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Abstract: Herbs and spices have been used since ancient times to improve the sensory characteristics
of food, to act as preservatives and for their nutritional and healthy properties. Herbs and spices are
generally recognized as safe (GRAS) and are excellent substitutes for chemical additives. Essential
oils are mixtures of volatile compounds obtained, mainly by steam distillation, from medicinal and
aromatic plants. They are an alternative to synthetic additives for the food industry, and they have
gained attention as potential sources for natural food preservatives due to the growing interest
in the development of safe, effective, natural food preservation. Lamiaceae is one of the most
important families in the production of essential oils with antioxidants and antimicrobial properties.
Aromatic plants are rich in essential oils and are mainly found in the Mediterranean region, where
the production of such oils is a profitable source of ecological and economic development. The use
of essential oils with antimicrobial and antioxidant properties to increase the shelf life of food is a
promising technology, and the essential oils of the Lamiaceae family, such as rosemary, thyme, and
sage, have been extensively studied with respect to their use as food preservatives. Regarding the
new applications of essential oils, this review gives an overview of the current knowledge and recent
trends in the use of these oils from aromatic plants as antimicrobials and antioxidants in foods, as
well as their biological activities, future potential, and challenges.
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1. Introduction

New preferences for a minimum of processed food and recent changes in consumers’ concern
about synthetic preservatives [1] have led to an increase in the use of natural preservatives in foods [2].

Plant extracts have been employed by humans for thousands of years in traditional medicine.
The Lamiaceae family contains important aromatic plants used in traditional and modern medicine
and in the food and pharmaceutical industries. Rosemary, thyme, oregano, and sage are the most
popular plants in Spanish traditional remedies and are often used for the treatment of gastritis,
infections, dermatitis, bronchitis, and inflammation. Particularly, rosemary and sage have been
extensively studied for their antioxidative and antimicrobial activity. The vegetation of Southeast
Spain (Murcia) is rich in aromatic plants, and the province of Murcia is a major producer and processor
of medicinal herbs [3]. Rosemary and thyme are mostly exploited for the extraction of essential oils
(EOs). Among the >3000 essential oils known, about 300 are of importance for the pharmaceutical,
agronomic, and food industries.

EOs are volatile liquids, or semi-liquids, extracted from plants, usually by steam distillation [4].
They are limpid and rarely coloured, are soluble in organic solvents with a lower density than that of
water, and are lipid soluble. They can be synthesized by all plant organs (flowers, leaves, stems, twigs,
seeds, fruits, roots, wood, or bark) and are stored in secretory cells, cavities, canals, epidermic cells or
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glandular trichomes. EOs are complex mixtures of sesquiterpene and monoterpene hydrocarbons and
alcohols, ketones, and aldehydes (their oxygenated derivatives). Essential oils may also encompass
other chemical families like fatty acids, oxides, and sulphur derivatives [5].

EOs are of scientific and popular interest because (a) they may act synergistically with other
techniques of preservation, (b) they are generally recognized as safe, and (c) they show antioxidant,
antibacterial, antidiabetic, antimutagenic, non-toxigenic, and antimycotic properties which are
promising for their use as bioactive compounds in different foods [6].

The main components of common essential oils can be classified into two structural families
with respect to hydrocarbon skeleton: terpenoids, formed by the combination of two (monoterpene),
three (sesquiterpene) or four (diterpene) isoprene units, and phenylpropanoids. Both terpenoid
and phenylpropanoid families comprise phenolic compounds, sometimes identified as principal
components of several EOs.

Plants synthesize essential oils for a variety of purposes, including protection of the plant against
fungi and bacteria, allelopathic activity, defence against insects (terpenoids are known to repel animals
and insects) and attraction of pollinators and dispersal agents to favour the dispersion of seeds and
pollens (the aromas and scents of the plants are responsible for the attraction of insects by the essential
oils, characterized by volatility and a strong odour). Essential oils can protect plants against viruses,
bacteria, fungi, insects, and herbivores [7]. The major activities of essential oils are antimicrobial,
sedative, anti-inflammatory, bactericidal, antiviral, antifungal (fungicidal), and preservative for foods.

There is also a growing interest in plant EOs as natural alternatives to synthetic additives.
This review describes the biological activities of EOs from the Lamiaceae family, primarily the
antioxidant and antimicrobial activity of essential oils and the structure–activity relationships and
mechanisms of action of their active components. Finally, an overview will be provided of other
preventive and therapeutic properties of EOs, such as anti-angiogenic and anti-tumour properties.

2. Biological Activities

2.1. Antimicrobial Activity

The antibacterial activity of essential oils has been widely reported by Hammer et al. [8] and
Dorman and Deans [9]. These authors reported that phenolic compounds present in essential oils,
for example, carvacrol, eugenol, and thymol (from various plant origins), are active against many
microorganisms. They show different activities against Gram-negative and Gram-positive bacteria,
mainly due to the position of the hydroxyl group in the phenolic structure of the terpenes [8]. The main
mechanism of antibacterial activity is the denaturation of proteins. An increase in the antibacterial
activity of terpenoids depends on the type of alkyl substituent incorporated in a non-phenolic cycle.
The presence of a carbonyl function in the terpenoids’ chemical structure also increases the antibacterial
properties. Another aspect which influences the bioactivity of essential oils is their stereochemistry
and the introduction of a double bond which increases the activity against Gram-negative bacteria [9].

The mechanisms of antimicrobial action identified in the EOs are the inhibition of microorganisms’
growth (food safety) and the control of natural spoilage processes (food preservation) [10].

