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Abstract
Oregano (Origanum vulgare), sage (Salvia officinalis), thyme (Thymus vulgaris) and rosemary 
(Rosmarinus officinalis) are aromatic plants with ornamental, culinary, and phototherapeutic use 
all over the world. In Europe, they are traditionally used in the southern countries, particularly 
in the Mediterranean region. The antimicrobial activities of the Essential Oils (EOs) derived from 
those plants have captured the attention of scientists as they could be used as alternatives to the 
increasing resistance of synthesized antibiotics against pathogen infections. Therefore, significant 
interest in the cultivation of various aromatic and medicinal plants is recorded during the last years. 
However, to gain a proper and marketable chemotype various factors during the cultivation should 
be considered as the variety, the geographical morphology, climatic conditions and farming. In 
this frame, we have studied the antimicrobial efficiency of the EOs from oregano, sage, thyme and 
rosemary cultivated under different conditions in a region of NE Greece in order tο be proposed for 
profitable farming.
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Introduction
During the last years, a significant problem has arisen due to the overuse and misuse of 

antibiotics; many pathogens are often resistant to common antibiotics. Among them Escherichia 
coli, Klebsiella pneumoniae, Klebsiella oxytoca and Listeria monocytogenes which are pathogenic 
microorganisms and can cause very severe illness [1-6]. These reports have shown that extracts from 
plants can be used to delay or inhibit the growth of pathogenic or spoilage microorganisms [7] and 
thus, may be the alternative natural way to fight the resistant pathogenic microorganisms.

The Mediterranean countries are the biggest producers of native aromatic plants [8] due to 
the ideal climatic conditions and geographical morphology. Greece is a country which produces 
hundreds of species of aromatic plants which are native [9]. Among them oregano, sage, thyme 
and rosemary widely used in Greek and global gastronomy, are endemic and are therefore suitable 
for cultivation under the climatic conditions in most parts of Greece. More specifically Oregano 
(Origanum vulgare subsp. Hirtum), which is a perennial plant of the genus Origanum in the family 
of Labiatae, indigenous plant of the Mediterranean region, spread to almost all the Mediterranean 
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countries (Europe and Africa), but also to the temperate zones of 
Asia and America. Oregano and essential oil of oregano are used in 
many sectors of modern industry as well as domestically. In Greek 
cuisine, oregano occupies a prominent position since it is used very 
much and mainly in grilled meat and salads. The food industries use 
the flavor of oregano in their products (potato chips, sauces, olive 
pastes, etc.). Oregano’s EOs is also used in perfumery. Its main uses 
include perfuming spaces, in sports massage oils and in sauna [10]. In 
recent years, essential oil has also been used in medicine as a dietary 
supplement or as a booster of the immune system [11]. Dry oregano 
(stem, leaves, and flowers) has been shown to contain 2-8% of 
essential oil [12]. The main ingredients of the essential oil of oregano 
are carvacrol, thymol, γ-terpine and p-cymen [13]. Content ranges 
up to 80% for carvacrol and up to 15% for thymol largely determines 
the quality of the plant itself, it’s essential oils, the antimicrobial 
activity and more import its commercial value [14,15]. However, the 
natural oil of oregano contains more than 30 components which also 
contribute to the antibacterial activity of the oil [16-18].

Thyme (Thymus vulgaris L.) is another perennial herb of the 
Thymus genus of Thymus and belongs to the family of Labiateae. 
Thyme contains 1-2% of essential oil, which varies from the type 
of thyme, the area where it is cultivated and the harvest season [19-
22]. The essential ingredients of the thyme oil are thymol, carvacrol, 
linanol, geraniol, α-terpineol, γ-terpinene and p-cymene. It also 
includes flavonoids (luteolin derivatives), pentacyclic triterpenes 
(uric acid, oleic acid), tannins and caffeic acid [23]. Thymol is the key 
ingredient largely determines the quality of thyme and its essential 
oil. The content ranges from 50% to 70% for thymol substances which 
among other, possesses antiseptic properties and strong antimicrobial 
activity [24-26]. Although it is the major component of the oil, the 
natural thyme oil contains more than 30 components [16,18].

Sage (Salvia officinalis) is another perennial aromatic plant of the 
genus Salvia and belongs to the family of Labiateae. It is a native plant 
of southern Europe and the countries of the Mediterranean. In the 
genus Salvia there are approximately 900 species [27-30]. The essential 
oil is characterized by two major classes of secondary metabolites: 
terpenoids and phenols. The main components of the essential oil are: 
α-thuyone, β-thuyone, camphor, 1,8-cineol (eucalyptol), camphene, 
α-pinene, β-pinene [24]. The commercial value of the essential oil is 
determined by the percentages of α- and β-thuyone. According to 
Novak et al., (2006) [31] these percentages should be more than 30% 
and camphor more than 20%.

Rosemary (Rosmarinus officinalis) is a perennial plant of the genus 
the Rosmarinus and belongs to the family of Labiateae with often a 
height of 2 m. The origins of rosemary are from the Mediterranean 
regions but today it is cultivated in almost all Europe and America. 
Its content of essential oil ranges from 1.0-2.5% while the chemical 
structure includes components of phenolic (rosmarinic, chlorogenic) 
and caffeic acids, linoleol and additionally of flavonoids with strong 
antioxidant properties [24,32]. The anti-inflammatory properties of 
the herb are explained by the presence of terpenoids such as rosmanic 
and uricolic acid, rosmanol and carnosol. The main ingredients found 
in abundance in its oil are a-pinene, 1,8-cineeol, camphor, camphene, 
verbenone and borneol [33].

Although some of the key components of EOs are characterized 
by strong antibacterial properties and their mode of action resembles 
to the mode of action of antibiotics [34], it is unlikely that they will 
be used soon in therapeutics or as food preservatives mainly because 

of the limited number of bacterial strains tested and the differences 
in their susceptibilities. Thus, the application of such compounds as 
either therapeutics or as food preservatives should be tested against a 
larger number of strains and different bacterial species to determine 
their usefulness. As most of the published reports were concerned 
with the antibacterial properties of EOs against common food 
pathogens, in this study we focused on four species of clinical origin 
with proven resistance to antibiotics. Additionally, it was our aim 
to study if the antimicrobial action of EOs was differentiated by the 
farming method (water availability, fertilization) of aromatic plants 
in order to promote their selection as a cost-effective yet profitable 
cultivation.

Materials and Methods
Plant material

Seedlings of oregano (Origanum vulgare subsp. hirtum), 
sage (Salvia officinalis), thyme (Thymus vulgaris) and Rosemary 
(Rosemarinus officinalis) per species were initially supplied from 
a certified institute (DIOnet, Thessaloniki, Greece) to ensure that 
all plants are of the same genotype. Cultivation was set up at an 
experimental field located in NE Greece in May 2016. The cultivation 
consisted of two separated experimental blocks per species with 
the first block been properly taking care of frequent irrigation and 
fertilization and the second block left under drought and without 
any further effort. Each block had four plant species each species had 
four rows and each row had twenty plants, totally eighty plants. There 
were two harvests in the first and second year after planting during 
the months June-July and September-October at full blooming of 
plants. Aerial parts were air dried in well-ventilated dark rooms for 20 
days before EOs extraction. A voucher specimen of each plant species 
is deposited in the herbarium of the Department of Agricultural 
Development with a reference number from DAD-LM-01 to DAD-
LM-04.

Isolation of essential oils
Essential Oil concentration of leaves and inflorescences were 

isolated from the air-dried material by a Clevenger apparatus using 
220 g of ground plant samples diluted in 1,500 mL deionized water 
each time [7,35,36]. The mixture was boiled for 3 h and the volume 
of the EOs produced was measured and expressed as mL/100 g dry 
weight of the plant. Dehydration was achieved by using anhydrous 
magnesium sulfate (Sigma-Aldrich). All EOs were stored in amber 
glass vials at -30οC until use.

