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Fourteen essential oils, including basil, black pepper, cassumunar ginger, cinnamon, le-
mon, clove, fennel, lavender, myrtle, oregano, rosemary, curry plant, thyme and sage,
were screened for their antibacterial activity against important food-borne pathogens,
Salmonella Enteritidis and Salmonella Typhimurium. Essential oils have been examined
by gas chromatograph coupled to mass spectrometer (GC-MS). The disc diffusion met-
hod was used as a screening test for antibacterial activity. Oregano and thyme essential
oils showed the greatest inhibition zones against both Salmonella Enteritidis and Sa/mo-
nella Typhimurium, while black pepper, lemon, curry plant and sage EOs expressed no
antibacterial activity against tested Salmonella serotypes. Subsequently, minimal inhibi-
tory concentration and minimal bactericidal concentration were determined by broth
microdilution method for all essential oils that showed any inhibition zones (disc diffu-
sion method). The essential oil that showed the highest antibacterial activity against all
Salmonella serotypes was oregano, expressing minimal inhibitory concentration values
between 0.04 and 0.23 pl/mL, and minimal bactericidal concentration values between
0.09 and 0.45 pl/mL, followed by cinnamon, clove, rosemary and thyme essential oils.
The results of this study confirm the antibacterial activity of some essential oils, as well
as their potential application as food preservatives.
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Introduction

Foodborne illness due to meat and meat products contami-
nation with pathogenic bacteria has been of vital concern
to public health for years. Meat and meat products can
be contaminated at primary production, during proces-
sing, distribution, and preparation. Among the reported
foodborne bacterial infections salmonellosis represents
about 28% (da Silva Dannenberg et al., 2019). According
to EFSA and ECDC (2019) Salmonella was identified in
1,580 notified foodborne outbreaks affecting 11,579 peo-
ple in EU, while in Serbia 54 foodborne outbreaks affec-
ted 515 people in 2018. Although different serotypes have
been associated with salmonellosis, Salmonella enterica
subsp. enterica serovar Enteritidis (SE) and Salmonella
enterica subsp. enterica serovar Typhimurium (ST) are re-
sponsible for most foodborne outbreaks.

To avoid food contamination and to reduce, both pub-
lic health hazards and socio-economic losses, as well as to
extend the shelf life of fresh and processed food synthetic
additives are used for years (Oussalah et al., 2007). Lately,
consumers’ concerns over the safety of foods containing
synthetic chemicals have led to seeking for alternatives to
synthetic additives, such as the natural compounds pre-
sent in plants (Radiinz et al., 2019). However, spices and
herbs have been used for preventing food spoilage and for
extending shelf life of food since ancient times (Burt, 2004).

Essential oils (EOs), also known as volatile or ethereal
oils, can be synthesized by all plant organs, that is, buds,
flowers, leaves, stems, twigs, seeds, fruits, roots, wood,
or bark and are stored in secretory cells, cavities, canals,
epidermic cells, or glandular trichomes (Bilia et al., 2014).
EOs from spices and herbs are highly complex mixtures
of often hundreds of individual aroma compounds with
potentially antibacterial activity against food pathogens
(Hammer et al., 1999; Calo et al., 2015; Chouhan et al.,
2017; Kocic¢-Tanackov et al., 2017). Mainly, EOs are cha-
racterized by two or three major components present in
high concentrations, while others are present in traces
(Chouhan et al., 2017).

The aim of this study was to chemically characterize
14 EOs and to study their antibacterial activity against 8
strains of Salmonella from food, using in vitro methods,
disc diffusion method and broth microdilution method.

Materials and methods

Essential oils

Fourteen EOs (TerraCo d.o.0., Novi Sad, Serbia), including
basil (Ocimum basilicum), black pepper (Piper nigrum),
cassumunar ginger (Zingiber cassumunar), cinnamon (Cin-
namomum zeylanicum Nees), lemon (Citrus limonum),
clove (Syzygium aromaticum L.), fennel (Foeniculum vul-
gare), lavender (Lavandula angustifolia), myrtle (Myrtus
communis), oregano (Origanum vulgare), rosemary (Ros-
marinus officinalis), curry plant (Helichrysum italicum),
thyme (Thymus vulgaris) and sage (Salvia officinalis) were
used in this study. All EOs were stored in dark glass bottles
and kept at 4°C per manufacturer’s recommendation before
use and utilized before the expiration date.

