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Turkish extra virgin olive oils (EVOO) from different varieties/geographical origins and their phenolic

compounds were investigated in terms of their antimicrobial and antioxidant properties in compa-

rison to refined olive, hazelnut, and canola oils. Antimicrobial activity was tested against three

foodborne pathogenic bacteria, Escherichia coli O157:H7, Listeria monocytogenes, and Salmonella

Enteritidis. Although all EVOOs showed a bactericidal effect, the individual phenolic compounds

demonstrated only slight antimicrobial activity. Moreover, refined oil samples did not show any anti-

microbial activity. Among the phenolic compounds, cinnamic acid (2 mg/kg of oil) had the highest

percent inhibition value with 0.25 log reduction against L. monocytogenes. The synergistic interactions

of tyrosol, vanillin, vanillic, and cinnamic acids were also observed against Salmonella Enteritidis. The

antioxidant activities of oils were tested by β-carotene-linoleate model system and ABTS method. In

both methods, EVOOs showed higher antioxidant activities, whereas refined oils had lower activity. The

ABTS method provided a higher correlation (0.89) with total phenol content.
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INTRODUCTION

Olive oil is a major part of the diet ofMediterranean countries
such as Spain, Italy,Greece, Tunisia, Turkey, Syria, andPortugal.
In the past few years, olive oil has also become more popular
among consumers in northern Europe, China, Japan, the United
States, and Canada (1).

Virgin olive oil is the vegetable oil obtained from olive fruit by
mechanical or other physicalmethods. If virgin olive oil has a free
acidity of<0.8 g/100 g in terms of oleic acid, it is designated extra
virgin olive oil (EVOO). Refined olive oil is obtained from virgin
olive oil by refining methods, which make olive oil with high
acidity suitable for consumption (2).

Other edible oils that have a fatty acid composition similar to
that of olive oil, such as sunflower, hazelnut, soybean, rapeseed,
and canola oils,must be refined before consumption.This process
changes their chemical compositions and causes loss of the most
of the minor compounds. On the other hand, virgin olive oil is a
natural juice of the olive fruit and has greater benefits for human
health than those oils with similar fatty acid composition because
of its high content of numerous micronutrients, particularly
antioxidant molecules such as phenolic compounds, carotenes,
and vitamin E (3).

Research on phenolic compounds showed that they play a role
in the prevention of certain diseases such as cardiovascular heart
diseases and cancers (3,4). Experiments carried out both in vitro
and ex vivo have revealed that olive oil phenolics have greater
antioxidant activity on oxidation of LDL andDNA compared to
vitamin E (5,6). It has been indicated that short-term consumpt-
ion of olive oils decreased the level of plasma oxidized LDL and
increased the level ofHDL cholesterol and glutathione peroxidase

activity, in a dose-dependentmanner with the phenolic content of
the olive oil administered (7).

Phenolic compounds are also important in terms of virgin olive
oil quality because of their contribution to oil flavor and aroma.
They also protect the olive oil from oxidation through their anti-
oxidant properties (8-10). Antioxidant activities of olives (11),
olive oil (12, 13), and olive mill waste extracts (14) were deter-
mined and associated with their phenolic content previously by
other researchers.

In addition to their antioxidant properties, several studies
showed that phenolic compounds also have antimicrobial proper-
ties by denaturing proteins and inactivating enzymes (15-17). It
has been reported that phenolic compounds in olives and olive oil
such as oleuropein, hydroxytyrosol, vanillin, and aliphatic alde-
hydes have the ability to inhibit or delay the growth of a range of
bacteria (18,19) and fungi (20). Romero at al. reported that only
the dialdehydic formof decarboxymethyl oleuropein aglycon and
the dialdehydic form of decarboxymethyl ligstroside among the
tested compounds showed antimicrobial activity against Helico-
bacter pylori (21). Moreover, antimicrobial activities of phenolic
compounds found inolives (22) andwine (23,24) have been investi-
gated in different studies, but phenolic concentrations were much
higher than the levels determined in olive oil. Antimicrobial and
antioxidant activities of olive oil have been studied, and these
activities were correlated with the phenolic profiles of the oils
(12, 13, 25). Although there are studies involving individual anti-
microbial effects of olive oil phenolics as stated above, their syn-
ergistic and/or antagonistic interaction is not a well-researched area.

Turkey is one of the major olive oil producers, and there are
several studies about the chemical and analytical properties of
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Turkish olive oils from Ayvalik and eastern Mediterranean
cultivars (26-29). According to these reports variety and geo-
graphical origin determine both the major and minor component
profiles of the olive oil. Our study evaluated the EVOOs that are
economically the most important cultivars of Turkey. Further-
more, to the best of our knowledge, there is no report about
antimicrobial activities of olive oils produced in Turkey.