Bacterial strains
The antibacterial assay was performed against Gram positive 

and negative bacteria. Specifically, against seven strains of Klebsiella 
oxytoca, sixteen strains of Klebsiella pneumonia, twenty seven strains 
of Escherichia coli and five strains of Listeria monocytogenes. All 
strains were collected, verified (Vitek 2, Biomerieux, France) and 
tested for resistance against nine antibiotics from the local University 
hospital (Table 1). Strains were cultured in suitable agar plates; 
Tryptone bile x-glucuronide medium (TBX) agar (Oxoid Ltd., UK) 
for Escherichia coli, M-endo agar (Sigma-Aldrich) for Klebsiella 
spp and ALOA agar (Agar Listeria Ottaviani & Agosti) for Listeria 
monocytogenes. After 24 h incubation at 37oC, isolated colonies were 
frozen at -20oC in Tryptic Soy Broth (Oxoid Ltd, UK) supplemented 
with 15% (v/v) glycerol until used. As reference strains, E. coli NCTC 
10410, K. oxytoca NCTC 49131, K. pneumoniae sub sp. pneumoniae, 
NCTC 11228 and Listeria monocytogenes ATCC 7644 have been used 
(Table 1).
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Minimum Inhibitory Concentration (MIC)
The minimum inhibitory concentration (MIC) of EOs was 

determined by the broth micro dilution method according to Clinical 
Laboratory Standards Institute (CLSI, 2011) [37-39]. All strains 
were cultured in Muller Hinton agar (Oxoid, UK) at 37οC for 16 h 
prior to MIC determination. An inoculum density of 1.5x108 cfu/
mL equivalent to 0.5 McFarland units of each of the test organisms 
was prepared in sterile saline (0.84% NaCl). One hundred microliters 
(100 μL) of double strength Muller Hinton Broth (MHB) containing 
5% dimethyl sulfoxide (DMSO) was dispensed into wells of 96-
well micro plates. In the first column of wells, EOs were added in 
amounts to achieve an initial concentration of 1024 mg/L and 
then serially diluted (by two-fold) across the plate (cells 1 to 10) 
to a final concentration of 1 mg/L. One hundred microliters (100 
μL) of bacteria suspension were finally added to each well and the 
plates were incubated at 37oC for 24 h. Columns 11 and 12 of the 
micro plate were used as positive (with bacteria and without EOs) 
and negative (without bacteria inoculum) controls. When necessary, 
the experiment was repeated with decreased initial concentration of 
the EOs in order for the MIC of each strain to be determined. The 
assay for each of the pathogens was repeated three times. Growth of 
bacterial cells in each of the wells was verified by the color formed 
after the addition of 20 mL of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) prepared at a concentration of 
5 mg/mL in PBS, and additional incubation for 30 min.

Statistical analysis
Average and standard deviations of MIC values were estimated. 

Mean MIC values (mg/L) between different groups were compared by 
using Analysis of Variance (ANOVA) with Fisher's Least Significant 
Difference (LSD) procedure at a significance differences level of 0.05. 
All statistical analyses were performed with SPSS v17 (SPSS Inc., 
USA).

Results and Discussion
The antimicrobial activity of the EOs collected from Origanum 

vulgare, Salvia officinalis, Thymus vulgaris and Rosemarinus Officinalis 
to the above pathogenic microorganisms is shown in Table 2-5.

Oregano
The mean MIC for the 26 strains of E.coli ranged from 11.6-

231.7 mg/L and from 14.7-197.4 mg/L for irrigated and non-irrigated 
cultivations respectively (Table 2). For both treatments, the lowest 
value of mic, and thus the most active essential oil against E. coli, 
was in the first October. Correspondingly to the first bloom in June 
for both years, for both treatments, the oil of the October harvests 
appears to be more drastic. As for the comparison between the two 
treatments, there were no statistically significant differences for the 
same harvesting periods. The results show a large deviation between 

the minimum and maximum of MIC values, but are significantly 
more drastic than MIC values in literature such as value 200-250 
mg/L [40-42]. Similarly, other studies with MIC values of 0.5 mg/L 
[43-45] and 31.25-40 mg/L (Şahin et al., 2004; Peñalver et al., 2005) 
[46,47] may also be justified by extremely different chemotypes in 
plants. For K. oxytoca the minimum inhibitory concentration of the 
oregano essential oil against 8 strains was tested. The average MIC for 
the strains of Kl. oxytoca ranged from 1-88.4 mg/L and from 2-88.4 
mg/L for irrigated and non-irrigated cultivations, respectively. For 
both treatments, the lowest value of mic, and therefore the most active 
essential oil against K. oxytoca, was obtained in the first  June, (mic 1-2 
mg/L respectively) and the highest mean value of mic in the second 
June (88 mg/L) in both treatments. As for the comparison between 
the two treatments, there were not observed statistically significant 
differences. The mean mic for the 16 strains of K. pneumoniae ranged 
from 12-98.3 mg/L and from 14.9-70.2 mg/L for irrigated and non-
irrigated cultivations, respectively. For both treatments, the lowest 
mean mic, hence the most active essential oil against K. pneumoniae, 
was at the second bloom of the plant in the second October for the 
irrigated and the first bloom in the second June for dry cultivation. 
In both treatments in the first year for both harvests there were 
high MIC values without statistically significant differences between 
them, while in the second year MIC values were much lower, which 
means  the more the plant matured  the more active essential oil had 
against K. pneumoniae. With regard to the comparison between the 
two treatments, the essential oil of dry oregano appears to be more 
effective comparing the same harvesting periods. In the studies of 
other researchers, various species of Klebsiella spp. appear to be either 
susceptible to oregano essential oil with MIC values of 0.5 mg/L [43], 
moderately susceptible to MIC close to 250 mg/L [41] or extremely 
resistant and not affected by the essential oil of oregano [46]. The 
mean mic for the five strains of L. monocytogenes ranged from 0.5-
83.2 mg/L and from 0.2-96 mg/L for irrigated and non-irrigated 
cultivations, respectively. Table 2 shows that for both harvests except 
for the first Octobers harvest, the oregano essential oil was very drastic 
with mean mic 0.5 mg/L. In literature, species of L. monocytogenes 
appear either to be susceptible to essential oil with MIC values of 
0.0625 mg/L [47] or more resistant to 100 mg/L [42] (Table 2).

Rosemary
For E. coli the minimum inhibitory concentration of rosemary 

essential oil was tested against 26 strains (Table 3). The mean MIC 
for the strains of E. coli ranged from 212-420.2 mg/L and from 
249.2-394.2 mg/L for the irrigated and dry cultivations respectively 
(Table 3). MIC for both treatments was very high. The lowest 
value of MIC, therefore the most active essential oil against E. coli, 
was detected in the first year, while in second year there was a 30% 
reduction in activity for both crops. As for the comparison between 
the two treatments, there were not many different ones, although the 

Strain Antibiotic (susceptible breaking point, mg/L)a

AK (≤16) AM (≤8) AUG (≤8/4) CAZ (≤4) CPE (≤8) CPT (≤0.5) IMP (≤1) MER (≤1) P/T (≤16/4)

E. coli, (n=27) 100 41.4 65.5 100 93 79.3 100 100 79.3

K. oxytoca, (n=7) 71.4 0 57.1 57.1 100 57.1 100 100 57.1

K. pneumoniae, (n=16) 81.6 0 65.8 60.5 65.8 57.8 65.8 65.8 68.4

L. monocytogenes, (n=5) nt 1 nt nt nt nt nt 0.25 nt

Table 1: Susceptibility profile (%) of clinical pathogens.

aCLSI breaking points (CLSI, 2011)37. AK: Amikacin; AM: Ampicillin; AUG: Amoxicillin/clavulanic acid; CAZ: Ceftazidime; CPE: Cefepime; CPT: Ceftaroline; IMP: 
Imipenem; MER: Meropenem; P/T: Piperacillin/Tazobactam; nt: not-tested
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Organism Value

MIC (Origanum vulgare)

Irrigated Non-irrigated

1stJune 1stOct 2ndJune 2ndOct 1stJune 1stOct 2ndJune 2ndOct

E. coli

N 26 26 26 26 26 26 26 26

Mean 231.7a 11.6b 53.2c 41.8c 197.4a 14.7b 55.3c 43.3c

SD 141.8 13.2 51.1 79.0 135.9 18.7 57.3 72.7

MIN 8 0.0625 0.44 0.85 7 0.1 0.875 1

MAX 512 56 192 256 512 64 224 224

K. oxytoca

N 8 8 8 8 8 8 8 8

Mean 1.0a 5.8a 88.4b 8.3a 2.0a 6.2a 88.4b 11.0a

SD 0.8 10.9 77.5 10.7 2.5 9.3 77.4 18.8

MIN 0.078 0.15 0.87 2 0.0625 0.14 1.75 1.75

MAX 2 32 224 32 7 28 224 56

K. pneumoniae

N 16 16 16 16 16 16 16 16

Mean 97.4a 98.3a 23.5b 12.0b 52.7a 70.2a 14.9b 18.7b

SD 105.8 105.8 63.9 9.4 47.1 69.7 33.0 26.9

MIN 0.0625 0.78 0.125 1.75 3.5 3.5 0.109 0.125

MAX 256 256 256 32 128 256 128 112

L. monocytogenes

N 5 5 5 5 5 5 5 5

Mean 0.5a 83.2b 0.5a 0.5a 0.5a 96.0b 0.5a 0.2a

SD 0.7 42.9 0.7 0.7 0.7 45.3 0.7 0.1

MIN 0.125 32 0.125 0.125 0.125 32 0.0625 0.125

MAX 1.75 128 1.75 1.75 1.75 128 1.75 0.25

Table 2: Minimum Inhibitory Concentration (MIC,mg/L) of essential oils of oregano against clinically isolated pathogens for two different treatments.

