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Abstract
Introduction and objective. The ability of L. monocytogenes to create biofilm results in the higher resistance to disinfectants 
and determines the need to search for effective methods of eradication. The aim of the study was to assess the level of 
L. monocytogenes contamination in the environment of a meat processing plant. The sensitivity of tested isolates to various 
antimicrobials used for disinfection purposes was also estimated.  
Materials and method. The samples were taken from raw materials, semi-finished and final products, as well as food 
contact surfaces inthe production hall and deli meat packaging department. The number of L. monocytogenes and the 
effect of eight different biocides on bacteria planktonic forms and biofilm formed on stainless steel and polypropylene 
was investigated. The effect of blood and albumin on L. monocytogenes resistance to disinfectants was also analysed.  
Results. The prevalence of L. monocytogenes on food contact surfaces was estimated at 2.93% (10 of 340 swabs taken). The 
samples of raw and processed products were not contaminated. Various disinfectants reduced the growth of planktonic 
L. monocytogenes forms at both tested concentrations 0.5% and 0.1% (irrespective of time exposure). The highest efficacy 
against L. monocytogenes biofilm was reported for agents containing hydrogen peroxide. The reduction of bacteria number 
ranged from 6.93–7.21 log CFU × cm-2, and was dependent on the surface type and time of agent application.  
Conclusions. In this study, the effectiveness of various disinfectants against planktonic bacteria and Listeria biofilm was 
observed. For the majority of disinfectants, the extension of time exposure increased bacteria elimination from the biofilm. The 
presence of blood resulted in reduction of the antilisterial action of most of the disinfectants applied at low concentrations.
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INTRODUCTION

Listeria monocytogenes, a causative agent of listeriosis, is 
a Gram-positive, non spore-forming bacterium, widely 
spread in different environments. Frequently isolated from 
soil, water, sewage and faeces, L. monocytogenes may also 
colonize human and animal organisms. The microorganism 
is highly resistant to a variety of stress factors, including high 
osmotic pressure or unfavourable pH values. The ability to 
grow at low temperatures (2–4 °C) makes L. monocytogenes 

a pathogen of particular concern in many branches of the 
food industry [1, 2].

The main source of human listeriosis is food, and the 
products most frequently implicated are milk and dairy 
products, especially soft cheeses, meat and its products, 
fish, RTE food (ready-to-eat), raw vegetables, fruit and 
vegetable salads [3]. According to an EFSA report, the food 
vehicle linked to the most strong-evidence for food-borne 
outbreaks in 2018 were vegetables, juices and other similar 
products [4]. In the case of meat RTE (ready to eat) products, 
L. monocytogenes was found in 1.4% (559/41,417 samples) at 
all stages of sampling [4].

According to the EFSA, although relatively rarely reported, 
listeriosis is one of the most serious food-borne diseases 
with the highest mortality rate (15.6%) and proportion 
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of hospitalised cases from all zoonoses in the European 
Union [4].

Widespread listeriosis outbreaks observed over the last 
5 years confirm the increasing threat related to Listeria 
infections. Over 200 deaths have been reported during the 
largest L.  monocytogenes outbreak in 2017–2018 in South 
Africa. Ready-to-eat processed meat products were the source 
of pathogenic bacilli [5]. During a 2015–2018 multi-country 
outbreak of L. monocytogenes (47 cases, 9 deaths), the source 
of bacteria was frozen corn [6]. Recent outbreaks include from 
October 2019 (Germany – 2 deaths; source – deli meat) and 
from September 2019 (USA – 10 confirmed cases, 1 death;, 
source – deli meat and cheese) [7].

The contamination of food may occur during all stages of its 
processing, distribution, sale and preparation by the individual 
consumers. An important source of L. monocytogenes is the 
equipment used during food processing, as well as all food 
contact surfaces [8]. L. monocytogenes is able to adhere to 
such surfaces and form biofilm. Biofilm protects the bacteria 
against physical (dessication) and chemical (disinfectants, 
antibiotics) agents, but also affect cell-to-cell communication 
(quorum sensing) and is self-organization within the biofilm 
[9]. Lately, many alternative methods of L. monocytogenes 
inactivation in the food have been investigated, including 
the use of essential oils, active packaging, and bio-protection 
[10]. Nonetheless, chemical disinfection seems to be the most 
effective and economically reasonable way for pathogen 
elimination in the food processing environment. The most 
commonly used chemical disinfectants include: chlorine 
based compounds, iodophores, peroxide compounds, 
alcohols, aldehydes, surfactants (QAC), nitrogen compounds, 
organic and inorganic acids, and heavy metal compounds. 
The composition of the chemical agent, the concentration 
of working solution and the time of action are crucial for 
efficient disinfection [11].

