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Abstract: Many aromatic herbs are conventionally used for flavoring various foods, but re-
ceive wide attention because of the variety of health-related properties. The aromatic herbs
can be used either fresh or as dried powders and in the form of extracts, essential oils, or
purified metabolites. In this review, the main functional properties, in terms of antioxidant
and antimicrobial properties, and the applications of some of the commonly used aromatic
herbs from the Lamiaceae family, are discussed. Herbs like oregano, rosemary, sage, thyme,
summer savory, marjoram, and basil possess high levels of bioactive phytochemicals. They
are particularly rich in phenolic acids, flavones, phenolic diterpenes, and flavanones, with
various beneficial effects. The phytochemical profile of aromatic plants is highly influenced
by genetic factors, environmental conditions, and their interaction. In cases of the extracts
and essential oils, the extraction method has a strong effect on the final composition of the
herb products. Most of the applications of these aromatic herbs are related to their antiox-
idant, antimicrobial, and flavoring properties. In particular, aromatic herb extracts and
essential oils have multiple applications in fields like food, feed, pharmaceutical, cosmetics,
biopesticides, and textile industries.

Keywords: aromatic herbs; bioactive phytochemicals; essential oils antioxidant activity;
antimicrobial activity; applications

1. Introduction

The leaves of aromatic plants, which are separated from other plant organs like roots,
stalks, bulbs, barks, seeds, etc., and are used for seasoning and flavoring various foods, are
typically known as herbs [1]. Spices, on the other hand, are obtained upon the drying of
various parts of the aromatic plants, except for leaves [1,2]. Besides the culinary importance
when used for seasoning, or as flavoring and coloring agents, many herbs and spices may
help increase the shelf life of several foods and are traditionally used for various medical
purposes. In particular, many herbs are rich in phytochemicals, which might ensure health-
related benefits because of some important biological properties, such as antimicrobial
activity, antioxidant capacity, anti-inflammatory and antitumor effects, etc. [1]. Because
of the general lack of side effects at low doses, nowadays, consumers are interested in
using different types of herbs-based products, which might improve the quality of life and
maintain human health. However, overconsumption was reported to result in toxicological
effects [1].

The present review is focused on seven commonly used leafy aromatic herbs from the
Lamiaceae (Labiatae) family, namely sweet basil (Ocimum basilicum L.), sweet marjoram
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(Origanum majorana L.), oregano (Origanum vulgare L.), rosemary (Rosemarinus officinalis L.),
sage (Salvia officinalis L.), thyme (Thymus vulgaris L.), and summer savory (Satureja hortensis
L.). In particular, the main bioactive compounds, namely the fixed or volatile secondary
metabolites found in the aerial parts of the aromatic herbs, their functional properties, with
particular attention to antioxidant and antimicrobial properties, and the main applications
of the fresh or dried plants, their extracts, and essential oils are presented in the paper.

Oregano, basil, and thyme are the most widely accepted aromatic plants, with the
major consumers being the American and European markets. On the other hand, the
popularity of rosemary, savory, sage, and marjoram varies in different parts of Europe and
the USA, depending on the local food habits [3]. The aerial parts of these aromatic herbs
are typically used fresh or after drying for directly seasoning different types of foods, or for
preparing extracts and essential oils (Table 1).

Table 1. General details on the cultivating requirements of aromatic herbs [3,4].

Commf) n Name Plant Part Used Growth Ha.lblt and Climate Zone
(Botanical Name) Duration
Tropical wet and dry,
Basil (Ocimum Leaves and Annual herb. Needs full subtropical humid,

basilicum L.)