The first purpose of this study was to evaluate the antimicro-
bial and antioxidant properties of olive oils obtained fromvarious
varieties of olives grown in different regions of Turkey along with
the refined oils with similar fatty acid composition. In addition,
the investigation of the antimicrobial activities of several indivi-
dual olive oil phenolic compounds and their combinations was
another aim of the study. In this paper, EVOOs from different
regions (Altınoluk, Burhaniye, Dalaman, G€omec-, Koc-arlı, and
€Odemis-) and varieties (Erkence, Memecik, and Nizip) of Turkey
and refined oil samples (refined olive oil and hazelnut and canola
oils) were tested against three important foodborne pathogenic
bacteria, Escherichia coli O157:H7, Listeria monocytogenes, and
SalmonellaEnteritidis. Also, a group of phenolic compounds that
were present in these EVOOs was evaluated for their antimicro-
bial activities against these bacteria as well. Total phenol content
determination, β-carotene-linoleic acidmodel system, andABTS
radical scavenging assay were performed to evaluate antioxidant
activities of all oil samples.

MATERIALS AND METHODS

Oil Samples. Nine EVOOs from different varieties and regions of
Turkeywere studied.Commercial EVOOs from theAegean region ofTurkey
were provided by Taris- Olive and Olive Oil Cooperatives (Izmir, Turkey).
These oils belong toAltınoluk, Burhaniye,Dalaman,G€omec-, Koc-arlı, and
€Odemis- districts.

The investigated Turkish EVOOs were produced from Erkence, Mem-
ecik, and Nizip olive varieties. Erkence and Memecik olives are native to
the western coast of Turkey. On the other hand, Nizip is a high oil pro-
ducing cultivar from southeastern Turkey. These oils were extracted using
a small-scale olive oil mill (TEM Spermoliva, Italy). The olives used in ex-
tractionwere hand-picked randomly at the samematurity level in the 2006
harvest year (30).

Refined oil samples, which are refined olive oil (Taris-, Izmir), hazelnut
oil (C-otanak, Ordu), and canola oil (Olin, Edirne), were purchased from
local markets. They were produced in 2008.

Oil samples in dark bottles were stored at 8 �C, and the headspaceswere
replaced by nitrogen after each use to prevent the deterioration of oils.
About 20min prior to analyses, the bottles were placed into awater bath at
20 �C to warm them to room temperature.

Microorganisms and Culture Conditions. All studied strains were
purchased from the National Culture Type of Collection (NCTC, United
Kingdom):E. coliO157:H7NCTC12900,L.monocytogenesNCTC11994,
and S. Enteritidis NCTC 12694. Luria broth (LB) and LB agar (Agar,
Merck) for E. coli, brain heart infusion broth (BHI, Fluka) and BHI agar
(Fluka) forL.monocytogenes, and tryptic soy broth (TSB,Fluka) andTSB
agar (TSA, Merck) for S. Enteritidis were used as the growth media. LB
was prepared with yeast extract (Fluka), tryptone (Fluka), and sodium
chloride (Riedel-deHaen). A single colony of bacteria was inoculated in an
appropriatemedium. The overnight culture was transferred to freshmedium
and incubated until the culture reached exponential phase. Spectrophoto-
metric measurement and viable cell count methods were used to adjust
bacterial cultures to the desired concentrations.

Analysis of Antimicrobial Activity. Antimicrobial Activity of Oils.
The antimicrobial activity of oils was determined as previously reported
(25) withminormodifications. EachEVOOsamplewas tested as follows: a
mixture of 900 μL of sterilized phosphate-buffered saline with Tween 20
(PBST, pH 7.0) and 1 mL of oil sample was inoculated with 100 μL of
bacterial culture to obtain an initial concentration of 5 � 103 cfu/mL. To
examine the antimicrobial effect of buffer extract of oil, test tubes con-
taining oil and PBSTwere shaken for 1 h at 200 rpm at 37 �C in an orbital
shaker (GLF, Germany) and centrifuged at 2000 rpm (Sigma, Germany)

for 1 min. Then, the aqueous phase, free of oil, was transferred into
another test tube and inoculated. All tubes were shaken for 1 h at 200 rpm
at 37 �C. After treatment, survivors were determined by viable cell count
method. All controls were performed, and all tests were repeated in
duplicate.

