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Abstract

Biofilm formation can lead to various consequences in the food processing line such as contamina-

tion and equipment breakdowns. Since formation of biofilm can occur in various conditions; this

study was carried out using L. monocytogenes ATCC 19112 and its biofilm formation ability tested

under various concentrations of sodium chloride and temperatures. Cultures of L. monocytogenes

ATCC 19112 were placed in 96-well microtitre plate containing concentration of sodium chloride

from 1-10% (w/v) and incubated at different temperature of 4 °C, 30 °C and 45 °C for up to 60 h.

Absorbance reading of crystal violet staining showed the density of biofilm formed in the 96-well

microtitre plates was significantly higher when incubated in 4 °C. The formation of biofilm also oc-

curs at a faster rate at 4 °C and higher optical density (OD 570 nm) was observed at 45 °C. This shows

that storage under formation of biofilm that may lead to a higher contamination along the processing

line in the food industry. Formation of biofilm was found to be more dependent on temperature com-

pared to sodium chloride stress.
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Introduction

L. monocytogenes is an aerobic and facultative anaer-

obic gram positive bacillus that can be found in the environ-

ment and food processing facilities. It is one of the major

foodborne pathogens that has affected the food industries

due to contamination of equipments that lead to cross con-

tamination on food products (Carpentier and Chassaing,

2004; Chi and Zhu, 2009). Contamination on surfaces in

the processing environment can be attributed to attachment

of pathogenic bacteria. Consequently, attachment of patho-

genic microbes leads to biofilm formation. Biofilm is de-

fined as an assemblage of surface-associated cells that are

enclosed in hydrated extracellular polymeric substances

that may contain one or more than one community of mi-

crobes (Sauer et al., 2007). Biofilm formation by L.

monocytogenes contributed to the major persistence char-

acteristic to physical and chemical stress because biofilm

not only functions as a protective layer for microbes from

the external hostile environment but also as a trap for nutri-

ents (Poulsen, 1999). Accumulation of biofilm layers

causes many problems in the industries, for example, mi-

crobial contamination in the equipment (Matilla-Sandholm

and Wirtanen, 1992) and clogging up of pipes. In addition
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to the problem, the detachment and dispersal of biofilms

due to the increased biomass of biofilm will spread and col-

onize new niches and it represents a potential harm on food

safety aspect.

Association of biofilm and L. monocytogenes in

foods have been reported in several studies previously, for

example, contamination of L. monocytogenes biofilm in

beef surface (Dickson, 1990) and smear cheese wooden

shelves (Guillier et al., 2008), dairy processing plants par-

ticularly on the brines and equipments (Alessandria et al.,

2010). It is frequently communicated in literatures that food

contamination by L. monocytogenes occurs post processing

instead of survival of processing stages (McLauchlin,

1987). Formation of biofilm occurs when microcolony

formed on the surface adheres with a conditioning film that

traps the surrounding fluid and nutrients. The formation of

microcolony will become an irreversible process due to the

growth of bacteria and production of extracellular polymer

substances (EPS) that aids the anchorage of cells and stabi-

lizes the external environment stress on the cells (Cha-

racklis and Marshall, 1990). Major issues caused by bio-

films are the inability of commercial cleaners or bleach to

remove the biofilms contaminating the equipments; there-

fore, preventive measures of controlling biofilm lies in the

frequency of cleaning the equipments.

Few key factors of biofilm formation by L.

monocytogenes have been recognized such as conditions of

surface for attachment, organic or inorganic matter, levels

of nutrients available, pH, temperature, adhesion strength,

strain types, monoculture or mixed cultures, as well as

other environmental stresses (Houdt and Michiels, 2010). It

has been established that availability of nutrients can affect

the density of biofilm formation. Contaminated foods

through contact surfaces such as stainless steel (De Olei-

veira et al., 2010) with biofilm will allow growth and matu-

ration of the biofilm structure and spread of biofilm in the

food industry. Particularly in processing and storage, long

term storage at various temperatures plays a critical role in

determining the density of biofilm formation in the food

products. The consequences of Listeria contaminated foods

may not only present detrimental health effect but also im-

plies economic losses as a result of biofouling, a term de-

scribing the biofilm attaching to a surface that will spoil the

food products and equipments.

The biofilm formation of L. monocytogenes may also

differ between serotypes (Harvey et al., 2007) which con-

tribute to the spread of contamination of L. monocytogenes

in foods. As serotype 1/2c has been commonly associated

to contamination of foods, understanding the ability of the

microorganism to form biofilm under adverse conditions

may extend the knowledge for its appropriate control.

