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Abstract:  The  development  of  more  efficient  sanitizers  for  reducing  the  biofilm  produced  by  pathogenic  bacteria  is  of  great
importance,  especially  in  the  food industry.  The aim of  this  study was  to  conduct  a  preliminary evaluation of  the  efficiency of
oleuropein (OLE), extracted from olive leaves, and peracetic acid (PAA), alone or in combination, to inactivate biofilms formed by a
strong  biofilm-producer  strain  of  Listeria  monocytogenes  (ATCC  7644).  A  disk  diffusion  method  was  also  used  to  assess  the
susceptibility of the ATCC 7644 strain cells to OLE and/or PAA. Triplicate biofilm assays were prepared on stainless steel coupons
(1x1 cm2) during 48 h without stirring. After incubation, the stainless steel was washed (NaCl 0.85%) and immersed in solutions of
OLE (5.0 mg/mL) and/or PAA (2.0%) for 1 min. After 1-min treatment, the disinfectant solutions were removed from the tube. Two
mL of sodium thiosulfate 0.1 M was placed in the tube to stop reaction. The inactivation of biofilms was assessed by confocal laser
scanning microscopy. L. monocytogenes cells tested in the disk diffusion method was not susceptible to OLE (inhibition zone (IZ) =
6 mm), although its susceptibility was intermediate for PAA (IZ = 8.67 mm) and higher for PAA+OLE (IZ = 14 mm). Compared
with PAA, OLE alone in contact with biofilms had also lower bactericidal activity on the biofilms. However, the treatment of OLE in
combination with PAA resulted in greater inactivation of L. monocytogenes cells in biofilms. Results indicate a potential application
of OLE for enhancing the bactericidal effect of PAA against L. monocytogenes biofilms, although further studies are necessary to
understand the mechanisms of action of OLE in combination with commercial chemical sanitizers.
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1. INTRODUCTION

Listeria monocytogenes is a Gram-positive rod-shaped, motile and ubiquitous foodborne pathogen with worldwide
distribution. L. monocytogenes cells are tolerant to high salt concentration, can grow in a temperature range of 2.5 to
44°C and optimum pH from 6.0 to 8.0 [1], and have the ability to produce biofilms on different non-food contact and
food contact surfaces, such as glass, stainless steel and rubber [2]. Biofilms of L. monocytogenes are difficult to remove,
and can persist for long periods in the processing environment even after regular cleaning and sanitation procedures [3].
Biofilms  of  L.  monocytogenes  can  constitute  a  protective  barrier  against  detergents  and  sanitizers,  being  able  to
neutralize  them because  of  the  presence  of  complex  extracellular  polymer  substances  (EPS)  [4].  The  EPS leads  to
formation  of  a  three  dimensional  gel-like  network  that  involves  the  bacterial  cells,  and  protects  them  from  the
antimicrobial  action  of  chemical  compounds  [5].  Biofilms  also  provide  friendly  environmental  conditions  for  the
development of microbial resistance [6]. Considering those problems, there is a need for the development of strategies
that could prevent the formation of bacterial biofilms or eliminate them from surfaces, especially in the food industry.

Peracetic acid (PAA) is an antimicrobial agent with oxidation capacity, which decomposes into safe products and is
normally  used  at concentrations of 2-15% (v/v).  Its  decomposition  produces  hydroxyls  radical  which  subsequently
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attack the cell components being one of the most used disinfectants in the food industry [7]. However, PAA has low
storage  stability,  and  it  is  incompatible  with  acids,  alkaline  concentrates,  iron,  copper,  aluminum  and  natural  and
synthetic rubbers [6]. Oleuropein (OLE) is a phenolic compound extracted from olive leaves with antimicrobial activity
against several types of virus, bacteria, fungi and other parasites [8, 9]. Previous studies have demonstrated in vitro
antimicrobial activity of olive oils on L. monocytogenes  and Staphylococcus aureus,  among other species [10], and
several species of enterobacteria [11], as well as inhibitory effects of OLE against S. aureus and Salmonella species
[12].  However,  there  is  no  previous  information  on  the  effectiveness  of  OLE  alone  or  in  combination  with  other
chemical  sanitizers  on  biofilms  formed  by  foodborne  pathogens.  The  objective  of  this  study  was  to  conduct  a
preliminary evaluation of the efficiency of OLE, alone or in combination with PAA, to inactivate biofilms formed by a
strong biofilm-producer strain of L. monocytogenes on stainless steel.

2. MATERIALS AND METHODS

A L. monocytogenes strain (American Type Culture Collection, ATCC 7644) with strong ability to produce biofilms
[13] was used in the experiment. The strain was previously suspended in Brain Heart Infusion broth (BHI) (Merck,
Germany) with glycerol (Synth, Brazil) 15% (v/v), which was stored at -80°C. The bacterial working suspension was
prepared by adding 15 µL of the stock suspension to 5 mL of BHI. The tube was incubated at 30°C for 24 h, vortexed
and finally adjusted with BHI until reaching 0.5 in the MacFarland scale (approximately 108 cells/mL).