In addition, Burhaniye and Nizip EVOOs along with the refined olive
oil and hazelnut and canola oils were tested with the increased initial
bacterial concentration of 1 � 105 cfu/mL. Two EVOOs (Burhaniye and
Nizip) were further tested for a shorter treatment time of 30 min.

Also, Burhaniye, Dalaman, and Nizip EVOOs were tested with the
same procedure except with a 5 � 106 cfu/mlL initial bacterial concentra-
tion and a 5 min treatment time.

Antimicrobial Activities of Phenolic Compounds
(a) Determination of Individual Antimicrobial Activity of Phenolics.

Antimicrobial activities of phenolic compounds were determined by a
spectrophotometricmicrotiter plate method (31). The phenolic compound
profiles of all of the EVOOs tested in this study were determined by
reversed phaseHPLC-DADanalysis (32) previously. Phenolic solutions of
each compound were prepared in various concentration ranges according
to this previous work (32). In addition, some phenols were tested in higher
concentrations because generally their levels in olives are higher than those
in oils. Each of these compounds was dissolved in ethanol and then diluted
to the target concentration with the appropriate growth medium. The
ethanol content of all solutions was decreased below 1% (v/v) during
dilutions. All solutions were prepared fresh before the experiments.

One hundred microliters of each phenolic solution and 100 μL of 1 �
104 cfu/mL bacterial cultures in logarithmic growth phase were dispensed
into a well of a flat-bottom 96-well microtiter plate (Bio-Grainer,
Germany). Appropriate blanks and controls were also prepared. Then,
absorbance measurements of each plate were taken in 3 h intervals by a
ThermoMultiscan Spectra Reader (Finland) at 600 nm during incubation
at 37 �C for 24 h.

(b) Determination of Logarithmic Reduction of L. monocytogenes
Exposed to Cinnamic Acid. The microtiter plate was prepared as in the
method for antimicrobial activities of phenolic compounds. The growth of
L. monocytogenes was observed by measuring the absorbance at 4 h
intervals for 24 h. At the same time, the solutions in the wells were plated
after incubation times of 0, 8, 12, 16, and 24 h. Bacterial enumeration from
each sampling time point was determined by viable cell count method.
Then, the log reduction was evaluated by comparing the data obtained
from the control sample.

(c) Combinational Antimicrobial Activities. The method for individual
antimicrobial activities of phenolic compounds wasmodified to determine
the synergistic interactions between four phenolic compounds (k = 4):
tyrosol, vanillin, vanillic acid, and cinnamic acid. A two-level full-factorial
designwas appliedwith 9 center points (CP=9) and 3 replications (n=3)
of each treatment for a total of 57 experiments (N = n2k þ CP =
3.24 þ 9 = 57).

A 25 μL sample of each solution and 100 μL of bacterial culture were
added to each well of a microtiter plate to obtain a final volume of 200 μL
as explained previously. All tests were performed with the appropriate
controls. The absorbancemeasurements were taken at 600 nm at 3 h inter-
vals during incubation at 37 �C for 24 h.

Analysis of Antioxidant Activity. Methanolic Extraction of Olive
Oil.Topreparemethanolic extracts of oils, 2 g of each oil sample, 10mLof
80% v/v methanol, and 30 μL of Tween 20 (Sigma-Aldrich) were homo-
genized at 15000 rpm for 1min (Heidolph Silent CrusherMHomogenizer,
Germany). The homogenized mixture was centrifuged at 5000 rpm for 10
min at room temperature. Supernatant was collected in a graduated
cylinder, and the oil phase was transferred to the beaker. Homogenization
and centrifugation processes were repeated two more times with the same
oil sample. At the end of three extraction cycles, about 30 mL of meth-
anolic extractwas collected in the graduated cylinder. Extractswere freshly
prepared before each experiment.

β-Carotene-Linoleate Model System. The antioxidant activity of oil
extracts was evaluated by the β-carotene-linoleate model system (33).
After β-carotene (2.0mg) had been dissolved in 10mLof chloroform, 20 μL
of linoleic acid and 200 mg of Tween 40 were added into 1 mL of the solu-
tion. Chloroform was removed at 45 �C under vacuum, then 50 mL of
distilledwater was added, and themixturewas vigorously shaken to forma
stable emulsion.The emulsionswere freshly preparedbefore each experiment.
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An aliquot (250 μL) of β-carotene-linoleic acid emulsion and methanolic
extracts (30 μL) of oils were dispensed into each of the 96 wells of the
microtiter plate. Methanolic solution of butylated hydroxyanisole (BHA,
25-50 ppm) andmethanol were also used as standard and control, respec-
tively. As soon as the samples were added to the wells, the zero time absor-
bancewasmeasured at 460nm.Themeasurementswere taken every 15min
for 180 min during incubation at 45 �C by a Thermo Multiscan Spectra
Reader (Finland). Experiments were performed three times with three
replicates for each sample.

