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2 AR A B TR AR E e K 410600)

HE ARFEATRSGBGENGEA, FERADRBEDFALLIE DR, RAFERE, AW E B @ORA
FEAT, B AT T AL R W PF R A A T R R AL S 35 AR, B A A T K Bk 49 pH AR R B AP AR R M
BRI B BURA E T R T A DR ERAI, Rk A FEG AR 6 B ARG TR T BARH
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100 °C AL 22 7 1 47 1 & 8% % 20 min,JLO3 7 # 24 b 5730.69 1U/mL T % £ 4 588.52 IU/mL, #H & H &% 80% w4 L, M
LO4-1 4437 &N F T 44.119% , 5090 JLO3 47 B ik 89 A2 2 M e T LO4—1; 8 5h R4 3hJG , B4k 69 47 1 2 & 5
5730.69 IU/mL #= 5 772.35 IU/mL F ¥ 3] 4 697.29 [U/mL %= 4 437.52 IU/mL, 39 4% 5 R A & 12 89 T0%vh £ 500 3% LA B35
WA B RIS R AR A AR M AT A £ R I A AL S 5 ) b B E A 49 58.03%F 64.32% ; %
BRAREE ST FARA L T2h I H iR AR B R EZAFR L-FRMR LR LR AR ARG LR T
A AE LB AT K 0.64 ¢/l A 13.46 o/l A8 £ M54 B & L-3F R85 (043 /L) LEL (6.76 ¢/L) 5 JLO3 47 B i #9 47
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HA w4 aenY T B LA " (MYSRD 108) Fi 48
YIFLFF T (MYSRD 71), 3 W B T4 1 JC 48 il |
W REAW I B A FEVD T IR, (R FE VD 1] IR
AR > 75% LA L, 5K AEPIESY T R FLAE
PRAE 5 MR FLIR TRIRT 1 Rk ACHE ) 28 K TR 1) T W %)
PR IERERR T R IR VE T, R BEAE P FLAT B R
IR R BT, SOREAT A e IR
PR TR 1) 27 ML A A A 4G, ik A B 1S5 A48 SR A it v
K ZE MAF  B815-1 B4 Surfactin 75 K45 Z Fh
TG RSy, B 2l A 3 A v Bp— Bl B R
TR T M BT BEAR , 1 — 2550 & B Surfactin 7S
JORFA LR A7 AE 0 TR 1) O [R5 Ve mT LU Y 3L
TR TR A S ELAT R A PR 1% 78 2 o T 45 7 T 4 A
R Z AN BT, HoA R R B A M e )
fg , ELHEAE R AUSAI B , ib HA 2R ) ot B3 [
TTE PR, Bk 40 B ) R A W L FE 1 & R T
], ASSCLAGE B F R IR i i 7 IR 20 T B 5T
XF 4 i BE A B D) RE A W, WIS L R IV TR 1
S R 2 DA KA B AR, Sy HA B RE R T
RAE B B 65 O T R R S

1 MREFE

1.1 #HE5iEH

11,1 WA Rk . HYFLFFE (Lactobacterium
plantarum)1L.04-1, J& A= 4 % 3K B (Staphylococcus
saprophyticus )JLO3 JLO3 -1, & kl # 4 Bk &
(Staphylococcus condimenti)JLO4 J1.20, i % %
ZJBRTE (Staphylococcus piscifermentans )JL15 , A
% BR B (Staphylococcus carnosus )JL06 JLO7 JLI10
JL11 JL12 JL13 JL14 JL16 JL17 JL19, 43 B H &
0 A BRI SR A, DR T ) e A T R
W TAREEORPITE O, FER bR A A
(Bacillus licheniformis) . F. K2 MAF & (Bacillus
megaterium ) 53 55 F 7228 T 9 , DREL T 159 4 I IR
kB TR R PO ZIEFT B (Proteus
species) (CCTCC AB 91103), 15 € V0[] K W
(Salmonella typhi) (CCTCC AB 94010) . KM ft i
(Escherichia coli) (CCTCC AB 93154) 4 ¥ {6, %
ZERTE (Staphylococcus aureus)(CCTCC AB 91093) ,
o ] SRR R OR R L

