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Abstract
In this study, the minimum inhibitory concentration (MIC) of oleuropein 

(OLE), a phenolic compound extracted from Oliveira leaves, alone or in 
combination with commercial sanitizers, was determined for Listeria monocytogenes 
(ATCC 7644), Staphylococcus aureus (ATCC 25923) and Escherichia coli (ATCC 
25922). MIC values were determined using individual suspensions containing 
nearly 108 cells/mL of each bacterial species treated with serial dilutions of OLE 
(0.4 mg/mL) and commercially available solutions of Peracetic acid (PAA, 2.0%), 
Benzalkonium chloride (BC, 1.0%), Chlorhexidine digluconate (CD, 2.0%), 
Sodium hypochlorite (SH, 2.0%) and Hydrogen peroxide (HP, 3.0%). OLE had 
low inhibitory activity (0.2 mg/mL). As expected commercial sanitizers showed 
high bactericidal activity according to MIC values. However, the association of 
OLE with commercial sanitizers increased their bactericidal effect, especially for 
CD, which combination with OLE resulted in approximately 60-fold reduction in 
the MIC values for S. aureus and L. monocytogenes. OLE and BC also led to nearly 
30-fold or 10-fold reductions of MIC values for S. aureus and L. monocytogenes, 
respectively. The combination of PAA and OLE reduced the MIC values for  
E. coli and S. aureus by 10-fold, with little effect on L. monocytogenes. Results 
of this preliminary study indicate that OLE has the potential to enhance the 
bactericidal effect of commercial sanitizers, especially against L. monocytogenes 
and S. aureus. Further studies are necessary to understand the mechanisms of 
action of these combinations.
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Introduction
Listeria monocytogenes, Staphylococcus aureus and Escherichia coli are among the 

most important foodborne pathogens, being also able to form biofilms and persist 
in the food industry environment [1]. The bacterial load of equipment and utensils 
can be effectively reduced by adequate cleaning and disinfection procedures [2]. 
However, the effectiveness of a particular sanitizer can be affected by several factors, 
including its concentration, contact time at a given temperature, pH, interaction 
with inactivating substances or type of bacteria, Gram-negative or Gram-positive 
[3]. Sanitizers should have low toxicity, be stable in variable condition of use, 
have a broad spectrum of antimicrobial activity and quickly destroy the agents, 
but there is still no single product with all these features [4]. Peracetic acid 
(PAA), Benzalkonium chloride (BC), Chlorhexidine digluconate (CD), Sodium 
hypochlorite (SH) and Hydrogen peroxide (HP) are active compounds of many 
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commercial sanitizers used for disinfection of equipment and 
utensils in the food industry. PAA has a broad antimicrobial 
spectrum and is a strong oxidizing agent that is decomposed 
into safe waste products. However, PAA is highly corrosive 
and may be of difficult handling and storage [5]. BC has low 
toxicity profile and is stable in work solutions, but it leaves 
residues on surfaces after rinse [6]. CD also has a broad 
spectrum, despite the advantages of being pH-dependent 
and having reduced activity in the presence of organic matter 
[7]. SH is a low cost sanitizer with broad spectrum activity, 
although it is unstable, corrosive and pH-dependent [8]. 
HP is a widely used biocide for disinfection, sterilization, 
and antisepsis, being environmentally friendly because it can 
rapidly degrade into water and oxygen. However, HP can be 
corrosive to metal surfaces and may cause chemical burns or 
explosions at high concentrations [5].

 The individual action of chemical sanitizers may be 
enhanced by their association with other compounds, such 
as humectants, dispersants and chelates, in the formulations 
of commercial sanitizers. Moreover, high concentrations of 
a sanitizer may be effective to inactivate susceptible bacterial 
cells, although some cells may undergo natural resistance 
through mutation or genetic exchange [1]. This resistance can 
jeopardize the sanitizer’s effectiveness, which poses a serious 
risk of contamination of food processing lines and final 
products [9].

Oleuropein (OLE), a heterocyclic ester, glycoside 
secoiridoide is the most abundant phenolic compound found 
in olive tree, Olea europaea [10]. OLE plays an important role 
in the plant’s defense against microbial pathogens and insects 
[11]. Although OLE is not classified as a sanitizer, previous 
studies have indicated antimicrobial activity of OLE on L. 
monocytogenes, S. aureus and several species of enterobacteria, 
among others [12, 13]. The minimum inhibitory concentration 
(MIC) values reported for OLE on S. aureus varies from 
0.0625 to 0.5 mg/mL for certified strains of the American 
Type Culture Collection (ATCC), and from 0.0312 to 0.250 
mg/mL for clinical isolates [14]. OLE solution at 0.4 mg/mL 
completely inhibited the growth of E. coli, Klebsiella pneumoniae 
and Bacillus cereus [15]. However, there is no previous study 
on the antimicrobial activity of the combination of OLE 
and chemical sanitizers against bacterial cells. Therefore, the 
objective of the present study was to determine the MIC 
values of OLE and chemical sanitizers commonly used in the 
food industry, alone or in combination, on suspended cells of 
S. aureus, E. coli and L. monocytogenes. 

