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Abstract: Listeria monocytogenes is an important foodborne pathogen, and the development of safe and efficient natural antibacterial
agents is of great significance. The objective of this study was to evaluate the safety of the bacteriocin-producing Enterococcus mundtii A9-1A
strain targeting L.monocytogenes and to optimize its fermentation conditions for enhanced bacteriocin yield. The in vitro and in vivo animal
experiments were conducted in this study. The results showed that no hemolytic activity or antibiotics resistance was observed. It had no
significant adverse effects on the health of normal mice in terms of body weight, organ indices, serum liver function indicators, cytokines, and
organ tissues, with no bacterial translocation observed. Through single-factor tests and uniform design, the optimal medium composition was
determined as follows: yeast extract 20.00 g L%, glucose 20.00 g L., Tween 80 2.74 mL L, K,HPO, 8H,0 4.41 g L}, CH;COONa 3H,0
3.24 g L, ammonium citrate 9.91 g L%, MgSO, 7H,0 0.60 g L.%, and MnSO, 4H,0 1.00 g L. After medium optimization, the diameter of the
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inhibition zone reached 42.82 mm, representing an increase of 10.73% compared with the initial medium (38.67 mm). The optimal fermentation
conditions were determined by using orthogonal experiments, which were listed as follows: culture time 24 h, temperature 30 “C, initial pH 7.0,
and inoculation ratio 3.0% (¢). Following the combined optimized medium composition and culture conditions, the inhibition zone diameter
increased to 45.09 mm, which was 16.60% higher than that of the initial medium. Meanwhile, the bacteriocin titer increased from
6 826.67 AU mL™ to 10 240.00 AU mL ™, with an increase rate of 50.00%. These results provide a solid rationale for improving the bacteriocin
production of E.mundtii and its application as a biological agent.
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Wi BRSO Eh A IR 73 PPN B R i A B 25 7 A B E YE, ORI LR 77 B B 22 5T 7
l. BREGFRISA AL, RIFARAFFIRR AN 2= G B E R R . Bt KRR, #I46 pH fH. Bfitt
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Table 1 Criteria for antimicrobial susceptibility test of Enterococcus spp
TP E R R (pg mLY)

2 S OA - B -1
ity 4 AR KIS = R (ug mL™) HE (5) #E (R)
HFEAR 0.25. 0.50. 2.00. 4.00. 8.00 <4 >4
T 32 Ak 0.12. 1.00. 2.00. 4.00 <4 >4
%Z+%E#% 050, 1.00, 2.00. 4.00. 8.00. 16.00 <4 >4
ERRTE 2.00. 4.00 <4 >4
BELET 1.00. 8.00. 16.00 < >2
HpuifE 0.12. 0.25. 0.50. 1.00 <0.5 >0.5
A Aoz 2.00. 4.00. 8.00. 16.00 <4 >4
HILPERS: 27% Hou SU9K07iE, WRIL 10 L AS-LA BIFRIT L BV T4 5.0% () UL BHI T4
[, BT 37 CHEFFAMEEMEMING, WEBA B i MG )4 o (8 2 BRI /E 0T IR o 25 R VE S [l HE 20 B S
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ML
1.21.2 N ZEMEF

2% Nataraj 250773, 24 HUNRBENLA X B RIS, 520 12 R NREERMEFE 1 )G, S
YAER PBS W, SCIRAIRETS PBS HAEM A-1A W, IR N 110" CFU/mML, WiZlig1% 20 mL kg™ fR &
MFEIHTREE, ®H 1K, EEHEE 7d, BASIREWN 28 d. SLIGHIEAE 6 d ik —U/NRMARE . SIZE0 )
ZER G ALFC AR /NG, R IMTEFI A ELISA RFI&ME AST. ALT. IL-6. IL-10, Z3&0r AR PR, EasErdigl
BEATARE, PPAGIESSIEEL I MIBTEL 0.05~0.1 g #8 B AR IS HHTRVE THEL, ol PR I 2 41
TN A% RGO E 24 h, 2K, BB, 1BE. AHEE, Y)IF . HE Qe S BIbI ER By Ao s AR .
1.22 IR
1221 A9-1A BRI I HREU I A
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IR A 10.00 g L ZE PR 10.00 g L BERHREUKY 5.00 g L, #4785 20.00 g L, i 80 .00 mL L,
K,HPO, 8H,0 152 g L.*, CH;COONa 3H,05.00 g L, ¥ #5Me%% 2.00 g L™, MgSO, 7H,0 0.10 g L™, MnSO4 4H,0
0.05 g L™ FLI#I4G MRS 5374

B A9-1A HEHKHMVAEREI T MRS Wizl grdkrh, 37 CEFERGIR 12h, ELEETE 2 KPR T, #hh
TWiHE 1.0% (@) HAhZE MRS 55355, 37 “CHi: 24 ho BHRAE 4 °C, 10 000>y 4%1F FE5:0» 5 min JEUSEE i,
VHH pHAE N 6.0 48 0.22 pm %13k 2% 08 f5 4 . 553% L.monocytogenes ATCC 19115 /E /R, $415]
AT TSA AL B AN 200 pL _FiEHFE S 4 CUKSERHATY 8 BIGHBZE 37 CHiFfaH5: 240, M
SREE I FViehs = RIS B4R
1.2.22 gL

