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Abstract: Modern society is becoming more and more reluctant to use antibiotic or chemical com-
pounds 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. Among EOs, sage and lavender have also
been promoted for their potential antimicrobial capabilities. In this review, we summarize the latest
research studies performed about sage and lavender EOs, focusing on their chemical composition and
their biological and antimicrobial properties; the aim is to give an overview of the current knowledge
about their major components, effectiveness, mechanisms of action, synergistic effects and use in

foods to facilitate a widespread application in both food and pharmaceuticals industries.
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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 [1]. 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 [2]. 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 [3].

At present, most of EOs-based products are exploited for their cosmetic, perfuming
and aromatherapy properties [4], 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 [5]. 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 [6,7].
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
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to contain this phenomenon has also been promoted by the World Health Organization
(WHO) [8].

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 [9]. 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 [1,10,11].

Among aromatic plants, the genus Salvia includes about 900 species, thus representing
the largest genus of the Labiatae/Lamiaceae family [12]. 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 [5]. 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 [12] and its well-known antimicrobial activity [5]. 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, an-
tioxidant, antimicrobial, hypoglycemic, hypolipidemic and memory-enhancing effects [12].
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 [12].

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 [13,14].
This genus comprises 39 species with about 400 registered cultivars but also several hy-
brids [15]; among these, three species (Lavandula angustifolia Mill., Lavandula x intermedia
Emeric ex Loisel and Lavandula latifolin Medicus) are cultivated just for the production
of EOs and their commercial importance (estimated at 50 million dollars) in the phar-
maceutical, food and cosmetic industries [16]. 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 [16]. L. angustifolia is the most important
species of this genus; it is diffuse and cultivated mainly in Europe, primarily in France and
Northern Italy [17]. 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.

Considering that EOs stand up as a potential alternative to synthetic compounds in
foods, in this review, we summarize the latest research studies performed about sage and
lavender EOs, focusing on their chemical composition and their biological and antimicrobial
properties; the aim is to give an overview of the current knowledge about their major
components, effectiveness, mechanisms of action, synergistic effects and use in foods to
facilitate applications in both the food and pharmaceuticals industries.
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2. Salvia officinalis Essential Oils
2.1. Chemical Composition and Biological Properties

Salvia officinalis EO (SOEQO) has an intense and aromatic scent, with sweet and herba-
ceous notes: it is a clear yellowish-green liquid. Its yield ranges from 0.07 to 6%, depending
on balsams and similar resinous plant exudations [18]. Over 120 constituents have been
identified in SOEQ; its main components are ketones and monoterpene hydrocarbons,
such as borneol, camphor, 1.8-cineole, camphene, limonene, x-pinene, 3-pinene, x-thujone,
B-thujone, c-humulene sesquiterpene derivatives and 3-caryophyllene [19-21]. However,
a-humulene, ledene, viridiflorol, manool, and sclareol were also recovered. According
to the International Organization for Standardization [22], a high-quality SOEO should
contain 3-8.5% trans-thujone (c-thujone) and 18-43% cis-thujone (3-thujone), even if a high
content of this compound should be avoided due to its neurotoxic effect. Phenolic com-
pounds, monoterpenoids and triterpenoids are usually extracted by aerial parts, whereas
diterpenoids are the main compounds of roots [23]. The structure of the major components
of SOEOQ is shown in Figure 1.
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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, sea-
son, light, plant growth stage, etc., may play a significant role in their compositional
characteristics [5].

In a recent study, Yilar and co-authors [24] 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%), a-pinene (11.91%)
and borneol (6.57%); an S. tomentosa EO contained 41 compounds, with the most abundant
being 3-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) [25].
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The genus name “Salvia” comes from Latin and means “to cure,” while the name
“officinalis” (also from Latin) means “medicinal” [26]; 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 [27,28]. Evidence of its
use is also present in ancient Egypt, Greece and Anglo-Saxon countries [29].

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 [30].
In a study performed by Russo et al. [26], the anticancer activity was demonstrated to
be correlated to the presence of - and 3-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 antimi-
crobial properties [24,31,32] (Figure 2). Anti-inflammatory, antidiabetic and antimutagenic
capacities suggest its use for dementia treatment [25].
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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 preparations needs to be clearly specified to permit a case-by-case
benefit/risk analysis [33,34]. 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
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vomiting, salivation, tachycardia, vertigo, hot flushes, allergic reactions, tongue swallowing,
cyanosis and convulsions [12]. 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 [12].

Some Salvia plants produce other toxic compounds, such as the psychotropic molecule
salvinorin A (produced by S. divinorum) which has dissociative, hallucinogenic and am-
nesiac effects. Also, red sage (S. haematodes Wall.) could have anticonvulsant effects and
depress the central nervous system [23].

2.2. Antimicrobial Properties

The antibacterial activity of SOEOs has been reported by several authors. Table 1
shows the most recent in vitro studies performed on antimicrobial activities of “sage”
(colloquial definition of Salvia officinalis) in the last five years. 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 effi-
cacy against both Gram-positive and Gram-negative bacteria [5]. However, Gram-positive
bacteria have been observed to be more sensitive to sage EOs than other bacteria [5,19].
Its antimicrobial activity is attributed mainly to the presence of camphor, thujone and
1,8-cineole [35].

In 2018, Haziri and co-authors [36] 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 [37],
who tested sage EOs obtained through different extraction methods. In the same year,
Medeiros de Almeida et al. [38] 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. [39], who tested sage EOs on microbial
species responsible of oral disease (see details in Table 1) 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. [20] 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 [20]. Sulaiman et al. [21] 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 nosoco-
mial infections [40]. The results highlighted that only the extracted EOs were effective
against E. coli ATCC 25922, L. monocytogenes, St. aureus 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
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antidiabetic, anti-inflammatory, antimicrobial, antioxidant and antitumor properties [41].
In 2015, Cui and co-workers [41] studied the antibacterial activity and the mode of action
of S. sclarea EO against seven pathogens: E. coli, St. aureus, Bacillus pumilus, KI. 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 [41].

