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Listeria monocytogenes, a fatal food-borne pathogenic bacteria, can form a biofilm on many different
supports. The biofilm gives L. monocytogenes more viability and resistance to disinfectants and steri-
lization procedures. L. monocytogenes formed biofilms on various culture vessels tested in this experi-
ment and showed the maximum amount of biofilm when it was cultured for 4 days at 30℃ in BHI
broth. In this study, biofilm formation was stimulated or inhibited by addition of different Kimchi
samples. That was not in accordance with the effect of Kimchi on the growth of L. monocytogenes.
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Introduction

Listeria monocytogenes is a Gram positive, non-spore form-

ing, facultative anaerobic bacteria which cause severe

food-borne infections in both humans and animals. It

showed over 25% of fatality rate every year in United States

[24]. The hazard of L. monocytogenes as a food-borne patho-

gen is very important because it tolerates extreme con-

ditions such as low temperature, low pH and microaerobic

environment [26]. And L. monocytogenes can survive long pe-

riods of time in many different places including soil, water

and variety of food resources [12,30]. Food materials and

products are contaminated by L. monocytogenes through the

soil carried on workers' shoes, clothes and equipments. And

the growth of L. monocytogenes is enhanced when the place

has enough water and nutrients. L. monocytogenes can grow

and survive easily on the surface of working equipments

and area in food processing plants. Therefore, Food prod-

ucts from those food plants have higher possibility of con-

tamination by L. monocytogenes. Among those variety of

foods including meat products, dairy products, vegetables

and ready to eat food has the highest risk of L. mono-

cytogenes contamination, because it is usually kept in re-

frigerator for a long periods of time to grow the

microorganism. And the threat of L. monocytogenes will be

increased according to the growth of meat product and

ready to eat food consumption.

A biofilm is a single or mixed microbial species that at-

tached to a surface and embedded within extracellular poly-

meric substances [39]. Biofilms are occurred on various kinds

of surface materials such as glass, stainless steel and rubber.

And the growth of biofilms can be promoted on the surfaces

containing nutrients, ionic salts and organic materials [5].

Therefore, biofilms can be developed working area in food

processing plants and contaminate food products. In general,

bacteria initiate to form biofilms in response to specific envi-

ronmental signals such as temperature, pH, nutrients and

oxygen concentration [27-29,31,37]. Biofilms formed by

Gram-positive and Gram-negative bacteria have been stud-

ied including Pseudomonas fluorescences, Escherichia coli, Vibrio

cholerae, Staphylococcus epidermidis, Staphylococcus aureus and

many other species. Once the biofilm is developed on the

surfaces, it is very difficult to remove, because biofilm en-

hances bacterial resistance to cleaning and sanitation re-

agents by preventing the reagents get into biofilm. Bacteria

within biofilms are more resistance to antibiotics, dis-

infectants, environmental stress and sterilization procedures

[8,23,29,35,38]. L. monocytogenes can develop biofilm on both

abiotic surface such as glass, rubber, stainless steel and plas-

tics, and biotic surface from plant and animal [1,4,9,35].

Therefore, L. monocytogenes forms biofilms on the food proc-

essing equipments in food processing plants, and cause food

contamination and food-borne diseases.

Kimchi was selected as one of the world-wide health

foods because of the high nutrition value and preventive

effects on various pathogenic microorganisms by 'Health' in

2006. Many researches had been reported antimicrobial ef-

fects of Kimchi on pathogenic microorganisms including

Salmonella typhimurium, Staphylococcus aureus, E. coli O157
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and L. monocytogenes [11,14-21,32-34]. However, the effect of

Kimchi on biofilm and L. monocytogenes biofilm formation

have not been studied. In this study, the culture conditions

for biofilm formation of L. monocytogenes were optimized

and studied the effect of Kimchi on L. monocytogenes biofilm

formation.

Materials and Methods

Bacterial strain, medium and culture condition

L. monocytogenes 1421, which forms biofilm on 96-well pol-

yvinyl chloride (PVC) plate, was kindly provided by Dr.

