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Abstract Listeria monocytogenes is a representative foodborne pathogen and causes
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listeriosis. Enterococcus faecium CJNU 2524 was confirmed to produce a bacteriocin
with anti-listerial activity. To establish optimal culture conditions for the production of
the bacteriocin from E. faecium CJNU 2524, different media (MRS and BHI broth) and
temperatures (25℃, 30℃, and 37℃) were investigated. The results showed that the
optimal culture conditions were MRS broth and 25℃ or 30℃ temperatures. The crude
bacteriocin was stable in a broad range of pH conditions (2.0–10.0), temperatures (60℃–
100℃), and organic solvents (methanol, ethanol, acetone, acetonitrile, and chloroform).
The bacteriocin activity was abolished when treated with protease but not α-amylase or
lipase, indicating the proteinaceous nature of the bacteriocin. Finally, the bacteriocin
showed a bactericidal mode of action against L. monocytogenes. Therefore, it can be a
biopreservative candidate for controlling L. monocytogenes in dairy and meat products.
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Introduction
Listeria spp. is gram-positive, rod-shaped, non-spore-forming and facultative anaerobe
(Nyarko and Donnelly, 2015; Wieczorek et al., 2012). Listeria monocytogenes is the
major pathogenic species in the genus and causes listeriosis, which can be a serious or
fatal illness in immunocompromised people including pregnant women, newborns, and
elderly people (Indrawattana et al., 2011; Leong et al., 2014; Maertens de Noordhout et
al., 2014). Listeria spp. is found in natural environments such as soil, water, vegetation,
and animals (Heredia and García, 2018; Vijayakumar and Muriana, 2017). People who
eat listeria-contaminated ready-to-eat foods and unpasteurized foods including fruits,
vegetables, milk-based dairy products, and meats can be infected (Chan and Wiedmann,
2008; Farber and Peterkin, 1991; Lecuit, 2007). In particular, L. monocytogenes can grow
at refrigeration temperatures (4℃), which is an obstacle to efficiently control the
pathogenic bacteria in uncooked foods, including cheese (Kale et al., 2017; Lee et al.,
2020).
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Anti-Listerial Bacteriocin from E. faecium

To control L. monocytogenes in dairy and meat products, various methods have been evaluated. Lactic acid bacteria
including Leuconostoc mesenteroides and Lactobacillus curvatus isolated from kimchi could control the growth of L.
monocytogenes when the bacteria were applied for making soft cheese as starter cultures. The combination of the Leu.
mesenteroides starter culture and a package of polybutylene adipate-co-terephthalate with grapefruit seed extract significantly
inhibited L. monocytogenes in the cheese (Lim et al., 2020). Nisin, which is a bacteriocin produced from Lactococcus lactis
strains has been used for controlling L. monocytogenes in dairy products including cheese (Ibarra-Sánchez, 2020). In a
laboratory cheese model, the sensitivity of L. monocytogenes to nisin was dependent upon conditions such as pH and
temperature and its efficacy was stronger when the cheese was stored at lower temperatures and prepared at higher pH
(Henderson et al., 2020). Nisin also showed antibacterial activity against L. monocytogenes, which was artificially inoculated
into raw pork loin. In the study, a mixed natural preservative including nisin, grapefruit seed extract, and cinnamaldehyde
showed synergistic effects to control the pathogenic bacteria in the meat (Yu et al., 2019). Pediocin PA-1/AcH, a class IIa
bacteriocin, has also been used for controlling L. monocytogenes in food systems (Cui et al., 2012). Pediocin PA-1 showed a
synergistic effect on the control of L. monocytogenes in milk when treated with high pressure and bacteriophage (Komora et
al., 2020). Pediocin AcH which bound to heat-killed producer cells presented an anti-listerial activity in sterilized raw chicken
breast meat at low temperature (5℃).
Bacteriocins from lactic acid bacteria have been attracted by relevant researchers for safety reason and many bacteriocins
have been revealed and considered as biopreservatives for controlling pathogenic bacteria including L. monocytogenes in
food systems (O’Connor et al., 2020). Nevertheless researchers are still looking for novel bacteriocins which have good
applicability in industrial fields. To meet the trend, a lactic acid bacterium producing a bacteriocin was isolated for controlling
L. monocytogenes and the bacteriocin was partially characterized in this study.