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 [42,43]. For
example, Elshafie et al. [43] tested the antimicrobial activity of chia against 4 Gram-positive
bacteria, 6 Gram-negative bacteria and 10 fungi (see details in Table 1). 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 [44].

Salvia miltiorrhiza, also known as red sage, is mainly composed of hydrophilic com-
pounds (salvianolic acids) and lipophilic compounds (tanshinones); these compounds
have shown antimicrobial activities against Gram-positive and Gram-negative bacteria
and fungi [45]. Chen et al., 2021 [46] 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 ug/mL; the MBC > 64 ug/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 antibacte-
rial activity need further investigation. In a recent study, Lim Ah Tock et al. [47] 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-negative bacteria
(Acinetobacter baumannii, E. coli, Enterococcus faecium and Ps. aeruginosa). The authors ob-
served 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 [47,48].
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Table 1. In vitro studies performed on antimicrobial activities of Salvia EOs in the last five years.

Salvia EOs Origin

Microorganisms Tested

Method Used

Main Results

Reference

Ethanol extract from Salvia officinalis (L.)

Staphylococcus aureus, Listeria monocytogenes,
Escherichia coli

Agar disk diffusion test

4 All of the concentrations used
(1, 3 and 5 mg/mL) were effective
towards microbial targets.

Vv At5mg/mL, S. officinalis extract showed
a stronger antibacterial activity towards
St. aureus with inhibition zone of 9 mm.

[36]

S. officinalis (leave and stem) extracted by maceration
(with ethyl acetate), by hydro distillation (with anhydrous
sodium sulphate) and by Soxhlet (with hexane)

St. aureus, E. coli

Agar disk diffusion test

Vv Regarding the Soxhlet extraction method,
the leaves extract showed higher
antibacterial activity than the
stem extract.

Vv About the maceration and hydro
distillation, both extracts possessed
remarkable antibacterial activity, but the
volatile extract from the leaves was more
effective than the extract from the stem.

Vv E. coli was less sensitive than St. aureus

Ethanol extract of leaves of S. officinalis

Streptococcus mutans, Streptococcus mitis, Streptococcus
oralis, Streptococcus salivarius, Streptococcus sanguis,
Candida albicans, Candida glabrata, Candida
guillermondii, Candida krusei, Candida tropicalis

Broth microdilution
method

Ethanolic extract of S. officinalis L. (diluted in
alcohol at 40%, at a concentration of 8 mg/mL)
showed strong antibacterial activity towards
Streptococcus strains (MIC

ranged from 0.25 to 1 mg/mL) and moderate
antifungal activity towards Candida strains
(MIC =1 mg/mL).

[38]

S. officinalis

9 clinical isolates from the oral cavity of tuberculosis
patients, St. aureus, Staphylococcus epidermidis,
Str. mutans, Ca. albicans, Ca. tropicalis, Ca. glabrata

Broth microdilution
method

50.0 mg/mL of S. officinalis was effective against
all microorganisms.

25.0 and 12.5 mg/mL were partially effective,
on 58.3% and 8.3% of strains, respectively)

S. officinalis L. combined with thyme (Tymus vulgaris L.)

E. coli, St. aureus, Bacillus cereus,
Salmonella Typhimurium

Agar well diffusion method

The thyme-sage mixture showed the highest
antimicrobial activity against B. cereus
(inhibition zone diameters, i.z.d. = 31.25),

S. aureus (i.z.d. = 28.67), Salm. Typhimurium
(i.z.d. = 23.65), E. coli (i.z.d. = 22.13)

[20]

Extracted and purchased S. officinalis essential oils and
synergistic effect with meropenem (antibiotic)

St. aureus, L. monocytogenes, Stregtococcus pyogenes, E.
coli, Pseudomonas aeruginosa, Klebsiella pneumoniae

Agar well diffusion
method

4 The extracted oil inhibited the growth of
all bacteria except the KI. pneumoniae.

Vv The highest activity was observed against
E. coli (i.z.d. =18 £+ 0.4 mm;
MIC = 6.25 £ 0.2 mg/mL), the lowest
activity against Ps. aeruginosa
(i.z.d. =10 £ 0.2 mm; MIC = 25 mg/mL).

Vv The purchased oil did not show any
antibacterial activity

[21]




Microbiol. Res. 2023, 14

1096

Table 1. Cont.

Salvia EOs Origin Microorganisms Tested Method Used Main Results Reference
The highest antimicrobial potentials were
observed with the extracts dried at ambient
St. aureus (2 strains), E. coli (three strains), Ps. temperature and oven at 45 °C, which inhibited
Ethanol extract of S. officinalis leaves aeruginosa, Proteus mirabilis, KI. pneumoniae, Agar diffusion method eight of the tested microorganisms: two strains [49]

Klebsiella oxytoca, Acinetobacter baumannii,
Enterobacter aerogenes, Helicobacter pylori

of E. coli, Ps. aeruginosa, two strains of St. aureus,
Pr. mirabilis. Ac. baumannii, H. pylori. Salvia
extract obtained from oven dried plant at 60 °C
exhibited the lowest antibacterial activity

Steam distillate essential oil and corresponding hydrolate
from S. officinalis

Isolates from wound swabs of hospitalized patients:
St. aureus, Enterobacter cloacae, Ps. aeruginosa,

Ca. albicans, KI. oxytoca, E. coli

Isolates from blood cultures:

St. aureus, Kl. pneumoniae

Broth microdilution method

4 S. officinalis oil was more effective
than hydrolates.

V4 Kl. oxytoca was the most sensitive to the
EOs (MIC) and MBC were 14.20 and
28.4 uL /mL, respectively).

Vv MIC and MBC values of other bacteria
ranged between 28.40 and 227.25 uL/mL [50]
while for Ca. albicans MIC/MFC ranged
between 28.40/56.81 and
56.81/113.63 pL/mL.