%7 Oliveira 2511 7572, 4F IBCHI S 25 L0 2.0 WEOIIRERE . FiZibE, “LIUbE. JUE. 4, LA,
HEEHE. BRAARE. ABER MRS 55955, AQ-1A B TREEM G BT 37 CREFFMRG R 24 h, B ORI
R L3 A EEA A A P T T 00 T P A o R A R B 2 SR AU 5 » i) 5 0.5 wit.%. 1.0 wit.%-
1.5wt.%. 2.0wt%. 2.5wt.%. 3.0 Wt A A LLBIRRIR T MRS 5553, AR 45 S e il Bt
1223 HIEfei

%% Zheng S5 71, TS L) 2.5 Wi AN FIBIRALR (BRI 100%. 2F IR 100%. BERFSRECH
100%- & [ [k 50%+2F- PRI A 50% - £ 11 ik 50%-+EE REFZEHT 50%- 4 PIIR A 50%-+E BEHEHCRY 50% . 8 1k 33.33%+
- IR 33.33%+HEERHREKY 33.33%, Wt.%) (1] MRS $5355L, I 2R Hobr il i i 1 G i o B R . W
FEEIEE, Bodl S 1.0 w%. 1.5 wt.%. 2.0 wt.%. 2.5 wt.%. 3.0 wt.%. 3.5 wt%. 4.0 wt.%A & ELFIEUE ) MRS
RrgRdt, MRHEH TR I P e R B g
1.2.2.4 ) HRE K g5 R IIE

SO, R R E IR R RIRE, RIS RIS L MRS HAa 4 tefl .
i3 80, K,HPO, 8H,0. CH3COONa 3H,0. FrigiRE: . MgSO4 7H20+ MnSO, 4H,0 3 6 AN sr1E N4 5 Bt i)
ZRIKEK, LWIEE MRS Bi3ftfc &8 ohRdE, fE8410 &8 L FiEsh— e B aEnt_Eafe 518 Htien
KA, FAMRERE 7 4NKF, FIF DPS vo.01 i s1dit, SRR EAFERILE 2, HWERITRLE S, A
RIRAARIE T R NE 4o RYE AR ZARIGSE R KR 4 h R AR S R & BT L, R A=k
EHVETETE . A9-1A BTG LM TR AT 014G MRS B3R AL A ) MRS 157788, 37 CH:9% 24 h 5l
e EENEMEBER, PEERCR.

#+ 2 BIERKTER
Table 2 Levels table of test factors

KF ik -
- ukiE 80 K;HPQO, 3H,0 CH3;COONa 3H,0 AT B A% MgSO, 7H,0 MnSO, 4H,0
/(mL L) (gL (gi?) (gi?) (gi?) (gi?)
1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.50 0.38 250 1.00 0.10 0.05
3 1.00 0.76 5.00 2.00 0.20 0.10
4 1.50 152 7.50 3.00 0.30 0.25
5 2.00 2.28 10.00 5.00 0.40 0.30
6 2.50 3.04 12.50 7.50 0.50 0.50
7 3.00 4.56 15.00 10.00 0.60 1.00
3 U, () 5tk
Table 3 Uniform design table of U,(7%)
*
oy .
e ukiE 80 K;HPO, 3H,0 CH3;COONa 3H,0 ATAR B4 MgSO, 7H,0 MnSQO, 4H,0
/(mL L") (gL (gi?) (gi?) gL (gL
1 6 (2.50) 2 (0.38) 2 (250) 2 (1.00) 2 (0.100 2 (0.05)
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2 1 (0.00) 6 (3.04) 3 (5.00) 5 (5.00) 1 (0.00) 4 (0.25)
3 5 (2.00) 7 (4.56) 6 (12.50) 4 (3.00) 5 (0.40) 1 (0.00)
4 4 (1.50) 5 (2.28) 1 (0.00) 3 (2.00) 7 (0.60) 6 (0.50)
5 3 (1.00) 1 (0.00) 4 (7.50) 7 (10.00) 6 (0.50) 3 (010
6 7 (3.00) 4 (152) 5 (10.00) 6 (7.50) 3 (0.20) 7 (1.00)
7 2 (0.50) 3 (0.76) 7 (15.00) 1 (0.00) 4 (0.30) 5 (0.30)
R 4 MRS 1IEFREMUIKIE R
Table 4 Optimization scheme of MRS medium
A&
K -
- wt5 80 K;HPO, 3H,0 CH3COONa 3H,0 ATARBR A MgSO, 7H,0 MnSO, 4H,0
/(mL L) (gL (gL (gL (gL gL

1 2.50 0.38 2.50 1.00 0.10 0.05
2 0.00 3.04 5.00 5.00 0.00 0.25
3 2.00 4.56 12.50 3.00 0.40 0.00
4 150 2.28 0.00 2.00 0.60 0.50
5 1.00 0.00 7.50 10.00 0.50 0.10
6 3.00 152 10.00 7.50 0.20 1.00
7 0.50 0.76 15.00 0.00 0.30 0.30

