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Bacterial attachment and biofilm formation cause severe hygiene problems in the food industry. Biofilms can be formed 
on different equipment surfaces (stainless steel, plastic, rubber, teflon, glass) and also on foods (meat, dairy and seafood 
products, vegetables, fruits, brewing). Extracellular polymeric substances are the protecting material of these structures 
and represent the barrier between the environment and the bacteria making them less sensitive to disinfectants. These 
structures can be formed by bacteria and yeast as well, but the most common forms in nature are the mixed-culture 
biofilms. Most of these biofilms harbor also pathogens therefore biofilms are a continuous source of contamination that 
may lead not only to food spoilage but also transmission of diseases. Raw products like poultry meat, vegetables, fruits, 
sea food have frequently been found to be contaminated with pathogenic microorganisms like Listeria monocytogenes, 
Staphylococcus aureus, and Escherichia coli. When talking about biofilms the density-dependent cell-to-cell 
communication called quorum sensing (QS) has to be mentioned. QS plays an important role in biofilm development, 
resistance and virulence. QS signaling molecules can be oligopeptides in Gram-positive bacteria, N-acyl homoserine 
lactones (AHLs) in Gram-negative bacteria and autoinducer-2 (AI-2) in both Gram-negative and Gram-positive bacteria. 
Controlling this mechanism could be a potential strategy against the development of resistance. The conventional control 
sanitizing strategies are chemicals (chlorine, hydrogen peroxide, ozone, peracetic acid) and ultrasonication, enzymes, 
phages, preservatives, heat treatment or refrigeration. The number of usable chemicals in food and eco-food industry is 
limited and their use can often produce unpleasant by-products. Nowadays customers prefer products that are minimally 
processed and have fewer chemicals so it has become necessary to find natural and effective cleaning and preserving 
products. There is a growing interest in using essential oils (EOs) as natural preservatives and sanitizers in the food 
industry. EOs damage the cell wall and membranes of microorganisms, alter the morphology and coagulate the 
cytoplasmatic material. Most of them are recognized as safe (GRAS) and can be used directly in foodstuff. Latest research 
and our experiments reported the good antimicrobial effects of EOs on pathogenic and spoilage bacteria. Besides this, they 
have good anti-biofilm forming and anti-QS effect. The strong aroma of EOs can affect organoleptic properties of foods. 
Our results showed that it is possible to find a dose of EOs which combines antimicrobial efficiency with a pleasant 
flavour effect. These results lead to the conclusion that EOs can be used as alternative sanitizers and preservatives in the 
food industry.  
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1. Biofilms and their occurrence 

1.1   Bacterial biofilms  

A biofilm is a matrix of microorganisms with extracellular substances (EPS) that can be formed on different surfaces. 
These surfaces can be animal tissue (meat, fish products), catheter, teeth, stainless steel, plastic, glass, teflon, rubber, 
wood, etc. Biofilm formation can be divided into 5 parts. First (1-2): reversible and irreversible attachment to the 
surface; 3: development of the extracellular matrix; 4: maturation of the biofilm and; 5: dispersion. In reversible stage, 
the bacteria attach to surfaces with van der Waals attraction forces, electrostatic forces and hydrophobic interactions. 
During this phase, bacteria can be removed from surfaces easily for example by rinsing. If bacteria interact with 
surfaces by dipole-dipole, hydrogen, ionic or covalent bonding, removal will be more difficult [1, 2]. The finishes of 
stainless steel surfaces also influence bacterial attachment. The adherence is stronger to untreated or sandblasted 
surfaces than to electropolished area [3]. After attachment the bacteria form microcolonies and produce a matrix called 
extracellular polymeric substance (EPS). The EPS protects bacteria within the biofilm (cells are more tolerant to stress 
factors) and is responsible for binding. It is composed of polysaccharides, proteins, nucleic acids, lipids [4]. When 
biofilms consists of different microorganisms, the matrix is thicker and more stable than the matrix of single species 
biofilms [1]. If the biofilm reaches the maximum, starvation, enzymatic degradation and increased fluid shear will 
appear. The cells from the top of the biofilm will disperse and colonize new surfaces [2]. Biofilms can occur in different 
industrial and medical environments. 65-80% of infections are related to biofilms [5]. In the food industry biofilms can 
be found in dairy, fish processing, poultry meat and ready-to-eat food factories and can cause serious hygiene and 
technological problems by cross contamination [2]. Biofilms have part in outbreaks of pathogens and increase the risk 
of contamination in food plants. Bacterial matrix forming ability of Pseudomonas, Acinetobacter, Moraxella, 
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Brochothrix thermosphacta, Lactobacillus, Enterococcus was reported in detail [6]. Salmonella species also form 
matrix on many types of surfaces and equipments in food production [7]. Pseudomonas spp. produce enzymes, some of 
those can survive the ultra-high-temperature and reduce the shelf-life of foods. Bacillus cereus, Escherichia coli, 
Shigella sp. and Staphylococcus aureus were isolated from dairy processing line [8]. Pseudomonas spp. was found in 
high percentage in fish processing and intensified the colonization of L. monocytogenes [9]. L monocytogenes was 
found on filling or packaging equipments, slicers, freezers, conveyors and containers. It can be transferred from walls, 
equipment, coolers, and floors [10]. This bacterium is able to multiply at few degrees above 0 °C (in refrigerated 
premises), and growing and multiplying L. monocytogenes was found on floors, drains, cold and wet atmosphere rooms. 
[11]. Recently, E. coli biofilms were isolated from beef-contact surfaces [2].  

