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ABSTRACT: Listeria monocytogenes is ubiquitous in nature and a major concern for the food
industry, since it is the causal agent of the serious foodborne illness listeriosis. This organism can be
introduced through many routes to food-processing environments and may become established on
food-processing equipment. Subsequently, food products may become contaminated during
processing. In addition, the bacterium can grow at refrigeration temperatures. Biofilms are regarded as
important with respect to the survival and growth of microorganisms in the food industry.
Microorganisms growing in biofilms are protected against cleaning and disinfection and are difficult to
eradicate. L. monocytogenes may grow in biofilms that protect them against environmental stress and
can be isolated from surfaces after cleaning and disinfection. In this study, a total of eight L.
monocytogenes strains isolated from the meat industry and one reference strain L. monocytogenes
ATCC 19111 were studied for their capability to form a biofilm. The biofilm forming behavior of nine L.
monocytogenes strains was determined in two different media, Tryptone soya yeast extract broth
(TSYEB) or Brain-heart infusion broth (BHI), at temperatures 7 °C, 25 °C, 37 °C, 42 °C for 5 days. The
method used to assess biofilm formation was crystal violet staining. All strains were able to form
biofilm, but the growth condition affected the levels formed. The lowest biofilm formation was observed
at 7 °C. Further, the most effective medium in promoting biofilm production by the L. monocytogenes
isolates from meat was BHI medium while for reference strain L. monocytogenes ATCC 19111 it was
TSYEB. Incubation temperature was the most significant factor influencing the biofilm production
levels, and also the type of used nutritive medium was important factor.
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INTRODUCTION

Listeria monocytogenes is a ubiquitous
gram-positive facultative intracellular bac-
terial pathogen which provokes listeriosis,
a severe disease with high hospitalization
and mortality rates, with the consumption
of contaminated food being the principle
mode of its transmission to humans. Due
to the ubiquitous nature and hardy growth
characteristics of this bacterium, L. mono-
cytogenes is able to contaminate and
thrive in the food-processing environment
(Kadam et al., 2013). In particular, the psy-

chrotrophic nature of L. monocytogenes
allows replication in refrigerated, ready-to-
eat food products that have been conta-
minated during processing and packa-
ging. Consequently, L. monocytogenes is
frequently associated with food-borne di-
sease outbreaks that are characterized by
widespread distribution and relatively high
mortality rates (Donlan and Costerton,
2002; Donnelly, 2001).

This organism possesses the ability to ad-
here to and colonizes on abiotic surfaces
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to form biofilms (Yousef and Carlstrom,
2003). Once bacteria adhere to solid sur-
faces and form biofilms, they became
more resistant to cleaning and sanitation
treatment, and cells detaching from the
biofim can further turn into the source of
persistent contamination (Hood and Zot-
tola, 1997; Donlan and Costerton, 2002).
In the food industries, biofilm accumu-
lations have been found on walls, floors,
drains, rubber, conveyor belts, processing
equipment, which is more resistant to
disinfectants and sanitizing agents than
planktonic cells (Milovanov et al., 2015;
Moltz and Martin, 2005).

L. monocytogenes is found in many types
of food products, especially raw and
ready-to-eat products such as milk, meat,
cheese, and flour (Sari¢ et al., 2014).
Postprocess contamination of a food pro-
duct with L. monocytogenes is an ongoing
problem because the pathogen can sur-
vive and grow at refrigeration tempe-
ratures (as low as - 1.5 °C) and in envi-
ronments with reduced water activity (Silva
et al., 2008). This bacterium tolerates
freezing and high salt concentrations (up
to 30%) and grows at pH values below 5.0
(Han and Linton, 2004). Particularly in pro-
cessing and storage, long term storage at
various temperatures plays a critical role in
determining the density of biofilm forma-
tion in the food products.

The consequences of Listeria contami-
nated foods may not only present de-
trimental health effect but also implies eco-
nomic losses as a result of biofouling, a
term describing the biofilm attaching to a
surface that will spoil the food products
and equipment (Harvey et al., 2007).

The factors governing the biofilm formation
of bacteria to surfaces are still not well
understood. Therefore, the aim of this
study was to determine the biofilm forming
behavior of nine L. monocytogenes strains
in two different media such as Tryptone
soya yeast extract broth (TSYEB) or Brain-
heart infusion broth (BHI) at temperatures
7°C, 25°C, 37 °C, 42 °C during 5 days.

MATERIAL AND METHODS
Strains and growth conditions

A total of 9 L. monocytogenes strains were

used in this study. Tests were performed
with 8 isolates of L. monocytogenes (Lm1-
Lm8) isolated from meet processing in-
dustry. L. monocytogenes ATCC 19111
(Ilyophilized cultures of microorganisms,
American Type Culture Collection, Kwik-
stickTM set, MicroBioLogics) was used as
a reference strain. The stock cultures were
stored at —80 °C in Tryptone Soya Broth
supplemented with glycerol (15%). These
strains were revitalized from frozen stocks
by cultivation on Nutrient Agar (NA) plates
and incubated 2 days at 37 °C before
performing the biofilm formation assays.