1225 REEFAIAS 45 0IE

Sk g SOV T, BEFRIN IS PRI . A9-1A BHAN TR T- MRS 555735 37 “CH557 36 h,
R0 2 0 WE — AR B AR WIaE pH B E VS P BCHASRIPISS pH {E (5.0 6.05 7.0 8.0. 9.0) 1)
MRS 557738, A9-1A HkkEERN MRS B 953k f5 BT 37 CIFRMiEsT% 24 h, MEIEE B, RIREEEHIEE
PERIRZM: A9-1A BRIMRFIFEEFN T MRS 557788 5, B TAMNRE (20, 28, 30. 33. 37. 40, 43 C) M7z
FENEEFE 24 h, WS EIB N e $0 5 Bl BLAT s FEAi LTI B & PR R 20 : A9-1A BEMRTE AL AP 1% 0.5%. 1.0%.
2.0%. 3.0%. 4.0%. 5.0% () AFEHIEFT MRS WizhsFRitahiss 24 h, W LSRN Em e ER; K
PR IEASIRIR AL : AR SR IR 2RI 45, XSRS IA) . WI4h pH (B, H53RIREE . BeRbtbfldt 4 MERKE 3
AT IEASRIG AL,  FARIRIE 7 Wik 5 fow, AR B BV E V-G Fe A -

%% Madi-Moussa 257077, X RBEFIFALEE BITIRAE: 4 A9-1A BFRIEHAN T IR T VG
MRS 55955 R AR BEAEIAL G 1) MRS R5 9738, R FR4s o RIS sl e s Bl A, 6 R B ik
AR MR R T E R, 1 AU & XONARETEFR /N BT R 40 B el 1) B e A R EE (R0, A AR
JE AR e R R AR, THEOTE LA

_Z
v (D

A

X
T——hmE £, AUmLY
n——2 & AR REL
v——> A FRAR mL.
#*5 ERXIIF*
Table 5 Table of orthogonal experiments
KIEYH S RN BREAIC ks pHAL  AEFYLBI%

1 12 20 5.0 2.0
2 12 30 6.0 3.0
3 12 40 7.0 4.0
4 18 20 6.0 4.0
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5 18 30 7.0 2.0
6 18 40 5.0 3.0
7 24 20 7.0 3.0
8 24 30 5.0 4.0
9 24 40 6.0 2.0

1.2.3 %itatr

P SRIRIIAT =R E R, BHREENE =AFATE, {4 Microsoft Excel 2021, 1BM SPSS Statistics 26 #il
GraphPad Prism 9 T4ttt 7041, ZRUSFIMESRHEZERIR, SRR ER T Z 54T, P<0.05 #nzER A
HGita¢E X, F GraphPad Prism 9 #HT1EK.

2 ZHR5THe
2.1 ZAMIFN
2.1.1 ARIb AR

B 1 A9-1A EFREYA MM
Fig.1 Hemolysis of A9-1A strain

P 1 AT, o B 2 4 0 Co i 2 B v ] R PE R A S L el , SR BT 3 I, TG AQ-1A TR R LI N %,
R y VI, CERFFEN, # R rT R VALY, 4 Genis 2P M58 741 2 E.mundtii HC166.3 B
VRITEPE . Yang ZEPZERHT NG ORIR 62 FEGERIE IR SR I, 14 5% EKES o WM. FiRgE Rz,
JHEREE B2 A T NE K RS, (RIS A W) B R R att, PRI i A A 224
PEPEAE B 2R R 2 —. Mo, A9-1A FEHRXT BT 253 RN, 2590 MIC 3940 THURIK T . 45
BRI ATHASE R AT 5 R, A9-1A BRRH A H 25 7 R AR 245 A0 OG TR AL, 150 EH AQ-1A TRIFRTEIR LML AN 24
V7 T AT A 1) 2 A A
212 ARAZ2HEITN
2.12.1 121:};@%%

ad | — : = M
T . * . mren
T T é 1 ; i % 20t
& ITRIE g
3 / / 8
'HE— / = l0f
& 7 ﬁ
#
1 0
7 7 2
10

WeL  HI12K B8N HR2 29K PN 12K 18K WM 29K
f 2] i 18

& 2 C57BL/6 NRAFELZURAETUER
Fig.2 Weight change and weight change rate of C57BL/6 mice
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Za A PEARERM; b ADRRTRME, HRF L RIKTA I
Wk 2a. b fiw, {EBANRIGE HA, SRS S 2H /N R EE etk il Kot 3 H 2 R AN 3, REE
B E R E R AET TG P AR N, FoRSA/ NS AERIRES RIF. EAFEEE, 1 REH 6 K4
INRIREZERBUN, EAERET 0, KRS, XATHE 5T B SISt INgE %, Karberg 252
HIBTFC IR, HE B SO AE — e NI N S AR EE AR, B88 6 RJE, MRALREIRE N, HSeiedirE®
H TE] R RSB NS S T R (P>0.05), 55 29 RIHLIERIMEHHAN SmKF. RN RE A9-1A THIHARE
B R0 IR AT AR A AT
2122 MEEREUANE S AL

ns

. G (54
P B
Rl . %
é
= 7
g ns
/ ns ns m %
LG e ™2
At g i =
JUE 25 Fh 2%

3 C57BL/6 /N BERSHEHL
Fig.3 Organ index of C57BL/6 mice

E: ns AT AR EHEF (P>0.05) . THR.

