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Abstract: In this study, a total of 16 LAB strains, isolated from soy sauce residue in the early stage of our research group,
were evaluated for their antibacterial activity against Escherichia coli and Staphylococcus aureus. In addition, the
bacteriostatic substances and growth characteristics of these strains were investigated. The results showed that LAB strains
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ZW2, ZW9 and ZW14 exhibited high antibacterial activity against E. coli and S. aureus, of which ZW9 had the best

antibacterial effect. After eliminating the interference factors such as the organic acids and hydrogen peroxides, three strains

still maintained antimicrobial activity. However, the inhibitory activity decreased by the treatment with trypsin, pepsin,

proteinase K, oa-amylase, alkaline protease and neutral protease (P<0.05). Therefore, these strains might produce

antimicrobial substances of proteinaceous character, i.e., bacteriocins. The three LAB strains showed maximum

antibacterial activity and were fairly stable after 20 h of incubation by bacteriostatic profile analysis. The antibacterial

substances exhibited a good thermal stability in 40~100 °C and kept their high antibacterial activity under ultraviolet

irradiation and surfactant treatment. There was no significant decrease in antibacterial activity at pH2.0~6.0, and the

antibacterial ability was completely lost at pH10.0. The three LAB strains from soy sauce residue exhibited good

antibacterial activity and their antibacterial substances had good stability, which had important reference value for the

development of new biological antimicrobial agents.
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0> 15 min, 0.22 um JENEIE, F3FLIRE LI, 4 °C
PRAFE

1.2.3 HAMBEWEIRME AL SHREZEE
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FIRRER . A K. B R AN . o-TE8 . s
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121 °C &R AT 30 min, RG], LIBITHE
SRR, 28 1.2.3 TR
1.2.6.2 pH XZUREE_LIERIVETE MRS S35
EOT gk, W igAE 5 mL FLEREA IS5 2 mol/L
Y HC1 1 2 mol/L #J NaOH ¥ VET pH A 2.0, 4.0,
6.0. 8.0, 10.0, LAKJGAT R NFR/AR T, /0 1.2.3 ##47
B IRES
1.2.6.3 AP FLFR b Ly AT R i RS =
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90. 120 min, LA RIGHFF B HFE R, S0/ 1.2.3 347
PRI
1.2.6.4  FEHEIVE P 700 0T LR B L 7 VR0 4T00 TR i P 5 i
Z 25 G ZL G 1Y J7 vk, OB 30 BE P TRtk 1R 80,

Triton X-100. SDS FHIRZE 53 5IINAZA 5 mL LR
B WA b, 7R 37 °C KIAHRIRE 2 h e, DL
FIGATE TR R, 208 1.2.3 7M.
1.3 IR

ARG LI TR 3 AL b, BE R
SERE AR E 22 2, W Origin 2019 #4-3E4T
25, IR SPSS 25.0 #4347 BA R R 2257 #T,
LU/ N5 252 555 (LSD ) i T2 8 He e .
2 HBRESH
2.1 EmEREABIEEMTMIERREAIFE

B Py i O 08 43 24 2 19 16 ARZLIR 1A,
TSI ZW1~ZW 16, LU A AT T 4 i (0 35 25
BREA AR 75 B, AR AT R R INEA 0 AT P A
e, A 1 ATAL KIGFFEEIEESEE b, 12 BRI K
AT A I EEAE T, Hoh ZWo H B R R e g, 3RS
P B 4% N 15.63+0.04 mm, 1 B P % /) 2L 1 2
ZW7, A% A 9.31+0.03 mm; 4 (0,75 25 3R B0 B 52
BoH, 4 MRFLAR B TSRO 4w (A A BR A I R E
HH, H ZW9 M BUR AT T ZW6. ZW10, ZW11
XTPIFPFE N R TCI B SR . #ERINT S, 16 #RFLIR
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# 1 AFIFURRE LR = RS (mm)

Table 1 Inhibitory effect of different lactic acid bacteria supernatant on indicator bacteria (mm)

Wk S KIGHTe SEWERHEIRE WG5S KIGHFE SEEHEIRE WG5S KIGHTE A AR BRI
ZW1 9.68+0.04° - ZW7 9.31+0.03" - ZW13 9.62+0.03°" -
ZW?2 12.57+0.05° 11.46+0.04° ZW8 9.55+0.04' - ZW14 12.69+0.06° 9.67+0.03¢
ZW3 9.51+0.03# - ZW9 15.63+0.04* 12.76+0.05% ZW15 - 9.66+0.03¢
ZW4 12.53+0.03° - ZW10 - - ZW16 11.79+0.05¢ -
ZWS5 9.38+0.04" - ZW11 - -
ZW6 - - ZW12 9.494+0.03¢

s 22 B A T B4R (mm), 2R EFRAMZ 7.8 mm; “—" SR TR A, 0T A2 < 7.8 mm; RN FEC @R A I B TG 2 5 . 2

(P<0.05).
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AAM BRI, 3X 5 T ) AT A R I LT B
HER IS, 2k

