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Abstract 
Pseudomonas aeruginosa is an opportunistic pathogen capable of forming biofilms of great relevance to medical 
microbiology and the food industry. Essential oil (EOs) constituents have been researched as new strategies for the 
control of biofilms. In the present study cinnamaldehyde was shown to be an effective EO against the planktonic 
cells of P. aeruginosa strains (p < 0.05). Thus it was used to prepare sanitizing solutions, which were tested against 
P. aeruginosa biofilms formed on stainless steel surfaces. Cinnamaldehyde showed antibacterial activity against 
sessile P. aeruginosa cells (p < 0.05). A 100% (5.87 log-reduction) elimination of viable bacterial cells was obtained 
after treatment with a 6xMIC (0.06% Minimal Inhibitory Concentration) solution for the strain ATCC 9027. Sanitizing 
cinnamaldehyde solutions can be used as new alternatives to control such microbial sessile communities in food 
industries. 

Keywords: Essential oil constituent; Natural sanitizing solution; Bacterial adhesion; Bacterial biofilms; Industrial 
surfaces; Pseudomonas aeruginosa. 

Resumo 
Pseudomonas aeruginosa é um patógeno oportunista capaz de formar biofilmes de grande relevância para a 
microbiologia médica e para a indústria de alimentos. Os constituintes do óleo essencial (OE) têm sido pesquisados 
como novas alternativas para o controle do biofilme. Neste estudo, o cinamaldeído mostrou-se eficaz como OE 

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-1154-7282


Sanitizing cinnamaldehyde solutions against Pseudomonas aeruginosa biofilms formed on stainless steel surfaces 
Pereira, L. A. S. et al. 

 

Braz. J. Food Technol., Campinas, v. 22, e2018144, 2019 | https://doi.org/10.1590/1981-6723.14418 2/8 

contra células planctônicas de cepas de P. aeruginosa (p < 0,05) e foi então utilizado para a preparação de soluções 
sanitizantes que, por sua vez, foram testadas contra biofilmes de P. aeruginosa formados em superfície de aço 
inoxidável. Cinamaldeído mostrou atividade antibacteriana contra células sésseis de P. aeruginosa (p < 0,05). Para a 
estirpe ATCC 9027, foi obtida uma eliminação de células bacterianas viáveis em 100% (5,87 log-redução), após 
tratamento com a solução 6xMIC (0,06% Concentração Inibitória Mínima). As soluções sanitizantes de cinamaldeído 
podem ser novas alternativas para o controle dessas comunidades sésseis microbianas na indústria alimentícia. 

Palavras-chave: Constituinte de óleo essencial; Solução sanitizante natural; Adesão bacteriana, Biofilme 
bacteriano; Superfícies industriais; Pseudomonas aeruginosa. 

1 Introduction 
Microorganisms have a natural tendency to attach to moist surfaces, multiply and remain in the viscous 

matrix composed of extracellular polymeric substances (EPS), forming biofilms (Simões et al., 2010). 
Biofilms constitute a protected mode of growth that allows the microorganisms to survive in hostile 

environments. These biofilms can become 10-1000 times more resistant to the effects of antimicrobial agents 
than their planktonic counterparts. Thus it is difficult to control their growth in industrial and hospital 
environments, leading to a variety of contaminations in the food industry, causing food spoilage and public 
health problems, such as outbreaks of foodborne pathogens (York, 2017). 

Amongst the microorganisms involved, Pseudomonas aeruginosa is considered a model organism to study 
biofilm formation, due to its clinical importance and propensity to develop biofilms resistant to sanitizing 
agents. This rod-shaped, mobile, Gram-negative aerobic bacteria can survive and multiply in several 
environments and in a wide temperature range. P. aeruginosa is commonly found in the environment, the 
water, the soil, and in several vegetations around the world. It rarely causes sickness in healthy individuals, 
but is a predominant cause of opportunistic nosocomial infections. Moreover, many diseases related to 
P. aeruginosa biofilms are resistant to most antimicrobial therapies. Several problems related to 
P. aeruginosa biofilms such as endocarditis, cystic fibrosis and mechanical ventilation pneumonia have been 
reported (Lalawmpuii & Chatli, 2017). 

