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ABSTRACT - Listeria monocytogenes (L. monocytogenes) is one of gram-positive foodborne pathogens with a
very high fatality rate. Unlike most foodborne pathogens, L. monocytogenes is capable of growing at low temperatures,
such as in refrigerated foods. Thus, various physical and chemical prevention methods are used in the manufacturing,
processing and distribution of food. However, there are limitations to the methods such as possible changes to the food
quality and the consumer awareness of synthetic preservatives. Thus, the aim of this study was to evaluate the anti-listeria
activity of lactic acid bacteria (LAB) isolated from kimchi and characterize the bacteriocin produced by Lactococcus lac-
tis which is one of isolated strains from kimchi. The analysis on the anti-listeria activity of a total of 36 species (Lacto-
bacillus, Weissella, Lactobacillus, and Lactococcus) isolated from kimchi by the agar overlay method revealed that L.
lactis NJ 1-10 and NJ 1-16 had the highest anti-listeria activity. For quantitatively analysis on the anti-listeria activity, NJ
1-10 and NJ 1-16 were co-cultured with L. monocytogenes in Brain Heat Infusion (BHI) broth, respectively. As a result,
L. monocytogenes was reduced by 3.0 log CFU/mL in 20 h, lowering the number of bacteria to below the detection limit.
Both LAB strains showed anti-listeria activity against 24 serotypes of L. monocytogenes, although the sizes of clear zone
was slightly different. No clear zone was observed when the supernatants of both LAB cultures were treated with pro-
teinase-K, indicating that their anti-listerial activities might be due to the production of bacteriocins. Heat stability of the
partially purified bacteriocins of NJ 1-10 and NJ 1-16 was relatively stable at 60°C and 80°C. Yet, their anti-listeria activ-
ities were completely lost by 60 min of treatment at 100°C and 15 min of treatment at 121°C. The analysis on the pH
stability showed that their anti-listeria activities were the most stable at pH 4.01, and decreased with the increasing pH
value, yet, was not completely lost. Partially purified bacteriocins showed relatively stable anti-listeria activities in ace-
tone, ethanol, and methanol, but their activities were reduced after chloroform treatment, yet was not completely lost.
Conclusively, this study revealed that the bacteriocins produced by NJ 1-10 and NJ 1-16 effectively reduced L. monocy-
togenes, and that they were relatively stable against heat, pH, and organic solvents, therefore implying their potential as
a natural antibacterial substance for controlling L. monocytogenes in food.
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Materials and Methods
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Results and Discussion
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Fig. 1. Anti-listeria activity of Lactococcus lactis NJ 1-10(A) and
NJ 1-16(B) in Brain Heart Infusion broth at 37°C for 24 h.
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Table 1. Evaluation of anti-listeria spectrum of Lactococcus lactis NJ 1-10 and NJ 1-16 by agar overlay method

Zones of growth inhibition in mm"

Serotype NJ 1-10 NJ 1-16
Listeria monocytogenes 4b LM10 8.4+0.5° 7.7£0.1%
Listeria monocytogenes 4b LM12 8.1+0.2% 8.0+0.2%
Listeria monocytogenes 4b LM52 7.5+0.4* 7.4+£0.4"
Listeria monocytogenes 4b LM2 7.8+0.4% 7.8+0.1*
Listeria monocytogenes 4b LM3 8.1+0.1* 7.9+£0.2%
Listeria monocytogenes 4b LM24 8.1+0.2% 8.3+0.4°
Listeria monocytogenes 4b 13932 4.6£0.8°%" 5.0+0.7"
Listeria monocytogenes 4b LM5 4.0+£0.3% 3.740.2%
Listeria monocytogenes 1/2a SSA81 3.3+0.4°%¢" 3.8+0.9%"
Listeria monocytogenes 1/2a SSA83 3.6+0.4" 3.4+0.5%F
Listeria monocytogenes 1/2a SSA151 3.7£0.9" 3.3£0.2¢
Listeria monocytogenes 1/2a LM29 3.4+0.6"" 3.2+0.6
Listeria monocytogenes 1/2a LM35 3.9+£0.5" 4.1+0.6"
Listeria monocytogenes 1/2a BAA-679 4.6+0.1%" 4.7+0.5%%"
Listeria monocytogenes 1/2b LM13 5.2+0.3%" 4.6+0.6"
Listeria monocytogenes 1/2b SSA156ae 7.440.6° 7.4+0.3%4
Listeria monocytogenes 1/2b LM4 4.2+0.2° 4.3+0.3°
Listeria monocytogenes 1/2b LM7 5.10.20%fen 4.6+0.35d
Listeria monocytogenes 1/2b LM18 4.9£0.2 5.2+0.3b
Listeria monocytogenes 1/2b LM21 4.2+0.1°% 4.3£0.2°
Listeria monocytogenes 1/2b BAA-839 3.6+0.34%"e" 3.8+0.1
Listeria monocytogenes 3a LM8 4.6£0.1%" 4.1£0.2%f
Listeria monocytogenes 3a LM44 4.1£0. 14" 3.2+0.9%"
Listeria monocytogenes 3a SSA184 2.7+0.6° 2.7+0.6

