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Summary                                                          Antimicrobial potential of six essential oils (EOs) (basil, ginger, hyssop, caraway,
 juniper, and sage) against three food-borne bacterial pathogens, commonly found as
meat product contaminants (Escherichia coli, Salmonella enterica and Listeria mono-
cytogenes), using disc diffusion and broth microdilution methods, was evaluated. The
EOs composition was determined by gas chromatography-mass spectrometry (GC-
MS) technique. Dominant compounds in analyzed EOs were: estragole (in basil EO),
cis-pinocamphone (in hyssop EO), �-pinene (in juniper EO), �-thujone (in sage EO),
carvone (in caraway EO) and curcumene (in ginger EO). Basil EO inhibited growth of
all tested bacteria (disc diffusion method). Tested concentrations of ginger EO lacked
bactericidal activity. Only basil EO showed inhibitory effect on L. monocytogenes
growth. Compared to all tested EOs, caraway EO had the highest antibacterial acti-
vity on E. coli and S. enterica.

                                                                            Minimal inhibitory concentration (MIC) of basil and sage EOs was 56.8 µl/mL for
all tested bacteria. Hyssop, caraway, and juniper EOs were inhibitory at concentration
of 113.6 µl/mL on all tested bacterial species. MIC of ginger EO was 113.6 µL/mL
for E. coli and L. monocytogenes and 227.3 µL/mL for S. enterica. Minimal bacte -
ricidal concentration (MBC) of basil and sage EOs was 113.6 µl/mL for all investigated
bacteria. MBC of hyssop, caraway, and juniper EOs was 227.3 µl/mL for all investi-
gation bacteria. MBC of ginger EO was 227.3 µL/mL for E. coli and L. monocytogenes
and 454.5 µL/mL for S. enterica. Tested EOs have a great potential as natural anti-
bacterial preservative in food.

                                                                            Keywords: essential oils, antibacterial activity, disc diffusion, broth microdilution

Zusammenfassung                                         Unter Anwendung von Plattendiffusions- und Mikrodilutionstests wurde in dieser
Studie das antimikrobielle Potenzial von sechs ätherischen Ölen (Basilikum, Ingwer,
Ysop, Kümmel, Wacholder und Salbei) gegen drei häufig vorkommende lebensmittel-
assozierte Pathogene (Escherichia coli, Salmonella enterica und Listeria mono -
cytogenes) untersucht. Als Hauptkomponenten in den ätherischen Ölen (ÄÖ) wurden
bestimmt: Estragol (Basilikum), cis-Pinocamphone (Ysop), �-Pinen (Wacholder), �-
Thujone (Salbei), Carvon (Kümmel) und Curcumen (Ingwer). Die Ergebnisse zeigen,
dass das ÄÖ aus Basilikum das Wachstum aller getesteten Mikroorganismen inhi-
bierte. In den angewandten Konzentrationen zeigte hingegen das gewonnene ÄÖ
aus Ingwer keine antimikrobielle Wirkung. Auf L. monocytogenes wirkte ausschließ-
lich das Basilikumöl wachstumshemmend. Das ÄÖ aus Kümmel war wirksamer
gegenüber E. coli und S. enterica im Vergleich zu den anderen ätherischen Ölen.

                                                                            Die minimale Hemmkonzentration (MHK) der ÄÖ aus Basilikum und Salbei betrug
56,8 µl/ml bei allen untersuchten Bakterien. Bei Ysop, Kümmel und Wacholder betrug
die minimale Hemmkonzentration (MHK) 113,6 µl/ml bei allen Bakterien. Die MHK
bei Ingwer betrug 113,6 µl/ml für E. coli und L. monocytogenes und 227,3 µl/ml für
S. enterica. Die minimale bakterizide Konzentration (MBK) aus den Ölen von Basili-
kum und Salbei betrug 113,6 µl/ml für alle untersuchten Bakterien. Die MBK von
Kümmel und Wacholder war 227,3 µl/ml für alle Bakterien. Die MBK von Ingwer war
227,3 µl/ml für E. coli und L. monocytogenes und 454,5 µl/ml für S. enterica. Die
untersuchten ätherischen Öle zeigen ein großes Potenzial, als natürliche antibakte-
rielle Konservierungsmittel in der Nahrung Verwendung zu finden.

