1 min,72 °C 90 s, fi ¥ 30 ¥k ,4
CIRIR o PCR 77 W)k AT B I L Uk IF BEOAH B 7 38 7
Wik Z AR T AR TR () B A5 R w4 70
Ji, MNP 455 NCBI £G4 241 BLAST [a] 44
FeXT ,MEGAS.0 #98 R 4k & #EAL
1.3.4  FLIR 1A X B[ 28 Bl 761 85 DA 22 R (R 5 B 0 1
5% B Rk R (10,107, 10°,10%,10°,10°, 107,
10%,10° CFU/mL) 19 LR T/ PR W% 1.3.2 997
AT, AW AN [k 3 2L 2 B R B 22 R A
g AN RN (ST
1.3.5 LR T X . 52 B 76 75 6 Wi & 1) 400 ) A
M 28 Kivance SFM7 R AR 2, 1 1597 7 d
K i B R A HE T 1) PDA 55373 A8 i 10.0 mlL
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T K & F AT 5 400 H X2 At g . H
JE K il % 1.0x10° spores/mL (1) 98+ 2 1% W, %
FH o W A7 B W A [R] o B 2L IR A T o YR e iR
1:1IREA], B 200 wL A WA PDA B 5%
B WA AR IRAT 4] B O B, 26 CCHEIR B SR
B0 5 B 2 B A [ e B LR B A B A TR R
F TEBNE WUEE T W HA i AR A R T
Boas it 80, BAWRE 3 HEE B4 1.0x10° 12
i

1.3.6 L1 DV T o A il 6 85 410 B AL 1 A 52
1.3.6.1 % B B 52 4 60 5 41 i JE 5 2 114 5% i
Z W IR W] S S SO RS E B B, % 1.0x10°
spores/mL il T B IF WA 100 mL 9 PDB ¥ 1A
Rigidkrh FEIR 120 v/min 3533 3 d 5, IMA— & &
Y FLIR B, LAAS I 2L R w1 A BE o R, B 2L 1R oA
S XS BE L, ST EPECH 5.0 mL, A DDSJ-308A
SR E AR 4RGSR 2,4,6,8 h,5 000 1/
min,4 CEL 10 min, B U13E 8 A T IS /K il
B 5 %95 C/K I 30 min Ji ¥4 50 2 55 IR E e &
HLS R, A SRl 2 (2) 115

*ﬁxt%%%(%):%ﬁxm 2)
A D ——H iR 5 R (uS/em) ; D, i
2 3% (wS/em)

1.3.6.2  XJ H.F@ 22 B 96 55 M A1 3t O 9 19 52 o
4 1.0x10° spores/mL 78+ & 77 A #] 100 mL
PDB 1,26 °C 200 r/min #5555 3 d J5 A ZLR
B, DUAS I 2L e 1 A 19 2 o R | 3 T LR 1 M B
PEXTREZ , ARk 1595, R 2 h BUG 2, T
12 000 r/min,4 °CE.C> 20 min, B E & WA F N —
P B TV R AR DA R R iR A i A

PR B i A . 27 SCHR(16] 0 TN R
7 R FTE EWE R 2 mL, A 2 mL 0.5% /6%
REEZR(ET 15%0 =H L8R IR A 5 kK
HFOICE 20 min, ¥ HS 4 °C,12 000 r/min 2.0 20
min, 5B HIAE 450,532,600 nm % K AR E
HWOeE, A G) TN RS &,

T % 5 8 =6.45 X (0Dsym — ODgoonn) — 0.56
X ODgs0mm (3)

RN E A S BN E . 2% Bradford ") J7
P 0T ml B3R IS, A 5.0 mL % B e s

G250 ¥, # & 2 min M 5E ODsos 18 .

