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Modern society is becoming more and more reluctant to use antibiotic or chemical compounds in food production

and is demanding foods without what they perceive as artificial and harmful chemicals, including many used as

antimicrobials and preservatives in food. Another big problem is the improper use of antibiotics, especially broad-

spectrum ones, which has significantly contributed to increased antibiotic resistance in many microorganisms. As a

consequence, the whole scientific world has recently concentrated numerous studies on the research of natural

remedies capable of counteracting multidrug-resistant strains and fighting infections: the use of aromatic plants and

their essential oils (EOs) as potential alternatives to conventional antimicrobials to extend shelf life and combat

foodborne pathogens has heightened.

sage  lavender  essential oils  antimicrobials

1. Introduction

Essential oils (EOs) can be defined as volatile secondary metabolites produced by plants possessing significant

antiseptic, antibacterial, antiviral, antioxidant, anti-parasitic, antifungal and insecticidal activities . Nowadays,

about 17,500 species (belonging to Lamiaceae, Rutaceae, Myrtaceae, Zingiberaceae, and Asteraceae) have been

recognized as producers of EOs, with more than 9000 plants known for their biological properties and about 1500

species used for their aroma and flavor . More than 250 types of EOs, at a value of 8.8 billion USD estimated in

2022, are traded annually on the international market, and a prevision indicates that this value will grow up to 15.3

billion USD by the year 2027 .

At present, most of EOs-based products are exploited for their cosmetic, perfuming and aromatherapy properties

, but EOs could be also a powerful tool to control food spoilage and pathogenic bacteria. In fact, inhibiting the

growth of microorganisms through natural preservatives is becoming a great issue because modern society is

becoming more and more reluctant to use antibiotic or chemical compounds in food production . Another big

problem is the improper use of antibiotics, especially broad-spectrum ones, which has significantly contributed to

the increased antibiotic resistance in many microorganisms . As a consequence, the whole scientific world has

recently concentrated numerous studies about the research of natural remedies capable of counteracting the

multidrug-resistant (MDR) strains and fighting infections; the use of aromatic plants and their metabolites to contain

this phenomenon has also been promoted by the World Health Organization (WHO) .

[1]

[2]

[3]

[4]

[5]

[6][7]

[8]



Sage and Lavender Essential Oils | Encyclopedia.pub

https://encyclopedia.pub/entry/48641 2/16

EOs are volatile, liquid, limpid, lipid-soluble, rarely colored and soluble in organic solvents. They are complex

mixtures comprising about 20–60 components at different concentrations; in general, they are characterized by two

or three major components, mainly terpenes, terpenoids, phenolic compounds and phenylpropanoids (at a level of

20–70%), and other compounds, such as fatty acids, oxides and sulfur derivatives, present in traces . The

capability of the main components to form complexes with enzymes by inhibiting them, to have toxic effects on

microbial membrane structure and integrity and/or to quench free radicals, makes EOs able to exert biological and

antimicrobial properties .

Among aromatic plants, the genus Salvia includes about 900 species, thus representing the largest genus of the

Labiatae/Lamiaceae family . It is diffuse both in the Old and New Worlds: over 500 species in Central and South

America, more than 250 species in Central Asia and the Mediterranean areas and almost 90 species in East Asia

. In Italy, it is found spontaneously only in the Mediterranean area, from Central to Southern Italy, especially in

marginal arid and stony areas. In Northern Italy, it is rarely found in the wild state, but it is cultivated in greenhouses

for culinary use. Due to its aromatic properties, the aerial parts of the shrub find predominantly application in

cookery, but an important use of this plant concerns traditional medicine thanks to its therapeutic properties in the

treatment of numerous disorders and diseases  and its well-known antimicrobial activity . In fact, many Salvia

species are cultivated exclusively for their secondary metabolites that are employed in the production of essential

oils, pharmaceuticals, colorants, dyes, cosmetics and biocides. The analysis of literature data evidenced that

Salvia plants have a wide range of pharmacological activities, including anti-cancer, anti-inflammatory,

antinociceptive, antioxidant, antimicrobial, hypoglycemic, hypolipidemic and memory-enhancing effects . It is

commonly used to treat mild dyspeptic complaints such as heartburn and bloating, excessive sweating,

inflammations (mouth, throat and skin), gastrointestinal problems, colds, coughs and toothache but can also be

used against rheumatism and sexual debility in neurological treatments .