EOs are complex mixtures of bioactive compounds, phytochemicals such as monoterpenes,
sesquiterpenes, terpenoids, alcohols, aldehydes, ketones, phenolics, esters, and other complex aromatic
and aliphatic compounds. These phytochemicals possess antibacterial, antifungal, anti-parasitic, and
antiviral properties [11–13]. The different biological effects of EOs are due to the concentration and
proportion of their chemical constituents. For example, EOs with higher concentrations of terpenoids
exhibit higher antifungal activity compared with EOs rich in monoterpenes and sesquiterpenes [11].
EOs rich in thymol and carvacrol show higher membrane-damaging activities in bacteria than those
less rich in phenolics.
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In view of the published data on the antimicrobial efficacy of EOs, the following general ranking
(in order of decreasing antibacterial activity) can be made: oregano > clove > coriander > cinnamon >
thyme > mint > rosemary > mustard > cilantro/sage.

The antimicrobial properties of EOs are mediated via several mechanisms: (a) EOs disrupt the
permeability barrier in cells and induce various morphological and physiological changes (lipophilic
moieties of the EOs attack the cytoplasmic membrane, leading to changes in membrane stability,
hydrophobicity, fluidity, and fatty acid composition [14], and (b) EOs also disrupt proton pump
function, destabilizing cell membrane architecture, which causes an uncontrolled flux of H+ ions,
resulting in the inhibition of H+ ion-dependent movement of solutes across the membrane and the
disruption of the intracellular pH.

Regarding concentrations, several studies have shown that the antimicrobial activity of essential
oils in foods takes place at modest concentrations (200 µL/L), for example in Thymus algeriensis L.
EO and Rosmarinus officinalis L. EO [15]. Espina et al. [16] also reported that the combination of low
concentrations of individual constituents present in lemon essential oil (50–20 µL/L of carvacrol or
citral) inactivated foodborne pathogens in fruit juices.

However, the incorporation of single EOs as antimicrobial agents in certain foods (for example in
meat) may produce favourable conditions promoting the growth of undesirable microorganisms, due
to possible changes in the ecology of the microorganisms [17]. Therefore, individual constituents of
EOs may not be able to inactivate meat spoilage by microorganisms. In this situation, a combination of
different EOs may help by causing an additive antimicrobial effect. For example, Gutierrez et al. [18]
demonstrated that a combination of Origanum majorana and Thymus vulgaris EOs had an additive effect
on meat spoilage.

Essential oils exhibit two main characteristics: low risk of resistance by pathogenic microorganisms
and low toxicity for humans [19].

The development of natural products as preservatives of meat currently focusses largely on
essential oils. Regarding antimicrobial activity, the use of essential oils in meat products is a strategy
for the reduction of synthetic antioxidants. However, the effects of REO depend on the characteristics
of the food matrices and on its concentration [20].

Several benefits of using this EO as a food preservative have been identified: extended shelf life,
hypoallergenicity, the improvement of aroma and taste, and possible health benefits to consumers
due to its antioxidant and anticancer effects [21]. Although there is considerable literature exploring
the antioxidant and antimicrobial properties of EOs derived from numerous plants, for most EOs, the
in vitro results do not easily translate into actual use as meat preservatives. EOs are more effective
when they come into direct contact with organisms; however, direct contact affects the organoleptic
properties of the meat. Essentials oils tend to have an intense aroma even at low concentrations.

Another negative aspect is that different mould and yeast (Fusarium, Mucor, Candida and Torulopsis)
or bacteria species (Pseudomonas, Acinetobacter-Moraxella, Enterobacteriaceae) cause spoilage of meat.
Since EOs possess antibacterial, antifungal, anti-parasitic, and antiviral properties, their use may be part
of a good strategy to control meat spoilage. Despite this, they may also represent some disadvantages:
EOs may eliminate certain types of bacterial populations and produce favourable environments for the
promotion of virulence and the growth of undesirable microorganisms. Additionally, strong aromas
and flavours associated with EOs may cause negative organoleptic changes which will affect the
consumer acceptability of the meat. Finally, it also must be noted that some EO phytochemicals interact
with meat constituents and, in this way, reduce the efficacy of the EOs’ meat spoilage prevention.

2.2. Antifungal Activity

Fungal infection can be very dangerous for humans, producing mycotoxins and reducing or
destroying the nutritive value of foodstuffs, grains, and leaves during storage. Numerous EOs and
their constituents have been investigated for their antimicrobial properties against different fungi [4].
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Antifungal activity is estimated in terms of growth inhibition, and the order of activity is phenols >
cinnamic aldehydes > alcohols > aldehydes > ketones > ethers > hydrocarbons [20].

Specifically, the antifungal activity of phenolic components increases with the steric hindrance of
the molecule (p-n-propylphenol < thymol < isoeugenol < eugenol) [22]. Pelczar et al. [23] reported that
the addition of alkyl groups to the benzene ring of phenol increases the antifungal property, because a
certain degree of hydrophobicity of aromatic aldehydes and phenolic components seems necessary to
show an optimal antifungal effect.

2.3. Anti-Angiogenic and Anti-Tumoural Potential of Essential Oils

Angiogenesis is a normal and vital physiological process which, in a non-pathological situation,
involves the growth of new blood vessels from pre-existing ones. However, this process also
participates in the fundamental step of tumour transition from a dormant to a malignant state.
Therefore, angiogenesis inhibitors are used in the treatment of cancer.

Recently, certain EOs have been proposed as non-toxic anti-angiogenic agents. Bonstancioglu et al. [24]
reported the capacity of Origanum EOs to inhibit cancer cell viability and angiogenesis [24]. The EOs’
constituents carvacrol [25] and thymol [26] have been reported to have cytotoxic effects on cancer cell lines.
Liang and Lu [27] reported the pro-apoptotic activity of carvacrol, considered the main bioactive compound
for pro-apoptotic and anti-angiogenic effects [25–27].