V4 Only for Ps. aeruginosa MIC and MBC
values were higher than the highest used
concentration in the test

Essential oils extracted from the stem and leaves of

Two strains of Bacillus megaterium, Bacillus mojavensis,
Clavibacter michigﬂnensis, Xanthomonas campestris,
Xanthomonas vesicatoria, Pseudomonas syringae pv.
phaseolicola, E. coli, Burkholderia gladioli pv. agaricicola,

At the highest concentration (50%) the EOs of

S. hispanica showed greater antibacterial activity
against Gram-positive bacteria than
Gram-negative bacteria.

At the highest EOs concentration (40%), the
highest inhibition of fungal mycelium growth
was observed as follows:

P Monilinia laxa, Monilinia fructicola, Monilinia Disk diffusion method ioh inhibiti ; [43]
Salvia hispanica L. plant Fructigena, Aspergillus ﬂm{ 115, Aspe;gillus niger, 4 High 1nh1b;/tjloln towau(’id]?/I A. fui:i’zgutus, P.
Aspergillus fumigatus, Penicillium digitatum, i}&pcgtsum, : Hg’.‘“x an 'fd”“]vl[ge”“'t, .
Penicillium expansum, Sclerotinia sclerotiorum, v oderate inhibition towards - fructicola
Fusarium oxysporum. and P, digitatum. )
V4 Slightly inhibition towards A. niger,
A. flavus and F. oxysporum.
4 Any inhibition against Sc. sclerotiorum.
The antibacterial activity of S. chamelaeagnea was
superior to that of the other two species and was
Methanol extracts from 81 Salvia samples (Salvia St. aureus, Ac. baumannii, B. cereus, E. coli, Microdilution assay highly effective against all seven pathogens [47]

africana-lutea; Salvia lanceolata; Salvia chamelaeagnea)

Enterococcus faecium, Ps. aeruginosa, Bacillus subtilis

with average MICs 0.23-1.3 mg/mL; then
S. africana-lutea (0.52-3.0 mg/mL) and S.
lanceolata (0.46—4.2 mg/mL).
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Table 1. Cont.

Salvia EOs Origin Microorganisms Tested Method Used Main Results Reference
Vv The extracts were effective on the
majority of microorganisms tested, with
inhibition zones up to 23 & 2.6 mm (in
bacteria) and 24 4 1.5 mm (in yeasts).
Enterococcus faecalis, St. aureus, L. monocytogenes, i MIC results between
Methicillin—resjstan’g St. aureus (MRSA),‘B. subtilis, 3.90 and 7.81 mg/mL were recorded for
Aqueous, ethanolic, and methanolic extracts of B. cereus, Pr. mirabilis, Pasteurella multocida, Agar diffusion and bacterial strains (KI. pneumoniae, Pa.

Salvia argentea

Salm. Typhimurium, Campylobacter fetus, E. coli,
Kl. pneumoniae, En. cloacae, Citrobacter freundii,
Ps. aeruginosa, Salmonella enterica, Ca. albicans
(3 strains), Saccharomyces cerevisiae.

micro dilution methods

multocida, MRSA, Ci. freundii), and of 3.90 (511
mg/mL for the yeast strain S. cerevisiae.

S. argentea exerted a bactericidal action

against multi-resistant bacterial strains, a

fungicidal action on the three strains of

Ca. albicans and a fungistatic action

against S. cerevisiae

EOs obtained from the dried flowering tops of the Salvia
rosmarinus Spenn. and Salvia jordanii by hydrodistillation

Yersinia enterocolitica, L. monocytogenes, Enterococcus
durans, Ec. faecalis, Ec. faecium, Ca. albicans,

Ca. tropicalis, Ca. guilliermondii, Ca. krusei,

Ca. parapsilosis, S. cerevisine

Agar disk diffusion and broth
microdilution methods

EOs presented a moderate antibacterial activity
on the bacterial strains and were not active [52]
towards yeasts.
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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 [53]. 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)-3-ocimene (0.2-11.6%), terpinen-4-ol
(0.70-4.6%), lavandulyl acetate (0.50-4.8%), p-caryophyllene (1.8-5.1%), (E)-f3-ocimene
(0.30-3.8%), «-terpineol (0.30-2.0%) and 1,8-cineole (0.10-1.2%) [53,54] (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 [35].

OCOCH3 =
/ 7
4 |

Linalyl acetate B - caryophyllene B - ocimene
J\/ e ‘e
~
OH H3C/ﬁ OH
O

Terpinen-4-ol Lavandulyl acetate a - terpineol

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 [54]. 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. [54].

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%), 3-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%) [55]. 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 study, these compounds were
not found, underlining the great impact of environmental conditions (location and season)
on the EO composition [53]. Contrarily, Turgut and co-workers [16], in their study about
L. angustifolia Mill. grown in Burdur Ortiilii locality (Turkey), found that linalool, linalyl
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acetate and «-terpineol were the most representative compounds (42.22%, 23.12% and
4.91%, respectively). A similar composition was found by BlaZekovi¢ and coauthors [56]
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 [57].

Since ancient times, Lavandula spp. and its EOs have been used in popular medicine as
a natural remedy [58]. 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 [16]. 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 [53].

LEOs possess numerous biological activities such as antispasmodic, carminative, anal-
gesic, sedative, hypotensive, antiseptic, antimicrobial, antifungal, antidiuretic and general
tonic action [56]. In addition, anticholinesterase, anti-epileptogenic, neuroprotective, anx-
iolytic, anti-depressive, hyaluronidase and lipoxygenase inhibitory activities were also
reported [53]. Figure 4 synthesizes all recognized biological properties of LEOs that suggest
their potential addition to food to improve consumers” health.

Antispasmodic
Antioxidant
Anti- inflammatory
Antimicrobial
Analgesic
Antiseptic
Antifungal
Antidiuretic
Carminative
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Hypotensive
Neuro-protective
Sedative

e R R R e e e e e b b s s

Wound healer

=
=
=
f—
=
R
=D
=
=D
=9
—
—
p—
—
—-
=9
-]
=
=0
=
=
=

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 [59]. In a study carried out by Cardia
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and co-workers [60], the results highlighted that LEO was able to inhibit the release of
important inflammatory mediators, particularly IL-13 and nitric oxide, and myeloperoxi-
dase 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-3) was also demonstrated [61].