Materials and Methods
Bacterial strains and culture conditions
Enterococcus faecium and L. monocytogenes strains were cultured in De Man, Rogosa, and Sharpe (MRS) broth (Difco,
Sparks, MD, USA) at 37℃ without shaking. The E. faecium CJNU 2524 strain was previously isolated from Makgeolli and
selected as a bacteriocinogenic lactic acid bacterium by screening of 100 isolates in our laboratory.

Optimal culture conditions for the production of anti-listerial bacteriocin
E. faecium CJNU 2524 strain was cultivated in different media [MRS or brain heart infusion (BHI) broth] and temperature
(25℃, 30℃, or 37℃) conditions to determine the optimal culture conditions for the production of anti-listerial bacteriocin
from the strain. At times (0, 3, 6, 9, 12, and 24 h), cell growth (OD600) and bacteriocin activities were measured in the culture
samples. The bacteriocin activity was expressed as AU (arbitrary units)/mL, where AU indicated the reciprocal of the highest
two-fold dilution presenting an inhibition zone (Daeschel, 1992).

Physicochemical stability of crude bacteriocin from E. faecium CJNU 2524
A crude bacteriocin preparation from E. faecium CJNU 2524 strain was obtained by a previously published method using
acetone as the extraction solvent (Chung et al., 2011). To investigate the physicochemical stability, the crude bacteriocin was
treated at various pH (2–11) and temperatures conditions (60℃–100℃); with solvents such as methanol (Honeywell B & J,
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Ulsan, Korea), ethanol (Honeywell B & J), acetone (Honeywell B & J), acetonitrile (Honeywell B & J), and chloroform
(Avantor Performance Materials, Center Valley, PA, USA); and enzymes such as protease (Tokyo Chemical, Tokyo, Japan),
lipase (Tokyo Chemical), and α-amylase (Sigma-Aldrich, St. Louis, MO, USA).

Mode of action of the bacteriocin from E. faecium CJNU 2524
L. monocytogenes KCTC 3569 strain was cultured in MRS broth overnight and the culture was inoculated into 5 mL of
peptone water (0.1%, w/v) at a 1% final concentration. The crude bacteriocin was added into the inoculum with 10 and 100
AU/mL as final concentrations and the viable L. monocytogenes KCTC 3569 cell counts (CFU/mL) were measured at times
(0, 1, 2, 3, 4, 5, and 6 h) to determine the mode of action, i.e., bacteriostatic or bactericidal.

Statistical analysis
The results of the triplicate experiments were expressed as mean and standard deviation. Statistical analysis was performed
by SPSS ver. 25 (SPSS Inc., Chicago, IL, USA) with t-test or one-way ANOVA where post hoc analysis was done by
Duncan’s multiple range test (p<0.05).

Results and Discussion
Optimal culture conditions for the production of anti-listerial bacteriocin
The E. faecium CJNU 2524 strain was previously isolated from makgeolli and confirmed to produce a bacteriocin exerting
anti-listerial activity. In this study, the bacteriocin was partially characterized and the optimal culture conditions for the
production of bacteriocin by E. faecium CJNU 2524 strain were also established. BHI broth was optimal for the cell growth
of E. faecium CJNU 2524 during exponential phase compared to MRS broth but bacteriocin activity in the medium was not
seen until 24 h of culture, whereas 1,000 AU/mL of bacteriocin activity was measured at 6 and 9 h of culture in MRS broth
(Fig. 1, culture medium). For temperature, 37℃ was optimal for the cell growth of the strain compared to 25℃ and 30℃ but
the highest bacteriocin activity was seen at 25℃ and 30℃, where 2,000 AU/mL of bacteriocin activity was measured at 12 h

Fig. 1. Optimal culture conditions for production of bacteriocin from Enterococcus faecium CJNU 2524. Culture medium panel: optical
densities in BHI broth (A) and MRS broth (B), bacteriocin activities in BHI broth (C) and MRS broth (D); Culture temperature panel: optical
densities at 37℃ (A), 30℃ (B), and 25℃ (C), bacteriocin activities at 25℃ (D), 30℃ (E), and 37℃ (F). The asterisk (*) indicates
significance of mean values between two items (*** p<0.001) and the mean values with different letters (a-c) at times are significantly
different (p<0.05).
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in MRS broth (Fig. 1, culture temperature). These results indicate that the optimal conditions for the cell growth of E. faecium
CJNU 2524 were not consistent with those for the production of bacteriocin from the strain. Similarly, enterocins from E.
faecium CTC492 were optimally produced in MRS broth at temperatures between 25℃ and 35℃ (Aymerich et al., 2000), but
a bacteriocin from E. faecium GM-1 was optimally produced in the broth between 35℃ and 40℃ (Kang and Lee, 2005).