sun. Grows well in rich and

well-drained soil. subtropical dry, or

temperate oceanic

terminal shoot

Marjoram Leaves and Perennial herb. Needs full ~ Subtropical dry summer,
(Origanum floral buds sun. Grows on saline temperate continental,
majorana L.) alkaline soil. or temperate oceanic
Oregano Leaves and Perennial herb. Needs full Steppe or semiarid,
(Origanum flower sun. Grows well in alkaline  subtropical dry summer,
vulgare L.) and well-drained soil. or temperate oceanic
Rosemary \‘% [\/ﬂ\\ Leaves and Perennial shrub. Needs full Steppe or semiarid,
(Rosemarinus N terminal shoot sun. Grows well in sandy  subtropical dry summer,
officinalis L.) S and well-limed soil. or temperate
) Steppe or semiarid,
‘Sag'e L {ﬂ/ . Leaves and . tropical wet and dry,
(Salvia officinalis s ™ . Perennial shrub. .
L) ?; @‘ terminal shoot subtropical dry summer,
’ o or temperate
Thvme Steppe or semiarid,
(Thymus Leaves and Perennial shrub. Grows tropical wet and dry,
yn terminal shoot well in dry hillsides. subtropical dry summer,
vulgaris L.)

or temperate

Summer savory
(Satureja
hortensis L.)

% Leaves and Annual herb. Grows in dry su]?ttffpiia(ir dsrerr;ﬁrifrller
terminal shoot and rocky hillsides. P y ’
temperate

The aromatic herbs have been consumed for centuries, and most of their applications
are related to flavoring properties and enhancing food stability and safety, because of
their antioxidant and antimicrobial properties, respectively. The functional properties of
the aromatic herbs are highly related to their chemical composition. It should be noted
that the phytochemical profile of aromatic plants is highly influenced by genetic factors,
environmental conditions, and genetic x environmental effects [5].
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In cases of extracts and essential oils, the procedure applied for the extraction of herb
components has a strong effect on the final composition of the herb products and conse-
quently on their properties. The extraction efficiency is dependent on several factors like
cultivars, chemotypes, growing and harvesting conditions, or the extraction method [6,7].
Usually, the extraction of the bioactive phytochemicals involves the use of green solvents
(water, ethanol, glycerol, isopropanol, deep eutectic solvent, supercritical carbon dioxide) or
other organic solvents like acetone, hexane, chloroform, ethyl acetate, etc. [8]. The selection
of the solvent and extraction method is dependent on the desired profile of components in
the extract [9,10]. For example, water can be used to extract hydrophilic components, while
superheating makes water a good candidate for extraction of lipophilic compounds such as
essential oils, due to the reduced polarity of the water between 100 and 374 °C. Ethanol
promotes the extraction of polyphenols and triterpenes, isopropanol can be used for the
extraction of oils, alkaloids, gums, and natural resins, while supercritical carbon dioxide
favors the extraction of lignans and essential oils [8]. Regarding the organic solvents,
acetone can be used for alkaloids and oils extraction, ethyl acetate showed excellent results
in the extraction of phenolic compounds, and methyl acetate is used for the extraction of
phytosterols and tocopherols. Cyclohexane is frequently used for fats, waxes, and oil extrac-
tion, while benzene can be used for the extraction of volatile oils, phytosterols, alkaloids,
and flavonoids [8].

The main methods employed for the extraction of the herb’s constituents can be
grouped into conventional and alternative methods, as presented in Figure 1. Most of
them possess several advantages and disadvantages, the selection of an efficient extraction
method being dependent both on the herb material and operational conditions (Figure 1).
Conventional methods include maceration, decoction, percolation, hydro-distillation, steam
distillation, and Soxhlet extraction. Maceration is applied to prepare tinctures, extracts, and
concentrated infusions [8]. Percolation is frequently applied for the extraction of essential
oils of the herbs, and decoction is applicable to extract saponins, tannins, and flavonoids
from the hard part of the herb plants, such as the case of rosemary. Soxhlet extraction is not
recommended to be used on samples with high water content, as it results in the degrada-
tion of some bioactive compounds like flavonoids [11]. Most of the conventional extraction
methods are cost-effective and very simple to operate with. However, the main limitations
are associated with reduced yield, long extraction time, high volumes of solvents, toxicity
of some solvents, and environmental pollution [7]. These drawbacks can be minimized
by using alternative methods such as ultrasound-assisted extraction, microwave-assisted
extraction, enzyme-assisted extraction, pressurized fluid extraction, or supercritical carbon
dioxide extraction (Figure 1). These techniques are considered eco-friendlier, and many of
them offer the advantage of not altering the structure of the most bioactive molecules [7].
For instance, the extraction time of basil essential oil with solvent-free microwave extrac-
tion was reduced by 50% when compared with conventional hydro-distillation [12]. The
hydro-distillation of essential oils from rosemary promoted the extraction of to a higher
extent of the monoterpene hydrocarbons, while the microwave-assisted hydro-distillation
favored the extraction of the oxygenated compounds [13]. Compared with the conventional
methods, for most of the alternative methods, the extraction generates extracts with supe-
rior yield, while the extraction time and total costs are reduced (Figure 1). For instance, the
ultrasound-assisted extraction was more efficient compared to the conventional extraction
for the recovery of phenolic compounds from marjoram. Thus, the extracts obtained by
ultrasounds were two-fold higher in polyphenols than those generated by conventional
methods [14]. On the other hand, to prevent the degradation of bioactive compounds, the
temperature during ultrasound treatment should not exceed 40 °C [8]. The supercritical
fluid extraction of marjoram and sweet basil generated essential oils with anti-inflammatory
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properties and good potential to be used in the prevention of atherosclerosis [15]. Recent
reviews of da Silva et al. [6], Shamkar et al. [7], and Kumar et al. [8] provide great details on
the particularities, advantages, and disadvantages of the advanced extraction techniques of
the bioactive compounds from different aromatic herbs.

