g ek B 2025,53(6) :79-86 Journal of Shanxi Agricultural Sciences

RN TR RR JRUHL S . SR A 7 0 i 4 P 4 T R LR Y 5 1 AR P 2R M D] Ll P Lk Bk, 2025, 53(6) 1 79-86.
LIRJ,QI B K,YUAN X J. Screening and characterization analysis of lactic acid bacteria with both antibacterial and detoxification
properties[J]. Journal of Shanxi Agricultural Sciences,2025,53(6) : 79-86.

doi:10.26942/j.cnki.issn.1002-2481.2025.06.10

REANERSHENIIEIBENFERFES N

ERALFER L REAFEC

CLL 3 T 8h W92 93 1907 2 bl bt YR 5 2130005 2. 3 5 AR P K 2% Bl 2 B, Y195 R at 210095)

B BTSRRI KA MAREEN — KT Z AT ARBEE P AW, RMUEFT &
Pt ok ekl S SV M ELBE A 2 A R T (U LR AN B B R L SRR W ) D BGE a W B o A 9
fif A5 7 APRARE TR B R O i o i T U L TR R B U 1 1) TR LR B L A i TR R OR A iR AL TR
T8 7R B, LA K IR 85 065 T ( Zearalenone , ZEN ) 1 i 450 25 5 8 96 148 /% B2 ( Deoxynivalenol, DON) A JiE 4 , A3 3k 15
T 4R e EL v RO TR R AR T Y T R FLITR B, 48 5 43 ) AR ) FLA AT R LP10 . LP64 \LP71 RN & BE RN FLAT
T LF92; 914 LR T 72 AN W) pH VL (A0 3T (9 300 587 356 14 S %F ZEN AL DON 9 I R AR 047 TR . 25 SR 3%
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o MEEEALBRAE LR W, LP64 X ZEN FI DON Ay M 2 8 51 &1 , 43 1y 46.9%6 .82.9 % , H Bt 5 AL il 3= 22 S W B A
FA AT VR R 8 WA ek A g 15 42 1940 40% 356 T A -

XA LR A 5 B KRBT 5 B0 GRS e D B I P 5

B E 4 %S .S852. 6 SERARIRAD A XS :1002-2481(2025) 06-0079-08

Screening and Characterization Analysis of Lactic Acid Bacteria with

Both Antibacterial and Detoxification Properties
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(1.The Animal Disease Prevention and Control Center of Changzhou , Changzhou 213000, China;
2.College of Agro-Grassland Science, Nanjing Agricultural University , Nanjing 210095, China)

Abstract: Mycotoxin contamination in silage becomes a common occurrence. Lactic acid bacteria, which is a type of
probiotic widely presenting in the natural environment, not only play dominant roles in silage fermentation but also produce
diverse antimicrobial substances(e.g., organic acids, bacteriocins, and proteinaceous compounds) and reduce mycotoxin levels
via adsorption or biodegradation. To isolate functional lactic acid bacteria with both antibacterial and detoxifying activities, in
this study, four functional lactic acid bacteria with efficient antimicrobial and detoxification activities were selected using
Aspergillus flavus and Fusarium graminearum as indicator fungi and zearalenone(ZEN) and deoxynivalenol(DON) as
substrates. These strains were identified as Lactiplantibacillus plantarum 1.P10, L. plantarum 1.P64, L. plantarum 1.P71, and
Limosilactobacillus fermentum 1LF92, respectively. The antibacterial activity of the lactic acid bacteria was evaluated under
different pH levels, temperatures, and enzyme treatments, and their detoxification effects on ZEN and DON were analyzed.
The results indicated that with an increase in pH, the antifungal activity of fermentation supernatants from the four lactic acid
bacteria(LAB) strains against A. flavus and F. graminearum gradually decreased. After heat treatment at 80 ‘C and 100 °C, the
inhibitory effect of the respective fermentation supernatants of each LAB strain on A. flavus was significantly reduced, whereas

the inhibitory effects of the supernatants of strains LP71 and LF92 against F. graminearum were enhanced following high—-
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temperature treatment. The strains exhibited specificity in response to different protease treatments: only the inhibitory effect of

LP71 supernatant against F. graminearum showed no significant difference from that of the control after treatment with various

proteases. Furthermore, the detoxification results indicated that LP64 exhibited the highest removal rates for ZEN and DON,

at 46.9% and 82.9% , respectively. The primary mechanism of detoxification was identified as adsorption. Consequently, LP64

could be used as a candidate strain for the biological control of fungi and mycotoxin detoxification in silage.