Many studies have indicated that intake of foods with high levels of flavonoids may have the
potential to decrease the risk of certain cancers, such as pancreatic, breast, and colon cancers. The
treatment of cancer cells is performed with drugs which induce cell cycle arrest or apoptosis. EOs act
in chemoprevention and cancer suppression. EOs from different plants have been reported to have
anticancer potential against mouth, breast, lung, prostate, liver, colon, and brain cancers, and even
against leukaemia [25–27].

2.4. Antioxidant Activity

The use of EOs as natural antioxidants is a strategy of growing interest in the food industry,
because consumers do not consider synthetic antioxidants healthy. The reason for introducing synthetic
antioxidants into food is to prolong these products’ shelf life; therefore, as substitutes for these
compounds, EOs’ addition in active packaging or direct mixing is an alternative by which to extend
the shelf life of edible foods [28]. The EOs’ overall performance as antioxidants is, in fact, the result
of the complex interplay among the EO components and the oxidizable material to be protected.
An antagonistic and synergistic effect is also expected between individual components of EOs [29].

The capacity of EOs to act as antioxidants is due to the fact that phenols are chain-breaking
antioxidants. They donate an H-atom from the phenolic hydroxyl group to peroxyl radicals
(ROO which are responsible for the propagation of the oxidative radical chain). Therefore, they
can slow down the peroxidation of unsaturated lipids.

When considering the antioxidant activity of different EOs, it is important to mention that the
variety of the plants, the agronomic practices and the processing can affect the chemical profile and the
effective inhibitory concentrations of EOs; Delaquis et al. [30] reported that antioxidant, antimicrobial,
and sensory properties differed between EOs of different origins. A higher antioxidant capacity is
shown when the EOs contain a fair number of components, such as γ-terpinene (cyclohexadiene),
and fair amounts of phenolics [31]. EOs with a higher proportion of phenolic sesquiterpenes and/or
monoterpenes have been recognized for their antioxidative capacity [32].

The antioxidant property of essential oils and their components has often been verified in vitro
by physical–chemical determination. In this respect, Kulisic et al. [33] studied the oxidation of lard in
the presence/absence of some EOs (Origanum and Thymus) or their components. These EOs showed
a strong phenolic profile characterized by the presence of the phenolic monoterpenes thymol and
carvacrol. The antioxidant capacity of the essential oils was lower in comparison to α-tocopherol,
synthetic antioxidants (BHA and BHT), and ascorbic acid. Different cases of synergism between
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EO components were reported, for example oregano EO (containing 67% thymol + carvacrol and
~14% terpinene). In contrast, for Thymus EOs (80% thymol + carvacrol and ~5.5% γ-terpinene),
an intermediate behaviour was reported. Regarding the application of essential oils in food systems,
different studies have reported that EOs prevented unwanted oxidation and controlled oxidative
spoilage in bakery products [34], fish [35], or lamb meat [36], pigs [37], bulls [38], and chicken [39,40].

3. Essential Oil of the Lamiaceae Family

3.1. Essential Oil Extracted from Rosemary (REO)

The demand for essential oils from medicinal plants has increased in recent years, especially in
the case of oil from rosemary, which is used as a natural food preservative (listed by the European
Food Safety Authority and the US Food and Drug Administration).

The genus Rosmarinus includes popular herbs of the Lamiaceae family with potent antioxidant
activity. It has aromatic and medicinal species (for example Rosmarinus officinalis L.) with antimicrobial
and antioxidant activities [41–43].

Rosemary is a plant which can be used in different ways as an aromatic medicinal and as a
culinary plant. Accordingly, it is grown all over the world, particularly in Spain, France, England,
Russia and Portugal. This genus is extremely rich in essential oil, although there are large intraspecies
differences in terms of the yield and quality of the essential oil produced.

Rosemary is the only herb commercially available for use as an antioxidant in Europe and
the United States [21]. Its extract contains antioxidant compounds, the most active being phenolic
diterpenes, such as carnosic acid, carnosol, rosmanol, epirosmanol, isorosmanol, methylcarnosate, and
rosmarinic acid. The biological activities of Rosmarinus officinalis essential oil (REO) have been reported
in numerous studies, mainly focussing on its antioxidant [44], antibacterial [45], and antifungal
properties [46]. This plant has a high availability and low cost.

The antimicrobial effect of REO has been reported in several studies testing its antibacterial
activity. Gomez-Estaca et al. [47] reported that rosemary essential oil totally inhibited the growth
of Salmonella choleraesuis, Shigella sonnei, Yersinia enterocolitica, Staphylococcus aureus, Bacillus cereus,
Clostridium perfringens, Aeromonas hydrophila, and Photobacterium phosphoreum. These bacteria are
common food pathogens and bacteria contributing to food spoilage. In addition, Burt [34] also reported
a good inhibitory in vitro effect of REO against Staphylococcus aureus, Bacillus cereus and Escherichia coli.
In general, Gram-negative bacteria are less sensitive to essential oils (due to the hydrophilic cell wall
structures which block the penetration of hydrophobic components through the cell membrane) than
are Gram-positive bacteria [48].

One example of incorporation of rosemary into meat was reported in 2013 by Sirocchi et al. [49].
These authors incorporated Rosmarinus officinalis EO at 4 (w/w) in active packaging of meat. This EO
inhibited the increase of putrefaction products, such as cadaverine and the development of bacteria,
such as Enterobacteriaceae and Brochothrix thermosphacta.

Along similar lines, Estévez and Cava [50] showed that the effect of REO on the oxidative stability
of frankfurters depended partly on the level of essential oil used and partly on the origin of the meat
used to make frankfurters (made either from Iberian or non-Iberian pork). An antioxidant effect was
observed when 150 ppm of REO were added to the frankfurters made with non-Iberian pork, and no
effect was observed on lipid oxidation with doses of 300 and 600 ppm. In contrast, rosemary essential
oil inhibited the development of lipid and protein oxidation in a concentration-dependent manner in
frankfurters made with Iberian pork.