1.1.2 B 50 MRS W8 3R 2 . 8 1

10g PR 10g BERE 3 MFERA 5 2 ¢,
R 40 g HALEN 5 o LRI S g WETR A 4 2
o BRBREE 0.58 ¢ Bl 0.25 ¢ i -80 1 mL . 7§
7K 1000 mL,pH 6.5, £ RE & [ K 7R,
AN ISRy SA BAAR K F5 E | VSN 5T 2 43 B 1% 1Y
TR RE Ry f [ A B 77 0

FLIRBEER # & A(Nisin A,BR,900 [U/mg), /"
N BB B A A7 BR A 7] 5 LR (HPLC) , 26 [
WAL R ARA R HIR (AR) L- 2R R
(98%) F71E % (AR) JEHIMR (AR) W2 (AR) B
FRBE(AR) LK BB (AR, [ 25 45 11 4k 2 15 )
HIRATF ;48 (AR) V& B2 (AR)  FF EE (HPLC) |
BER2 (AR), B2 e MAE LB A IR A A e
WA B e, W [ E 254 Ak 22350 A B
YNEI IS
12 UBE5E&E

FE28 pH it #5546 R 2088 (Fifg ) A BR
/5 ) s Eppendorf 5424R 5 i 5 208 R B DAL, 18
F Eppendorf 23 7 ; ZWY-2102C 1 i 9% 7% 5 7244
A BT AL RS s A PR ] 5 LC-20A
o RO 15X, H AR 5 A w5 Elipse XDB-C138
(4.6 mm x 250 mm,5 pm) A3 A 55 [H Agilent 2%
Gl
1.3 REH*
1.3.1 FEMpR R
1311 U0 va ik 1) 15 3% B B0 i v i o 2 B IR
FEAEH 0 VR A b 3 30 TR AR O A S 3% 4% 2 MRS
AR F2H 37 °C, 180 r/min £ 5 77 24 h il
PP, PR RE R R AR 2 10° CFU/mL, LA
TR TR 850 19 1) 2 Fh it % 12 2 MRS W 1A 85 97 5
1,37 °C, 180 r/min $ )i & % 48 h,4 000 r/min ¥
ZREGC 10 min, HCEIEH 0.22 wm 98 85 5 8 i 15
F14) G 41 308 Y BP0 B, 4 CCURAR V2 25 H
1.3.1.2 f8/RiE L K48 8 B T b S B R & 4
AB R R R RS 3R 2,37 °C L 180 t/min £
BR SR 24 h, VR B R 107 CFU/mL,
1.3.2 WA (Antibacterial potency, AP) il &
1.3.2.1 MBI (AL = BMEE
S DSBS vk, MO AN R AE @15 em - 1L 2]
A 50 mL A= PREF B 1 PR AR G 97 0 BE S 384
BT AT B 200 WL 158 E RS 50 mL 4
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PREY 2 1 MR T A % 77 TR A 8 AL | 2 ¥
AJE R A= HEAR B AL A 100 WL 410 T8, S0 AR
JEF V- IILE 4 CURFEVS LY 1 4 h,37 CHir &L 1 7%
8 ho A () IHEME B S(mm?) .

s:w<02;d2> (1)

A :Bﬂﬂﬁﬂqlil‘%ﬁﬁﬂ/‘]qzi@fﬁ,mm;;lﬁq:ﬁ
AL E AR B FE , mm,
1.3.2.2 MEWERA 28 Delgado S5 5k,
DL [6] #e B2 Nisin A A5 i 5 %F W 59 4100 58 28 A
(APo) 19X B R 1 A b, 40 B TETFRL(S) A F
221 Nisin A X5 KZF HOAT B A 00 160 08 4 A o it
2, &y AN .S = 172.521gAP-333.58
(R2=10.9950), LA Nisin A Jy3tifi 40 (2) 18 #
0GR Y 4 B A AP, (TU/mL)