Keywords: lactic acid bacteria; zearalenone; deoxynivalenol; antibacterial; detoxification
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tarum LP10) \LP64(L. plantarum LP64) .LP71(L.
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mosilactobacillus fermentum 1.F92) i & H 4= [E A
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L 3B BRI A B 20% (V/ V) H Il B9 MRS
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2.1.1 ANTA] pH &b BT SR bR 40 T T P R S A
[F] pH &b 300 L R T 40 il AR 4 ol 6 T A0 o ot 5 e
T P 1 52 40 6 1 T s

F1 AEpHAENABREME RS HRAEEN
B FEE SRR
Tab.1 Effect of treatments of pH on the antifungal

activity of LAB strains against F. graminearum and

A. flavus mm
. M R
W LLEL Inhibition zone diameter
Fungi Treatment
LP10  LP64 LP71  LF92
RAgRIE W 14.9Bc  19.6Aa 18.2Bb 15.4Bc
F. gra- pH=3.0 16.6Ab 21.3Aa 21.2Aa 22.6Aa
minearum
pH=5.0 14.6Ba 9.15B¢ 11.5Cb  11.8Cb
pH=7.0  3.57Cc 3.60Chc 4.73Da 4.17Dab
whER i Ht 8.27Bc 15.3Aa 14.6Aab 13.5Bb
A. flavus pH=3.0  9.73Ad 16.3Ab 13.2Ac 18.6Aa
pH=5.0  7.13Cb 7.33Bb 4.93Bc 10.4Ca

pH=7.0 4.53D 6.27B  4.83B 5.82D

T« 7] 5RO I A [ R 5 5 B 3 7R ) — T R AN (] Ak L ] 22 S
35 (P<<0.05) 5 [l A7 Bl Jm A ] /NG =7 B 36 [) — b BEA [] 7
IF] 2 5 8. (P<C0.05) . T3,

Note: Different capital letters in the same column of data indi-
cated the significant difference among the different treatments of the
same strain(P<<0.05); Different lowercase letters in the same col-
umn of data indicated the significant differences among the different

strains in the same treatment(P<Z0.05). The same as below.

MR 1A LUE A A pH AR A [/ FL R e
T X8 B TR 0 0 VR AR A A AR . AE X R
A R RE LP64 X F. graminearum Ml A. flavus 1)
008 Bl AR 4 T I T bR s R A A
Witk . HFE pHAE N 3.0, BBk LF92 Xt A. flavus
0 ROR R 4, 23 R T BBk LP64(P<<0.05) , 4
F. graminearum ) ] 2 R L = T % bk LP64, 7E
pHAE M 5.0 B}, B #k LF92 X} A. flavus 3 B B B
Al 2 R FHAB T Bk (P<<0.05) ; Tk LP10 X F.
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graminearum M i 55 5 5w T H AL B % (P<
0.05)c FIHW pHAEHE N 700 , & HHRA A. fla-
vus TR P8 A H] O 35 25 5 AR LP71 X F. gra-
minearum WA TR ROCR et o

5% B 20 A B, B RR LP10 . LF92 16 pH L N
3.0, XF F. graminearum 1 A. flavus )47 B B B
REA B 2F B (P<<0.05) , H oA Arf pH 4k B 21
I B OR B A . HY B VR pH (B A $) 5.0
708, 4 BRFLBR B X F. graminearum M1 A. flavus
) 40 AT P AR T A /S
2.1.2 IA)i AL OO FLBR TR AW TR TG PR RS
F2FH AN ) I B A B OR [F) FL R 1R X FL gra-
minearum M H TEYEFLE 2R £ 60.80.100 Cifd
BESAR AR LP64 LP71 X} F. graminearum 0 &
HAY B E KT LPIOM LFI2(P<<0.05), HXtHH
ZH AR L, Bl 2 A 3R BE 1 b, 45 TRAR AT AL flavus 1)
WACR 2B W AR B 1580 CAHL ) |, A
PRLF92XF A. flavus % 50 10 0 B B AR 10 38 K T 1A
Bk LP10.LP64 ., LP71 fr JE jii i 10 14 8l B 42 (P<<
0.05) . T 7E 60,100 “Chb L , 7 #k LP64.LP71,
LF92 M RO B2 @ T LP10(P<C0.05)

x2 AEEBEELENIBEMERESFEEERN
HHEEFENZI
Tab.2 Effect of treatments of temperature on the
antifungal activity of LAB strains against