The acceptance among consumers of the use of essential oils is growing, and more than 150
essential oils are listed as GRAS (generally recognized as safe) by the US Food and Drug Administration.
However, the protective effects of natural antioxidants, such as essential oils, against protein oxidation
have been little investigated, as recognized by Nieto et al. [39], who studied the mechanisms behind
the protection of protein against oxidation by natural antioxidants in meat patties. For this study,
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two levels (0.05% and 0.4%) of rosemary essential oil were added to pork patties, and their effects
on the protein oxidation occurring in the patties during storage were studied. The oxidative stability
of the meat proteins was evaluated by the loss of thiols and the formation of myosin cross-links.
These authors reported that essential oils of rosemary retarded protein oxidation.

3.2. Essential Oil Extracted from Oregano (OEO)

Origanum vulgare is one of the most economically important species of the genus Origanum, found
mainly on the Mediterranean coast.

The main compounds identified in the different essential oil of Origanum (OEO) are carvacrol
and thymol, which are responsible for the characteristic odour and the antimicrobial and antioxidant
activity. These compounds can donate hydrogen atoms to free radicals and convert them to more stable
non-radical products. The oil’s effects are the result of various possible mechanisms of action involving
transition-metal chelating activity, singlet-oxygen-quenching capacity, and free-radical scavenging
activity [51].

Carvacrol and thymol provoke alterations in the fungi hyphal morphology and aggregates,
resulting in lyses [52]. Different components of essential oil (such as terpenoids) could also interfere
with the phospholipid bilayer membranes of bacteria, causing antimicrobial effects [53].

The properties of the OEO mentioned above make them natural additives for potential use in the
food industry.

The addition of OEO into the animal diet or their addition as ingredients in meat products are
both excellent strategies to improve the dietary value of and obtain a better oxidative stability and
longer shelf life for food. In fact, the addition of OEO to animal food was reported to provide better
lipid stability and to extend the shelf life of turkey, eggs, beef, and fat [54,55].

Nieto et al. [28] studied the effect of two concentrations (0.05% and 0.4%) of OEO on protein
oxidation in pork patties during storage. The results of this study reported that these amounts of OEOs
were able to protect the patties against thiol loss in chilled raw pork throughout the nine-day storage.

3.3. Essential Oil Extracted from Thyme (TEO)

Thymus (thyme) belongs to the Lamiaceae family, which comprises about 110 species. It has been
used for its medicinal effects (digestive, anti-inflammatory, etc.) and is one of the most valuable food
preservatives in the food industry [56].

TEO contains more than 60 components, most of which possess important beneficial effects;
for example, antiseptic, carminative, antioxidant, and antimicrobial properties. The most important
compounds of TEO are the phenols thymol (68.1%) and carvacrol (3.5%), which constitute the major and
most active constituents, as well as the monoterpene hydrocarbons p-cymene (11.2%) and γ-terpinene
(4.8%), which are known to have antioxidant properties and antimicrobial activity. The antibacterial
properties of these compounds are, in part, associated with their lipophilic character, leading to
their accumulation in membranes and to subsequent membrane-associated events, such as energy
depletion [57]. (Poly)phenolic compounds are characterized by having redox properties, which allow
them to act as reducing agents, hydrogen donors, singlet oxygen quenchers, and metal chelators.
Several researchers have carried out assessments of antioxidant activity based on the DPPH assay in
different Thymus species. These studies showed that the chemical structure of the phenolic compounds
of TEOs allows them to donate hydrogen to free radicals and explains their antioxidant activity [58].
In addition, when human intestinal Caco-2 cells were exposed to micelles resulting from beef patties
treated with 10% herbal Thymus extracts and partial digestion, the cellular reduced glutathione content
significantly increased and prevented H2O2-induced depletion in those cells [59].

4. Conclusions

Essential oils have great potential as food preservatives, due to their antioxidant and antimicrobial
properties. Taking into account these properties, some essential oils may be considered for applications
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to different food systems such as meat, dairy, oils, and dressing. Many previous studies focussed
on technological rather than nutritional aspects, and most studies on the biological activities of EOs
were carried out in vitro, but not in vivo. Therefore, more studies in human systems are necessary to
understand the effects of EOs on human health and their potential contribution to the nutrient and
safety characteristics of food systems. It is critical to understand the effect of EOs and to optimize
their combinations for use in food preservation to better exploit their possible synergistic effects in
preventing both lipid oxidation and spoilage by pathogenic organisms. These considerations warrant
the search for new medicinal plant species with high phenolic compound contents for beneficial
applications in the food industry.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

REO Rosemary essential oil
OEO Oregano essential oil
TEO Thyme essential oil

References

1. Nieto, G.; Díaz, P.; Bañón, S.; Garrido, M.D. Dietary administration of ewes diets with a distillate from
rosemary leaves (Rosmarinus officinalis L.): Influence on lamb meat quality. Meat Sci. 2010, 84, 23–29.
[CrossRef] [PubMed]

2. Doyle, M.P.; Erickson, M.C. Summer meeting 2007—The problems with fresh produce: Anoverview. J. Appl.
Microbiol. 2008, 105, 317–330. [CrossRef] [PubMed]

3. Lax, V. Estudio de la Variabilidad química: Propiedades Antioxidantes y Biocidas de Poblaciones
Espontáneas de Rosmarinus officinalis L. en la Región de Murcia. Ph.D. Thesis, University of Murcia, Murcia,
Spain, 2014.

4. Bakkali, F.; Averbeck, S.; Averbeck, D.; Idaomar, M. Biological effects of essential oils—A review. Food Chem.
Toxicol. 2008, 46, 446–475. [CrossRef] [PubMed]

5. Nakatsu, T.; Lupo, A.T.; Chinn, J.W.; Kang, R.K.L. Biological activity of essential oils and their constituents.
Stud. Nat. Prod. Chem. 2000, 21, 571–631.

