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Introduction

ABSTRACT
Introduction: Listeria monocytogenes strains are widespread in the natural environment and are the
etiological factor of listeriosis. Food is the main source of L. monocytogenes. Secondary contamination
of food products which results from the formation of biofilm by L. monocytogenes on the surfaces of the
processing devices makes an essential problem.
Material and methods: We evaluated the ability of biofilm formation in media supplemented with sheep
blood (in a volume of 5.0, 10.0, 20.0 and 50.0%) for the reference strain L. monocytogenes ATCC 7644
and strains isolated from the human blood and carrots on the polypropylene surface.
Results: The strain isolated from blood most efficiently formed a biofim with increasing blood sheep’s
addition (nutrient broth — 4.87 x 10°CFU x cm, blood supplement 50.0% (v/v) — 3.4 x 107 CFU x
cm).The number of L. monocytogenes recovered from the biofilm for the reference strain and the strain
from carrot increased to 20.0% by volume of the blood addition (3.07 x 10°CFU x c¢cm™ and 4.03 x 10°
CFU x cm respectively — nutrient broth; 1.1 x 107 CFU x c¢cm™ and 9.23 x 10 CFU x cm™ — blood
supplement 20.0% (v/v)). Decrease in the number of cells recovered from the biofilm for the reference
strain and the one isolated from carrot has been demonstrated at 50.0% addition of blood into nutrient
medium (8.8 x 108 CFU x cm™ and 7.87 x 108 CFU x cm™ respectively).
Conclusion: The addition of sheep blood to the medium at concentrations up to 20.0% increases the
number of cells recovered from the biofilm for all studied L. monocytogenes strains whereas medium with
50.0% blood stimulates the biofilm formation only by the strain isolated from blood.
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including polystyrene, polypropylene, glass, stainless
steel, quartz, marble and granite [6]. Biofilm formation

Listeria monocytogenes are gram-positive, relatively
anaerobic, non-enveloped and non-spore-forming ba-
cilli, commonly found in the natural environment (water,
soil, sewage, decaying vegetation or silage) [1]. These
bacteria cause listeriosis, dangerous for pregnant wom-
en and newborns as well as elderly people [2]. Food,
including raw meat, fish (fresh and smoked), vegeta-
bles, fruits and dairy products are their main source
[3]. Secondary contamination of food products may
be the result of biofilm formation by L. monocytogenes
on the surfaces of equipment used in food processing
plants [4-5]. L. monocytogenes strains are capable
of colonizing various surfaces contacting with food,

is induced by many environmental factors found in
the food processing industry, such as: pH changes,
increased oxygen concentration, and also depends on
the availability of nutrients

[7-8]. Limited access to nutrients induces stress in
L. monocytogenes, resulting in increased biofilm forma-
tion [7-9]. It has been shown that the presence of food
production by-products (meat juice, pork serum or fat)
in the processing environment stimulates the biofilm
formation [10]. Conversion of planktonic forms to the
mature biofilm structure increases the chance of survival
of L. monocytogenes and determines the acquisition
of resistance to environmental factors (UV radiation,
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acids) and antimicrobial compounds, including antibi-
otics, which makes it difficult to eliminate biofilms in the
food processing plants [7-8]. Extracellular polymeric
substances (EPS) protect the cells of bacteria in the
biofilm from the unfavorable factors of the processing
environment. EPS is composed of protein, DNA, poly-
saccharides and other extracellular compounds. EPS
mediates attachment of L. monocytogenes to the sur-
face and provides mechanical stability to the formed
biofilm [6].

The aim of study was to assess the ability of biofilm
formation by L. monocytogenes strains on the poly-
propylene surface in a nutrient medium enriched with
sheep blood.

Materials and methods
Material for research

The reference Listeria monocytogenes ATCC
7644 strain and two strains of these species isolated
from human blood and carrots, from the collection of
the Department of Microbiology, L. Rydygier Collegi-
um Medicum in Bydgoszcz, were used for the study.
Isolates were stored at -80°C in BHI (Brain Heart Infu-
sion) medium (bioMérieux) with the addition of 15.0%
glycerol.

