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The risk of pathogen contamination and growth is one of the main safety concerns associated with fresh-cut produce, as
highlighted by the increasing number of produce-linked foodborne outbreaks in recent years. The pathogens of major
concern in freshcut produce are Listeria monocytogenes, pathogenic Escherichia coli, and Salmonella spp. Listeria
monocytogenes is able to grow and multiply in vegetables packaged and stored in modified atmosphere. Biofilms formed
by Listeria monocytogenes pose a serious threat to the safety of fresh cut produce as they can persist for long periods of
time in the food processing environment and thus represent a source of recurrent contamination. Moreover the occurrence
of naturally formed biofilms on fresh produce has been demonstrated. In this article the microbiological safety of fresh-cut
produce and factors affecting Listeria monocytogenes survival and growth on fresh-cut produce are discussed. Moreover,
the structure and physiology of Listeria monocytogenes biofilms are reviewed.
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1. Introduction
The definition of fresh cut produce is very broad as it includes any fresh cut fruit or vegetable or any combination
thereof that has been physically altered (cut, sliced, peeled, diced etc.) but remains in the fresh state. Fresh cut produce
has become increasingly popular as consumers perceive it as being healthy, tasty, convenient, and fresh. Fresh-cut
products are attractive to consumers because they offer uniform piece size, reduced preparation time and the product is
entirely usable. All these factors have led to the rapid growth of this industry. Fresh cut produce may represent a food
safety concern because contrary to other food processing techniques such as drying or canning, fresh-cut processing
does not preserve the produce as it does not include any effective microbial elimination step. Fresh-cut products are
stored at refrigeration temperature because they are even more perishable than the whole products from which they are
derived, due to potential contamination during processing and greater nutrients availability. Listeria monocytogenes is a
pathogen of particular concern for fresh cut produce safety as it may cause severe illness and is able to grow at
refrigeration temperature [1]. The genus Listeria consists of a group of Gram-positive bacteria of low G+C content
closely related to Bacillus and Staphylococcus [2]. Listeria monocytogenes is a rod shaped, non-spore -forming, Gram
positive, facultative anaerobic bacterium [3]. Cells are typically 0.4 μm in diameter and 0.5 – 2 μm in length. They are
motile by means of peritrichous flagella when cultured below 25 °C [3]. L. monocytogenes is ubiquitous although its
prevalence in the environment is not high [4]. L. monocytogenes has been isolated from soil, water, sewage, a large
variety of vegetables, and the feces of humans and animals [5]. L. monocytogenes grows across a broad pH range (4.39.8) and tolerates low water activities (aw 0.91) while being able to grow at temperatures around 4°C [1]. Moreover, it
can grow in aerobic modified atmospheres also with competitive microorganisms [6]. Listeria monocytogenes is the
causative agent of listeriosis. Pregnant women, neonates, the elderly, and immunosuppressed individuals are
particularly susceptible to this infection. During the early stages, human listeriosis often displays non-specific flu-like
symptoms and gastroenteritis. However, if not treated, it can develop into septicaemia, meningitis, encephalitis,
abortion and, in about 30% of cases, death [7].

2. Listeria monocytogenes in fresh cut produce
Listeria monocytogenes has been isolated from a wide variety of raw vegetables including potatoes, cabbage, cucumber,
tomato radish and others [8, 9, 10]. It has also been demonstrated that L. monocytogenes is able to actively proliferate
on several vegetables including celery, lettuce, corn, asparagus and broccoli [11, 12, 13, 14], while other vegetables
such as fennel, carrots and tomatoes have been shown to be a poor substrate for growth of this bacterium. It has also
been demonstrated that Listeria monocytogenes is able to grow and multiply in vegetables packaged and stored in
modified atmosphere [11, 15, 16]. These findings, with the additional risk posed by cross-contamination during
processing, have raised concern regarding contamination of fresh cut produce. Several studies have been conducted to
assess the prevalence of L. monocytogenes in fresh cut minimally processed vegetables. Lin and colleagues [17] found
that only one out of 63 salad samples purchased in Florida were contaminated by Listeria monocytogenes. Little and
colleagues [18] isolated Listeria monocytogenes from 4.8% of analysed ready-to-eat salads. During a study conducted
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in Spain [19]. L. monocytogenes was isolated from 4.28% of fresh cut broccoli and spinach packaged under modified
atmosphere. Evaluation of prevalence of L. monocytogenes in 512 packages of fresh cut vegetables purchased in São
Paulo (Brazil) led to 3.1% of positive results [20]. A meta-analysis of studies on unprocessed and minimally processed
vegetables revealed an average contamination by Listeria monocytogenes around 2.63 cfu/g and a frequency of
concentrations greater than 100 cfu/g, which was lower than 1% [21]. Despite data indicate a low prevalence (Table 1)
and low concentrations of L. monocytogenes in minimally processed vegetables and fresh produce, consumption of
these products has been linked to outbreaks of listeriosis in various nations.
Table 1 Prevalence of Listeria monocytogenes in fresh cut produce and fresh vegetables [22].

Product
Cabbage
Lettuce
Cabbage
Lettuce
Cabbage and herbs
RTE salad
Leafy salads
Fres cut lettuce

Year
1988
1995
2000
2000
2003
2003
2006
2006

Country
USA
Costa Rica
USA
Norway
USA-Mexico
UK
Brasil
Spain

Prevalence (%)
1.1
3.8
3.0
0.5
1.0
< 1.0
<1.0
3.4

3. Outbreaks of listeriosis linked to consumption of fresh produce
For a long period of time scientists have shown lack of concern about fresh cut produce, and vegetables in general, as a
source of listeriosis. This is possibly due to the fact that vegetables grown in industrialized countries had rarely been
linked to any kind of bacterial foodborne illness. Things changed during the 1980s. In Table 2, the most important
references linked to listeriosis outbreak associated with fresh and minimally processed vegetables are reported. The first
listeriosis outbreak which was clearly linked to consumption of fresh cut vegetables occurred in Canada in 1981 [23].
Coleslaw was individuated as the source of infection, and L. monocytogenes strain 4b was isolated from the blood of
patients. Ho and colleagues highlighted epidemiological association (without microbiological confirmation) of an
outbreak of listeriosis involving 23 persons from eight Boston hospitals in 1979 to the consumption of raw celery,
tomatoes and lettuce [24]. More recently sporadic cases of listeriosis in England and Wales were associated with the
consumption of pre packed mixed salad vegetables and mixed salads [25, 26]. In the USA, cases of hospital-acquired
listeriosis have been caused by contaminated diced celery [27] and consumption of cantaloupe melon caused a
multistate outbreak resulting in several deaths and one case of miscarriage [28].
Table 2 Listeriosis outbreaks linked to consumption of fresh produce.