The antioxidant activity (AA) of oil extracts was evaluated in terms of
bleaching of the β-carotene using the formula

AA ¼ 100½1- ðA0 -AtÞ=ðA0
0 -A0

tÞ�
where A0 and A0

0 are the absorbance values at zero time of the incubation
for sample and control, respectively, and At and A0

t are the absorbance
values measured for sample and control, respectively, after incubation for
180 min.

ABTS Radical Scavenging Method. The determination of antioxidant
activity by ABTS radical scavenging method was performed according to
the procedure described by others (13, 34) with minor modifications.
ABTS radical cation (ABTS•þ) was produced by reacting ABTS stock
solution (1.8 mM) with 0.63 mM potassium persulfate (final concen-
tration) and allowing themixture to stand in the dark at room temperature
for 12-16 h before use. Then, the solution was diluted with ethanol to
obtain an absorbance of 0.700 ((0.030) at 734 nm.Measurements were
performed at ambient temperature. Oil extracts were diluted at a ratio of
1:10 with methanol (80%). Later, 190 μL of radical solution was mixed
with 10 μL of diluted extracts in a microtiter plate. The absorbance at 734
nm was measured every minute for 13 min following initial mixing.
Appropriate solvent blanks were run in each assay. BHA (2.5 ppm) and
methanol (80%) were used as the standard antioxidant and the negative
control, respectively. Experiments were performed three times with three
replicates for each sample. The percent free radical scavenging activity
(%FRSA) was calculated according to the formula

%FRSA ¼ ½ðAn -AsÞ � 100�=An

where An is the final absorbance value of negative control and As is the
final absorbance value of sample.

Determination of Total Phenolic Contents of Refined Olive Oil, Hazelnut
andCanolaOils.Total phenolic contents of oil sampleswere determinedby
Folin-Ciocalteu method, which is based on the reaction of a phospho-
wolframate-phosphomolybdate complex by phenolics to blue reaction
products (35). The mixture was kept in the dark at ambient temperature,
and then absorbance was measured at 765 nm and TPC values were cal-
culated using gallic acid as the standard.

Statistical Analysis.Antimicrobial activity results of oil samples were
calculated from the reduction in the numbers of bacteria that were trans-
formed into log10. The experimental data of combinational antimicrobial
activity test were analyzed with MODDE 8 (Umetrics, Umea, Sweden).

RESULTS AND DISCUSSION

Antimicrobial Activity of Oils. The antimicrobial properties of
nine different types of EVOO samples, refined olive oil, and
hazelnut and canola oils were tested against three foodborne
pathogens, E. coliO157:H7, L. monocytogenes, and S,Enteritidis
(Table 1). Hazelnut and canola oils and refined olive oil were

tested because they have fatty acid compositions very similar to
that of EVOO but their phenolics contents are different. All
EVOOsamples testedwith abacterial concentrationof 5� 103 cfu/
mL for 1 h of treatment time showed strong antimicrobial activity
against the three organisms. According to Folin-Ciocalteu anal-
ysis, Burhaniye and Nizip EVOOs have the highest and lowest
TPC values, respectively (32). Therefore, these EVOOs were
tested against a higher concentration of culture (1 � 105 cfu/mL)
for 1 h. The same conditions were also applied to refined oils.
Previously, the antimicrobial activity of fatty acids and their
derivatives has been demonstrated (36 , 37). Although refined
olive, hazelnut, and canola oils have fatty acid compositions
similar to that of olive oil (3), they did not cause any significant

Table 1. Antimicrobial Activity of Oils against Different Bacterial Concentrations and Treatment Timea

IC:

time:

5 � 103 cfu/mL

1 h

1 � 105 cfu/mL

1 h

1 � 105 cfu/mL

30 min

5 � 106cfu/mL

5 min

oil:

MO

EVOOs Burhaniye Nizip refined olive canola hazelnut Burhaniye Nizip Burhaniye Dalaman Nizip

E. coli NS NS NS 0.32b 0.16b 0.37b NS NS 5.99b 5.03b 0.22b

S.Enteritidis NS NS NS NLR NLR NLR NS NS 6.71b 2.70b 0.80b

L. monocytogenes NS NS NS 0.16b NLR NLR NS NS NS NS 0.23b

a IC, initial bacterial concentration in test tube; MO, microorganism name; EVOOs, each of nine EVOO samples; NLR, no log reduction; NS, no survivors. b Log reduction:
log(Ni/Nf), where Ni = cfu/mL initial bacteria concentration in test tube and Nf = cfu/mL final bacteria concentration.

