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INTRODUCTION 

Bacteria have the ability to attach to, and produce biofilm on, 

various surfaces occurring in food industry and health care. In 

that complex system bacteria are more resistant to harmful 

environmental effects. The first task in defence against biofilms 

is to inhibit adhesion. If the adhesion is irreversible the 

elimination is harder. 

Bacteria can adapt to disinfectants used for longer times so that 

development of new agents may be necessary. Essential oils 

show antimicrobial, antifungal and antiviral effects and can 

hence be suitable to develop disinfection agents of novel type. 

Essential oils are derivated from plants. Most of the essential 

oils have the GRAS (generally recognized as safe) status by 

Food and Drug Administration (FDA). 



 

 

AIMS 

The general aim of our research work was to develop a 

disinfectant containing a natural active ingredient (essential oil) 

that is efficient in inhibition of development of bacterial 

biofilms on solid surfaces. 

1. Investigation of the antimicrobial effect of the essential 

oils chosen. 

2. Investigation and characterization of the antimicrobial 

effect of essential oil mixtures. 

3. Investigation of the antiadhesive effect of essential oils 

on food industrial surfaces, including variations 

characteristic for the technological processes (surfaces 

in clean and food residue contaminated state). 

4. Determination of the antibacterial kinetics of essential 

oils. 

5. Investigation of the effect of the essential oil-based 

disinfectant liquid on biofilms of different maturation. 

6. Removal of mixed population biofilms from tile, metal, 

plastic and wooden surfaces. 

7. Optimization and proving of efficiency of the natural-based 

disinfectant. 



 

 

METHODS 

Investigated microorganisms: Bacillus cereus var. mycoides 

SZMC 0042, Bacillus subtilis SZMC 0209, Escherichia coli 

SZMC 0582, Listeria monocytogenes SZMC 21307, 

Staphylococcus aureus SZMC 110007, Staphylococcus aureus 

(MRSA) SZMC 6270, Pseudomonas putida SZMC 291T. 

Mixed culture: E. coli, L. monocytogenes, P. putida, S. aureus. 

Industrial isolates: Citrobacter sp., Enterobacter sp., 

Escherichia sp., Pseudomonas sp., Serratia sp. 

Investigated essential oils: juniper, lemon, cinnamon, thyme, 

marjoram, clary sage. 

Identification of the isolated bacteria: 

 Sampling sites: Factory producing frozen pastries, 

training workshop producing meat products. 

 Identification of the bacteria: purification of genomic 

DNA, agarose gel electrophoresis, PCR, sequencing and 

analysis of DNA fragments, analysis of nucleotide 

sequences (BLAST). 

Determination of minimal inhibitory and bactericidal 

concentrations: 

 Microdilution method. 

 



 

 

Investigation of the interaction of essential oils  

 Checkerboard method 

Determining the adhesion ability of the bacteria 

 On polypropylene and stainless steel surfaces, with 

hourly sampling over four hours, 

 Essential oils used: marjoram, thyme, cinnamon, 

 Food industrial model: how do food residues on the 

surfaces influence adhesion and the anti-adhesion effect 

of the essential oils, 

 DAPI staining and observation under microscope. 

Examination of the bactericidal kinetics of the essential oils: 

 Varying of concentration and/or pH in order to shorten 

killing time. 

Investigation and removal of single- and multiple-species 

biofilms: 

 Formation of 24 and 168 hours biofilms on 

polypropylene, stainless steel, tile and wood surfaces, 

 Disinfection of the surfaces with an essential oil 

containing solution according to the parameters 

(concentration, pH, action time) obtained in 

investigating the bactericidal kinetics,  

 Determining surviving cell count on general and 

selective media. 

 

 



 

 

Optimization of the disinfectant 

 Application of the Box-Behnken model, 

 Independent variables: concentration (1-3x MBC), time 

(10-110 min) and pH (4.5-7.5), 

 Dependent variable: surviving cells in the biofilm, 

 Bacteria:: E. coli and L. monocytogenes on 

polypropylene surface; four-species mixed culture on 

polypropylene and wood surface, 

 Comparison with some currently used disinfectants. 

Checking the efficiency of the optimized disinfectant 

 By removal of single- and multiple-species biofilms, 24 

and 168 hours old. 