Country
Canada
USA
UK
UK
USA
USA

Year
1981
1979
2010
2010
2010
2011

Vehicle
Coleslaw
Celery, lettuce
Mixed salad
Mixed salad
Celery
Cantaloupe melon

Reference
[23]
[24]
[25]
[26]
[28]
[27]

4. Biofilms and fresh cut produce
Fresh cut produce show higher rate of contamination from Listeria monocytogenes compared to the whole products
from which they are prepared. This finding has been attributed to cross contamination of the pathogen during
processing phases [29, 30]. Biofilms formed by Listeria monocytogenes pose a serious threat to the safety of fresh cut
produce as they can persist for long periods of time in the food processing environment and thus represent a source of
recurrent contamination [31]. Moreover the occurrence of naturally formed biofilms on fresh produce has been
demonstrated [32, 33]. According to Lindow and Brandl [34] biofilms may account for up to 80% of the total microbial
population on plant surfaces. The main aspects of biofilms and strategies employed for elimination of biofilms from
food contact surfaces will be reviewed in the following sections.
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5. Listeria monocytogenes and biofilm formation
Biofilms have been observed and described in many microbial ecosystems since the invention of microscopy. Despite
this, a general theory regarding their importance was not elaborated until 1978 [35]. The definition of biofilm has
constantly evolved over the past three decades and several theories have been proposed. Presently, it is widely accepted
that biofilms consist in microbial sessile communities characterized by cells that are irreversibly attached to a
substratum or interface or to each other, embedded in a matrix of extracellular polymeric substances, mainly
polysaccharides, and with an altered phenotype (particularly, growth rate and gene transcription) compared to
planktonic cells [36]. In vitro biofilm formation can be divided into key steps in which reversible attachment of freely
moving bacteria to a surface is followed by irreversible binding to the surface, growth of microcolonies and production
of a polymer matrix [37]. The next step is the maturation of the biofilm in a three- dimensional structure often showing
water filled channels and tower-like or mushroom-like structures. Finally, some bacteria detach from the biofilm and
are dispersed in the environment, thus allowing colonization of other surfaces [38, 39]. It has been suggested that
biofilm may represent the default mode of growth for several bacterial species in natural environments as they provide
defense from chemical and physical stresses and represent a mechanism to stably colonize a favorable niche, exploiting
the benefits of gene transfer and division of metabolic burden [40]. As cited above, cells growing in biofilms show
several differences compared to planktonic cell. Biofilms generally show slower growth rate, variation in the
transcriptome [36], increased conjugation rate [41] and, most importantly, an enhanced resistance to biocides and
antibiotics [42, 43]. Biofilms occur on a wide variety of surfaces, including living tissues [36], industrial equipments
and food processing surfaces, such as conveyer belts, plastic an stainless steel equipment [44, 45, 46]. Since bacterial
cells can be easily transferred from biofilms to food products, biofilms formed by pathogens, such as Listeria
monocytogenes are of particular concern for food industries.
It has been demonstrated that Listeria monocytogenes can grow and form biofilms on several food processing
surfaces including rubber, plastics, glass and stainless steel [44, 45]. Biofilms of listeria protect cells from the action of
antimicrobials and sanitizers [47, 48], potentially allowing long term persistence of the microorganism in the food
processing environment. This evidence suggests that Listeria monocytogenes biofilms represent a threat to food safety,
as bacteria can be transferred to food products when they come into contact with biofilms [31, 49]. For this reasons it
appears critical to detect and remove L. monocytogenes biofilms in food processing environments in order to improve
food safety.

6. Structure and physiology of Listeria monocyogenes biofilms
Several techniques have been employed to investigate the structure of L. monocytogenes biofilms. Among them SEM
[50], epifluorescence microscopy [51] and confocal laser scanning microscopy (CLSM) are the most widely used [52].
In static incubation conditions it has been observed that, depending on the strain tested, L. monocytogenes biofilms may
consists of honey comb-like structures [53], three-dimensional mushroom shaped structures with water filled channels
and pores, or more simple structures including monolayers [50, 52, 54]. In contrast, studies conducted in flow cells
(dynamic conditions) have highlighted the presence of grossly spherical microcolonies surrounded by a network of
chains [55].
Biofilm formation is a highly complex process which requires an extensive variation of gene expression and,
consequently, major physiological changes. This process has been shown to be influenced by several environmental
factors, including temperature, pH, osmolarity, exposure to bile salts, static versus dynamic growth conditions and
nature of the colonized surfaces [45, 46, 55, 56, 57]. In food processing environments, biotic factors may also influence
biofilm formation by L. monocytogenes. Resident microorganisms and biofilms can have both positive and negative
effects on L. monocytogenes biofilm formation [58]. The inhibition of biofilms may be based on the secretion of
antimicrobial agents [59, 60] or on competition for important nutrients [61]. Conversely the presence of some bacterial
species, including Pseudomonas fragi and Staphylococcus aureus, can enhance biofilm formation by L. monocytogenes
trough mechanisms that have not been clearly disclosed, but may involve small secreted peptides [62, 63] .
Several molecular determinants are involved in biofilm formation at different stages both in L. monocytogenes and
other bacterial species. Among them a major role in L. monocytogenes biofilm formation would be played by flagella,
quorum sensing systems and extracellular DNA.
Flagella are very important for biofilm formation in several bacterial species [39]. In L. monocytogenes immobilized
flagellum and flagellum minus mutants show biofilm-defective phenotype compared to wild-type bacteria, thus
suggesting flagella mediated motility may play an important role in biofilm formation [64]. PrfA, an important
virulence factor and flagellar biosynthesis regulator has also been shown to be involved in the regulation of biofilm
formation [65].
Quorum sensing systems involved in L. monocytogenes biofilm formation include the LuxS system and the peptide
based agr system whose components are encoded by operon agr. Mutants of luxS gene show enhanced biofilm
formation compared to parental strains in L. monocytogenes. It has been suggested that luxS may contribute to inhibition
of biofilm formation converting S-ribosyl homocysteine to the autoinducer molecule Ai-2 [66]. Even if agr-dependent
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mechanisms allowing biofilm formation have not yet been elucidated, it has been demonstrated that adhesion and early
stages of biofilm formation are affected by mutations of agrA and agrD genes in L. monocytogenes [67].
The extracellular matrix in which biofilm forming bacteria are embedded is an extremely complex mixture of several
substances which usually includes extracellular DNA (eDNA). As for several other bacterial species, it has recently
been shown that eDNA plays an important role in L. monocytogenes biofilm formation [68].
Detachment of cells or cellular aggregates is the final stage of biofilm development and allows dispersion of
microorganisms and colonization of new surfaces. Mechanisms of detachment from biofilms have not been clearly
disclosed but different theories have been proposed. Cells may detach from biofilms as a result of cell growth and
division or clusters may be removed due to external forces [36]. Detachment may result from the activity of
bacteriophages [69] or the use of type IV pili to climb biofilms [43]. Finally detachment regulating systems based on
catabolic repression, production of specific enzymes and rhamnolipids have also been proposed [70, 71, 72].