Toxicity from the use of lavender is uncommon, and LEO did not demonstrate cytotox-
icity both in vitro and in vivo (mice); oral administration was considered safe with an LD50
of 13.5 g/kg [60]. 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 [60]. Contrarily, linalyl acetate may have aneugenic
activity [62]. Genotoxicity in the proliferation of lymphocytes, damage to the cell membrane
of human skin and contact dermatitis have been reported as adverse effects [60]. 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

Table 2 shows the most recent in vitro studies performed on antimicrobial activities
of LEOs (last five years). 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 antimicro-
bial 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 [63] tested the EO hydrodis-
tilled 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 [64].

In 2017, Hossain et al. [65] tested the effectiveness of an EO extracted by flowers of
L. angustifolia grown in Bulgaria against thirty-eight strains of turtle-borne pathogenic bacte-
ria 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 Ortiilii (Turkey) revealed
significant effectiveness against this pathogen being able to eliminate contamination com-
pletely [16]. A good antimicrobial activity was also observed against Candida albicans,
St. aureus and Aspergillus brasiliensis [16].

In 2021, significant inhibition of the growth of B. subtilis and E. coli was recorded by
Caprari and co-workers [66] 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 study is noteworthy
because it reports the first evaluation of lavender EOs as a green method to control biodete-
rioration 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).
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The effectiveness of LEOs could be improved if combined with other antimicrobial
compounds. An interesting approach to the synergistic use of LEOs and other antimicro-
bials can be found in the study by Nafis et al. [67], who tested the efficacy of three EOs
extracted from Moroccan lavender species (L. pedunculata, L. angustifolia, L. maroccana), com-
bined with a conventional antibiotic (ciprofloxacin), against three pathogenic foodborne bac-
teria. EOs alone or combined showed remarkable antimicrobial activity against the tested
bacteria with minimum inhibitory concentrations (MICs) ranging from 3.53 to 15.9 mg/mL,
but when ciprofloxacin was added, the antibiotic MIC values were significantly lower
(0.06 to 3.91 pg/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.

More recently, Aicha El Baabouaa et al. [68] evaluated the antibacterial activity of
Lavandula stoechas L. EO (31.81% fenchone, 29.60% camphor, 13.14% terpineol, 8.96% men-
thone and 5.88% eucalyptol) against 11 multidrug-resistant strains of Campylobacter spp.
Moreover, they studied its synergistic effect with two antibiotics (ampicillin and tetracy-
cline) 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 pg/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 ug/mL with ampicillin and from 0.004 to 0.125 pg/mL
with tetracycline, respectively. An impressive inhibitory impact of lavender oil on biofilm
formation was also recovered.
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Table 2. In vitro studies performed on antimicrobial activities of Lavandula essential oils (LEOs) in the last five years.

LEOs Origin Microorganisms Tested Method Used Main Results Reference
Bacillus cereus, Bacillus pumilus, Enterococcus faecalis,
Escherichia coli, Klebsiella oxytoca, Klebsiella pneumoniae, V4 Lavandin EO showed a broad spectrum of
Kocuria rhizophila, Listeria monocytogenes, Proteus mirabilis, antibacterial (MICs 0.25-2.5 mg/mL) and
Pseudomonas aeruginosa, Salmonella Enteritidis, . o antifungal (MICs 0.1-2 mg/mL) activities
Croatian indigenous cultivar of: Staphylococcus aureus, Streptococcus pyogenes, Yersinia Disk diffusion assay bei ’
; ; . o8 el ? . . . e . eing generally more than or at least as
Lavandin (L. x intermedia) enterocolitica, Candida albicans, Candida glabrata, Candida Determination of minimum inhibitory concentration and effective as those from L. angustifolia [56]
Lavender (L. angustifolia) kefyr, Candida krusei, Candida tropicalis, Cryptococcus minimum bactericidal/fungicidal concentration n L. .
neoformans, Hansenula anomala, Saprochaete capitate, & v Among the two dominant compounds (also
Microsporum canis, Microsporum gypseum, Trichophyton tested), linalool was more effective than linalyl
mentagrophytes, Trichophyton rubrum, Aspergillus fumigatus, acetate.
Aspergillus niger, Fusarium oxysporum, Penicillium citrinum
v The antibacterial activity was related to
Disk diffusi EOs composition.
Four cultivars of L. monocytogenes (24 strains) D:asterr;ir:lastli(z)?laosfsrarﬁnimum inhibitory concentration and 4 Cu}tiyars showing the hi-gh?St antimicrobial [69]
Lavandula x intermedia Salmonella enterica (10 food strains) - b icidal/f icidal y ; activity were the richest in linalool
minimum bactericidal/ ungicidal concentration (38.17-61.98%), camphor (8.97-10.30%) and
1,8-cineole (6.89-8.11%, respectively).
s 5 L Listeria i V4 Greater inhibition capacity against L. innocua
t. aureus, B. cereus, L. monocytogenes, Listeria innocua, v No inhibition against L. monocytogenes
. ; Salmonella Choleraesuis, E. coli, Candida boidinii, Priccomyces ~ Disk diffusion assay o ! .
Lavandula stoechas grown in Extremadura (Spain) %rsoni{ilkrﬁervanrija fluxuum, dZygosuchfz[vmmyces bailii, Determination of inhibition zone diameters g;; l}l,fgsst’sB' cereus, E. coli, Salm. Choleraesuis, [70]
spergillus flavus (2 strains producing aflatoxins) V4 Ability to reduce the production of aflatoxins
V4 EOs assayed separately were all effective.
V4 When used in combination, also with
ciprofloxacin, a synergistic action
. - . was observed.
Ii, peduntc;hlzfa ;l;l};e;ffgi ;\éi:e( ;isttiebcilostfc};arately and in combination, also with v A ‘mixture composed by 19, 38 and 43% of EOs
- Angustijoiia E. coli, Salmonella spp., St. aureus L I obtained from L. angustifolia, L. pedunculata and [67]
L?Z‘a/\%llitﬁz ﬁg;gcccca(;w The twofold dilution method followed by MIC determination L. maroccana, respective{;, showed the highest
& was used antibacterial effect.
V4 This mixture combined with ciprofloxacin
against Salmonella spp. improved the antibiotic
efficacy by reducing its MIC by 128-fold.
Botrytis cinerea, Sclerotinia sclerotiorum, F. oxysporum, The activity was dependent on the concentration, with
Lavandula angustifolia (Spain) Phytophthora parasitica, Pythium aphanidermatum, Alternaria Disk diffusion method (5-30%, v/v) clear differences in the sensitivity of the fungal [71]
brassicae, Cladobotryum mycophilum, Trichoderma aggressivum isolates, not correlated to the fungal wall composition.
Ec. faecalis (Vancomycin-resistant), Staphylococcus
epidermidis, St. aureus, St. aureus (Methicillin-resistant), The most sensitive strains were Ac. baumannii, Salm.
Lavandula pubescens Decne (Arabia) Salmonella Typhimurium, Acinetobacter baumannii Diffusion method Typhimurium, Sh. sonnei, Ec. faecalis and [63]