Determination of chemical composition

of essential oils

The EOs were analyzed with a gas chromatograph (GC
7890B, Agilent Technologies) coupled to mass spectrome-

ter (MS 5977A, Agilent Technologies) using a HP-5MS ca-
pillary column (30 m x 0.25 mm i.d., film thickness 0.25 um;
Agilent Technologies). High purity helium at a flow rate of
1 mL/min was used as the carrier gas. The injector was
maintained at 250°C. The GC oven temperature was pro-
grammed as follows: 70°C for 2 min, followed by a gradual
increase to 220°C at the rate of 4°C/min and hold at 220°C
for 10 min, as previously described (Kocié-Tanackov et al.,
2017). The mass spectrometer was operated in the electron
ionization mode (70 eV). Data acquisition was carried out
in the scan mode (range 50—-450 amu), solvent delay time
was 2 min. Samples were diluted in hexane with a ratio of
1:10 and 1 pl aliquots were injected in the split mode with
split ratio of 1 : 80. The identity of the components of the
essential oils was assigned by comparison of their reten-
tion indices and mass spectra with literature data (Davies,
1990; Adams, 2007) and the mass spectra databases (Wi-
ley 10th & NIST 2011 MS Library). Retention indices
(RI) were determined relative to the retention times of a
series of n-alkanes with linear interpolation. The relative
amounts of the components were calculated by the area
normalization method, without considering response fac-
tors. The component percentages were calculated as mean
values from duplicate GC-MS analyses.

Cultures and media

Antibacterial activity of selected EOs was evaluated on
eight strains of Salmonella, including four Salmonella
enterica subsp. enterica serovar Enteritidis (SE53, SES6,
SE132, SE144) isolated from poultry meat and four Sal-
monella enterica subsp. enterica serovar Typhimurium
(ST28, ST35, ST48, ST49) isolated from minced pork and
beef meat. The isolation was performed by SRPS EN ISO
6579-1:2017.

All bacterial strains were stored as frozen cultures at
—80°C in Tryptic Soy Broth (TSB) (Biokar Diagnostics,
Beauvais, France) medium containing 20% glycerol
until examination, when these cultures were maintained
on nutrient agar (Biokar Diagnostics, Beauvais, France)
slants at 4°C and subcultured weekly onto fresh slants.
Twenty-four hours old bacterial colonies are touched with
a loop and the growth transferred to 0.85% sterile saline
(HiMedia Laboratories Pvt. Ltd., Mumbai, India). The
suspension is adjusted to give a turbidity equivalent to that
of a 0.5 McFarland standard yielding the concentration of
1.0x10* CFU/mL.

Disk diffusion method

Inhibitory effects of EOs on the eight bacterial strains
were investigated by the disc diffusion method (CLSI gui-
delines, Institute, C.a.L.S., Document M02-A11, Wayne).
First Mueller-Hinton agar (Biokar Diagnostics, Beauvais,
France) plates were prepared pouring 15 mL into 90-mm
Petri dishes. Then, bacteria suspension was spread with
sterile swabs onto the surface of Mueller-Hinton agar
carefully in three directions to achieve even growth on the
surface. Sterile filter paper disc (HiMedia Laboratories
Pvt. Ltd., Mumbai, India) of 6 mm diameter was placed
on the center of Mueller-Hinton agar surface with sterile
forceps. Then the disk was impregnated with 5 and 10 pL
of undiluted EOs. As negative control discs with no EOs
were used. After incubation at 37°C for 24 h, the diameters
of growth-free zones around the discs were measured in
mm, including the diameter of discs, and recorded. The
tests were performed in triplicate for each EO.
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TABLE 1: Chemical components (%) of the essential oils of basil (EOI), TABLE 1: ... continued.

black pepper (EO2), cassumunar ginger (EO3), cinnamon No. Compounds EO1 EO2 EO3 EO4 EO5 EO6 EO7
(EO4), lemon (EQOS), clove (EO6) and fennel (EO7).