AT PR BE S I E 2 I8 Morris!") 5 2, R
FH B L o3 % B A0 T s MR R AT i e b, TR
0.2 mL FWEW A 0.6 mL 2818 /K 5 0.2 mL & AR
RFNRAE, B 2.0 mL ¥ B2, 3k 7K 3 A E
1 min, ¥ #E M E ODeg 1H. o
1.3.6.3  FLIR TR X . I 22 B 161 55 16 B8 G 45 44 1Y
SCM A EUBERE S IR - 25 SCER19 DT RS AR
B, 4% 1.0 mL 7 B 7% W (1.0x10° spores/mL.)
5 1.0 mL FLR B B & (1.0x10° CFU/MmL) A,
PRI FL R B 2 A X IR 4L, 7E 26 °C 200 1/
min $& R 5 9% 24 h, 4 °C 12 000 r/min & 0> 20
min, % [ K U0TE A PBS(pH 6.8) 7% 3 e ,
TE 4 CHAAFRFL 0 B0h 2.5% 1 1% — & [ 52 12
h J5 ,PBS W BE 3 X, 5K 10 min; #FHIR TS5
K 1% MR ER AW 4 C T E 2 2 h 2247, PBS %
WVE 3 UK W i AR FR 20 80k 30% ,50% ,70%
95% , 100% 1) £, BEAS 7K 15 min,, 5 Sk 75 & W H 1
iR T RE i ) i I W S = R g 0 L8
1.3.7  FLIR TR X 45 Fh B 2 5l 160 8% 119 32 SR 2R 500
ARPFLM B BB LT P IR R B R, ik
PEIRIN A LA A B, EL IS0 497 0 3 SRR 5
FH T0% W5 kG XS R R AT R, AR5 RO T
S R R 5 3 /L (B /NFLIE 2
mmx % 2 mm) , TG KK 5 0,101,10°,10°,
107,10° CFU/mL 1% ZLIR B 1A B 20 ol v 53 2 5
AL TR KRR, FE RS /NL 4 Fl
20 wL B A8 5 A R 2R (1.0x10° spores/
ml) . ZbFRE SRR A BHAS BRI A BH4E
FUENEAL, BT 28 CHEFRF T IR 6 d, MR
70%~80% , it sEHEFG 2,4,6 d MSESRRAR A%,
1.4 HIELEBS5SHITHH

RIS 3 R R 227 R
/No SPSS 19.0 #E47 %4k 73 Hr , R JH Origin 8.0 £
K,

2 ERESM
21 IBEMSBEMEL

i I N Al S HEAT OB R B R
B AL SR I B AR R A R A I A 2 R
@M i A AL S BEFIMER 40 PRFLIR R, K
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1 2T MR LNL2-4-2 [ B8 75 T2 245 I 22 Qe o 45
S B a AT, TRV St FLR AT MR AR KRR L FL
P, RIEDEIE ST de i, i B 1h ] 0
LNL2-4-2 JJy 2% [CPHME B, ELAIRHES , TCHEE
TCEF
22 MEMERIZHEASEFENEENIERE
F 1 2N 40 BRFLIR TE 0 L o L R A ik
6055 A7 I A A TR AR B LI R R R 1
LA Y bR LNL2-4-2 (40 B %35 80.86% , 34
J A INLI -5 LNL2 -4 -1 F1 LNLI -4 2 % 7k
2,09 75.45% ,72.16% ,70.58% ; LNL2-5 % H
B2, WHEEN 60.29%., i Lk, 8wk
LNL2-4-2 #47 J5 2L 5
23 IABEEHKEE
231 AHAERKEE Wk LNL2-4-2 £k

B 1 E#k LNL2—4-2 MEERSE (a)
FE=RKHEE(b,1000x)
Fig.1 Colony morphology (a) and Gram stain
(b, 1000x) of strain LNL2-4-2

SR LR 2 PR MR CF LA R G E T
Tk )L TR A0 B 20 5 3 RE R S D5 ik ) T 0 A8
Wr itk LNL2-4-2 N FATEE .

x1 ABREXERIEABNMEER

Table 1 Inhibition rate of lactic acid bacteria against Alternaria alternata
R LNL1-4 LNL1-5 LNIL2-4-1 LNL2-4-2 LNL2-5
¥ E F/% 70.58 = 1.39° 75.45 £0.57 72.16 + 1.21¢ 80.86 + 0.32¢ 60.29 +2.58¢
2 BEHINL24-2 £IBELNEELER
Table 2 Physiological and biochemical test results of strain LNL2-4-2
;A LNL.2-4-2 M A LNIL.2-4-2 M A LNIL.2-4-2 ;A LNIL.2-4-2
JEHE + E + A - RAE +
H + KA 3 + Ea— + vt i +
HEAE + R + GECA R + L &AL -
Wb ZL B + A AT 4 - LAk + W A MR 3k -
o Y = Ak + REH - F LA +