(Carbapenem-resistant), Shigella sonnei, KI. pneumoniae, Ps.
aeruginosa, Pr. mirabilis, E. coli

St. epidermidis.
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Table 2. Cont.

LEOs Origin Microorganisms Tested Method Used Main Results Reference
The results showed that Campylobacter multidrug
resistant strains were highly sensitive to Lavandula
stoechas EO, with MIC values ranging
f . .2 L i h in.
Two collection Campylobacter strains: C. jejuni and C. coli Ifl?)?ve()vgi:stfloege \?atlge/srilverdeeg eg?fli:fn(t)]n trei:litz:in
Moroccan Lavandula stoechas Nine wild multidrug resistant Campylobacter strains isolated Broth micro-dilution assay and MIC determination ! & Y [68]

from food and environment

during the combined use with antibiotics: MIC values
ranged from 0.004 to 0.003 ng/mL with ampicillin
and from 0.004 to 0.125 ug/mL with tetracycline. An
impressive inhibitory impact of lavender oil on
biofilm formation was also recovered.

Dried and fresh flowers of Lavandula angustifolia L.
(lavender) grown in central Italy

Bacillus subtilis, E. coli, Sclerotium rolfsii

Disk diffusion test

v A significant inhibition of growth in both

indicator strains was observed, with a

bactericidal effect on E. coli.
V4 Inhibition of the phytopathogenic fungus was

also recovered. [66]
V4 The potential application of EOs as a green

method to control biodeterioration phenomena

on an artistic wood painting (XIX century) was

evaluated.

Five Lavandula stoechas cultivars grown in Thailand:
L. stoechas ‘snowman’

L. stoechas “white lavender”

L. stoechas ‘major”

L. stoechas ‘avonview’

hybrid L. stoechas x viridis ‘St. Brelade’

St. aureus, St. epidermidis, Enterococcus faecium, E. coli,
KI. pneumoniae, Ps. aeruginosa, Str. pyogenes, and
Salm. Typhimurium

Disk diffusion assay
Determination of MIC and inhibition diameters.

4 The highest antibacterial activity was observed
from the essential oil of L. stoechas ‘major”
(against KI. pneumoniae and
Salm. Typhimurium) and the essential oil of
L. stoechas ‘white lavender’ (against [72]
Salm. Typhimurium).
Vv The essential oil of L. stoechas x viridis
‘St. Brelade’ possessed the highest
antioxidant capacity.

Moroccan Lavandula atlantica

Methicillin resistant St. aureus, E. coli, En. aerogenes,
Ps. aeruginosa, KI. pneumoniae, KI. oxytoca, Salmonella spp.,
Ac. baumannii, and Enterobacter cloacae.

Inhibitory diameters

V4 MIC values ranging from 3.13 mg/L to

25 mg/L were determined for the

tested bacteria. [73]
V4 The smaller MIC value was obtained for

KI. pneumoniae.

L. stoechas collected in Tunisia

As Gram-negative strains:

four E. coli, three Ps. aeruginosa, and one Serratia marcescens.
As Gram-positive:

three Enterococcus (Ec. faecalis, Ec. aerogenes, and Ec. hirae),
two St. aureus, and one Bacillus licheniformis.

Disk diffusion method

v An important inhibitory capacity against the 14

tested strains with varying magnitude

was recovered. [74]
V4 The Inhibition diameters ranged from 6 mm

(very low effect) to 26 mm (strong inhibition).

Lavandula officinalis collected in Turkey

Methicillin-resistant St. aureus, Vancomycin-resistant
Enterococcus VRE, Methicilline susceptible St. aureus
(MSSA), St. epidermidis, Salmonella Enteriditis,

Salm. Typhimurium, E. coli, KI. pneumoniae, Ps. aeruginosa,
Citrobacter freundii, Pr. mirabilis and Ca. albicans.

Agar disk diffusion method

The essential oil was effective on VRE, MSSA, E. coli
and St. epidermidis, but not on S. enteritidis, [75]
Ps. aeruginosa, and Ca. albicans.
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Table 2. Cont.