S5+333.58
172.52

AP,= 10 (2)
AH S A IR R AT A T P 5 1 4 R T
L mm?,

1.3.3  #0RR AR R PR Y

1.3.3.1 410 7R A IR B B Pk IR A B Y
pH {43 %14 1.0,3.0,5.0,7.0,9.0,11.0, 53 h
Je VA L A bR pH AR, LA b B3 (7% 39 787 9k X B
T 90 TR 25040 1) 22 A B

1.3.3.2 MR MR EE 430k 20,40,
60,80, 100 “C/K I Ab BN TR 20 min, LAA AL B )
OV Ry T R 00 0 A AR AN AR AR L

1.3.33 MW MRS R REE HH30W
Y AMET 23 0 BRI TR 1,2,3,4,5h, FEES 25
e, DL A RSt 11 00 BT Y o ket B I 0 R AR AR

R
1.3.4 3B B9 30 E Y BE5Y
1.3.4.1 EWAHERR IR L 40 908 15 0 E W

pH{EH 4.0 5 6.5, =51 MRS WA KE 37 319 pH
B 4.0, #22 B IET 1 3547 HE R 1246 1 D 410 14 el
1% dy o ds, B HEAR 3 FLOR AT . d, FonR
PEY) 5T K AR TR W S5 (R 30 TR BE T, di—d, RN TR TEW)
FRAMTERE ST, d\—ds R AERY) BT R RE ] .

1.3.42 WEW D REMEY R T A PLRRR
e 2 FRICRLIR 0.20 g [L-372R 1R 0.075 g, LR
0.20 g FFEERR 0.10 g BEFAMR 0.05 g & iR 0.05 g,

PH A0 400 56 A 1
PH 6.5 40 5 5 W

PHH4.01f9%3 FAIMRS Ak B 75 3%

1 MEYRERH ARG FREREE
Fig.1  Principle diagram of antibacterial substance

type discrimination test

H 2 0.20 g FL2 0.20 g, & % 100 mL, B il 1 45
TR o o T o VR T S 8 A, D A5 A LR 1) 13
WA s [1) g A A s, Wi 07 Ry A A o, 2 i A AL IR 4
B (E 2), LIS A PLIR B i Ak A,
WA R AL bR, A5 50 8 A HILIER bR v il £ 11 e
TR, W1,

FERMERS S EIE A0, W2 mL ME KT 5
ml B R B TS mL R S AL EA BOR B R A
100 mL, ##'% 30 min B 2585 F1 2% BT f5 B B3,
0.22 pm FEBILUE . LIV (0.1%85 R ) = V (H )=
95:5) MR A0 , i 3 0.6 mL/min JF 7755 B v i,
PERE R 10 L, A 30 °C, HA A 15 min, 25k
K% 4 210 nm,

1.3.5 MEWSAVRIESG R M LE &R
1.3.1.1 5 AL B 55 i 2R 45 Bk JLO3 F1 LO4—1 Y4
R o F% TR R JLO3 410 B U T 2% AR AL IR o VAR
(HR 0.35 o/L, L-3FE 4R 0.38 ¢/L, LR 4.64 ¢/L,
LR 2.66 o/L, FrEER 0.23 o/L, BE3A 1R 0.30 o/L, &
R 0.25 /L) L il A HLIRIE A Ay, LB KZF i
FE TR 46 78 TRDG EG I 22 JLO3 10 B V5 A ML IR TR
B A, AR o LR LO4—1 S0 TR I & A
PURR R MR (WEAR 1.10 o/L, L-3E 581 1.17 /L,
FLIR 4.55 o/, TR 3.44 o/l Fr iR 0.61 o/, BEH]
i 1.51 g/L, & SR 0.53 g/L) BECHlA HLER TR &
A, VLB REF MO T 48 25 3O F il 2 104-1 41
RS A HLR IR G WA, MU .