Same superscript letters indicate non-significant differences (p>0.05) in column groups.

Strain Value

MIC (Rosemarinus officinalis)

Irrigated Non-irrigated

1stJune 1stOct 2ndJune 2ndOct 1stJune 1stOct 2ndJune 2ndOct

E. coli

N 26 26 26 26 26 26 26 26

Mean 212.0a 297.8a 412.3b 420.2b 251.7a 249.2a 394.2b 378.5b

SD 140.6 236.3 193.6 303.4 269.8 268.0 196.2 269.9

MIN 40 112 64 28 32 56 56 56

MAX 512 896 896 1024 896 1024 896 896

K. oxytoca

N 8 8 8 8 8 8 8 8

Mean 190.0a 118.0a 193.0a 320.0b 210.0a 113.5a 179.0a 274.0b

SD 138.8 136.2 186.9 313.5 168.5 137.1 128.1 287.2

MIN 112 32 56 128 56 28 56 112

MAX 512 448 640 1024 448 448 448 896

K. pneumoniae

N 16 16 16 16 16 16 16 16

Mean 258.0a 247.8a 241.0a 390.0b 230.0a 244.6a 237.5a 358.8b

SD 215.0 210.1 126.9 281.4 219.6 235.6 210.2 262.2

MIN 64 28 112 64 56 26 56 28

MAX 896 896 512 1024 896 896 896 896

L. monocytogenes

N 5 5 5 5 5 5 5 5

Mean 83.2a 160.0b 153.6b 128.0a 76.8a 166.4b 128.0a 128.0a

SD 42.9 96.0 57.2 0.0 28.6 85.9 78.4 117.6

MIN 32 32 128 128 64 64 64 32

MAX 256 256 256 128 256 256 256 256

Table 3: Minimum inhibitory concentration (MIC,mg/L) of essential oils of rosemary against clinically isolated pathogens for two different treatments.

Same superscript letters indicate non-significant differences (p>0.05) in column groups.



Fournomiti M, et al., SF Journal of Agricultural and Crop Management

2020 | Volume 1 | Edition 1 | Article 1002ScienceForecast Publications LLC., | https://scienceforecastoa.com/ 5

essential oil of the dry crop against this microorganism appears to be 
slightly less active. For K. oxytoca the mean MIC ranged from 118-
320 mg/L and from 113.5-274 mg/L for irrigated and dry cultivations, 
respectively. For treatments, the lowest MIC value, and thus the 
most drastic essential oil against K. oxytoca, was detected in the first 
October, the second bloom of the plant and the highest MIC in the 
second October. In both harvests in June, MIC was at the same level. 
As for the comparison between the two treatments, there were no 
statistically significant differences comparing the same harvesting 
periods. For K.pneumoniae the minimum inhibitory concentration 
of rosemary essential oil was tested against 16 strains. The mean MIC 
ranged from 241-390 mg/L and from 230-358.8 mg/L for irrigated 
and non-irrigated cultivations, respectively. All are considered quite 
high values or low activity. For all harvests for both crops, MIC 
values were close to around 240 mg/L except for the October harvest 
where we had an increase of MIC up to 30%. Consequently, the 
more the plant matured the less active was the essential oil against 
microorganisms such as K.pneumoniae. In both treatments, there 
was similar activity with the essential oil of the dry crop a little more 
active. For L. monocytogenes the mean MIC for all strains ranged 
from 83.2-160 mg/L and from 76.8-166.4 mg/L for irrigated and dry 
cultivations, respectively. From it appears that for both treatments 
the rosemary essential oil was more drastic in the first harvest of the 
first year, in June, in October of the same year the values of MIC were 
increased by 50%. In general we can say the more the plant matured, 
the less active its essential oil against L. monocytogenes was. For 
this reason it is possible to use essential oil from young plants for 
antimicrobial action. For both treatments, no essential oil showed 
any advantage over the strains of L. monocytogenes. In comparison 
with the literature, Ivanovic et al. (2012) [48] reported MIC values 
of rosemary essential oil over 2.560 mg/L for E. coli. Santurio (2011) 
[49] reported values above 6400 mg/L. However, other researchers 
found MIC values very low from 10-20 mg/L (Yesil-Celiktas et al., 
2007, de Medeiros Barbosa et al.,2016), 0.3 mg/L [44,50] (Jiang et 
al., 2011) [51] at different harvest periods of rosemary against E. coli. 
Pesavento (2015) [47] found average MIC of only 2 mg/L against L. 
monocytogenes and De Azeredo et al. (2011) 20 mg/L [52] Kazemi 
(2012) [53] reports MIC values of rosemary essential oil against 
K. oxytoca and K. pneumoniae only 3 mg/L. The MIC of rosemary 
was 5mg/mL against L. monocytogenes and E. coli and 10mg/mL 
for Stojiljkovic et al. (2018) [54]. Also reported in the literature are 
MIC values from 125 mg/L [55] to over 1000 mg /L [56] of rosemary 
essential oil against K.pneumoniae strains (Table 3).

Thyme
For E.coli the minimum inhibitory concentration of thyme 

essential oil was tested against 26 strains (Table 4). The mean MIC 
strains of E. coli ranged from 24.6 to 44.8 mg/L and from 29.1 to 
41.4 mg/L for irrigated and non-irrigated cultivations respectively 
(Table 4). MIC values were low, meaning that thyme essential oil 
was quite active against E. coli. For both treatments, the lowest value 
of MIC, and thus the most active essential oil against E. coli, was 
in the June harvests for both years. As for the comparison between 
the two treatments, there were no significant differences between 
them. Comparing the same harvesting periods, the essential oil of 
irrigated crops appears to be a bit more active in the first year, while 
in second year the essential oil of non -irrigated cultivation appears 
to be slightly more active. The mean MIC for the 8 strains of K. 
oxytoca ranged from 8.1 to 121 mg/L and from 4.6 to 156.9 mg/L 
for irrigated and dry cultivations respectively. For both treatments, 

the lowest MIC value, therefore the most drastic essential oil for K. 
oxytoca, was in the first June and the high MIC was in second June. 
As for the comparison between the two treatments, there were no 
statistically significant differences (Table 4). For K. pneumoniae the 
minimum inhibitory concentration of thyme essential oil was tested 
against 16 strains. The mean MIC for the strains of K. pneumoniae 
ranged from 11.4-33.3 mg/L and from 8.3-33 mg/L for irrigated and 
dry cultivations, respectively. For both treatments, the lowest value 
of MIC, and thus the most active essential oil against K. pneumoniae, 
was in  the first June, the least active being in the second October ,  it 
seems  that as the mature plant matured, the oil against the strains 
of K. pneumoniae is active as the MIC values have been tripled. Of 
the two treatments, neither seemed to have a clear precedence. These 
results were of the lowest compared to other published studies that 
used micro-dilution as a selection method for the antimicrobial assay. 
Burt and Reinders (2003) [57] reported MIC 625 mg/L for E. coli, 
Al-Bayati (2008) [58] reported values of 62.5 mg/L against E. coli and 
500 mg/L for K. pneumoniae. Pei et al., (2009) [59] found values of 
400 mg/L in their study and Costa et al., (2009) [60] reported values 
of 250 mg/L for the two species. However, some of the first studies 
from Greece also reported an increased antimicrobial effect of thyme 
essential oil with MIC values between 0.28 and 3.35 mg/L for E. coli 
and 0.72 mg/L for K. pneumonia [61]. The mean MIC for the five 
strains of L. monocytogenes ranged from 0.3 to 77.6 mg/L and from 
0.2 to 64 mg/L for irrigated and dry cultivations respectively. From 
Table 4 it appears that for both treatments and for all harvests except 
for the harvests of first Octobers the thyme essential oil was active 
with MIC at 0.3 mg/L. Similar results for the antimicrobial activity 
of thyme essential oil against L. monocytogenes were Smith-Palmer et 
al. (1998) [62] with value 0.3 mg/L, Pesavento et al., (2015) [47] with 
0.25 mg/L and Rota et al., (2008) [63] with MIC 0.2 mg/L (Table 4).