1.2   Cell-to-cell communication (quorum sensing) 

Quorum sensing (QS) is a population-dependent phenomenon based on signal molecules first characterized in the 1970s 
in luminescent marine species of Vibrio. Studies show that this phenomenon is widely spread among bacteria [12, 13]. 
The production of antibiotics, virulence factors of pathogens, exoenzymes and resistance are regulated by QS. The 
signal molecule production is based on an autoinducing mechanism and the type of the molecules differs between 
Gram-positive and Gram-negative bacteria. Common classes of signaling molecules are oligopeptides in Gram-positive 
bacteria, N-acyl homoserine lactones (AHLs) in Gram-negative bacteria and autoinducer-2 (AI-2) in both Gram-
negative and Gram-positive bacteria. Quorum sensing also participates in biofilm formation. Studies show that quorum 
sensing-deficient mutants have been shown to form thinner and more unstructured biofilms compared to the wild types 
(14, 15). The QS system of Serratia marcescens regulates the production of virulence factors and its biofilm formation 
so it is involved in the pathogenesis of the bacterium [16]. This leads to the conclusion that by inhibiting this process 
the pathogenesis and biofilm formation could be influences. Resistance of bacteria against antibiotics and sanitizers has 
become a major problem over the years. Those anti-QS agents that do not exert selective pressure over the bacteria that 
lead to resistance are of particular interest [16]. Such inhibitors have been discovered recently, some bioactive 
compounds from marine bacteria, the red alga Delisea pulchra and essential oils of plants have shown to be effective 
against QS [16, 17, 18, 19, 20]. It has recently been proven that QS signal molecules are present on foods and play an 
important role in food spoilage and that these signal molecules are produced by certain members of the initial microbial 
association [21]. In order to meet consumers demand regarding avoiding of artificial food preservatives new strategies 
and compounds are needed. A possibility would be to inhibit QS with natural preservatives that do not have negative 
influence over the taste and odour of foods. 

1.3   Biofilms in the food industry 

1.3.1   Biofilms on equipments - classic cleaning and sanitizing methods 

For successful inhibition of biofilm formation the first step is the prevention of cell attachment. In the food industry 
different methods are used for this purpose: frequent sanitizing, appropriate implementation and control of the Good 
Hygiene Practice (GHP) and Hazard Analysis and Critical Control Points (HACCP), the use of electro polished 
surfaces, antibacterial and anti-adhesive coatings, and surfaces with increased hydrophobicity [2, 22]. Disinfectants like 
hydrogen peroxide, quaternary ammonium compounds, chlorine, sodium hypochlorite, peracetic acid (PAA), and 
EDTA are used during disinfection [1, 23]. These chemicals showed different activity against biofilms; chlorine was 
less effective on multispecies biofilms (Pseudomonas sp. and L. monocytogenes) on stainless steel than PAA. Listeria 
innocua was more resistant to sodium hypochlorite and PAA in multispecies biofilms than in single cultures on 
different surfaces [23]. Shi and Zhu [8] reported that Pseudomonas aeruginosa and Staphylococcus aureus were 
resistant to Easyclean (an alkaline detergent) and Ambersan (an acidic cleaner) sanitizers in biofilm form. These 
chemicals reduced the cell number with only 1 log CFU. L. monocytogenes showed also resistance to quaternary 
ammonium compounds and commercial hydrogen peroxide-based agent could not eliminate the L. monocytogenes 
biofilm. Chemicals used for clean-in-place (CIP) hygiene method were not effective on biofilms, thus the addition of 
some biological materials (enzymes) was recommended in CIP system. Hydrogen peroxide at small concentration was 
an effective disinfectant against biofilms [8]. The use of traditional chemical disinfectants raises some problems: they 
can cause environmental pollution and in the presence of organic materials harmful by-products can be formed. In 
recent years alternatives were proved for biofilm elimination like enzymes (Endo-H), polysaccharides (for hydrolyzing), 
bacteriocins (nisin, surfactin) and plant extracts (essential oils) [1, 2]. There are also physical methods for destroying 
the bacterial matrix: automated scrubbing, pressure-jet washing, ionizing radiation and ultrasound treatment [24]. 
Despite the efforts have been made biofilm removal remained a great challenge. 

1.3.2   Biofilms on food surface – classic preservation methods 

The shelf life of foods can be defined as the time period within which the food is safe to consume and/or has an 
acceptable quality to consumers. Preservation involves reduction of the microbial load or limitation of growth of 
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microorganisms and shelf-life extension relies on changing storage conditions or packaging to inhibit microbial growth. 
High-quality ingredients are needed for effective preservation. Common methods of preservation include pickling, 
drying, adding sugar or salt, smoking, chilling, freezing or vacuum packaging is used [25]. Contamination of foods can 
occur through contact with processing surfaces, the hand of workers, the water used for washing, the air. The presence 
of bacterial biofilms on food surfaces has been demonstrated in several occasions. Morar and co-workers [26] 
demonstrated the presence of clusters of microorganisms included in a biofilm matrix on surface of pig carcasses from 
sternal, coast and coccigian region and also on cut pieces with epifluorescent microscope. They also demonstrated that 
the level of contamination depended on the humidity level and the structure of the meat. Higher fat content resulted in a 
lower CFU [26]. In case of fruits pre- and post-harvesting factors can affect the microbial quality [27]. The processing 
methods involve the use of temperature, moisture content and ethylene control. Normal microflora of fruits is diverse 
and includes bacteria such as Pseudomonas, Erwinia, Enterobacter, and Lactobacillus sp. and a variety of yeasts and 
molds [28]. These microbes remain adhered to outer skin of fruits and come from several sources such as air, soil, 
compost, and insect infestation. Wade and Beuchat have well documented the crucial role of proteolytic fungi and the 
associated implications on the changes in pH of the pericarp of the decayed and damaged raw fruits in survival and 
growth of various food-borne pathogens [29]. Botrytis or Rhizopus spoilage of fruits could help create environment for 
the proliferation of Salmonella Typhimurium [30], while Dingman observed the growth of E. coli 0157:H7 in bruised 
apple tissues [31]. Biofilm formation of Salmonella spp. was reported on cantaloupe surface and associated with 
Salmonella outbreaks [32]. Pathogens can survive for relatively long times in water, or in plant residue entrapped in 
process line equipment or biofilms, and can subsequently contaminate clean product that passes through that water [33]. 
In this case, common forms of sanitization are halogenated sanitizers (chlorine, bromine, and iodine), ozonation, 
hydrogen peroxide, quaternary ammonium compounds. The discovery of compounds that inhibit cell-to-cell 
communication could provide a novel method for fighting against microbes [34]. Because QS regulates attachment and 
biofilm formation the inhibition of this process with natural agents could be a new possibility for food preservation [16, 
35]. 