1.3.6 s Hr R Excel 2021 #F47 £ 45 F
P bR 22315, R Origin 2021 #E 475045 7]
WAL BT, R I SPSS 3 R 47 22 57 Wb 25 PR A 06 A
ZEIK.
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Fig.2 Standard organic acid separation liquid chromatogram
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Table 1 Organic acid standard curve
B R R R?
1 F y=1.22x107x - 0.11 0.9980
2 L-3¥ R y =1.10x10% — 246.76 0.9954
3 VB y =1.15x10% — 573.46 0.9998
4 Lz y =2.30x10% + 143.65 0.9992
5 L y =1.81x10% — 3906.28 0.9986
6 A A B y =9.33x107x + 7.88x10* 0.9999
7 IR y = 1.70x10% — 0.0046 0.9984
8 % LR y = 1.50x10% - 0.12 0.9855
2 HERE5HW PR (P <0.05), % B 5 Bl 78 B B9 i S8OR
21 MEINREREDIHFIRLE R ARG, WX P B AR B AT O R B0 B R P A

ST A B EA R R P RE Y ) R A Rk, LA
L PR PR (G) 1 b A 25 AT P | 4 o €0 7 2 BR
BRI K2 T B D B 2 B (G) B K I AT
B AR TE AT R G FE R B N8 R T, 6 16 BRI P
BRUEAT A0 TR E 0 Ho A, 45 50 UL % 2. 16 AR R A I 7
WO G G R 34 5 A AN [A) A 1 3 2 SR, Herpoxt G-
R, AN KA FF TR 28 T AT B A AR 8 4 o 3 | x
3 Bl GHRE O I VE AN G GR L, 3 I R T AR AY
POTE WO GB B I R 58 TGP, 4 i P
2 PH M X R T A7 R X S A
WRAEPR AR A R — 2, LR G HBUE W bR L04-1
Xt A 2 AT BRI L K 2 R BT 4 B R
4 X HeE 4 s s R A AR A A R L R R
JLO3 5% 4 #8000 4 45 3K b i I I RO e T e

12 BB TS WV S 0 B D RE T AT S AT
22 HMEINBEMEMMERINEEENZHESR
5% 2 WA AE Al 7 26 A 0 0T 4 ot 2 2 02
—HH LR 2 RRECE AR, Hod A LR 2 55
R 38 DA B SRR W SR B S R
ST, 22 KBS BR A Bt 26 1y B Bl Ab 2 I 3R
e LR E 28 A R 5 B R | S SO Akt
AR Dy REE M e SE T A P RE . pH
(B U R0 M AR AR R R R AR oy A R
pH {E | ¥ B L K2R A0 BES 2% 40 R B Bk JLO3 Al
LO4—1 410 B VA0 P80 B8 8 AR 1 2
221 WA pHERE M pH {E R WP
T L SR TR o0 1) T L A R T L P R
fiff 5 S5 BT, DT R0 T AR 1 3 A SO R ) T
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Table 2 Determination results of antibacterial activity
W B @A/ mm?
Ak 5 WRFMAFE EXRFHEAE 2HXENHRH XBAE (G BEFE(G)  EHAE )
(G (GH (G

JLO3 ++ ++ +++ ++++ ++++ +++

JLO3-1 +++ ++ ++ +4+++ ++++ +++
JLO4 ++ ++ + ++++ ++ +++
JLO6 ++ ++ ++ +4+++ +++ 44+
JLO7 ++ ++ ++ +++++ ++ +++
JL10 ++ ++ +++ 4+ ++ ++
JL11 ++ ++ ++ +++ ++ +++
JL12 ++ ++ ++ +++ +++ +++
JL13 ++ ++ ++ ++++ ++ +++
JL14 ++ ++ ++ +4++ ++ +++
JL15 ++ +++ ++ ++++ ++ ++++
JL16 ++ ++ ++ +4+++ ++ +++
JL17 ++ ++ + ++++ ++ +++
JL19 ++ ++ + +4+++ ++ +4++
JL20 ++ ++ ++ +H+++ ++ ++++
L04-1 +++ +++ ++ +4+++ ++++ ++

FE 4+ S AL 0~150 mm?; ++. 3B 1 AL 150~300 mm?;+++. 315 17 AL 300~450 mm?; +4+++. 9101 5 1 L 450~600 mm? ; +4++++. 1 5 11 £ 600~