According to Kenneth & Ray (2004) water or foods containing P. aeruginosa do not present risks. 
However, the growth of P. aeruginosa can cause the spoilage of foods from different origins. Some strains 
can form biofilms on abiotic industrial surfaces or even grow at refrigeration temperatures, which indicates 
that this species may result in losses for the food industry. 

Thus the control of microbial biofilms formed by P. aeruginosa is necessary in both clinical and industrial 
areas. In this context, the development of new and efficient alternatives to control biofilms has emerged as 
an area of research in continuous expansion. A recently published study has shown that essential oils (EOs) 
and their constituents present antimicrobial activity against the biofilms formed by different species of 
microorganisms (Flemming et al., 2016). 

EOs are complex volatile substances extracted from plant materials, that present secondary metabolites 
such as terpenoids, terpenes and aromatic compounds derived from phenylpropane. The phenylpropanoid 
bark constituent cinnamaldehyde, presents effective action against both planktonic and sessile bacterial cells. 
Campana et al. (2017) evaluated the EOs Cinnamomum cassia and Salvia officinalis against S. aureus 
biofilms. Different microemulsions were tested against the biofilms and up to 68% biofilm removal was 
noted after 90 min exposure to the essential oils. Oliveira et al. (2012b) studied the antibacterial effects of 
cinnamaldehyde against enteropathogenic Escherichia coli (EPEC) and Listeria monocytogenes biofilms and 
an effect of cinnamaldehyde as a chemical sanitizer was detected, eliminating or reducing the cells from 
sessile bacteria. Kavanaugh & Ribbeck (2012) observed that the EO Cinnamomum aromaticum and the 
compound cinnamaldehyde eradicated the biofilm formed by P. aeruginosa on an MBEC device (a modified 
microtiter plate), proving to be more effective than important antibiotics. However, there are few studies on 
the control of P. aeruginosa biofilms, especially regarding those formed on industrial surfaces, and the use 
ofcinnamaldehyde sanitizing solutions. Of the five compounds tested (cinnamaldehyde, eugenol, carvacrol, 
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citral and terpinen-4-ol), cinnamaldehyde was evaluated as the most effective EO compound against the 
planktonic cells of three strains of P. aeruginosa and their biofilms. 

2 Materials and methods 

2.1 Bacterial strains, inoculum storage and standardization 

Pseudomonas aeruginosa ATCC 15442, 27853 and 9027 were provided by the National Institute of 
Quality Control in Health - INCQS of the Oswaldo Cruz Foundation - FIOCRUZ. (Rio de Janeiro, RJ, Brazil). 
The strains were stored at −18 °C in Tryptone Soya Broth (TSB) containing 20% (v/v) glycerol, and the 
McFarland scale was used for standardization. Colonies present on the surface of the Tryptone Soy Agar 
(TSA) were inoculated into a 0.85% saline solution (w/v) after incubation at 37 °C for 24 h until a turbidity 
standard of 0.5, corresponding to 1.5 × 108 CFU mL-1 (OD at 620 nm = 0.08 to 0.1). 

2.2 Preliminary tests on planktonic cells 

2.2.1 Screening 

The EO compounds used in this stage were eugenol, carvacrol, cinnamaldehyde, citral and terpinen-4-ol, 
all of which were acquired from Sigma Aldrich. They were previously diluted in dimethyl sulfoxide (DMSO) 
(proportion of 1:1), and the agar diffusion technique (adapted from Oliveira et al. (2012a)) was applied. 