Lavandula spp. is one of the most cultivated plants in the world on account of its EO properties; several studies

have shown both antimicrobial and biological activities . This genus comprises 39 species with about 400

registered cultivars but also several hybrids ; among these, three species (Lavandula angustifolia Mill.,

Lavandula x intermedia Emeric ex Loisel and Lavandula latifolia Medicus) are cultivated just for the production of

EOs and their commercial importance (estimated at 50 million dollars) in the pharmaceutical, food and cosmetic

industries . Its EOs are widely used in the perfume manufacturing (e.g., soaps, colognes, fragrances, lotions and

other cosmetics) but also in the food industry as natural flavoring for beverages, ice cream, candy, baked goods

and chewing gum. Recently, lavender EOs have found application in ceramics, paint coatings, porcelain and other

technical goods production . L. angustifolia is the most important species of this genus; it is diffuse and

cultivated mainly in Europe, primarily in France and Northern Italy . In Italy, it covers an area of about 137 ha of

marginal and abandoned lands due to its resistance to climatic changes and diseases, especially in Piedmont,

Trentino Alto Adige, Lombardy, Veneto, Emilia Romagna and Tuscany.

2. Salvia officinalis Essential Oils

2.1. Chemical Composition and Biological Properties
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Salvia officinalis EO (SOEO) has an intense and aromatic scent, with sweet and herbaceous notes: it is a clear

yellowish-green liquid. Its yield ranges from 0.07 to 6%, depending on balsams and similar resinous plant

exudations . Over 120 constituents have been identified in SOEO; its main components are ketones and

monoterpene hydrocarbons, such as borneol, camphor, 1.8-cineole, camphene, limonene, α-pinene, β-pinene, α-

thujone, β-thujone, α-humulene sesquiterpene derivatives and β-caryophyllene . However, α-humulene,

ledene, viridiflorol, manool, and sclareol were also recovered. According to the International Organization for

Standardization , a high-quality SOEO should contain 3–8.5% trans-thujone (α-thujone) and 18–43% cis-thujone

(β-thujone), even if a high content of this compound should be avoided due to its neurotoxic effect. Phenolic

compounds, monoterpenoids and triterpenoids are usually extracted by aerial parts, whereas diterpenoids are the

main compounds of roots . The structure of the major components of SOEOs is shown in Figure 1.

Figure 1. Structures of the major components of Salvia officinalis Essential Oils (SOEOs).

Similar to the other EOs, the composition of SOEOs is strongly correlated to their origins, and numerous extrinsic

and intrinsic factors, such as agricultural practices, season, light, plant growth stage, etc., may play a significant

role in their compositional characteristics .

In a recent study, Yilar and co-authors  analyzed the composition of three different EOs extracted from S.

officinalis L., S. cryptantha and S. tomentosa collected in Turkey (Tokat province). The compositions showed

distinct similarities in species, but all EOs resulted especially rich in terpenoid compounds, flavonoids and phenolic

compounds; quinonoids were also recovered to a lesser extent. In particular, in S. cryptantha EO, 32 components

were identified, predominantly eucalyptol (27.64%), camphor (29.87%), α-pinene (11.91%) and borneol (6.57%);

an S. tomentosa EO contained 41 compounds, with the most abundant being β-thujene (40–69%), borneol (1.79–

10.90%) and camphor (0.40–7.25%). Finally, in an S. officinalis EO, 31 components were identified, including 3-

thujonene (31.95%), camphor (28.53%) and eucalyptol (7.35%). Similar results were also obtained for S. officinalis

L. cultivated in Spain (Murcia Province) .
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The genus name “Salvia” comes from Latin and means “to cure,” while the name “officinalis” (also from Latin)

means “medicinal” ; this makes us realize how this officinal plant has important biological properties. In ancient

Rome, this plant was considered “sacred” due to its use to treat various diseases in popular medicine .