                                                                            Schlüsselwörter: ätherische Öle, antibakterielle Aktivität, Plattendiffusionstest,
Mikrodilutionstest
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Introduction

Food spoilage and alimentary diseases caused by harmful
food-borne pathogens are growing public health problem
worldwide. Multiple preservation techniques in the manu-
facturing and storage of food products are required for
 successful control of food pathogens. These techniques
usually include application of diverse additives, mainly
 synthetic chemicals. Negative public perception of synthe-
sized food antimicrobials, awareness of their side effects
and toxic properties, as well as the emergence of bacterial
antibiotic resistance have generated interest in the usage of
more naturally occurring compounds. Thus, discovery and
development of novel antimicrobials from natural sources
became of the uttermost importance (Aumeeruddy-Elalfi
et al., 2015). To be recognized as natural antimicrobials,
these compounds should be directly derived from biolo -
gical systems without alteration or modification (Calo et
al., 2015). From this point, many medicinal and aromatic
plants, including diverse herbs, spices, fruits, and vege -
tables, have attracted attention of scientists as natural
 sources of natural agents that could be safer than synthetic
sources (Kocić-Tanackov et al., 2014; 2015; Kapoor et al.,
2014; Nikolić et al., 2014; Sánchez-Ortega et al., 2014;
 Sarikurkcu et al., 2015).

Aromatic plants are generally considered as the most
important source of natural antimicrobial compounds.
 Nowadays, more than 25 000 plants have been described
for the diversity of the contained bio-active compounds
(Calvo et al., 2011). In recent years, many plants have been
examined for their effectiveness as food safety and preser-
vation applicants, and have received attention as health
promoters (Čabarkapa et al., 2013; Kapoor et al., 2014;
Kocić-Tanackov et al., 2014; Šojić et al., 2015).

Plant EOs are mainly responsible for antimicrobial
 activity of an aromatic plant (Tajkarimi et al., 2010).
 Chemically, EOs are complex mixtures of terpenoides,
monoterpenes, sesquiterpenes and possibly diterpenes
with different groups of aliphatic constituents, such as
hydrocarbons, acids, alcohols, aldehydes, acyclic esters or
lactones (Fisher and Phillips, 2006; Bakkali et al., 2008).

EOs have been used in food for centuries, since they
have a pleasant odor and sometimes a distinctive taste, in
addition to their antimicrobial properties which make them
suitable alternatives for antibiotics.

In the present study, six commercially available essential
oils were tested as potentially suitable as additives in meat
industry, and evaluateasd well as their antimicrobial poten-
tial against three food-borne pathogens, commonly found
contaminants of meat products.

Materials and Methods

Essential oils

Six EOs (Herba d.o.o., Belgrade, Serbia) were used in this
study: basil (Ocimum basilicum), ginger (Zingiber officina-
lis), hyssop (Hyssopus officinalis), caraway (Carum carvi
L.), juniper (Juniperus communis) and sage (Salvia offi -
cinalis). These EOs have been selected based on their
 specific aroma which, can potentially enhance the flavor of
meat products.

Determination of chemical composition
of essential oils
The EOs composition was determined by gas chromato -
graphy-mass spectrometry (GC-MS) technique. GC-MS
analyses were carried out using an Agilent Technologies
(Palo Alto, CA, USA) gas chromatograph model 7890B
coupled with a 5977A mass selective detector with a HP-
5MS Agilent Technologies column (30 m × 0.25 mm i.d.,
film thickness 0.25 µm). The GC oven temperature was
programmed from 70 °C (2 min), to 220 °C at the rate of
4 °C/min and kept under isothermal conditions for 10 min.
The injector was maintained at 250 °C. Helium was used as
carrier gas at a constant flow rate of 1.0 mL/min. The mass
spectrometer operated in the electron ionization mode.
Data acquisition was carried out in the scan mode (range
50–450 amu), solvent delay time was 2 min. The oil samples
were dissolved in hexane, and 1 µl aliquots were injected in
split mode with split ratio of 1:20. The identity of the
 components of EOs was determined by comparison of their
retention indices and mass spectra with literature data
(Adams, 2007; Davies, 1990) and the mass spectra data -
bases (Wiley 10th & NIST 2011 MS Library). Retention
 indices (RI) were determined relative to the retention
times of series of n-alkanes with linear interpolation. The
percentages of determined compounds were calculated by
the area normalization method, without considering
 response factors. The component percentages were cal -
culated as mean values from duplicate GC-MS analyses of
all tested samples.