Table 2. Percent Inhibition in the Growth Rate of E. coli O157:H7 in the
Presence of Phenolic Compounds

phenolic compound concentration (mg/kg of oil) % inhibition

cinnamic acid 0.05 2.05( 1.59

0.10 4.62( 1.36

1.00 5.39( 1.42

1.50 6.00( 0.81

2.00 5.35( 0.13

ferulic acid 0.55 2.62( 1.37

4-hydroxybenzoic acid 0.02 2.04( 1.18

0.05 4.95( 0.01

0.10 6.44( 0.14

0.15 8.47( 3.47

luteolin 1.0 2.64( 0.29

1.5 2.86( 0.16

2.0 4.38( 0.32

syringic acid 0.1 3.74( 0.94

0.2 7.81( 0.12

0.8 9.88( 0.48

tyrosol 1.0 1.02( 0.07

2.5 1.09( 0.68

4.0 2.82( 2.43

5.5 4.30( 0.79

7.0 5.79( 0.10

8.5 6.29( 1.55

vanillic acid 0.05 6.93( 0.12

0.15 11.50 ( 0.02

0.20 13.13( 2.52

vanillin 0.05 7.49( 3.08

0.10 7.51( 2.74

0.20 8.39( 1.74

0.35 10.42( 0.95

0.50 10.52( 0.60

1386 80.16( 0.54
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decrease in the microbial population, whereas EVOOs showed
bactericidal activity against all three microorganisms. This dif-
ference could be due to the fact that virgin olive oils contain high
concentrations of phenolic compounds but refined oils do not (38).
This result is consistent with a previous paper (25). When treat-
ment time was decreased to 30 min, tests with Burhaniye and
Nizip EVOOs still showed bactericidal activity.

To see the limits of the antimicrobial activity of EVOOs,
treatment time was decreased to 5 min and the initial bacterial
concentration was increased to 5� 106 cfu/mL. Because there is a
significant difference between the TPC of Burhaniye (342.93 mg
ofGA/kg of oil) andNizip (125.29mg ofGA/kg of oil), Dalaman
EVOO, which has an average TPC value of 277.99 mg of GA/kg
of oil among nine EVOOs, was also tested. As a result, Burhaniye
was still bactericidal againstL.monocytogenes, but a few survivor
colonies were observed after treatment against E. coli O157:H7
and S. Enteritidis. On the other hand, Nizip became ineffective in

these conditions, as it caused<1 log reduction. Dalaman EVOO
was bactericidal againstL. monocytogenes; however, it was not as
effective as Burhaniye against E. coliO157:H7 and S. Enteritidis.

Determination of Individual Antimicrobial Activity of Phenolics.

The percent inhibition in growth rate at the end of 24 h of
incubationwas calculated for each phenolic compound existing in
olive oil against E. coli O157:H7 (Table 2), L. monocytogenes
(Table 3), and S. Enteritidis (Table 4), approximately in the same
concentration range in which they are present in olive oil. These
values were calculated by the reduction in the optical cell density
of each sample with reference to the control that received no
phenolic compounds.

Almost all tested phenolic compounds showed higher activity
against L. monocytogenes, but a weaker effect against E. coli
O157:H7 and S. Enteritidis. Therefore, it seemed that phenolic
compounds were more active against Gram-positive organisms
thanagainstGram-negative organisms.Our finding supports pre-
vious studies (25) that reported that Gram-positive bacteria are
more prone to the action of oil extracts than Gram-negative bac-
teria. It was observed that some compounds were more effective
against E. coli O157:H7, whereas others were more effective
against S. Enteritidis. For example, 7 mg/kg oil of tyrosol caused
11.64% inhibition against S. Enteritidis and 5.79% inhibition
against E. coli O157:H7. However, whereas 0.20 mg/kg oil of