750 mm?,

PEP= A2 BRI B JLO3 L04—1 A 2 Ab B (4 i
W pH {H 7% 4 3.89 Fi1 3.82, H AU AYINEH
T X E AT R R AT AN W] pH AL B 0 AL
WAL WLIE 3, 5% R E, AN TR] pHL Ak B Y
TR A T 11 BT Y 1 0 R O A AR R FLB B o —
o, W RS THE BB PR B A I R TE pH
1.0~3.0 S50 T B PR A i A s M pH 3.0 1
TR R MRS Al R /DN, T R TR BRI K 43 5 el
5 730.69 IU/mL F1 5 772.35 IU/mL F %] 5 190.12
[U/mL 1 5 122.20 [U/mL, ¥R A 16 P9 85%
DA b, 2 W00 B8 L R Mk P45 b T AR IR T
PEBE pH {8 (5.0~11.0) /4 T 25 11 i BRI (P < 0.05) ,
P 0 5 DR 0 R Y TR M ) B 3 A R FE
FRE, WRFE R B, K250 P T2 & 5 (andit
TR ) 7 TR 1 45 1R T RE DR A5 300 181 6 PR AR T A
Pl A RS 0 T R AR e, mT B
Jer AT 2 00 TR VR B8 0 TR IR 43 AR M S T AR
TR g 000 VO R AT P A0 TRV T B R M A o
WAFTEDU R RIS 5 DL, B 90 B A0 AR fb T
PVE 1,78 pH 1.0~3.0 J [, Ak JLO3 41 1 1 1
(9728 A /N T B bR L04—1, Ui B Bk JLO3 ByAt it ™=

YIXHK pH A 19 52 PR3 . 78 pH 5.0~11.0 3
R, TRPR JLO3 10 % PR A8 Ak K T B bk L04-1, 1t
BRI PR LO4—1 AR ™ P 2E Btk 25 10 T DR FE TR 4r
A RT3 1
222 MEWEAAREE R R LR w0
W 22 JIK e 28 1 J5 2 400 TR ) o 1 3 PR AR A LA
KA HILR () v R R R kA HILIR Mk 1Y, I
S WA 41 PRV 80 o R AN [k B Ak B4 TR
WFoT LRG|, 45 SR DL BT 4 TR BK JLO3 41 P W 1Y
TR B I P A v AT, O BRSO B B
KA R 19.93%, HAE 40~100 CLH 54T
ANAEAE R 22 5 BRI B AR JLO3 410 17 ¥ v 410 1A
YT AR, R KRG , X RTE 100 “CAb 2R
MR MR R 5730.69 IU/mL F %% 4 588.52
IU/mL, 150RFF 80% Lk - By 4w 36 ¥, U BH pa b
JLO3 J10 B ¥ v 40 17 4 Jo 1 AR R E MR A TR PR
LO4—1 MM RN 7E 20~60 CEAF T A B &1k
AR Ak T B 2 R T 2 80~100 CHE 41 i 16 M B
FHREIR(P<0.05), e KA FRILF] 44.11% , HAm
B B RS PE AR I B JLO3.
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4000
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- -60

VB A A%

Change rate of antibacterial potency/%

- -80
2000

T AFNG FhERR &2 57 (P<0.05),
B3 AEpHLENNERIEINIEZL
Fig.3 The changes in the antibacterial potency
of antibacterial fermentation broth under different