6. Saad, N.Y.; Muller, C.D.; Lobstein, A. Major bioactivities and mechanism of action of essential oils and their
components. Flavour Fragr. J. 2013, 28, 269–279. [CrossRef]

7. Raybaudi-Massilia, R.M.; Mosqueda-Melgar, J.; Soliva-Fortuny, R.; Martín-Belloso, O. Control of pathogenic
and spoilage microorganisms in fresh-cut fruits and fruit juices by traditional and alternative natural
antimicrobials. Compr. Rev. Food Sci. Food Saf. 2009, 8, 157–180. [CrossRef]

8. Hammer, K.A.; Carson, C.F.; Riley, T.V. Antimicrobial activity of essential oils and other plant extracts. J. Appl.
Microbiol. 1999, 86, 985–990. [CrossRef] [PubMed]

9. Dorman, H.J.; Deans, S.G. Antimicrobial agents from plants: Antibacterial activity of plant volatile oils.
J. Appl. Microbiol. 2000, 88, 308–316. [CrossRef] [PubMed]

10. Tajkarimi, M.M.; Ibrahim, S.A.; Cliver, D.O. Antimicrobial herb and spice compounds in food. Food Control
2010, 21, 1199–1218. [CrossRef]

11. Ksouri, S.; Djebir, S.; Bentorki, A.A.; Gouri, A.; Hadef, Y.; Benakhla, A. Antifungal activity of essential oils
extract from Origanum floribundum Munby, Rosmarinus officinalis L. and Thymus ciliatus Desf. against Candida
albicans isolated from bovine clinical mastitis. J. Mycol. Med. 2017, 27, 245–249. [CrossRef] [PubMed]

12. Marchese, A.; Orhan, I.E.; Daglia, M.; Barbieri, R.; Di Lorenzo, A.; Nabavi, S.F.; Gortzi, O.; Izadi, M.;
Nabavi, S.M. Antibacterial and antifungal activities of thymol: A brief review of the literature. Food Chem.
2016, 210, 402–414. [CrossRef] [PubMed]

13. Carezzano, M.E.; Sotelo, J.P.; Primo, E.; Reinoso, E.B.; Paletti Rovey, M.F.; Demo, M.S.; Giordano, W.F.;
Oliva, M.L.M. Inhibitory effect of Thymus vulgaris and Origanum vulgare essential oils on virulence factors of
phytopathogenic Pseudomonas syringae strains. Plant Biol. 2017, 19, 599–607. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.meatsci.2009.08.001
http://www.ncbi.nlm.nih.gov/pubmed/20374750
http://dx.doi.org/10.1111/j.1365-2672.2008.03746.x
http://www.ncbi.nlm.nih.gov/pubmed/18284485
http://dx.doi.org/10.1016/j.fct.2007.09.106
http://www.ncbi.nlm.nih.gov/pubmed/17996351
http://dx.doi.org/10.1002/ffj.3165
http://dx.doi.org/10.1111/j.1541-4337.2009.00076.x
http://dx.doi.org/10.1046/j.1365-2672.1999.00780.x
http://www.ncbi.nlm.nih.gov/pubmed/10438227
http://dx.doi.org/10.1046/j.1365-2672.2000.00969.x
http://www.ncbi.nlm.nih.gov/pubmed/10736000
http://dx.doi.org/10.1016/j.foodcont.2010.02.003
http://dx.doi.org/10.1016/j.mycmed.2017.03.004
http://www.ncbi.nlm.nih.gov/pubmed/28454927
http://dx.doi.org/10.1016/j.foodchem.2016.04.111
http://www.ncbi.nlm.nih.gov/pubmed/27211664
http://dx.doi.org/10.1111/plb.12572
http://www.ncbi.nlm.nih.gov/pubmed/28403565


Medicines 2017, 4, 63 8 of 10

14. Kordali, S.; Kotan, R.; Mavi, A.; Cakir, A.; Ala, A.; Yildirim, A. Determination of the chemical composition
and antioxidant activity of the essential oil of Artemisia dracunculus and of the antifungal and antibacterial
activities of Turkish Artemisia absinthium, A. dracunculus, Artemisia santonicum, and Artemisia spicigera essential
oils. J. Agric. Food Chem. 2005, 53, 9452–9458. [PubMed]

15. Sikkema, J.; De Bont, J.A.; Poolman, B. Mechanisms of membrane toxicity of hydrocarbons. Microbiol. Rev.
1995, 59, 201–215. [PubMed]

16. Espina, L.; Somolinos, M.; Ait-Ouazzou, A.; Condón, S.; García-Gonzalo, D.; Pagán, R. In-activation of
Escherichia coli O157:H7 in fruit juices by combined treatments of citrus fruitessential oils and heat. Int. J.
Food Microbiol. 2012, 159, 9–16. [CrossRef] [PubMed]

17. Davidson, P.M.; Branen, A.L. Food antimicrobials—An introduction. In Antimicrobial in Food; Davidson, P.M.,
Sofos, J.N., Branen, A.L., Eds.; CRC Press, Taylor and Francis Group: Boca Ratón, Fl, Estados Unidos, 2005;
pp. 1–9.

18. Gutierrez, J.; Barry-Ryan, C.; Bourke, P. Antimicrobial activity of plant essential oils using food model media:
Efficacy, synergistic potential and interaction with food components. Food Microbiol. 2009, 26, 142–150.
[CrossRef] [PubMed]

19. Daferera, D.J.; Ziogas, B.N.; Polissiou, M.G. 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. [CrossRef]
[PubMed]

20. Kalemba, D.; Kunicka, A. Antibacterial and antifungal properties of essential oils. Curr. Med. Chem. 2003, 10,
813–829. [CrossRef] [PubMed]

21. Hernández, M.D.; Sotomayor, J.A.; Hernández, Á.; Jordán, M.J. Rosemary (Rosmarinus officinalis L.) Oils
essential oils in Food Preservation. In Essential oils in food preservation, flavor and safety; Preedy, V.R., Ed.;
Elsevier: London, UK, 2016; pp. 677–688.