LEOs Origin Microorganisms Tested Method Used Main Results Reference
Ie iall der Lavandul Xanthomonas spp. isolated from tubers and stem of plants Lavender (2.0%) essential oils inhibited the growth of
p nOIEer)e‘;ZCilaa avender Lavanduta growing in Lithuania. Broth microdilution method and MIC determination all Xanthomonas spp. strains: the diameter of the [76]
8 Xanthomonas translucensX. arboricola (four strains) inhibition zones was from 22.8 to 0.9 mm.
4 A synergistic action was found when oils were
used in combination with fluconazole.
T 1 L ol v The observed enhancement effect of
wo cultivars of L. angustifolia: Ca. albicans Broth microdilution method and MIC determination fluconazole antifungal activity was [77]
Blue River” and ‘Ellagance Purple’ (Poland). significantly stronger in the case of essential
oils obtained from flowers and leafy stalks of
‘Blue River’ cultivar.
The lavender extract demonstrated antimicrobial
.y E. coli, Proteus vulgaris, Ps. aeruginosa, St. aureus, Ec. faecalis, activity against all tested pathogens. St. aureus was the
(L];Z?nggg angustifolia L. monocytogenes, Candida utilis, B. subtilis, A. niger, Disk diffusion method most sensitive towards the lavender extract (MIC 60 [78]
& Penicillium chrysogenum, Saccharomyces cerevisiae. ng/mL), while for all other pathogens, the MICs were
above 600 ptg/mL.
L dula dentat B L " s St E. coli P . Agar-well diffusion method and determination of minimum
avandia dentata - cereiis, L. monocytogenes, ot. aureiis, L. coll, 's. Aeruginosa inhibitory concentration (MIC) and minimum bactericidal Only a bacteriostatic effect was observed. [79]

Lavandula Marrakech

and Salm. enterica.

concentration (MBC)
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4. Food Preservative Applications of Sage and Lavender EOs

In general, the effect of antibacterial activity of EOs may inhibit the growth of bacteria
(bacteriostatic) or destroy bacterial cells (bactericidal), but it is very difficult to distinguish
these actions. In addition, as aforementioned, the effectiveness of EOs is strictly related
to their chemical composition, which is itself affected by various factors: environmental
conditions, soil composition, climate, season, cultivation, extraction, storage conditions,
harvest period, plant genotype, phenological stage, part collected and other factors [80,81].

Even if some major compounds could be recovered in each EQ, all compounds should
always be taken into consideration for their antimicrobial activity since minor components
could exert a synergistic and additive effect [53].

Considering the number of different groups of chemical compounds present in sage
and lavender EOs, their antibacterial activity is not attributable to one specific mechanism
because they seem to have no specific cellular targets. However, different modes of ac-
tion have been suggested, such as (i) damage to the microbial cell wall and membrane
proteins; (ii) the dissolution of the phospholipid bilayer of the cytoplasmic membrane
with consequent reduction of the proton motive force, electron flow and active transport
(iii) the coagulation of cellular components and (iv) the inactivation or destruction of genetic
material or interference with gene expression. All these mechanisms cause destabiliza-
tion, increasing the permeability and leakage of cell constituents [5,82]. Another issue to
be evaluated is that foods are complex matrices composed of several elements (proteins,
fats, carbohydrates, mineral salts and water content), with each of them able to affect the
antimicrobial efficacy [5].

The application of sage and lavender EOs for the preservation of foods is not a new
concept, and some interesting applications are described in the following lines. For example,
in 2016, Azizkhani et al. [83] investigated the inhibitory activities of S. sclarea EO against
chemical and microbial spoilage in Iranian white cheese: at 1%, the oil inhibited Aspergillus
growth throughout the storage period and reduced L. monocytogenes population of up
to 6 log CFU/g.

Soji¢ et al. [84] studied S. officinalis herbal dust (a food industry by-product) by adding
its essential oil (SEO) and its extract (SE) at concentrations of 0.05, 0.075 and 0.1 uL/g in
fresh pork sausages to evaluate the oxidative and microbiological stability during storage.
The authors reported that both SEO and SE reduced microbial growth, although SE was the
most effective at 0.075 uL/g and 0.1 uL/g. As expected, the chemical profile highlighted
the presence of oxygenated monoterpenes and diterpene polyphenols responsible for the
antimicrobial and antioxidant effects [84].

In general, also for sage EOs, the highest concentrations allow the greatest micro-
bial reductions, but high concentrations negatively affect the sensory and organoleptic
characteristics of foods. Therefore, extracts and/or essential oils of Salvia spp. are often
combined with other natural antimicrobials or used as part of a hurdle system [5]. For
instance, Kac¢éniova et al. [85] evaluated the antimicrobial effect of sage and rosemary EOs
in fresh chicken breast, treated as follows: without packaging (AC), vacuum-packaging
(VPC), vacuum-packaging + EDTA 1.5% (VPEC) + sage (VP+S) and rosemary EO at 0.2%
(VP+R), separately. The food quality was evaluated for 16 days of storage at 4 £ 0.5 °C by
anaerobic plate count (APC), Enterobacteriaceae, lactic acid bacteria (LAB) and Pseudomonas
spp- counts. As regards APC and LAB, compared to the other treatments, VP+S was the
most effective treatment, with the lowest bacterial load recorded after 16 days of storage.
Concerning Pseudomonas spp. and Enterobacteriaceae, VP+S and VP+R resulted in the best
treatments: no growth was observed throughout the entire refrigerated storage period.

In 2020, Moura-Alves et al. [86] evaluated the combined use of the sous vide cook-chill
(SVCC) process and S. officinalis L. EO on the growth of L. monocytogenes in beef stored
at different temperatures (2 and 8 °C) for 28 days. Data showed that S. officinalis EO
helped to control bacterial growth: at 2 °C, L. monocytogenes was reduced by approx. 1
log CFU/g in EO samples compared to the control, while at 8 °C, lower L. monocytogenes
counts were observed, despite an exponential growth that started from day 14. Even if the
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pathogen was not inhibited, the combination of storage temperature and the inclusion of
sage EO was effective to control microbial growth. Similar results were also confirmed by
Gal et al. [87], who observed a reduction of L. monocytogenes heat resistance in sous-vide-
treated beef tenderloin.

Recently, Ferreira et al. [88] produced a fish product by adding aromatic herbs:
S. officinalis powder was added to salmon hamburgers in three concentrations
(0.50, 1.00 and 1.50%) to preserve them from oxidative processes. They also evaluated
the antimicrobial effects against coliforms at 45 °C, Salmonella sp., coagulase-positive
St. aureus and sulfite-reducing clostridia on the 90th day of storage. Sage was able to stop
the oxidation process, showing good antioxidant and antimicrobial potential. In addition,
Salmonella spp. was absent for all samples, St. aureus and clostridia counts were less than
2 log CFU/g, and thermotolerant coliforms counts were below 3.0 NMP/g.