The use of chemical disinfectants in the food processing 
environment is usually based on their effectiveness, 
confirmed in tests performed on bacteria planktonic form 
[12]. However, in an industrial environment, bacteria develop 
a biofilm forming a protective extracellular matrix composed 
of polysaccharides, proteins and/or extracellular DNA [13]. 
The presence of by-products during food production (meat 
juice, pork serum or fat) has been shown to stimulate biofilm 
development [14, 15]. Possible mechanisms effecting the low 
effectiveness of conventional biocides on biofilms include 
inhibition of the diffusion – reaction, associated with the 
biofilm matrix, slow growth and development of remaining 
cells subpopulations [10]. In turn, the low effectiveness of 
disinfectants against biofilms depends, at least partially, 
on the characteristics of the surface on which the biofilm 
was formed [16]. It has been shown that cracks or scratches 
on the surfaces used in the food industry promote the 
development of biofilms and decrease the effectiveness of 
antimicrobial conventional disinfectants [17]. Therefore, it 
is necessary to investigate various types of surfaces when 
evaluating the effectiveness of biocides against the biofilm 
of L. monocytogenes.

OBJECTIVE

The aim of the study was to assess the incidence of 
L.  monocytogenes ina meat processing plant (surfaces, 

equipment, food products). The effectiveness of selected 
disinfectants on planktonic cells and biofilm of bacteria on 
the polypropylene and stainless steel was also investigated.

MATERIALS AND METHOD

The research material consisted of 340 swabs taken from raw 
materials, semi-finished and final products (33 swabs), as well 
as working surfaces and equipment in the production hall 
(134 swabs) and deli meat packaging department (173 swabs) 
in a meat processing plant in Northern Poland (sampling in 
accordance with the PN-ISO 18593 norm) [18]. The swabs 
were collected immediately after disinfection procedures, as 
well as during the production process; all the swabs taken 
at at the same time in a particular sampling term. Sampling 
procedures took from 3–4 hours, depending on the numbers 
of swabs collected. The samples were always taken from the 
sampling area of 100 cm2, in three repetitions, from May – 
December 2018. The swabs were transported to the meat 
processing plants in sterile plastic tubes containing sterile 
liquid medium. The time between sampling procedures and 
laboratory analysis ranged from 2–4 hours.

Detection of L. monocytogenes. Isolation of L. monocytogenes 
from the swabs was performed in accordance with the PN-EN 
ISO 11290–1:2017:07 norm [19]. The samples were incubated 
in 4.5 ml half-Fraser broth (24 h, 37 °C). Next, 0.1 ml of the 
suspension was transferred to the Fraser broth (9.9 ml), then, 
after 48 h incubation at 37 °C on the agar medium for Listeria, 
according to Ottaviani and Agosti (ALOA, MERCK). The 
incubation was carried out for 24–48 hours at 37 °C. Green-
blue colonies surrounded by an opaque zone were used for 
further analysis. All characteristic colonies per plate were 
used for further analysis.

DNA isolation. Total genomic DNA was isolated from 
the samples using a Genomic Mini AXE Bacteria Spin 
column kit (A&A Biotechnology, Poland), according to 
the manufacturer procedure. The concentration and purity 
of the DNA was verified using biophotometer (Eppendorf 
BioPhotometer® D30).

Species identification using multiplex-PCR. Two genes were 
used for L. monocytogenes species identification (Tab. 1) [20, 
21]. The PCR mix of 25 μL volume contained 1 × PCR buffer 
(Promega); 25 mM MgCl2 (Promega); 10 mM dNTP Solution 
Mix (Promega); 10 μM of each primer pair (Oligo.pl); 1 U Taq 
DNA polymerase (Promega); 2 μL of template DNA (25 ng/µl; 
A260/A280=1.92± 0.18), and sterile, double-distilled water. The 
amplification protocol included: initial DNA denaturation 
for 2 min at 94 °C; 30 cycles of 30 s denaturation at 94 °C, 
annealing for 30 s at 50 °C and elongation for 1 min at 72 °C, 
followed by the final elongation step of 5 min at 72 °C. The 

Table 1. Primer sequence (Leclercq et al., 2010; Skowron et al., 2018b)

Primer Primer sequence (5′ ′ 3′)
Target 
gene

Information  
about gene

Amplicon 
size [bp]

L1 CAG CAG CCG CGG TAA TAC
rrs

Typical for  
Listeria spp.

938
L2 CTC CAT AAA GGT GAC CCT

LM1 CCT AAG ACG CCA ATC GAA
hlyA

Typical for Listeria 
monocytogenes

700
LM2 AAG CAC TTG CAA CTG CTC

596 Annals of Agricultural and Environmental Medicine 2021, Vol 28, No 4



Zbigniew Paluszak, Grzegorz Gryń, Justyna Bauza-Kaszewska, Karolina Jadwiga Skowron, Natalia Wiktorczyk- Kapischke, Jakub Korkus et al. Prevalence and antimicrobial…

PCR reaction was carried out using a thermocycler Eppendorf 
(Mastercycler® X50). The amplified DNA fragments were 
separated on 1.5% (w/v) agarose gel, in a TBE buffer, and 
detected by staining with Midori Green (NIPPON Genetics 
EUROPE GmbH).