Glenn M. Young, University of California, Davis. The strain

was stored at -70℃ in Brain Heart Infusion (BHI) broth me-

dium (Becton, Dickinson and Company) containing 25%

glycerol. L. monocytogenes 1421 was cultured at 30℃ on BHI

agar medium, and transferred to fresh medium every other

week. Liquid seed-culture of L. monocytogenes 1421 was per-

formed in BHI broth for 24 hr at 30℃ without agitation.

In order to form biofilm, a droplet of L. monocytogenes 1421

glycerol stock stored at -70℃ was streaked on BHI medium

plate and cultured over night at 30℃. One colony isolated

on the BHI plate was inoculated to 0.8 ml BHI broth in 1.5

ml microcentrifuge tube (Eppendorf, German) and cultured

for 24 hr at 30℃ as a seed culture. To quantify the biofilm

amount, the main culture medium was inoculated with seed

cultures at 1%, and cultured at different conditions accord-

ing to variations.

Preparation of kimchi sample

Three different home-made and two commercial Kimchi

samples were used in this experiment. The pellets of each

Kimchi samples were discarded after centrifuged at 8,000

rpm for 10 min, and the supernatants were stored at -70℃.

The supernatans were boiled for 20 min at 100℃, then steri-

lized through 0.22 μm membrane (Miliproe Co., USA) filtra-

tion, and kept in refrigerator. Kimchi sample was added to

main culture at 2%.

Biofilm quantification

In general, the PVC microtiter plate assay was used to

determine the amount of L. monocytogenes 1421 attachment

which provides an assessment of surface attach biomass [7].

However, the assay method was modified in this research,

because the volume of each PVC plate well was not suitable

to study the effect of Kimchi on L. monocytogenes 1421 biofilm

formation.

For the quantification of biofilm, the planktonic cells in

main culture were removed by aspiration. The culture tube

was rinsed twice with distilled water and allowed to air dry

thoroughly. Then, the materials and cells remaining in the

culture tube were stained with a solution of 1% crystal violet

for 20 min. The samples were washed several times with

distilled water and allowed to air dry thoroughly. The re-

maining crystal violet was extracted using 95% ethanol and

quantified by measuring OD at 595 nm.

The effect of Kimchi on L. monocytogenes 1421 biofilm for-

mation was analyzed by comparing OD values of each sam-

ple with negative control which contains BHI medium only.

Results and Discussion

Culture vessel

In order to test different culture vessels, L. monocytogenes

1421 was cultured for 2 days at 30℃ in glass tube, falcon

tube (screw cap, Corning), round tube (snap cap, Fisher) and

microcentrifuge tube. L. monocytogenes 1421 formed biofilm

in all culture tubes, as reported by other researches, and

showed different amounts of biofilm in each culture vessel

[2,3,22,26,39]. Although, L. monocytogenes 1421 formed sim-

ilar biofilm amount in glass tube, round tube and micro-

centrifuge tube, microcentrifuge tube was selected as culture

vessel, because of the easy preparation and constant results

(Table 1).

Culture medium

Optimum culture medium was selected by comparison

of the biofilm amount after cultivation of L. monocytogenes

1421 for 2 days at 30℃ in BHI, LB, Nutrient broth (NB) and

Tryptose broth (TB). Although, L. monocytogenes 1421 was

grown and developed biofilm in all media, BHI broth, gen-

erally using for listeria culture, showed the highest level of

Table 1. The amount of L. monocytogenes 1421 biofilm on differ-

ent culture vessels

Culture vessel
Relative amount

of biofilm (%)

Glass tube 100

Falcon tube (Corning, 15ml screw cap) 49.4

Round tube (Fisher, 15ml snap cap) 77.4

Microcentrifuge tube 97.0

*Relative amount of biofilm represents average value obtained

by multiple experiments.
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     (A)        (B)
Fig. 1. Effect of culture medium (A) and medium volume (B) on the amount of L. monocytogenes 1421 biofilm. Relative amount

of biofilm represents average value obtained by multiple experiments.