Material and Methods
Bacterial isolates

Commercially available strains of S. aureus (ATCC 
25.923), L. monocytogenes (ATCC 7.644) and E. coli (ATCC 
25.922) (CEFAR®, Brazil) were used in the study. Each strain 
was previously suspended in Brain Heart Infusion broth 
(BHI) (Merck, Germany) with glycerol (Synth, Brazil) 15%, 
and stored at -80 °C. Each bacterial working suspension was 
prepared by adding 15 µL of the stock suspension to 5 mL of 
BHI. The tubes were 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). 

Oleuropein and commercial sanitizers
OLE (purity: >80%) was purchased from Sigma-Aldrich 

(Saint Louis, MO) and diluted in 100 mL sterilized water, 
to prepare a working solution containing 0.4 mg/mL. The 
following chemical sanitizers were purchased (Dinâmica, 
São Paulo) and diluted in duplicate at concentrations 
recommended by the manufacturer: Peracetic acid (2.0%), 
Benzalkonium chloride (1.0%), Chlorhexidine digluconate 
(2.0%), Sodium hypochlorite (2.0%) and Hydrogen peroxide 
(3.0%). One replicate set of sanitizers solutions were used for 
preparing working solutions of combination of the sanitizers 
at the same concentrations described with OLE (0.4 mg/mL).

Determination of minimum inhibitory concentration 
(MIC)

MIC values were determined for OLE and each chemical 
sanitizer, as well as for their combinations with OLE, according 
to the procedures as described by the National Committee for 
Clinical Laboratory Standards [16], as follows. Twelve tubes 
were prepared with culture medium (BHI for S. aureus and 
E. coli, and BHI supplemented with yeast extract at 0.6% for 
L. monocytogenes), to which 10 mL of serial dilutions (1:1, 
1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 1:128, 1:256 and 1:512) of each 
sanitizing compound were added. Additional 12 tubes were 
prepared with the same dilutions for each of the combinations 
of OLE and the sanitizers. The tubes were inoculated with 
100 µL of each bacterial suspension. Additional tubes were 
prepared with the sanitizers and BHI broth (negative control), 
and with the bacterial suspensions and BHI broth (positive 
control). The tubes were incubated at 37 °C for 24 h, and 
subjected to visual inspection. The assays were prepared in 
triplicate, and individual MIC values were determined as the 
lowest concentration of the sanitizing agent that prevented 
visible growth (without turbidity) of the microorganism [16]. 
Final results were expressed as mean MIC values (n=3). 

Results and Discussions
The results of MIC for OLE and the five chemical 

sanitizers tested are presented in Table 1. The MIC value for 
OLE was 0.2 mg/mL, for the three bacterial species tested. 
The isolates showed different responses to the sanitizers, as 
E. coli had higher MIC for BC (0.156 mg/mL) followed by 
HP (0.234 mg/mL), PAA and CD (0.312 mg/mL); S. aureus 
had less resistance to HP (MIC: 0.117 mg/mL), SH and PAA 
(MIC: 0.312 mg/mL). L. monocytogenes showed the lowest 
resistance to PAA (MIC: 0.156 mg/mL), HP (MIC: 0.468 
mg/mL) and BC (MIC: 0.625 mg/mL).

Figure 1 presents the ratios for MIC values for the 
sanitizers evaluated alone and their combinations with OLE 
against suspended cells of L. monocytogenes, S. aureus and E. coli. 
Compared to CD alone, its combination with OLE resulted 
in approximately 60-fold reduction in the MIC values for S. 
aureus and L. monocytogenes. However, the bactericidal effect 
of OLE and the sanitizers tested was not fully determined 
in the present study since no enumeration of initial and final 
bacterial population was done.
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OLE and BC also led to nearly 30-fold or 10-fold 
reductions of MIC values for S. aureus and L. monocytogenes, 
respectively. The combination of PAA and OLE reduced the 
MIC values for E. coli and S. aureus by 10-fold, with little 
effect on L. monocytogenes.

The MIC value for OLE (0.2 mg/mL) is similar to those 
reported by Bisignano et al. [14], who obtained antibacterial 
effects in OLE at concentrations ranging from 0.03 to 0.2 
mg/mL on 42 Gram-negative and Gram-positive bacterial 
isolates, including S. aureus (ATCC 25.923). The inhibitory 
effects of OLE may increase at higher concentrations of 
the compound [2]. OLE solution at 0.5 mg/mL against 15 

bacterial species, including E. coli and S. aureus, was able to 
inhibit all species tested, except for S. aureus and Salmonella 
enteritidis [8]. These differences may be partially explained 
by the differences in the strains used and the composition of 
the extract containing OLE, because the extraction processes 
uses organic solvents, which can modify the polarity of the 
compound [2]. The mechanisms of antimicrobial activity 
of OLE are not completely understood. OLE and other 
compounds in olive oil interact with phosphatidylglycerol at 
the surface of the bacterial cell wall, and cause changes in the 
cytoplasmic membrane which could lead to the disruption of 
the cell envelope [12, 13].