60. beta-Farnesene 0.18 - - - - - -
No. Compounds EO1 EO2 EO3 EO4 EO5 EO6 EO7 61 Germacrene 026 = = = - - =
1. alfa-Thujene - 1.82 - - - - - 62. Deta-Bisabolene 0.06 - - - - - -
2. alfa-Pinene = 10.75 113 0.89 1.41 - 0.24 63. Calamenene Z Z 016 _ Z Z .
3. Camphene - 018 - 040 0¥ - - 64, delta-Cadinene - 059 - - - 023 -
4. Benzaldehyde - - - 434 - - - 65.  Acetyleugenol - - - 0.05 - 021 -
5. Sabinene - 1355 3817 - 0.31 - - 66. alpha-Bisabolene 143 - - - - - -
6. Dihydrocamphene - - - - - - 0.04 67, p-Methoxycnnam-
7. beta-Pinene - 1931 823 040 Kl - - aldehyde 022 - - - - - -
8. Sulcatone 0.04 - - - - - - 68. Caryophylene oxide - 0.11 - - 0.33 0.82 -
9. beta-Myrcene - 0.48 - - 1.54 - - 69.  Humulene epoxide - - - - - 0.10 -
10. Octanal - - - - 0N - - 70. Ascabin - 0.07 - 9.01 - - -
11, alpha-Phellandrene - 0.36 0.1 - - - - Total (%) 100.00 98.52  99.64 98.96 98.85 99.50  96.35
12. 3-Carene - 149 . - an - - Not identified (%) - 1.48 0.36 1.04 1.15 0.50 3.65
13. alpha-Terpinene - 8.08 1.04 - - - -
14, p-Cymene = 2.52 2.75 115 0.28 = 0.18
15. Limonene - 13.93 0.28 0.61 79.72 - 2.13
16.  1,8-Cineole 0.24 0.61 0.80 0.23 - - - Broth microdilution method
17 beta-Ocimene 0.08 - - - - - - The antibacterial effectiveness of each EO was further
18.  gamma-Terpinene - 085 1006  0.07 0.12 - 0.07 studied by determining their minimal inhibitory concen-
19, alpha- Terpinolen - 0.59 047 - 045 - 0.05 tration (MIC) and minimal bactericidal concentration
20. Fenchone - - - - - - 1.24 (MBC) using the guideline (Institute, C.a.L.S., Docu-
21, Linalool 2477 101 - 1.83 0.82 - - ment M07-A9, Wayne) and a protocol previously reported
22. Dihydro linalool 013 - - - - - - (Kocié-Tanackov et al., 2017). Sterile plastic, disposable,
23, cis-Limonene oxide _ _ _ _ 0.32 Z Z microtiter plates with 96 U shaped bottom wells were used
24, trans-Limonene oxide - - - - XK - . (Nuova Aptaca SRL, Canelli, Italy). Into each well aliquot
75, Camphor - 01 0.09 - - - 0.06 of 100 uL Muller-Hinton broth (Oxoid, Basingstoke, UK)
6. Menthone - 029 - - - - . were added. Then, tested EO (100 pL) was added to the
77 lsobomeol - - - 075 009 - - first well and 1 : 1 serial dilution was made down to the
78, Aceticadd, column number 12 in order to get dilution ranging from
phenylmethyl ester - - - 096 - - - 454.54t0 0.22 uL/mL. From the last well 100 pL of the mix-
29, DL-Menthol 0.23 032 - - - - - ture was throwaway. At the end, suspension of the tested
30. Terpinen-4-ol - 703 3590 010 - - - bacteria (10¥ CFU/mL) was added in an amount of 10 uL.
31, alpha-Terpineol 730 0.08 0.39 - 147 - - to each well. Depending on preliminary results, cinnamon,
32 Estragole 69,57 - - - - Z 797 clove, oregano and thyme EOs were dissolved in 10% di-
33, Decandl - - - - 0.20 - - methylsulfoxide (DMSO) (Lach-Ner sro, Czech Republic).
34 Carveol - - . - 010 - - Positive control was obtained using Mueller-Hinton broth
35 Citronellol = WE - - 007 = = and bacterial suspension, while the negative control was
36, Fenchyl acetate — — — — — — 0 obtained using Mueller-Hinton broth and EOs. Controls
37 afacia W — — — 9 - — were set up with DMSO in amounts corresponding to the
38 Cavone — 030 — — 020 — — quantity present in the test solution. DMSO did not show
39 Chavicol — — — — — 306 — any inhibitory activity. Microtiter plates were incubated
10 Ceanol — K — — oK) — — at 37°C for 24 h. Next, from each well the content were
S— : . taken with a sterile wire loop and spread onto the Muel-
41, Anisaldehyde - - - - - - 0.72 . .
‘ ler-Hinton agar and incubated at 37°C for 24 h. The lowest
42, beta-Citral 0.30 - - - 1.75 - - . S .
: concentrations that inhibited the growth in the well (clear
43, Cinnamaldehyde - - - 74.93 - - - . . . ..
broth suspension), but still showed slightly visible growth
44 Safrole - - - 0.06 - - - on the plate were defined as Minimal Inhibitory Con-
4. Anethole - _ ~ - ~ _ 88.42 centrations (MICs). To detect the Minimum Bactericidal
4. al.pha-Cubebene - 035 - - - - - Concentration (MBC), 10 ul aliquots from each well that
47.__ Citronellol acetate - - - - 040 - - did not grow in the MIC test were inoculated onto Muel-
48._tugenl - 056 - 310 - 8514 - ler-Hinton agar plates. The lowest concentration with no
49. Copaene - 374 - - - 011 - visible growth was defined as the MBC. All tests were per-
50. Geranyl acetate - - - - 0.10 - - formed in duplicates for each EO.
51 Anisic ketone - - - - - - 0.10
52. Germacrene D - 0.23 - - - - - Statistical analysis
53. Vanillin - - - 0.24 - - - The mean values + standard deviations were calculated.
54. Longifolene - 0.98 - - - - - Analyses of variance (ANOVA), followed by Duncan’s
55, alpha-Gurjunene - - - 0.13 - - - test, was performed to determine the significant difference
56.  Caryophyllene 032 715 - 0.15 198 1020 - between essential oils at P < 0.05. Statistical analysis was
57. alpha-Bergamotene  0.52 - - - - - - undertaken using the statistical software R version 3.2.2
58.  Cinnamyl acetate - - - 0.05 - - - (R Foundation for Statistical Computing, Vienna, Aus-
59. alpha-Humulene 0.17 023 007 - - 264 - tria).
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TABLE 2: Chemical components (%) of the essential oils of lavender
(EOS), myrtle (EO9), oregano (EO10), rosemary (EOI11),
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TABLE 2: ... continued.