2. Essential oils 

Essential oils (EOs) are aromatic hydrophobic liquids originated from plant material (flowers, buds, seeds, leaves, 
twigs, bark, herbs, wood, fruits and roots). They can be obtained by expression, fermentation, effleurage steam 
distillation or extraction. As estimated 3000 EOs are known, can comprise more than 60 individual compounds and 
about 300 EOs are commercially important [36, 37.] Plants produce a variety of compounds with antimicrobial activity 
[38]. The antifungal activity of EOs is related to their components, the structural configuration of these components and 
their functional groups and possible synergistic interactions between components [39]. 
 Compounds of EOs are generally classified into 2 groups of distinct biosynthetical origin. The main group contains 
terpenes and terpenoids whereas the other consists of aromatic compounds (phenylpropanoids). Terpenes are 
hydrocarbons made up of several isoprene units and terpenes containing oxygen are called terpenoids. Examples of 
terpenes present in EOs are p-cymene, terpinene, limonene, sabinene, and pinene.  
 Terpenoids can be subdivided into alcohols, esters, aldehydes, ketones, ethers, and phenols. Geraniol, menthol, 
linalool, citronellol, carvone, thymol, carvacrol, geranyl acetate, eugenyl acetate, geranial, neral and 1,8-cineole are the 
well-known terpenoids found in EOs. Cinnamaldehyde, cinnamyl alcohol, chavicol, eugenol, estragole, methyl 
eugenols and methyl cinnamate are phenylpropanoids [40, 41, 42]. 
 Most components in EOs have several targets. It is therefore difficult to predict how susceptible a microorganism is 
and why the susceptibility varies from strain to strain. Predictions about the mode of action of crude essential oils 
require thorough investigations of their constituents’ target site, their mode of action, and their interactions with the 
surrounding environment [43]. 
 The phenolic components are most active and responsible as membrane permeabilisers. Gram-positive organisms are 
generally more sensitive to EOs than the gram-negative ones [44, 45].  
 Increased membrane permeability leads to proton, phosphate and potassium leakage, which further affects pH 
homeostasis and equilibrium of inorganic ions [45]. The lysis may also have been due to weakening of the cell wall and 
the latter rupture of the cytoplasmic membrane due to osmotic pressure. Nucleic acids are lost through the damaged 
cytoplasmic membrane [46]. EOS can inhibit the mitochondrial ATPase activity and reduce the mitochondrial 
membrane potential in cells. They could be effective on the activity of the mitochondrial dehydrogenases of fungi and 
in inhibition the glucose-induced reduction of external pH in a time- and concentration-dependent manner [47]. 
 There are also some studies about the morphological changes caused by EOs: the apparent rupture of the cell wall 
and leakage of the cytoplasmic contents could be observed, fungal hyphae appear flattened and wrinkled.  
 EOs could be effective in inhibiting of mycotoxin and ergosterol production [48]. EO components are able to activate 
a compensatory mechanism which generates an adaptive response of the fungus resulting in the reprogramming of 
genomic expression to protect the cell-wall structure [49]. 
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3. Methods for biofilm detection 

The main obstacle for using essential oils as antimicrobials and food preservatives is that most often they cause negative 
organoleptic effects when added in sufficient amounts to provide an antimicrobial effect. This is why it is important to 
determine minimum inhibitory concentrations and minimal bactericide concentrations before use. The literature 
presents different methods that can be used. 

a.  Agar dilution assay 
The essential oils are added to cooled medium in different concentration range. The medium is split in Petri-dishes and 
the inoculum is plated. The plates are incubated at appropriated temperature for 24 h and the MIC is determined as the 
lowest concentration where the microorganisms do not grow [50]. 

b.  Disc diffusion assay 
The cell suspension is plated, filter paper discs (6 mm) are placed on the plate and different amounts of EOs are added 
to the disc. Petri dishes are incubated at appropriated temperature for the required time. The inhibition zones are 
measured [51]. 

c.  Resazurin assay 
The microorganisms are mixed with different concentrations of EOs in 96 well microtiter plates. After incubation 10 μl 
resazurin is added to each well and after 2 h the absorbance is measured at 570 nm [52]. The color of resazurin changes 
from blue to pink, because it is reduced to resorufin by oxidoreductases of viable cells [53]. 

d.  Measuring optical density 
After incubation of inoculated microtiter plates the optical density of each well is measured at 595 nm [54]. Absorbence 
is evaluated taking into account the negative and positive controls (cell free solutions and non-treated solutions). 

e.  Checkerboard method 
Different concentration of EOs are mixed in 1:1 rations and added to the cell suspension. After 24 hours incubation the 
fractional inhibitory concentration (FIC) is calculated as follows (x, y): 
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 FIC index (FIC(x)+FIC(y)) is used for assessment of interaction: FICI < 0.5 synergy; 0.5�FICI�1 additive; 1<FICI<4 
indifferent; FICI>4 antagonist [53]. Minimal bactericidal concentration (MBC) is the lowest concentration where 
bacteria show no growth on agar after plating cell suspensions from MIC determination [55]. 
 The cell number of biofilms can also be quantified. This can be made by swabbing, vortexing, shaking with beads or 
sonication of surfaces or staining with specific dyes and measuring absorbance. Staining can be conducted with 
tetrazolium salt (XTT) – Menadione reagent. After incubation the colorimetric change is measured at 450 nm and 
correlated to positive and negative controls [56, 57]. Crystal violet staining method (CV) is usually used for biofilm 
elimination detection. Inhibitors and bacterial suspensions are mixed in 1:1 ratio and after incubation at appropriate 
temperatures washing steps are conducted to remove the planktonic cells. To quantify the amount of biofilm formed 
different CV is used and after removing the excess dye bound crystal violet is released by adding acetic acid. Finally 
absorbance is measured [57]. Another method for biofilm detection is microscopy. There are epifluorescent, scanning 
electron, confocal laser scanning, and atomic force microscopes for biofilm imaging. 0.001% acridine orange solution is 
used for biofilm staining on epifluorescence microscopy [58]. By fluorescence microscopy some dyes are used like 
CTC-DAPI, LIVE/DEAD kit BacLightTM, SYTO 9, FITC labeled concanavilan A [58, 59].  
 The main preparation steps for scanning electron microscopy are fixing the samples with glutaraldehyde, drying with 
different concentration of ethanol and ethanol:buthanol, freeze-drying and coating with gold [20].  