By definition, a sanitizer is a type of antimicrobial 
that (according to EPA specifications) kills or irreversibly 
inactivates at least 99.9% (3-log reduction) of all bacteria. 
In this study, PAA, BC, CD, SH and HP were considered 
effective against the bacterial species tested. However, the 
presence of organic matter can reduce the disinfection effect 
of the sanitizer [5]. Thus, the routine hygiene practices in 
food industries should be remove efficiently organic wastes 
to allow the complete action of the sanitizer to prevent food 
contamination, total losses of food batches and interruption of 
production processes [3].

When the chemical sanitizers tested were mixed to OLE, 
they resulted in greater efficiency against the microorganisms, 
as presented in Table 1. There are no previous studies with 
the association of OLE and chemical sanitizers, except for a 
report by [11], who also observed a cooperative effect between 
at higher levels of OLE (5%) and HP (5%) against S. aureus. 
The antimicrobial effect of CD and OLE was higher than 
its combinations with other sanitizers, which resulted in 
approximately 60-fold reduction in the MIC values for S. aureus 
and L. monocytogenes. This result indicates a synergist effect 
between the compounds, and suggests a possible interaction of 
OLE with the chlorhexidine cationic molecule. Besides having 
a wide range of antimicrobial activity, its cationic structure 
provides a unique property named substantively, which allows 
its continuing action even after removal [7]. In high dosages, 
CD causes precipitation and coagulation of proteins and 
bacterial cytoplasmic death, while at lower dose, the integrity 
of cell membrane is altered, resulting in overflow of bacterial 
components of low molecular weight [17]. However, it remains 
to be determined if reductions in MIC values observed in this 
study may have occurred as a result of molecular interactions 
between OLE and CD.

Although the mechanisms of action of BC on the 
microbial cell remains unclear, it is widely accepted that it 
targets cytoplasmic membrane, causing structural loss in its 
organization and integrity, along with the extravasation of 
cell components due to disruption of the membrane, as well 
as protein denaturation and enzymes [6]. PAA is a potent 
sanitizer [5], being active in low concentration against a wide 
spectrum of organisms while others sanitizers (e.g. HP) require 
doses much higher that PAA for the same level of disinfection. 
PAA interferes with the selective function of the cytoplasmic 
membrane and ruptures the walls of the Gram-positive cells, 
and is also equally effective against the membrane lipoproteins, 
facilitating their action against Gram-negative microorganism 

Table 1: Minimum inhibitory concentration values for oleuropein and 
commercial sanitizers, alone or in combination, against suspended cells of 
Listeria monocytogenes (ATCC 7644), Staphylococcus aureus (ATCC 25923) 
and Escherichia coli (ATCC 25922).

Minimum inhibitory concentration  (mg/mL)

Compound or 
mixture

E. coli S. aureus L. monocytogenes

OLE 0.200 0.200 0.200

PAA 0.312 0.312 0.156

PAA + OLE < 0.039* < 0.039* < 0.039*

BC 0.156 1.250 0.625

BC + OLE 0.039 0.039 0.078

CD 0.312 2.500 2.500

CD + OLE 0.078 < 0.039* < 0.039*

SH 2.500 0.312 1.250

SH + OLE 0.625 0.156 0.312

HP 0.234 0.117 0.469

HP + OLE 0.234 < 0.058* 0.234

OLE: Oleuropein; PAA: Peracetic acid; BC: Benzalkonium chloride; CD: 
Chlorhexidine digluconate; SH: Sodium hypochlorite; HP: Hydrogen 
peroxide. 

* Tubes with no sign of turbidity after incubation at 37 °C, 24 hours.

Figure 1: Ratios for minimum inhibitory concentrations (MIC) of sanitizers 
evaluated alone and their combinations with oleuropein (OLE) against 
suspended cells of Listeria monocytogenes (ATCC 7644), Staphylococcus 
aureus (ATCC 25923) and Escherichia coli (ATCC 25922). PAA: Peracetic acid; 
BC: Benzalkonium chloride; CD: Chlorhexidine digluconate; SH: Sodium 
hypochlorite; HP: Hydrogen peroxide.



Journal of Food Chemistry & Nanotechnology  |   Volume 2 Issue 3, 2016 127

Individual and Combined Antimicrobial Activity of Oleuropein and Chemical Sanitizers Dominciano et al.

[4]. Therefore, the combinations of OLE and BC or PAA 
probably resulted in an additive effect, taking into account that 
they resulted in up to 30-fold reductions of MIC values for the 
bacterial species studied.

Conclusions
OLE had low inhibitory activity against bacterial 

suspensions of certified strains of S. aureus, L. monocytogenes 
and E. coli. However, the association of OLE with commercial 
sanitizers increased their bactericidal effect. These preliminary 
results indicate that OLE has the potential to enhance the 
bactericidal effect of commercial sanitizers, especially against 
L. monocytogenes and S. aureus. Further studies are necessary 
to better understand the mechanisms of action of these 
combinations.
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