Table 3. Percent Inhibition in the Growth Rate of L. monocytogenes in the
Presence of Phenolic Compounds

phenolic compound concentration (mg/kg of oil) % inhibition

cinnamic acid 0.05 6.93( 0.13

0.10 14.29( 0.09

0.50 17.34( 0.06

1.00 19.36( 0.00

1.50 23.23( 0.01

2.00 27.68( 0.61

ferulic acid 0.10 2.12( 0.02

0.25 8.14( 0.31

0.40 9.68( 0.69

0.55 9.99( 1.16

4-hydroxybenzoic acid 0.02 13.42( 0.00

0.05 16.55( 1.76

0.10 19.53( 0.07

0.15 20.69( 0.07

luteolin 0.5 5.29( 0.12

1.0 7.51( 0.47

1.5 10.90( 0.50

2.0 11.49( 0.09

2.5 15.45( 0.67

3.0 19.05( 0.20

syringic acid 0.1 9.14( 0.18

0.2 9.92( 0.03

0.3 12.12( 0.09

0.4 13.38( 0.05

0.8 15.28( 0.11

tyrosol 1.0 3.54( 0.26

2.5 12.27( 1.57

5.5 12.63( 0.03

7.0 13.16( 0.64

8.5 13.45( 0.55

vanillic acid 0.05 6.97( 0.20

0.10 9.39 ( 0.09

0.15 13.78( 0.17

0.20 14.22( 1.18

0.25 15.96( 0.01

vanillin 0.05 7.63( 0.10

0.10 11.15( 0.40

0.20 11.37( 0.20

0.35 12.03( 0.19

0.50 14.88( 0.04

Table 4. Percent Inhibition in the Growth Rate of S.Enteritidis in the Presence
of Phenolic Compounds

phenolic compound concentration (mg/kg of oil) % inhibition

cinnamic acid 0.05 8.27( 0.05

0.10 9.70( 0.04

0.50 11.14( 0.03

1.50 11.02( 0.03

2.00 11.13( 0.13

4-hydroxybenzoic acid 0.05 4.57( 2.19

0.10 6.80( 0.28

0.15 10.86( 0.92

ferulic acid 0.25 0.96( 1.21

0.55 0.97( 0.77

luteolin 0.5 1.73( 0.07

1.0 3.84( 0.31

1.5 4.52( 0.84

2.0 5.70( 0.71

syringic acid 0.1 3.24( 2.90

0.2 5.65( 0.42

0.3 5.72( 0.64

0.4 6.80( 0.99

0.8 7.94( 1.13

tyrosol 1.0 5.27( 0.30

2.5 10.47( 0.06

4.0 10.52( 0.14

5.5 11.38( 0.07

7.0 11.64( 0.22

8.5 11.20( 0.03

vanillic acid 0.05 0.25( 3.39

0.10 2.67 ( 0.85

0.15 6.86( 0.35

0.20 6.80( 1.91

vanillin 0.05 0.75( 0.06

0.10 3.10( 0.06

0.20 3.24( 0.25

0.35 4.83( 0.07
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vanillic acid caused 13.13% inhibition in the growth of E. coli
O157:H7, it resulted in 6.80% inhibition against S. Enteritidis.

The reportedminimumconcentrations of phenolic compounds
that inhibit the bacterial growth are much higher than those
found in olive oils. In the study by Tunc-el and Nergis (22), mini-
mum inhibitory concentrations of o-coumaric, ferulic, vanillic, and
syringic acid and tyrosol against E. coliO157:H7 were determined
as 450, 450, 550, 550, and 600 μg/mL, respectively, by the agar
dilutionmethod. These concentrations are about 1000 times higher
than the levels of those in EVOOs. The antimicrobial activities of
ferulic, vanillic, p-coumaric, and 4-hydroxybenzoic acids, which
are also found in wine, were tested on Campylobacter jejuni.
Whereas 4-hydroxybenzoic acid was found to be very effec-
tive at the lowest concentration (1 mg/L), vanillic, ferulic, and
p-coumaric acid could showactivity at concentrations of 10, 10, and
100 mg/L, respectively (23). In the paper of Rodriguez Vaquero
et al. (24), vanillic acid was tested against L. monocytogenes. An
inhibition of 10% in the final cell density after 18 h of incubation
was observed by the addition of 50 mg/mL vanillic acid in 5%
ethanol. An important point, in these studies, is that all tested
solutions contained 5% ethanol, and this could be the reason for
such high activity. In our study, vanillic acid at a concentration of
25mg/kg oil (∼23mg/kg oil, with ethanol content lower than 1%
(v/v)) was tested against L. monocytogenes. As a result, 4.95 and
23% inhibition was observed after 18 and 24 h of incubation, re-
spectively. Our results are in agreement with these previous
studies.

In the current study, it was found out that the effect of ferulic
acid, in the concentration ranges determined in EVOOs, was not
significant against E. coliO157:H7 (maximum 2.62% inhibition)
and S.Enteritidis (maximum 0.97% inhibition). However, a stron-
ger effect was observed against L. monocytogenes (Table 3). Also,
higher concentrations (5.5 and 55.0mg/kg oil) of ferulic acid caused
only 3% inhibition in the growth of E. coli and S. Enteritidis,
whereas they caused 12-16% inhibition on L. monocytogenes.