Aliquots (100 µL) of standardized bacterial suspensions were plated on Mueller Hinton agar containing 
0.5% Tween 80. Filter paper discs (6 mm in diameter) were placed in the middle of the culture surface and 
at the centre of the dish. The compound solutions were added (6 µL) to the filter paper discs and incubated 
at 37 °C for 24 h. The inhibition zones of the paper discs were measured using a digital pachymeter. The 
average of two diametrically opposite measurements was calculated, and the result was expressed in 
millimetres (mm). 

2.2.2 Minimal Inhibitory Concentrations (MICs) 

In this stage, only cinnamaldehyde was used. 
The broth microdilution method described by Oliveira et al. (2012a) was used to evaluate the MICs. 

Concentrations of (0.00; 0.01; 0.03; 0.06; 0.12; 0.25; 0.50 and 1.00% (v/v)) were prepared in flat-bottomed 
96-well polystyrene microplates (SPL Life Sciences, Pocheon, South Korea). The concentrations were 
obtained by homogenizing the compound in TSB containing 0.5% (v/v) Tween 80, in a final volume of 
150 µL. 10 µL of standardized bacterial suspension were added to the culture media and three repetitions 
were carried out. For all concentrations, culture mediums were also prepared without the bacterial inoculum, 
containing only the compound diluted in the culture medium. The microplates were capped and incubated at 
37 °C for 24 h. The absorbance was measured at 620 nm in a microplate reader (Anthos 2010, Biochrom, 
Cambridge, United Kingdom), prior to incubation (time zero) and after 24 h. The microplates were gently 
shaken by hand before the absorbance reading after the incubation period (24 h). The MICs corresponded to 
the lowest concentrations that resulted in the complete inhibition of bacterial growth. 

2.3 Bacterial biofilm formation 

Stainless steel (type AISI 304 (polish #4) (1 × 8 × 18 mm)) plates were previously sanitized and sterilized 
(Oliveira et al., 2012a). The plates were arranged in test tubes (5 × 2 cm) containing 4.59 mL of TSB, and 
410 µL of a standardized bacterial suspension added and incubated at 37 °C for 24 h under static conditions. 
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2.4 Application of cinnamaldehyde solutions to the stainless steel plates 

The plates were removed from the test tubes, washed three times with 0.1% peptone water (w/v) to remove 
non-adhered cells, and submitted to the following four treatments: (i) sterile distilled water containing 0.5% 
(v/v) Tween 80 (control solution); (ii) cinnamaldehyde at the MIC concentration diluted in sterile distilled 
water containing 0.5% (v/v) Tween 80; (iii) cinnamaldehyde at 3 × MIC concentration diluted in sterile 
distilled water containing 0.5% (v/v) Tween 80; and (iv) cinnamaldehyde at 6 × MIC concentration diluted 
in sterile distilled water containing 0.5% (v/v) Tween 80. The treatments were applied in test tubes and 
maintained for 15 minutes at room temperature under static conditions. 

2.5 Adhered bacterial cells quantification 

The plateswere washed three times using peptone water to remove the residual cinnamaldehyde, and then 
transferred to conical Falcon tubes (50 mL capacity) containing 10 mL of peptone water and six glass beads 
(3 mm diameter). The falcon tubes were then stirred in a vortex for 2 minutes. Plates that were not submitted 
to any treatment were also sampled and represented the biofilm count. Serial dilutions were prepared in 9 mL 
of peptone water. The bacteria were cultured in TSA, plated in duplicate using the spread plate technique 
(100 µL), incubated at 37 °C for 24 h and the counts obtained in Log CFU cm-2, with a detection limit of 
1.47 Log CFU cm-2. 

2.6 Experimental design and statistical analysis 

A 3 × 4 (bacterial strains × EO compounds) factorial scheme with a completely randomized design (CRD) 
was used with three repetitions for the screening step. Significant differences (p < 0.05) were verified by the 
variance analysis (ANOVA) and the averages compared by Tukey’s test at 5% probability. The diameter of 
the inhibition halos in mm was considered as the response variable. 