F. graminearum and A. flavus mm

P B B AR/ mm
Inhibition zone diameter

LP10 LP64 LP71 LF92

I Jib 2
Fungi Treament

KA iR T X 14.9¢ 19.6Ba  18.2Bb 15.4Bc

F.gra- 60°C  16.1c  21.4Ab 22.3Aa 17.0Ac
nunearum

80°C  15.8b  20.9ABa 21.5Aa 16.9Ab

100°C  16.0c  20.5ABb 22.1Aa 16.7Ac

i) X e 8.27Ac 15.3Aa  14.6Aab 13.5Ab

A. flavus 60 C 5.50Bb 13.1Aa  13.5Aa 12.5Aa

80 °C 4.30Bd  7.89Bc  9.74Bb 12.6Aa

100°C  4.30Bb  8.27Ba  9.62Ba  9.00Ba

2.1.3 /v it 4k 39 0T LI T 410 B9 PR B B2 e
2R 3ATHN O A B AL BER L, ON [A] 2LER W X FL gra-
minearum M A. flavus W) INHITE MEAEAE 25 7 0 7EXT
F. graminearum W30 #3508 T, LP64 F1 LF92 78 9
[ e Sl A R A R A R (B R e BB
J5 BRI A 2 8 3 R AR (P<<0.05) 5 1 Bk LP10 #
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JiR 7R AL PRS0 B TS MR R (P<<0.05) R (P<<0.05) , 1 LP71 1 LEO2 #l & % M %
& T AL BT L bR LP71 X%} F. graminearum 1 F AL . T E B B S L LP71 A LF92 B9 40 &
MOBRBA Z R, TEX AL flavus IMHIZCR B E R B AL (P<<0.05), #HAMARRE I IE

1 i R0 AR 1 K Ab 3 S, LP 10 A1 LP64 iy 4 B 15 7k W AR R A B M B TSR

£3 TEBAEXMIBREME RS RAFMNEHFEFTENZW

Tab.3 Effect of treatments of enzymes on the antifungal activity of LAB strains

against F. graminearum and A. flavus mm
HH b H ITHE E & Inhibition zone diameter
Fungi Treatment LP10 LP64 LP71 LF92
Y Eok Xt Control 14.7Bd 19.6Aa 18.2b 18.4Ac
F. graminearum g ¢ il Tryptase 4.6Cd 18.5Ca 17.2b 15.6Bc
HE A  Pepsase 14.0Bc 19.2Ba 19.2a 15.3Bb
HEMEK  Proteinase K 14.4Bc 16.3Db 17.4a 14.4Cc
SEAL A Catalase 15.2Ab 17.9Cab 18.2a 17.1Bb
S %I IR Control 8.3Ac 15.3Aa 14.6Aab 13.5ABb
A. flavus B T Tryptase 8.2Ac 13.3Bba 13.9Ba 11.9Bb
HE MM Pepsase 4.3Cc 12.6Ch 14.5Aa 13.9ABab
HEHMK  Proteinase K 7.6Bc 13.1Bb 14.8Aa 14.1Aab
AL AEG  Catalase 8.3Ac 15.2Aa 13.4Bb 13.7ABb
2.2 ZLERHE X ZEN 1 DON By B F 4515 9 47 WX ZEN 1Y JBE 8 280 R 8, o wll o 46.9% il

2.2.1 HAMBEAFLL X ZEN TR WE 45.6% . Bk LP64.LP71.LF92 1 3% % ZEN
1R] DAE Y, A BRFLIR T AY 305 T L 2 T TR0 T AR 0T B R 57 R 44 I S G T L B R DT E (P<20.05) , T
FEXT ZEN B2 RAFAFEZ 5. M A RRFLIR T 1Y & LP10 19 - 7 W A B A T 38 X ZEN (19 B 2 %%