Strains and preparation of bacterial cell suspension
Antibacterial activity of selected EOs was evaluated on:
Escherichia coli, ATCC 25922, Lot 335-69-1, Salmonella
 enterica subsp. enterica serovar Enteritidis (group D)
ATCC 13076, Lot 345-93 and Listeria monocytogenes,
ATCC 19111; Lot 277-28, obtained from American Type
Culture Collection. These cultures were maintained on
Mueller-Hinton agar (MHA) (Merck, Darmstadt, Ger -
many) slants at 4 °C and subcultured weekly onto fresh
slants.

Twenty-four hours old bacterial cultures grown on
Mueller-Hinton agar were used for preparation of the
 bacterial cell suspension tests. The cells were harvested
with sterile loop into 10 mL of 0.85 % sterile saline. The
cell suspension was adjusted with saline to give a final
 concentration of 1×108 CFU/mL using McFarland Stan-
dard (bioMérieux SA, Marcy I'Etoile, France) and McFar-
land densitometer (Biosan SIA, Riga, Latvia).

Disc diffusion method
Disc diffusion method was adapted from Clinical and
 Laboratory Standards Institute (CLSI) guidelines (Insti -
tute, C.a.L.S., Document M02-A11, Wayne) for the pre -
liminary examination of the EOs antibacterial activity.
 Fifteen mL of Mueller-Hinton agar was poured into 90-mm
Petri dishes and left to solidify and dry. A sterile swab was
immersed in the culture suspension and the entire surface
of a Muller-Hinton agar was inoculated. Plates were left for
15 min to allow any excess surface moisture absorbsion
 before applying the discs. The 6-mm test discs (HiMedia
Laboratories Pvt. Ltd., Mumbai, India) were impregnated
with 5, 10, and 20 µL of undiluted EOs and placed onto
 inoculated Muller–Hinton plates. Discs without EOs
 served as negative controls. Inverted plates were then incu-
bated at 37±1 °C for 24 h. The diameters of inhibition zones
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including diameter of the EO impregnated discs were
 measured in millimeters. The presence or absence of an
 absolute inhibition zone was used as a criteria for the
 definition of strain sensitivity to different EOs. According
to Moreira et al. (2005) and Jorgensen and Ferraro (2009),
this sensitivity is classified by the diameter of the inhibition
zone as follows: not sensitive (–) for diameter less than
8 mm; sensitive (+) for diameter 9–14 mm; very sensitive
(++) for diameter 15–19 mm, and extremely sensitive (+++)
for diameter larger than 20 mm. The tests were performed
in duplicates for each EO.

Broth microdilution method
Minimal inhibitory concentration (MIC) and minimal bac-
tericidalconcentration (MBC) of the EOs were determined
by broth microdilution method according to CLSI guideli-
nes (Institute, C.a.L.S., Document M07-A9, Wayne), with
some modifications. Briefly, 100 µL of Muller-Hinton broth
was pipetted into each well of a sterile 96-well microtiter
plate (Greiner Bio-One GmbH, Kremsmünster, Austria).
After that, in the first column of wells in microtiter plate
100 µL of each EOs was transferred. After mixing by pi -
petting, 100 µL of the mixture was transferred to the next
column of wells in a process of 1:1 serial dilution until the
column number 12 (ranging from 0.22 to 454.54 µL/mL).
One hundred µL of the mixture from the last well was
 discarded. As the final step, each well was inoculated with
10 µL of the tested microorganism suspension (108 cfu/mL).

The same tests were simultaneously performed with the
control sample (Muller-Hinton broth + bacterial suspen-
sion) and sterility control (Muller-Hinton broth + EO).

Incubation of microtiter plates was performed at 37 °C
for 24 h. After incubation, wells that contained clear broth
suspension were used for inoculation of previously dried
Muller-Hinton agar plates (24 h for 37 °C).

The MIC was determined as the lowest EOs concen -
tration that inhibited the growth in the well (clear broth
 suspension), but still showed slightly visible growth on the
plate. MBC was determined at the EOs concentration that
inhibited the growth in the well and showed no visible
growth on the plate (the presence of ≤2 cfu per plate is
 acceptable). All tests were performed in duplicates for each
EO.