No. Compounds EO8 EO9 EO10 EO11 EO12 EO13 EO14
curry plant (EO12), thyme (EO13) and sage (EOI14). ,
60. delta-Cadinene 0.07 - 0.09 - 0.30 - -
No. Compounds EO8 EO9 EO10 EO11 EO12 EO13 EO14 61, Cadina14-dene - - - - - _ 0.07
1. alfa-Thujene - 0.31 - 0.12 0.04 0.06 - 62. alpha-Bisabolene - - - - 0.70 - -
2. alfa-Pinene 1.36 35.47 0.29 28.23 3.77 0.40 - 63. Elemol - - - - 0.16 - -
3. Camphene 0.07 0.44 0.05 3.44 0.06 0.07 - 64.  Nerolidol - - - - 0.30 - -
4. beta-Pinene 0.63 1.02 0.19 3.16 0.09 1.28 - 65. Caryophylene oxide 0.1 - 0.31 - 0.74 - 0.41
5. 3-Octanone 0.65 - - - - - - 66. Longiborneol - - - - 0.16 - -
6. beta-Myrcene 0.30 0.24 0.09 0.16 0.19 0.64 0.96 67.  gama-Eudesmol - - - - 0.43 - -
7. 3-Octanol 0.15 - - - - - - 68. Thujopsene - - - - 0.19 - -
8. alpha-Phellandrene - - - 0.06 0.30 0.18 0.35 69. alpha-Cedrene - - - - 0.56 - -
9. 3-Carene 0.43 8.80 - 0.22 - - - 70.  beta-Eudesmol - - - - 0.34 - -
10.  alpha-Terpinene - 0.22 - - - - - 71, alpha-Atlantone - - - - 476 - -
1. p-Cymene 1.65 241 1.61 2.04 0.43 40.91 0.16 Total (%) 98.05 9511  99.87 9919  89.62 9917  97.06
12. Limonene 2.72 0.56 0.14 3.43 1.48 0.39 0.94 Not identified (%) 1.95 4.89 0.13 0.81 10.38 0.83 2.94
13. 1,8-Cineole 113 19.58 0.23 11.54 - 0.06 -
14. alpha-Ocimene - - - - - - 0.29
15. 0-Cymene - - - - - 0.07 -
16. beta-Ocimene 0.04 - - - - - - Results and discussion
17 gamma-Terpinene - 113 0.13 034 0.27 10.37 -
18 Linalool oxide 0.59 - - - - - - Chemical composition of essential oils
19.  alpha-Terpinolen - 079 - 036 045 - 0.49 GC-MS analysis detected several compounds for each
20. Linalool 2388 6.8 018 1.03 1.21 218 2395 tested EO. The components identified in the EOs are lis-
21, Isofenchol - - - 0.46 - - - ted in Tables 1 and 2. Estragole (69.52%) was the main
22. Limona ketone - - - - 0.23 - - constituent of basil (Ocimum basilicum) EO followed
23. Dihydrolinalool - - - - - - 032 with linalool (24.77%). Constituents such as B-pinene
24, Camphor 28 032 010 123 - - - (19.31%), limonene (13.93%), sabinene (13.55%), a-pine-
75 Menthone - 015 Z Z Z - - ne (10.75%), a-terpinene (8.08%), 3-carene (7.49%) and
26, Isoborneol 173 - - . . . - caryophyllene (7.15%) were found to be the prevalent in
77 Bomeol . . - 2487 - - - black pepper (Piper nigrum) EO. Sabinene (38.17%) and
78 endo-Bomeol 01 - - 031 - - 010 terpinen-4-OL (35.90%) were compounds determined at
39, DL-Menthol - 027 . . - - - highest percentage in cassumunar ginger (Zingiber cas-
30, Tsononyl acetate 10.05 - - - = = = sumunar) EO Main componentvof cinnamon (Cinnamo-
3T Terpinen-4-0 — 088 — 06S - 076 - mum zeylanicum nees) EO was c1nnamqldehyde (74.93%).
37 alphaTerpmed] 7 50 034 186 — — 17 In the EO Qf lemon (Citrus limonum) limonene (79.72%)