Sage
For E. coli the minimum inhibitory concentration of sage essential 

oil was tested against 26 strains the mean MIC ranged from 423.7-
537.8 mg/L and 383.7-532.9 mg/L for irrigated and dry cultivations 
respectively (Table 5). The MIC for both treatments was quite large. 
On two treatments, the EOS of sage was more drastic when it was 
collected in the first June for irrigated cultivation and in the second 
October for dry cultivation. For K. oxytoca the minimum inhibitory 
concentration of sage essential oil against 8 strains was tested. The 
mean MIC for strains ranged from 153-294 mg/L and from 140-250 
mg/L for irrigated and dry cultivations respectively (Table 5). For 
both treatments, the lowest value MIC and therefore the most active 
essential oil against K. oxytoca was collected in the first June in the 
first flowering plant and essential oil with the highest MIC was in the 
first  October and the second June. For K. pneumoniae the minimum 
inhibitory concentration of the essential oil of rosemary against 16 
strains with a mean value MIC of 237.3-424 mg/L was checked , and 
from 273 to 344 mg/L for the irrigated and non-irrigated cultivation 
respectively. For all harvests for both years MIC values were very 
high. L. monocytogenes was controlled by the minimum inhibitory 
concentration of the essential oil of sage against 5 strains averaging 
the MIC of 16.8-204.8 mg/L and 15.2-460.8 mg/L for the irrigated 
and non- irrigated cultivation respectively. Table 5 shows that for 
both treatments the essential oil of sage was more active in the June 
harvests in the first bloom, whereas in the October harvests had 
doubled value of MIC. Regarding the antimicrobial activity of the 
essential oil of sage, we did not notice any remarkable antibacterial 
activity since the MIC values recorded against all pathogens were 
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Organism Value

MIC (Thymus vulgaris)

Irrigated Non-irrigated

1stJune 1stOct 2ndJune 2ndOct 1stJune 1stOct 2ndJune 2ndOct

E. coli

N 26 26 26 26 26 26 26 26

Mean 24.6a 34.1a 29.8a 44.8a 35.0a 41.2a 29.1a 41.4a

SD 37.2 36.4 67.0 76.2 60.5 38.6 59.8 72.8

MIN 2 0.43 1 1.75 1.75 0.15 3.5 1.75

MAX 128 160 256 256 256 144 224 256

K. oxytoca

N 8 8 8 8 8 8 8 8

Mean 8.1a 14.6a 121.0b 23.0c 4.6a 15.8a 156.9b 22.2c

SD 11.2 21.8 67.0 42.7 7.1 21.4 131.3 36.5

MIN 0.0625 0.22 8 4 0.17 0.25 7 1.75

MAX 32 64 256 128 16 64 448 112

K. pneumoniae

N 16 16 16 16 16 16 16 16

Mean 11.4a 11.6a 14.8a 33.3b 8.3a 19.4a 14.4a 33.0b

SD 12.4 13.2 27.0 42.3 10.8 39.5 27.1 38.7

MIN 0.0625 0.21 0.25 1 0.025 0.125 0.125 1

MAX 32 32 112 128 28 156.3 112 112

L. monocytogenes

N 5 5 5 5 5 5 5 5

Mean 0.3a 77.6b 0.3a 0.3a 0.3a 64.0b 0.3a 0.3a

SD 0.0 30.4 0.0 0.0 0.0 0.0 0.0 0.0

MIN 0.25 64 0.25 0.25 0.25 64 0.25 0.25

MAX 0.25 132 0.25 0.25 0.25 64 0.25 0.25

Table 4: Minimum inhibitory concentration (MIC,mg/L) of essential oils of thyme against clinically isolated pathogens for two different treatments.

Same superscript letters indicate non-significant differences (p>0.05) in column groups.

Organism Value

MIC (Salvia officinalis)

Irrigated Non-irrigated

1stJune 1stOct 2ndJune 2ndOct 1stJune 1stOct 2ndJune 2ndOct

E. coli

N 26 26 26 26 26 26 26 26

Mean 423.7a 536.0a 537.8a 521.5a 431.1a 532.9a 504.6a 383.7a

SD 242.0 263.4 224.3 321.9 245.2 294.9 211.9 295.5

MIN 56 112 224 64 56 112 128 56

MAX 1024 1024 1024 1128 896 1024 896 896

K. oxytoca

N 8 8 8 8 8 8 8 8

Mean 153.0a 294.0b 292.0b 210.0b 140.0a 235.0b 250.0b 199.5b

SD 121.5 252.5 141.5 285.4 139.6 275.6 92.9 287.7

MIN 56 80 128 32 28 56 112 28

MAX 448 896 512 896 448 896 448 896

K. pneumoniae

N 16 16 16 16 16 16 16 16

Mean 353.3a 237.3b 322.0a 424.0a 315.9a 273.0b 344.0a 334.0a

SD 307.6 249.2 125.0 348.3 325.4 292.4 139.5 296.4

MIN 16 4 224 16 7 0.75 32 4

MAX 896 1024 512 1024 896 896 512 896

L. monocytogenes

N 5 5 5 5 5 5 5 5

Mean 16.8a 204.8b 16.8a 83.2c 15.2a 460.8b 15.2a 70.4c

SD 10.0 70.1 10.0 42.9 10.7 114.5 10.7 35.1

MIN 4 128 4 32 4 256 4 32

MAX 32 256 32 128 32 512 32 128

Table 5: Minimum Inhibitory Concentration (MIC,mg/L) of essential oils of Sage against clinically isolated pathogens for two different treatments.

Same superscript letters indicate non-significant differences (p>0.05) in column groups.
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above 150 mg/L to 537.8 mg/L. And in the literature, the sage essential 
oil does not appear rude to the specific micro-organisms. Delamare 
et al., (2007) [64] reported that in sage had MIC values against E. 
coli between 5000 and 10000 mg/L and 100 mg/L against K. oxytoca. 
Ivanovic et al., (2012) [47] reported values above 2.560 mg/L for E. 
coli. Generalić et al., (2012) [65] found MIC values of 550-990 mg/L 
for E. coli. Miguel et al., (2011) [66] reported a very weak antibacterial 
activity of sage essential oil despite the different method used in their 
assay. Similarly, no antibacterial activity of sage essential oil against 
E. coli strains was observed at concentrations of 1000 mg/L or even as 
high as over 8000 mg/L for both E. coli and K. pneumoniae. However, 
much lower values close to 20 mg/L have also been reported for K. 
pneumoniae by Hammer et al., (1999) [67] and Wijesundara, N. M., 
& Rupasinghe, H. V. (2018) [47]. With respect to L. monocytogenes, 
Mazzarrino et al., (2015) [68] with MIC of higher than 40 mL/L give 
similar results, and there are fewer studies which clearly indicate 
lower inhibitory concentrations, such as the study by Soković et al. 
(2007) with 7 mg/L [69] (Table 5).

Conclusions
From the study of the antimicrobial action against the four 

species of microorganisms, the most effective essential oil was 
that of oregano, then thyme, rosemary and finally sage. More 
resistant micro-organisms were the gram-negative and especially 
E. coli, whereas L. monocytogenes, which is a gram-positive micro-
organism, was more susceptible. There was no particular difference 
in the antimicrobial effect of essential oils isolated from two different 
treatments of plants (irrigated and fertilized vs. non-irrigated, non-
fertilized). Despite other differences observed between irrigated 
and non-irrigated aromatic and medicinal plants, as for example 
in EOs, it seems that cultivated plants possess an equal yet species-
dependent antimicrobial efficiency as the wild ones, which gives them 
commercial opportunities.

References
1.	 George AM, Hall RM,  Stokes HW.  Multidrug resistance in Klebsiella 

pneumoniae: a novel gene, ramA, confers a multidrug resistance phenotype 
in Escherichia coli. Microbiology. 1995; 141: 1909-1920.

2.	 Ariza RR, Cohen SP, Bachhawat N, Levy SB, Demple B. Repressor 
mutations in the marRAB operon that activate oxidative stress genes and 
multiple antibiotic resistance in Escherichia coli. J Bacteriol. 1994; 176: 
143-148.

3.	 Brisse S, Milatovic D, Fluit AC, Verhoef J, Schmitz FJ. Epidemiology of 
quinolone resistance of Klebsiella pneumoniae and Klebsiella oxytoca in 
Europe. Eur J Clin Microbiol Infect Dis. 2000; 19: 64-68.

4.	 Freire-Moran L, Aronsson B, Manz C, Gyssens IC, So AD, Monnet DL, et 
al. Critical shortage of new antibiotics in development against multidrug-
resistant bacteria-Time to react is now. Drug Resist Updat. 2011; 14: 118-
124.

5.	 Lis‐Balchin M, Deans SG. Bioactivity of selected plant essential oils against 
Listeria monocytogenes. J Appl Microbiol. 1997; 82: 759-762.

6.	 Oliveira NA, Bittencourt GM, Barancelli GV, Kamimura ES, Lee SHI, 
Oliveira CAF. Listeria monocytogenes in Brazilian foods: occurrence, risks 
to human health and their prevention. Curr Res Nutr Food Sci. 2019; 7: 
320-330.

7.	 Özkan G, Sağdiç O, Özcan M. Note: Inhibition of pathogenic bacteria by 
essential oils at different concentrations. Food Sci Technol Int. 2003; 9: 
85-88.