The objective of this study was to evaluate the forma-

tion of biofilm by L. monocytogenes ATCC 19112 (sero-

type 1/2c) under the different incubation temperatures and

concentrations of NaCl.

Materials and Methods

Bacteria strain

L. monocytogenes ATCC 19112 (serogroup 1/2c)

was grown overnight on tryptic soy agar (with 0.6% yeast

extract) at 37 °C. Colonies were isolated using sterile swabs

and transferred into tubes containing 15 mL of saline and

further adjusted to the turbidity of McFarland standard No.

5 which corresponds to 108 CFU/mL. Serial dilutions were

carried out to ensure that the final concentration of cells in

each well was standardized to 106 CFU/mL.

Microtiter plate assay

100 �L volume of inoculums were dispensed into

96-well containing variable percentage of sodium chloride

(final concentration in each well: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10%

w/v) with each well containing a final concentration of

106 CFU/mL. Every experiment, performed in duplicate,

comprised of at least five individual replicates. Plates were

each incubated in three different temperatures of 4 °C,

30 °C and 45 °C for 60 h. Readings of the plates were taken

with 12 h intervals. Appropriate controls of uninoculated

growth (negative control) and normal saline (0.85% NaCl)

were included in the tests.

Crystal violet staining

The crystal violet procedure was slightly modified

from Silagyi et al. (2007) with the following details. Firstly,

the microplates were lightly rinsed with deionized water to

remove the suspended cells in the saline. Then, 200 �L of

0.25% (w/v) crystal violet (filter sterilized) were added into

each well using a multi-channel micropipette and left at

25 °C for 30 min in the laminar airflow. The microplates

were then rinsed three times and allowed to dry in sterile

laminar airflow. Finally, the crystal violet stains in the

biofilm were solubilized by adding 200 �L of absolute eth-

anol for 30 min and proceed for microplate spectrophoto-

meter reading (BIORAD Spectrophotometer 170-6930,

Berkeley, U.S.A) at 570 nm. In order to correct the back-

ground staining, the mean optical density of the negative

control was used to subtract the optical density of the

biofilm formed in each inoculated wells.

Statistics of results

Readings from the 96-well plates were obtained as

absorbance measurements after adjustment of the blank

negative control. Data presented shows the mean data gen-

erated from the replicates and from all experiments using

ANOVA analysis in SPSS Statistics 17.0.

Results and Discussion

Based on the statistical analysis, there was an indica-

tion of statistical significance being observed for formation

of biofilm at temperatures such as 4 °C and 45 °C at differ-
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ent intervals and sodium chloride concentrations (Figu-

re 1). At 4 °C, analysis of variances (ANOVA) showed

there is a statistical significance between the absorbance of

biofilm being affected by sodium chloride concentration

(df = 10, F = 2.848, p = 0.002) as well as hour of incubation

(df = 4, F = 63.057, p < 0.005). No significant correlations

were found in between readings of biofilm formation and

sodium chloride concentration (Pearson correlation =

-0.017, p = 0.75) and hour (Pearson correlation = -0.025,

p = 0.643). For the temperature of 30 °C, there were no sig-

nificant differences on the effect of sodium chloride on

absorbance (df = 10, F = 0.979, p = 0.461) but there was a

significant difference on the effect of hour on biofilm for-

mation (df = 4, F = 21.56, p < 0.05). There were no statisti-

cal significant correlations found between incubation time

(Pearson = 0.081) and sodium chloride (Pearson = -0.026)

with absorbance reading. As for results at 45 °C, incubation

hour showed statistical significance on the formation of

biofilm (df = 4, F = 14.068, p < 0.05) while no statistical

significance was found when affected by sodium chloride

concentration (df = 10, F = 1.55, p < 0.12). Correlation of

absorbance reading was found to be significant for both in-

cubation time (Pearson = 0.119) and sodium chloride con-

centration (Pearson = 0.124).

In previous studies, numerous reports emphasized on

the study of a single strain only, for example, L.

monocytogenes Scott A (serotype 4b) and limited studies

have explored the biofilm formation potential of the other

L. monocytogenes serotypes. Formation of biofilm by sero-

group 1/2c has been disputed in other studies such as

Kalmokof et al. (2001) that L. monocytogenes only adheres

to surfaces and does not form biofilm while Borucki et al.