Advantages Disadvantages
Fast High energy
Advantages Disadvantages High efficiency consumption
High solvent usage Advantages Disadvantages
Fast, costeffective ~ Long exposure
Reduced solvent affects the process T t=2-24h Costeffective  Degradation of bioactives
usage efficiency P=AP Simple Time consuming
A T=20-70°C =
Advantages Disadvantages t= Darsvf' :})onths P Lati ~ 11? = 1:\1)—2 - Advantages  Disadvantages
—— ercolation =
Fast Applicable only to T=4-20°C T=60-100°C Low Poor selectivity
Costeffective  thermostable Hydro investments  Long extraction time
compounds and Maceration and steam Degradation of bioactives
hard plant materials distillation Exposure to volaties and toxic
- solvents
t=1-2h t=6-24h
P=AP o T T P=AP
e CONVENTIONAL T
Decoction Soxhlet

N 4 > 72 St
}M -%4 ’2{% Phytochemical extraction methods J’% * *

Ultra.stzu;ld Supercritical
- - assiste 5 -
t=10-60 min - . (S) fluid t=10-60min
P= AP exirachon ALTERNATIVE extraction P=35-70MPa
T=20-80°C T=40-80°C
Advantages  Disadvantages Advantages Disadvantages
Microwave Pressurized -
Fast Solvent isted Tereral Low temperature  High initial capital
High yield contamination ass“t? lqul. High purity costs
Industrial extraction extraction Non-toxic Hugh consumption of
applications = Non-flammable solvents for cleaning
t=30s-20 min Enzyme
T=40-120°C a::‘s‘;d T=50-200°C
€ C
Advantages Disadvantages Xiracion Advantages Disadvantages
Effective heating Low yield t=20min-4h Low pressure ~ High Temperature
Fast energy transfer Degradation of AP High purity Complex operation
Reduced extracttime  bioactives T=33-67°C Expensive
Advantages Disadvantages
Fast Expensive
High yield Long extraction time

Figure 1. The main advantages and disadvantages of the conventional and alternative meth-
ods applied for phytochemical extraction [8,11]. S—solvent, W—water, AS—aqueous solvents,
NAS—non-aqueous solvents, OS—organic solvents, t—time, P—pressure, AP—atmospheric pres-
sure, T—temperature.

2. Functionality of the Aromatic Herbs

The applications of fresh aromatic herbs are mostly related to their flavoring proper-
ties. On the other hand, the extracts, powders, and essential oils concentrate significant
amounts of phytochemicals with important biological properties like antioxidant capacity,
antimicrobial activity, anti-inflammatory properties, anticancer and antiproliferative prop-
erties, antiplatelet activity, cardioprotective activity, etc. [1,11], and are widely explored in
pharmaceuticals and cosmetics, in addition to the food and feed industries.