Evidence of its use is also present in ancient Egypt, Greece and Anglo-Saxon countries .

Today, the European Medicines Agency has proposed S. officinalis EO for oral use due to its anticancer and anti-

inflammatory capabilities and for the treatment of several diseases such as dyspepsia, pharyngitis, stomatitis and

inflammation in the mouth or throat . In a study performed by Russo et al. , the anticancer activity was

demonstrated to be correlated to the presence of α- and β-thujone isomers and other compounds (such as

camphor), acting together in a synergistic action; these components are able to reduce side effects affecting

cancer patients by inducing apoptotic cancer cell death.

The richness in terpenoids, flavonoids, phenolic compounds and quinonoids confers to SOEOs antibacterial,

antifeedant, antioxidant, antiviral, antifungal, cytotoxic and antimicrobial properties  (Figure 2). Anti-

inflammatory, antidiabetic and antimutagenic capacities suggest its use for dementia treatment .

Figure 2. Main biological properties of Salvia officinalis Essential Oils (SOEOs).

The essential oils, oleoresins (solvent-free) and natural extractives (including distillates) of S. officinalis, S.

fruticosa, S. lavandulaefolia and S. sclarea are generally recognized as safe for the Food and Drug Administration

(USA), as well as in Europe, although the European Medicines Agency affirms that sage leaf is safe when used in

recommended dosages, i.e., 3.5 and 6.6 mg/day (LD50 value equal to 2.6 g/kg); this recommendation considers

the neurotoxic effect of thujone when present in high doses and establish that the amount of this compound in
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preparations needs to be clearly specified to permit a case-by-case benefit/risk analysis . However, it was

observed that prolonged use or overdose (corresponding to more than 15 g of the leaves) could cause some

unwanted effects such as vomiting, salivation, tachycardia, vertigo, hot flushes, allergic reactions, tongue

swallowing, cyanosis and convulsions . Camphor, thujone and terpene ketones may also induce toxic effects on

the fetus and newborn; thus, consumption of S. officinalis is not recommended in pregnancy and lactation .

Some Salvia plants produce other toxic compounds, such as the psychotropic molecule salvinorin A (produced by

S. divinorum) which has dissociative, hallucinogenic and amnesiac effects. Also, red sage (S. haematodes Wall.)

could have anticonvulsant effects and depress the central nervous system .

2.2. Antimicrobial Properties

The antibacterial activity of SOEOs has been reported by several authors. A quick look underlines a broad

variability among the research, depending on the sensitivity of microorganisms and the efficiency of the tested

components. Sage EO has shown antibacterial activity against Escherichia coli, Bacillus subtilis, Salmonella spp.,

Listeria monocytogenes, Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus mutans and Shigella

sonnei, highlighting good efficacy against both Gram-positive and Gram-negative bacteria . However, Gram-

positive bacteria have been observed to be more sensitive to sage EOs than other bacteria . Its antimicrobial

activity is attributed mainly to the presence of camphor, thujone and 1,8-cineole .

In 2018, Haziri and co-authors  reported that S. officinalis EO was active against St. aureus, L. monocytogenes

and E. coli; the more significant effect was recorded for the growth of St. aureus. Similar results were observed by

Mohamed and Mustafa , who tested sage EOs obtained through different extraction methods. In the same year,

Medeiros de Almeida et al.  published a study on the antimicrobial activity of S. officinalis against five Gram-

positive bacterial strains and five yeast strains, finding strong activity against Streptococcus strains and moderate

activity against Candida strains. In 2019, an interesting study was performed by de Oliveira et al. , who tested

sage EOs on microbial species responsible of oral disease and demonstrated that all the tested microorganisms

were inhibited at a concentration of 50 mg/mL; but, by halving the concentration (25 mg/mL), the extract was

effective on just over half of the target microorganisms (58.3%), suggesting a dose-dependent effect.