Biofilm formation assay

Biofilm formation assays were performed
as previously described by Mowat et al.
(2007) with a few modifications. Prior to
testing, strains were grown on NA plates
at 37 °C for 48h. After the incubation, a
loopful of actively growing cells was
suspended in the appropriate medium
TSYEB (HiMedia) or BHI (HiMedia) and
adjusted to 0.5 McFarland standard tur-
bidity to achieve a final cell concentration
of 1 x 10’ cells/ml. The assay was initiated
by the addition of 200 pl cell suspensions
into 96-well polystyrene microtiter plate,
which were than incubated at four
temperatures 7 °C, 25 °C, 37 °C, 42 °C for
5 days. In all experiments a positive
(assay medium with bacterial strains) and
a negative control (growth medium without
bacterial strains) were included.

After incubation period, non-adherent cells
were removed by washing three times with
250 pl sterile distilled water. After 10 min
drying with hair drier, the bacterial cells in
the wells were stained with 100 pl 0.5%
crystal violet and left on bench for 20 min.
The redundant crystal violet was removed
by inverting the plates and the wells were
washed three times with sterile distilled
water and dried for another 10 min with
hair drier. After adding 100 ul of 33%
acetic acid into each well, the plates were
shaken for 3 min to release the dye from
the cells. The amount of adhered cells, i.e.
the concentration of the released crystal
violet was determined by measuring the
optical density at 630 nm (ODg3g) USing a
microplate reader (ChemWel, Awareness
Technology).
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Statistical analysis

All quantitative data are presented as
mean values with error represented by
standard deviation (SD) from two indepen-
dent experiments. The resulting data were
analyzed using Anova: Two-Factor with
replication in Microsoft Excel. A P-value of
<0.05 was considered as statistically sig-
nificant.

RESULTS AND DISCUSSION

It is commonly accepted that cells in bio-
films are more resistant to biocides, anti-
biotics, antibodies, and surfactants than
are planktonic cells. Therefore, know-
ledge on biofilm capacity of foodborne pa-
thogens is of major importance for the
food industry, in order to define the most
effective cleaning and disinfection stra-
tegies. Several L. monocytogenes isolates
from meat were studied concerning their
ability to produce biofiims at different
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growth conditions. The focus was on
growth medium and temperatures (Moltz
and Martin, 2005).

Evaluation of biofilm formation by L. mono-
cytogenes in this study revealed that these
bacteria possess a capacity for biofilm
formation on polystyrene surfaces, in
terms of the number of biofilm producing
strains. However, it was noted that L.
monocytogenes ATCC 19111 and Lm 1
were showed a much greater propensity
for biofim formation in comparison with
other strains (Figure 1 and Figure 2). This
intra-species variation by L. monocyto-
genes in its adherence to plastic surfaces
has been reported previously (Chavant et
al., 2002; Djordjevi¢ et al., 2002; Stepa-
novi¢ et al., 2004). Such findings un-
doubtedly reflect inherent physiological
differences between strains, and could
have significance with respect to patho-
genic potential.

ATCC 19111

Strain number

Figure 1. Biofilm formation by nine L. monocytogenes strains grown in TSYEB medium. Strains were
incubated at 7 °C, 25 °C, 37 °C, 42 °C for 5 days. Each bar represents the mean value of the optical
density (OD) + standard deviation (SD). The experiments were performed with eight independent
replicates
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Bacteria can grow over a wide range of
temperatures and because adherence
precedes growth, it is not suprising to find
that biofilm formation also occur at wide
temperature range. The influence of
temperature on the ability of L. mono-
cytogenes isolates to form biofilms has
been previously reported (Norwood and
Gilmour, 2001; Chavant et al., 2002; Di
Bonaventura et al., 2008; Smoot and
Pierson, 1998). Chavant et al. (2002)
showed that L. monocytogenes LO28
colonized a polytetrafluoroethylene (PTFE)
surface at 37 °C, but not at 8 °C. Di
Bonaventura et al. (2008) also demon-
strated that biofilm production on polysty-
rene surfaces by 44 different isolates of L.
monocytogenes was significantly higher at
37 °C than at 4 °C. Norwood and Gilmour
(2001), however, reported two L. mono-
cytogenes isolates that adhered equally at
4 °C and 30 °C. In agreement with pre-
vious studies, we demonstrated that the
biofilm formation of L. monocytogenes
strains was significantly stimulated at 25
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°C, 37 °C and 42 °C in comparison to the
lowest incubation temperature 7 °C (P <
0.05). On the other hand, the results of the
evaluation of biofilm formation on poly-
styrene surfaces by L. monocytogenes
strains cultivated in two different media
revealed that all tested strains produced
biofilm in suitable medium. As shown in
Figure 1 and Figure 2, the nutrient content
of the medium significantly influenced the
gquantity of biofilm produced by tested
bacteria (P < 0.05). The most effective me-
dium in promoting biofilm production by
the L. monocytogenes isolates from meat
was BHI medium. On the contrary, sta-
tistical analysis showed that reference
strain L. monocytogenes ATCC 19111 had
a greater ability to form biofilm in TSYEB
medium (P<0.05). BHI broth has been
extensively used to study the biofilm
formation capabilities of L. monocytogenes
(Stepanovi¢ et al.,, 2004), and reported
best biofilm formation of L. monocyto-
genes in BHI broth than other media
studied (Kadam et al., 2013).