        (A)         (B)
Fig. 2. Effect of culture time (A) and temperature (B) on the amount of L.monocytogenes 1421 biofilm. Relative amount of biofilm

represents average value obtained by multiple experiments.

biofilm amount (Fig. 1).

Culture volume

Because of the aerobic property of L. monocytogenes, opti-

mum culture volume was determined by comparison of the

biofilm amount after cultivation of L. monocytogenes 1421 for

2 days at 30℃ in different volume of BHI broth. The biofilm

amount was increased against culture volume until 0.6 ml,

then showed similar amount after 0.6 ml (Fig. 1).

Culture time

Optimum culture time was determined by comparison of

the biofilm amount after cultivation of L. monocytogenes 1421

in BHI broth at 30℃ during different culture time. The bio-

film amount was increased till 4 days according to culture

time, and showed static level after 4 days (Fig. 2).

Although, the inconsistency among studies focusing on

planktonic cell attachment to a substratum, attachment was

initiated very quickly and the mature biofilm complex was

developed within 24 hr [3,5,13,25]. However, the biofilm

amount was increased after 24 hr in this study. The differ-

ence between these results due to different culture system.

Biofiom was formed by standing culture in this study, how-

ever, others used flow cell system.

Temperature

Optimum culture temperature was determined by com-

parison of the biofilm amount after cultivation of L. mono-

cytogenes 1421 in BHI broth for 4 days at different

temperatures. The maximum amount of biofilm was ob-

tained at 30℃, the general culture temperature for L. mono-

cytogenes, and the amount was decreased in higher or lower

temperature (Fig. 2).
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Table 2. Effect of Kimchi on the formation of L. monocytogenes
1421 biofilm

Kimchi sample
Relative amount of

biofilm (%)

None (Listeria only) 100

A-home made (radish roots Kimchi) 51.7

B-home made (cabbage Kimchi) 149.4

C-home made (cabbage Kimchi) 138.7

D-commercial (cabbage Kimchi) 78.8

E-commercial (cabbage Kimchi) 71.7

*Relative amount of biofilm represents average value obtained

by multiple experiments.

Effect of Kimchi on biofilm formatiom

In order to study the effect of Kimchi on biofilm for-

mation, three different home-made and two commercial

Kimchi samples were added to L. monocytogenes 1421 culture

in optimum culture condition. The experiments were per-

formed at least 5 times, and the mean values were obtained.

Although, many researches had been reported antimicrobial

effects of Kimchi on L. monocytogenes, each sample showed

different effect on L. monocytogenes 1421 biofilm formation

(Table 2) [14,15,18,21,33,34]. According to many different

materials and methods to make Kimchi, it is hard to find

the factor which affects the different results of Kimchi on

antimicrobial effects and biofilm formation.

Therefore, more researches should be performed to see

the effect of Kimchi on the biofilm formation of pathogenic

microorganisms including L. monocytogenes.
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초록：Biofilm 형성을 위한 Listeria monocytogenes 1421의 배양 조건과 김치에 의한 영향

김은아․맹소연․성종환․이영근․김한수․김동섭*

(부산대학교 식품공학과)

식품으로부터 유래되어 치명적인 질병을 유발하는 Listeria monocytogenes는 다양한 지지체 위에 biofilm을 형성

할 수 있다. 이러한 biofilm은 여러 가지 소독제나 살균과정으로부터 L. monocytogenes의 생존력이나 저항성을 증

가시켜 준다. 본 연구에서도 L. monocytogenes는 다양한 배양용기에서 biofilm을 형성하였으며, BHI를 배지로 하

여 30℃에서 4일 동안 배양하였을 때 최대의 biofilm을 형성하였다. L. monocytogenes의 biofilm의 형성에 미치는

김치의 효과를 살펴본 결과 김치를 첨가함에 따라 biofilm의 양이 줄어들기도 하고 늘어나기도 하여, 김치에 따라

다른 영향을 미치는 것으로 여겨졌으며, 이러한 결과는 L. monocytogenes의 생육에 미치는 김치의 효과와는 차이

가 있었다.
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