Scanning electron microscopic imaging: 

 24 and 168 hours biofilms formed on plastic and wood 
surfaces, 

 Scanning electron microscopic images from these 
biofilms. 



 

 

RESULTS 

The isolates belonged to the genera Citrobacter, Enterobacter, 

Escherichia, Pseudomonas and Serratia.  

From the essential oils investigated, cinnamon-, marjoram- and 

thyme oil showed good antibacterial effect. The juniper-, 

lemon- and clary sage oils had limited effect; the minimum 

inhibitory concentration (MIC) was over 100 mg/mL for most 

of the bacteria. These EOs were omitted from further work. 

Generally, Gram-negative bacteria and industrial isolates were 

more resistant to the essential oils. Essential oils were very 

efficient also against MRSA and Listeria monocytogenes. 

1. By examining the interactions of the essential oils it 

was found that the best results could be obtained if at least 

one of the oils had a phenolic component, such as thymol in 

thyme oil.  

In most cases, additive or synergistic effect was achieved, 

except for the isolated strains in which case the essential oils 

had indifferent effect.  

2. In sublethal concentrations, cinnamon, marjoram 

and thyme essential oils significantly reduced or inhibited 

the number of bacteria attached to stainless steel and 

polypropylene surfaces. The surface itself had no influence 



 

 

on the attaching ability of the bacteria, but contamination 

with food residues greatly promoted attaching and 

decreased the effect of essential oils.  

First of all, proteinous contaminations capable of covalently 

binding aldehydic components of the oils like cinnamaldehyde, 

caused decreased inhibitory effect. If proteins were removed 

from the contaminants, inhibitory effect was restored.  

3. We developed cinnamon, marjoram and thyme essential 

oil based disinfectants which can satisfy the demand of 

industries.  

4. Biofilm was eliminated from stainless steel and 

polypropylene surfaces with essential oil based disinfectant 

(mainly marjoram essential oil) at pH 4,5. Disinfection was 

more efficient on stainless steel than on plastic surface.  

With aged biofilms, removal or cell count reduction was easier, 

possibly because of exhaustion of nutrients or accumulation of 

toxic substances. The best effect, that is, complete elimination 

of the biofilm, was achieved with marjoram oil at acidic pH but 

the other essential oils also showed their best effect in acidic 

solution. At low pH, most components of the essential oils are 

in non-dissociated state and strongly hydrophobic, enabling 



 

 

them to cross the bacterial cell membrane and to disturb normal 

cellular functions. 

5. The nature-friendly alternative antibacterial solution 

recommended by us is based on marjoram or cinnamon 

essential oil and has acidic pH (4.5), which are is suitable for 

removal of single- or multi-species biofilms formed on stainless 

steel, polypropylene, tile, and wood surfaces. In industry and in 

households, single species biofilms are rare, mixed 

communities are much more typical. It was optimized applying 

the Box-Behnken experiment design. Regarding the hardest to 

disinfect wooden surfaces, the recommended concentration 

of essential oil is 60 mg/mL for marjoram and 12.5 mg/mL 

for cinnamon, if the disinfectant is to be applied also in 

households. Disinfection time is 10 to 30 minutes depending 

on the surface. 

 

 

 

 

 

 



 

 

SUMMARY 

 The investigated essential oils showed antibacterial 

effect, the most promising ones being cinnamon, thyme 

and marjoram. 

 Synergistic or additive interaction was found with those 

essential oil mixtures where the main component of one 

member was a phenolic compound. 

 There was no difference in the number of attached cells 

on polypropylene and stainless steel surfaces. Essential 

oils could diminish the number of attached cells, or 

even achieve complete inhibition of adhesion. Food 

residues on the surfaces promoted adhesion and reduced 

the effect of essential oils. 

 Increasing the concentration and acidic or basic pH 

shortened the killing time of essential oils. 

 Isolated bacteria were more sensitive than those from 

the culture collection. 

 Disinfectants based on essential oils removed the 

biofilms from the surfaces. 

 In four-species biofilms, the proportion of Gram-

negative bacteria increased with time. Disinfection of 

wood surface was more difficult due to its porosity.  

 The efficiency of the disinfectant obtained by 
optimization was equal to or better than that of 
household and industrial disinfectants.
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