Results and Discussion

Chemical composition of essential oils
As shown in Table 1 main constituent of basil EO was
 estragole (82.96 %) and this oil according to Lawrence
(1992) and Grayer et al. (1996) can be defined as “estragol
chemotype“.

Carvon (72.11 %) and limonene (23.03 %) were the
 dominant compounds of caraway EO. Curcumene
(20.09 %), zingiberene (13.87 %), �-sesquiphellandrene
(9.94 %), and �-bisabolene (9.72 %) were compounds
 determined at highest percentage in ginger EO. �-Pinene
(26.14 %), sabinene (6.35 %), terrpinen-4-ol (6.32 %), �-
 cymene (4.41 %), �-cadinene (4.0 %), limonene (4.02 %),
�-myrcene (3.92 %), and �-elemene (3.62 %) were prin -
cipal constituents of juniper EO. �-Thujone (22.40 %),
camphor (18.85 %), and 1,8-cineol (14.63 %) were pre -
valent constituents of sage EO. cis-Pinocamphone
(40.27 %) and trans-pinocamphone (16.67 %) dominated
in hyssop EO (Table 1).

EOs chemical composition depends on geographical ori-
gin of the plant, ways, and harvesting time, drying method,
method of oil extraction, as well as the plant parts used for
EOs extraction (Suppakul et al., 2003; Daferera et al., 2003;
Burt, 2004; Rasooli, 2008; Bakkali et al., 2008). These are
the main reasons of great composition diversity of the same
EOs in the literature. Similar results to those obtained in
this study were obtained by Angioni et al. (2003), Pepeljn-
jak et al. (2005), Glišić et al. (2007) for juniper EO; Bozin
et al. (2007), Porte et al. (2013) for sage EO, Pripdeevech
et al. (2010), Beatović et al. (2015), Avetisyan et al. (2017)
for basil EO; Sedláková et al. (2003), Meshkatalsadat et al.
(2012), Rasooli and Allameh (2016) for caraway EO; Mitić
and -Dord-ević (2000), Kizil (2010), Zawiślak (2013) for hys-
sop EO; Kizhakkayil and Sasikumar (2012), Nampoothiri
et al. (2012), Kamaliroosta et al. (2013) for ginger EO.

Generaly, biological activity was attributed to the main
constituents of EOs (Bakkali et al., 2008), although in some
papers was indicated that EOs have a greater antimicrobial
activity than just mixtures of their major antimicrobial
components (Gill et al., 2002; Mourey and Canillac, 2002),
suggesting that they owe their enhanced activity to the
 synergism of major and minor compounds (Burt, 2004;
 Tajkarimi et al., 2010).

Because of the great number of constituents, EOs seem
to have no cpecific cellular targets (Carson et al., 2002;
 Bakkali et al., 2008). Several mechanisms have been pro-
posed to explain EOs antimicrobial activity (Bakkali et al.,
2008), but mostly it is attributed to their phenolic nature.
Phenolic compounds disrupt the cell membrane resulting in
the inhibition of the functional properties of the cell and
eventually leakage of the internal contents of the cell; they
alter microbial cell permeability, damage cytoplasmic
membranes, interfere with cellular energy (ATP) gene -
ration system, and disrupt proton-motive force (Bakkali et
al., 2008; Bajpai et al., 2012). EOs and their components are
hydrophobic, which results in their diverse effectiveness
against Gram-positive and Gram-negative bacteria. In the
most papers it is indicated that EOs have higher activity
against Gram-positive bacteria (Burt, 2004; Kim et al.,
2011) due the differences in cell wall structure between
Gram-positive and Gram-negative bacteria (Ratledge and
Wilkinson, 1988). It was considered that lipopolysaccharide
layer in Gram-negative cell wall blocks the penetration of
hydrophobic compounds of EOs (Vaara, 1992). On the
 contrary, in was also indicated that EOs have higher activity
against Gram-negative bacteria (Deans and Ritchie, 1987;
Stecchini et al., 1993; Tassou et al., 1995; Hao et al., 1998;
Wan et al., 1998). These findings are the consequence of
differences in EOs composition (Burt, 2004).

Essential oils antimicrobial activity
According to the results of disk diffusion method presented
in Table 2, tested EOs significantly differ in their activity
against tested bacterial strains.