The CRD was carried out with three repetitions to evaluate biofilm formation by different strains of 
P. aeruginosaa. Significant differences (p < 0.05) were tested by ANOVA. The response variable was 
represented by the log CFU cm-2. 

The CRD was also carried out with three repetitions to evaluate the antibacterial effect of the 
cinnamaldehyde solutions against the P. aeruginosa strain biofilms. Significant differences (p < 0.05) were 
verified by ANOVA. Each bacterial strain was individually evaluated and the Tukey test at 5% probability 
used. The response variable was expressed in log-reduction, which was the difference between the log of the 
initial cell count and the log of the surviving cells as compared to the control and antibacterial treatments 
(MIC, 3 × MIC and 6 × MIC). The Sisvar software version 4.6 (Department of Exact Sciences, Federal 
University of Lavras, Lavras, Minas Gerais, Brazil) was used. 

3 Results 

3.1 Tests on planktonic cells 

It was found that the compound citral presentd no antibacterial activity against any of the three 
P. aeruginosa strains tested by the disc diffusion technique; and no difference was observed between the 
strain sensitivity to the compounds that showed antibacterial effects (eugenol, carvacrol, cinnamaldehyde 
and terpinen-4-ol) (p > 0.05). However, cinnamaldehyde was more effective than the others (p < 0.05), 
presenting an average inhibition halo (corresponding to all the strains) of 12.72 mm. Eugenol, carvacrol and 
terpinen-4-ol compounds presented mean inhibition halos of 7.33, 6.94 and 7.69 mm, respectively (Figure 1). 
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Figure 1. Mean Inhibition halos of different compounds. 

The cinnamaldehyde MICs obtained were 0.12% for P. aeruginosa ATCC 15442 and 27853 and 0.06% 
for P. aeruginosa ATCC 9027. 

3.2 Biofilm formation and application of cinnamaldehyde solutions 

All the P. aeruginosa strains were able to adhere to stainless steel surfaces and form biofilm. The bacterial 
cell counts of the untreated plates (biofilm) were 6.55 ± 0.21, 5.87 ± 0.50 and 6.58 ± 0.23 Log CFU cm-2 for 
P. aeruginosa ATCC 15442, 9027 and 27853, respectively. No differences amongst the adhered cell numbers 
were verified (p > 0.05). 

Cinnamaldehyde showed antibacterial activity against the sessile cells of P. aeruginosa biofilms 
(p < 0.05). However, this effect differed in intensity and behaviour according to the strain tested. All the 
treatments containing cinnamaldehyde (MIC, 3×MIC and 6×MIC) presented an antibacterial effect greater 
than that of the control (with no cinnamaldehyde) (p < 0.05), for the P. aeruginosa ATCC 15442. 6×MIC 
was the most effective treatment for the P. aeruginosa ATCC 9027 and 27853 strains (p < 0.05). However, 
it is important to emphasize that a 100% (5.87 log-reduction) viable bacterial cell elimination was obtained 
only for the strain ATCC 9027 with the 6×MIC solution application. It was possible to eliminate 85.05% 
(5.57 log-reduction) and 78.72% (5.18 log-reduction) of the viable biofilm cells of the ATCC 15442 and 
27853 strains respectively (Table 1). 

Table 1. Treatments of the Pseudomonas aeruginosa (ATCC 15442, ATCC 9027, ATCC 27853) biofilms with 
different concentrations of cinnamaldehyde diluted in sterile distilled water containing 0.5% (v/v) of tween 80. 