4. Anti-biofilm forming effect of EOs 

Frequently investigated species regarding their biofilm formation are Staphylococci, Enterobacteriacee and the food-
borne pathogen Listeria monocytogenes. Several EOs and components have been investigated against these and other 
pathogens as well. Oils like citrus EOs, clary sage, marjoram, oregano, thyme, cinnamon, and their major components 
have been shown to be effective against the biofilm forming ability of some of these pathogens. Cassia, Peru balsam 
and red thyme essential oils proved to be more effective in eradicating Pseudomonas and S. aureus biofilms than some 
important antibiotics [60]. Oregano EO, carvacrol and thymol inhibited biofilm formation of Staphylococcus aureus and 
Staphylococcus epidermidis strains but twofold and fourfold greater concentrations were needed than in case of 
planktonic cells. The essential oil of Satureja thymbra as well as its hydrosol fraction exhibited a strong antimicrobial 
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action against both monospecies and mixed-culture biofilms [61]. Biofilm of isolated bacteria from industrial beverage 
filling plant (Sphingomonas, Stenotrophomonas and Acinetobacter spec.) was inhibited with thyme and oregano EO, 
where the EOs concentration was 0.004%-0.031% [62].   

5.  Anti-QS effect of EOs 

There is an ongoing need for investigating herbal products in the quest for new anti-pathogenic agents that might act as 
nontoxic inhibitors of QS, thus controlling infections without leading to the appearance of resistant bacterial strains. 
Anti-QS agents were first characterized in the red marine alga (Delisea pulchra) [17] and a few higher plants [63, 64]. 
The discovery of halogenated furanons produced by the algae D. pulchra which interfered with N-acyl homoserine 
lactone regulatory system of Gram-negative bacteria was an important discovery. Since then several plant extracts have 
also been tested for their antagonistic effect against QS [18, 65, 66, 67, 68, 69]. Essential oils have shown to be 
effective anti-QS agents as well [19, 20, 70, 71, 72]. EOs of tea tree, rosemary, ginger, rose, chamomile, eucalyptus, 
marjoram, clary sage, juniper and several others showed moderate or intensive anti-QS effect [19, 20]. It has been 
demonstrated that QS regulates biofilm formation of bacteria [73]. Studies also reveal that different EOs have been 
observed to be effective against biofilms formed by pathogens like Salmonella, Listeria, Pseudomonas and 
Staphylococcus [7, 43, 68, 74, 82]. Several methods have been used to demonstrate the anti-QS effect of EOs. The most 
common methods are disc and agar diffusion or flask-incubation assays. The violacein producing Chromobacterium 
violaceum is generally used for these investigations because its pigment production is regulated by QS. Usually agar 
plates inoculated with C. violaceum are used and paper discs are impregnated with the investigated EO. If the 
production of AHL molecules is inhibited than colorless halos will appear around the paper disc indicating that cells 
survived but their communication has been disrupted [19, 20]. Besides these model bacteria biosensor strains have also 
been used to aid the screening of compounds with anti-QS abilities. For example C. violaceum 026 is a Tn5 mutant 
strain that produces violacein upon induction with externally added short-chain autoinducers [74]. Agrobacterium 
tumefaciens NTL4 and A136 sense long chained AHL molecules and Vibrio harvey BAA-1117 senses AI2 signal 
molecules [21].  

6. Essential oils as sanitizers  

Biofilm eliminating effect of EOs is well documented. In most papers biofilms of food pathogens were eliminated with 
the aid of thyme, oregano, lemongrass and cinnamon EO. De Oliveira [45] reported about the effect of Cymbopogon 
citratus and C. nardus on L. monocytogenes biofilm on stainless steel. Biofilm reduction was 44-72% on 3 and 240 h-
old biofilms [45]. Number of cells of 168 h-old L. monocytogenes biofilm was dropped to non-detectable level after 4 
hours long treatment with 0.5% thyme EO [75]. Valeriano and coworkers got the results that lemongrass EO 
(Cymbopogon citratus) had disinfection effect on 240 h-old Salmonella enterica biofilm on stainless steel [7]. Lemon 
EO had the weakest effect on bacteria thus it was not suggested to use for biofilm elimination [76, 77]. Number of 
survivals in one day old Salmonella biofilm was below 1 log CFU after 1 hour treatments with 0.05% thyme or 0.05% 
oregano EO [76]. One day old E. coli biofilm was totally eliminated with cinnamon and juniper EO [75]. Cell number 
of Staphylococcus simulans, P. putida, L. monocytogenes in 5 days-old biofilm was reduced to � 2 log CFU using 20% 
ethanol or 8 mmol/l lactic acid or 1 mmol/l sodium hydroxide, while 1% of Satureja thymbra EO solved in 19% ethanol 
resulted full disinfection [61]. These literature data suggest that essential oils could represent alternative solution for 
hygiene processes against biofilms. The development of bacterial resistance to EOs is minimal [44]. 