Ginger EO expressed no antibacterial activity and no
 inhibition zone was observed for any of the tested bacteria.
L. monocytogenes has been reported as the most resistant
species compared to E. coli and S. enterica, since only basil
EOs demonstrated antimicrobial activity against L. mono-
cytogenes. Basil EO was more effective against E. coli
and S. enterica, with visible inhibition zones ranging from
13–17 mm and 11–17 mm, respectively. The highest anti -
bacterial activity against E. coli and S. enterica was detec-
ted for caraway EO, with inhibition zones ranging from
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TABLE 1: Chemical composition of essential oils.

No.  Com-                      RIa      Gin-    Juni-   Sage    Hys-    Basil   Cara-
         pounds                             ger      per                  sop                 way
                                                   (%)      (%)      (%)      (%)      (%)      (%)

1.      Hexanal                           853        0.22           –              –              –              –              –

2.      cis-Salvene                      874          –              –           0.35           –              –              –

3.      3-Carene                        916        0.16           –              –              –              –              –

4.      �-Thujene                       919          –           1.89           –              –              –              –

5.      �-Pinene                         925        2.22       26.14       5.66        0.68        0.28           –

6.      Camphene                     936        6.57        0.34        6.22           –              –              –

7.      Sabinene                         953          –           6.35           –           1.72        0.16           –

8.      �-Pinene                         957        0.23        2.27        1.34        9.65        0.43           –

9.      Methylheptenone           961        0.40           –              –              –              –              –

10.      �-Myrcene                      966        0.52        3.92        0.37        0.71           –              –

11.      �-Cymene                      997        0.16        4.41        1.56        0.61           –              –

12.      Limonene                       1001          –           4.02           –           1.42        0.23       23.03

13.      �-Thujene                       1003        5.05           –              –              –              –              –

14.      1,8-Cineol                       1005        2.02           –          14.63          –           4.13           –

15.      Fenchone                        1059          –              –              –              –           0.24           –

16.      Linalool                           1069        0.21           –              –           1.27        0.66           –

17.      Fenchol                           1081          –              –              –              –           0.20           –

18.      �-Thujone                       1086          –              –          22.40          –              –              –

19.      �-Thujone                       1090          –              –           4.36        0.47           –              –

20.      trans-Pinocarveol            1114          –           0.35           –           0.80           –              –

21.      Camphor                        1123          –              –          18.85          –           0.50           –

22.      trans -Pinocamphone     1139          –              –           0.84       16.67          –              –

23.      Borneol                           1144        0.93           –           5.27           –              –              –

24.      Terrpinen-4-ol                 1156          –           6.32        0.99           –              –              –

25.      cis-Pinocamphone          1160          –              –              –          40.26          –              –

26.      p-Cymene-8-ol               1163          –           0.56           –              –              –              –

27.      �-Terpineol                     1169        0.46        0.93        0.15        0.34           –              –

28.      Myrtenol                         1177          –           0.38           –           2.64           –              –

29.      Estragole                         1186          –              –           0.25           –          82.96          –

30.      Verbenone                      1190          –           0.30           –              –              –              –

31.      Fenchyl acetate               1207          –              –              –              –           0.26           –

32.      trans-Carveol                  1218          –              –              –              –              –           0.35

33.      Cumaldehyde (Cumal)   1224          –              –              –           0.38           –              –

34.      Carvone                          1238          –           0.71           –              –              –          72.11

35.      4-Anisaldehyde               1241          –              –              –              –           0.37           –

36.      Perillaldehyde                 1267          –              –              –              –              –           0.22

37.      Borneol acetate              1276          –           0.60        2.15           –           0.18           –

38.      2-Undecanone               1282        0.22           –              –              –              –              –

39.      �-Terpinene                    1288          –              –              –           0.61           –              –

40.      Carvacrol                        1291          –              –           1.16           –              –              –

41.      Myrtenyl acetate             1319          –              –              –           0.36           –              –

42.      �-Elemene                      1332        0.18           –              –              –              –              –

43.      �-Cubebene                   1346          –           1.36           –              –              –              –

44.      Cyclosativene                  1363        0.45           –              –              –              –              –

45.      Copaene                         1375        0.80        1.33        0.27           –              –              –

46.      Geranyl acetate              1380        0.15           –              –              –              –              –