22. Ochoa, L.R.H. Substitution de Solvants et Matières Actives de Synthèse par un Combine « Solvant/Actif »
d’Origine Végétale. Ph.D. Thesis, Ecole Doctorale: Sciences de procédes, Institut National Polytechnique de
Toulouse, Toulouse, France, 2005; p. 20.

23. Pelczar, M.J.; Chan, E.C.S.; Krieg, N.R. Microbiology: Concepts and Applications; McGraw-Hill: New York, NY,
USA, 1993; pp. 221–241.

24. Bostancioglu, R.B.; Kurkcuoglu, M.; Baser, K.H.; Koparal, A.T. Assessment of anti-angiogenic and
anti-tumoral potentials of Origanum onites L. essential oil. Food Chem. Toxicol. 2012, 50, 2002–2008. [CrossRef]
[PubMed]

25. Jayakumar, S.; Madankumar, A.; Asokkumar, S.; Raghunandhakumar, S.; Gokula dhas, K.; Kamaraj, S.;
Divya, M.G.; Devaki, T. Potential preventive effect of carvacrol against diethylnitrosamine-induced
hepatocellular carcinoma in rats. Mol. Cell. Biochem. 2012, 360, 51–60. [CrossRef] [PubMed]

26. Jaafari, A.; Tilaoui, M.; Mouse, H.A.; M’bark, L.A.; Aboufatima, R.; Chait, A.; Lepoivre, M.; Zyad, A.
Comparative study of the antitumor effect of natural monoterpenes: Relationship to cell cycle analysis.
Braz. J. Pharm. Sci. 2012, 22, 534–540. [CrossRef]

27. Liang, W.Z.; Lu, C.H. Carvacrol-induced [Ca2+] rise and apoptosis in human glioblastoma cells. Life Sci.
2012, 90, 703–711. [CrossRef] [PubMed]

28. Nieto, G.; Jongberg, S.; Andersen, M.L.; Skibsted, L.H. Thiol oxidation and protein cross-link formation
during chill storage of pork patties added essential oil of oregano, rosemary, or garlic. Meat Sci. 2013, 95,
177–184. [CrossRef] [PubMed]

29. Andrés, M.F.; Rossa, G.E.; Cassel, E.; Vargas, R.M.F.; Santana, O.; Díaz, A.C.E.; González-Coloma, A. Biocidal
effects of Piper hispidinervum (Piperaceae) essential oil and synergism among its main components. Food
Chem. Toxicol. 2017. In press. [CrossRef]

30. Delaquis, P.J.; Stanich, K.; Girard, B.; Mazza, G. Antimicrobial activity of individual and mixed fractions of
dill, cilantro, coriander and eucalyptus essential oils. Int. J. Food Microbiol. 2002, 74, 101–109. [CrossRef]

31. Amorati, R.; Foti, M.C.; Valgimigli, L. Antioxidant Activity of Essential Oils. J. Agric. Food Chem. 2013, 61,
10835–10847. [CrossRef] [PubMed]

32. Mancini, E.; Senatore, F.; Del Monte, D.; De Martino, L.; Grulova, D.; Scognamiglio, M.; De Feo, V. Studies
on chemical composition, antimicrobial and antioxidant activities of five Thymus vulgaris L. essential oils.
Molecules 2015, 20, 12016–12028. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/16302761
http://www.ncbi.nlm.nih.gov/pubmed/7603409
http://dx.doi.org/10.1016/j.ijfoodmicro.2012.07.020
http://www.ncbi.nlm.nih.gov/pubmed/22906601
http://dx.doi.org/10.1016/j.fm.2008.10.008
http://www.ncbi.nlm.nih.gov/pubmed/19171255
http://dx.doi.org/10.1021/jf990835x
http://www.ncbi.nlm.nih.gov/pubmed/10888587
http://dx.doi.org/10.2174/0929867033457719
http://www.ncbi.nlm.nih.gov/pubmed/12678685
http://dx.doi.org/10.1016/j.fct.2012.03.074
http://www.ncbi.nlm.nih.gov/pubmed/22504090
http://dx.doi.org/10.1007/s11010-011-1043-7
http://www.ncbi.nlm.nih.gov/pubmed/21879312
http://dx.doi.org/10.1590/S0102-695X2012005000021
http://dx.doi.org/10.1016/j.lfs.2012.03.027
http://www.ncbi.nlm.nih.gov/pubmed/22480511
http://dx.doi.org/10.1016/j.meatsci.2013.05.016
http://www.ncbi.nlm.nih.gov/pubmed/23743026
http://dx.doi.org/10.1016/j.fct.2017.04.017
http://dx.doi.org/10.1016/S0168-1605(01)00734-6
http://dx.doi.org/10.1021/jf403496k
http://www.ncbi.nlm.nih.gov/pubmed/24156356
http://dx.doi.org/10.3390/molecules200712016
http://www.ncbi.nlm.nih.gov/pubmed/26140436


Medicines 2017, 4, 63 9 of 10

33. Kulisic, T.; Radonic, A.; Milos, M. Inhibition of lard oxidation by fractions of different essential oils. Grasas
Aceites 2005, 56, 284–291. [CrossRef]

34. Gonçalves, N.D.; Pena, F.L.; Sartoratto, A.; Derlamelina, C.; Duarte, M.C.T.; Antunes, A.E.C.; Prata, A.S.
Encapsulated thyme (Thymus vulgaris) essential oil used as a natural preservative in bakery product. Food
Res. Int. 2017, 96, 154–160. [CrossRef] [PubMed]