33 gammaTerpined 077 088 — 57 — — 066 was tl'le major component. Eugenol (85.1.4%) was the main
T el — — — — 15 — 008 constituent of clove (Syzygium aromaticum L.) EO, fol-
= Cavone - oD - - - - - lowed with caryophyllene (10.20%). Anethole (88.42%)
. : : dominated in fennel (Foeniculum vulgare) EO. Linalyl
36. Geraniol - 0.40 - 0.45 0.08 - - . .
: acetate (25.33%), linalool (23.88%), a-terpinenyl acetate
37, Linalyl acetate 25.33 0.87 - 0.21 - - 56.41 . ..
(12.58%) and isononyl acetate (10.05%) were principal
38. Borneol acetate 1.84 - - 1.30 - - - . .
constituents of lavender (Lavandula angustifolia) EO.
39, Thymol _ _ 174 _ _ 4036 _ Two main constituents of myrtle (Myrtus communis) EO
0. Cavagol - - s - - M - were a-pinene (35.47%) and 1,8-cineol (19.58%). Similar
A1 Limonene dioxide N 152 - - i, - - compositions were quantified for rosemary (Rosmarinus
42._alpha-Cubebene - - - - 0.27 - - officinalis) EO, since a-pinene (28.23%) was also the
43. alpha-Terpineny| most abundant compound, followed by borneol (24.87%),
acetate 12.58 - - 1.23 - - - . .
a-terpineol (11.86%) and 1,8-cineol (11.54%). Carvac-
44, Eugenol - 0.61 - - 0.09 - - o . .
T Teryl aceoe 39 - - - B - = rol (81.00%) was the major component of oregano (Ori-
ganum vulgare) EO, followed by thymol (7.74%). Three
46._Copaene 011 076 0B - 065 - _ major components of curry plant (Helichrysum italicum)
47 Geraﬁyl acetate 005 060 - - 0.1 - 229 EO were caryophyllene (21.48%), neryl acetate (18.15%)
48. _Longifolene 006 08 - 025 034 - 010 .54 p-himachalene (13.34%). The EO of thyme (Thymus
49._ Caryophyllene 521 379 669 063 2148 - 23 vulgaris) was characterized by high contents of p-cymene
50._beta-Cubebene - - - - - - (40.91%) and thymol (40.36%). Linalyl acetate (56.41%)
51 Cumarin 143 - - - - - - was the main constituent of sage (Salvia officinalis) EO,
52. alpha-Bergamotene - - - - 133 - - followed by linalool (23.95%).
53. alpha-Himachalene - - - - >.34 - - Earlier studies found similar chemical compositions
54 alpha-Humulene 057 049 066 007 308 - 035 but in different proportions (Menon et al., 2003; Tomaino
55, gamma-Himachalene - - - - 3.34 - - et al., 2005; Sokovié et al., 2010; Teixeira et al., 2013; Maz-
5. alpha-Cedrene - - - - 0.83 - - zarrino et al., 2015; Verma et al., 2018). The proportion
57 beta-Himachalene - - - - 13.34 - - differences in chemical compositions of EOs from a par-
58. beta-Bisabolene - - - - 0.19 - - ticular species of plant could be attributed to harvesting
59, Calamenene - - - - - - 072 seasons (Hussain et al., 2008), geographical origin (Falei-
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TABLE 3: The inhibition zones (expressed in mm) obtained testing the Salmonella Enteritidis strains against 14 EOs (mean
+8D).