Despite the fact that several studies have been performed on the use of sage EO to inhibit microbial growth, there

have been limited studies about its use in combination with other antimicrobial compounds. Recently, Mokhtari et

al.  evaluated the antimicrobial activity of sage and thyme (Thymus vulgaris L.) and their mixture extracts. Sage

exhibited the lowest antibacterial activity against Bacillus cereus, St. aureus and E. coli with inhibition zone

diameters (i.z.d.) of 21.73, 19.12 and 16.76 mm, respectively. The antibacterial activity was improved when Salvia

was combined with thyme: in this case, the i.z.d. were 31.25, 28.67 and 22.13 mm, respectively, probably due to

the increased phenolic and flavonoid contents . Sulaiman et al.  evaluated the antimicrobial activity of

different sage EOs (commercial or extracted) and their synergistic effect with meropenem, an antibiotic with a

broad spectrum of action and low toxicity for the treatment of severe and nosocomial infections . The results

highlighted that only the extracted EOs were effective against E. coli ATCC 25922, L. monocytogenes, St. aureus
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ATCC 6538, Streptococcus pyogenes and Pseudomonas aeruginosa but not against Klebsiella pneumoniae, with

i.z.d. of 18 ± 0.4, 16 ± 0.8, 15 ± 0.6, 14 ± 0.4, and 10 ± 0.2 mm, respectively. Concerning the interaction with

meropenem, the authors reported that when the compounds were tested as single drugs against Kl. pneumoniae

and E. coli, the MIC (minimum inhibitory concentration) values were 500 and 320 mg/mL for EOs and meropenem,

respectively, but these values were reduced to 100 and 40 mg/mL when used in combination.

Besides S. officinalis L., other Salvia species are also able to influence microbial growth; for example, Salvia

sclarea is a medicinal herb of the Mediterranean countries, known for its antidiabetic, anti-inflammatory,

antimicrobial, antioxidant and antitumor properties . In 2015, Cui and co-workers  studied the antibacterial

activity and the mode of action of S. sclarea EO against seven pathogens: E. coli, St. aureus, Bacillus pumilus, Kl.

pneumoniae, B. subtilis, Salmonella Typhimurium and Ps. aeruginosa. The oil was effective against all tested

strains, showing a MIC of 0.05 and a minimum bactericide concentration (MBC) of 0.1%. The antimicrobial activity

was also tested on the growth of E. coli in phosphate-buffered saline (PBS) and meats (chicken, pork and beef).

The pathogen population was reduced by approx. 99.99% in all the conditions tested. Concerning the mode of

action, the authors speculated that the effect was probably due to damage to the cell membrane, with a

consequent alteration of permeability and leakage of intracellular material such as ATP and DNA .

Salvia hispanica L. is also known as “chia”, a name acquired from indigenous South Americans; it originated

between Mexico and Guatemala and was cultivated in Central America. Thanks to their high nutritional value and

fiber content, chia seeds are widely used in medicine and in food preparations because the extracted oil is

characterized by a high content of proteins, antioxidants and polyphenols; moreover, their antibacterial and antiviral

activity against various microorganisms has also been demonstrated . For example, Elshafie et al.  tested

the antimicrobial activity of chia against 4 Gram-positive bacteria, 6 Gram-negative bacteria and 10 fungi. Chia EO

was more effective against Gram-positive than Gram-negative bacteria, and the antimicrobial activity was dose-

dependent; in fact, the most effective inhibition resulted at the maximum concentration of the oil. Regarding the

antifungal activity, chia EOs strongly inhibited Aspergillus fumigatus, Penicillium expansum, Monilinia laxa and

Monilia fructigena. The antimicrobial activity was probably due to the presence of caryophyllene, a sesquiterpene

volatile fraction that was able to affect the permeability of the bacterial membrane; however, the exact mode of

antimicrobial action is still unknown and under investigation .