35. Kykkidou, S.; Giatrakou, V.; Papavergou, A.; Kontominas, M.G.; Savvaidis, I.N. Effect of thyme essential oil
and packaging treatments on fresh Mediterranean swordfish fillets during storage at 4 degrees C. Food Chem.
2009, 115, 169–175. [CrossRef]

36. Karabagias, I.; Badeka, A.; Kontominas, M.G. Shelf life extension of lamb meat using thyme or oregano
essential oils and modified atmosphere packaging. Meat Sci. 2011, 88, 109–116. [CrossRef] [PubMed]

37. Forte, C.; Ranucci, D.; Beghelli, D.; Branciari, R.; Acuti, G.; Todini, L.; Cavallucci, C.; Trabalza-Marinucci, M.
Dietary integration with oregano (Origanum vulgare L.) essential oil improves growth rate and oxidative
status in outdoor-reared, but not indoor-reared, pigs. J. Anim. Physiol. Anim. Nutr. 2017. [CrossRef]
[PubMed]

38. Rivaroli, D.C.; Guerrero, A.; Velandia Valero, M.; Zawadzki, F.; Eiras, C.E.; Campo, M.; Sañudo, C.;
Mendes, J.A.; Nunes do Prado, I. Effect of essential oils on meat and fat qualities of crossbred young
bulls finished in feedlots. Meat Sci. 2016, 121, 278–284. [CrossRef] [PubMed]

39. Al-Hijazeen, M.; Lee, E.J.; Mendonca, A.; Ahn, D.U. Effect of Oregano Essential Oil (Origanum vulgare subsp.
hirtum) on the Storage Stability and Quality Parameters of Ground Chicken Breast Meat. Antioxidants 2016,
5, 18. [CrossRef] [PubMed]

40. Sharma, H.; Mendiratta, S.K.; Agarwal, R.K.; Kumar, S.; Soni, A. Evaluation of anti-oxidant and anti-microbial
activity of various essential oils in fresh chicken sausages. J. Food Sci. Technol. 2017, 54, 279–292. [CrossRef]
[PubMed]

41. Satyal, P.; Jones, T.H.; Lopez, E.M.; McFeeters, R.L.; Ali, N.A.; Mansi, I.; Al-Kaf, A.G.; Setzer, W.N. Chemotypic
Characterization and Biological Activity of Rosmarinus officinalis. Foods 2017, 6, 20. [CrossRef] [PubMed]

42. Sirocchi, V.; Devlieghere, F.; Peelman, N.; Sagratini, G.; Maggi, F.; Vittori, S.; Ragaert, P. Effect of Rosmarinus
officinalis L. essential oil combined with different packaging conditions to extend the shelf life of refrigerated
beef meat. Food Chem. 2017, 221, 1069–1076. [CrossRef] [PubMed]

43. Honório, V.G.; Bezerra, J.; Souza, G.T.; Carvalho, R.J.; Gomes-Neto, N.J.; Figueiredo, R.C.; Melo, J.V.;
Souza, E.L.; Magnani, M. Inhibition of Staphylococcus aureus cocktail using the synergies of oregano and
rosemary essential oils or carvacrol and 1,8-cineole. Front. Microbiol. 2015, 6, 1223. [CrossRef] [PubMed]

44. Menghini, L.; Genovese, S.; Epifano, F.; Tirillini, B.; Ferrante, C.; Leporini, L. Antiproliferative, protective
and antioxidant effects of artichoke, dandelion, turmeric and rosemary extracts and their formulation. Int. J.
Immunopathol. Pharmacol. 2010, 23, 601–610. [CrossRef] [PubMed]

45. Al-Mariri, A.; Safi, M. The antibacterial activity of selected labiatae (Lamiaceae) essential oils against
Brucella melitensis. Iran. J. Med. Sci. 2013, 38, 44–50. [PubMed]

46. Carvalhinho, S.; Costa, A.M.; Coelho, A.C.; Martins, E.; Sampaio, A. Susceptibilities of Candida albicans mouth
isolates to antifungal agents, essentials oils and mouth rinses. Mycopathologia 2012, 174, 69–76. [CrossRef]
[PubMed]

47. Gómez-Estaca, J.; López de Lacey, A.; López-Caballero, M.E.; Gómez-Guillén, M.C.; Montero, P.
Biodegradable gelatin–chitosan films incorporated with essential oils as antimicrobial agents for fish
preservation. Food Microbiol. 2010, 27, 889–896. [CrossRef] [PubMed]

48. Burt, S. Essential oils: Their antibacterial properties and potential applications in foods—A review. Int. J.
Food Microbiol. 2004, 94, 223–253. [CrossRef] [PubMed]

49. Sirocchi, V.; Caprioli, G.; Cecchini, C.; Coman, M.M.; Cresci, A.; Maggi, F.; Papa, F.; Ricciutelli, M.; Vittori, S.;
Sagratini, G. Biogenic amines as freshness index of meat wrapped in a new active packaging system
formulated with essential oils of Rosmarinus officinalis. Int. J. Food Sci. Nutr. 2013, 64, 921–928. [CrossRef]
[PubMed]

50. Estévez, M.; Cava, R. Effectiveness of rosemary essential oil as an inhibitor of lipid and protein oxidation:
Contradictory effects in different types of frankfurters. Meat Sci. 2006, 72, 348–355. [CrossRef] [PubMed]