pH treatments

223 IEBEIMINRRENE  KANRIT R
Ko — LA 2 Y B AR A, XS Y R RE 6

SRS FHEGIPE UG E . mHEE KR
N AR, T 50 22 43 v R R Bl ik
S BN 1 SR AR 7, DT 2 T 47 J5 11%) 65 ) A
T ReR, 1 5 A B 0 P kA B E e A L SR
8 G BSR40 B, LA s [ o 5 R, 445 R AL
Bl 5, Bl TR ]G AE 4 TR RE JLO03  L04—1 417
DRV 400 DR S M I, > BEURE 1 b B B
PE 2 5 3 R AIC, T BE E 1) 3 h B, B RR JLO3 N
LO4—1 W4 B &t 43 5 B 5 730.69 TU/mL F1
5 772.35 IU/mL F [ %) 4 697.29 TU/mL F1 4 437.52
1U/mlL, 0GR 3 P 4 DR 7 AT TG PR Y 70% L |
b, 33X T AT 1240 990 T ) JO % et I (1] 114 56 A1 2k e S
AR, 1~3h WA BEER, A RIFMILE
etk AN, FE 1~5 h BRI fvh BEB L04-1 1Y
PRI PEAR AR R T bk JLO3, Ui B B bk JLO3 1Y
PRI 4 6T 58 A0 2 () it 32 M LU TR PR 104 -1 3 | 31X
2 WIS [w) TR PR 300 T8 400 o 1 R T R 58 A kg

FATEZESE

2.3 ME R E Y B 5 R R
AR

2.3.1  HERR SR SE AN P B A 0 P R

s 3 56 45 S T A0, TR AR JLO3 A LO4—1 Je 2 4
W) A B RE 1 RN BT A AR AR TR W A B BE T
hy 1 — A5 06 I R PR TR O BR VR 0 B A 2R A ik

[ Lo4-1 Tt
——JL03 B AL E

—o—L04-1 ME BN 2 (L F 40
M —4-20

8000

S
=}

)

£

= 8

=4 <
4 O 6000F a @ a 2
:;( 5 ab a \.\‘ {40 Ei(
] a =
= b b b b &
¥ le ®

2 4000 | b g

E b

=

<

Change rate of antibacterial potency/%

2000

=)
=3

2 20 40 60 80 100
IS
Temperature/C
AR F/NG B R B 22 5 (P < 0.05)
B4 AEBELENMNERMEINOETL
Fig4 The changes of antibacterial potency of antibacterial

fermentation broth under different temperature treatments

)03 Hmestr
BRI Lo4-1 B R
so00'L —0—IL03 MEHMHEIE 40
—o— L04-1 IME MM AL 2

6000

4000 |

0B 8K A
Antibacterial potency/(IU/mL)

Change rate of antibacterial potency/%

2000
c 1

2 3 4 5
SR HMNER IR G 1) [A]
UV irradiation time/h
W ARRVNE FRE IR BE 22 R (P<0.05),

5 AELIIEZRHGFETHNEGMEINNETN
Fig.5 The changes of antibacterial potency
of antibacterial fermentation broth under ultraviolet

irradiation at different time

TEE 1 HERR RIS, I TR B R ) T B AR R
Yy J5T 400 TR RE 7 04 o BE 00 A5 L W LA TR T 2R A
HERR 150 2K 0 B pHL A R 2 %5 4 MRS )
PR BE F2 L0000 46 pH AE 6.5 (I 4 i BBl B A% dy)
LI pH = 4.0 (1 Bk JLO3 \L04—1 % % &5 o ief o 28 4k
FRAM W) pH {E 53510 3.89 Fi 3.82, 4t — 4
R 4.0) B 30 B BCR R I B P AR ),
W d, Fon BN RE T, di—d, FRTRVEY) BRI 1 fE
7 MR AL HAN R W A pH {E , P8 797 25 11 MRS i)
PR RSB pH = 4.0 Gl &40 14 18 4% ds) , LA pH
4.0 B TR A XS IR d—ds 3R A R W) 5 410 T g
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J1, &R ILFR 3, B 3 A, Bk JLO3 A L04-1
8 di—d, 53914 10.30 mm F1 13.43 mm , d,—d; 535
N 449 mm A 3.72 mm, ¥ K F 0, T PARE M
TR VAP A0 TR A P 2 78 343 Ay T v  Jo 400 T RN AR R
JoT A0 B e [ AR T, HC R B4 B RE 0 43l
JIE BE J1 1Y 58.03%F11 64.32% , A B 4 o 41 14 fig