Cinnamaldehyde 
solutions 

Pseudomonas aeruginosa strains 
ATCC 15442 ATCC 9027 ATCC 27853 

Log-reduction3 %4 Log-reduction3 %4 Log-reduction3 %4 
Control1 0.97 ± 0.15a 14.78 1.69 ± 0.22a 28.76 0.86 ± 0.09a 13.00 

MIC2 4.64 ± 0.19b 70.84 2.04 ± 0.05a 34.70 1.97  ± 0.23b 29.97 
3 × MIC2 5.80 ± 1.06b 88.56 4.50 ± 0.28b 76.68 4.02 ± 0.13c 61.02 
6 × MIC2 5.57 ± 0.69b 85.05 5.87 ± 0.00c 100.00 5.18 ± 0.33d 78.72 

1Containing no cinnamaldehyde. 2Minimum inhibitory concentrations (MIC). The MICs for each strain tested can be found in Table 1. 3The 
log-reduction was the difference between the log of the initial cells counts (biofilm) and the log of the surviving cells after the antibacterial 
treatments. 4(log-reductions × 100)/viable cell count of untreated plates. The results were equivalent to the average of three repetitions ± the 
standard deviation. Means followed by the same letters in the same column do not differ from each other according to the Tukey test at 5% 
probability. 
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4 Discussion 
EOs and their compounds appear to act on the cell wall or cell membrane (Kavanaugh & Ribbeck, 2012). 

The essential oils pass through the bacterial cell wall and cytoplasmic membrane, break the structure of the 
different layers of polysaccharides, fatty acids and phospholipids and permeabilize them. Bouhdid et al. 
(2009) noted that changes in the bacterial membrane of P. aeruginosa ATCC 27853 were induced by 
exposure to Cinnamomum verum EO, leading to potential membrane breakdown, membrane-selective 
permeability loss and cell death. 

There are some clusters of microorganisms that present less sensitivity to the action of EOs and 
P. aeruginosa presents this profile. (Flemming et al., 2016). This resistance is related to efflux mechanisms 
of and inhibition dependent on porin and an outer membrane impermeable to EO molecules. Thus, its use as 
a model microorganism to test the antimicrobial effects of biofilms is of interest. Studies carried out by 
Prabuseenivasan et al. (2006) and Mayaud et al. (2008) demonstrated that the cinnamon bark EO is one of 
the most effective EOs against P. aeruginosa strains. This was also observed in the present study, where the 
compound cinnamaldehyde stood out from the others tested (eugenol, carvacrol, citral and terpinen-4-ol) 
against the planktonic cells of P. aeruginosa strains. It was therefore selected to prepare and apply the 
sanitizing solutions. 

According to Oliveira et al. (2012b), it is important test natural sanitizers on the surfaces of materials used 
in the food industry. Stainless steel is widely used in the food industry for the equipment employed in food 
processing. Among its advantages are its easy hygiene and resistance to corrosion. 

The P. aeruginosa strains tested (ATCC 15442, 9027 and 27853) were able to form biofilms on stainless 
steel surfaces, with counts ranging from 5.87 Log CFU cm-2 (ATCC 9027) to 6.58 Log CFU cm-2 
(ATCC 27853). There are few publications concerning the adhesion of P. aeruginosa on the surfaces of 
materials used in the food industry, such as stainless steel (Caixeta et al., 2012). Most studies used the wells 
of microplates as the test surface and were carried out with a clinical microbiology perspective (Tré-Hardy 
et al., 2010). The bacterial adhesion values observed in this study demonstrated that P. aeruginosa strains 
can become a risk to food quality if the hygiene programs are not properly applied. Moreover, it is necessary 
to develop new strategies to control bacteria resistant to sanitization. So a good option would be the use of 
EOs (Rasamiravaka et al., 2015). According to Oliveira et al. (2012b), the use of EOs and their constituents 
can act more effectively on microorganisms resistant to the usual chemical sanitizers. The study of 
commercial chemical sanitizers in relation to Pseudomonas has already been widely explored in the literature 
and the results can be compared with the results obtained in the present work, where in some cases, they may 
be inferior. Shen et al. (2012) evaluated the influence of formulations with sodium hypochlorite on the 
formation of Salmonella and Pseudomonas biofilms on stainless steel, showing efficiency at dosages higher 
than those used here. Meesilp & Mesil (2018) tested the effect of microbial sanitizers on the reduction of the 
formation of Staphylococcus aureus and Pseudomonas aeruginosa biofilms on stainless steel by UHT milk 
cultures, using the sanitizing agents oxisan and chlorine, with a mean sanitizing concentration of 4%. 