FE SR PN (= ST N A K
232 16S rDNA % % H Pk LNL2-4-2 16S
rDNA LR 38 B gk Fan i 2 Fios , ¥ PCR =4
EAT BRI F PRI, &5 5 % BLAE 1500 bp 2247
MRS, RV AR B s, bk
LNL2-4-2 16S tDNA &4t & & W WL 3, i & AT
A, B AR LNL2-4-2 FUAH W) FLAT 3 (Lactobacillus
plantarum) MF369877.1 ) 16S rDNA i}y {21,
THFRN 99%, AIHfUE R R LNL2-4-2 SHAHY) 3L
FFTAT
24 FEBEXNERLZEASEZLENINEER
L 4 A [F] 9 B2 A ) FLAT T LNL2-4-2 X 5.
W 28 B T8 TR 22 AR A K I g5 R, R T L

B, ASTE R B 0 LR P X I B B TR R TR 22 1
AR A A A v R R v A A
YY) FLFF T LNL2-4-2 ¥ ¥ N 10° CFU/mL B,
Xof i A e 6 B 1 AT 22 A VR SR o (T 4A)
RN 80.86%+0.32% (1K 4B), I L ik 2 1 il
P22 R 1 A K (P<0.05)
25 ABEMNERZH#HASRFHMEIEAR
K5 g A [ v B2 A ) FLAT T LNL2-4-2 X 4]
TR B MEIER . &S AT 2 L R B
T X AR R, Bi 5% 10 h J5 , X R
K% F N 91.67%, Wk LNL2-4-2 ¥ J&Eh 10°
CFU/mL (4 BRZH I 5 48.00% , b 2 41 ] 461
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20 EMILHE Lactobacillus plantarim MF369877.1

750bp

500bp

250bp

I: TFEFLATE Lactobacillus casei IN560887.1i
32

HMEATE Lactobacillus plantarum MG754695.1

EMILATE Lactobacillus plantarian KM495856.1

37 NI E Lactobacillus plantarum KC166237.1

96 |: EWILITE Lactobacillus plantarum KU728722.1
32

BFLAE Lactobacillus plantarum MK418663.1

TEMEILAFE Lactobacillus pentosus AB548877.1

100bp

2 HE#k LNL2-4-2 &) 16S rDNA E E ¥ 14 i ik [
Fig.2 PCR amplification of 16S rDNA gene
of strain LNL2-4-2

(A)

51 BFLATE Lactobacillus plartarum AB617649.1
99

EMILAFE Lactobacillus plantarim AB617650.1

3 E# LNL2-4-2 8 16S IDNA R%& L B i
Fig.3 The phylogenetic tree for sequences
of strain LNL2-4-2

il
Inhibition rate/%

T FLAT IR LNL2-4-2 ¥ )&
Concentration of L. plantarum LNL2-4-2/CFU-mL"
(B)

WA a~j FoRTE MR LNL2-4-2 ¥4 0,101,107, 10°,10%,10°,10°,107,10%,10° CFU/mL X H. [ 3¢ 4 460 85 18 22 30 il 5508 B B

T a~g #7870 7] e BE A ) FLAT TR LNL2-4-2 X6 T 22 (A I 7T 3R 11 838 43 1T (P<0.05)
B4 AEREEDILTE INL2-4-2 M ERZEBEELEMHIHR

Fig.4

[ xg 222 10" CFU/mL b
Y 10° CFU/mL X 105 CFU/mL | 5 a
B2 107 cFu/mL [ 10° CFU/mL

90 H

O Y

XA
QXXX

929
X
X

XX

K

52

X

X

5 W7 il =
Spore germination rate/%

8 10

6
b B RS ]
Time after treatment/h

TE sa~c 47 AR [ 1] 18] (9 A 7] & 22 A8 ) FLAT 1/ LNL2-4-2

MM (P<0.05) .
B5 AERKEEDATE INN24-2 GERLHERE
HFHEMNE MW

Fig.5 Effect of different concentrations of Lactobacillus
plantarum LNL2-4-2 on the germination

of A. alternata spores

Inhibitory effect of different concentrations of Lactobacillus plantarum 1NL2-4-2 on the mycelium of A. alternata