Molecular weights of the fragments were estimated using a 
100–1,000 bp DNA molecular marker (A&A Biotechnology, 
Poland). Listeria monocytogenes ATTC 7644 was used as the 
reference strain.

Genetic similarity evaluation (RAPD-PCR). The genetic 
relatedness of isolates was performed using RAPD-
PCR (Random Amplification of Polymorphic DNA) 
[22]. The reaction included a single primer OPA-11 (5’–
CAATCGCCGT–3′) [23]. The reaction of 25 μL volume 
contained 1 × PCR buffer with 2 mM MgCl2 (Promega); 200 
μM dNTP Solution Mix (Promega); 1 μM single OPA-11 
primer (Oligo.pl); 1.25 U Taq DNA polymerase (Promega); 3 
μL of template DNA (25 ng/µl; A260/A280=1.92± 0.18) and water.

The amplification protocol included: 6 cycles of initial 
DNA denaturation for 1 min at 94 °C; annealing for 2 min 
at 30 °C, and elongation for 1 min at 72 °C, next 35 cycles of 
denaturation for 15 s at 94 °C; annealing for 40 s at 37 °C, 
elongation for 35 s at 72 °C, followed by a final extension step 
of 10 min at 72 °C. The PCR reaction was carried out using a 
thermocycler Eppendorf (Mastercycler® X50).

The amplified DNA fragments were separated on 2.0% 
(w/v) agarose gel by eletrophoresis, in a TBE buffer, and 
detected by staining with Midori Green. To evaluate the 
genetic similarity, a phylogenetic dendrogram was plotted in 
the CLIQS 1D Pro software (TotalLab). Clustering analysis 
was performed using the UPGMA hierarchical grouping 
technique (Unweighted Pair Group Method of Arithmetic 
Means). Measures of genetic uniformity among recovered 
individuals were determined using the dice dissimilarity 
coefficient.

Effect of disinfectants on planktonic bacilli of 
L. monocytogenes. The effect of 8 disinfectants, containing 
following active substances, on 6 L. monocytogenes isolates of 
genetically different profiles and the reference strain ATTC 
7644 was investigated:

D1 – sodium hydroxide (5-<10%), sodium hypochlorite 
(<10%, 5g/100g).
D2 – phosphoric acid (V) (20-<50%), amine (1-<5%), 
hydrochloric acid (1-<5%), didecyldimethylammonium 
chloride (5%), propan-2-ol (1-<5%).
D3 – hydrogen peroxide (20 -<50%), acetic acid (10-<20%), 
peracetic acid (10-<20%).
D4 – nitric acid (V) (20-<50%), phosphoric acid (V) (5-
<10%).
D5 – sodium hypochlorite (<10%; 5.2g/100g), sodium 
hydroxide (-<10%), amines C12–14-alkyldimethyl 
(4.5g/100g), n-oxides (1-<5%).
D6 – didecyldimethylammonium chloride (5g/100g), 
quaternary ammonium compounds benzyl C12–16 
alkyldimethyl, chlorides (4.5g/100g), propan-2-ol (5-
<10%).
D7 – propan-1-ol (45g/100g), propan-2-ol (30g/100g)
D8 – propan-1-ol (50%), propan-2-ol (30%).

Three concentrations of disinfectants were applied: 0.01, 
0.1 and 0.5% (final concentration).

A sample of 20 μl of bacterial suspension (0.5 McFarland 
scale – 7.80 × 107 (±1.66 × 107) CFU × cm–3) in a sterile brain-
heart broth (BHI, Beton-Dickinson) was placed in the 
microtiter plate and 160 μl of the disinfectant was added. 
The effect of the addition of 2 loading substances – bovine 
albumin (0.3% solution in demineralized water) and dried 
blood (0.3% solution in demineralized water) was also 
assessed. For that, 20 μl of bacterial suspension and 20 μl 
loading substance were mixed with 160 μl of disinfectant 
at the concentration given above. The disinfectant action 
was determined after 1 and 5 min. Then, 20 μl of the tested 
sample was transferred into 180 μl of neutralizing solution, 
i.e. nutrient broth (1,000 ml), lecithin (3.0 g l−1), histidine 1 
(1.0 g l−1), anhydrous sodium thiosulphate (7.84 g l−1) and 
Tween 80 (30.0 g l−1) [24], and was incubated for 2 min at 
room temperature. Next, 20μl of the neutralised solution of 
each sample was placed onto Tryptic Soya Agar (TSA, Merck) 
and was incubated for 24h incubation at 37 °C.