OLE  (500  mg,  purity:  >80%)  was  purchased  from  Sigma-Aldrich  (Saint  Louis,  MO)  and  diluted  in  10  mL  of
sterilized water (final concentration: 5.0 mg/mL). A commercially available solution of PAA (Dinamica, São Paulo,
Brazil) containing 2.0% (v/v) was used in the experiment.

The susceptibility of L. monocytogenes to OLE and/or PAA was assessed by the disk diffusion method on agar, as
recommended by the National Committee for Clinical Laboratory Standards [14], with minor modifications, as follows:
The bacterial working suspension was spread on Petri dishes containing Tryptic Soy Agar (TSA, Sigma-Aldrich, Saint
Louis, MO). After, 6 mm discs filter papers previously sterilized were soaked in individual solutions containing OLE
(5.0 mg/mL), PAA (2.0%, v/v) or OLE + PAA (5.0 mg/mL, and 2.0%, respectively) for 1 min., and placed in the centre
of the prepared Petri plates. Plates were incubated at 37°C for 48 hours. The diameters of inhibitory zones (IZ) were
measured with a caliper rule, and results were interpreted as follows [14]: resistant (R), when no inhibition zone was
found beyond the disk diameter (6 mm), intermediate (I), with IZ = 6.1 to 10 mm, or sensitive (S), with IZ > 10 mm.

The procedures for determination of OLE and/or PAA efficiency on L. monocytogenes biofilms in stainless steel
were based on two protocols [15, 16]. Initially, 5 mL BHI broth and 15 µL of the stock suspension were placed in test
tubes and incubated at 37ºC/24h. After, the concentration of bacterial cells was adjusted with BHI until reaching 0.5 in
the MacFarland scale (approximately 108 cells/mL). Stainless steel square coupons (1x1 cm), previously cleaned by
soaking in acetone and autoclaved at 121ºC for 15 min, were placed at the bottom of the test tubes containing the L.
monocytogenes culture in BHI. The tubes were incubated at 37oC for 48 h without stirring, to allow the growth of the
biofilm biomass on the stainless steel coupons. After incubation, the tubes were emptied and the stainless steel coupons
were treated with individual solutions (2 mL) containing OLE (5.0 mg/mL),  PAA (2.0%, v/v) or OLE + PAA (5.0
mg/mL, and 2.0%, v/v, respectively) for 1 min. Two mL of sodium thiosulfate was added to the tubes and allowed to set
for 5 min. to stop reaction. After treatment, the stainless steel coupons were removed from the tubes with sterile forceps,
washed with phosphate buffered saline three times to remove the non-adhered cells, allowed to dry at room temperature,
and finally placed into NUNC wells (Lab-Tek Chamber Slide System, USA). The viability of surface-bound bacteria in
the biofilm layer after treatment with OLE and/or PAA was examined by pipetting 30 µL of LIVE/DEAD® Baclight kit
(Molecular Probes, OR) containing Syto 9 and propidium iodide dyes directly on the stainless steel coupons. After 10
min. incubation, the coupons were examined in a TCS SP5® confocal laser scanning microscope (Leica Mycrosystems,
Germany) for visualization of biofilms. An argon laser (488 nm, fluorescent green) was used to observe cells stained
with Syto 9, and a helium laser (543 nm, fluorescent red) was used to observe cells stained with propidium iodide. The
images were processed using LAS AF® software (Leica Microsystems, Germany).

3. RESULTS AND DISCUSSION

Table  1  presents  the  results  for  susceptibility  of  L.  monocytogenes  ATCC  7644  to  OLE  and  PAA,  alone  or  in
combination, obtained in the disk diffusion method. Disk diffusion method is a semi-quantitative method used in many
studies using natural oils to obtain reliable results of microbial activities. Due to their hydrophobic nature, this feature
prevents the uniform diffusion of such substances by the agar-containing medium [17]. The L. monocytogenes strain
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tested (ATCC 7644) was not susceptible to OLE (IZ = 6.0 mm), although it was sensitive to PAA+OLE (IZ = 14 mm).
Tataridou et al. [18] observed that olive homogenates reduced 6-7 log cycles of L. monocytogenes Scott A cells after
8–10  h  treatment  at  30°C.  Medina  et  al.  [10]  also  reported  antimicrobial  activities  of  olive  oils  against  L.
monocytogenes  CECT 4031 strain. However, results of our study and the previously mentioned works are not fully
comparable because they used olive extracts that may contain other phenolic active compounds, instead of the isolated
OLE. Moreover, the different antimicrobial effects observed among studies may also be associated with the variability
of susceptibilities among different L. monocytogenes strains, since the stress response of bacteria is strain specific [19].
Importantly, the strain tested in the present study is a strong biofilm-producer [13], and had intermediate susceptibility
to PAA treatment (IZ = 8.7 ± 1.2), which is a chemical sanitizer commonly used worldwide. This fact may contribute
for the ability of L. monocytogenes to survive in biofilms formed on equipments and instruments in food industries [20].
Thus the entrance of this pathogen in food processing areas does not only involve an immediate risk to food safety, but
also the risk of a long-term persistence unless appropriate measurements are applied to eliminate the risk [21].