W W 21 43 %) ZEN [/ 18 B %, LP64 Al LF92 & % VR[OS

100 — .
[ LW Supernatants
90— O % E#K Fermentation broth
=1 B {UT3E Precipitum

80—

70—

60—
=X
Z 50 Aa Aa
=
= B

40 Ia Ab Ca Ab

30

- Ac Bb
20 T Ch
- Ce Ce
L ] []
0
LP10 LP64 LP71 LF92
Btk
Strains

6] — 2043 AN [Fl K5 7 BE 2R OR S [R) B P 1) 22 5 8835 (P<20.05) 5 [F] — B B AN [ /N 5 7 BE RS AN TR 20 43 ) 22 e 12 3

(P<<0.05). FE[FE

Different capital letters of the same component indicated significant differences among different strains(P<<0.05);

Different lowercase letters of the same strain indicated significant differences among different components of the

same strain(P<<0.05). The same as the figure below

1 ABEARAS W ZENKHBREHR
Fig.1 The detoxification effect of the different components of 4 LAB strains on ZEN
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2.2.2  FLIR B A IR 41 40 X DON 19 il 25 250 2R 43
Br o P 2 0], 4 BRFLER B A9 R [A) 21 43 X% DON i
BRI . XL 4 MRFLRR B 19 & BT 4L o
X DON f4 Jli 2 2 & 9, LP64 %& 1 W 1 bt 25 250 R

B, J 82.9% ; 1H Bk LP64  LF92 Y 18 A& It JE X
DON [ B 35 R 1 | 2 5 F L3 Wl (P<<0.05) , B bk
LP10 . LP71 Ay b 35 W W 75 26 34 W 3 5 T AR DL U
(P<<0.05).

100~ [ _E# ¥ Supernatants
[ %A% Fermentation broth
0 Aa /| BiRIE Precipitum
04
80— - Ba Ba
F
70—
Ca

60 Ab == Ab Ab
3 —E—
Z 50 Be Be
2 = Ch

40— Ce De

30—

20—

10—

0
LP10 LPo4 1LP71 LF92
3
Strains

2 IABHEARAS I DONKHESHR
Fig.2 The detoxification effect of the different components of 4 LAB strains on DON

3 it 5itik

B M 1R e 2 TR W IR E IR K R R T
U5 A R ), X Bl W AN S A ™
A B . FLRR T AE S KR A W B R ) T
P Z MR A LR R EILR E B
JoT ER K A A E AR R LA A A K FLIR
TR NS 0 Dl A W A G 1) BIL A 3 A AR PR B TR
B BE AR AR S BT AL & ) (WA R ) e B 5
BLAT 7 A LR R G e 9 B AL A AL
M2 3 20 00 o K pH E R AR ) E A K
AN A ) R AR K o [ A HLRR I AT g
T I B 45 4 5 AR 48 Jf P pHL (B 410 1 5% 32 2 1 0G
PR BEL A9 AR 0 T BE ok R R BT R Y MR
pH A I T4 Wy gl i, A HLIR 3 22 DU i 2 1 B 20
FETE 3% 2 R 4 AN B AR Y 32 2008 0, 72 X FloE
X T A PR AT 28 35 E T 20 g e AT & 5 30 R AR
MM, DOGI %" HE 58 & B, /¥ FLFF B RC009
TE pHAE /N T 4.0 B, BB AT 28030 1 AR 4 i £ 74 (Fu-
sarium graminearum) =K HF pHAE R 6.0 B, T4
ZOR o R, Sy BT 4 A 2L R T 4 1A 8RR U
T LR F0 AR pH B BR 5, A F 50K 2L 1R 11 T8
WA pH AT 4 3.0.5.0.7.0, BF5E K, B
R EVE W pH (B TE &, 4 BRFLER B X AL flavus

84+

HF. graminearum W30 & 208 ¥ A B K B R Y
S W 77 LR A LR B 5 5 AR pH 2P 85 FT BB
RAFFAMEAOCR 0 FE 2R, H 2 rhoRUR BEA AL
BRI (pHAE A 1T 2= 7.0) 4 Fh DI B B ¥ B A M B
L = BT s =8 =l S I W A V) B 7 e e v A |
I .

FLIR 7 T B A B 40 TR PR TE — 8 B 2 B
B2 R B 0 78 AT A Az e AE o Rk B D TE W AT
60.80.,100 CAL B , & BRI i /Y 1T, 4 Fh 7L
P R XE A flaous B T RICR 25 0 25T [ (H 0 44
Ab PR I R 50 25 B RR XS F. graminearum B9 30 7 4L
W, R ARRFLIR B & BEW T AL flavus BB )
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