S. officinalis EO also affected the chemical, microbial, sensory characteristics and
shelf life of rainbow trout fillets [89]. These authors found that the use of the hydro-
ethanol extract of S. officinalis L. significantly reduced microbial growth (mesophilic bac-
teria, Pseudomonas spp., Enterobacteriaceae, psychrotrophic bacteria and H,S-producing
bacteria) in salmon fillets during 25 days of storage at 4 °C; this effect was higher at
higher extract levels (6%). After 25 days of storage, compared to control, mesophilic bac-
teria and Enterobacteriaceae were reduced by ca. 6 log UFC/g, while Pseudomonas spp.,
psychotropics and HpS-producing bacteria were reduced by ca. 4 log UFC/g.

Lavender EOs have been also tested to prolong the shelf life of a variety of foods (i.e.,
vegetables, rice, fruits, dairy, meat and fish products), but the dominant aroma often limited
their applications [90].

Dincoglu and Caliskan [90] studied the effect of lavender (L. angustifolia Mill.) EO
(LEO) on microbiological, chemical and sensorial properties of meatballs; they also investi-
gated its antimicrobial effect against E. coli O157:H7 inoculated into the food matrix. The
study reported that the minimum inhibition concentration (MIC) was 6.4 uL/mL, and LEO
showed inhibitory activity against a total number of aerobic mesophilic bacteria, coliforms,
E. coli, St. aureus, yeasts and molds. At an EO concentration of two-fold the MIC value, the
E. coli O157:H7 cell load was reduced by 3 log UFC/g. Chemical analyses revealed that
LEO was mainly composed of linalool (37.02%) and linalyl acetate (28.65%) and that the
antioxidant activity was moderate.

With regard to the fish sector, in a very recent study, Simat et al. [91] used lavender
and other plant extracts as singles or in mixtures to evaluate their effect on the quality and
shelf-life of cold-marinated shrimps (Parapenaeus longirostris, Lucas, 1846) stored at 4 °C
for 8 months. Lavender EO combined with oregano and rosemary in a 1:2:3 ratio was the
most effective mixture and caused a reduction in mesophilic and psychrophilic cell loads.
Furthermore, no degradation of the omega-3 fatty acids, eicosapentaeonic acid (EPA) and
docosahexaenoic acid (DHA) was recovered. Finally, no negative effect on organoleptic
characteristics was observed [91].

Another interesting paper is the recent paper by Ramdan et al. [92] in which L. officinalis
was used for the green synthesis of zinc oxide nanoparticles to develop an edible coating
for Tilapia fillets; the antibacterial activity against St. aureus and E. coli was evaluated
during the refrigerated storage. The lavender-zinc-based coating reduced the growth of
both microorganisms by about 3.7 log CFU/cm? of fish. E. coli was less sensitive than
St. aureus. Finally, the shelf-life of the bio-coated fillet was extended by about 4 days.

By-products of lavender processing found application in the bakery sector. Rich
in polyphenols (especially rosmarinic acid) and aroma compounds, they exhibit high
antioxidant and antimicrobial activity: the addition of 2.5 and 5% of lavender waste
extended the shelf life of bread by 96 h compared to the control, and no microbial spoilage
was observed. Bread with 5% lavender waste was characterized by an increase in total
dietary fiber (of three times) and polyphenols and flavonoids (more than four times)
compared to the control sample, while bread with 2.5% lavender waste was preferred by
consumers [81].
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However, the applications of both sage and lavender EOs for the control of spoilage
and foodborne pathogens and to enhance product quality will likely increase as research
expands. Understanding better the composition of these oils and their standardization
should guarantee that antimicrobial and quality characteristics associated with the use
become consistent.

5. New Approaches for EOs Application

As is well recognized, EOs are volatile substances very sensitive to oxygen, light,
moisture and heat; these characteristics could diminish their application in food and phar-
maceutical industries. Thus, new technological and engineering approaches have been
recently proposed to increase EOs’ chemical stability and solubility, decrease rapid evapora-
tion and minimize the degradation of active compounds; one of these is the application of
nanotechnologies. These last are considered a revolutionary strategy involving the control
of matter at the atomic and molecular scales, usually below 100 nanometers (the term
“nano” is referred to as a magnitude of 10~°? m): nanostructures, such as nano-emulsions,
nanoliposomes and nanoparticles, can exhibit different physicochemical properties than
their normal-scale analogues, such as a higher chemical reactivity due to a larger surface
area [93,94]. Nanotechnologies have greatly contributed to the industrial application of
EOs in fermentation processes and in food, textile, cosmetic, pharmaceutical, agricultural
and environmental industries [95-98].

Recent studies have demonstrated that nanoparticles functionalized with EOs could be
successfully used as antimicrobials against multidrug-resistant pathogens [1,95], whereas
nano-emulsions could efficiently contribute to support the use of EOs in foods by increas-
ing their dispersibility in the food areas where microorganisms grow and proliferate by
reducing the impact on the quality attributes of the product, as well as by enhancing their
antimicrobial activity [99]. Through nano-encapsulation, small capsules are formed by
coating or embedding droplets of the bioactive compound in a matrix [99]: this physical
barrier protects EOs from environmental factors, counteracts the high volatility of their com-
ponents, facilitates their controlled release and improves bioavailability and efficiency [100].
Lavender oil encapsulated in chitosan nano-spheres demonstrated significant antimicrobial
activity against B. cereus, B. subtilis, A. fumigatus and Macrophomina phaseolina in a study
carried out by Velmurugan et al. [97]. In 2021, Pilicheva and co-authors [101] proposed the
encapsulation of lavender oil in Arabic gum/maltodextrin microparticles by spray-drying,
underlining that this feasible approach could be a useful tool for the conversion of liquid
materials into solids with satisfactory flowability for further use in powder technology.