7. Essential oils as food preservatives 

The food industry primarily uses EOs as flavorings and their use as food preservatives requires detailed knowledge 
about their mode of action and the effect of the food matrix components on their antimicrobial properties [41, 42]. A 
range of essential oil components have been accepted by the European Commission for their use as flavorings in 
products (linalool, thymol, eugenol, cinnamaldehyde, vanillin, citral, limonene). These are considered to present no risk 
to the health of the consumer. The use of EOs as preservatives in food has been limited because high concentrations are 
needed to achieve sufficient antimicrobial activity. Before being added to food products, the interaction of essential oils 
with food components should be tested. Different strategies can be used to overcome organoleptical changes caused by 
essential oils. One option is to use essential oils in active packaging rather than as an ingredient in the product itself.  
Essential oils can be encapsulated in polymers of edible and biodegradable coatings resulting in a slow release to the 
food surface or to the headspace of packages of, e.g., grapes [78]. Another option would be to explore the synergism 
between EOs and other food preservatives. The combination of nisin with Origanum vulgare EO induced a synergistic 
effect against L. monocytogenes whereas the combination of nisin with Thymus vulgaris EO caused a synergistic effect 
against Salmonella Typhimurium [79]. Pereira de Sousa and coworkers demonstrated that sublethal concentrations of 
carvacrol EO and 1,8-cineol alone and in combination caused severe morphological changes in Pseudomonas 
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fluorescence that was cultivated on vegetable-broth. This indicates that the oils tested could also inhibit P. fluorescence 
growth on vegetables [80]. Lavandula angustifolia and Mentha piperita EOs caused a significant decrease of bacterial 
growth in minced beef stored at 9±1 °C and the addition of EOs significantly extended fresh meat odor [81]. Desai and 
coworkers demonstrated that by dipping catfish fillets in 2% carvacrol solution at 4°C for 30 min, reduced L. 
monocytogenes to an undetectable level from their initial load of 5 log CFU/g [82]. In celery, 1% carvacrol reduced S. 
enterica populations below the detection level just after treatment, while 1% cinnamaldehyde reduced populations by 1 
and 2.3 log after treatment and 3 days later, respectively. In oysters, both antimicrobials caused about 5-log reductions 
after 3 days storage [83]. Regarding organoleptical changes studies show various results. The flavor of beef fillets 
treated with 0.8% v/w oregano oil was found to be acceptable after storage at 5 °C and cooking [84]. Oregano oil 
(0.05% v/w) on cod fillets produced a ‘distinctive but pleasant’ flavor, which decreased gradually during storage at 2 °C 
[85]. Labneh (Greek yogurt) containing 0.3% cinnamon, cumin or mint oils was the most acceptable and it had a good 
body and texture that was similar to the untreated one [86]. However, applying 1.8% of thyme oil in coating 
significantly decreased the acceptability of the taste of shrimps [87]. 

8. Conclusions 

Biofilm formation of pathogenic bacteria on surfaces and on foods represents a big challenge to the food industry and 
healthcare. The removal of biofilms is difficult and in spite of the efforts for good sanitization surfaces and products can 
be contaminated which can lead to severe health problems. Quorum sensing regulates several mechanisms in bacteria, 
including biofilm formation. The disruption of this mechanism could represent a solution in the search for new 
antimicrobials. By their mode of action and composition essential oils represent an alternative to synthetic sanitizers and 
preservatives in the food industry against pathogenic bacteria. Biofilms investigated so far have shown higher or lower 
sensitivity to a number of EOs or their components in vitro and, also in food processing environments. Quorum sensing 
has also been inhibited by the EOs of several plants, herbs and spices. The organoleptic impact of essential oils and 
their components in food products currently limits their usage to spicy foods but several techniques like 
nanoencapsulation, edible coating or combination of EOs with other preservatives can represent a solution to this 
problem. 

Acknowledgements  The study connected to the project TéT_10-1-2013-0019. Csaba Vágvölgyi thanks the visiting professor 
program, Deanship of Scientific Research at King Saud University, Riyadh. Authors also thank for the postdoctoral grant OTKA PD 
112234 of M. Takó. 

References 
[1]  Kumar CG, Anand SK. Significance of microbial biofilms in food industry: a review. International Journal of Food 

Microbiology. 1998; 42:9-27. 
[2]  Srey S, Jahid IK, Ha SD. (2013). Review Biofilm formation in food industries: A food safety concern. Food Control. 2013; 

31:572-585. 
[3]  Arnold JW, Bailey GW. Surface finishes on stainless steel reduce bacterial attachment and early biofilm formation: Scanning 

electron and atomic force microscopy study. Poultry Science. 2000; 79:839-1845. 
[4]  Simões M, Simões LC, Vieira MJ. A review of current and emergent biofilm control strategies. LWT-Food Science and 

Technology. 2010; 43:573-583. 
[5]  Coenye T, Nelis HJ. Review, In vitro and in vivo model systems to study microbial biofilm formation. Journal of 

Microbiological Methods. 2010; 83:89-105. 
[6]  Giaouris E, Heir E, Hébraud M, Chorianopoulos N, Langsrud S, Møretrø T, Habimana O, Desvaux M, Renier S, Nychas GJ. 

Attachment and biofilm formation by foodborne bacteria in meat processing environments: Causes, implications, role of 
bacterial interactions and control by alternative novel methods. Meat Science. 2013; 97:298-309. 

[7]  Valeriano C, de Oliveria TLC, de Carvalho SM, Cardoso MG, Alves E, Piccoli RH. The sanitizing action of essential oil-based 
solutions against Salmonella enterica serotype Enteritidis S64 biofilm formation on AISI 304 stainless steel. Food Control. 
2012; 25:673-677. 

[8]  Shi X, Zhu X. Biofilm formation and food safety in food industries. Trends in Food Science and Technology. 2009; 20:407-
413. 

[9]  Guðbjörnsdóttir B, Einarsson H, Thorkelsson G. Microbial adhesion to processing lines for fish fillets and cooked shrimp: 
influence of stainless steel surface finish and presence of Gram-Negative bacteria on the attachment of Listeria monocytogenes; 
microbial adhesion on stainless steel surface finish. Food Technology and Biotechnology. 2005; 43:55–61. 

[10]  U.S. Department of Agriculture, Food Safety and Inspection Service. Compliance guidelines to control Listeria monocytogenes 
in post-lethality exposed ready-to-eat meat and poultry products. 2006.  

[11]  Carpentier B, Cerf O. Review-Persistence of Listeria monocytogenes in food industry equipment and premises. International 
Journal of Food Microbiology. 2011; 145:1-8. 

[12]  Nealson KH, Platt T, Hastings J W. Cellular control of the synthesis andactivity of the bacterial luminescent system. Journal of 
Bacteriology 1970; 104:313-322. 

The Battle Against Microbial Pathogens: Basic Science, Technological Advances and Educational Programs (A. Méndez-Vilas, Ed.)

© FORMATEX 2015

__________________________________________________________________________________________________________

434



 

 
 

[13]  Hartmann A, Schikora A. Quorum sensing of bacteria and trans-kingdom interactions of N-acyl homoserine lactones with 
eukaryotes. Journal of Chemical Ecology. 2012; 38:704–713.  

[14]  Priha O, Juvonen R, Tapani K, Storgårds E, Brew JI. Acyl homoserine lactone production of brewery process surface bacteria. 
Journal of the Institute of Brewing. 2011; 117:182–187. 

[15]  Tomlin KL, Malott RJ, Ramage G, Storey DG, Sokol PA, Ceri H. Quorum-sensing mutations affect attachment and stability of 
Burkholderia cenocepacia biofilms. Applied and Environmental Microbiology. 2005;71(9):5208-5218. 