UDifferent letters (a-h) within the same column for each strain indicate significant difference (n=6; P<0.05).
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Fig. 2. Changes in anti-listeria activity of partially purified bacte-
riocins from Lactococcus lactis NJ 1-10(a) and NJ 1-16(b) after
pH adjustment and proteinase K treatment. (1) cell free superna-
tant (CFS), (2) partially purified bacteriocin at pH 7.0, (3) par-
tially purified bacteriocin treated with proteinase-K at pH 7.0.
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Table 2. Stability of the partially purified bacteriocin produced from Lactococcus lactis NJ 1-10 and NJ 1-16 after heat treatments

Strain Treatment Time (min) Residual activity (mm)"
NJ 1-10 Control 8.6+0.4*
60°C 15 8.5+1.2%
30 8.7+1.1%
60 8.4+0.6*
80°C 15 7.7+£0.2%
30 6.9+0.7%
60 5.0+1.8%
100°C 15 4.9+0.7%
30 2.8+1.3°
60 2
121°C 15 -
NJ 1-16 Control 8.5+£0.4°
60°C 15 8.3+1.4%
30 8.4+1.6*
60 8.6+1.2%
80°C 15 7.9£0.7%
30 7.0£0.0%®
60 5.1+1.8%
100°C 15 4.8+0.6%
30 2.7+1.2¢
60 -
121°C 15 -

YDifferent letters (a-c) for each strain indicate significant difference (n=6; P<0.05).

2 <= indicates that no clear zone was observed.
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ZHgjo} &Ao] 7Havt HA] g8 B, Vaughan 5
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pH 7.0914= 5mm, pH 10.01914E 7 mmiF 74s=
AeS el oy, o] s A EA = 2k
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Table 3. Stability of the partially purified bacteriocin produced
from Lactococcus lactis NJ 1-10 and NJ 1-16 at various pHs

Strain Treatment  Residual activity (mm)"

NJ 1-10 Control 12.5+0.8*
pH 4.01 7.1£0.2"

pH 7.0 6.0+0.8"

pH 10.01 4.9+0.1°¢

NI 1-16 Control 12.1£0.3*
pH 4.01 7.3+0.5"

pH 7.0 6.940.2°

pH 10.01 5.2+1.8°

Different letters (a-c) for each strain indicate significant differ-
ence (n=6; P<0.05).
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Table 4. Stability of the partially purified bacteriocin produced
from Lactococcus lactis NJ 1-10 and NJ 1-16 in various solvents

Strain Treatment”  Residual activity (mm)?®

NJ 1-10 Control 8.5+0.7%
Acetone 7.4+0.7%

Ethanol 7.5+0.4%

Methanol 8.0+0.8"

Chloroform 5.3+0.5°

NJ 1-16 Control 9.0+0.8"
Acetone 6.1£1.5®

Ethanol 7.2+£0.7%

Methanol 7.2+1.2%

Chloroform 5.0+£0.4°

DThe final concentration of each solvent was 50%(v/v).
IDifferent letters (a-c) for each strain indicate significant differ-
ence (n=6; P<0.05).
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sk PSS HoFE dbdol, Kim 549 dAFolA =
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