W 3 R, ARG LIRS0 RN SR R oA B R B F RO T R 2 e (P>0.05), W
VESEE AQ-LA TN/ IN B T B8 AR B B o A SRR . S8, Lin ST ng FLERAT 1 L177 /R
WEERI, LA Che 25PNt R AREFLIT B B16 (/MR BRI, MEASTRECFIRA R W ER . Hsh, 7ENRIY
FERE S FBRE S CofEATES BREZHZR A AR AR B AQ-1A BERRAE K, HZ I A J& A 1) 3 BEHE 2% 19 53 7. Piewngam 257
FT/NRBRRRT SR, PR o BBkl Be b e N MLRAT AR OB G - S e 4t 5 B AR e 25 e, 456alEe
RS EIE 8 S AL AR, BB A9-1A TRIFRAE (A A R BARKITEESO A,  BA B2t
21.2.3 HFEimefabs A A I E

5 .
a’ b 0 c 15 g o
ns ns
60 7/ ns
- 3
= -~ & =10 [} —~of [&
= 45 = T .| T .|
g & . £ &
& 2 E E
il 30 = = 2
® ¥ B # 10
10
15
0 0 0 r 0
AT A EE *j8 P X8 e
AST ALT IL-6 1L-10

[&] 4 C57BL/6 /NERATTHREIGHT R BREE T2 1L
Fig.4 Changes of liver function indexes and cytokines in C57BL/6 mice

Z: a ARINAZBREIIESTE; b AHRBREIIESE; c hawmienk 6 dhéamieisk 10.

AST Hl ALT J& s W4 i s 104 st s AR AR AR, 4R s B Sz 40 sl A i R A 4 i), PR
N SR MEACT TP, i 4a. b s, S0, SIS AST A1 ALT KT TE 5548
e, dia RIS EE S, RVELSLEE A-1A MR T/ RS Dhae 7% . 1L-6 Al IL-10 52
B UR SE 5 B RS B G A, b IL-6 EES 5E R R, T 1L-10 WEA R A 2 /15 1E
FAPL, i e d Fis, SERAL/NRUILTE 1L-6 A1 1L-10 /KT S0 A LR E R 5 2 %, $R A9-1A Mtk E 5
KA LRI B RIE SN, WAIE U S RaaS AT . S5 IRRW], A9-1A TRMRAEMERE /N AR A HAT B A
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LY sy
2124 éﬂ,/\f” fiwﬁxﬁﬁ

[El 5 C57BL/6 /NERATAEFARALALRFRIRAE(L
Fig.5 Pathological changes of liver and spleen in C57BL/6 mice

E:a AR RATRERIE Y 5 b A R4 SATIERIEYI A 5 ¢ Axt R4 RARIEARIEYIA 5 d 4 RIS SIFHERIE F
WA ¥AH HE &, AKRAEHIH 200 4%,

Ik 5a. b fos, W IR SEIGAL BRUHHH S AT L5 BT T /N2, Lo ik e ] 1 IX AT IR
PIZLSFFA SN, BB SIVERR, A WSS 1A IRUTAR . SRAE M AT 4l 55 e W o3 s I SEHERIIE
IRAMEE BB IR PRI . H BT 5. d m] I, S RERZH -5 5 20 /)N BRI A A L RE AT 1 i 23 AT
IRES I SR NS K ] AR L B A A e R, R i b ] R G o, IRBE DX MBS IE %, R IR
iy . SRPEL R ERE . BARRE, SCIGH AR HSUE S SRIRARA B, SORESHER A-1A
FRIR A 5 |2 FH ARG IR 1 ) S PR 45
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Fig.6 Effect of carbon source on the antibacterial activity of A9-1A strain
E: a ABORAP AT AQ-1A ERRATE E AR R; b A R AL G AO-LA AR E E A Hrh, RRE FERALN LA 2
FEF (P<0.05) , AR NEFHFRTAARES; (P>005) . FTHR.
BRI FUIR B A KAR b R AR R 4, RN SAs oK1 AT et 2 R R A A A B 3™ e AN IR C 1
(1] MRS 37730 A9-1A BRI NG MERIFZR AN 6a 7R o 5 ToHERE FRFEAR LG, 2 BORIESY AT AN AR B F e A9-1A
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PRPR MBI, T DL AR i, HAM ST S ol e, ZRARE (P>0.05), UiHILIAmE AN 2R
P TEI AR E R AHECZ T, 22 2008 L RERE L T B MR A G i (2 R B9 W S, FLAM B Pl B 203l o 37.72,
37.38. 37.65 1 38.16 mm, HHUIHIEIEHAR B . B DR A A I E R 45 R W 6b R, 4
WRIE 2.0 wt.9m, HE e BARIA I R 38.95 mm, RHIZIKEL A H T A9-1A WK 2 1742, FRiLht,
Maany 2507 S BRI A0 257 AL S b R B, 2% BRI AR T SR G R A B, e LRER,
AT BN B s, BRI 2.0 wt.%.