Physicochemical stability of crude bacteriocin from E. faecium CJNU 2524
The crude bacteriocin from the E. faecium CJNU 2524 strain was treated by exposure to various pH and temperature
conditions, and different organic solvents and enzymes to evaluate physicochemical stability (Table 1). The bacteriocin was
stable at a range of pH values from 2 to 10 where the activities were maintained at the level of the control (4,000 AU/mL),
whereas the activity decreased to 2,000 AU/mL at pH 11. It also showed tolerance against heat treatments including 100℃
for 60 min where the bacteriocin activity was maintained at 4,000 AU/mL. The bacteriocin was resistant to organic solvents
such as methanol, ethanol, acetone, acetonitrile, and chloroform (Table 1). Finally, the bacteriocin was treated with enzymes
to confirm its proteinaceous structure. As expected, it was resistant to α-amylase and lipase but not to protease, indicating the
proteinaceous nature of the bacteriocin (Fig. 2A). Enterocin TJUQ1 produced from E. faecium TJUQ1 presented very similar
stability with different enzymes, pH, temperatures, and solvents (Qiao et al., 2020). Four crude bacteriocins from E. faecium
Table 1. Stability of the crude bacteriocin of Enterococcus faecium CJNU 2524
Treatments

Time (min)

Control (no treatment)

Residual activity (AU/mL)1)
4,000

pH
2-10

4,000

11

2,000

Heat (℃)
60

80

100

15

4,000

30

4,000

60

4,000

15

4,000

30

4,000

60

4,000

15

4,000

30

4,000

60

4,000

Solvent

1)

Methanol

4,000

Ethanol

4,000

Acetone

4,000

Acetonitrile

4,000

Chloroform

4,000

AU indicates the reciprocal of the highest two-fold dilution presenting an inhibition zone.
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Fig. 2. Stability of bacteriocin from Enterococcus faecium CJNU 2524 after treatment of enzymes (A) and mode of action for the
bacteriocin against Listeria monocytogenes (B). 1: control; 2: protease; 3: lipase; 4: α-amylase. The asterisk (*) indicates significance of
mean values when compared with control (*** p<0.001).

strains, I/Dz, Bri, IK25, and P10, showed strong resistance to heat (45℃–121℃) but their stability in different pH conditions
varied. Namely, the bacteriocin of the I/Dz strain was stable at pH 6–7 but the other bacteriocins were stable at pH 3–7 (Bri
strain) or pH 3–6 (IK25 and P10 strains) (Kubašová et al., 2020). Circular bacteriocins such as garvicin ML, carnocyclin A,
uberolysin A, gassericin A, and butyrivibriocin AR10 which show anti-listerial activity also have heat and pH stability due to
their compact structures (Gabrielsen et al., 2014).

Mode of action of the bacteriocin from E. faecium CJNU 2524
The crude bacteriocin from the E. faecium CJNU 2524 strain was added to 5 mL of peptone water where L. monocytogenes
KCTC 3569 had already been inoculated. At the beginning of the culture, viable cell counts of L. monocytogenes were
dramatically decreased and maintained afterward (Fig. 2B). The viable cell count started at 6.91 log CFU/mL and was
maintained at 6.89 log CFU/mL until 6 h in the controls, whereas the counts decreased to 4.26 and 2.60 log CFU/ml after 1 h
when 10 and 100 AU/mL of the bacteriocin was added, respectively. Based on the results, the bacteriocin of E. faecium CJNU
2524 showed a bactericidal mode of action.
Bacteriocins from lactic acid bacteria have been attracted by relevant research scientists for safety reasons. Particularly,
class I (nisin, etc.) and II (pediocin, etc.) bacteriocins could be easily applied to the food industry since they have
physicochemical stability and strong antimicrobial activity against food spoilage and pathogenic bacteria such as L.
monocytogenes and Staphylococcus aureus (Todorov et al., 2020). Nisin has been broadly used as a biopreservative to control
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pathogenic bacteria in food products including cheese but the bacteriocin is only active in acidic conditions, which might
limit its application to food products with neutral or alkaline pH (Khelissa et al., 2020; Pandey et al., 2020). The bacteriocin
produced from E. faecium CJNU 2524 showed strong anti-listerial activity and was resistant to heat (60℃–100 ℃) and a
broad range of pH conditions (2–10). The physicochemical characteristics of the bacteriocin from E. faecium CJNU 2524
might compensate for the drawbacks of nisin. Therefore, it can be a biopreservative candidate to control L. monocytogenes in
dairy and meat products. The efficacy of the bacteriocin would be confirmed in food systems in near future.