8.	 González-Tejero MR, Casares-Porcel M, Sánchez-Rojas CP, Ramiro-
Gutiérrez JM, Molero-Mesa J, Pieroni A, et al. Medicinal plants in 

the Mediterranean area: synthesis of the results of the project Rubia. J 
Ethnopharmacol. 2008; 116: 341-357.

9.	 Exarchou V, Nenadis N, Tsimidou M, Gerothanassis IP, Troganis A,  
Boskou D. Antioxidant activities and phenolic composition of extracts 
from Greek oregano, Greek sage, and summer savory. J Agric Food Chem. 
2002; 50: 5294-5299.

10.	Alma MH, Mavi A, Yildirim A, Digrak M, Hirata T. Screening chemical 
composition and in vitro antioxidant and antimicrobial activities of the 
essential oils from Origanum syriacum L. growing in Turkey. Biol Pharm 
Bull. 2003; 26: 1725-1729.

11.	Jeannot V, Chahboun J, Russel D, Casabianca H. Origanum compactum 
Bentham: composition of the hydrolat aromatic fraction, comparison with 
the essential oil and its interest in aromatherapy. Int J Aromather. 2003; 
3: 90-94.

12.	Azizi A, Yan F, Honermeier B. Herbage yield, essential oil content and 
composition of three oregano (Origanum vulgare L.) populations as 
affected by soil moisture regimes and nitrogen supply. Ind Crop Prod. 
2009; 29: 554-561.

13.	Burt S. Essential oils: their antibacterial properties and potential 
applications in foods-a review. Int J Food Microbiol. 2004; 94: 223-253.

14.	Zeytinoglu H, Incesu Z, Baser KHC. Inhibition of DNA synthesis by 
carvacrol in mouse myoblast cells bearing a human N-RAS oncogene. 
Phytomedicine. 2003; 10: 292-299.

15.	Kokkini S, Karousou R, Dardioti A, Krigas N, Lanaras T. Autumn essential 
oils of Greek oregano. Phytochemistry. 1997; 44: 883-886.

16.	Lagouri V, Blekas G, Tsimidou M, Kokkini S, Boskou D. Composition and 
antioxidant activity of essential oils from oregano plants grown wild in 
Greece. Z Lebensm Unters Forsch. 1993; 197: 20-23.

17.	Kintzios SE. Oregano-The Genera Origanum and Lippia. Oregano. 2002; 
25: 67-108.

18.	Baydar H, Sağdiç O, Özkan G, Karadoğan T. Antibacterial activity and 
composition of essential oils from Origanum, Thymbra and Satureja 
species with commercial importance in Turkey. Food Control. 2004; 15: 
169-172.

19.	Jordán MJ, Martínez RM, Martínez C, Monino I, Sotomayor JA. 
Polyphenolic extract and essential oil quality of Thymus zygis ssp. gracilis 
shrubs cultivated under different watering levels. Ind Crop Prod. 2009; 29: 
145-153.

20.	McGimpsey JA, Douglas MH, Van Klink JW, Beauregard DA, Perry NB. 
Seasonal variation in essential oil yield and composition from naturalized 
Thymus vulgaris L. in New Zealand. Flavour and Fragrance Journal. 1994; 
9: 347-352.

21.	Hudaib M, Speroni E, Di Pietra AM, Cavrini V. GC/MS evaluation of 
thyme (Thymus vulgaris L.) oil composition and variations during the 
vegetative cycle. J Pharmaceut Biomed. 2002; 29: 691-700.

22.	Salehi B, Mishra AP, Shukla I, Sharifi‐Rad M, Contreras MDM, Segura‐
Carretero A, et al. Thymol, thyme, and other plant sources: Health and 
potential uses. Phytother Res. 2018; 32: 1688-1706.

23.	Hazzit M, Baaliouamer A, Veríssimo AR, Faleiro ML, Miguel MG. 
Chemical composition and biological activities of Algerian Thymus oils. 
Food Chemistry. 2009; 116: 714-721.

24.	Kulbeka W. Teedrogen und Phytopharmaka. Sci Pharm. 2011; 79: 703.

25.	Baranauskiene R, Venskutonis PR, Viškelis P, Dambrauskiene E. Influence 
of nitrogen fertilizers on the yield and composition of thyme (Thymus 
vulgaris). J Agric Food Chem. 2003; 51: 7751-7758.

26.	Lorenzo JM, Mousavi Khaneghah A, Gavahian M, Marszałek K, Eş I, 
Munekata PE, et al. Understanding the potential benefits of thyme and 
its derived products for food industry and consumer health: From 
extraction of value-added compounds to the evaluation of bioaccessibility, 

https://www.ncbi.nlm.nih.gov/pubmed/7551053
https://www.ncbi.nlm.nih.gov/pubmed/7551053
https://www.ncbi.nlm.nih.gov/pubmed/7551053
https://www.ncbi.nlm.nih.gov/pubmed/8282690
https://www.ncbi.nlm.nih.gov/pubmed/8282690
https://www.ncbi.nlm.nih.gov/pubmed/8282690
https://www.ncbi.nlm.nih.gov/pubmed/8282690
https://www.ncbi.nlm.nih.gov/pubmed/10706185
https://www.ncbi.nlm.nih.gov/pubmed/10706185
https://www.ncbi.nlm.nih.gov/pubmed/10706185
https://www.ncbi.nlm.nih.gov/pubmed/?term=Critical+shortage+of+new+antibiotics+in+development+against+multidrug-resistant+bacteria%E2%80%94Time+to+react+is+now
https://www.ncbi.nlm.nih.gov/pubmed/?term=Critical+shortage+of+new+antibiotics+in+development+against+multidrug-resistant+bacteria%E2%80%94Time+to+react+is+now
https://www.ncbi.nlm.nih.gov/pubmed/?term=Critical+shortage+of+new+antibiotics+in+development+against+multidrug-resistant+bacteria%E2%80%94Time+to+react+is+now
https://www.ncbi.nlm.nih.gov/pubmed/?term=Critical+shortage+of+new+antibiotics+in+development+against+multidrug-resistant+bacteria%E2%80%94Time+to+react+is+now
https://www.ncbi.nlm.nih.gov/pubmed/9202441
https://www.ncbi.nlm.nih.gov/pubmed/9202441
https://www.researchgate.net/publication/335562336_Listeria_monocytogenes_in_Brazilian_foods_occurrence_risks_to_human_health_and_their_prevention
https://www.researchgate.net/publication/335562336_Listeria_monocytogenes_in_Brazilian_foods_occurrence_risks_to_human_health_and_their_prevention
https://www.researchgate.net/publication/335562336_Listeria_monocytogenes_in_Brazilian_foods_occurrence_risks_to_human_health_and_their_prevention
https://www.researchgate.net/publication/335562336_Listeria_monocytogenes_in_Brazilian_foods_occurrence_risks_to_human_health_and_their_prevention
https://www.ncbi.nlm.nih.gov/pubmed/18242025
https://www.ncbi.nlm.nih.gov/pubmed/18242025
https://www.ncbi.nlm.nih.gov/pubmed/18242025
https://www.ncbi.nlm.nih.gov/pubmed/18242025
https://www.ncbi.nlm.nih.gov/pubmed/12207464
https://www.ncbi.nlm.nih.gov/pubmed/12207464
https://www.ncbi.nlm.nih.gov/pubmed/12207464
https://www.ncbi.nlm.nih.gov/pubmed/12207464
https://www.ncbi.nlm.nih.gov/pubmed/14646179
https://www.ncbi.nlm.nih.gov/pubmed/14646179
https://www.ncbi.nlm.nih.gov/pubmed/14646179
https://www.ncbi.nlm.nih.gov/pubmed/14646179
https://www.researchgate.net/publication/248871627_Origanum_compactum_Bentham_Composition_of_the_hydrolat_aromatic_fraction_comparison_with_the_essential_oil_and_its_interest_in_arometherapy
https://www.researchgate.net/publication/248871627_Origanum_compactum_Bentham_Composition_of_the_hydrolat_aromatic_fraction_comparison_with_the_essential_oil_and_its_interest_in_arometherapy
https://www.researchgate.net/publication/248871627_Origanum_compactum_Bentham_Composition_of_the_hydrolat_aromatic_fraction_comparison_with_the_essential_oil_and_its_interest_in_arometherapy
https://www.researchgate.net/publication/248871627_Origanum_compactum_Bentham_Composition_of_the_hydrolat_aromatic_fraction_comparison_with_the_essential_oil_and_its_interest_in_arometherapy
https://www.sciencedirect.com/science/article/abs/pii/S0926669008002057
https://www.sciencedirect.com/science/article/abs/pii/S0926669008002057
https://www.sciencedirect.com/science/article/abs/pii/S0926669008002057
https://www.sciencedirect.com/science/article/abs/pii/S0926669008002057
https://www.ncbi.nlm.nih.gov/pubmed/15246235
https://www.ncbi.nlm.nih.gov/pubmed/15246235
https://www.ncbi.nlm.nih.gov/pubmed/12809359
https://www.ncbi.nlm.nih.gov/pubmed/12809359
https://www.ncbi.nlm.nih.gov/pubmed/12809359
https://www.researchgate.net/publication/223600466_Autumn_essential_oils_of_Greek_oregano
https://www.researchgate.net/publication/223600466_Autumn_essential_oils_of_Greek_oregano
https://www.researchgate.net/publication/227028019_Composition_and_antioxidant_activity_of_essential_oils_from_Oregano_plants_grown_in_Greece
https://www.researchgate.net/publication/227028019_Composition_and_antioxidant_activity_of_essential_oils_from_Oregano_plants_grown_in_Greece
https://www.researchgate.net/publication/227028019_Composition_and_antioxidant_activity_of_essential_oils_from_Oregano_plants_grown_in_Greece
https://www.worldcat.org/title/oregano-the-genera-origanum-and-lippia/oclc/57049406
https://www.worldcat.org/title/oregano-the-genera-origanum-and-lippia/oclc/57049406
https://www.sciencedirect.com/science/article/abs/pii/S0956713503000288
https://www.sciencedirect.com/science/article/abs/pii/S0956713503000288
https://www.sciencedirect.com/science/article/abs/pii/S0956713503000288
https://www.sciencedirect.com/science/article/abs/pii/S0956713503000288
https://www.sciencedirect.com/science/article/abs/pii/S0926669008000897
https://www.sciencedirect.com/science/article/abs/pii/S0926669008000897
https://www.sciencedirect.com/science/article/abs/pii/S0926669008000897
https://www.sciencedirect.com/science/article/abs/pii/S0926669008000897
https://onlinelibrary.wiley.com/doi/abs/10.1002/ffj.2730090613
https://onlinelibrary.wiley.com/doi/abs/10.1002/ffj.2730090613
https://onlinelibrary.wiley.com/doi/abs/10.1002/ffj.2730090613
https://onlinelibrary.wiley.com/doi/abs/10.1002/ffj.2730090613
https://www.ncbi.nlm.nih.gov/pubmed/12093498
https://www.ncbi.nlm.nih.gov/pubmed/12093498
https://www.ncbi.nlm.nih.gov/pubmed/12093498
https://www.ncbi.nlm.nih.gov/pubmed/29785774
https://www.ncbi.nlm.nih.gov/pubmed/29785774
https://www.ncbi.nlm.nih.gov/pubmed/29785774
https://www.sciencedirect.com/science/article/abs/pii/S0308814609003082
https://www.sciencedirect.com/science/article/abs/pii/S0308814609003082
https://www.sciencedirect.com/science/article/abs/pii/S0308814609003082
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3163374/
https://www.ncbi.nlm.nih.gov/pubmed/14664540
https://www.ncbi.nlm.nih.gov/pubmed/14664540
https://www.ncbi.nlm.nih.gov/pubmed/14664540
https://www.ncbi.nlm.nih.gov/pubmed/29771598
https://www.ncbi.nlm.nih.gov/pubmed/29771598
https://www.ncbi.nlm.nih.gov/pubmed/29771598
https://www.ncbi.nlm.nih.gov/pubmed/29771598