7. Biofilm formation and food industry: a critical point for the food safety
The food industry should always ensure the microbiological safety of the products. This dogma is especially true in
minimally processed foods, such as fresh-cut vegetables, in which the absence of heat treatment does not contribute to
inactivate potentially pathogenic microorganisms. Since any occurring microbial contamination during production,
processing, packaging and transport can not be reduced by thermal treatment the biofilm formation is a key concern in
the rising market of fresh-cut [73]. The ability of some microorganisms, including the pathogenic L. monocytogenes, to
settle on the surfaces of food processing plants is well known to represent a strategy to survive in an unfriendly
environment. Furthermore, it must be considered that some factors typically occurring in the food processing such as
moisture loss, deposits of soil or debris on the surfaces, could assist the biofilm formation by microorganisms
proceedings from both raw materials and in situ contaminations. Undoubtedly, the risk assessment and reduction related
to the occurrence of L. monocytogenes biofilms may constitute an important expense for the enterprises. Therefore, an
optimized management of the food-processing plant should consider the prevention strategies as the most effective
approach. In particular, the proper design of food contact equipment is often the first strategy to counteract the biofilm
formation. Materials for industrial installations should always be preferred with smooth rather than irregular surfaces.
Indeed, roughened materials expose a greater surface area to the microorganisms, being the depressions the more
favorable sites for colonization [74, 75, 76]. For the same reason, food contact materials should be resistant to corrosion
and damage in order to avoid cracks or scratches. Moreover, the installations should be free of sharp edges and overall
its surfaces always easily cleanable, allowing the “clean in place”, a system including jetting and spraying of the
surfaces with an increased turbulence and flow velocity without the manual involvement of the operator [77]. A good
cleaning process should remove any food residues and other compounds that may promote bacteria proliferation and
biofilm formation [78]. In addition, the cleaning flush should be carried out in a way that can break-up or dissolve the
exopolysaccharide matrix associated with the biofilms so that disinfectants can gain direct access to the bacteria cells
[77]. Gião and Keevil [79] demonstrated that water flow does not have the same efficiency in removing cells from
different material surfaces, emphasizing the need to optimize cleaning and sampling procedures by considering the
conditions in which cells attach to surfaces and the physico-chemical characteristics of the surfaces.
It is well known that biofilm formation is strongly affected by the hydrophobic or hydrophilic interactions between
microbial cell charge and contact surfaces so that great care should be taken in the choice of materials for installations.
Materials most commonly used in the food industry can be hydrophilic, such as stainless steel and glass, or
hydrophobic, for example polymeric materials [80, 81]. Several authors are presently investigating relationships
between biofilms and synthetic surfaces in order to provide important insights that could lead to new strategies to
remediate and avoid listerial biofilm formation in the food industry. However, probably depending on the several
factors involved in biofilm formation and different methods applied, their conclusions are often divergent. Thus,
Rodríguez and co-authors [82], suggested that Listeria biofilms may adhere more tightly to hydrophobic surfaces than
hydrophilic surfaces when measured at a cellular level. In contrast, Di Bonaventura and co-authors [45], found that
biofilm levels of L. monocytogenes were significantly higher on glass at 4, 12 and 22°C, compared to polystyrene and
stainless steel, while at 37°C, the same strain produced biofilm at significantly higher levels on glass and stainless steel,
compared to polystyrene. The same authors reported a positive correlation between hydrophobicity and heat suggesting
that the biofilm formation is significantly influenced by temperature, probably due to modification of the cell surface
hydrophobicity [45]. Recently, Choi et al. [83] observed that biofilm formation of L. monocytogenes on polystyrene
surfaces was not significantly affected by the temperature, but the hydrophobicity of L. monocytogenes was influenced
by addition of glucose and sodium chloride at 37°C. In another study, Xu et al. [84], showed an increased ability to selfaggregation and biofilm development in L. monocytogenes when incubated at high NaCl concentrations (4% to 10%),
while, at the same experimental conditions, the hydrophobicity of the strain declined.
The most frequently employed chemical agents for sanitation procedures are strong oxidizing agents with a broad
antimicrobial spectrum: hypochlorous acid, chlorine, iodine, ozone, hydrogen peroxide, peroxyacetic acid, quaternary
ammonium chloride and anionic acids [85, 86, 87]. The effectiveness of these methods on L. monocytogenes biofilm
eradication was studied and compared at different experimental conditions in order to establish the best treatment for
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specific claims [51, 88, 89, 90, 91]. Nonetheless, new formulations have been recently proposed. For example, although
the applications of chlorine dioxide (ClO2) often refers to aqueous solutions, among innovative sanitation procedures,
gaseous ClO2 shows better potential to decontaminating food contact surfaces. Recent research works demonstrated the
efficacy of gaseous ClO2 to reduce the growth of L. monocytogenes planktonic cells and biofilms at room temperature
on stainless steel coupons on ready-to-eat meat processing equipment [90, 92], suggesting that this approach could be
used in the fresh cut vegetable industry as well. In order to investigate new approaches to control the biofilm formation
in the food industry, Park et al. [93], reported on the effect of aerosolized sanitizers on the inactivation of different
microbial pathogens including Listeria monocytogenes biofilms. With the same aim, Chorianopoulos et al. [94],
proposed the use of nanostructured titanium dioxide combined with UVA irradiation as an alternative means for
Listeria monocytogenes biofilm disinfection in food processing. In alternative to conventional chemical-based
strategies, physical methods such as irradiation or ultrasound have also been reported as effective techniques against
both biofilm and planktonic cells [86].
However, in the last years, the increasing consumers attitude to avoid chemicals and to prefer environment- friendly
treatments, is addressing new green emerging strategy. These approaches open always more original and
innovative perspectives. For example it is known that surfactants are chemical products usually utilized for cleaning
food contact surfaces modifying its hydrophobicity and thus affecting cell adhesion [95]. In the last years,
biosurfactants, surface- active compounds of microbial origin, attracted the attention due to their low toxicity and high
biodegradability compared to synthetic surfactants [96]. Rhamnolipid and surfactin, respectively a glycolipid produced
by Pseudomonas aeruginosa and a lipopeptide from Bacillus subtilis were investigated to prevent the adhesion of L.
monocytogenes on different pre-conditioned surfaces such as stainless steel, polypropylene, polystyrene [97, 98].
Recently, Zezzi do Valle Gomes and Nitschke [99] demonstrated that the pre-conditioning with the biosurfactants
rhamnolipid and surfactin can delay the adhesion of food pathogenic bacteria even reducing the hydrophobicity of a
polystyrene surface. The same biosurfactants also showed an interesting potential as agents to disrupt pre-formed
biofilms of L. monocytogenes, being surfactin more efficient than rhamnolipids. With a similar approach, Borges and
coauthors [100], proposed that isothiocyanates from vegetables origin can be an eco-innovative intervention strategy to
prevent and control biofilms, with immediate potential application in the food sector. These authors demonstrated that
isothiocyanates are able to inhibit planktonic bacterial growth, cell motility and to change cell surface properties, also
affecting E. coli, L. monocytogenes, P. aeruginosa and S. aureus biofilm formation. Orgaz et al. [101], have recently
investigated the effect of chitosan, a polysaccharide industrially derived from partial deacetylation of chitin with
recognized antimicrobial properties against planktonic cell growth, on already established biofilms. Their results
indicated a 6-log cell reduction after the exposition of L. monocytogenes biofilms to 1% native chitosan for 60 min at
20°C, suggesting its usage in solution or as surface coating.
Another emerging approach is the utilization of different essential oils as anti-biofilms agents. Essential oils are
volatile compounds that are formed by aromatic plants as secondary metabolites. These molecules have been
extensively reported for their antimicrobial activity and potential applications in foods [102]. Nonetheless, essential oils
are characterized by a strong aroma which makes their usage in the food industry problematic from a sensorial
point of view. However, since these are aromas of vegetable origin, in fresh-cut products they may be considered by the
consumer not as foreign odours, but also like an added value. Thus, the effect of various essential oils and their
individual constituents on biofilms formed by L. monocytogenes has been investigated and several authors suggest them
to be good candidates for further development of eco-friendly disinfectants [103,104, 105,106,107].
In the field of the green-based biofilm control strategies a valuable alternative was recently proposed by Woo and
Ahn [108] by using a probiotic approach. These authors found that co-culture with Lactobacillus paracasei and
Lactobacillus rhamnosus effectively inhibited by more than 3 log the biofilm formation of Listeria monocytogenes
through mechanisms of competition, exclusion and displacement, suggesting that probiotic strains can be used as
alternative way to successfully reduce the biofilm formation. Similar results were reported by Zhao et al. [109] whom,
by using a competitive-exclusion based on co-culturing Lactococcus lactis and Enterococcus durans in poultry
processing floor drains, observed from 2- to 6-log reductions of L. monocytogenes biofilm cells.
Finally, another promising approach to control and eradicate biofilms is the use of [110, 111]. Currently,
bacteriophage preparations employing phage P100 are approved by the Food and Drug Administration (FDA) as
ingredients for “food in general” in order to control L. monocytogenes contamination [112]. In a recent study,
treatment with phage P100 significantly reduced L. monocytogenes cell populations under biofilm conditions on both
stainless steel coupons surface and polystyrene microtiter wells [113], regardless of serotype, growth conditions and
biofilm levels.
In addition, some authors have suggested that antimicrobial peptides or bacteriocin-producing strains may also
contribute to control the initial adhesion and biofilm formation by L. monocytogenes on abiotic surfaces [114,
115, 116]. The application of enterocin AS-48 produced by Enterococcus faecalis and Enterococcus faecium
strains to polystyrene microtiter plates synergistically improved the bactericidal effects of biocides against planktonic
and sessile L. monocytogenes, avoiding the biofilm formation for at least 24 h at a bacteriocin concentration of 25
mg/ml [117]. The elaboration of antibacterial coatings based on natural bactericidal substances produced by living
organisms such as antimicrobial peptides, bacteriolytic enzymes and essential oils has been recently suggested to
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develop a new generation of biofilm-resistant surfaces [118]. In Table 3 we resumed the main chemical, physicalbased, and emerging “green strategies” proposed to prevent and remove L. monocytogenes biofilms in the food
industry.