d H6 239 R 25.30% 1 17.82% , WAk 6 LA BR M4 o
PR M L FERR JLO3 A LO4—1 A4 R 1 49 I 41 1 i

J1 5 5 AR BR W B TE RE 7 b L 2 Ry )
83.33%F 82.14% , I AL F 100% , 53 Hr It B, AT
FE 2 hy Rl I B VKR S pH A Y 22 5, K T B
JLO3 F L.O4-1 & #& i pH 3.89 Fl pH 3.82 4t
—JERE & 4.0 BF, ORI A3 R M I B B, (R s
pH A Y 1 Bt S 0T — L R 40 1A ) T 0 T g
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Table 3 Identification of antibacterial substance types and the proportion of acidic

and non acidic substance antibacterial abilities

e RAr EBRMEHR ERESR
. BRied RAr . "
A4 B A 42 /mm i HAe &/, wEseAl WEA L
RS H A& 77 /mm
% mm /%
d, d, d; d, - d, d, — d)/d, d, — ds d, — dy/d,

JLO3 17.75 £0.79 7.45 £ 0.04 13.26 + 0.68 10.30 58.03 4.49 25.30
L04-1 20.88 £ 0.91 7.45+0.11 17.16 £ 0.57 13.43 64.32 3.72 17.82

232 MR PAEYLERA A K AR HERR R
K22 . TR JLO3 F1 LO4—1 105 82 A 300 7 1 1 2%
TR A7 Sy TR 1 0y SO A0 T AR A R 0y SO A R P A 2 A I
[FAVE IF LARRPE ) A T4 ok 3 o A HPLC I
PAAR JLO3 I LO4—1 490 14 & v i) A ML TR Pl 28 R %
LA ILE 6, FETR PR JLO3 Fil LO4-1 K% 72 h
(A0 BRI T B T A D B R LSRR . FLIR L L
e FrEEme BRI E SR 7 MA LR, B
I35 9.64 /L Fl 13.46 o/L, H1 K 6a ATl H#k
JLO3 %M 72 h AR AR i A ML LA FLIR b 3, H
TR K, N 6.76 o/L, 5 7 A LR E S
) 70.12% , Ui B Bk JLO3 FL A #5841y 7= L R 1
e, JT B & e B[] A SE G LR & 5L = AW K Y
S MEZ T, HR LR R E DR LK
BEHAWR 0 7 b b, B R (R 2 S TS B
P H B AR AN K, FR Ik S B TC AR FL
g —HERKEMER,

&l 6b T, B L04—1 & 1 72 h AR
B T2 WL R 2R | L TR ABRFAR , % )
Bk 5.75,3.01,1.32 ¢/L, 5 7 FAEHLER G T
74.89% V) I, AR Sh A L5 A HLER AL, 156
WIFLIR . TR FNIEHIMR JZ 1A PR 1041 K &
A LR ) EHZ R4y Horb, EZAILR N FL

M, HCf ik B R I Ao ) ) SE 2 K e B A
36 h ¥E IR SZ , #E 60 h ik £ e KAH 5.75 ¢/L,
B S PRI S B 2 72 h, X AT RE R TR R 1L.04-
178 I 3k e v [] 780 s S AR 2L 1R R T o L AR
K B A LR 45 R, R L-SE R
M2 L TR FPEBERR S i TR R A Bl ]
EATAE R BRI IAF S, T i & I Ao I ) S 3 o
IR A3 D DR AT B R I S — S LR A
Ak Ry L8 B A3 B8 TR R A R

233 MRS RO ML IR AR
S B AR JLO3 RN LO4—1 3110 B8 Y8 30 B 55 A0 1) %
AWLER ¥ R WE 0~72 h i B P 25 A HLIR & Y A8
b5 G L K28 AT B0 40 BR800 28 Ak iR 47 A G
PEGIHT  B5 R ULIEL 7, AH OGRS R s bk JLO3
FLO4-1 TR AN AN 5 7 FloA HLIRR A 5
2 [A] 5 5 35 R AH DG OC 2R (T PR JLO3 Y AH C R ECH
0.81, Pk L04-1 BYAHIC R AR 0.88), i W A AL
T2 XoF 33K VR R AT A0 TR YRR ) A1 TR AR A AR R 1
Wi, 245 18 5 HE IR 1 50 410 TR ) oL 32 B 1R T A TR
YIRS R —2, HE 7a TA, FLRR S B AR JLO03
TITE VR IN R AN AR B 2 IEAH DGR (P < 001),
L—3 B2 5 BBk JLO3 410 B8 T A0 410 B RN A7 A
FIEMLKER (P < 0.05), Ul ZLIR A L—3 2L R
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Fig.6 The changes of types and contents of organic acids in antibacterial fermentation broth
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Fig.7 Correlation analysis of organic acids and antibacterial potency
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Screening of Antibacterial Functional Microorganisms and Their Antibacterial Substances