Conflicts of Interest
The authors declare no potential conflicts of interest.

Acknowledgements
This research (grant no. 117060031HD040) was supported by the High Value-added Food Technology Development
Program, Ministry for Food, Agriculture, Forestry, and Fisheries, Korea.

Author Contributions
Conceptualization: Moon GS. Data curation: Yang JM, Moon GS. Formal analysis: Yang JM. Methodology: Yang JM,
Moon GS. Software: Yang JM. Validation: Yang JM, Moon GS. Investigation: Yang JM. Writing - original draft: Yang JM,
Moon GS. Writing - review & editing: Yang JM, Moon GS.

Ethics Approval
This article does not require IRB/IACUC approval because there are no human and animal participants.

References
Aymerich T, Artigas MG, Garriga M, Monfort JM, Hugas M. 2000. Effect of sausage ingredients and additives on the
production of enterocin A and B by Enterococcus faecium CTC492. Optimization of in vitro production and anti-listerial
effect in dry fermented sausages. J Appl Microbiol 88:686-694.
Chan YC, Wiedmann M. 2008. Physiology and genetics of Listeria monocytogenes survival and growth at cold temperatures.
Crit Rev Food Sci Nutr 49:237-253.
Chung DM, Kim KE, Jeong SY, Park CS, Ahn KH, Kim DH, Kang DO, Chun HK, Yoon BD, Koh HB, Kim HJ, Choi NS.
2011. Rapid concentration of some bacteriocin-like compounds using an organic solvent. Food Sci Biotechnol 20:14571459.
Cui Y, Zhang C, Wang Y, Shi J, Zhang L, Ding Z, Qu X, Cui H. 2012. Class IIa bacteriocins: Diversity and new
developments. Int J Mol Sci. 13:16668-16707.
Daeschel MA. 1992. Procedures to detect antimicrobial activities of microorganisms. In Food biopreservatives of microbial
origin. Ray B, Daeschel M. (ed). CRC Press, Boca Raton, FL, USA. pp. 57-80.