Chemicals and physicals

Table 3 Some chemical and physical-based approaches and emerging green “strategies” proposed to prevent and remove L.
monocytogenes biofilms and other pathogenic microorganisms from different contact surfaces.

Treatment

Contact surface

Microorganisms

Reference

Ozone
Ultrasound
Ultrasound + Ozone
Chlorine dioxide
Chlorine dioxide gas
Chlorine dioxide aqueous
Sodium hypochlorite aqueous
Quaternary
ammonium
compounds
Chlorine
Peroxide
Chlorine
Quaternary
ammonium
compounds
Peroxyacetic acid
Peroxyacetic acid
Nisin
Titanium dioxide and UV
irradiation
Yarrow essential oil

Stainless steel

Listeria monocytogenes

[119]

Stainless steel
Stainless steel

Listeria monocytogenes
Listeria monocytogenes

[92]
[90]

Polyvinyl
chloride
pipes

Listeria monocytogenes

[120]

steel

Listeria monocytogenes

[121]

Stainless
steel
coupons
Stainless steel,
glass
Polystyrene,
stainless steel,
high
density
polyethylene
Stainless steel

Listeria monocytogenes

[114]

Listeria monocytogenes

[94]

Listeria monocytogenes
Listeria innocua

[107]

Listeria monocytogenes

[105]

Polystyrene

Listeria monocytogenes
Escherichia coli
Pseudomonas aeruginosa
Staphylococcus aureus
Listeria monocytogenes
Bacillus cereus Salmonella
enterica
Staphylococcus aureus
Pseudomonas fluorescens
Listeria monocytogenes
Salmonella enteriditis
Staphylococcus aureus
Listeria monocytogenes
Salmonella typhimurium
Listeria monocytogenes
Listeria monocytogenes

[100]

Emerging green strategy

Cymbopogon sp.
oils
Isothiocyanates

essential

Stainless
coupons

drain

Chitosan

Teflon

Rhamnolipid
Surfactin

Polystyrene

Probiotic strains

Polystyrene

Bacteriophage P100
Enterocin AS-48
Enterocin AS-48 + biocides

Stainless steel
Polystyrene

[101]

[99]
[108]
[113]
[117]

Acknowledgements This work was partially funded by MIUR in the framework of PONREC2007–2013, “Prodotti ortofrutticoli ad
alto contenuti in servizio: tecnologie per la qualità e nuovi prodotti” (OFR.AL.SER.) and by the EU commission in the framework of
the QUAFETY project (“Comprehensive approach to enhance quality and safety of ready to eat fresh products project no: 289719”).