(2003) reported that formation of biofilm by serogroup 1/2c

is higher when compared to other strains such as serotype

4b. Findings from this study showed that L. monocytogenes

ATCC 19112 is a microorganism able to form biofilm with

minimal nutrient requirements, for example, in presence of

only NaCl. In addition to that, Stephanovic et al. (2004) and

Harvey et al. (2007) concluded that the reduced concentra-

tion of TSB in their studies led to reduced planktonic and

biofilm being observed in their studies. Therefore, in the

present study of utilizing various concentrations of NaCl

only, general readings of optical density were expected to

be lower than the previous studies.

Detection of biofilm formation was measured at a

lower scale compared to similar studies by Pan et al.

(2010). The main difference between the present study and

Pan et al. (2010) was that, in the last one, the colonies were

incubated with tryptic soy broth as nutrient and NaCl as ad-

ditional nutrients. The formation of biofilm was enhanced

as a synergistic effect on the combination of glucose, NaCl

and TSB (Pan et al., 2010). In this study, emphasis was

placed on the cellular stress by NaCl instead of NaCl as ad-

ditional nutrient to the cells. Nonetheless, it has been noted

that addition of NaCl to TSB enhances the adherence of the

cells and increases the invasiveness of the strains (Jensen et

al., 2007). According Norwood and Gilmour (2001), the

adherence capability of L. monocytogenes FM876 (sero-

type 1/2c) was found to be greater than L. monocytogenes

Scott A, as seen at 4 °C, 18 °C and 30 °C. Formation of

biofilm by L. monocytogenes can be affected depending on

the existence as monoculture or multispecies in biofilm ma-

trix, such as Staphylococcus biofilm may produce extra-

cellular polysaccharides that may prevent the adhesion to

stainless steel surfaces (Leriche and Carpentier, 2000).

Changes in the cell surface can also be caused by the

changes in regulation of virulence and environmental genes

as a result of temperature changes (Leimeister-Wachter et

al., 1992; Liu et al., 2002) and subsequently affects the at-

tachments of cells such as properties of surfaces being hy-

drophobic or hydrophilic.

In previous phylogenetic studies, L. monocytogenes

has been divided into two phylogenetic divisions, as fol-

lows: Division I consisting serotype 4b and 1/2b while Di-

vision II consist of serotype 1/2a and 1/2c (Bibb et al.,

1990; Borucki et al., 2003; Carpentier and Chassaing,

2004). Pan et al. (2010) compared serotype of 1/2a (Divi-

sion II) and serotype 4b (Division I) and found that serotype

1/2a was better adapted to survival and growth in adverse

conditions. A study performed by Folsom et al. (2006) also

compared the biofilm formation of these two serotypes un-

der availability of different nutrients and reported that

growth of 1/2a strains produced more biofilm in diluted

tryptic soy broth than serotype 4b. Lower nutrient levels

contributed to the response on biofilm formation by sero-

type 1/2a suggesting that different regulatory mechanism

was involved in the biofilm phenotype. However, those two

authors observed no association between genetic subtype

and amount of biofilm accumulated and Borucki et al.

(2003) reported that Division II (serotype 1/2a and 1/2c)

has an increased biofilm formation ability. This suggests
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Figure 1 - Formation of biofilm, assessed by optical density readings ob-

tained at wavelength of 570 nm (OD 570 nm) by Listeria monocytogenes

ATCC 1911 at different concentrations of sodium chloride (1 to 10%, w/v)

and incubation temperatures of 4 °C, 30 °C and 45 °C.



that Division II may have better adaptation to adverse con-

ditions and contributes to the higher prevalence of isolates

belonging to serotype 1/2 in food processing plants. Fur-

thermore, according to Harvey et al. (2007) that irrespec-

tive of the source of isolates, the ESE type II (serotype1/2c)

has greater biofilm formation compared to the others.

This study was conducted to extend the knowledge of

other L. monocytogenes strains that are more frequently

found in foods (Division II) and the ability to form biofilm

in different conditions. According to our findings, we can

conclude that formation of biofilm by L. monocytogenes

ATCC 19112; i) can occur faster with a higher optical read-

ing (570 nm) in 4 °C (Figure 2); ii) has a wide range of NaCl

tolerance (up to 10% w/v) which induces cellular stresses

and has a positive influence on the biofilm forming ability;

iii) will increase with the time of incubation at higher tem-

perature of 45 °C. These factors may present critical points

in the control of the persistence and contamination of L.

monocytogenes along the food processing line.
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