222 RIRMAL

350 bSlJ
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[
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EREEES W RFHR 5B H /%
7 FEXH A9-1A EARINEE MRS
Fig.7 Effect of nitrogen source on the antibacterial activity of A9-1A strain
E: a A RRFEST AS-1A EARE WA H A, EF X ATFRRA 1000F G M. Y # 100%F FiZH. Z A 100%8 2R
XY 4 50%% & +50%2F Mz XZ 4 50%% @ IE+50%88 B4R B . YZ A 50%2F Mz +50%85 EHR Bk . XYZ % 33.33%% @
J+33.33%%F M) iz 4 +33.33% B4 B4R B, b A B EHREBCH LI AQ-1A EARE M) Frh.

HHIE 7a 7T, 58 G %R HARR—ZURAHEL,  DARERHEIO NIRRT A9-1A BRI VE 14 ey, 05 Pl
FAEN 38.73 mm. H R — R R T AL, ARIT R SR 5 B Ak, [FI AR RARY R 7 T
INEA— e, DRI RO A s R RR . i — DB B O I I ) 25 SR a1 B 7b o, 43 Ee
N 2.0 wt.%h, IR Bl AR R EOAE, 41,70 mm. R IRUSIIAKE R 40 Bl B, (& ol 2H ) 2
RIS E S, RIAFEARISTE RN, FERHEH0R & 80 A9-1A FHEIBTE IR AH X A R, 52 e 9
BEZHOR P B IE I & 2.0 wt.%.

223 B4R S hE

FRIRZH I SR HRIR A R AR 6. I0dn 5 4 IR B EAR SR, Ui FREE R A% A9-1A BRItk
(R 4H P RAR R E A . DASR 7 Hhal B e BN B bR 2 (YD, FH DPS vO.01 X &gk A7 — ik 2 Wiz o ml
VA5, B [EE RN

Y=40.224 380 9+0.001 479 532 164 2X;-0.010 745 308 195 X;+0.003 137 533 461X,X,+0.133 260 105 94X,Xs
+3.885 620 59XsXg

XHENE G FEHATASES, AR EAE R R=0.999 999, Httr] i, #EE HAESRH AT RKREN & &
B, HEEMRRE F =99 999.850 001 594 5, f#E/KF P {4=0.002 4<0.01, FlAxbpifk2
SSE=0.000 101 7, H%AHC Z % Ra=0.999 994, BT RN, BT AME R . R 7 /5, Jifed
i X, (K,HPO, 8H,0). X3 (CH3COONa 3H,0) 2 (RIZE IS T M X, (KoHPO, 8H,0) 5 Xy P4 ) Xy FF
BRRED 5 Xs (MgSO, 7H,0). Xs (MgSO, 7H,0) 5 Xs (MnSO, 4H,0) 3t 3 452 HAF I P 15¥)/hT 0.01,
Tt B I e PR 20 A 38 A RS PSSR K, R B E 5K thER 8 ml %, &Rt 7 IS B IIME 59 A
HEE, SR EIRELNME N 0.000 1, #—DUtEH 1 R RRHESRTE. 5 HRERRERSHE KZHE T
(PRI Bl BT UNER 9 R, BRAITEIFEAZSL, SR MRS 3577 R i & & [FWIA6 MRS #5735 A1 EE,
BAHEBMZER, HSRNZ&ERSHE N IEISIIFEE ER, 84340 mm. SI0FE, ¥IiG MRS 53-8 %4 T
FIERT BB LA 38.67 mm, AL/ 2 42.82 mm, $RTHIEE N 10.73%, FRIIEFRERIMUALXS A9-1A TRHRANTE R
P A HRARRHER . Ah, k5 Sl E B AR S Ee FUNME 43.40 mm BOvEER, —F U ZE 1.35%,
B B S AR A AT Al DL IR A T R A A o
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# 6 MRS HEFEMMIT G ITHRILLER
Table 6 Uniform design test results of MRS medium optimization
K% 5 1 2 3 4 5 6 7
E B AZ/Imm 40194041 40024043 38.78+.60 41574061 40484095 40.1740.81 38.1640.46
F 7 FEALRIEIRFAEGTE
Table 7 Regression coefficient test of each regression item
DR U2 EES t1a P&
r(y, X,xX;)= 1.000 0 166.296 7 0.0001
ry, Xs>Xz)= -1.0000 20599.5229 0.000 1
riy, X,»X,)= 10000 3245307  0.0001
r(y, Xs»s)= 1.0000 53794914 0.0001
riy,Xs>Xg)= 1.0000 10307.6184 0.000 1
E: PRI R I ZM, P<0.05 ATLREHE, P00l AT4RMEE,
<8 BLAMMEE. AEMLERE
Table 8 Observed value, fitted value and fitted error of the samples

B s SLMME  DEE Wbk %
1 401913 40.1914 0.000 0
2 400172 400171 0.000 1
3 38.7790 38.7790 0.000 0
4 415720 415720 0.000 0
5 40.4806 40.4805 0.000 0
6 401660 40.166 1 -0.000 1
7 381573 381572 0.000 0

9 BWAITHRRIELRERSEE
Table 9 Optimum composition combination of uniform design test theory

R I
B AN BAARREL wiB 80 K,HPO,3H,0 CH,COONa3H,0 ###Bi4: MgSO,7H,0  MnSO, 4H,0 Bz
gL PlgLh  K(mLih gL gL gL gL gL /mm
20.00 20.00 2.74 4.41 3.24 9.091 0.60 1.00 43.40
23 REAEHRA
231 IEFRET]
50
40 .z M e . 1