© FORMATEX 2013

119

Microbial
pathogens and strategies for combating them: science, technology and education (A. Méndez-Vilas, Ed.)
____________________________________________________________________________________________

References
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]

120

Gandhi M and Chikindas ML. Listeria: A foodborne pathogen that knows how to survive. Int J Food Microbiol.
2007;113(1):1-15.
Sallen B, Rajoharison A, Desvarenne S, Quinn F and Mabilat C. Comparative analysis of 16S and23S rRNA sequences of
Listeria species. International Journal of Systematic Biology. 1996; 46: 669-674.
Seeliger HPR and Jones D. Listeria. In Bergey's manual of systematic bacteriology volume 2. Ed. Baltimore, Williams &
Wilkins;1986.
Porsby CH, Vogel BF, Mohr M and Gram L. Influence of processing steps in cold-smoked salmon production on survival and
growth of persistent and presumed non-persistent Listeria monocytogenes. Int. J. Food Microbiol. 2008;122: 287-295.
Beuchat LR. Listeria monocytogenes: incidence on vegetables. Food Control. 1996; 4-5:223-228.
Wimpfheimer L, Altman NS and Hotchkiss JH. Growth of Listeria monocytogenes Scott A, serotype 4 and competitive
spoilage organisms in raw chicken packaged under modified atmospheres and in air. Int. J. Food Microbiol. 1990;11: 205-214.
Liu D. Identification, subtyping and virulence determination of Listeria monocytogenes, an important foodborne pathogen.
Journal of Medical Microbiology. 2006;55:645–659.
Heisick JE, Harrell EM, Peterson EH, McLaughlin S, Wagner DE, Wesley I and Bryner, J. Comparison of four procedures to
detect Listeria spp. in foods. J. Food Prot. 1989; 52:154-157
Heisick JE, Wagner DE Niermand ML and Peeler JT. Listeria spp. found on fresh market produce. Appl. Environ. Microbial.
1989;55:1925-1927.
MacCowan AR, Bowker K, McLauchlin J, Bennett PM and Reeves DS.The occurrence and seasonal changes in the isolation
of Listeria spp. in shop bought food stuffs, human faeces, sewage and soil from urban sources. Int. J. Food Microbiol.
1994;21:325-334.
Berrang ME, Brackett RE and Beuchat LR. Growth of Listeria monocytogenes on fresh vegetables stored under controlled
atmosphere. J. Food Prot. 1989;52:702-705.
Beuchat LR and Brackett RE. Survival and growth of Listeria monocytogenes on lettuce as influenced by shredding, chlorine
treatment, modified atmosphere packaging and temperature. J. Food Sci. 1990;55:755-758.
Breer C. Occurrence of Listeria spp. in different foods. WHO Working Group on Foodborne Listeriosis. 1988 Geneva, Feb. 1519.
Hughey VL, Wilger PA, and Johnson EA. Antibacterial activity of hen egg white lysozyme against Listeria monocytogenes
Scott A in foods. Appl. Environ. Microbiol. 1989;55:631-638.
Kallander KD, Hitchens AD, Lancette CA, Schmieg JA, Garcia GR, Solomon HM and Sofos JM. Fate of Listeria
monocytogenes in shredded cabbage stored at 5 and 25°C under a modified atmosphere. J. Food Prot. 1991;54:302-304.
Garcia-Gimeno RA, Zurera-Cosano G and Amaro-Lopez M. Incidence, survival and growth of Listeria monocytogenes in
ready-to-use-mixed vegetable salads in Spain. J. Food Safety. 1996;16: 75-86.
Lin CM, Fernando SY and Wei C. Occurrence of Listeria monocytogenes, Salmonella spp., Escherichia coli and E. coli
0157:H7 in vegetable salads. Food Control. 1996;3:135-140.
Little CL, Taylor FC, Sagoo SK, Gillespie IA, Grant K and McLauchlin J. Prevalence and level of Listeria monocytogenes and
other Listeria species in retail pre-packaged mixed vegetable salads in the UK. Food Microbiology. 2007; 24:711-717.
Moreno Y, Sánchez-Contreras J, Montes RM, García-Hernández J, Ballesteros L and Ferrús MA. Detection and enumeration
of viable Listeria monocytogenes cells from ready-to-eat and processed vegetable foods by culture and DVC-FISH. Food
Control. 2012; 27:374-379.
Sant'Ana AS, Igarashi MC, Landgraf M, Destro MT and Franco B. Prevalence, populations and pheno- and genotypic
characteristics of Listeria monocytogenes isolated from ready-to-eat vegetables marketed in São Paulo, Brazil. Int J Food
Microbiol. 2012;155:1-9.
FAO/WHO. 2008.
Microbiological hazards in fresh fruits and vegetables MEETING REPORT. Available at:
http://www.fao.org/fileadmin/templates/agns/pdf/jemra/FFV_2007_Final.pdf. Accessed April 12, 2013.
Crépet A, Albert I, Dervin C and Carlin F. Estimation of microbial contamination of food from prevalence and concentration
data: application to Listeria monocytogenes in fresh vegetables. Applied and Environmental Microbiology. 2007;73: 250–258.
Schlech WF, Lavigne PM and Bortolussi MA. Epidemic listeriosis-evidence for transmission by food. New England Journal of
Medicine. 1983;308:203-206.
Ho JL, Shands KN, Friedland G, Eckind P and Fraser DW. An outbreak of type 4b Listeria monocytogenes infection involving
patients from eight Boston hospitals. Arch Intern Med. 1986;146:520-523.
Gillespie IA, Mook P, Little CL, Grant K and Adak GK. Listeria monocytogenes infection in the over-60s in England between
2005 and 2008: a retrospective case-control study utilizing market research panel data. Foodborne Pathogens and Diseases.
2010;7:1373-1379.
Little CL, Pires SM, Gillespie IA, Grant K and Nichols GL. Attribution of human Listeria monocytogenes infections in
England and Wales to ready-to-eat food sources placed on the market: adaptation of the Hald Salmonella source attribution
model. Foodborne Pathogens and Diseases. 2010;7:749-756.
CDC. Multistate outbreak of listeriosis linked to whole cantaloupes from Jensen Farms, Colorado. 2011. Available at
http://www.cdc.gov/listeria/outbreaks/cantaloupes-jensen-farms/120811/index.html. Accessed April 10, 2013.
Gaul LK, Farag NH, Shim T, Kingsley MA, Silk BJ and Hyytia-Trees E. Hospital-acquired listeriosis outbreak caused by
contaminated diced celery - Texas, 2010. Clinical Infectious Diseases. 2013;56:20-26.
Velani S and Roberts D. Listeria monocytogenes and other Listeria spp. in prepacked salad mixes and individual salad
ingredients. PHLS Microbial Digest (UK). 1991;8:21-22.
Cox LJ, Kleiss T, Cordier JL, Cordellana C, Konkel P, Pedrazzini C, Beumer R and Siebenga A. Listeria spp. in food
processing, nonfood and domestic environments. Food Microbiol. 1989;6:49–61.