Biofilm formation by L.  monocytogenes strains on 2 
surfaces, and the effect of disinfectants on cells in the 
biofilm. The surfaces tested included elements made of 
stainless steel and polypropylene (size: 10  mm×20  mm). 
The fragments were cut using hydroabrasive technology, 
and sterilized by washing with 70% ethanol, rinsing with 
deionized water, drying and irradiation with high energy 
electron beam (25 kGy) (limiting the effect of high temperature 
on surface properties). Suspensions of the previously tested 
L. monocytogenes strains and the reference L. monocytogenes 
strain ATTC 7644 (0.5 McFarland scale) in a sterile brain-
heart broth (BHI, Beton-Dickinson) were prepared. The 
tested surfaces were immersed in such a bacterial suspension 
and transferred to a fresh sterile BHI broth every 24 h (37˚C). 
After 72 h, the surfaces were rinsed twice with buffered saline 
(0.9% PBS; Avantor).

The surfaces covered with a biofilm, were placed in 
disinfectant solutions prepared according to the PN-EN-1276 
norm [25].

Disinfectants were applied for 1 min and 5 min in the 
concentration of 0.5% for D1 – D6 disinfectants (except 
D3 disinfectant, applied on the biofilm formed on stainless 
steel in concentration of 0.3%). Undiluted disinfectants D7 
and D8 were used in the experiment. Exposure times to 
disinfectants were established based on previously conducted 
pre-experimental trials.

The steel and polypropylene fragments were then immersed 
in a neutralizing solution (2 min), transferred into PBS 
and sonicated for 10 min (30 kHz, 150 W). A series 10-
fold dilutions of the suspension in physiological saline were 
plated onto Tryptic Soya Agar (TSA, Merck). After 24–48 h 
incubation at 37 °C, the recovered colonies were counted and 
expressed as the logarithm of the number of colony-forming 
units (CFU) per 1  cm2 of the surface tested. Logarithmic 
declines in the number of L. monocytogenes after disinfectant 
application, relative to the control, were calculated. Each 
experiment was repeated 3 times for all tested strains. As a 
control, hard water was used instead of disinfectant.

Statistical analysis. Mixed models with random effects 
where applied in order to analyze the declines in bacteria 
number, dependent on time, surface and disinfectant type. 
The Maximum likelihood method was applied for estimating 
the variance. All analyses were performed in R software.
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Further statistical analysis was performed using Statistica 
12.0 PL tools (StatSoft). The normality of data distribution 
for the calculated logarithmic declines in the number of 
L. monocytogenes bacilli and the means for all strains tested 
was checked using the Shapiro-Wilk test. A two-way analysis 
of variance (ANOVA with Tukey post hoc test (p ≤ 0.05) 
were used to determine whether the significant differences 
existed between the experimental groups. The surface and 
disinfectant types were considered as the independent 
variables, while the logarithmic decline of bacteria number 
as a dependent variable.

RESULTS

Species identification. Twenty of the strains isolated from 
the analyzed samples were confirmed to be Listeria spp. (14 
from the production hall and 6 from the deli meat packaging 
department). The presence of hlyA and rrs genes was detected 
in 10 isolates (6 from the production hall and 4 from the 
deli meat packaging department), which were classified 
as L. monocytogenes (2.93% of all samples tested) (Tab. 2). 
None of the raw material, semi-final and final meat product 
samples, contained Listeria spp.

Genetic relatedness of L.  monocytogenes strains. The 
analysis of genetic similarity of L. monocytogenes isolates 
revealed the presence of 2 major phylogenetic groups. Six 
genetically different profiles were found. Strains Lm9/ Lm6/
Lm3,/Lm2 and Lm8/Lm7 represented single genotypes 
(Fig. 1).

Results of statistical analysis. The results of using mixed 
models with random effects where applied in order to analyze 
the declines in bacteria number dependent on time, surface 
and disinfectant type is presented in Table 3.

Time 2 has an impact on declines in bacteria number in 
relation to Time 1. Shifting from Time 1 to Time 2 increases 
the decline by 1.88 if the surface and disinfectant are constant.

Surface S has an impact on declines in bacteria number 
in relation to Surface P. Shifting from a Surface P to Surface 
S increases the declines by 0.75 if time and disinfectant are 
constant.

Disinfectant has an impact on declines in bacteria number. 
Changing the disinfectant increases the declines by 0.22 if 
the surface and time are constant.

Effect of disinfectants on planktonic bacilli of 
L. monocytogenes. The most effective anti-isterial agents were 
D1 (sodium hydroxide, sodium hypochlorite), D2 (phosphoric 
acid (V), amine, hydrochloric acid, didecyldimethylammonium 
chloride, propan-2-ol), D5 (sodium hypochlorite, sodium 
hydroxide, amines C12–14-alkyldimethyl, n-oxides) and D6 
(didecyldimethylammonium chloride, quaternary ammonium 
compounds, and propan-2-ol). The majority of these 