No.  Com-                      RIa      Gin-    Juni-   Sage    Hys-    Basil   Cara-
         pounds                             ger      per                  sop                 way
                                                   (%)      (%)      (%)      (%)      (%)      (%)

47.      �-Bourbonene                1385          –              –              –           2.26           –              –

48.      �-Elemene                      1393        1.33        3.62           –              –           0.16           –

49.      Isoledene                        1400          –           0.47           –              –              –              –

50.      Methyleugenol               1404          –              –              –           0.43        0.85           –

51.      Caryophyllene                1423          –           2.67        1.67        0.53           –              –

52.      �-cubebene                    1432          –           0.24           –              –              –              –

53.      �-Elemene                      1436        0.60        1.32           –              –              –              –

54.      �-Bergamotene              1439          –              –              –              –           2.39           –

55.      �-Humulene                   1459          –           3.01        3.01           –              –              –

56.      �-Farnesene                   1475        0.78           –              –              –           0.19           –

57.      Aromadendrene             1466        0.38           –              –           2.44           –              –

58.      �-Guajen                        1477        0.80           –              –              –              –              –

59.      �-Muurolene                  1482          –           1.71        0.23           –              –              –

60.      Germacrene                    1488          –           2.03           –              –              –              –

61.      �-Selinene                      1491          –           0.94           –              –              –              –

62.      Curcumene                     1495      20.09          –              –              –              –              –

63.      �-Selinene                      1502          –           1.19           –              –              –              –

64.      �-Muurolene                  1505          –           1.30           –              –              –              –

65.      Zingiberene                     1509      13.87          –              –              –              –              –

66.      �-Cadinene                     1518        1.70        1.64           –           0.46        0.64           –

67.      �-Bisabolene                   1523        9.72           –              –              –              –              –

68.      Myristicine                      1527          –              –           0.31           –              –              –

69.      Calamenene                   1530          –              –           0.20           –              –              –

70.      �-Cadinene                     1532          –           4.00           –              –              –              –

71.      �-Panasinsen                  1536        0.47        0.25           –              –              –              –

72.      �-Sesquiphellandrene     1537        9.94           –              –              –              –              –

73.      �-Bisabolene                   1541        0.23           –              –              –              –              –

74.      Eudesma-3,7(11)-diene  1549          –           0.35           –              –              –              –

75.      Elemol                             1557        0.51           –              –           2.27           –              –

76.      Germacrene B                1566        0.20        1.33           –              –              –              –

77.      Nerolidol                         1570        0.46           –              –              –              –              –

78.      �-Thujaplicin                   1577          –              –              –              –           3.35           –

79.      Spathulenol                    1586          –           0.98           –           3.67           –              –

80.      Caryophylene oxide        1592          –           1.16        0.87        3.57           –           0.30

81.      Ledol                               1600          –              –           1.41           –              –              –

82.      Humulene epoxide         1617          –           0.88           –           0.77           –              –

83.      Zingiberenol                    1620        0.60           –              –              –              –              –

84.      Cedrene                          1636        0.38           –              –              –              –              –

85.      tau-Cadinol                     1647          –           2.03           –              –              –              –

86.      �-Eudesmol                    1656        0.16           –              –           0.34           –              –

87.      �-Cadinol                       1660          –           1.30           –              –              –              –

88.      Damascone                    1789        1.60           –              –              –              –              –

89.      Nerylacetone                  1804        2.80           –              –              –              –              –

90.      Curcuhydroquinone       1946        0.60           –              –              –              –              –

91.      Epimanool                      2008          –              –           0.26           –              –              –

a: Retention index relative to n-alkanes on HP-5MS column
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13.5–28 mm and 10.5–24.5 mm, respectively. Caraway EO
expressed no antimicrobial activity on L. monocytogenes.
Considering the antimicrobial potential against E. coli,
 caraway was the most effective, followed by sage, basil,

 juniper, and hyssop, while against S. enterica it was followed
by basil, sage, hyssop and juniper EOs.

Beside the disk diffusion method, during further
 investigation microdilution method was used. Results of

EOs MIC and MBC are presented in Figures
1–3.