Yu Bingyan', Zhou Lei', Lan Jingsong',

Chen Zijing',

Tang Jianli'"?, Liu Jun'?, Jiang Xuewei'?"

(!School of Food Science and Bioengineering, Changsha University of Science & Technology, Changsha 410114

*Hunan Provincial Engineering Technology Research Center for Condiment Fermentation, Changsha 410600)

In order to obtain biological preservatives for application in food preservation, antibacterial functional microor-

ganisms were screened and their antibacterial substances were studied. The Oxford cup method was used to screen the

antibacterial functional microorganisms, and to study their inhibitory spectrum using the area of the inhibition circle as

an indicator. The pH, temperature and UV irradiation stability of the antibacterial fermentation broth was investigated us-

ing the change in antibacterial potency as an indicator. The acid exclusion test and high performance liquid chromatogra-

phy (HPLC) were used to study and analyse the antibacterial substances. It was found that among the 16 strains of

acid —producing bacteria with antibacterial ability screened from sauce mash and kimchi, Staphylococcus saprophyticus

JLO3 and Lactobacterium plantarum 1.04-1 showed excellent antibacterial effect and broad-spectrum antibacterial proper-
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ties. The antibacterial fermentation broth of the two strains decreased from 5 730.69 IU/mL and 5 772.35 IU/mL to 5 190.12
IU/mL and 5 122.20 IU/mL at pH 3.0, respectively. All retained more than 85% of their initial antibacterial activity, in-
dicating good pH stability. When the two bacterial antibacterial fermentation broths were treated at 100 °C for 20 min, the
antibacterial potency of JLO3 decreased from 5 730.69 IU/mL to 4 588.52 IU/mL, retaining more than 80% of the initial
antibacterial activity. In contrast, the antibacterial activity of LO4-1 decreased by 44.11% , indicating that the thermal
stability of JLO3 antibacterial fermentation broth was better than that of LO4-1. After 3 h of UV irradiation, the antibac-
terial potency of the two bacteria decreased from 5 730.69 IU/mL and 5 772.35 IU/mL to 4 697.29 IU/mL and 4 437.52 U/
mL, respectively. All of them retained more than 70% of their initial antibacterial activity, indicating that they have good
antioxidant properties. The acid exclusion test revealed that the antibacterial substances of the two strains were mainly
acids, and the inhibitory capacity of acidic substances accounted for 58.03% and 64.32% of the total inhibitory capacity,
respectively. HPLC analysis of the antibacterial fermentation broth of the two bacterial strains fermented for 72 h showed
that the main acids were oxalic acid, L-malic acid, lactic acid, acetic acid, citric acid, succinic acid and fumaric
acid, with a total content of 9.64 g/l. and 13.46 g/L., respectively. Correlation analysis showed that L-malic acid (0.43 g/
L) and lactic acid (6.76 g/LL) were significantly and positively correlated with the antibacterial potency of JLO3 antibacte-
rial fermentation broth (P < 0.05). Lactic acid (5.75 g/L), succinic acid (1.32 g/l.) and fumaric acid (0.32 g/L.) were
significantly and positively correlated (P < 0.05) with the antibacterial potency of L04-1 antibacterial fermentation broth.
Screening of antibacterial microorganisms and the analysis of key antibacterial substances have laid the foundation for im-
proving the antibacterial performance of antibacterial microorganisms and their application in the field of food preservation.
Keywords antibacterial functional microorganisms; antibacterial potency; Lactobacterium plantarum; — Staphylococcus

saprophyticus ; organic acid