Table 2. Characteristic of L. monocytogenes isolates

L. monocytogenes strain Isolation date Sample origin

Lm 1 15.05.18 meat saw grill

Lm 2 04.06.18 smokehouse flooring

Lm 3 04.06.18 smokehouse sewage grate

Lm 4 13.06.18 meat trolley

Lm 5 25.06.18 corridor sewage grate

Lm 6 06.08.18 smokehouse flooring

Lm 7 06.08.18 brinemixer

Lm 8 06.08.18 flooring in containers wash

Lm 9 22.10.18 meat mincer

Lm 10 19.11.18 flooring in pallet (palox)  wash

 Table 3. Results of using mixed models with random effects

Value Value Std.Error DF t-value p-value

(Intercept) 2.35584 0.35089 183 6.71399 0

Factor (Time) 2 1.88142 0.27251 183 6.90399 0

Factor (Surface) S 0.75142 0.27251 183 2.757395 0.00642

Disinfectant 0.2222 0.05811 183 3.82377 0.00018

Value Value Std.Error DF t-value p-value

(Intercept) 2.63227 0.31944 176 8.24028 0

Factor (Time) 2 1.98023 0.20472 176 9.67289 0

Factor (Surface) S 0.85023 0.20472 176 4.15314 5,00E-05

Factor (Disinfectant) 2 -0.60083 0.40044 176 -1.50044 0.13529

Factor (Disinfectant) 3 2.89000 0.40044 176 7.21708 0

Facto (Disinfectant) 4 -0.77125 0.40044 176 -1.92601 0.05571

Factor (Disinfectant) 5 -0.33292 0.40044 176 -0.83138 0.40689

Factor (Disinfectant) 6 -0.34917 0.40044 176 -0.87196 0.38442

Factor (Disinfectant) 7 2.01083 0.40044 176 5.02157 0

Factor (Disinfectant) 8 2.54591 0.43532 176 5.84832 0

Factor (Disinfectant) 9 1.18727 0.65019 176 1.82605 0.06954

Figure 1. Genetic similarity dendrogram of the Listeria monocytogenes isolates
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Table 4. Effect of disinfectants and loading substances on L. monocytogenes planktonic cells
L.

 m
on

oy
to

ge
ne

s s
tr

ai
n

Disinfectant

Control

D1 D2 D3 D4

Time of disinfectant application [min]

1 5 1 5 1 5 1 5

Disinfectant concentration [%]

0.5 0.1 0.01 0.5 0.1 0.01 0.5 0.1 0.01 0.5 0.1 0.01 0.5 0.1 0.01 0.5 0.1 0.01 0.5 0.1 0.01 0.5 0.1 0.01

L 1 S S S S S S S S I S S S S I R S S R R R R S R R R

L 2 S S S S S S S S I S S S S S R S S R I R R S R R R

L 4 S S S S S S S S I S S S S I R S S R R R R S R R R

L 5 S S S S S S S S I S S I S S R S S I R R R S R R R

L 7 S S I S S I S S I S S I S S R S S I I I R S I R R

L 10 S S S S S S S S I S S I S S R S S I I R R S R R R

Disinfectant+loading substance: 0.3% albumine

L 1 I S R S S R S S R S S R I S R S S I R R R S R R R

L 2 I R R S R R S S R S S R S I R S S I R R R S R R R

L 4 S R R S R R S S R S S R S S R S S I R R R S R R R

L 5 I R R S R R S I R S S R S S R S S S R R R S R R R

L 7 I R R S R R S I R S S R S S R S S R R R R S R R R

L 10 S R R S R R S S R S S R S S R S S S R R R S R R R

Disinfectant+loading substance: 0.3% blood

L 1 S S R S S R S S I S S I S S R S S R R R R S R R R

L 2 S S R S S R S S R S S I S S R S S R R R R S R R R

L 4 S S R S S R S S R S S I S S R S S R R R R S R R R

L 5 S S R S S R S S R S S I S S R S S R I R R S I R R

L 7 S S R S S R S S I S S I S S R S S R R R R S I R R

L 10 S I R S I R S S I S S I S S R S S R R R R S I R R

L 1 S S S S S S S S S S S S S R I S S S R R R S R R R

L 2 S S S S S S S S S S S S S S I S S S S S R S S R R

L 4 S I S S S S S S S S S S S I R S I I S S R S S R R

L 5 S S S S S S S S I S S S S S R S S I S S R S S I R

L 7 S I S S S S S S I S S S S S R S S I S I R S S R R

L 10 S S S S S S S S I S S S S I R S S I S S R S S R R

Disinfectant+loading substance: 0.3% albumine

L 1 S R R S R R S S R S S R S S R S S I S S R S S R R

L 2 I R R S R R S S R S S R S S R S S S S S R S S R R

L 4 I R R S R R I S R S S R S S R S S I S S R S S R R

L 5 I R R S R R S S R S S R S S R S S S S S R S S R R

L 7 I R R I R R S S R S S R S I I S S S S S R S S R R

L 10 S R R S R R S S R S S R S S I S S S S S R S S R R

Disinfectant+loading substance: 0.3% blood

L 1 S S R S S R S S R S S I S S S S S S S S R S S R R

L 2 S S R S S R S S I S S I S S I S S S S S R S S R R

L 4 S I R S S R S S I S S I S S I S S S S S R S S R R

L 5 S S R S S R S S R S S I S S R S S I S S R S S R R

L 7 S S R S S R S S I S S S S S R S S I S S R S S R R

L 10 S S R S S R S S I S S S S S R S S I S S R S S R R

S – susceptible, I – intermediate, R – resistant
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disinfectants inhibited almost all L. monocytogenes strains 
tested at concentrations of 0.5% and 0.1%, irrespective of the 
time exposure. The addition of albumin and blood decreased 
the effectiveness of D1 and D5 agents at concentrations 0.1 
and 0.01%. In the case of D2 and D6 disinfectants, albumin 
addition resulted in lower anti-listerial efficiency at 0.01% 
concentration (Tab. 4).