Results of microdilution method indicate
that all tested EOs expressed antimicrobial
activity against all tested  bacteria, at the
 concentration range of 56.8–454.5 µL/mL.
MIC and MBC obtained for each EO against
E. coli are identical to those against L. mono-
cytogenes. Basil and sage EOs were more
 effective against these two species, with
MIC/MBC 56.8/113.6 µL/mL. Ginger, hyssop,
caraway, and juniper EOs exhibited similar
activity against these two species, with slightly
higher MIC/MBC: 113.6/227.3 µL/mL. Five of
six EOs demonstrated the same activity
against S. enterica, while ginger was less
 effective and at higher  concentrations of the
oil Salmonella cells were inhibited, with
MIC/MBC: 227.3/454.5 µL/mL.

Published data on this subject are very
difficult to  compare. The chemical composi-
tion of EOs and extracts as before mentio-
ned vary with the botanical source and age of
the plant, condition of the plant (dried or
fresh),  location, altitude, climate and envi-
ronmental conditions (Suppakul et al., 2003;
Daferera et al., 2003). Besides this, the selec-
tion of tested microorganisms, the way of
 exposure of the microorganisms to EOs and
the method of anti microbial activity evalua-
tion vary among the different  publications.
As a result of this diversity of experimental
conditions, in literature we have plenty of
seemingly contradictory results. For exam-
ple, Tarek et al. (2014) reported that caraway
EO has very low MIC values against some
Gram-positive and Gram-negative bacteria
(≤ 1 µL/mL), using disc diffusion method.
However, Dussauit and Lacroix (2014)
 examined several EOs intended for food
 application, with oil concentrations up to
5000 µL/mL. They obtained MIC value of
 caraway EO against E. coli, S. enterica and
L. monocytogenes ≥ 5000 µL/mL, which is
around 40 times higher concentration than
those used in this research.

TABLE 2: Antimicrobial activity of the essential oils against E. coli ATCC 25922, S. enterica subsp. enterica serovar Enteretidis
(group D) ATCC 13076, and L. monocytogenes ATCC 19111 by disc diffusion method.

Essential                                                                                Diameter of inhibition zone (mm)
oil                                          E. coli                                                            S. enterica                                                 L. monocytogenes
                             5 µL         10 µL        20 µL                              5 µL         10 µL        20 µL                              5 µL         10 µL        20 µL

Basil                               13±0*             14±0               17±0                                        11±1.4          14.5±0.7          17±1.4                                           0               10.5±0.7        12.5±0.7

Ginger                               0                     0                     0                                                0                     0                     0                                                0                     0                     0

Hyssop                               0                     0                11±1.4                                           0                9.5±0.7         11.5±0.7                                          0                     0                     0

Caraway                            0               13.5±0.7          28±4.2                                     10.5±0.7       19.25±4.6       24.5±3.5                                          0                     0                     0

Juniper                          9.5±0.7         11.5±0.7        11.5±0.7                                          0                     0                   8±0                                              0                     0                     0

Sage                            11.5±0.7          14±1.4           27±1.4                                         8±0            10.5±0.7        13.5±0.7                                          0                     0                     0

*: Standard deviation for two measurements

FIGURE 1: Essential oils minimal inhibitory concentration (MIC) and minimal
bactericidal concentration (MBC) for E. coli ATCC 25922.

FIGURE 2: Essential oils minimal inhibitory concentration (MIC) and minimal
bactericidal concentration (MBC) for S. enterica subsp. enterica sero-
var Enteretidis (group D) ATCC 13076.
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Similar diversity in literature data can be noticed for EO
basil. Good correlation with results obtained in this study
by disc diffusion method was published by Smith-Palmer et
al. (1998), Moreira et al. (2005) and Hussain et al. (2008),
while De Martino et al. (2009) although at 2 times higher
concentration applied, observed smaller zone of inhibition
(11 ± 0.4 mm). Considerably higher results of MIC, com -
pared to data obtained in this study were published by
 Dussauit and Lacroix (2014) and Hussain et al. (2008),
≥ 5000 µL/mL and 1.6–2.6 mg/mL, respectively. Additional-
ly, Dussauit and Lacroix (2014) reported around 80 times
higher MIC values for sage EO (≥ 5000 µL/mL), compared
to the results obtained in this study (56.8 µL/mL).