[16]  Bakkiyaraj D, Sivasankar C, Pandian SK. Inhibition of quorum sensing regulated biofilm formation in Serratia marcescens 
causing nosocomial infections. Bioorganic and Medicinal Chemistry Letters. 2012; 22:3089–3094.  

[17]  Manefield  M, de Nys R, Kumar N, Read R, Givskov M, Steinberg P, Kjelleberg S. Evidence that halogenated furanones from 
Delisea pulchra inhibit acylated homoserine lactone (AHL)-mediated gene expression by displacing the AHL signal from its 
receptor protein. Microbiology. 1999;145: 283-291. 

[18]  Adonizio AL, Downum K, Bennett BC, Mathee K. Anti-quorum sensing activity of medicinal plants in southern Florida. 
Journal of Ethnopharmacology. 2006;105:427-435.  

[19]  Szabó MÁ, Varga GZ, Hohmann J, Schelz Z () Inhibition of quorum-sensing signals by essential oils. Phytotherapy Research. 
2010; 24:782-786. 

[20] Kerekes E-B, Deák É, Takó M, Tserennadmid R, Petkovits T, Vágvölgyi C, Krisch J. Anti-biofilm forming and anti-quorum 
sensing activity of selected essential oils and their main components on food-related micro-organisms. Journal of Applied 
Microbiology. 2013; 115:933–942.  

[21]  Blana V. Quorum-sensing: understanding the role of bacteria in meat spoilage. PhD thesis, Cranfield; 2010. p. 1-2. 
[22]  Campoccia D, Montanaro L, Arciola CR. A review of the biomaterials technologies for infection-resistant. Biomaterials. 2013; 

43:8533-8554. 
[23]  Van Houdet R, Michiels CW. Biofilm formation and the food industry, a focus on the bacteria outer surfaces. Journal of 

Applied Microbiology. 2010; 109:1117-1131. 
[24]  Gibson H, Taylor JH, Hall KE, Holah JT. Effectiveness of cleaning techniques used in food industry in terms of the removal of 

bacterial biofilms. Journal of Applied Microbiology. 1999; 87:41-48. 
[25]  http://www.ianrpubs.unl.edu/epublic/live/g1816/build/#target 
[26]  Morar A, Sala C, Decun M, Morvay A, Imre K, Cerna D. Microbial biofilm and bacterial contamination on pig carcasses. 

Animal Science and Biotechnologies. 2010; 43 (2):373–376. 
[27]  Hui YH. Processing technology. In: Hui, YH, Barta J, Cano MP, Gusek T, Sidhu JS, Sinha NK, editors. Handbook of fruits and 

food processing. USA:Blackwell Publishing; 2006. p. 10-11. 
[28]  Pao S, Petracek PD. Shelf life extension of peeled oranges by citric acid treatment. Food Microbiology. 1997;14:485–491. 
[29]  Wade WIN, Beuchat LR.  Proteolytic fungi isolated from decayed and damaged raw tomatoes and implications associated with 

changes in pericarp pH favorable for survival and growth of foodborne pathogens. Journal of Food Protection. 2003; 66:911–
917. 

[30] Wells JM, Butterfield JE. Salmonella contamination associated with bacterial soft rot of fresh fruits and vegetables in the 
marketplace. Plant Diseases.1997; 81:867–872. 

[31]  Dingman DW. Growth of Escherichia coli O157:H7 in Bruised Apple (Malus domestica).Tissue as influenced by cultivar, date 
of harvest, and source. Applied and Environmental Microbiology. 2000; 66(3): 1077–1083. 

[32]  Annous BA, Solomon EB, Cooke PH, Burke A. Biofilm formation by Salmonella spp. on cantaloupe melons. Journal of Food 
Safety. 2005, 25:276–287. 

[33]  López-Gálvez F, Allende A, Selma MV, Gil MI. Prevention of Escherichia coli cross-contamination by different commercial 
sanitizers during washing of fresh-cut lettuce. International Journal of Food Microbiology. 2009; 133(1-2):167-171. 

[34]  Hentzer M, Givskov M. Pharmacological inhibition of quorum sensing for the treatment of chronic bacterial infections. Journal 
of Clinical Investigation. 2003;112(9):1300-1307.  

[35]  Alvarez MV, Moreira MR, Ponce A. Anti-quorum sensing and antimicrobial activity of natural agents with potential use in 
food. Journal of Food Safety. 2012; 32:379–387. 

[36]  Van de Braak SAAJ, Leijten GCJJ, Essential oils and oleoresins: a survey in the Netherlands and other major markets in the 
European Union. CBI, Centre for the Promotion of Imports from Developing Countries, Rotterdam. 1999; 116. 

[37]  De Martino L, De Feo V, Formisano C, Mignola E, Senatore F. Chemical composition and antimicrobial activity of the 
essential oils from three chemotypes of Origanum vulgare L. ssp. hirtum (Link) Ietswaart growing wild in Campania  (Southern 
Italy). Molecules. 2009; 14:2735-2746. 

[38]  Cowan MM. Plant products as antimicrobial agents. Clinical Microbiology Reviews. 1999; 12:564–582. 
[39]  Dorman HJD, Deans SG. Antimicrobial agents from plants: antibacterial activity of plant volatile oils. Journal of Applied 

Microbiology. 2000; 88: 308-316. 
[40]  Ayala-Zavala JF, Oms-Oliu G, Odriozola-Serrano I, Gonzalez-Aguilar GA, Alvarez-Parrilla E, Martin-Belloso O. Bio-

preservation of fresh-cut tomatoes using natural antimicrobials. European Food Research and Technology. 2007; 226:1047-
1055. 

[41]  Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biological effects of essential oils-a review. Food and Chemical Toxicology. 
2008; 46: 446-475. 

[42]  Hyldgaard M, Mygind T, Meyer RL. Essential oils in food preservation: mode of action, synergies, and interactions with food 
matrix components. Frontiers in Microbiology. 2012; 3(12):1-24. 

[43]  Morten H, Tina M, Rikke LM. Essential oils in food preservation: mode of action, synergies, and interactions with food matrix 
components. Frontiers in Microbiology. Antimicrobials, Resistance and Chemotherapy. 2012; 3:1-24. 