The lowest susceptibility of L. monocytogenes strains was 
recorded for D4 disinfectant (nitric acid (V), phosphoric acid 
(V), which reduced bacilli only at the highest concentration 
of 0.5%. The addition of albumin and blood did not affect 
its efficacy (Tab. 4).

Effect of disinfectants on L. monocytogenes cells in biofilm. 
All the disinfectants applied in the study reduced the number 
of L. monocytogenes cells in the biofilm formed on the tested 
surfaces. Both the surface type and time of disinfectant 
exposure affected the level of bacterial reduction (Fig. 2).

Regardless of the disinfectant composition, after 1 minute 
exposure, a higher anti-listerial activity was observed on 
the steel surface. However, for almost all of disinfectants 
tested (except D6), no significant differences were noticed 
between the steel and polypropylene. The best efficacy was 
observed for D3 (containing hydrogen peroxide, acetic acid, 
peracetic acid), D7 and D8 (containing propan-1-ol, propan-
2-ol). The decrease in bacilli number ranged from 5.99–
6.93 log CFU × cm−2 and from 5.21–6.7 CFU × cm−2 for the 
steel and polypropylene, respectively, and was significantly 
higher compared to all other compounds. In turn, the lowest 
reduction in the L.  monocytogenes number after 1-min 
exposure was reported for D4 disinfectants (containing 
nitric (V) and phosphoric acids) and hardly exceeded 1 log 
CFU × cm−2 (Fig. 2).

The extension of disinfectant exposure increased 
the reduction of bacterial cells in the biofilm. Five of 8 

agents tested demonstrated higher effectiveness against 
L.  monocytogenes  on steel surface, but significant 
differences were noted only for 1 disinfectant – D6 
(didecyldimethylammonium chloride, QAC). The greatest 
efficiency of the tested compounds after 5 min contact on both 
surfaces was observed for D3, D7 and D8 disinfectants. The 
highest logarithmic decrease in the number of bacilli (7.21 log 
CFU × cm−2) was recorded in the case of D3 disinfectant on 
a polypropylene surface (Fig. 3).

DISCUSSION

L. monocytogenes is a pathogen posing a threat to consumers 
due to its presence in food processing plants, and the high 
mortality rate for listeriosis. Among the main sources of 
L. monocytogenes are meat and sausages. Five deaths related 
to L. monocytogenes isolated from pig meat were reported 
in Germany and the Netherlands in October 2019 [26]. The 
presence of L. monocytogenes in meat processing plants has 
been noted by many researchers [27, 28]. The main source 
of the bacteria was the raw materials delivered to the plant. 
Since insufficient cleaning and disinfection procedures did 
not eliminate L.  monocytogenes, transmission within the 
production hall occurred, resulting in the increased risk of 
secondary contamination of the final products [28]. Cleaning 
and disinfection procedures, especially in hard-to-reach 
places, are often insufficient to eliminate microorganisms 
from the food processing environment. In the current 
study, 20 strains of Listeria spp. were isolated, 14 from 
the production hall and 6 from the deli meat packaging 
department. L. monocytogenes strains, whose presence was 
confirmed in 2.93% of all samples tested, were also isolated 
only from production areas – 6 from the production hall and 
4 from the deli meat packaging department. No Listeria spp. 

Figure 2. Logarithmic reduction of L. monocytogenes count (average values for all tested strains) after 1-minute exposure of various disinfectants in the biofilm formed 
on the steel and polypropylene surfaces (a, b, c, …- values marked with different letters differ statistically significantly), D1- sodium hydroxide (5 -<10%), sodium 
hypochlorite (<10%, 5g/100g); D2 – phosphoric acid (V) (20-<50%), amine (1-<5%), hydrochloric acid (1-<5%), didecyldimethylammonium chloride (5%), propan-2-ol 
(1-<5%); D3 – hydrogen peroxide (20 -<50%), acetic acid (10-<20%), peracetic acid (10-<20%); D4 – nitric acid (V) (20-<50%), phosphoric acid (V) (5-<10%); D5 – sodium 
hypochlorite (<10%; 5.2g/100g), sodium hydroxide (-<10%), amines C12–14-alkyldimethyl (4.5g/100g), n-oxides (1-<5%); D6 – didecyldimethylammonium chloride 
(5g/100g), quaternary ammonium compounds benzyl C12–16 alkyldimethyl, chlorides (4.5g/100g), propan-2-ol (5-<10%); D7 – propan-1-ol (45g/100g), propan-2-ol 
(30g/100g); D8 – propan-1-ol (50%), propan-2-ol (30%)
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strains were not found in raw materials and final products 
during the study. In turn, Skowron et al. (2020) isolated 127 
strains of L.  monocytogenes from 6,000 surface swabs of 
poultry, pork and beef (2016–2018).