The P. aeruginosa biofilms were more resistant to cinnamaldehyde (Table 1) than the planktonic cells 
(Figure 1) in this study. Several factors can contribute to biofilm resistance. The biofilm cell physiology 
differs from the plant cell physiology, and thus they have specific protection factors that can influence the 
sanitizing action. The presence of bacteria in biofilms, especially those found in more internal regions, can 
reduce their growth rates and metabolism, being less sensitive to antimicrobials. These factors are related to 
increased resistance, including high population densities in the biofilms. The adsorbent action by the 
extracellular polymers reduces the availability of the antimicrobial agent, and the matrix of extracellular 
polymeric substances can cause the physical reduction of the penetration capacity of the antimicrobial agent 
or cause its inactivation.(Lalawmpuii & Chatli, 2017). 

Sanitizing solutions containing cinnamaldehyde showed antibacterial effects against biofilms formed by 
the three P. aeruginosa strains (p < 0.05) when the 6×MIC treatment was used (Table 1). These results are 
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novel in the field, since there was no previous knowledge about the antibacterial action of cinnamaldehyde 
sanitizing solutions against P. aeruginosa biofilms formed on stainless steel. The cinnamaldehyde (3-phenyl-
2-propenal) EO aromatic constituent is a natural antimicrobial compound that can be isolated from cinnamon. 
Cinnamaldehyde is Generally Recognized as Safe (GRAS) and approved for use in the food industry 
(Rogiers et al., 2017). 

Differences in the physiology of the strains tested regarding their sensitivity to the sanitizing solutions 
containing cinnamaldehyde were also noted. This emphasizes the importance of using different strains to 
study the antimicrobial activity. Similar occurrences have been reported in previous studies that evaluated 
the susceptibility of different P. aeruginosa strains to antibiotics and other antimicrobial agents 
(Lowbury et al., 1969; Russell & Mills, 1974). P. aeruginosa ATCC 27853 and 15442 were more resistant 
to the antibacterial solutions used. The biofilms of these strains were not completely eliminated (Table 1). 
This behaviour was similar to that of the same strains in the planktonic form, in which they presented higher 
MIC values. Some alternatives can be further tested in order to enhance the antibacterial effect of 
cinnamaldehyde sanitizing solutions against the P. aeruginosa ATCC 27853 and 15442, aiming to eliminate 
100% of the viable sessile cells. In general, the use of sanitizing solutions containing EOs will not 
significantly change the usual hygiene methodology applied to surfaces in the food industry. It is important 
to emphasize that some parameters such as the contact time and the temperature require some adjustments 
for the application of antimicrobial agents on an industrial scale. According to Oliveira et al. (2012b), no 
residual odour occurs at the lower EO solution concentrations. Moreover, they can be easily removed 
(Oliveira, et al., 2012b). 

5 Conclusions 
Cinnamaldehyde sanitizing solutions were effective against the biofilms formed by the P. aeruginosa 

strains on stainless steel surfaces. Thus, they could be new alternatives to control these microbial sessile 
communities in food industries. As P. aeruginosa is one of the most resistant microorganisms to antimicrobial 
treatments, the results obtained in this work can probably be extrapolated to other microorganisms. The use 
of EO constituents is an easy alternative to prepare sanitizer solutions that can easily be standardized and 
reproduced. However, more studies should be done to check the storage stability of these solutions. Future 
studies must also be carried out under the industrial conditions (in which biofilms are complex and 
heterogeneous communities) to demonstrate the real effectiveness of these solutions. 
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