[44]  Burt SA. Essential oils: their antibacterial properties and potential applications in foods: a Review. International Journal of 
Food Microbiology. 2004; 94:223-253. 

[45]  Lambert RJW, Skandamis PN, Coote PJ, Nychas G-JE. A study of the minimum inhibitory concentration and mode of action of 
oregano essential oil, thymol and carvacrol. Journal of Applied Microbiology. 2001; 91:453-462. 

The Battle Against Microbial Pathogens: Basic Science, Technological Advances and Educational Programs (A. Méndez-Vilas, Ed.)

© FORMATEX 2015

__________________________________________________________________________________________________________

435



 

 
 

[46]  Carson CF, Mee BJ, Riley TV. Mechanism of action of Melaleuca alternifolia (Tea Tree) oil on Staphylococcus aureus 
determined by time-kill, lysis, leakage, and salt tolerance assays and electron microscopy. Antimicrobial agents and 
chemotherapy. 2002; 46:1914–1920. 

[47]  Tian J, Ban X, Zeng H, He J, Chen Y, Wang Y. (2012) The mechanism of antifungal action of essential oil from Dill (Anethum 
graveolens L.) on Aspergillus flavus. PLoS ONE. 2012; 7: 30147.  

[48]  da Silva Bomfim N, Polis Nakassugi L, Faggion Pinheiro Oliveira J, Yumie Kohiyama C, Aparecida Galerani Mossini S, 
Grespan R, Botião Nerilo S, Augusto Mallmann C, Alves Abreu Filho B, Machinski Jr. M. Antifungal activity and inhibition of 
fumonisin production by Rosmarinus officinalis L. essential oil in Fusarium verticillioides (Sacc.) Nirenberg. Food Chemistry. 
2015; 166:330–336. 

[49]  Parveen M, Hasan M K, Takahashi J, Murata Y, Kitagawa E, Kodama O, Iwahashi H. Response of Saccharomyces cerevisiae 
to a monoterpene: evaluation of antifungal potential by DNA microarray analysis. Journal of Antimicrobial Chemotherapy. 
2014; 54:46–55 

[50]  Mann CM, Markham JL. A new method for determining the minimum inhibitory concentration of essential oils. Journal of 
Applied Microbiology. 1998; 84:538-544. 

[51]  Burt SA, Reinders RD. Antibacterial activity of selected plant essential oils against Escherichia coli O157:H7. Letters in 
Applied Microbiology. 2003; 36:162-167. 

[52]  Sarker SD, Nahar L, Kumarasamy Y. Microtitre plate-based antibacterial assay incorporating resazurin as an indicator of cell 
growth, and its application in the in vitro antibacterial screening of phytochemicals. Methods. 2007; 42:321-324. 

[53]  Zheng L, Bae YM, Jung KS, Heu S, Lee SY. Antibacterial activity of natural antimicrobial substances against spoilage bacteria 
isolated from fresh produce. Food Control. 2013; 32:665-672. 

[54]  Mulyaningsiha S, Sporera F, Zimmermannb S, Reichlinga J, Wink M. Synergistic properties of the terpenoids aromadendrene 
and 1,8-cineole from the essential oil of Eucalyptus globulus against antibiotic-susceptible and antibiotic-resistant pathogens. 
Phytomedicine. 2010; 17:1061-1066. 

[55]  Smith-Palmer A, Stewart J, Fyfe L. Antimicrobial properties of plant essential oils and essences against five important food-
borne pathogens. Letters in Applied Microbiology. 1998; 26:118-122. 

[56]  Sandasi M, Leonard CM, Viljoen AM. The effect of five common essential oil components on Listeria monocytogenes 
biofilms. Food Control. 2008; 19:1070-1075. 

[57]  Peeters E, Nelis HJ, Coenye T. Comparison of multiple methods for quantification of microbial biofilms grown in microtiter 
plates. Journal of Microbiologycal Methods. 2008; 72:157 - 165. 

[58]  Ibarreche MP, Castellano P, Vignolo G. Evaluation of anti-Listeria meat borne Lactobacillus for biofilm formation on selected 
abiotic surfaces. Meat Science. 2014; 96:295-303. 

[59]  Winkelströter LK, Teixeira FBDR, Silva EP, Alves VF, de Martinis ECP. Unraveling microbial biofilms of importance for food 
microbiology. Microbial Ecology. 2014; 68:35-46. 

[60]  Kavanaugh NL, Ribbeck K. Selected antimicrobial essential oils eradicate Pseudomonas spp. and Staphylococcus aureus 
biofilms. Applied Environmental Microbiology. 2012; 78 (11): 4057–4061.  

[61]  Chorianopoulos NG, Giaouris ED, Skandamis PN, Haroutounian, SA, Nychas GJE. Disinfectant test against monoculture and 
mixed-culture biofilms composed of technological, spoilage and pathogenic bacteria: bactericidal effect of essential oil and 
hydrosol of Satureja thymbra and comparison with standard acid-base sanitizers. Journal of Applied Microbiology. 2008; 104 
(6):1586–1596.  

[62]  Szczepanski S, Lipski A. Essential oils show specific inhibiting effects on bacterial biofilm formation. Food Control. 2014; 
36:224-29. 

[63]  Teplitski M, Robinson J B, Bauer W D. Plants secrete substances that mimic bacterial N-acyl homoserine lactone signal 
activities and affect population densitydependent behaviors in associated bacteria. Molecular Plant-Microbe Interactions. 2000; 
13:637-648. 

[64]  Bjarnsholt T, Jensen PO, Rasmussen TB, Christophersen L, Calum H, Hentzer M, Hougen HP, Rygaard J, Moser C, Eberl L., 
Høiby N, Givskov M. Garlic blocks quorum sensing and promotes rapid clearing of pulmonary Pseudomonas aeruginosa 
infections. Microbiology. 2005; 151:3873–3880. 

[65]  Choo JH, Rukayadi Y, Hwang JK. Inhibition of bacterial quorum sensing by vanilla extract. Letters of Applied Microbiology. 
2006; 42:637–641. 

[66]  Al-Hussaini R., Mahasneh A.M. Antimicrobial and antiquorum sensing activity of different parts of Laurus nobilis l. extracts. 
Jordan Medical Journal. 2009; 43:286–298. 