T & (P<0.05) . AR SCHYWF5E 45 5 5 BUA SOk
T — 35, A% e 85 S5 PR A B2 A FF T JR-C Ak 3
AL SRR B A TR N & B, FE PR JR-C AL
P b 16 W R, LR S vk R 3 in
IR 25 b Wk 10° CFU/mL (1)
W FLAT B LNL2-4-2 X T [ 42 5% 71 55 1 22 14
A KA 0 & RSO B, S R E 10°
CFU/mL AT LNL2-4-2 ¥ 75 MM HLEE

26 IBEMNERLEASHENERR

2.6.1  F H. bR A2 BE 96 7 A M 58 R 1 Y 5
20 L S ) 5 R e R A A T PN PR AR A Y T
FERLAE Y HBE B IR I, 2 5 B4 A PN A S A
Uik, PRI 3 3 FH A T R 23 ke ARG T 4 i 5 S
PR E 6 RN AR Y FLFF R LNL2-4-2 &b
BT B o A8 i 6 R LRI RE Rl ] A B
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90 F & a —m HRCEER
o ANGE S 0.10 —e— HAFFHLNL24-2
§ . a ;\ a ~ — A VAT HLNL2-4-2+ H A 87
= L AL - ‘
R b HEES S = 009t
# 2 ~p T o R
0= 70b A a R
BE b T, e 2 o0sf =t
"; [>] b b ﬁ E c
= o 60F £
= iz & 007F b o 5
B - TRRE b
T 50t ©  HUMFLATHILNL24-2 g b . /——//f S — \%
= A FUFLHRLNL2-4-2+ LR A 87 S 006} ?::,,isw
e S
40 Lu L L L L 0.05 ) a ? zla
' CopmnE i S0 2 N ¢ *
Qb 3 (]

Time after treatment/h
T sa, b 27 A ] I (] (9 A 7] Ak B0 8 254 23 # (P<0.05)
6 EWIAFELNL2-4-2NERZEAZTESEHHIN
Fig.6 Effect of Lactobacillus plantarum LNL2-4-2

on the integrity of A. dlternata cell membrane

5 AE FH A () A S 4 A A A B PR Ac i e mE 4l HL
iR TR 2 L K LR A A B 1 o 50 B 96 A X L 5
R TR, SR LR P A R B AS S A A AL
I R R g T R A B A L 5C B 1 A 4 AL
M5 T 2H (P<0.05) , & W T Mk LNL2-4-2 403 H fj 58
BRI AT ST, LA PN A T T O 2 T R A 3
BB ACHE MR ML A, AR AN, 1.0
mmol/L fif§ 3% 49 &b B ¥; £1 PR i 46 (Trichothecium
roseun) 1.5 h J& | 8 N HL 53R R R I 3 i T4
HREH 2 45 R 5 AW TR 45 SRAR L
2.6.2 X RS EE A MAMIHR Y B N
1% (MDA ) J2 fiff 12t fig o 2ok 480 Ak 72 B 1 22 b ik
MDA & f 5 35 34 I, 2 W I AR B o o S Ak 72
J R O 4 R ) T AR 5
Jal TR RS BV B O B M R A R
ey T NTTR G (R e S feoe i ST AR G 3 ang ie
Hahn, AR FLAT A LNL2-4-2 4b ¥ 5.5 A2 55 1
B IO TN R MANEE | RTERE i A R A [
7 s

F & Ta AT, A Kb B ) TR AC BE TR AR AL N
P o SRR AAL , FLIR P 4 DL S FLIR B Ak B
f) T B A2 B T B3 20 AE O~4 h Bl N [v] A4 22 K P B
AN, 4~8 h B ] A TN R A RE
g, SR LR B Ak B 1) BB 5 B A ALY
TRAEADER T RO B RS MEY (P<
0.05), FWFYFLFFH LNL2—-4-2 Lb BRI T 1
B A2 B A0 2 A R PR ok 4k, X — 452 Li 55

Time after treatment/h

(a)

—=— H k3R

—o— HYFAFELNL24-2
114} —A— Y AATBELNL2-4-2+ b B 25 55 71
5
E 112}
o
S b
. = 110F
&3 b "
o - a
iﬁ Z 108} - a "
'=@m E i/{
= 106Fa _—
E L
£ 104}
B
=
10.2 L
0 2 4 6 8
b B A]
Time after treatment/h
(b)
—m— H R
—o HIYAATHLNL2-4-2
0.70 L — A HHPAATHLNL2-4-2+ F R3Sl
L oo06sf
£
= £ 060}
R 2 055F
E o
:; 0.50
o
045
0.40

