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Abstract: Lactic acid bacteria with broad-spectrum antibacterial activities were isolated from fermented foods. These specific
strains of lactic acid bacteria were capable of producing antimicrobial peptides, which were effective food preservatives. The main
antibacterial substances present in the fermentation supernatant were analyzed for their properties, including heat, acid, and alkali
tolerances; cell wall integrity; membrane permeability; and glucose availability. The fermentation conditions were optimized using
single-factor analysis and response surface experiments. The effects of the resulting product on the preservation of pork and fish were
examined. Lactobacillus delbrueckii (L. delbrueckii) M2 and L. delbrueckii subsp. bulgaricus M6 were isolated from sour bean and
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fermented milk, respectively, which exhibited broad-spectrum antibacterial activities. Their main antimicrobial components consisted

of proteins or peptides with high thermal and acid—base stability. Moreover, the alkali tolerance of the antimicrobial substances

from M2 was higher than those from M6. The optimal fermentation conditions for the two Lactobacillus strains were a 2.00% mass

fraction of glucose, 3.00% mass fraction of soybean peptone, and 3.00% inoculation volume fraction. The antibacterial effects of

L. delbrueckii M2 and L. delbrueckii subsp. bulgaricus M6 were 25.47% and 22.64% stronger under these conditions than under the

baseline conditions, respectively. The supernatant of the two strains disrupted cell wall integrity and membrane permeability, leading

to alterations in glucose utilization and ultimately producing the observed antibacterial effects. Their fermentation supernatants

reduced the total viable bacteria counts and prolonged the shelf life of chilled pork and fish by 2~4 days. This study provides

theoretical insights for the development and application of new broad-spectrum biological preservatives.
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Table 2 Antimicrobial spectrum of LAB fermentation
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Table 3 Physiological and biochemical characteristics of LAB
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Table 4 Effect of NaOH and organic acids on the antibacterial

activities of fermentation supernatant from M2 and M6
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M6 % B b ki 16.69+0.18° 1571 £0.25"
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Table 5 Effect of H,0, eliminnation on the antibacterial activities
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Table 6 Effect of proteases on the antibacterial activities of

fermentation supernatant from M2 and M6
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Mo MREOBAE AR 1176015 12.13£0.48
EOBE K QA EER — —
E: 7 ARWEE, RRNBEFEEATALERER.

HAMGELE R LR M2 KRB LERSMRE O
AN 1l K AC B A R MRS T, B 8 A B AL 4
B R S PR R M6 22 R I K AL S R R
TR, RER AT R A B G R

43




MR B

Modern Food Science and Technology

2025, Vol.41, No.12

Fe (R 6). AN K AEH T NRIREIERRFN )5 & I 5
R R ko KB, BEAR TBRE A T 2 kB P R A R
AR TR VR FE (R MY, B R A B0 A 1 S A,
5 B R R SRR B R T AL R Y, T AR
R SR B AT i W VS o X e A HE S 4 BV
TR N ] . M2, M6 _EiE R IR R
FREARSEEYFR, H M2, M6 flREE & R
BT FERARER, M2 FIREEIR. #E R AT
£ T Mé6.

2.3 FLERH R B b A E AL AT

a 20r m=m M2 = M6
:
= b ‘
T2
« l %557
4 B Bz
i o
o B B
B 22270 %722
Ei : 2227 %%%%
4 b 2227,
B b ke
=y 2%; ] B
% 2227002227
22 b kA
222: 2227 Ml'2277
22220 22222227
v B B
222 2227 Ml 7227
control 80 121 80 100 121
iﬂl?l
b 20rmmmM2  ==mM6
a
=) C
=
< % d
@ B
m A B
El 2227 MR %%%:;
227
g 9%
222:
227
227
222
2227
22272

control 80 100 121

0 E=
control 80 100 121
W/ C
E 2 IR EA%E FiE R EEENREE R

Fig.2 Effect of high temperature on the antibacterial activities

of fermentation supernatant from M2 and M6 against S. saureus
(a) and E. coli (b)
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Fig.3 Effect of various pH values on the antibacterial activities of

fermentation supernatant from M2 and M6 against E. coli
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antibacterial activities against E. coli

BIR B ARSI K B . M2 LUK G & A A A 5
NEIERIEE EA LR EZR (P>0.05, HFL
K SR R G B 4V PSP 38 AR K (17.11 mm),
H5REEARMEL, FRE. BEHRN. KM
it T 4 110 5 o 2EL 400 B8 4% P 20 3 R PR 9.12% 15.60%
37.23% F127.93% (P <<0.05) (& 5e); 7£ i & 7%
1%~5% IR 8 E RGN, Bl A 5T & 2 2500 19
0B 0 PR S RS, TR A B 3% I M2 K T
R B KA B (18.38 mm) (& 56). M6 LL K
SERABANGAENRENMEHBEERLLE ER
(P>0.05), Fr DA PE A 20 N 4V R P T3 LA i
K U850mm), HAWEAME, HEAMK (1640 mm).