222 HEAEHEBRS R H,0, HEERIR I 45 5 0L
2% 3, 28 H,0, AP ZLIR B 15 -5 AR A FRY
FLAREA IS WAHE L, B HAA MM, £ H,0, b
PROZLIR P VBRI ENE A IL T 5.59%~9.90%,

Ui H,0, ANJEFEZM R E R, iX458- 5/
ZER RIS T H,0, B B A9 FLIR A1 Wk
PIARE R B ATSA BS RIS — 2 PR LRk L
WA REAFAE HABSM B P I

2.2.3 PEHURTESS R BERUBGER SR WK 4 BT
Ne 28 6 PPERAMUREAN . BHEAN. a-SEHAN.
PSR G B E R U S A KO AR B FLIR B
I WO A 78 B AR SOCR A A R AR AR A
JPEEE B AL PR A FLIR B B3 WS AR B R A LR
PRI TEVRORH B, X RN AT PR AT < 0 (0 AR A BR T T R
T ME R SRR (P<0.05) s H 8 FIEGAL PRAYFLIR B b 1s
WG AREAC B FLIR B L ISR L, XM T e 4
B RN (P<0.05), TR <5 B (2 7] 2 BR B G
AR o-fE B PR Al . sk E A R
Pt KA A LR L 37 IROGT P A s R IS o 4
o EBRSERFEM, 3 PRELR LIS A = 5o
A BEEUER, BEBCHIM R, Wb W — A A H
SRR A B 2R, FLIRR TS _LIE W iz i B A R4S
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Table 2  Effect of organic acids on antibacterial activity of lactic acid bacteria supernatant (mm)
N/7LARE) G 8 O A R R
MRS pm as FURE LR TR LI SR LR

- - =2 fis 7 Ehiis - - =2 i 7 Ehiis
(pH4.2) (pH6.0) im om Em (pH4.2) (pH6.0) AR Zm R

ZW2 12.58+0.04° 12.54+0.05° - - - 11.49+0.06° 11.39+0.04° - - -

ZW9 15.64+0.05° 15.5740.04° - - - 12.73+0.04° 12.64+0.08* - - -

ZW14 12.69+0.03° 12.57+0.04° - - - 9.69+0.04° 9.62+0.04¢ - - -

TE: ARG R BB (] 0 B 22 53 .35 (P<0.05); FLIR T L3R (pH6.0) 5 R 2 AL PRI FLAR B L1 (pH4.2) Z 122 5 A 2.3 (P>0.05)

# 3 A AL PR LR B B TR T 1 A IR (man)
Table 3  Effect of catalase treatment on antibacterial activity of lactic acid bacteria supernatant (mm)
NN G v O 2 B
TR = LR L H,O, b 7911y T TR FURRIA L H,O, b 7911y W R R
(pH4.2) FLEL LT (%) (pH4.2) FLE LT (%)
ZW2 12.58+0.04° 11.49+0.06™ 8.67+0.58 11.49+0.06° 10.60+0.07" 7.75+£0.27
ZW9 15.64+0.05° 14.76£0.04" 5.59+0.5 12.73+0.04* 11.47+0.05" 9.90+0.12
ZW14 12.690.03° 11.52+0.04 9.27+0.51 9.69:0.04° 8.99+-0.05 7.19+0.87

T AN PR B AR AN BT 422 5 538 (P<0.05); *{FH,0, fiEAb Bl 5 R 2 A R AYFLER T 1759 (pH4.2) 22 6] 22 53 18 35 (P<0.05) .

A4 ANIRIEEAL PR LR b TR R A A R (mm)

Table 4 Effect of different enzyme treatments on antibacterial activity of lactic acid bacteria supernatant (mm)

) PN LR G R A0 A BR R
Witkgi's
ZW2 ZW9 ZW14 ZW2 ZW9 ZW14
FLERTR 11 (pH4.2) 12.58+0.04% 15.64+0.05* 12.69+0.03* 11.49+0.06" 12.73+0.04% 9.69+0.04"¢
7R 1 it 10.110.06™ 11.46+0.07% 12.24+0.05™ 9.37+0.08% 9.87+0.06™ 8.99+0.05"
HE 9.560.07<° 9.93+0.05%* 8.72+0.03% - - -
a-SEH - - - - - -
rhPEAR - - - - - -
A 1 G - - - - - -
HEHMEK - - - - - -

s AN RE F AR AR R L R 2 b B FLRR T LIS TR (pH4.2) Z[] 114 2 57 .35 (P<0.05); AN[R)/INE FHREAR R TR IR0 B0 06 1 2 S b 3

(P<0.05).
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Fig.2 Effect of temperature on lactic acid bacteriocin
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