14 1) 4% /mm

0 2 4 6 8 101214161820 22 24 26 28 30 32 34 36
1% 20 [A]/h

& 8 1EFRATEIRT A9—1A ERRITEE MRS
Fig.8 Effect of culture time on the antibacterial activity of A9-1A strain
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ME B S WA KEE BA —ERNFRR, HEMERETIRBAEKNE, FEARSEKE 2R

FEWPEBE KT, THFAEERRI IR R 2w, &l 8 W kN, BEEHIRN MIIER:, A9-1A HtR4H ™

BOAE BFHES, HERE 2 h I RIATAI BB E T, U I B RN B 2R AR AR A PEARES 2

T, WEESET 4~6 h dEAPOEKFEL, FEAE 18 h AR f . BRI EAN 40.14 mm; 1SR 1

ATk, HEFRARE (P>0.05). Fit, #i5E 18 h N A9-1A B4 R & IR I ).

2.3.2 A4k pHAE

S50

1018 P L4/
*

F

*

=

50 60 70 80 90
¥ bspHfi
9 1% pH 1EXT A9-1A BEHKHNELEMERISZNE
Fig.9 Effect of initial pH on the antibacterial activity of A9-1A strain

AN BRI pH AR RIS S B AR B 22 5, (B AA L, rh B SSmR MR Bl o S A A T 2 A,
k9 frar, A9-1A TEIRAENIAR pH iy 6.0~8.0 Vi A BRI B m AT, b DAIas pH (B9 7.0 1,
TEEES S EARIA 4023 mm. JefUlith, Guo SPA7E UG BRI CCFMI8 [RF i th 2 8L, #146 pH {4
N0 BARTHERR A IR E B EIE pH (4 7.0
233 BABA

S50r

&P

i
.|+—

W
(=]

00 Pl B /mm
(=]
[=]

>

°"20 28 30 33 37 40 4
9 i E°C
& 10 1EFRREXT A-1A EAHIE SRS
Fig.10 Effect of culture temperature on the antibacterial activity of A9-1A strain

SRR TP A 2 B B 4R T 30~37 °C, SHEKGEIRANER, &l 10 fr, BEERFRIRE
ThE, A9-1A BRI Bl RS I 256 T m 5 AR A%, JRAE 30 CHIIAR|&E K, HIHEEAN
4137 mm. Mo, Todorov Z5PUZERR ZEFLFT I STL3BR B FRAAPEHEATOALIN R B, 30 CRIRE N FLAN T 7
ABOEIRE . Y] 30 CHAT A-1A WHRAMM RIS RS R, HIHmAHIE 30 CHl A9-1A Wtk ™Ak &
IR R TR -
234 FEATILA

e Ee 5 AT i e I Ah 2 2 AR RS S AR SO, 1 — PSR A B 2 A R SIS T T
PEROAERE), 1l 11 FR, BEEHER BRI n, AQ-1A TRk KB LI AN IE M A A S S T o BRI ey,
{HEMBRA R Z AL E (P>0.05). 4RGN 05% (o) B, FIEBEIEASN 39.37 mm; SR LB INE
3.0% (o) B, IR EARA RN R AAE 40.45 mm. FERl LI AR 227 5 IR 1 -5 BARRR I S 7 25 2 )
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K, iaARIngs R, RAHE 3.0% (p) A A-1A BIFR™4H TR 3 1 & Heh Ll o

S50r

e e oy

=) W &
(=4 (=] =

0074 PE) B 4%/mm

>

705 10 20 30 40 50
PRl L5/ %
11 JEFEEBIRT A9-1A BERRINELE M AR
Fig.11 Effect of inoculation ratio on the antibacterial activity of A9-1A strain

235 KBEEME SRR S BE

H3E 10 AT%N, MMM REM, SR A-1A BRIFEF =415 R S FE R KB IMEUCN C (Wit
pH{ED. B (BEFRIRE). D (FMLLBD. A GEFRITED, 456 &R EACHIINAE /T, #E e RGN
AsB,CsD,, BIEEFRINTAINY 24 h, F5FRIEEY 30 °C, )4k pH )y 7.0, HFMELEIN 3.0% (). fEULEERL B, KA
MALSG P REFRHE S FUR FEARAENT A9-1A BRI TIIERS 7%, AR B AR VP B iE T . 25 IRER, B
DAL J5 H BT e ELARIA 21 45.09 mm,  BLI4G MRS BiFRFEf i 16.60%. [FIIS, 4R 3R EHIWIG MRS Hi R F
i) 6 826.67 AU mL™ 427545 10 240.00 AU mL™, 381y 50.00%, FHIR:FIE RS 5 RIS PHIO T RIRAL FT 53
e A9-1A BRI B 2R 25

R0 KEERMIERIRIGLER
Table 10 Orthogonal test results of fermentation conditions
RIS A (3E4RETE) B (FREBE)  C (ks pHAE) D (BFwes))  7E B EZA/mm