Essential oils SE53 SE56 SE132 SE144

5pL 10pL SpL 10pL SpL 10pL 5pL 10pL
Basil 10.00£0.00"  11.00£0.00¢ 8.33+0.58¢  10.00£0.00¢ 7.00£0.00"  9.00£1.00" 7.00£0.00°  8.67+1.15¢
Black pepper - - - - - - - -
Cassumunar ginger 16.33+0.58¢  25.00+1.73 12.33+0.58  22.33+2.08° 12.67£0.58¢  20.00+0.00° 13.67£0.58°  23.331.15¢
Cinnamon 23.33+0.58  28.67+1.15° 20.331.15°  23.331.15% 18.33£1.15¢  25.3321.15¢ 17.67£1.15°  21.3321.15¢
Lemon - - - - - - - -
Clove 12.67+£2.08¢  14.67+0.58° 14.67+0.58  15.00+0.00° 11.33£0.58¢  15.67+0.58¢ 15.67+0.58%  16.67+0.58°
Fennel - - - 8.00+0.00" - - - 7.000.00¢
Lavender - - - - - 7.00£0.00! - 7.17£0.29¢
Myrtle 7.00£0.00°  12.67+0.58¢ - - 7.00£0.00°  13.33+0.58f - 8.67+1.15¢
Oregano 25.00£1.00°  26.50+1.32° 23.67£2.08°  24.67+1.53° 24.67£058°  29.67£153° 34.3311.53°  36.33£2.08°
Rosemary 7.83:0.76° 8331115 767£1.15¢  10.67+1.53¢ 7.00£0.00"  11.67£1.159 - 7.17£0.29¢
Curry plant - - - - - - - -
Thyme 27.33+0.58" 38.33%1.53° 25.00£0.00° 30.67+0.58" 29.00£1.00°  44.00+1.00° 36.67+3.06°  50.67+2.08°
Sage - - - - - - - -

(-) Diameter of inhibitory zone < 6 mm considered as no antimicrobial activity. Values are mean diameter of inhibitory zone (mm) = SD of three replicates. Different letters in the column indicate statistically

significant differences (P < 0.05).

ro et al., 2003), climate effects on the plants (Gachkar et
al.,2007) as well as different parts of the same plant (Burt,
2004), and storage, processing conditions, the EO extrac-
tion and analysis method (Melo et al., 2015).

Antibacterial activity of essential oils

Tables 3 and 4 show inhibition zones for EOs against all
examined Salmonella strains. Observing inhibition zones
broad variations were noticed. The strain sensitivity to
each EOs was classified by the diameter of the inhibition
zones, including diameter of paper disc (6 mm), as follows:
not sensitive (-) for diameter smaller than 8 mm, sensitive
(+) for diameter 9-14 mm; very sensitive (++) for diame-
ter 15-19 mm, and extremely sensitive (+++) for diameter
larger than 20 mm (Ponce et al., 2003).

Black pepper, lemon, curry plant and sage EOs expres-
sed no antibacterial activity and no inhibition zone was
observed for any of the tested bacteria. Contrary, Al-Turki
(2007) reported inhibition effects of black pepper and sage
EOs against Salmonella Enteritidis. The lowest poten-
tial was observed in lavender and fennel EOs, while basil,
myrtle and rosemary EOs were more effective, with visible
inhibition zones matching (+) sensitive range. Good inhibi-
tion zones were obtained for EOs of clove and cassumunar
ginger, as previously reported (Thanissery et al., 2014; Ver-
ma et al., 2018), with inhibition zones larger than 11.0 mm
(5 uL) and 15.00 mm (10 pL). The essential oils with much
larger inhibition zones (> 20 mm) than other oils in the disc
diffusion method were those of cinnamon (16.5 mm apply-
ing 5 uL; > 20 mm applying 10 uL), oregano and thyme.

TABLE 4: The inhibition zones (expressed in mm) obtained testing the Salmonella Typhimurium strains against 14 EOs

(mean = SD).

Essential oils ST28 ST35 STA8 ST49
5pL 1opL 5uL 10pL 5uL 10pL 5uL 10pL

Basil - 8.00+0.00¢ 8.67+0.58  9.00+0.00° 8.50£1.32°  12.171.76¢ 717£0.29¢  13.00+1.00¢
Black pepper - - - - - - - -
Cassumunar ginger 11.67£1.15¢  19.3341.53¢ 12.33:0.58 18.330.58° 14.33+0.58¢  25.67+0.58 13.00£0.00°  20.67+0.58
Cinnamon 17.00£1.00°  25.67+3.21¢ 24.67+0.58°  26.00£1.00° 25.67+1.15>  28.67£0.58° 16.33£1.53¢  21.33+0.58
Lemon - - - - - - - -
Clove 16.67£0.58" 18.00£0.00° 15.67£0.58  17.00£0.00¢ 16.00£1.00°  16.67+1.15¢ 15.67£0.58  18.33£0.58°
Fennel - - - - - - - 8.00+0.00
Lavender - - - - - 8.83£0.29' - 7.67+058°
Myrtle 767£0.58¢  10.67+1.53¢ 8.33:0.58°  11.3320.58° 8.50+1.32"  13.33£0.58¢ 767£0.58¢  9.33+0.58
Oregano 26.67+1.15°  29.67+1.53° 22.67+153°  26.67+2.52° 23.17+0.29¢  25.0041.00° 22.331.53°  24.00+0.00°
Rosemary - - - 8.00£0.00¢ 7.83:0.29"  8.83+0.29' - -
Curry plant - - - - - - - -
Thyme 26.00+1.73*  34.33+2.08° 25.33+0.58* 34.67+1.53° 34.00£0.00° 35.33+0.58° 25.67+0.58° 35.001.73
Sage - - - - - - - -