ATCC 19111

Strain number

Figure 2. Biofilm formation by nine L. monocytogenes strains grown in BHI medium. Strains were
incubated at 7 °C, 25 °C, 37 °C, 42 °C for 5 days. Each bar represents the mean value of the optical
density (OD) + standard deviation (SD). The experiments were performed with eight independent
replicates
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CONCLUSIONS

In conclusion, the incubation temperature
was the most significant factor influencing
the biofilm production levels. As we sho-
wed that L. monocytogenes strains were
able to form biofilm at temperatures bet-
ween 7 °C and 37 °C, a typical tempe-
rature used in the food industry during pro-
cessing and storing, which suggests an in-
crease in the likelihood of cross-contami-
nation. For these reasons, our results
could have a practical application to face
the hygienic and sanitary issues raised by
the adhesion in food industry by L. mono-
cytogenes and indicate the importance of
temperature as a factor. Furthermore,
more information about biofilm formation
characteristics of L. monocytogenes on
food contact materials other than poly-
styrene with representative nutrient con-
ditions will help to optimize strategies to
control this biofilm-forming pathogen.
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YTUUAJ ®AKTOPA CPEOUHE HA ®OPMUPAHKHE BUODUIIMA
Listeria monocytogenes

Pyxuua M. Tomuuuh*!, MeaHa C. t—Ia6apl<ana2, Hypo M. ByKMVIpOBVIﬁZ, JoBaHka [1. JleBuh?,
3opuua M. Tomuuuh?

TexHonoLwuku dakynTeT, YHuBep3uteT y HoBom Cagy, byneBap uapa Jlaszapa 1, 21000 Hoeun Cag,
Cpbuija
2HaquM WHCTUTYT 3a npexpambeHe TexHonoruje y Hosom Capy, YHusepsuteT y Hosom Capy,
Bynesap uapa Jlazapa 1, 21000 Hosu Cag, Cpbuja

Caxertak: Listeria monocytogenes je cBenpucyTHa y Npypoaun 1 BeNukM npobnem y npexpambeHoj
WHAYCTPUjW, C 063MPOM Aa je Y3POYHWK nMcTepmose, 03burbHe Gonectn nsassaHe xpaHom. [locToje
MHOMM MYTEBU KOjUM Ce€ OBaj MUKPOOpraHum3am MOXe YHeTu y habpuyko okpyxene. CnocobHocT
pasMHOXaBaka OBOI MUKPOOPraHuama Ha Temnepatypu ckrnaguwiterwa (+4 °C) npeacraBrba BENUKK
npobnem y npexpambeHoj nHaycTpuju. BrodwmnmoBu ce cmaTpajy BaXHMM Yy CMUCITYy OMCTaHKa "
pa3Boja MUKpOOpraHusama Koju MX LITUTe of AernoBakwa cpefcTtaBa 3a fesvHdekuujy. Liurs osor
paga je 6uo pga ce mcnuta cnocobHocT dopmmparnsa brocdmnma ocam cojeBa L. monocytogenes
N30MnoBaHuX U3 Meca u jegHor pedepeHTHor coja L. monocytogenes ATCC 19111 y gBa pasnuuuta
meauja Tryptone soya yeast extract broth (TSYEB) u Brain-heart infusion broth (BHI) Ha
Temnepatypama 7 °C, 25 °C, 37 °C, 42 °C tokom 5 gaHa. MeTtoa kopuwheH 3a npoueHy CnocobHOCTH
dopmupara Buodunma je kpuctan BuoneT TecT. Pesdyntatu ucTpaxusawa Cy nokasanu ga je
HajMaha cnocobHocT hopmmpara brodurnma cojeBa L. monocytogenes npumeheHa Ha TeMmnepaTypu
7 °C. Tlopen Tora, HajedpmkacHuju megujym Kkoju je ytmuao Ha dopmuparwe Guodunma cojesa
nsonosaHux u3 meca je BHI ok je 3a pedepeHTHmn coj TSYEB.

Krby4yHe peuu: gpopmupar-e buoghunma, Listeria monocytogenes, medujym, memnepamypa
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