1 1 1 1 1 21.7633.26
2 1 2 2 2 43.9040.40
3 1 3 3 3 38.7730.78
4 2 1 2 3 38.2740.32
5 2 2 3 1 43.334).14
6 2 3 1 2 33.24+4.30
7 3 1 3 2 41.1340.27
8 3 2 1 3 39.65+.57
9 3 3 2 1 38.2440.33
Ky 34.81 33.72 31.55 34.44
K, 38.28 42.29 40.14 39.42
K 39.67 36.75 41.08 38.90
R 4.86 8.57 9.53 4.98

ERIRF C>B>D>A

RARLRA AgBC3D;

3 g

AWFTELL— PR 4 2R A E.mundtii AQ-1A AN 5, IS 2 e MEVH R FRFA TR R G TT - 1K
SR SEIAI A KRR, A-1A BIMCAREILE A MAEMIN 251, fEARE ., EaHE%. HIIRESRPR AST. ALT
AR T IL-6+ IL-10 KPR AR AR B AR A R 25 TS 13 /N SRR AR TC I 2 SR, ELICAm R 25 (15 Ot o
I PR F R B A BRI K IEASRI AL, B RS MRS BE9R AL RN : B BHRIUR 20.00 g L7, 4]
12
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% 20.00 g L. mhis 80274 mL L. KHPO, 3H,04.41 g L™, CH;COONa8H,03.24 gL\ #4991 g L™,
MgSO, 7H;0 0.60 g L. MnSO, 4H,0 1.00 gL, ZAfb)E A9-1A Hikk &% i %} L.monocytogenes ATCC 19115
(R P B A0 42.82 mm, BHI4A MRS 35755 (38.67 mm) #2741 10.73%: HE Ak G KA. FEF5RINE]
24 h, BEFRIREE 30 'C. HI4E pH AH 7.0, FERPLLHI 3.0% (). GBEFEREY Mo RIEFAT3E— DAL IS, 10 B
f33% 45.00 mm, BHIME MRS 15973 5 16.60%, RN 41 27 B 014h MRS 5775544 F F 1 6 826.67 AU mL™
4 10 240.00 AU mL™, 318 50.00%. ASHFALSE RN AQ-1A k2 4 K FLIR W A 57 B AR THRALES
SCHE

P

[1] PANG X, WANG Y, FENG Z, et al. Quorum sensing in Listeria monocytogenes and control strategies for its inhibition in the food
industry [J]. International Journal of Food Microbiology, 2026, 447: 111518.

[2] OSEK J, LACHTARA B, WIECZOREK K. Listeria monocytogenes in foods—from culture identification to whole-genome
characteristics [J]. Food Science & Nutrition, 2022, 10(9): 2825-2854.

[3] SUY, LIUA, ZHU M J. Mapping the landscape of listeriosis outbreaks (1998-2023): trends, challenges, and regulatory responses in the
United States [J]. Trends in Food Science & Technology, 2024, 154: 104750.

[4] QUINTERO-YANES A, PETIT K, RODRIGUEZ-VILLALOBOS H, et al. Multiplexed bacteriocin synthesis to combat and prevent
antimicrobial resistance [J]. Communications Biology, 2025, 8(1): 1246.

[5(] SUGRUE I, ROSS R P, HILL C. Bacteriocin diversity, function, discovery and application as antimicrobials [J]. Nature reviews.
Microbiology, 2024, 22(9): 556-571.

[6] LADJOUZIR, DUSSERTE, TEIAR R, et al. A review on enterocin DD14, the leaderless two-peptide bacteriocin with multiple biological
functions and unusual transport pathway [J]. Antibiotics, 2023, 12(7): 1188.

[71 KASIMIN M E, SHAMSUDDIN S, MOLUJIN A M, et al. Enterocin: promising biopreservative produced by Enterococcus sp. [J].
Microorganisms, 2022, 10(4): 684.

[8] SYRENSEN H M, ROCHFORT K D, MAYE S, et al. Bioactive ingredients from dairy-based lactic acid bacterial fermentations for
functional food production and their health effects [J]. Nutrients, 2023, 15(22): 4754.

[9] LI'Y, MAH, PAN R, et al. Optimisation of cultivation conditions for Bacillus velezensis G7 from mangrove plants and exploration of
potential bacteriocins [J]. Frontiers in Pharmacology, 2025, 16: 1530043.

[10] OOIMF FOOHL, LOHTC, etal. Arefined medium to enhance the antimicrobial activity of postbiotic produced by Lactiplantibacillus
plantarum RS5 [J]. Scientific Reports, 2021, 11: 7617.

[11] PUJATO S A, MERCANTI D J, BRIGGILER MARCO M, et al. Bacteriocins from lactic acid bacteria: strategies for the bioprotection of
dairy foods [J]. Frontiers in Food Science and Technology, 2024, 4: 1439891.

[12] e, e, A AR, S5 A R 2R XS T (R T 48 B L il 2 AT FE [0]. B A sH2,201.3,34(23):170-175.

[13] GENIS B, TUNCER Y. Technological properties and safety evaluation of bacteriocinogenic Enterococcus strains isolated from raw meat
and traditional meat products in TUkiye [J]. BMC Microbiology, 2026, 26: 474.