Fournomiti M, et al., SF Journal of Agricultural and Crop Management

2020 | Volume 1 | Edition 1 | Article 1002ScienceForecast Publications LLC., | https://scienceforecastoa.com/ 8

bioavailability, anti-inflammatory, and antimicrobial activities. Crit Rev 
Food Sci. 2019; 59: 2879-2895.

27.	Hedge IC. A global survey of the biography of the Labiatae. Royal Botanical 
Gardens. 1992.

28.	Skoula M, Abbes JE, Johnson CB. Genetic variation of volatiles and 
rosmarinic acid in populations of Salvia fruticosa mill growing in Crete. 
Biochem Syst Ecol. 2000; 28: 551-561.

29.	Reales A, Rivera D, Palazon JA, Obon C. Numerical taxonomy study of 
Salvia sect. Salvia (Labiatae). Bot J Linn Soc. 2004; 145: 353-371.

30.	Raal A, Orav A, Arak E. Composition of the essential oil of Salviaofficinalis 
L. from various European countries. Nat Prod Res. 2007; 21: 406-411.

31.	Novak J, Marn M, Franz CM. An α-Pinene Chemotype in Salvia offcinalis 
L. (Lamiaceae). J Essent Oil Res. 2006; 18: 239-241.

32.	Lis‐Balchin M, Deans SG, Eaglesham E. Relationship between bioactivity 
and chemical composition of commercial essential oils. Flavour Fragr J. 
1998; 13: 98-104.

33.	Daferera DJ, Ziogas BN, Polissiou MG. GC-MS analysis of essential oils 
from some Greek aromatic plants and their fungitoxicity on Penicillium 
digitatum. J Agric Food Chem. 2000; 48: 2576-2581.

34.	Langeveld WT, Veldhuizen EJ, Burt SA. Synergy between essential oil 
components and antibiotics: a review. Crit Rev Microbiol. 2014; 40: 76-94.

35.	Kordali S, Cakir A, Ozer H, Cakmakci R, Kesdek M, Mete E. Antifungal, 
phytotoxic and insecticidal properties of essential oil isolated from Turkish 
Origanum acutidens and its three components, carvacrol, thymol and 
p-cymene. Bioresour Technol. 2008; 99: 8788-8795.

36.	Rojas-Graü MA, Avena-Bustillos RJ, Olsen C, Friedman M, Henika PR, 
Martín-Belloso O, et al. Effects of plant essential oils and oil compounds on 
mechanical, barrier and antimicrobial properties of alginate-apple puree 
edible films. J Food Eng. 2007; 81: 634-641.

37.	Clinical and Laboratory Standards Institute (CLSI). Performance standards 
for antimicrobial susceptibility testing. CLSI Document. 2011.

38.	Nostro A, Bisignano G, Cannatelli MA, Crisafi G, Germano MP, Alonzo V. 
Effects of Helichrysum italicum extract on growth and enzymatic activity 
of Staphylococcus aureus. Int J Antimicrob Agents. 2001; 17: 517-520.

39.	Bala M, Ray K, Gupta SM. Comparison of disc diffusion results with 
minimum inhibitory concentration (MIC) values for antimicrobial 
susceptibility testing of Neisseria gonorrhoeae. Indian J Med Res. 2005; 
122: 48-51.

40.	De Martino L, De Feo V, Formisano C, Mignola E, Senatore F. Chemical 
Composition and Antimicrobial Activity of the Essential Oils from Three 
Chemotypes of Origanum vulgare L. ssp. hirtum (Link) Ietswaart Growing 
Wild in Campania (Southern Italy). Molecules. 2009; 14: 2735-2746.

41.	Ozkalp B, Sevgi F, Ozcan M, Ozcan MM. The antibacterial activity of 
essential oil of oregano (Origanum vulgare L.). J Food Agri Environ. 2010; 
8: 272-274.

42.	Castilho PC, Savluchinske-Feio S, Weinhold TS, Gouveia SC. Evaluation 
of the antimicrobial and antioxidant activities of essential oils, extracts 
and their main components from oregano from Madeira Island, Portugal. 
Food Control. 2012; 23: 552-558.

43.	Preuss HG, Echard B, Enig M, Brook I, Elliott TB. Minimum inhibitory 
concentrations of herbal essential oils and monolaurin for gram-positive 
and gram-negative bacteria. Mol Cell Biochem. 2005; 272: 29-34.

44.	de Medeiros Barbosa I, da Costa Medeiros JA, de Oliveira KÁR, Gomes-
Neto NJ, Tavares JF, Magnani M, et al. Efficacy of the combined application 
of oregano and rosemary essential oils for the control of Escherichia coli, 
Listeria monocytogenes and Salmonella Enteritidis in leafy vegetables. 
Food Control. 2016; 59: 468-477.

45.	Wijesundara NM, Rupasinghe HV. Essential oils from Origanum vulgare 

and Salvia officinalis exhibit antibacterial and anti-biofilm activities against 
Streptococcus pyogenes. Microb Pathog. 2018; 117: 118-127.

46.	Şahin F, Güllüce M, Daferera D, Sökmen A, Sökmen M, Polissiou M, et al. 
Biological activities of the essential oils and methanol extract of Origanum 
vulgare ssp. vulgare in the Eastern Anatolia region of Turkey. Food 
Control. 2004; 15: 549-557.

47.	Pesavento G, Calonico C, Bilia AR, Barnabei M, Calesini F, Addona R, 
et al. Antibacterial activity of Oregano, Rosmarinus and Thymus essential 
oils against Staphylococcus aureus and Listeria monocytogenes in beef 
meatballs. Food Control. 2015; 54: 188-199.