Table  1.  Susceptibility  of  L.  monocytogenes  ATCC  7644  to  oleuropein  (OLE)  and  peracetic  acid  (PAA),  alone  or  in
combination, in the disk diffusion method.

Solution Diameter of inhibition zone (mm)1 Classification2

Control (sterilized water) 6.0 ± 0.00 Resistant
OLE (5.0 mg/mL) 6.0 ± 0.00 Resistant
PAA (2.0%, v/v) 8.7 ± 1.2 Intermediate

PAA (2.0%, v/v) + OLE (5.0 mg/mL) 14.0 ± 0.0 Sensitive
1Results are reported as mean ± standard deviation of triplicate assays. 2Resistant: inhibition zone (IZ) = 6 mm; Intermediate: IZ = 7 to 10 mm;
Sensitive: IZ > 10 mm, according.

The combination of OLE and PAA increased the individual IZ value for PAA, indicating an additive effect of OLE.
The comparison of results obtained in this study with others is limited as there is no previous report on the inhibitory
effect  of  OLE  in  combination  with  other  sanitizers  against  L.  monocytogenes.  Although  the  mechanisms  of
antimicrobial  activity  of  OLE  are  not  completely  understood,  previous  studies  have  shown  that  OLE  and  other
compounds  in  olive  oil  interact  with  phosphatidylglycerol  at  the  surface  of  the  bacterial  cell  wall  [22],  and  cause
changes in the cytoplasmic membrane which could lead to the disruption of the cell envelope [18]. Therefore those
effects may have contributed to the greater antimicrobial activity of PAA combined with OLE.

Results of the confocal laser scanning microscopy for evaluation of biofilms on stainless steel coupons treated with
OLE and/or PAA are presented in Fig (1). OLE alone in contact with biofilms had lower bactericidal activity on the
biofilms (Fig. 1-A), when compared with PAA (Fig. 1-B). However, the application of OLE in combination with PAA
(Fig.  1-C)  resulted in  greater  inactivation of  the biofilms.  Previous studies  [23,  24]  indicated that  PAA had higher
effectiveness against L. monocytogenes, when compared with other chemical sanitizer, although mature biofilms of L.
monocytogenes have been reported as low susceptibility to PAA [7, 25]. This fact may be associated to the lipophilic
nature of EPS produced by the biofilms, which hinders the penetration of the sanitizer. Stopforth et al. [23] reported that
PAA was effective against biofilms formed by L. monocytogenes, being also useful to control biofilms containing food
residues.  However,   in  the   present   study   PAA  was   not  able   to  inactivate   completely  the   biofilm  formed  by
L. monocytogenes ATCC 7644 on stainless steel, which corroborate the strain variability to bacterial stress response
[19]. A possible explanation for this low susceptibility to PAA is that EPS acts as a physical barrier, which reduces the
penetration of the antimicrobial agent [26].

The difficulty in removing biofilms may be associated with its wide phenotypic heterogeneity, with populations of
cells expressing different levels of susceptibility, hence requiring the combined use of substances that break the EPS
structure and facilitate the entry of disinfectant to kill the microorganisms, or substances that induce the dispersal of
biofilm  cells  [27,  28].  In  this  context,  the  antimicrobial  activity  of  OLE  could  be  associated  to  its  surface-active
properties, which may change the permeability of the cell membrane [29]. Hence the polarity of the molecules (OLE
and EPS) could favor the absorption of OLE and facilitate the penetration of PAA in the biofilm matrix, resulting in an
additive effect of PPA against the biofilms of L. monocytogenes.
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Fig. (1). Confocal laser scanning micrographs of biofilms of Listeria monocytogenes ATCC 7644 formed on stainless steel surfaces
for 48 hours at 37°C, after treatment with peracetic acid (2.0%, v/v) (A), oleuropein (5.0 mg/mL) (B) or peracetic acid + oleuropein
(5.0 mg/mL and 2.0%, v/v, respectively) (C). Untreated (control) L. monocytogenes biofilm is shown in (D). Cells were treated with
sanitizer for 1 minute, neutralized and then were stained with bacterial viability kit LIVE/DEAD (Molecular Probes, OR). Viable
cells were stained fluorescent green (Syto 9) and non-viable cells were stained red fluorescence (propidium of iodide). Magnification:
630X.

CONCLUSION

Results  of  this  study  indicate  a  potential  for  using  OLE  to  enhance  the  bactericidal  effect  of  PAA  against  L.
monocytogenes  biofilms,  although further  studies are necessary to understand the mechanisms of  action of  OLE in
combination with others commercial chemical sanitizers.
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