169

Food Science of Animal Resources

Vol. 41, No. 1, 2021

Farber JM, Peterkin PI. 1991. Listeria monocytogenes, a food-borne pathogen. Microbiol Rev 55:476-511.
Gabrielsen C, Brede DA, Nes IF, Diep DB. 2014. Circular bacteriocins: biosynthesis and mode of action. Appl Environ
Microbiol 80:6854-6862.
Henderson LO, Erazo Flores BJ, Skeens J, Kent D, Murphy SI, Wiedmann M, Guariglia-Oropeza V. 2020. Nevertheless, she
resisted - Role of the environment on Listeria monocytogenes sensitivity to nisin treatment in a laboratory cheese model.
Front Microbiol 11:635.
Heredia N, García S. 2018. Animals as sources of food-borne pathogens: A review. Anim Nutr 4:250-255.
Ibarra-Sánchez LA, El-Haddad N, Mahmoud D, Miller MJ, Karam L. 2020. Invited review: Advances in nisin use for
preservation of dairy products. J Dairy Sci 103:2041-2052.
Indrawattana N, Nibaddhasobon T, Sookrung N, Chongsa-Nguan M, Tungtrongchitr A, Makino S, Tungyong W, Chaicumpa
W. 2011. Prevalence of Listeria monocytogenes in raw meats marketed in Bangkok and characterization of the isolates by
phenotypic and molecular methods. J Health Popul Nutr 29:26-38.
Kale SB, Kurkure NV, Doijad SP, Poharkar KV, Garg S, Rawool DB, Barbuddhe SB. 2017. Variations in stress tolerance
abilities of diverse Listeria monocytogenes isolates. Int J Curr Microbiol Appl Sci 6:2246-2258.
Kang JH, Lee MS. 2005. Characterization of a bacteriocin produced by Enterococcus faecium GM-1 isolated from an infant.
J Appl Microbiol 98:1169-1176.
Khelissa S, Chihib NE, Gharsallaoui A. 2020. Conditions of nisin production by Lactococcus lactis subsp. lactis and its main
uses as a food preservative. Arch Microbiol (in press). doi: 10.1007/s00203-020-02054-z
Komora N, Maciel C, Pinto CA, Ferreira V, Brandão TRS, Saraiva JMA, Castro SM, Teixeira P. 2020. Non-thermal
approach to Listeria monocytogenes inactivation in milk: The combined effect of high pressure, pediocin PA-1 and
bacteriophage P100. Food Microbiol 86:103315.
Kubašová I, Diep DB, Ovchinnikov KV, Lauková A, Strompfová V. 2020. Bacteriocin production and distribution of
bacteriocin-encoding genes in enterococci from dogs. Int J Antimicrob Agents 55:105859.
Lecuit M. 2007. Human listeriosis and animal models. Microbes Infect 9:1216-1225.
Lee J, Seo Y, Ha J, Kim S, Choi Y, Oh H, Lee Y, Kim Y, Kang J, Park E, Yoon Y. 2020. Influence of milk microbiota on
Listeria monocytogenes survival during cheese ripening. Food Sci Nutr 8:5071-5076.
Leong D, Alvarez-Ordóñez A, Jordan K. 2014. Monitoring occurrence and persistence of Listeria monocytogenes in foods
and food processing environments in the Republic of Ireland. Front Microbiol 5:436.
Lim JY, Lee CL, Kim GH, Bang YJ, Rhim JW, Yoon KS. 2020. Using lactic acid bacteria and packaging with grapefruit
seed extract for controlling Listeria monocytogenes growth in fresh soft cheese. J Dairy Sci 103:8761-8770.
Maertens de Noordhout C, Devleesschauwer B, Angulo FJ, Verbeke G, Haagsma J, Kirk M, Havelaar A, Speybroeck N.
2014. The global burden of listeriosis: A systematic review and meta-analysis. Lancet Infect Dis 14:1073-1082.
Nyarko EB, Donnelly CW. 2015. Listeria monocytogenes: Strain heterogeneity, methods, and challenges of subtyping. J
Food Sci 80:M2868-M2878.
O’Connor PM, Kuniyoshi TM, Oliveira RP, Hill C, Ross RP, Cotter PD. 2020. Antimicrobials for food and feed; a bacteriocin
perspective. Curr Opin Biotechnol 61:160-167.
Pandey P, Hansmann UHE, Wang F. 2020. Altering the solubility of the antibiotic candidate nisin: A computational study.
ACS Omega 5:24854-24863.
Qiao X, Du R, Wang Y, Han Y, Zhou Z. 2020. Purification, characterization and mode of action of enterocin, a novel
170

Anti-Listerial Bacteriocin from E. faecium

bacteriocin produced by Enterococcus faecium TJUQ1. Int J Biol Macromol 144:151-159.
Todorov SD, Kang HJ, Ivanova IV, Holzapfel WH. 2020. Bacteriocins from LAB and other alternative approaches for the
control of Clostridium and Clostridiodes related gastrointestinal colitis. Front Bioeng Biotechnol 8:581778.
Vijayakumar PP, Muriana PM. 2017. Inhibition of Listeria monocytogenes on ready-to-eat meats using bacteriocin mixtures
based. Foods 6:1-13.
Wieczorek K, Dmowska K, Osek J. 2012. Prevalence, characterization, and antimicrobial resistance of Listeria
monocytogenes isolates from bovine hides and carcasses. Appl Environ Microbiol 78:2043-2045.
Yu HH, Song MW, Song YJ, Lee NK, Paik HD. 2019. Antibacterial effect of a mixed natural preservative against Listeria
monocytogenes on lettuce and raw pork loin. J Food Prot 82:2001-2006.

171