48.	Ivanovic J, Misic D, Zizovic I, Ristic M. In vitro control of multiplication of 
some food-associated bacteria by thyme, rosemary and sage isolates. Food 
Control. 2012; 25: 110-116.

49.	Santurio DF. Atividade antimicrobiana de óleos essenciais de condimentos 
sobre Escherichia coli isoladas de aves e bovinos. Cienc Rural. 2011.

50.	Yesil-Celiktas O, Nartop P, Gurel A, Bedir E, Vardar-Sukan F. 
Determination of phenolic content and antioxidant activity of extracts 
obtained from Rosmarinus officinalis’ calli. J Plant Physiol. 2007; 164: 
1536-1542.

51.	Jiang Y, Wu N, Fu YJ, Wang W, Luo M, Zhao CJ, et al. Chemical 
composition and antimicrobial activity of the essential oil of Rosemary. 
Environ Toxicol Phar. 2011; 32: 63-68.

52.	De Azeredo GA, Stamford TLM, Nunes PC, Neto NJG, De Oliveira 
MEG, De Souza EL. Combined application of essential oils from 
Origanum vulgare L. and Rosmarinus officinalis L. to inhibit bacteria and 
autochthonous microflora associated with minimally processed vegetables. 
Food Res Int. 2011; 44: 1541-1548.

53.	Kazemi M, Rostami H, Amen A. The study of compositions and 
antimicrobial properties of essential oil of Origanum vulgare and 
Rosmarinus officinalis on human pathogens. Curr Res Bacteriol. 2012; 5: 
1-12.

54.	Stojiljkovic J, Trajchev M, Nakov D. Antibacterial activities of rosemary 
essential oils and their components against pathogenic bacteria. Adv Cytol 
Pathol. 2018; 3: 93-96.

55.	Roman L, Roman H, Hosu A, Vsiliu C, Mihaescu G, Czobor H. Rosmarinus 
officinalis L.(Rosemary), A legend herb with many beneficial efecys on the 
human body. Biozoojournals. 2015; 31: 60-68.

56.	Martins MR, Tinoco MT, Almeida AS, Cruz-Morais J. Chemical 
composition, antioxidant and antimicrobial properties of three essential 
oils from Portuguese flora. J Pharmacogn. 2012; 3: 39-44.

57.	Burt SA, Reinders RD. Antibacterial activity of selected plant essential oils 
against Escherichia coli O157: H7. Lett Appl Microbiol. 2003; 36: 162-167.

58.	Al-Bayati FA. Synergistic antibacterial activity between Thymus vulgaris 
and Pimpinella anisum essential oils and methanol extracts. J Intercult 
Ethnopharmacol. 2008; 116: 403-406.

59.	Pei RS, Zhou F, Ji BP, Xu J. Evaluation of combined antibacterial effects 
of eugenol, cinnamaldehyde, thymol, and carvacrol against E. coli with an 
improved method. J Food Sci. 2009; 74: M379-M383.

60.	Costa ACD, Santos  BHCD, Santos Filho L, Lima EDO. Atividade 
antibacteriana do óleo essencial de Origanum vulgare L. (Lamiaceae) 
contra bactérias multiressistentes isoladas de pacientes nosocomial. Rev 
Bras Farmacogn. 2009; 19: 236-241.

61.	Aligiannis N, Kalpoutzakis E, Mitaku S, Chinou IB. Composition and 
antimicrobial activity of the essential oils of two Origanum species. J Agric 
Food Chem. 2001; 49: 4168-4170.

62.	Smith-Palmer A, Stewart J, Fyfe L. Antimicrobial properties of plant 
essential oils and essences against five important food-borne pathogens. 
Lett Appl Microbiol. 1998; 26: 118-122.

63.	Rota MC, Herrera A, Martínez RM, Sotomayor JA, Jordán MJ. Antimicrobial 

https://www.ncbi.nlm.nih.gov/pubmed/29771598
https://www.ncbi.nlm.nih.gov/pubmed/29771598
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1721849
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1721849
https://www.sciencedirect.com/science/article/pii/S0305197899000952
https://www.sciencedirect.com/science/article/pii/S0305197899000952
https://www.sciencedirect.com/science/article/pii/S0305197899000952
https://academic.oup.com/botlinnean/article/145/3/353/2420479
https://academic.oup.com/botlinnean/article/145/3/353/2420479
https://www.ncbi.nlm.nih.gov/pubmed/17487611
https://www.ncbi.nlm.nih.gov/pubmed/17487611
https://www.tandfonline.com/doi/abs/10.1080/10412905.2006.9699075
https://www.tandfonline.com/doi/abs/10.1080/10412905.2006.9699075
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291099-1026%28199803/04%2913%3A2%3C98%3A%3AAID-FFJ705%3E3.0.CO%3B2-B
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291099-1026%28199803/04%2913%3A2%3C98%3A%3AAID-FFJ705%3E3.0.CO%3B2-B
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291099-1026%28199803/04%2913%3A2%3C98%3A%3AAID-FFJ705%3E3.0.CO%3B2-B
https://www.ncbi.nlm.nih.gov/pubmed/10888587
https://www.ncbi.nlm.nih.gov/pubmed/10888587
https://www.ncbi.nlm.nih.gov/pubmed/10888587
https://www.ncbi.nlm.nih.gov/pubmed/23445470
https://www.ncbi.nlm.nih.gov/pubmed/23445470
https://www.ncbi.nlm.nih.gov/pubmed/18513954
https://www.ncbi.nlm.nih.gov/pubmed/18513954
https://www.ncbi.nlm.nih.gov/pubmed/18513954
https://www.ncbi.nlm.nih.gov/pubmed/18513954
https://www.sciencedirect.com/science/article/abs/pii/S0260877407000453
https://www.sciencedirect.com/science/article/abs/pii/S0260877407000453
https://www.sciencedirect.com/science/article/abs/pii/S0260877407000453
https://www.sciencedirect.com/science/article/abs/pii/S0260877407000453
https://clsi.org/media/2663/m100ed29_sample.pdf
https://clsi.org/media/2663/m100ed29_sample.pdf
https://www.ncbi.nlm.nih.gov/pubmed/11397624
https://www.ncbi.nlm.nih.gov/pubmed/11397624
https://www.ncbi.nlm.nih.gov/pubmed/11397624
https://www.ncbi.nlm.nih.gov/pubmed/16106090
https://www.ncbi.nlm.nih.gov/pubmed/16106090
https://www.ncbi.nlm.nih.gov/pubmed/16106090
https://www.ncbi.nlm.nih.gov/pubmed/16106090
https://www.ncbi.nlm.nih.gov/pubmed/19701120
https://www.ncbi.nlm.nih.gov/pubmed/19701120
https://www.ncbi.nlm.nih.gov/pubmed/19701120
https://www.ncbi.nlm.nih.gov/pubmed/19701120
https://www.probotanic.com/pdf_istrazivanja/OriganoPDF/Antibakterijska aktivnost esencijalnog ulja divljeg origana.pdf
https://www.probotanic.com/pdf_istrazivanja/OriganoPDF/Antibakterijska aktivnost esencijalnog ulja divljeg origana.pdf
https://www.probotanic.com/pdf_istrazivanja/OriganoPDF/Antibakterijska aktivnost esencijalnog ulja divljeg origana.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0956713511003525
https://www.sciencedirect.com/science/article/abs/pii/S0956713511003525
https://www.sciencedirect.com/science/article/abs/pii/S0956713511003525
https://www.sciencedirect.com/science/article/abs/pii/S0956713511003525
https://www.researchgate.net/publication/7733560_Minimum_inhibitory_concentrations_of_herbal_essential_oils_and_monolaurin_for_Gram-positive_and_Gram-negative_bacteria
https://www.researchgate.net/publication/7733560_Minimum_inhibitory_concentrations_of_herbal_essential_oils_and_monolaurin_for_Gram-positive_and_Gram-negative_bacteria
https://www.researchgate.net/publication/7733560_Minimum_inhibitory_concentrations_of_herbal_essential_oils_and_monolaurin_for_Gram-positive_and_Gram-negative_bacteria
https://www.sciencedirect.com/science/article/pii/S0956713515300463
https://www.sciencedirect.com/science/article/pii/S0956713515300463
https://www.sciencedirect.com/science/article/pii/S0956713515300463
https://www.sciencedirect.com/science/article/pii/S0956713515300463
https://www.sciencedirect.com/science/article/pii/S0956713515300463
https://www.ncbi.nlm.nih.gov/pubmed/29452197
https://www.ncbi.nlm.nih.gov/pubmed/29452197
https://www.ncbi.nlm.nih.gov/pubmed/29452197
https://www.sciencedirect.com/science/article/abs/pii/S0956713503001464
https://www.sciencedirect.com/science/article/abs/pii/S0956713503001464
https://www.sciencedirect.com/science/article/abs/pii/S0956713503001464
https://www.sciencedirect.com/science/article/abs/pii/S0956713503001464
https://www.sciencedirect.com/science/article/abs/pii/S095671351500078X
https://www.sciencedirect.com/science/article/abs/pii/S095671351500078X
https://www.sciencedirect.com/science/article/abs/pii/S095671351500078X
https://www.sciencedirect.com/science/article/abs/pii/S095671351500078X
https://www.sciencedirect.com/science/article/abs/pii/S0956713511004233
https://www.sciencedirect.com/science/article/abs/pii/S0956713511004233
https://www.sciencedirect.com/science/article/abs/pii/S0956713511004233
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84782011000600021
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84782011000600021
https://www.ncbi.nlm.nih.gov/pubmed/17913287
https://www.ncbi.nlm.nih.gov/pubmed/17913287
https://www.ncbi.nlm.nih.gov/pubmed/17913287
https://www.ncbi.nlm.nih.gov/pubmed/17913287
https://www.sciencedirect.com/science/article/pii/S1382668911000469
https://www.sciencedirect.com/science/article/pii/S1382668911000469
https://www.sciencedirect.com/science/article/pii/S1382668911000469
https://www.sciencedirect.com/science/article/pii/S0963996911002420
https://www.sciencedirect.com/science/article/pii/S0963996911002420
https://www.sciencedirect.com/science/article/pii/S0963996911002420
https://www.sciencedirect.com/science/article/pii/S0963996911002420
https://www.sciencedirect.com/science/article/pii/S0963996911002420
https://scialert.net/abstract/?doi=crb.2012.1.12
https://scialert.net/abstract/?doi=crb.2012.1.12
https://scialert.net/abstract/?doi=crb.2012.1.12
https://scialert.net/abstract/?doi=crb.2012.1.12
https://medcraveonline.com/ACP/antibacterial-activities-of-rosemary-essential-oils-andnbsptheir-components-against-pathogenic-bacteria.html
https://medcraveonline.com/ACP/antibacterial-activities-of-rosemary-essential-oils-andnbsptheir-components-against-pathogenic-bacteria.html
https://medcraveonline.com/ACP/antibacterial-activities-of-rosemary-essential-oils-andnbsptheir-components-against-pathogenic-bacteria.html
http://biozoojournals.ro/oscsn/cont/31_2/08_Roman.pdf
http://biozoojournals.ro/oscsn/cont/31_2/08_Roman.pdf
http://biozoojournals.ro/oscsn/cont/31_2/08_Roman.pdf
https://www.researchgate.net/publication/256482912_CHEMICAL_COMPOSITION_ANTIOXIDANT_AND_ANTIMICROBIAL_PROPERTIES_OF_THREE_ES-_SENTIAL_OILS_FROM_PORTUGUESE_FLORA
https://www.researchgate.net/publication/256482912_CHEMICAL_COMPOSITION_ANTIOXIDANT_AND_ANTIMICROBIAL_PROPERTIES_OF_THREE_ES-_SENTIAL_OILS_FROM_PORTUGUESE_FLORA
https://www.researchgate.net/publication/256482912_CHEMICAL_COMPOSITION_ANTIOXIDANT_AND_ANTIMICROBIAL_PROPERTIES_OF_THREE_ES-_SENTIAL_OILS_FROM_PORTUGUESE_FLORA
https://www.ncbi.nlm.nih.gov/pubmed/12581376
https://www.ncbi.nlm.nih.gov/pubmed/12581376
https://www.ncbi.nlm.nih.gov/pubmed/18226481
https://www.ncbi.nlm.nih.gov/pubmed/18226481
https://www.ncbi.nlm.nih.gov/pubmed/18226481
https://www.ncbi.nlm.nih.gov/pubmed/19895484
https://www.ncbi.nlm.nih.gov/pubmed/19895484
https://www.ncbi.nlm.nih.gov/pubmed/19895484
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-695X2009000200010
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-695X2009000200010
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-695X2009000200010
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-695X2009000200010
https://www.ncbi.nlm.nih.gov/pubmed/11559104
https://www.ncbi.nlm.nih.gov/pubmed/11559104
https://www.ncbi.nlm.nih.gov/pubmed/11559104
https://www.ncbi.nlm.nih.gov/pubmed/9569693
https://www.ncbi.nlm.nih.gov/pubmed/9569693
https://www.ncbi.nlm.nih.gov/pubmed/9569693
https://www.sciencedirect.com/science/article/abs/pii/S095671350700151X