An important issue significantly affecting determination 
of the proper sanitary procedures, and thus the reduction of 
cross-contamination, is the assessment of genetic similarity 
between strains isolated within a processing plant. Martin 
et al. [29], analyzing 18 meat plants, detected persistent strains 
of L. monocytogenes (106 isolates) in the raw material, RTE 
products and food contact surfaces. In this study, RAPD-PCR 
confirmed the presence of the same genotype on the floor of 
the smokehouse at an interval of 2 months. L. monocytogenes 
can persist in the food production environment even for a few 
years. This may be due to the permanent recontamination 
with the pathogen from the external environment or high 
survival of Listeria strains in the food processing plant. The 
survival in such an environment is frequently associated with 
an irregular structure of the surface (microslots, cracks), and 
the ability of bacteria to form biofilm [16, 28, 30, 31].

An effective disinfection procedure is based on the correct 
selection of a disinfectant, its concentration and contact time. 
Testing the antimicrobials action against pathogens begins 
with planktonic forms of bacteria. In the presented study, 
the best activity against planktonic bacteria, after 1 and 5 
min contact, was shown by disinfectants D1, D2, D5 and 
D6. The increased time of the exposure resulted in a higher 
reduction of bacteria in the case of D4 and D7 agents. The 
high efficacy of sodium hypochlorite, the main component 
of D1 and D5, applied against both planktonic and biofilm 
forms of Listeria, was also noted by Cabeça et al. [32]. The 
positive correlation between antibacterial efficiency and 
prolonged time of disinfectant action has been confirmed 
by other researchers [33, 34].

In the present study, L.  monocytogenes strains were 
isolated from the environment of a meat processing plant 
where residues of the production process, such as blood 
or meat juice, were present. The addition of blood to the 
growth medium reduced the anti-listerial action of the most 
disinfectants applied at low concentrations. Wiktorczyk et al. 
[35] noticed that a 20% addition of sheep blood significantly 
increased the number of bacteria from the biofilm. In contrast, 
Addeen et al. [34] reported that medium supplementation 
with the blood did not change the bacteria number. In the 
current study, the addition of albumin reduced the efficacy 
of sodium hydroxide and sodium hypochlorite (D1, D5) 
against planktonic forms of bacteria. Skowron et al. (2019) 
showed that in the case of higher availability of nutrients 
in the environment where the biofilm was formed, it was 
more sensitive to disinfection. In turn, Kyoui et al. (2016) 
showed that biofilm formed in conditions of increased 
availability of nutrients is characterized by greater resistance 
to disinfectants. The meat processing environment is rich in 
blood and meat imprint, and this aspect should be taken into 
account when selecting a disinfectant.

The biofilm structure makes the eradication of bacteria 
from such a community much more difficult than their 
planktonic forms [16, 36, 37, 38]. It has been shown (Smith 
and Hunter, 2008), that bacterial cells in the biofilm structure 
differ phenotypically from cells in the planktonic form, 
especially in the degree of resistance to disinfectants. The 
bacterial resistance to antimicrobials in biofilm might be 
even 10–1,000 times higher [39]. The biofilm formation 
affects bacterial resistance to stress factors, including the 
disinfectants used to limit microbiological contamination 
of  the food processing environment, thereby becoming 
a serious problem for food safety [37, 40]. Resistance of biofilm 
to disinfectants varies depending on its structure, maturity, 