FE BRI Ry (1538 mm). iR E% (14.47 mm) AR
PR (12.58 mm) S 2L A B 1 43 R B 11.35%
6.50%- 21.78% Fl1 32.00% (P <0.05) (& 5g). #%J&
A o R SIS R A RCA, kUK B A RE AR
Pe TEREDE 1%~5% MR G EABREEN, WH
Jo 553 BB G AR E PR S R B S R TS, 4B 3%
I M6 K EEEA B KHFE (19.02 mm) (] 5h).

a 20

=) = a a A
g == I ==
~ 1
@ 15+
o be
T c
sl . —
=y
10 = = o . : T
wENE  ENE FLME O RERE HEERE BRI
REL BN
b 18-
a a
s 17+ a
g
z(\)j‘
16 b
ﬁ
"
g 15t %
14 1 1 1 1 1
1.0 1.5 2.0 2.5 3.0
TR %
Cc 20f
2 b
d —— _4;_
g I5 ==
g
H
E 10+
i
= 5
wENE  EHME FLME O REME HEERE R
LRI LES
d 191
a a a a
g
E 18}
i
£
®O17F
= b
1‘3 1 1 1 1 1
1.0 1.5 2.0 2.5 3.0
2 B T A B o

45




MRE SRR Modern Food Science and Technology 2025, Vol.41, No.12
e 20r x 7 ERIFEM2MMAEEREIZITHFRRER
Table 7 Response surface test design and results of M2
g 2 2 BEE/%
B b s ‘ — - B
o T . I A AR B: REAMER C: REZEEM H 2 /mm
m o 15r - Aok Fos TRENH
J .
i d 1 0 (3.00) 0 (2.00) 0 (3.00) 18.93
& — —
e — 2 1(4.00) 1(250) 0 (3.00) 16.88
10 . . . . !_J—_L! . 3 1 (4.00) 0 (2.00) 1 (4.00) 17.24
EAG KEEAKRFRT MRS WERE R
) 4 0 (3.00) -1 (1.50) -1 (2.00) 16.04
RV LES
5 1 (4.00) -1 (1.50) 0 (3.00) 16.11
£ 20¢ 6 1 (4.00) 0 (2.00) -1 (2.00) 17.28
7 0 (3.00) 0 (2.00) 0 (3.00) 18.79
19
E a b 8 0 (3.00) 1(2.50) 1 (4.00) 17.33
w 1B 9 0(3.00) 1(2.50) 0 (3.00) 15.99
i c
171 d de 10 0 (3.00) 1(2.50) -1 (2.00) 17.11
= 16k 11 0 (3.00) 0 (2.00) 0 (3.00) 17.89
12 -1 (2.00) 1(2.50) 0 (3.00) 15.66
1 : : . . :
3 1.0 2.0 3.0 4.0 5.0 13 0 (3.00) 0 (2.00) 0 (3.00) 19.21
KEEABRRES S/ % 14 0 (3.00) 0 (2.00) 0 (3.00) 19.07
15 0 (3.00) -1 (1.50) 1 (4.00) 16.09
g 201 16 -1(2.00) 0 (2.00) 1 (2.00) 16.11
a a
= 17 -1 (2.00) 0 (2.00) 1 (4.00) 16.09
g b
5 == . * 8 ERIIFEME LR T E 57
XH -1
Eﬁ 15+ - ﬂd— Table 8 Analysis of variance for regression models of M2
= = — —
il € Fs P b R E
= = S L S L T £
AR 22.27 9 2.47 1237  0.001 6  **
10 P TS ————————— —— 0 b T
WM KRN FATE BERHON GIRREE  fHRE A'fﬁf‘ 167 1 167 837 00232 *
e N N X
L
B- ] #j 4% x
B4k 1.45 1 1.45 7.27 0.030 8
h 20 e
a C-k&2%9
9L be . R ik 0.006 1 0.006 0.028 0.8729
E ..........................
E 18+ d AB 0.048 1 0.048 0.24 0.6379
ﬁ 17k AC 0.000 1 1 00001 00004 0.9828
w16 . BC 0.007 1 0.007  0.036 0.8547
g s A’ 7.01 1 7.01 35.04  0.0006 k**
? 7.42 1 7.42 37.10  0.0005 ***
14 1 1 1 1 1
1.0 2.0 3.0 4.0 5.0 2 2.75 1 2.75 1373 0.0076  **
KEEARTES S % % E 1.40 7 020
[ 5 #iF . MEFERRESHXT M2 F1 M6 #1HE KR 0.32 3 0.1 039  0.7676
E RS YhiR 2 1.08 4 027
Fig.5 Effect of the type and mass fraction of carbon and nitrogen p i 23.67 16
sources on antibacterial activities of M2 and M6 against E. coli R*=0.940 8 R’ 2q=0.864 8

E:a. b.oe. fAHM2, ¢ do g hh M6, RENEFHE
ATHRERER.

46

VE e FRMEE (P<0.001), M RTFHALE
(P<0.01), “*” kT2 F (P<0.05).




R ERBHX

Modern Food Science and Technology

2025, Vol.41, No.12

TR R R o Lt -, DL R AR . AT hE
TR KOG E AR E S HON M A &, i R
BN RNAE, SR = 3 =K 1 T 2 AT R 56
X M2 M6 K I AT Ak » K Design-Expert 8.0.6
BAFAT IR BT B A B AR R ST

on

B 4 5 k45

23

3 38 _
1.9\% : 2.0 2.5 3.0 35 40
17 -
BRSSP0 A% AR M

A EAR
C:RERAMTEM S Ou

(¢]

TR AR

2.1 2.3 2.5

3
1.9
C:KTH M 23 20715
ik 53 K B4 BTk 23 2 B4 2 2

B 6 EXFAME M2 LB E MM AENESLE
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Fig.7 Results of M2 (a) and M6 (b) verification test
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