In general, our results indicate that the activities of all tested
compounds were concentration dependent, but not directly pro-
portional. Also, the activities of some compounds did not change
with increased concentrations. For example, although the con-
centration of tyrosol was increased from 2.5 to 8.5 mg/kg oil,
antimicrobial activity against S. Enteritidis and L. monocyto-
genes did not show any significant change. On the other hand,

its activity against E. coli O157:H7 increased depending on
concentration.

Cinnamic acid (0.50-2.00 mg/kg oil) was the most effective
phenolic compound against S. Enteritidis, and tyrosol (5.5 and
7.0 mg/kg oil) also caused about 11% inhibition (Table 4).

Generally, all of the growth curves in the presence of phenolic
compounds were similar to each other, and the lines were too
close to discriminate them from one another. Figure 1 is given as
an example of the growth curve ofE. coliO157:H7 in the presence
of vanillin at the concentrations of 0, 0.05, 0.10, 0.20, 0.35, and
1386 mg/kg oil. The concentrations between 0.05 and 0.35 mg/kg
oil are in the range of determined concentrations in EVOOs, and
they yielded between 7.49 and 10.42% inhibition in the growth
rate. Rupasinghe et al. (19) reported that the minimum inhibitory
concentrations of vanillin against eight ATCC strains were bet-
ween 6 mM (1040 mg/kg oil) and 12 mM (2079 mg/kg). In agree-
ment with our results (Figure 1), it was demonstrated that 6 mM
(1040mg/kg oil) vanillin caused 73% inhibition in the growth rate
of E. coli. In this study, 8 mM (∼1386 mg/kg oil) vanillin caused
80% inhibition in the growth rate ofE. coliO157:H7. In addition,
such a high concentration of vanillin showed a bacteriostatic act-
ivity against E. coli O157:H7 during 15 h of incubation period.
According to these results, the use of these phenolic compounds
as antimicrobial agent in food could be considered. For example,
vanillin is already used as an aromatic supplement in foods. Its
potential use for the extension of the shelf life of foods could be
suggested by means of its antimicrobial properties.

Determination of Logarithmic Reduction of L. monocytogenes
Exposed to Cinnamic Acid. The level of cinnamic acid in Erkence
EVOOwas determined as 1.98mg/kgof oil,whichwas the highest
cinnamic acid concentration among all EVOO samples (32).
Although 2.00 mg/kg oil cinnamic acid showed the highest per-
cent inhibition (27%), it decreased the number of bacteria by 0.25
log at the end of 24 h of incubation. It can be concluded that the
other phenolic compounds have very low log reduction effect, in
comparison with cinnamic acid.

Combinational Antimicrobial Activities. To the best of our
knowledge there is no published research about synergistic
antimicrobial effect of phenolic compounds of olive oil.

A two-level factorial design was applied to reveal the main and
interaction effects among the four phenolics. The experimental
data revealed that the high inhibition rates were found at the

Figure 1. Growth curve of E. coli O157:H7 in the presence of vanillin. Standard deviation of measurements was found <0.03.
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combinations where one phenolic compound was at low level,
whereas the second one was at the high level (39). The result of
ANOVA is given inTable 5. Factors and interactionswith p<0.05
were considered to be significant. In this study, the interactions
between vanillic acid and cinnamic acid, between vanillic acid and
tyrosol, and between cinnamic acid and tyrosol were found to be
significant. Moreover, only vanillin was found to be significant
individually.

It seems that because olive oil contains more than 30 different
phenolic compounds in its composition, an increase of their
overall effect due to the synergistic interaction or the sum of their
individual antimicrobial effects is also very possible.

Total Phenolic Contents of Oils. TPC values of refined oil
samples were as follows: refined olive oil is 91.67 ( 1.30 mg of
GA/kg of oil, hazelnut oil is 41.67( 5.18mg ofGA/kg of oil, and
canola oil is 58.88 ( 2.68 mg of GA/kg of oil. As expected, the

phenolic content of refined oil samples was lower than those of
EVOOs, because the refining process causes loss of phenolic
compounds (1). TPC values of EVOO samples used in this study
were determined to be between 125.29 and 353.36mgofGA/kg of
oil (30). In a study on the determination of TPC of EVOO, olive
oil, and highly refined olive oil, it has been reported that TPC
values for EVOO samples were between 73 and 265mg ofGA/kg
of oil, whereas olive oil had TPC values of 14-30mg ofGA/kg of
oil and the TPC of refined olive oil was 4 mg ofGA/kg of oil (40).