Figure 3. Logarithmic reduction of L. monocytogenes count (average values for all tested strains) after 5-minute exposure of various disinfectants in the biofilm formed 
on the steel and polypropylene surfaces (a, b, c, …- values marked with different letters differ statistically significantly), D1- sodium hydroxide (5 -<10%), sodium 
hypochlorite (<10%, 5g/100g); D2 – phosphoric acid (V) (20-<50%), amine (1-<5%), hydrochloric acid (1-<5%), didecyldimethylammonium chloride (5%), propan-2-ol 
(1-<5%); D3 – hydrogen peroxide (20 -<50%), acetic acid (10-<20%), peracetic acid (10-<20%); D4 – nitric acid (V) (20-<50%), phosphoric acid (V) (5-<10%); D5 – sodium 
hypochlorite (<10%; 5.2g/100g), sodium hydroxide (-<10%), amines C12–14-alkyldimethyl (4.5g/100g), n-oxides (1-<5%); D6 – didecyldimethylammonium chloride 
(5g/100g), quaternary ammonium compounds benzyl C12–16 alkyldimethyl, chlorides (4.5g/100g), propan-2-ol (5-<10%); D7 – propan-1-ol (45g/100g), propan-2-ol 
(30g/100g); D8 – propan-1-ol (50%), propan-2-ol (30%)
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and the surface type on which it is formed [4, 42, 43, 44]. 
Doijad et  al. [17] found  that  L.  monocytogenes is able to 
form biofilm within 24 hours on the majority of materials 
used in food processing plants, including stainless steel, 
polyethylene, polyvinyl chloride, glass and ceramics. In 
turn, Skowron et al. [21] noted the ability to form biofilm 
by L. monocytogenes on surfaces of rubber, stainless steel, 
polypropylene and aluminum foil after 24 hours. Poimenidou 
et al. [45] stated that the type of surface affects the formation 
of biofilm by L. monocytogenes. They showed that the average 
number of cells in the biofilm on the surface of polystyrene 
(5.6 log CFU × cm-2) was higher than on stainless steel 
(4.7 log CFU × cm-2) [45]. Thus, biofilm synthesis plays an 
important role in bacteria transfer from the surface to food 
products [37]. In the present study, the highest efficacy against 
biofilm, formed on both stainless steel and polypropylene 
surface, was observed for agents containing hydrogen 
peroxide (D3). The reduction of bacteria number was 6.93 
and 6.70  log CFU × cm-2 after 1-minute application, and 
6.93 and 7.21  log  CFU × cm-2 after 5-minute application, 
for stainless steel and polypropylene surfaces, respectively. 
This supports the research of Skowron et  al. [46]. Earlier 
studies by Lineback et al. [47] and Zineb et al. [48] showed 
the effectiveness of these agents also against Pseudomonas 
aeruginosa, Staphylococcus aureus, Staphylococcus warneri 
and Staphylococcus sciuri biofilms. Moreover, Boyce et al. 
[49] found a lower risk of recontamination of such treated 
surfaces compared to the use of quaternary ammonium 
compounds.

In turn, the lowest reduction in the L.  monocytogenes 
number after 1 min exposure was reported for D4 disinfectants 
(containing nitric (V) and phosphoric acids). Similar results 
were obtained by Best et al. [50] which showed that phosphoric 
acid was ineffective against L. monocytogenes. The results of 
this study prove that for the majority of disinfectants the 
extension of time exposure increased bacteria elimination 
from the biofilm. Similar tendency observed Bas et al. [42]. 
In our study the greatest difference in the bacteria number 
reduction between 1- and 5-minute exposure was observed 
for the disinfectant D4 containing nitric and phosphoric 
acids, whereas the time extension did not influence activity 
of the agent D3. Hence, the extended action of disinfectants 
may reduce disinfection costs and limit the risk of food 
recontamination.

An important aspect is also the influence of temperature 
on the effectiveness of disinfection. The current study was 
conducted at room temperature. Similar results were obtained 
by Ren and Frank (1993), who obtained high effectiveness of 
benzalkonium chloride in combating the biofilm produced 
by L. monocytogenes at 21 °C. In turn, Skowron et al. (2019) 
showed that biofilm is susceptible to disinfectants with 
increasing temperature.

The person in charge of the cleaning and disinfection in 
the processing plant must take into account the prevalence 
of biofilm formation by microorganisms, its structure, and 
differentiated resistance to disinfectants. It is advisable 
to periodically change the active substance of a given 
disinfectant and checking its effectiveness.

CONCLUSION

The research aimed at the possibilities of L. monocytogenes 
control and elimination in the meat production environment. 
The appropriate disinfection procedures adjusted to specific 
production conditions may effectively reduce the risk of 
listeriosis – one of the most serious food-borne disease. It 
is proven that the chemical agents commonly recognized 
as being effective, may not act on the resistant pathogens 
or the bacteria in biofilm [16, 38, 40, 44]. In turn, inefficient 
disinfection might lead to VBNC [viable but non-culturable] 
bacteria affecting the reliability of microbiological analyses 
during monitoring of the sanitary state of the production 
environment [51].

The study shows that for the majority of disinfectants the 
extension of time exposure increased bacteria elimination 
from the biofilm. Since the elimination of the biofilm structure 
is a problem of special importance for food producers, they 
should consider the prolongation of disinfectants contact 
time as an important factor reducing the risk of food 
recontamination.

Despite the fact that the presence of animal blood and 
meat proteins in the meat production environment appears 
to be natural, only a few studies have analysed the effect 
of blood or albumin on L.  monocytogenes resistance to 
biocides used for disinfection purposes. The most novel 
and important findings in the study were that the addition 
of blood to the growth medium resulted in the reduction of 
the anti-listerial action of most of the disinfectants applied 
at low concentrations. The presence of albumin reduced 
the efficacy of sodium hydroxide and sodium hypochlorite 
against planktonic forms of L. monocytogenes.

The authors believe that the results obtained will enable 
meat producers to reduce significantly the risk of Listeria 
contamination in meat processing plants.  Nonetheless, 
further studies on the effective eradication of this pathogen 
from food plants is of great importance.
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