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Listeria monocytogenes is a  food-borne patho-
gen, which is known to contaminate food products 
in a  primary way, i.e. to pass from the raw ma
terials along the processing to the final product, 
or in a  secondary way, i.e. to contaminate the 
product during or after processing. Contamination 
by the latter way is mainly caused by strains, which 
are able to resist routine cleaning and sanitation 
procedures, and persist in the food-processing 
environments [1–3]. Although this phenomenon 
has been widely studied, it is still not clear which 
phenotypic properties are crucial for a  L.  mono-
cytogenes strain to become persistent. Based on 
theoretical considerations, biofilm formation 
ability has been identified as the hottest candidate, 
based on excessive data on increased resistance of 

bacterial biofilms to environmental stress, includ-
ing increased resistance to disinfection [2, 4, 5]. 
Alternative related hypotheses include ability to 
form biofilm at low temperatures, at low availabili-
ty of nutrients or at high salt concentrations, which 
might help L. monocytogenes to persist in the food-
processing environment [6, 7]. Nevertheless, reli-
able experimental evidence for these hypotheses 
is lacking, as no correlation could be identified 
between biofilm-forming ability (in various condi-
tions) and persistence of L. monocytogenes, if ex-
tensive panels of strains were studied; persistence 
could neither be linked to genotype of strains [2, 
8, 9].

In this study, a hypothesis was tested that bio-
film formation ability, or ability to form biofilm 
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in specific conditions, is responsible 
for persistence of L. monocytogenes in 
food processing environment. In order 
to obtain reliable results, a panel of 
33  genotypically well characterized 
strains was tested for biofilm forma-
tion in a broad range of conditions 
involving different growth phase, dif-
ferent temperatures, low availability 
of nutrients or at high salt concentra-
tion. These conditions were previously 
reported as relevant to biofilm forma-
tion in L. monocytogenes and could be 
linked to conditions in various food-
processing environments [6, 7]. Biofilm 
formation was tested in polystyrene 
96-well plates, which is established as 
a representative surface for measuring 
biofilm-forming ability in bacteria [10, 
11].

L. monocytogenes strains were 
isolated from food-processing en-
vironment and from food products, 
mostly originating in Central Europe. 
Strains were serotyped by slide agglu-
tination using antisera from Denka 
Seiken (Tokyo, Japan) and genotyped 
by AscI macrorestriction and pulsed-
field gel electrophoresis [12]. For 
testing biofilm-forming ability, basic 
cultures were prepared in stationary 
or in exponential growth phase in 
tryptone soya broth (TSB; Merck, 
Darmstadt, Germany). Stationary-
phase culture (absorbance at 600 nm, 
A600 = 0.5) was centrifuged at 3 200 ×g 
for 20 min at 20 °C and the sediment-
ed cells were added fresh medium to 
A600 = 0.5 (approx. 1010 CFU·ml-1). 
Exponential-phase culture (A600 = 0.2) 
was centrifuged at 3 200 ×g for 20 min 
at 20 °C and the sedimented cells were 
added fresh medium to A600 = 0.2 
(108–109  CFU·ml-1). A  sample of the 
culture was pipetted in a well of a 96-
well polystyrene plate with flat bottoms 
(Cat. No. 82.1581.001; Sarstedt, Nüm-
brecht, Germany) and incubated at 
20 °C, 37 °C or 40 °C for 24 h. 

The formed biofilm was quanti-
fied by crystal violet staining with two 
washing cycles and spectrophotomet-
ric measurement [9]. In case of study-
ing biofilm formation in conditions of 
nutrient limitation and low tempera-
ture, suspension of exponential-phase 
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cells was prepared in 10× diluted TSB, pipetted 
in a 96-well plate and incubated at 20 °C, 37 °C 
or 40  °C for 24 h, and at 4  °C for 5 days. In case 
of studying biofilm formation at increased NaCl 
concentration, the culture was grown in TSB + 
100 g·l-1 NaCl at 20 °C for 40 h, centrifuged at 
3 200 ×g for 20 min at 20 °C and the sedimented 
cells were washed with 8.5 g·l-1 NaCl. Then, 10× 
diluted TSB was added, the suspension was pipet-
ted in a 96-well plate and incubated at 20 °C, 37 °C 
or 40 °C for 24 h, and at 4 °C for 5 days. Statistical 
analysis was performed using ANOVA Tukey’s test 
at P = 0.05.

Results summarized in Tab. 1 showed that 
biofilm-forming ability of L. monocytogenes strains 
was variable, individual strains exhibiting different 
relative biofilm-forming ability in various condi-
tions. Persistent or sporadic phenotype did not 
correlate with biofilm-forming ability in any of the 
conditions. While certain persistent strains (e.g. 
L 2008, L 2182, L 943, L 2708) were strong bio-
film formers (relative biofilm formation ≥  85%) 
by both exponential- and stationary-phase cul-
tures at all tested temperatures with the excep-
tion of stationary cultures at 20 °C, other persist-
ent strains were sensitive to temperature and were 
strong biofilm formers (relative biofilm formation 
≥ 80%) only at 37 °C or 40 °C (e.g. L 2563, L 2611). 
However, similar strong ability to form biofilm 
(relative biofilm formation ≥ 73%) in various con-
ditions was observed in several sporadic strains 
(e. g. L 2510, L 2531, L 2750) and sporadic strain 
L 2517 was a  strong biofilm former (relative 
biofilm formation ≥  90%) at limited nutrition at 
4 °C. A majority of persistent strains were not con-
sistently strong biofilm-formers (relative biofilm 
formation ≥ 80%) in various conditions. In condi-
tions of limited nutrient availability and/or in high-
salt conditions, no consistent differences between 
persistent and sporadic strains were deter-
mined. Markedly different biofilm-forming abil-
ity in various conditions was determined even for 
strains of identical pulsotype. Statistical analysis 
did not show any significant differences between 
the groups of persistent and sporadic strains in 
biofilm-forming ability in any of the conditions.

Results of this study demonstrate that biofilm 
formation in various conditions does not facilitate 
prediction of persistance potential in L. monocy-
togenes from food-processing environments and 
food products. Our results obtained for strains 
originating mostly in Central Europe are in agree-
ment with observations for L. monocytogenes from 
Western and Northern Europe. They confirm the 
opinion that ability to form biofilm (in various 
conditions) is only one of several phenotypic fea-

tures that help L. monocytogenes to survive in 
food-processing environment, but is not a  pre-
requisite for a  persistent phenotype of this food-
borne pathogen [2, 3, 8]. Based on our results, 
biofilm-forming ability of L. monocytogenes is not 
a key factor that determines its persistence poten-
tial in food-processing environment.
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