Qb 3 s (]
Time after treatment/h

()
TE sa~e e M ]I ) A AN ) A B4 4 35 44 53 B (P<0.05)

B 7 #EWIAFE LNL2-4-2 3F A. alternata W —E (a) .
shEE (b) FIA S ()R 2NN
Fig.7 Effects of Lactobacillus plantarum LNL2-4-2 on the
contents of A. alternata malondialdehyde (a),

extracellular protein (b) and soluble sugar (c)

FH X G £ 1R (EpCA ) 1E T . B8 58 B £ 55 1)
WFoE 45 FAH—5, SXF A A, 20 911 100,800
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pg/mL EpCA 4b 3 5 [% 52 4% /1 %5 , MDA & & 77
ST 1.06 £5 A1 1.59 £% .,

Bl 7h v, A A B BB AR A AR A LR B
20 DL R LR T A B B A 7 R A 0 i A R
g e R S o N N R e (1 N [ A R 1= L ]
FAFR LNL2—4-2 AR I E A & R B T
4h 2 41(P<0.05), Rocha %52 Fj 2.5 mmol/L 7K 4%
B2 (SA)ALFR Y RBH % 30 min J5 R IBEEEH
Btk 3.2 pefg, AT IEZH R 1.8 wele, X485 R 5
EN IR F (D

W2 TR 20 A A K B P AN ] D B SR
i, B Te v, A b B B A 4 A 4 LR A
ZH AT PR O e S A ) ) RE T B FL
7 TR Ah 3 11 R 38 B T AR AL AE 0~6 h 1) 1T i 1k
Fr BT T 6~8 h FF AR 5L T B Ab P4
AR A R S THE 2 &8 (P005),
Li Z5PH] 800 mg/L X} ¥ 5L 2K H 2 H g (MpCA ) &b
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Inhibition Effect of Lactobacillus plantarum LNL2-4-2 on Alternaria alternata

Li Xinran, Gao Yongyue, Du Hong, Ge Yonghong, Li Jianrong, Bai Fengling’
(National & Local Joint Engineering Research Center of Storage, Processing and Safety Control Technology for Fresh
Agricultural and Aquatic Products, Food Safety Key Lab of Liaoning Province, School of Food Science and Engineering,
Bohai Unwversity, Jinzhou 121013, Liaoning)

Abstract Black spot disease caused by Alternaria daliernata is one of the main diseases of fruits and vegetables after
harvest. The aims of this study were to screen lactic acid bacteria (LAB) with antagonistic activity to A. alternata, and
to preliminarily explore the antibacterial mechanism of LAB. The strains with strong inhibitory activity against A. alternata
was screened by fungus cake method, and it was identified by biochemical tests and 16S rDNA sequencing. The
inhibition mechanism of L. plantarum was preliminarily investigated by the determination of cell membrane integrity,
malondialdehyde, soluble protein, soluble sugar content, and spore ultrastructural changes. Results indicated that the
strain LNL2-4-2 had a strong inhibitory effect on A. alternata, and the inhibition rate was 80.86%. It was identified as
Lactobacillus plantarum. Different concentrations of strain LNL2-4-2 inhibited the growth of A. dlternata mycelium and
spore germination, and the inhibition effect increased with increasing concentration. When the concentration of strain
ILNL2 -4 -2 was 10° CFU/mL, the membrane integrity rate of A. alternata spores decreased by 10.98% , and the
extracellular malondialdehyde, soluble protein and soluble sugar content increased by 10.66% , 3.10% and 11.21%,
respectively. The scanning electron microscope images showed that strain LNL2 -4 -2 damaged A. dalternata plasma
membrane, resulting in spore surface to shrink, the edges to be blurred, and the top to disrupt. In the study of apple
biological control, when stored for 6 days, the inhibition rate of LNL2-4-2 at a concentration of 10° CFU/mL on the
diameter of the damage caused by A. alternata reached 47.24% . These results indicated that the action site of L.
plantarum LNL2-4-2 on A. alternata was cell membrane of spores, which exerted antagonism through membrane damage.
The study proved that L. plantarum LNL2-4-2 can act as a biological preservative for inhibiting A. alternata.

Keywords Lactobacillus plantarum; Alternaria alternata; antibacterial mechanism; screen