Salvia miltiorrhiza, also known as red sage, is mainly composed of hydrophilic compounds (salvianolic acids) and

lipophilic compounds (tanshinones); these compounds have shown antimicrobial activities against Gram-positive

and Gram-negative bacteria and fungi . Chen et al., 2021  reported that crypto-tanshinone (CT) exhibited a

bacteriostatic against three strains of St. aureus and one of B. subtilis. The MIC values were between 4 and 16

µg/mL; the MBC > 64 µg/mL for each microorganism, and the MBC/MIC ratios were > 4. The authors hypothesized

an involvement of this compound (CT) in the respiratory chain as an inhibitory agent since it did not damage the

bacterial membrane but rapidly dissipated the membrane potential; the mechanisms of its antibacterial activity

need further investigation. In a recent study, Lim Ah Tock et al.  compared the antimicrobial activity of Salvia

africana-lutea, Salvia lanceolata and Salvia chamelaeagnea (also known as golden sage, rusty sage and rough

blue sage, respectively) against three Gram-positive bacteria (St. aureus, B. cereus and B. subtilis) and four Gram-
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negative bacteria (Acinetobacter baumannii, E. coli, Enterococcus faecium and Ps. aeruginosa). The authors

observed that the best performances were achieved by S. chamelaeagnea extracts, probably due to the presence

of carnosol and carnosic acid, two antimicrobial compounds not detected in S. africana-lutea and S. lanceolata 

.

3. Lavandula Essential Oils

3.1. Chemical Composition and Biological Properties

The Lavandula EO (LEO) is yellow and has an intense floral scent; it is obtained mainly by steam or hydro-

distillation (yield is about 3%), and its composition varies greatly among different species and within the same

species too, depending on the genotype, seasonal and climatic conditions, location, extraction methods and drying

. Even if over hundreds of chemical compounds can be recovered, the major components of Lavandula are

oxygenated monoterpenes, monoterpene hydrocarbons and sesquiterpenes, mainly linalool (27.3–42.2%), linalyl

acetate (27.2–46.6%), (Z)-β-ocimene (0.2–11.6%), terpinen-4-ol (0.70–4.6%), lavandulyl acetate (0.50–4.8%), β-

caryophyllene (1.8–5.1%), (E)-β-ocimene (0.30–3.8%), α-terpineol (0.30–2.0%) and 1,8-cineole (0.10–1.2%) 

(Figure 3). The contents of linalool and linalyl acetate determines the quality of the oil; on the other hand, due to

the very strong influence on the scent, the contents of ocymen, cineole, camphor or terpin-4-ol should be low .

Figure 3. Structures of the major components of Lavandula Essential Oils (LEOs).

The oxygenated monoterpenes are responsible for the precious scent of lavender, variable from the sweet, floral,

herbaceous and refreshing odor of the true lavender EO to the warm, slightly fruity and camphorous fragrance of L.

stoechas EO until the atypical, more floral with a warm, rosy note and not herbaceous aroma of L. heterophylla

Goodwin Creek . An interesting overview of the chemistry of LEO, exploiting the characteristic chemical

constituents and chemotypes of seventeen Lavandula species, can be found in the work of Aprotosoaie et al. .
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As mentioned above, many factors may influence the chemical composition of LEO. In a study performed on locally

grown plants in western Romania (L. angustifolia and L. intermedia), it was observed that the EO of L. angustifolia

Miller contained 22 components (99.9% of the total), the main ones being caryophyllene (24.1%), β-phellandrene

(16%) and eucalyptol (15.6%), while the EO of L. intermedia contained 24 components (98.26% of the total),

mainly camphor (32.7%) and eucalyptol (26.9%) . With respect to what is observed in the literature, where the

major components of Lavandula are linalool and linalyl acetate, in the composition of the EOs analyzed in this

research, these compounds were not found, underlining the great impact of environmental conditions (location and

season) on the EO composition . Contrarily, Turgut and co-workers , in their study about L. angustifolia Mill.

grown in Burdur Örtülü locality (Turkey), found that linalool, linalyl acetate and α-terpineol were the most

representative compounds (42.22%, 23.12% and 4.91%, respectively). A similar composition was found by

Blažeković and coauthors  for EO of L. angustifolia cultivated in Croatia.