Antioxidant Activity. In the β-carotene-linoleic acid method,
the antioxidant activity level of a substance is determined by
measuring oxidation products of linoleic acid that simultaneously
attack β-carotene, resulting in bleaching of its characteristic
yellow color (12, 41). The results of this method are listed in
Table 6. Activities of EVOO samples varied between 21.22 and
64.54%.These results are consistentwithpreviouspapers (12,13).
In these studies, antioxidant activitieswere also found to be about
40% for EVOOs.

The ABTS•þ scavenging capacity method is a decolorization
assay that measures the capacity of antioxidants directly reacting
with ABTS•þ radicals generated by a chemical method (42). The
results for ABTS scavenging capacity method were expressed as
%FRSAvalues, which varied between 1.31 and 21.97% (Table 6).

As a result of both assays, Erkence EVOO, which has the highest
TPC, showed the highest antioxidant activity. Refined olive,
hazelnut, and canola oils have lower antioxidant activity values,
which might be attributed to the low TPC content of these oils.

It has been reported that there is no single method that yields
fully and reliably the antioxidant capacity of a complex mixture
such as olive oil (13). In this study, when the results were ordered
from high value to low, there was a difference in the sequence of
the oils. This might be due to the difference in the working pri-
ncipals of the two methods. The ABTS method evaluates the
activity directly, in contrast to the β-carotene assay.

In many studies, it was demonstrated that there is a correlat-
ion between total phenol content and antioxidant activity of
oils (12, 13). Although it has been reported that the β-carotene-
linoleic acid model system was the best method for the determi-
nation of the antioxidant capacity of olive oils (12), this method
provided lower correlation (R2=0.8075) in this study (Figure 2A).
The best correlation between TPC and antioxidant capacity was
found by the ABTS•þ method (R2 = 0.9082) (Figure 2B). This
result is consistent with a previous paper determining the antioxi-
dant activity of olive oil by four different methods, ABTS, DPPH,
ORAC, and β-carotene methods (13). According to this study,
the best correlation was obtained with the ABTS method
(R2 = 0.8927) and the worst was with the β-carotene method
(R2 = 0.7258).

In conclusion, the use of EVOOs in foods might be beneficial
in terms of preventing foodborne diseases that arise from E. coli
O157:H7,L.monocytogenes, andS.Enteritidis.As far aswe know,
this is the first study indicating antimicrobial and antioxidant

Table 5. Results of ANOVA for the Effect of Phenolic Compounds

factors and interactions p value

constant 0.000

vanillin 0.038a

vanillic acid 0.208

cinnamic acid 0.486

tyrosol 0.448

vanillin and vanillic acid 0.715

vanillin and cinnamic acid 0.404

vanillin and tyrosol 0.779

vanillic acid and cinnamic acid 0.000a

vanillic acid and tyrosol 0.000a

cinnamic acid and tyrosol 0.000a

aSignificant parameters; p value <0.05.

Table 6. Antioxidant Activity (%AA) by β-Carotene Method and Percent Free
Radical Scavenging Activity (%FRSA) Results of EVOOs, Refined Olive Oil,
Hazelnut and Canola Oils, and Standard Solution (BHA)

oil extract %AA oil extracta %FRSA

Erkence 64.54( 5.42 Erkence 21.97( 3.34

Burhaniye 60.58( 2.07 Burhaniye 16.68( 0.46

Koc-arlı 57.93( 3.26 Koc-arlı 13.95( 1.24
€Odemis- 42.91( 2.55 €Odemis- 13.20( 0.44

Dalaman 38.49( 5.61 Dalaman 11.79( 1.49

G€omec- 45.54 ( 2.75 G€omec- 10.70 ( 2.10

Altınoluk 53.38( 6.66 Altınoluk 9.93 ( 1.81

Memecik 29.83( 6.56 Memecik 5.34( 1.44

Nizip 21.22( 1.92 Nizip 5.60( 0.98

refined olive 23.50( 0.55 refined olive 3.95( 1.09

canola 22.52 ( 9.92 canola 1.55( 1.63

hazelnut 21.19( 1.14 hazelnut 1.31( 0.90

standard solution standard solution

BHA 50 ppm 85.43( 2.26 BHA 2.5 ppm 6.35( 0.20

BHA 25 ppm 74.76( 0.65

a 1:10 diluted oil extracts.

Figure 2. Correlation between total phenolic contents of oils and their antioxidant capacity using (A) the β-carotene-linoleic acid model system and (B) the
ABTS method.
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activities of Turkish EVOOs from different regions/varieties and
directly correlating the antimicrobial activities with their phenolic
content.
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