© FORMATEX 2013

Microbial
pathogens and strategies for combating them: science, technology and education (A. Méndez-Vilas, Ed.)
____________________________________________________________________________________________

[31] Møretrø T, and Langsrud S. Listeria monocytogenes: biofilm formation and persistence in food-processing environments.
Biofilms. 2004;1:107–121.
[32] Fett WF. Naturally occuring biofilms on alfalfa and other types of sprouts. Journal of Food Protection. 2003; 63:625–632.
[33] Morris CE, Monier JM and Jacques MA. Methods for observing microbial biofilms directly on leaf surfaces and recovering
them for isolation of culturable microorganisms. Applied and Environmental Microbiology. 1997;63:1570–1576.
[34] Lindow SE and Brandl MT. Microbiology of phyllosphere. Applied and Environmental Microbiology. 2003; 69:1875–1883.
[35] Costerton JW, Geesey GG, and Cheng GK. How bacteria stick. Sci. Am. 1978;238:86–95.
[36] Donlan RM and Costerton JW. Biofilms: survival mechanisms of clinically relevant microorganisms. Clin. Microbiol. Rev.
2002;15(2):167-193.
[37] Marshall KC. Biofilms: an overview of bacterial adhesion, activity, and control at surfaces. ASM News. 1992; 58:202–7.
[38] Hall-Stoodley L and Stoodley P. Developmental regulation of microbial biofilms. Curr Opin Biotechnol. 2002; 13:228–233.
[39] O’Toole G, Kaplan HB and Kolter R. Biofilm formation as microbial development. Annu Rev Microbiol. 2000;54:49–79.
[40] Jefferson KK. What drives bacteria to produce a biofilm?. FEMS Microbiology Letters. 2004;236:163–173.
[41] Hausner M and Wuertz S. High rates of conjugation in bacterial biofilms as determined by quantitative in situ analysis. Appl.
Environ. Microbiol. 1999;65:3710-3713.
[42] Robbins JB, Fisher CW, Moltz AG and Martin SE. Elimination of Listeria monocytogenes biofilms by ozone, chlorine, and
hydrogen peroxide. J. Food Prot. 2005;68:(3)494–498.
[43] Høibya N, Bjarnsholta T, Givskovb M, Molinc S, Ciofub O. Antibiotic resistance of bacterial biofilms. International Journal of
Antimicrobial Agents. 2010;35:322–332.
[44] Wong AC. Biofilms in food processing environments. J. Dairy Sci. 1998;81(10):2765–2770.
[45] Di Bonaventura G, Piccolomini R, Paludi D, D’Orio V, Vergara A, Conter M and Ianieri A. Influence of temperature on
biofilm formation by Listeria Monocytogenes on various food contact surfaces: relationship with motility and cell surface
hydrophobicity. J Appl Microbiol. 2008;104:1552-1561.
[46] Beresford MR, Andrew PW. And Shama G. Listeria monocytogenes adheres to many materials found in food processing
environments. 2001;90:1000-1005.
[47] Lewis K. Riddle of biofilm resistance. Antimicrob Agents Chemother. 2001;45(4):999–1007.
[48] Mah TF and O'Toole GA. Mechanisms of biofilm resistance to antimicrobial agents. Trends Microbiol. 2001;9 (1):34–39.
[49] Gounadaki AS, Skandamis PN, Drosinos EH and Nychas GJ. Microbial ecology of food contact surfaces and products of
small-scale facilities producing traditional sausages. Food Microbiol. 2008;25:313–323.
[50] Borucki MK, Peppin, JD, White D, Loge F and Call DR. Variation in biofilm formation among strains of Listeria
monocytogenes. Appl Environ Microbiol. 2003;69:7336–7342.
[51] Pan Y, Breidt FJ and Kathariou S. Resistance of Listeria monocytogenes biofilms to sanitizing agents in a simulated food
processing environment. Appl Environ Microbiol. 2006;72:7711–7717.
[52] Chae MS and Schraft H. Comparative evaluation of adhesion and biofilm formation of different Listeria monocytogenes
strains. Int J Food Microbiol. 2000;62:103–111.
[53] Marsh EJ, Luo H, and Wang H. A threetiered approach to differentiate Listeria monocytogenes biofilm-forming abilities.
FEMS Microbiol Lett. 2003;228:203–210.
[54] Chavant P, Martinie B, Meylheuc T, Bellon-Fontaine MN and Hébraud M. Listeria monocytogenes LO28: surface
physicochemical properties and ability to form biofilms at different temperatures and growth phases. Appl Environ Microbiol.
2002;68:728–737.
[55] Rieu A, Briandet R, Habimana O, Garmyn D, Guzzo J and Piveteau P. Listeria monocytogenes EGD-e biofilms: no mushrooms
but a network of knitted chains. Appl Environ Microbiol. 2008;74:4491–4497.
[56] Pan Y, Breidt F and Gorski L. Synegistic effects of sodium chloride, glucose and temperature on biofilm formation by Listeria
monocytogenes serotype 1/2a and 4b strains. Appl Env Microbiol. 2010;76:1433-1441.
[57] Begley M, Kerr C and Hill C. Exposure to bile influences biofilm formation by Listeria monocytogenes. Gut Pathog.
2009;1:11-16.
[58] Carpentier B, and Chassaing D. Interactions in biofilms between Listeria monocytogenes and resident microorganisms from
food industry premises. Int J Food Microbiol. 2004;97:111–122.
[59] Leriche V, Chassaing D and Carpentier B. Behaviour of Listeria monocytogenes in an artificially made biofilm of a nisinproducing strain of Lactococcus lactis. Int J Food Microbiol. 1999;51:169–182.
[60] Liu L, O’Conner P, Cotter PD, Hill C and Ross RP. Controlling Listeria monocytogenes in Cottage cheese through
heterologous production of enterocin A by Lactococcus lactis. J Appl Microbiol. 2008;104:1059–1066.
[61] Guillier L, Stahl V, Hezard B, Notz E and Briandet R. Modelling the competitive growth between Listeria monocytogenes and
biofilm microflora of smear cheese wooden shelves. Int J Food Microbiol. 2008;128:51–57.
[62] Rieu A, Lemaitre JP, Guzzo J and Piveteau P. Interactions in dual species biofilms between Listeria monocytogenes EGD-e
and several strains of Staphylococcus aureus. Int J Food Microbiol. 2008;126:76–82.
[63] Sasahara KC, and Zottola EA. Biofilm formation by Listeria monocytogenes utilizes a primary colonizing microorganism in
flowing system. J Food Prot. 1993;56:1022–1028.
[64] Lemon KP, Higgins DE and Kolter R. Flagellar motility is critical for Listeria monocytogenes biofilm formation. J Bacteriol.
2007;189:4418–4424.
[65] Lemon KP, Freitag NE and Kolter R. The virulence regulator PrfA promotes biofilm formation by Listeria monocytogenes. J
Bacteriol. 2010;192:3969–3976.
[66] Challan Belval S, Gal L, Margiewes S, Garmyn D, Piveteau P and Guzzo J. Assessment of the roles of LuxS, S-ribosyl
homocysteine, and autoinducer 2 in cell attachment during biofilm formation by Listeria monocytogenes EGD-e. Appl Environ
Microbiol. 2006;72:2644–2650.
[67] Rieu A, Weidmann S, Garmyn D, Piveteau P and Guzzo J. Agr system of Listeria monocytogenes EGD-e: role in adherence
and differential expression pattern. Appl Environ Microbiol. 2007;73:6125–6133.