In 2017, an Italian study evidenced the effect of the growing season of organic lavender (L. angustifolia) and

lavandin (L. hybrida) under the pedo-climatic conditions of central Italy by highlighting significant variations in EO

composition that affected all the classes of compounds, except for oxygenated monoterpenes .

Since ancient times, Lavandula spp. and its EOs have been used in popular medicine as a natural remedy .

Over the years, it has been studied for its high content of bioactive compounds able to exert beneficial effects on

human health and well-being. In particular, the richness in phenolic compounds confers to lavender EOs a high

antioxidant activity due to a protective effect against the oxidative damage caused by free radicals . The

production of free radicals is a physiological event normally occurring in our bodies: a certain number of free

radicals is essential to protect us from infections by viruses and bacteria, but an excessive amount of ROS (oxygen

free radicals) is harmful since it could cause damage to various macromolecules (such as DNA, proteins,

carbohydrates, lipids and enzymes), establishing a condition of oxidative stress, that is a risk factor for human

health leading to cellular aging, inflammatory pathologies and degenerative diseases .

LEOs possess numerous biological activities such as antispasmodic, carminative, analgesic, sedative,

hypotensive, antiseptic, antimicrobial, antifungal, antidiuretic and general tonic action . In addition,

anticholinesterase, anti-epileptogenic, neuroprotective, anxiolytic, anti-depressive, hyaluronidase and lipoxygenase

inhibitory activities were also reported . Figure 4 synthesizes all recognized biological properties of LEOs that

suggest their potential addition to food to improve consumers’ health.
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Figure 4. Main biological properties of Lavandula Essential Oils (LEOs).

Due to its action against lipid peroxidation, LEO is often suggested in the treatment of patients with rhinitis as

potential natural medicine . In a study carried out by Cardia and co-workers , the results highlighted that LEO

was able to inhibit the release of important inflammatory mediators, particularly IL-1β and nitric oxide, and

myeloperoxidase activity, showing significant anti-inflammatory activity. A wound-healing effect by increasing

collagen synthesis and differentiation of fibroblasts through the up-regulation of transforming growth factor beta

(TGF-β) was also demonstrated .

Toxicity from the use of lavender is uncommon, and LEO did not demonstrate cytotoxicity both in vitro and in vivo

(mice); oral administration was considered safe with an LD50 of 13.5 g/kg . However, some studies indicated

that prolonged exposure to linalool (LEO main component) may result in allergic reactions: this is why the 7th

Amendment of the European Cosmetics Legislation requires natural products, including linalool, to be labeled as

potentially allergenic . Contrarily, linalyl acetate may have aneugenic activity . Genotoxicity in the proliferation

of lymphocytes, damage to the cell membrane of human skin and contact dermatitis have been reported as

adverse effects . However, all these aspects are still under investigation, and efforts should be made in this

direction to favor a widespread use, especially in clinical trials exploiting the use of LEO in improving the health of

adult patients in various clinical settings and conditions.

3.2. Antimicrobial Properties
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There is an extensive literature on the antimicrobial properties of LEO, but drawing unequivocal conclusions is

difficult since there is no composition consistency, being influenced by variety, growing season and geographical

location. In general, the literature shows that the chemical compound responsible for the antimicrobial and

antifungal activity of LEO is linalool. LEOs have demonstrated antimicrobial activity against both Gram-positive and

Gram-negative bacteria, yeasts and molds, with controversial results.