[14] HSUH Y, LIAO Y C, LIN S H, et al. Safety assessment of Lactiplantibacillus plantarum TWKZ10 based on whole-genome sequencing,
phenotypic, and oral toxicity analysis [J]. Microorganisms, 2022, 10(4): 784.

[15] NATARAJ B H, JEEVAN K, DANG A K, et al. Pre-clinical safety and toxicity assessment of Limosilactobacillus fermentum NCDC 400
in murine model [J]. Microbial Pathogenesis, 2024, 189: 106589.

[16] OLIVEIRA T F DE, KUNIYOSHI T M, FROTA E G, et al. Anti-listerial activity of bacteriocin-like inhibitory substance produced by
Enterococcus lactis LBM BT2 using alternative medium with sugarcane molasses [J]. Antibiotics, 2024, 13(3): 210.

[17] ZHENG Q, CHIA S L, SAAD N, et al. Different combinations of nitrogen and carbon sources influence the growth and postbiotic
metabolite characteristics of Lactiplantibacillus plantarum strains isolated from Malaysian foods [J]. Foods, 2024, 13(19): 3123.

[18] JRAESE, AL M B A 55 A ST B A DU — S DL B B BER U R L [0]. o [ £ 1 14,2020,39(9):36-41+45.

[19] K4, B0, T S, 25 B T RS AT B HDL.7 =% BERE R4l 2 Paracinl.7 25 A [3]. H R 5418 H)k,2020,36(24):116-124.

[20] MADI-MOUSSA D, COUCHENEY F, DRIDER D. Expression of five class Il bacteriocins with activity against Escherichia coli in

13



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.7

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

[35]

14

Lacticaseibacillus paracasei CNCM 1-5369, and in a heterologous host [J]. Biotechnology Reports, 2021, 30: e00632.

GENIS B, OZTURK H, OZDEN TUNCER B, et al. Safety assessment of enterocin-producing Enterococcus strains isolated from sheep
and goat colostrum [J]. BMC Microbiology, 2024, 24: 391.

YANG J, CHEN Y, DONG Z, et al. Distribution and association of antimicrobial resistance and virulence characteristics in Enterococcus
spp. isolates from captive Asian elephants in China [J]. Frontiers in Microbiology, 2023, 14: 1277221.

PR, TR A, R T 58 A — BRAE PR A R T 1 52 IR BRI AQ-1A 1) 97 32k B 20 A1 3R i 1 A 40 A O] A W 2 0
#,2024,51(12):5177-5192.

KARRBERG L, ANDERSSON L, KASTENMAYER R J, et al. Refinement of habituation procedures in diet-induced obese mice [J].
Laboratory Animals, 2016, 50(5): 397-399.

LIN X, ZHOU X, LU Y, et al. Safety assessment and probiotic potential of a novel species Lactobacillus xujianguonis [J]. Nutrients, 2025,
17(21):3474.

CHE Z, HUANG J, WEN S, et al. Lactobacillus rhamnosus B16 regulates lipid metabolism homeostasis by producing acetic acid [J].
Journal of Translational Medicine, 2025, 23: 1122.

PIEWNGAM P, CHIOU J, LING J, et al. Enterococcal bacteremia in mice is prevented by oral administration of probiotic Bacillus spores
[J]. Science Translational Medicine, 2021, 13(621): eabf4692.

KALAS M A, CHAVEZ L, LEON M, et al. Abnormal liver enzymes: a review for clinicians [J]. World Journal of Hepatology, 2021,
13(11): 1688-1698.

SYED KHAJA A 'S, BINSALEH N K, BEG M M A, et al. Clinical importance of cytokine (IL-6, IL-8, and IL-10) and vitamin D levels
among patients with type-1 diabetes [J]. Scientific Reports, 2024, 14(1): 24225.

MAANY D, EL-WASEIF A, EL-WAHED E A. Optimization of enterocin production from probiotic Enterococcus faecium using taguchi
experimental design [J]. Turkish Journal of Pharmaceutical Sciences, 2024, 21(3): 192-198.

GASPAR C, DONDERS G G, PALMEIRA-DE-OLIVEIRA R, et al. Bacteriocin production of the probiotic Lactobacillus acidophilus
KS400 [J]. AMB Express, 2018, 8(1): 153.

GUO X, BAI X, ZHENG Z, et al. Optimization of culture conditions for bacteriocin production by Pediococcus acidilactici CCFM18 and
characterization of its biological properties [J]. Fermentation, 2025, 11(8): 470.

YANG E, FAN L, YAN J, et al. Influence of culture media, pH and temperature on growth and bacteriocin production of bacteriocinogenic
lactic acid bacteria [J]. AMB Express, 2018, 8: 10.

TODOROV S D, VAN REENEN C A, DICKS L M T. Optimization of bacteriocin production by Lactobacillus plantarum ST13BR, a
strain isolated from barley beer [J]. The Journal of General and Applied Microbiology, 2004, 50(3): 149-157.

HE Y, DEGRAEVE P, OULAHAL N. Anti-Listeria activity of Lactococcus lactis subsp. lactis LAB3 cells entrapped in alginate beads:
effects of inoculum size, alginate bead formulation, and atmosphere composition [J]. Frontiers in Microbiology, 2025, 16:1663475.