© FORMATEX 2013

121

Microbial
pathogens and strategies for combating them: science, technology and education (A. Méndez-Vilas, Ed.)
____________________________________________________________________________________________

[68] Harmsen M, Lappann M, Knochel S and Molin S. The role of extra-cellular DNA during biofilm formation of Listeria
monocytogenes. Appl Environ Microbiol .2010;76:3625–3636.
[69] Wang XK and Wood TK. Control and benefits of CP4-57 prophage excision in Escherichia coli biofilms. ISME J.
2009;3(10):1164-79.
[70] Liu D, Lawrence ML, Ainsworth AJ and Austin FW. Toward an improved laboratory definition of Listeria monocytogenes
virulence. Int J Food Microbiol. 2007;118:101-115.
[71] Sauer K, Cullen MC, Rickard AH, Zeef LA, Davies DG and Gilbert P. Characterization of nutrientinduced dispersion in
Pseudomonas aeruginosa PAO1 biofilm. J Bacteriol. 2004;186(21):7312-7326.
[72] Boles BR, Thoendel M. and Singh PK. Rhamnolipids mediate detachment of Pseudomonas aeruginosa from biofilms. Mol
Microbiol. 2005;57 (5):1210–1223.
[73] Verran J, Airey P, Packer A, Whitehead KA. Microbial retention on open food contact surfaces and implications for food
contamination. Advances in Applied Microbiology. 2008;64:223–246.
[74] Shi X and Zhu X, Biofilm formation and food safety in food industries. Trends Food Sci. Technol. 2009;20:407–413.
[75] Chaturongkasumrit Y, Takahashi H, Keeratipibul S, Kuda T and Kimura B. The effect of polyesterurethane belt surface
roughness on Listeria monocytogenes biofilm formation and its cleaning efficiency. Food Control. 2011;22:1893-1899.
[76] Myszka K and Czaczyk K. Bacterial Biofilms on Food Contact Surfaces – a Review J. Food Nutr Sci. 2011;61(3):173-180.
[77] Sokunrotanak S, Iqbal KJ and Sang-Do H. Biofilm formation in food industries: A food safety concern. Food Control.
2013;31:572-585.
[78] Simões M, Simões LC and Vieira MJ. A review of current and emergent biofilm control strategies. LWT - Food Science and
Technology. 2010;43(4):573-583.
[79] Gião MS and Keevil CW. Hydrodynamic shear stress to remove Listeria monocytogenes biofilms from stainless steel and
polytetrafluoroethylene surfaces. Journal of Applied Microbiology. 2012;114:256-265
[80] Blackman IC and Frank JF. Growth of Listeria monocytogenes as a biofilm on various food- processing surfaces. Journal of
Food Protection. 1996;59(8):827-831.
[81] Chmielewski RAN and Frank JF. Biofilm formation and control in food processing facilities. Comprehensive Reviews in Food
Science and Food Safety. 2003;2(1):22-32.
[82] Rodríguez et al. Effects of Contact Time, Pressure, Percent Relative Humidity (%RH), and Material Type on Listeria Biofilm
Adhesive Strength at a Cellular Level Using Atomic Force Microscopy (AFM). Food Biophysics. 2008;3:305–311
[83] Choi NY, Kim BR, Bae YM and Lee SY. Biofilm formation, attachment, and cell hydrophobicity of foodborne pathogens
under varied environmental conditions. Journal of the Korean Society for Applied Biological Chemistry. 2013;56(2):207-220.
[84] Xu H, Zou Y, Lee HY and Ahn J. Effect of NaCl on the biofilm formation by foodborne pathogens. J Food Sci.
2010;75(9):580-585.
[85] Grinstead D. Cleaning and sanitation in food processing environments for the prevention of biofilm formation, and biofilm
removal. In P. M. Fratamico, B. A. Annous, & N. W. Gunther eds. Biofilms in the food and beverage industries .Boca Raton,
FL: CRC Press, Woodhead publishing. 2009:347-347.
[86] Van Houdt R and Michiels CW. Biofilm formation and the food industry, a focus on the bacterial outer surface. Journal of
Applied Microbiology. 2010;109:1117–1131.
[87] Pereira da Silva E and Pereira De Martinis EC. Current knowledge and perspectives on biofilm formation: the case of Listeria
monocytogenes. Appl Microbiol Biotechnol. 2013;97:957–968.
[88] Aarnisalo K, Lundén J, Korkeala H and Wirtanen G. Susceptibility of Listeria monocytogenes strains to disinfectants and
chlorinated alkaline cleaners at cold temperatures. LWT. 2007;40:1041–1048.
[89] Ölmez H and Temur SD. Effects of different sanitizing treatments on biofilms and attachment of Escherichia coli and Listeria
monocytogenes on green leaf lettuce. LWT. 2010;43:964–970.
[90] Vaid R, Linton RH and Morgan MT. Comparison of inactivation of Listeria monocytogenes within a biofilm matrix using
chlorine dioxide gas, aqueous chlorine dioxide and sodium hypochlorite treatments. Food Microbiology. 2010;27:979-984.
[91] Charalambia-Eirini A. Belessi AS, Gounadaki AN and Skandamis PN. Efficiency of different sanitation methods on Listeria
monocytogenes biofilms formed under various environmental conditions. International Journal of Food Microbiology.
2011;145:46–52.
[92] Trinetta V, Vaid R, Xu Q, Linton R and Morgan M. Inactivation of Listeria monocytogenes on ready-to-eat food processing
equipment by chlorine dioxide gas. Food Control. 2012;26:357-362.
[93] Park SH, Cheon HL, Park KH, Chung MS, Choi SH, Ryu S and Kang DH. Inactivation of biofilm cells of foodborne pathogen
by aerosolized sanitizers. International Journal of Food Microbiology. 2012;154:130–134.
[94] Chorianopoulos NG, Tsoukleris TS, Panagou EZ, Falaras P and Nychas GJE. Use of titanium dioxide (TiO2) photocatalysts as
alternative means for Listeria monocytogenes biofilm disinfection in food processing. Food Microbiology. 2011;28:164-170.
[95] Simões M, Simões LC, Machado I, Pereira MO and Vieira MJ. Control of flow-generated biofilms with surfactants: evidence
of resistance and recovery. Bioproducts. 2006;84(4):338-345.
[96] Banat IM, Franzetti A, Gandolfi I, Bestetti G, Martinotti MG, Fracchia, L. Microbial biosurfactants production, applications
and future potential. Applied Microbiology and Biotechnology. 2010;87:427-444.
[97] Nitschke M, Araújo V, Costa SGVAO, Pires RC, Zeraik AE, Fernandes, ACLB et al. Surfactin reduces the adhesion of foodbornepathogenic bacteria to solid surface. Letters in Applied Microbiology. 2009;49:241-247.
[98] Araújo LV, Lins UC, Santa Anna LMM, Nitschke M and Freire DMG. Rhamnolipid and surfactin inhibit Listeria
monocytogenes adhesion. Food Research International. 2011;44:481-488.
[99] Zezzi do Valle Gomes M and Nitschke M. Evaluation of rhamnolipid and surfactin to reduce the adhesion and remove biofilms
of individual and mixed cultures of food pathogenic bacteria. Food Control. 2012;25:441-447.
[100] Borges A, Simões LC, Saavedra MJ and Simões M. The action of selected isothiocyanates on bacterial biofilm prevention and
control. International Biodeterioration & Biodegradation. 2013. Available at: http://dx.doi.org/10.1016/j.ibiod.2013.01.015.