51. Shan, B.; Cai, Y.Z.; Sun, M.; Corke, H. Antioxidant capacity of 26 spice extracts and characterization of their
phenolic constituents. J. Agric. Food Chem. 2005, 53, 7749–7759. [CrossRef] [PubMed]

http://dx.doi.org/10.3989/gya.2005.v56.i4.94
http://dx.doi.org/10.1016/j.foodres.2017.03.006
http://www.ncbi.nlm.nih.gov/pubmed/28528094
http://dx.doi.org/10.1016/j.foodchem.2008.11.083
http://dx.doi.org/10.1016/j.meatsci.2010.12.010
http://www.ncbi.nlm.nih.gov/pubmed/21211912
http://dx.doi.org/10.1111/jpn.12612
http://www.ncbi.nlm.nih.gov/pubmed/28067421
http://dx.doi.org/10.1016/j.meatsci.2016.06.017
http://www.ncbi.nlm.nih.gov/pubmed/27388818
http://dx.doi.org/10.3390/antiox5020018
http://www.ncbi.nlm.nih.gov/pubmed/27338486
http://dx.doi.org/10.1007/s13197-016-2461-z
http://www.ncbi.nlm.nih.gov/pubmed/28242927
http://dx.doi.org/10.3390/foods6030020
http://www.ncbi.nlm.nih.gov/pubmed/28273883
http://dx.doi.org/10.1016/j.foodchem.2016.11.054
http://www.ncbi.nlm.nih.gov/pubmed/27979060
http://dx.doi.org/10.3389/fmicb.2015.01223
http://www.ncbi.nlm.nih.gov/pubmed/26579115
http://dx.doi.org/10.1177/039463201002300222
http://www.ncbi.nlm.nih.gov/pubmed/20646355
http://www.ncbi.nlm.nih.gov/pubmed/23645957
http://dx.doi.org/10.1007/s11046-012-9520-4
http://www.ncbi.nlm.nih.gov/pubmed/22246961
http://dx.doi.org/10.1016/j.fm.2010.05.012
http://www.ncbi.nlm.nih.gov/pubmed/20688230
http://dx.doi.org/10.1016/j.ijfoodmicro.2004.03.022
http://www.ncbi.nlm.nih.gov/pubmed/15246235
http://dx.doi.org/10.3109/09637486.2013.809706
http://www.ncbi.nlm.nih.gov/pubmed/23815565
http://dx.doi.org/10.1016/j.meatsci.2005.08.005
http://www.ncbi.nlm.nih.gov/pubmed/22061564
http://dx.doi.org/10.1021/jf051513y
http://www.ncbi.nlm.nih.gov/pubmed/16190627


Medicines 2017, 4, 63 10 of 10

52. Numpaque, M.A.; Oviedo, L.A.; Gil, J.H.; Garcia, C.M.; Durango, D.L. Thymol and carvacrol:
Biotransformation and antifungal activity against the plant pathogenic fungi Colletotrichum acutatum and
Botryodiplodia theobromae. Trop. Plant Pathol. 2011, 36, 3–13. [CrossRef]

53. Sakkas, H.; Papadopoulou, C. Antimicrobial Activity of Basil, Oregano, and Thyme Essential Oils. J. Microbiol.
Biotechnol. 2017, 27, 429–438. [CrossRef] [PubMed]

54. Botsoglou, N.A.; Govaris, A.; Botsoglou, E.N.; Grigoropoulou, S.H.; Papageorgiou, G. Antioxidant activity
of dietary oregano essential oil and alpha-tocopheryl acetate supplementation in long-term frozen stored
turkey meat. J. Agric. Food Chem. 2003, 51, 2930–2936. [CrossRef] [PubMed]

55. Franz, C.; Baser, K.H.C.; Windisch, W. Essential oils and aromatic plants in animal feeding—A european
perspective. A review. Flavour Fragr. J. 2010, 25, 327–340. [CrossRef]

56. Costa, P.; Medronho, B.; Gonçalves, S.; Romano, A. Cyclodextrins enhance the antioxidant activity of essential
oils from three Lamiaceae species. Ind. Crops Prod. 2015, 70, 341–346. [CrossRef]

57. Nychas, G.J.E. Natural Antimicrobials from Plants; Gould, G.W., Ed.; New Methods of Food Preservation;
Blackie Academic Professional: London, UK, 1995; pp. 58–59.

58. Gonçalves, S.; Moreira, E.; Grosso, C.; Andrade, P.B.; Valentão, P.; Romano, A. Phenolic profile, antioxidant
activity and enzyme inhibitory activities of extracts from aromatic plants used in Mediterranean diet. J. Food
Sci. Technol. 2017, 54, 219–227. [CrossRef] [PubMed]

59. Ryan, E.; Aherne, S.A.; O’Grady, M.N.; McGovern, L.; Kerry, J.P.; O’Brien, N.M. Bioactivity of herb-enriched
beef patties. J. Med. Food 2009, 12, 893–901. [CrossRef] [PubMed]

© 2017 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1590/S1982-56762011000100001
http://dx.doi.org/10.4014/jmb.1608.08024
http://www.ncbi.nlm.nih.gov/pubmed/27994215
http://dx.doi.org/10.1021/jf021034o
http://www.ncbi.nlm.nih.gov/pubmed/12720373
http://dx.doi.org/10.1002/ffj.1967
http://dx.doi.org/10.1016/j.indcrop.2015.03.065
http://dx.doi.org/10.1007/s13197-016-2453-z
http://www.ncbi.nlm.nih.gov/pubmed/28242919
http://dx.doi.org/10.1089/jmf.2008.0069
http://www.ncbi.nlm.nih.gov/pubmed/19735192
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Biological Activities 
	Antimicrobial Activity 
	Antifungal Activity 
	Anti-Angiogenic and Anti-Tumoural Potential of Essential Oils 
	Antioxidant Activity 

	Essential Oil of the Lamiaceae Family 
	Essential Oil Extracted from Rosemary (REO) 
	Essential Oil Extracted from Oregano (OEO) 
	Essential Oil Extracted from Thyme (TEO) 

	Conclusions 