Strains preparation

In the first stage culture of deep-frozen strains on
Columbia Agar with 5.0% sheep blood (bioMérieux)
was used. After incubation at 37°C for 24 hours, a pas-
sage of the grown colonies of the tested strains on the
same type of substrate was performed. The obtained
colonies of L. monocytogenes were used in the subse-
quent studies.

Assessment of biofilm formation by L. monocytogenes
on polypropylene surface in nutrient medium
enriched with sheep blood

Sterile polypropylene plates were used in the exper-
iments. The culture medium was prepared by mixing
sterile nutrient broth (Merck) with sheep blood. The
blood supplement was 5.0, 10.0, 20.0 and 50.0% of
the volume (v/v). The nutrient broth without addition of
sheep blood was used as a control.

Suspensions of examined strains (0.5 McFarland
standard) were prepared in 3 ml of phosphate-buffered
physiological saline (PBS) (Avantor). Then suspensions
were centrifuged for 5 minutes (3000 rpm) and the su-
pernatants removed. The previously prepared medium
was added to the test tubes with sediment, mixed for

2 minutes and added on the polypropylene plates that
were incubated at 37°C for 24 hours. After the incuba-
tion, the plates were removed and washed with PBS.
Plates with the biofilm of L. monocytogenes strains were
placed in test tubes containing 3 ml of PBS solution
and sonicated for 10 minutes (30 kHz, 150W). A series
of decimal dilutions in PBS was made and culture was
made on Columbia Agar with 5.0% sheep blood. The
experiment was performed in triplicate for each tested
strain. After the incubation period (24 hours, 37°C), the
grown colonies were counted and expressed as the
number of colony forming units per cm? (CFU x cm).

Statistical analysis

The results were subjected to statistical analysis with
the use of Statistica 12.0 PL (StatSoft). For each strain, the
median number of bacteria recovered from the biofilm was
calculated in each variant of the experiment. Statistically sig-
nificant differences between them were evaluated based on
the Bonferroni post-hoc test at the significance level of 0.05.

Results

All tested strains of L. monocytogenes formed a bio-
film, both in the medium with and without the addition
of sheep blood (Fig. 1).

In the medium without blood addition (control)
the number of cells recovered from the biofilm
ranged from 3.07 x 105 CFU x cm=2 , for the ref-
erence L. monocytogenes ATCC 7644 strain, to
4.87 x 105 CFU x cm for the human blood isolated
strain and 4.03 x 10° CFU x cm for a carrot isolated
strain (Fig. 1). The number of cells recovered for all
tested strains, in the medium without the addition of
blood did not differ significantly (Fig. 1).

The addition of sheep blood in the volume of 5.0,
10.0 and 20.0% to the medium, stimulated the tested
strains of L. monocytogenes to biofilm formation. For
each of them, The number of cells recovered from the
biofilm was significantly higher at each subsequent
blood addition to the medium (Fig. 1).

In a medium with the highest content of blood the
number of cells recovered from the biofilm increased
from 9.23 x 10 CFU x cm2 for strain derived from
carrots and up to 1.40 x 107 CFU x cm2 for the strain
isolated from human blood (Fig. 1).

The increase of blood volume in the medium to
50.0% resulted in a significant decrease in the number
of biofilm cells recovered for the reference L. monocyto-
genes strains and the carrot isolates (Fig. 1). Under this
condition only the strain derived from the human blood,
strongly formed the biofilm (3.40 x 107 CFU x cm).
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Figure 1. The effect of sheep blood addition on the ability of biofilm formation on the polypropylene surface by
L. monocytogenes (ATCC 7644 — reference strain; Blood — L. monocytogenes strain isolated from blood; Carrot
— L. monocytogenes strain isolated from carrot).Values marked a, b, c differ significantly.

Regardless of the volumetric addition of blood in
the medium, L. monocytogenes isolated from blood
formed the strongest biofilm whereas the weakest
biofilm was formed by the strain isolated from carrots
the weakest (Fig. 1).