An interesting application of nanotechnologies applied to EOs is also found in the
study by Dogan et al. [102], who tried to fabricate a novel active food packaging based
on centrifugally spun nanofibers containing lavender essential oil: PVP, a non-toxic bio-
compatible polymer with GRAS (generally recognized as safe) status, was loaded with
three different concentrations of LEO and used to preserve minced lamb meat. The in-vitro
antioxidant effect of nanofiber mats increased with the loaded LEO concentration and the
nanofibers positively affected the shelf life by suppressing the growth of aerobic mesophilic
bacteria, psychotropic bacteria, yeast and molds that cause spoilage in meat.

The nanotechnology techniques have also been applied to EOs from Salvia by loading
them in various matrices and green-synthesized metal or metal oxide nanoparticles (NPs).
A good overview of these novel strategies related to both the nano-encapsulation of sage
oils and related methods of preparation and application as antimicrobials can be found in
the review by Zaccardelli et al. [103].

In recent years, new alternative technologies and green engineering approaches have
also been proposed to improve EO extraction since conventional extraction technologies are
characterized by several drawbacks, such as long extraction time, high energy consumption,
low efficiency and reliance on hazardous solvents, which could limit their use in foods.
Increasing energy costs and the more environmentally friendly approach being adopted
(i.e., reduction of CO, emissions) have moved researchers to seek alternative technologies
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that are cost-effective, sustainable and capable of producing products with the same or
improved characteristics. Figure 5 provides a brief summary of both conventional and
innovative methods proposed for EO extraction.

[ Conventional Methods | ( Innovative Methods |
Cold Expression B e . . . ™
The EOs glands in the peel and cuticles are broken and the f Pl Mi:-nwa‘ve Ass?sledCIExtra(l}n?(MAEl d \
oil is released. The resulting aqueous emulsion is centrifuged ant materials are _5“ jecte B fo micr D“Rf‘es and two
to separate the EO. phenomena occurs: (i) conduction through ion movement
\‘*/ 7 and (ii) dipole rotation. MAE is not expensive, less time-
( Solvent Extraction (SE) :

consuming and environmental friendly; as few solvents are
required. MAE has been successfully used for laboratory
application, but less used on industrial-scale. Nowadays,

The plant material is dissolved in a solvent bath; then, this
liquid (EOQ + other compounds) is filtrated and distilled. The
EO produced will contain small amounts of solvent, thus for

new methods are largely used: microwave hydro
food its use is not possible. SE is inexpensive and relatively distillation, solvent-free microwave extraction, compressed
N fast. /

,/ air microwave distillation, microwave accelerated steam
, distillation and vacuum microwave hydro distillation.

P

( Enfleurage Method /
An odorless cold fat is sprinkled on the plant material; the
odors dissolve in the fat, then plant material is replaced
with new ones and the process is repeated until the fat is
completely saturated. Finally the fat is subjected to

\_extraction with alcohol.

g Instant Controlled Pressure Drop Process (DIC)

The product is subjected to a rapid transition from high
steam pressure to vacuum; DIC treatment led to an
enhancement of global diffusivity and availability of the
liquid in the plant and it don't need solvents. It is a fast
\_method requiring lower energy levels and water use.

e Steam or Water Distillation \
Plant materials are exposed to boiling water or steam and,
through evaporation, release EQ. As EQs are exposed to
boiling water for a long time, artifact formation is possible.

/

TUltrasonic-Assisted Extraction (UAE) ™\
Ultrasound have the minimum effects on extractable |

Furthermore, esters can hydrolyze to alcohols and acids, compounds.
with serious implications. Sometimes a re-distillation of Although expensive, UAE enhances the extraction process
the oil is necessary to remove unwanted impurities or which can lead to increased yield in less time; in addition
components that impart an unacceptable odor. UAE requires reduction of organic solvents.
The amount of oil produced depends on the type of plant Through the phenomena of cavitation, cell membrane are
\ material, temperature, pressure and length of the | | damaged, resulting in high yield of extracted materials and
“distillation time (1-10 hotirs). /,/ “fast rate of extraction 4
4 Extraction with Supercritical Gases (SFE) ™

The solid material is put in a vessel and the fluid is added under a specific flow rate until the appropriate extraction conditions are reached. SFE can be performed in
batch, semi batch, and continuous modes. The main advantages are: (i) low temperatures, therefore it is an ideal method for thermally sensitive compounds; (i) the
interaction solute-solvent (solvation power) can be controlled by changing pressure and/or temperature, thus leading to very high selectivity; (i) supercritical fluids
have lower viscosity and higher diffusivity, so they can easy enter porous solid materials resulting in a fast extraction; (iv) this method uses nontoxic (i.e.CO2) or just few
\_milliliters of organic solvent; (v) It can be applied from analytical up to large industrial level.

S

Figure 5. Conventional and innovative methods proposed for EOs extraction [104,105].

6. Concluding Remarks

Sage and lavender EOs have attracted researchers’ interest for a long time because of
their numerous biological and antimicrobial properties that suggest their potential use as
health enhancers and food preservatives.

However, to promote their widespread application in both the food and pharmaceuti-
cals industries, some important issues should be yet addressed.

One aspect is the lack of consistency in their phytochemical composition since it
depends on numerous factors such as plant species (sometimes, intra-species variation
has also been observed), origin, plant part used for extraction, phenological stage and
the agronomical practices used. All these factors are able to affect the profile of volatile
compounds, underling that a standardization of the essential oils is mandatory before their
addition to foods or use as therapeutic agents.

Another aspect to be considered is that relatively higher concentrations of EOs are
generally needed to exert a beneficial effect, and this may adversely affect the organoleptic
characteristics of foods. To minimize this aspect, it would be desirable to study the synergistic
effects of EOs with other preservative techniques, including other natural antimicrobials and
essential oils from other plants as well as with other non-thermal preservation techniques.

Finally, further clinical studies should be performed to evaluate their toxicity and
assess with certainty their safety.
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