For example, a recent study performed in Saudi Arabia  tested the EO hydrodistilled from flowering aerial parts

of L. pubescens Decne against thirteen strains of Gram-positive and Gram-negative bacteria using the agar

diffusion assay. The oil showed good effectiveness, especially against Ac. baumannii, Salm. Typhimurium, Sh.

sonnei, Enterococcus faecalis and St. epidermidis. The authors also tested carvacrol (the major constituent of

lavender oil, 55.7%) by comparing it to some conventional antibiotics, i.e., vancomycin, amikacin and ciprofloxacin.

The results revealed that Gram-negative strains were more susceptible than the Gram-positive ones. Contrarily,

the Gram-positive bacteria turned out to be the most vulnerable to EOs recovered by the flower essential oil of

lavender grown in Poland .

In 2017, Hossain et al.  tested the effectiveness of an EO extracted by flowers of L. angustifolia grown in

Bulgaria against thirty-eight strains of turtle-borne pathogenic bacteria belonging to seven species: Aeromonas

hydrophila, Aeromonas caviae, Aeromonas dhakensis, Citrobacter freundii, Proteus mirabilis, Salmonella enterica

and Ps. aeruginosa. The results revealed that LEO was active against all tested bacteria except Ps. aeruginosa.

Contrarily, a study performed on EO by L. angustifolia grown in Burdur Örtülü (Turkey) revealed significant

effectiveness against this pathogen being able to eliminate contamination completely . A good antimicrobial

activity was also observed against Candida albicans, St. aureus and Aspergillus brasiliensis .

In 2021, significant inhibition of the growth of B. subtilis and E. coli was recorded by Caprari and co-workers  in

their study about the use of EOs extracted from dried and fresh flowers of Lavandula angustifolia L. grown in

central Italy. In addition, a bactericidal effect on E. coli was observed, particularly when oil from fresh flowers was

used at the highest concentrations. However, apart from antimicrobial assays, this research is noteworthy because

it reports the first evaluation of lavender EOs as a green method to control biodeterioration phenomena on a

historical artistic wood painting (“Madonna con Bambino”, XIX century, located on the inner wall of the S. Maria del

Lago church at Pesche in Isernia, Italy).

The effectiveness of LEOs could be improved if combined with other antimicrobial compounds. An interesting

approach to the synergistic use of LEOs and other antimicrobials can be found in the study by Nafis et al. , who

tested the efficacy of three EOs extracted from Moroccan lavender species (L. pedunculata, L. angustifolia, L.

maroccana), combined with a conventional antibiotic (ciprofloxacin), against three pathogenic foodborne bacteria.

EOs alone or combined showed remarkable antimicrobial activity against the tested bacteria with minimum

inhibitory concentrations (MICs) ranging from 3.53 to 15.96 mg/mL, but when ciprofloxacin was added, the

antibiotic MIC values were significantly lower (0.06 to 3.91 μg/mL). This synergism was more evident against

Salmonella spp., suggesting that a mixture of lavender EOs is able to improve the efficacy of ciprofloxacin, which

should be taken into consideration for a possible application in the pharmaceutical industries.
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More recently, Aicha El Baabouaa et al.  evaluated the antibacterial activity of Lavandula stoechas L. EO

(31.81% fenchone, 29.60% camphor, 13.14% terpineol, 8.96% menthone and 5.88% eucalyptol) against 11

multidrug-resistant strains of Campylobacter spp. Moreover, they studied its synergistic effect with two antibiotics

(ampicillin and tetracycline) and examined the capability of Campylobacter strains to produce biofilm. The results

showed that Campylobacter multidrug-resistant strains were much sensible to L. stoechas EO, with MIC values

ranging from 0.063 to 0.25 µg/mL, depending on the strain. However, these values were significantly reduced

during the combined use with antibiotics: MIC values ranged from 0.004 to 0.003 µg/mL with ampicillin and from

0.004 to 0.125 µg/mL with tetracycline, respectively. An impressive inhibitory impact of lavender oil on biofilm

formation was also recovered.
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