122

© FORMATEX 2013

Microbial
pathogens and strategies for combating them: science, technology and education (A. Méndez-Vilas, Ed.)
____________________________________________________________________________________________

[101] Orgaz B, Lobete MM, Puga CH and San Jose C. Effectiveness of chitosan against mature biofilms formed by food related
bacteria. Int J Mol Sci. 2011;12:817-828.
[102] Burt S. Essential oils: their antibacterial properties and potential applications in foods. Int J Food Microbiol. 2004;94:223–253.
[103] Sandasi M, Leonard CM, and Viljoen AM. The effect of five common essential oil components on Listeria monocytogenes
biofilms. Food Control. 2008;19:1070-1075.
[104] Leonard CM, Virijevic S, Regnier T and Combrinck S. Bioactivity of selected essential oils and some components on Listeria
monocytogenes biofilms. South African Journal of Botany. 2010;76:676-680.
[105] De Oliveira MMM, de Brugnera DF, Cardoso MG, Alves E and Piccoli RH. Disinfectant action of Cymbopogon sp. essential
oils in different phases of biofilm formation by Listeria monocytogenes on stainless steel surface. Food Control. 2010;21:549553.
[106] De Oliveira MMM, Brugnera DF, Do Nascimento JA and Piccoli RH. Control of planktonic and sessile bacterial cells by
essential oils. Food and Bioproducts Processing. 2012;90(4):809-818.
[107] Jadhav S, Shah R, Bhave R and Palombo EA. Inhibitory activity of yarrow essential oil on Listeria planktonic cells and
biofilms. Food Control. 2013;29:125-130.
[108] Woo J and Ahn J. Probiotic-mediated competition, exclusion and displacement in biofilm formation by food-borne pathogens.
Lett Appl Microbiol. 2013;56(4):307-313.
[109] Zhao TTC, Podtburg P, Zhao BE, Schmidt DA, Baker BC and Doyle MP. Control of Listeria spp. by competitive-exclusion
bacteria in floor drains of a poultry processing plant. Appl. Environ. Microbiol. 2006;72:3314–3320.
[110] Sutherland IW, Hughes KA, Skillman LC and Tait K. The interaction of phage and biofilms. FEMS Microbiol Lett.
2004;232:1–6.
[111] Guenther SD, Richard HS, and Loessner MJ. Virulent bacteriophage for efficient biocontrol of Listeria monocytogenes in
ready-to-eat foods. Appl Environ Microbiol. 2009;75:93–100.
[112] U.S. Food and Drug Administration. 2006. Food additives permitted for direct addition to food for human consumption;
bacteriophage preparation. 21 CFR Part 172, p. 47729–47732. Available at: http:// edocket.access.gpo.gov/2006/E6-13621.htm.
Accessed 14 August 2009.
[113] Soni KA and Nannapaneni R. Removal of Listeria monocytogenes Biofilms with Bacteriophage P100. Journal of Food
Protection. 2010;73:1519–1524
[114] Minei CC, Gomes BC, Ratti RP, D’Angelis CEM and De Martinis ECP. Influence of peroxyacetic acid and nisin and coculture
with Enterococcus faecium on Listeria monocytogenes biofilm formation. J Food Prot. 2008;71:634–638.
[115] Winkelströter LK, Gomes BC, Thomaz MRS, Souza VM, De Martinis ECP. Lactobacillus sakei 1 and its bacteriocin influence
adhesion of Listeria monocytogenes on stainless steel surface. Food Control. 2011; 22:1404–1407.
[116] Guerrieri E, de Niederhäusern S, Messi P, Sabia C, Iseppi R, Anacarso I and Bondi M. Use of lactic acid bacteria (LAB)
biofilms for the control of Listeria monocytogenes in a small-scale model. Food Control. 2009;20:861–865
[117] Caballero Gómez N, Abriouel H, Grande MJ, Pérez Pulido R and Gálvez A. Effect of enterocin AS-48 in combination with
biocides on planktonic and sessile Listeria monocytogenes. Food Microbiology. 2012;30:51-58.
[118] Glinel K, Thebault P, Humblot V, Pradier CM and Jouenne T. Antibacterial surfaces developed from bio-inspired approaches.
Acta Biomaterialia. 2012;8:1670–1684.
[119] Baumann AR, Martin SE, Feng H. Removal of Listeria monocytogenes biofilms from stainless steel by use of ultrasound and
ozone. Journal of Food Protection. 2009;72:1306-1309.
[120] Berrang ME, Frank JF, Meinersmann RJ. Effect of chemical sanitizers with and without ultrasonication on Listeria
monocytogenes as a biofilm within polyvinyl chloride drain pipes. Journal of Food Protection. 2008;71:66-69.
[121] Belessi CE, Gounadaki AS, Psomas AN, Skandamis PN. Efficiency of different sanitation methods on Listeria monocytogenes
biofilms formed under various environmental conditions. International Journal of Food Microbiology. 2011;145:46-52.

© FORMATEX 2013

123