Using disk diffusion method, Celikel and Kavas (2008)
classified E. coli and L. monocytogenes as sensitive to very
sensitive for sage EO, while accoring to the results obtained
in this study E. coli could be classified as very to extremely
sensitive, and L. monocytogenes as not sensitive. Smith-
Palmer et al. (1998) obtained wider inhibition zone for
L. monocytogenes and smaller for E. coli and S. enterica
compared to those in this research. In experiments of De
Martino et al. (2009) inhibition zone (13.2 ± 0.6 mm) for
E. coli was more than two times smaller in comparison to
the results obtained in this study, even at two times higher
concentration.

Ginger, like all previous EOs, was reported by Dussauit
and Lacroix (2014) to exhibit very high MIC (≥ 5000
µL/mL) against all three tested strains. Bellik (2014) repor-
ted even higher MIC value of ginger EO against E. coli
which was 173 840 µL/mL, which is approximately 1500
 higher concentration compared to that used in this study.

In this study, ginger EO showed no antimicrobial acti -
vity against tested strains applying disc diffusion method,
which is in accordance with the results of Sa-Nguanpuang
et al. (2011) for E. coli, since they didn’t observe any inhi-
bition zone either. However, for S. enteritidis they observed
inhibition zone of 11.8 ± 1.3 mm. Smith-Palmer et al. (1998)
used agar well method and obtained diameter of inhibition
zone 4.3 mm for all three tested strains, which is contrary
to our results.

Hyssop and juniper EOs are less frequently tested than
previous ones. Kizil et al. (2010) used agar disc diffusion

method, applying 5 and 10 µL of different
sort of hyssop EO for antimicrobial activity
tested against several bacte rial and yeast
strains, including E. coli. They observed
 inhibition zone diameter of 20.3 ± 1.8 and
23.3 ± 1.7 mm, for 5 and 10 µL, respectively.
For the same volumes applied, in this study
no inhibitory effect was observed. De Marti-
no et al. (2009) obtained very similar results
for hyssop as they obtained for sage (13.2 ±
0.6 mm, 457 µg/disc), which is  significantly
lower than that in this study (11 ± 1.4 mm at
more than twice lower concentration). Final-
ly, Sharopov et al. (2012) determined MIC of
some hyssop EOs by microbroth dilution
technique, and for E. coli obtained MIC
value was 625 µL/mL for all tested hyssop
oils, which is approximately 5 times higher
than in this research.

According to Pepeljnjak et al. (2005)
 results, E. coli is not sensitive to juniper EO,
while in this study and inhi bition zone from

9.5 to 11.5 mm was observed. The same  authors indicate
8 mm inhibition zone for S. enteretidis.  Similar inhibition
zone was obtained in this research but for 20 µL per disc
(they poured 40 µL into 6-mm agar well). Besides, the same
authors investigated MIC values of juniper EO against
 diverse microorganisms, including S. enteri tidis and they
got MIC 70 % v/v. Glišić et al. (2007) also  conducted some
antimicrobial assays, and they concluded that juniper
 essential oil showed low antimicrobial activity against all
the tested strains, including E. coli.

Selection of EOs for application as food ingredient
 usually starts with evaluation of their antimicrobial poten-
tial. However, we should always keep in mind that factors
present in complex food matrices such as fat content,
 proteins, water activity, pH, and enzymes can potentially
diminish the efficiancy of EO in real systems. Some resear-
ches (Firouzi et al., 2007), indicate that the effective con-
centration of EO in food is 1–3 % higher than concen -
tration obtained in vitro. Unfortunately, this concentration
is often higher than what would normally be sensory
 acceptable, since the production of off-flavor or strong
odor limits the use of EOs as food ingredients (Friedly et
al., 2009).

Conclusions

According to the results obtained in this study, tested EOs
may be a new potential source of natural antimicrobials
for food preservation. They exhibit antimicrobial activity
against food-borne pathogens in vitro, have natural origin
less harmful to the people and the environment. Also, they
have been considered at low risk for resistance develop-
ment by pathogenic microorganisms and possess specific
flavor that might be appreciated by consumers. Future
 research should focus on maximum sensory acceptable
concentrations, effectiveness of different EOs in various
food matrices and synergism between EOs with food com-
ponents and processing techniques, considering potential
commercial application of selected oils in meat products
 industry.

FIGURE 3: Essential oils minimal inhibitory concentration (MIC) and minimal
bactericidal concentration (MBC) for L. monocytogenes ATCC 19111.
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