[67]  Koh K.H., Tham F.Y. Screening of traditional Chinese medicinal plants for quorum-sensing inhibitors activity. Journal of 
Microbiologycal and Immunological Infections. 2011;44:144–148. 

[68]  Tan LY, Yin WF, Chan KG. Silencing quorum sensing through extracts of Melicope lunu-ankenda. Sensors. 2012; 12:4339–
4351. 

[69]  Song Z, Kong KF, Wu H, Maricic N, Ramalingam B, Priestap H, Schneper L, Quirke JM, Hoiby N, Mathee K. Panax ginseng 
has anti-infective activity against opportunistic pathogen Pseudomonas aeruginosa by inhibiting quorum sensing, a bacterial 
communication process critical for establishing infection. Phytomedicine. 2010; 17:1040–1046. 

[70]  Alvarez MV, Moreira MR, Ponce A. Anti-quorum sensing and antimicrobial activity of natural agents with potential use in 
food. Journal of Food Safety. 2012; 32:379–387. 

[71]  Olivero J.T.V., Pajaro N.P.C., Stashenko E. Anti-quorum sensing activity of essential oils isolated from different species of the 
genus Piper. Vitae. 2011; 18:77–82. 

[72]  Jaramillo-Colorado B., Olivero-Verbel J., Stashenko E.E., Wagner-Dobler I., Kunze B. Anti-quorum sensing activity of 
essential oils from colombian plants. Nat. Prod. Res. 2012; 26:1075–1086. 

[73]  Davies DG, Parsek MR, Pearson JP, Iglewski BH, Costerton JW, Greenberg EP. The involvement of cell-to-cell signals in the 
development of a bacterial biofilm. Science. 1998; 280(5361):295-298. 

The Battle Against Microbial Pathogens: Basic Science, Technological Advances and Educational Programs (A. Méndez-Vilas, Ed.)

© FORMATEX 2015

__________________________________________________________________________________________________________

436



 

 
 

[74]  McClean KH, Winson MK, Fish L, Taylor A, Chhabra SR, Camara M, Daykin M, Lamb JH, Swift S, Bycroft BW, Stewart 
GSAB. Quorum sensing and Chromobacterium violaceum�: exploitation of violacein production and inhibition for the detection 
of N-acylhomoserine lactones. 1997; 143:3703–3711. 

[75]  Desai MA, Soni KA, Nannapaneni R, Schilling MW, Silva JL. Reduction of Listeria monocytogenes biofilms on stainless steel 
and polystyrene surfaces by essential oils. Journal of Food Protection. 2012; 75:1332-1337. 

[76]  Vidács A, Krisch J, Vágvölgyi Cs. Disinfection action of some essential oils on stainless steel. Analecta Technica Szegediensis, 
Review of Faculty of Engineering. 2014; 1:18-21. 

[77]  Soni KA, Oladunjoye A, Nannapaneni R, Schilling MW, Silva JL, Mikel B, Bailey RH. Inhibition and inactivation of 
Salmonella Thyphimurium biofilms from polystyrene and stainless steel surfaces by essential oils and phenolic constituent 
carvacrol. Journal of Food Protection. 2013; 76:205-212. 

[78]  Sánchez-González L,Vargas M, González-Martínez C,Chiralt A, Cháfer M.Use of essential oils in bioactive edible coatings: a 
review. Food Engeneering. 2011; 3: 1–16. 

[79]  Turgis M, Vu KD, Dupont C, Lacroix M. Combined effect of essential oils and bacteriocins against foodborn pathogens and 
spoilage bacteria. Food Research International. 2012; 48 (2):696-702 

[80]  Pereira de Sousa J, Alvarez de Azerêdo G, de Araújo Torres R, da Silva Vasconcelos MA, da Conceição ML, de Souza EL. 
Synergies of carvacrol and 1,8-cineole to inhibit bacteria associated with minimally processed vegetables. International Journal 
of Food Microbiology. 2012; 154:145–51.  

[81]  Djenane D, Aïder M, Yangüela J, Idir L, Gómez D, Roncalés P. Antioxidant and antibacterial effects of Lavandula and Mentha 
essential oils in minced beef inoculated with E. coli O157:H7 and S. aureus during storage at abuse refrigeration temperature. 
Meat Science. 2012; 92:667–74.  

[82]  Desai MA, Soni KA, Nannapaneni R, Schilling MW, Silva JL. Reduction of Listeria monocytogenes in raw catfish fillets by 
essential oils and phenolic constituent carvacrol. Journal of Food Science. 2012;77(9): 516-522. 

[83]  Ravishankar, S, Zhu L, Reyna-Granados J, Law B, Joens L, Friedman M. Carvacrol and cinnamaldehyde inactivate antibiotic-
resistant Salmonella enterica in buffer and on celery and oysters. Journal of Food Protection. 2010; 2:212-404. 

[84]  Tsigarida, E., Skandamis, P., Nychas, G.-J.E.,. Behaviour of Listeria monocytogenes and autochthonous flora on meat stored 
under aerobic, vacuum and modified atmosphere packaging conditions with or without the presence of oregano essential oil at 
5°C. Journal of Applied Microbiology. 2000; 89: 901–909. 

[85]  Mejlholm, O, Dalgaard, P. Antimicrobial effect of essential oils on the seafood spoilage micro-organism Photobacterium 
phosphoreum in liquid media and fish products. Letters in Applied Microbiology. 2002; 34: 27– 31. 

[86]  Thabet HM, Nogaim QA, Qasha AS, Abdoalaziz O, Alnsheme N. Evaluation of the effects of some plant derived essential oils 
on shelf life extension of Labneh. Merit Research Journal of Food Science and Technology. 2014; 2:8-14. 

[87]  Ouattara, B, Sabato, SF, Lacroix, M. Combined effect of antimicrobial coating and gamma irradiation on shelf life extension of 
pre-cooked shrimp (Penaeus spp.). International Journal of Food Microbiology. 2001; 68: 1-9. 

The Battle Against Microbial Pathogens: Basic Science, Technological Advances and Educational Programs (A. Méndez-Vilas, Ed.)

© FORMATEX 2015

__________________________________________________________________________________________________________

437