Discussion

Biofilm formation by L. monocytogenes is com-
mon, but undesirable, especially in the food industry.
These strains in the biofilm structure may be a source
of secondary food contamination. The conventional
disinfection methods are less effective in eliminating
this structure. Many factors influence the development
of biofilm, including the availability of nutrients, tem-
perature and pH.

In this study, the ability to form biofilm by three
L. monocytogenes strains: isolated from human
blood, from carrots and the L. monocytogenes ATCC
7644 reference strain, on the polypropylene surface in
the presence of increasing addition of sheep blood to
the medium was evaluated. The addition of sheep blood
in a volume of 5.0, 10.0 and 20.0% was found to influ-
ence the increase in the number of cells recovered from
the biofilm for all tested strains. However, the addition
of blood in a volume of 50.0% caused a decrease in
biofilm formation in the case of the reference strain and
strain isolated from carrots. The highest cell recovery

of bacteria from the biofilm for the strain isolated from
the human blood has been demonstrated. Di Xia et al.
[11] investigated the effect of human plasma on biofilm
formation by Streptococcus agalactiae, Streptococcus
pyogenes and Staphylococcus aureus. They assessed
the impact of 15.0% human plasma and 1.0% of glucose
in the nutrient medium on the ability to form biofilms. It
was shown that all strains of S. agalactiae form a biofilm
in the broth supplemented with human plasma, while
the strains of S. aureus and S. pyogemes under these
conditions do not form a biofilm structure. The authors
found that human plasma rich in proteins and fatty acids
is used by S. agalactiae which results in changes in
the composition of bacterial shields [11]. Among other
factors influencing the ability of biofiim formation by
microorganisms, the presence of glucose and ethanol
is mentioned. Sachin et al. [12] showed that the most
durable biofilms were formed by strains grown under
nutrient-poor conditions, and least intensively — in
nutrient-rich medium (cerebral-heart broth).They found
that minimal nutritional conditions can stimulate biofilm
formation by L. monocytogenes [12].Similar results
were obtained by Zhou et al. [9] who showed that the
recovery of L. monocytogenes from biofilm was the
highest in minimal medium as compared to BHI. On
the other hand, Pan et al. [13] showed that increase
of sodium chloride concentration from 0.5% to 7.0% at
22.5°C and 30°C, stimulate L. monocytogenes strains to
form the biofilm. The optimal concentration of sodium
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chloride was 5.0% at 22.5°C. In addition, L. monocyto-
genes serotype 1/2a strains (more often isolated from
food products) have been shown to form a biofilm with
a higher density than serotype 4b strains, with higher
glucose concentration and at higher temperature. These
researchers also found that the addition of 3.0% and 5.0%
of ethanol inhibited the formation of biofilms. The biofilm
density of the tested strains increased with rising incuba-
tion temperature. Temperature, glucose and sodium chlo-
ride have a synergistic effect in the biofilm formation by L.
monocytogenes strains [13]. Limited access to nutrients in
minimal media can stimulate stress in L. monocytogenes
cells, thereby inducing enhanced biofilm formation. Stress
factors include temperature, limited availability of nutrients
and increased oxygen availability [5]. In the present study,
it was found that the highest cell recovery of L. monocy-
togenes from a biofilm with increasing addition of sheep
blood was observed for the strain isolated from the human
blood. However, Barbarosa et al. [14] who assessed the
ability of biofilm formation by L. monocytogenes on the
polystyrene under osmotic stress showed that clinical
strains were less effective in producing biofilms compared
to strains isolated from food [14].

Conclusions

The addition of sheep blood to the medium at con-
centrations up to 20.0% increases the number of cells
recovered from the biofilm for all studied L. monocyto-
genes strains whereas medium with 50.0% blood stim-
ulates the biofilm formation only by the strain isolated
from blood. It seems clear that limited availability of
nutrients stimulates L. monocytogenes to form a biofilm.
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