Fournomiti M, et al., SF Journal of Agricultural and Crop Management

2020 | Volume 1 | Edition 1 | Article 1002ScienceForecast Publications LLC., | https://scienceforecastoa.com/ 9

activity and chemical composition of Thymusvulgaris,Thymus zygis and 
Thymus hyemalis essential oils. Food Control. 2008; 19: 681-687.

64.	Delamare APL, Moschen-Pistorello IT, Artico L, Atti-Serafini 
L, Echeverrigaray S.  Antibacterial activity of the essential oils of 
Salviaofficinalis L. and Salvia triloba L. cultivated in South Brazil. Food 
Chem. 2007; 100: 603-608.

65.	Generalić I, Skroza D, Šurjak J, Možina SS, Ljubenkov I, Katalinić A, et al. 
Seasonal variations of phenolic compounds and biological properties in 
sage (Salvia officinalis L.). Chem Biodivers. 2012; 9: 441-457.

66.	Miguel G, Cruz C, Faleiro ML, Simoes MTF, Figueiredo AC, Barroso JG, et 
al. Salvia officinalis L. essential oils: effect of hydrodistillation time on the 
chemical composition, antioxidant and antimicrobial activities. Nat Prod 
Res. 2011; 25: 526-541.

67.	Hammer KA, Carson CF, Riley TV. Antimicrobial activity of essential oils 
and other plant extracts. J Appl Microbiol. 1999; 86: 985-990.

68.	Mazzarrino G, Paparella A, Chaves-López C, Faberi A, Sergi M, Sigismondi 
C, et al. Salmonella enterica and Listeria monocytogenes inactivation 
dynamics after treatment with selected essential oils. Food Control. 2015; 
50: 794-803.

69.	Soković  M, Marin  PD, Brkić  D, Van Griensven LJLD. Chemical 
composition and antibacterial activity of essential oils of ten aromatic 
plants against human pathogenic bacteria. Food. 2007; 1: 220-226.

https://www.sciencedirect.com/science/article/abs/pii/S095671350700151X
https://www.sciencedirect.com/science/article/abs/pii/S095671350700151X
https://www.sciencedirect.com/science/article/abs/pii/S0308814605009076
https://www.sciencedirect.com/science/article/abs/pii/S0308814605009076
https://www.sciencedirect.com/science/article/abs/pii/S0308814605009076
https://www.sciencedirect.com/science/article/abs/pii/S0308814605009076
https://www.ncbi.nlm.nih.gov/pubmed/22344920
https://www.ncbi.nlm.nih.gov/pubmed/22344920
https://www.ncbi.nlm.nih.gov/pubmed/22344920
https://www.ncbi.nlm.nih.gov/pubmed/21391115
https://www.ncbi.nlm.nih.gov/pubmed/21391115
https://www.ncbi.nlm.nih.gov/pubmed/21391115
https://www.ncbi.nlm.nih.gov/pubmed/21391115
https://www.ncbi.nlm.nih.gov/pubmed/10438227
https://www.ncbi.nlm.nih.gov/pubmed/10438227
https://www.sciencedirect.com/science/article/abs/pii/S0956713514006112
https://www.sciencedirect.com/science/article/abs/pii/S0956713514006112
https://www.sciencedirect.com/science/article/abs/pii/S0956713514006112
https://www.sciencedirect.com/science/article/abs/pii/S0956713514006112
https://www.researchgate.net/publication/228471053_Chemical_composition_and_antibacterial_activity_of_essential_oils_of_ten_aromatic_plants_against_human_pathogenic_bacteria
https://www.researchgate.net/publication/228471053_Chemical_composition_and_antibacterial_activity_of_essential_oils_of_ten_aromatic_plants_against_human_pathogenic_bacteria
https://www.researchgate.net/publication/228471053_Chemical_composition_and_antibacterial_activity_of_essential_oils_of_ten_aromatic_plants_against_human_pathogenic_bacteria

	Title
	Abstract
	Introduction
	Materials and Methods
	Plant material
	Isolation of essential oils
	Bacterial strains
	Minimum Inhibitory Concentration (MIC)
	Statistical analysis

	Results and Discussion
	Oregano
	Rosemary
	Thyme
	Sage

	Conclusions
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