() Diameter of inhibitory zone < 6 mm considered as no antimicrobial activity. Values are mean diameter of inhibitory zone (mm) + SD of three replicates. Different letters in the column indicate statistically
significant differences (P < 0.05).
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Ten out of 14 tested EOs showed an-
tibacterial activity against both SE and
ST. Similar results were obtained by

TABLE 5: Minimum inhibitory concentrations (MICs) and minimum bactericidal con-
centrations (MBCs) of different essential oils against Salmonella Enteritidis.

oY g Essential oils Concentration (uL/mL)

Teixeira et al. (2013) for basil, clove and SES3 SES6 SE132 SE144
lemon EOs against ST. However, apply- MIC  MBC MIC  MBC MIC MBC MIC MBC
ing double the amount of EOs we used 4. 841 5682 841 5682 1421 2841 1421 2841
they observed antibacterial activity for -
sage and rosemary, showing inhibition Cassumunar ginger ~ 14.21 28.41 m 14.21 m 14.21 1.78 3.56
zones of 10 mm and 9 mm, respectively.  Cinnamon 045 089 023 045 023 045 0.23 0.45
In our study, sage did not show antibac-cjg 045 089 023 045 045 089 045 089
terial activity, while rosemary did for Forel " " YT " w - -
SE with small inhibition zones (7-10.5 enné : :
mm) and Only one ST strain. Yet’ sage Myrtle 0.89 178 JAll 14.21 71 14.21 711 14.21
has been reported both to show and  Oregano 004 009 009 018 023 045 023 045
not antibacterial activity (Sokovi€ et T oo 089 178 089 178 023 045 178 356
al., 2010; Kocic¢-Tanackov et al., 2017).

Thyme 0.23 0.45 0.89 178 0.45 0.89 0.45 0.89

Examining nine EOs, including, as we
did, basil, cinnamon, clove, oregano and
thyme, basil EO was the most effective
in inhibiting SE (Rattanachaikunsopon
and Phumkhachorn, 2010). Generally

TNP - Test Not Performed. Values are mean diameter of inhibitory zone (mm) + SD of two replicates.

TABLE 6: Minimum inhibitory concentrations (MICs) and minimum bactericidal con-
centrations (MBCs) of different essential oils against Salmonella Typhimurium.

Ausgabe fur imr:livelyzachary

different inhibition zones among used

! ! " ) ! Essential oils Concentration (pL/mL)

EOs obtained in the disc diffusion met- ST28 ST35 ST48 ST49

hod could be explained by the solubility MIC  MBC MIC  MBC MIC  MBC MIC  MBC

of the EOs which limits diffusion of EOs ¢ M 1421 356 701 1421 2841 M 1421

through the agar medium (Sokovié et .

al., 2010) and the volume of applied EO. Cassumunar ginger 7.1 14.21 m 14.21 m 14.21 14.21 28.41

Overall, in our study cinnamon, oregano  Cinnamon 089 178 045 089 045 089 023 045

and thyme EOs proved to be the most  (loe 045 089 023 045 045 089 045 089

active. Similar results have been repor- "o ™ NP ™ TN 1421 2841 e TNP

ted previously (Elgayyar et al., 2001;

Sokovi et al.. 2010: Teixeira et al.. 2013, Myrtle 178 356 1421 1421 2841 1421 2841

Melo et al., 2015; Ebani et al., 2019). Oregano 0.18 0.36 0.09 0.18 0.09 0.18 0.18 0.36
Rosemary TNP TNP TNP TNP 0.89 1.78 TNP TNP

Determination of MIC and MBC Thyme 023 045 023 045 023 045 089 178

EOs that showed any antibacterial ac-
tivity in the disc diffusion method were
further investigated by the microdilution
method whose results are presented in Tables 5 and 6. The
determination of MIC and MBC concentrations by broth
microdilution method is more sensitive than the disc dif-
fusion method. This method revealed that the oregano EO
had remarkable antibacterial effects, inhibiting all the bac-
teria in very small concentrations (from 0.04 uL/mL). The
antibacterial activity of oregano is associated with the pre-
sence of carvacrol and thymol. In particular, carvacrol has
been reported to be a component of oregano EO present in
very high quantity (75-95%) (Gounaris et al., 2002). Ore-
gano EO in present study had a relevant amount (81.00%)
of this component, which explains the strong antibacterial
effects and particularly low MIC values. Oregano EO has
been reported earlier to have strong antibacterial activity
not only against Salmonella strains, but on a number of
bacteria, such as Acinetobacter baumanii, Aeromonas ver-
onii biogroup sobria, Enterococcus faecalis, Escherichia
coli, Listeria monocytogenes, Lactobacillus plantarum,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Serra-
tia marcescens, Staphylococcus aureus and Yersinia enter-
ocolitica (Hammer at al., 1999; Elgayyar et al., 2001).

MIC and MBC values for cinnamon, clove, rosemary
and thyme EOs were very similar, 0.23-1.78 uL/mL and
0.45-3.56 uL/mL, respectively. The bacteriostatic and bac-
tericidal properties of these EOs are supposed to be asso-
ciated with the high levels of their main components, cin-
namaldehyde, eugenol, a-pinene, 1,8-cineole and thymol,
which has been reported to have significant antibacterial

TNP - Test Not Performed. Values are mean diameter of inhibitory zone (mm) + SD of two replicates.

activity (Burt, 2004; Klein et al., 2013). Although, the me-
chanism of action of EOs has not been fully understood,
the low MIC values could be explained by the chemical
compositions of the EOs. Phenolic compounds, such as
carvacrol, thymol and eugenol, are capable to partition the
cytoplasmic membrane of gram-negative bacteria, such as
Salmonella spp., cause leakage of intracellular materials,
and finally to cell lysis (Burt, 2004). Thymol and carvac-
rol were found to manifest bacteriostatic effects from 40
ppm and 50 ppm, respectively, and bactericidal effect from
100 ppm, followed by linalool (180 ppm/720 ppm), a-pi-
nene (400 ppm/no bactericidal effect), 1,8-cineol (1400
ppm/2800 ppm), and a-terpineol (600 ppm/no bactericidal
effect) (Klein et al., 2013). Carvacrol changes the fatty acid
composition of the membrane forming channels through
it, and causing loss of ions from the cytoplasm. Thymol
cause upregulation of genes involved in synthesis of outer
membrane proteins and accumulation of outer membra-
ne proteins in misfolded pattern. Intracellularly thymol
affects energy-generating processes and lowers the abili-
ty of cell to recover (Chouhan et al., 2017). Cinnamalde-
hyde can covalently cross-link DNA, proteins and amine
groups, causing inhibition of enzymes, while p-cymene
causes swelling of the cytoplasmic membrane (Burt, 2004;
Mazzarrino et al., 2015). The presence of cinnamalde-
hyde (74.93%) in cinnamon EO may have enhanced the
antibacterial effect against both S. Enteritidis and S. Ty-
phimurium, as previous study demonstrated (Ebani et al.,
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2019). Despite the powerful action of major components,
there is some evidence than components present only as
a trace have a critical part in antibacterial activity (Burt,
2004). Synergistic effects of some components are crucial
for their antibacterial activity.

After reviewing many published articles on the anti-
bacterial effects of EOs we noticed that the comparison
between results of MIC is often difficult. This difficulty
comes from applying different test methods, bacterial
strains and EOs with different compositions (Hammer et
al., 1999). However, it has to be underlined that; beside
chemical composition of EOs the strain biodiversity of
Salmonella species has also a crucial importance in an-
tibacterial activity of EOs (Mazzarrino et al., 2015). The
powerful antibacterial effect of oregano EO against tested
food-borne pathogens (SE and ST) may be useful in food
industry. However, strong aroma could limit the utilization
(Elgayyar et al., 2001).

Conclusion

In conclusion, this study confirms that many EOs have po-
tential use as antibacterials against important food-borne
pathogens, such as Salmonella Enteritidis and Salmonel-
la Typhimurium. Our first screening showed that oregano
and thyme EOs were the most effective essential oils fol-
lowed by clove, cassumunar ginger and cinnamon. When
these five selected EOs were tested using microdilution
method, it was found that oil of oregano showed the highest
antibacterial activity. Present study, together with previous
studies, provides support to the antibacterial properties of
some EOs against food-borne pathogens. The results de-
monstrate the promising possibility in using these EOs to
improve the microbial safety of foods and for increasing
the shelf life. Considering antibacterial effects of several
EOs they can be effectively used in meat industry as natu-
ral alternatives to synthetic additives. Future research will
focus on the effectiveness of tested EOs in meat matrices.
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