The main types of chemical constituents and the major compounds responsible for
the flavor of various aromatic herbs are listed in Table 2. The nutritional value of most
aromatic herbs is mainly due to the proteins, vitamins, and mineral contents, whereas the
pleasant flavor is associated with the presence of high amounts of volatile oils [3]. The
protein content of most dried aromatic herbs is over 9 g/100 g d.w., with the only exception
concerning the rosemary with 4.9 g/100 g d.w. [3]. The fat content ranges between 4.0
and 15.3 g/100 g d.w., with the lowest and highest contents found in basil and rosemary,
respectively [3]. In addition, the fat- and water-soluble vitamins (C, A, B1, B2, B3, B5, B6, B9,
E, and K) and minerals (Fe, Ca, Mg, P, Mg, Na, K, and Zn) contribute to the high nutritional
value of the herbs [3,16].
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Table 2. Chemical composition of the aromatic herbs: details on the main compounds responsible for

the nutritive value, flavor, and antioxidant activity.

Aromatic

Details on Nutritive Value

Main Flavor

Compounds with

Herb (Composition per 100 g) Compounds Antioxidant Activity References
Phenolic acids, flavonoids,
especially anthocyanins, as
Proteins 14.4 g; Fats 4.0 g; well as eugenol, linalool,
Flb.er 17.8 g Ash143¢g D-Linalool, methy! e§tragole, a-cadinol, methyl
. Main vitamins: C, B1, B2, A, . cinnamate, and
Basil .. chavicol, eugenol, [3,15-21]
niacin cineole a-bergamotene
Main minerals: K, Ca, P, Major *: rosmarinic acid,
Mg, Fe, Na, Zn eugenol, linalool
Polyphenol content **:
4318 mg/100 g d.w.
Phenolic acids, flavonoids
. Carvacrol, D-linalool, (flavanones, flavonols,
Proteins 12.7 g; Fats 7.0 g; . flavones)
. i eugenol, chavicol, . - .
Fiber 18.1g; Ash12.1 g methvl chavicol Major: ferulic acid, caffeic
Marjoram Main vitamins: C, A, niacin D- teryineol ! acid, carnosic acid, carnosol,  [3,14,15,21,22]
Main minerals: Ca, K, Mg, p ’ luteolin-7-O-glucoside and
caryophyllene - .
P, Fe, Na, Zn . ; apigenin-7-O-glucoside
limonene, cineol
Polyphenol content:
3846 mg/100 g d.w.
P.rotems 11.0 g; Fats 10.3 g; Thymol, carvacrol, Derivatives of phenolic acids,
Fiber 15.0g; Ash7.2 g . . .
L S . a-pinene, cineole, flavonoids, tocopherols
Main vitamins: vitamins E, linalyl acetate Major: rosmarinic acid
Oregano B6, B3, B2, B9, B7, A, Bl, ma 'yt acetate, Jor: ’ [3,21,23-25]
linalool, dipentene, carvacrol, thymol
carotene -cymene Polyphenol content:
Main minerals: Ca, K, Mg, I[DS-C};r ophvllene 31157’F;n /100 ¢ d w.
P, Fe, Na, Zn, Mn, Cu, Se yophy & g d-W-
Cineole. borneol Phenolic acids, flavonoids
Proteins 4.9 g; Fats 15.2 g; ) ’ ! (flavanols, flavones), and
. linalool, eucalyptol, .
Fiber 17.7 g; Ash 6.5 g phenolic terpenes
LYo camphor, bornyl . Lo
Main vitamins: vitamins C, . Major: carnosic acid,
Rosemary acetate, a-pinene, e . [3,21,25-27]
A and B3 . rosmanol, rosemarinic acid,
. ) . camphene, sabinene, ..
Main minerals: Ca, K, Mg, hellandrene naringin, carnosol
P, Na, Fe, Zn lc::c—ter inene ! Polyphenol content:
p 2519 mg/100 g d.w.
Proteins 10.6 g; Fats 12.7 g;  Thujone, borneol, i};erelﬁlelz acids and phenolic
Fiber 18.1g; Ash8.0 g cineole, bornylesters, p .. .
o T O . Major: rosmarinic acid,
Main vitamins: vitamins C a-pinene, salvene, ) )
Sage .. carnosic acid, carnosol, [3,21,28]
and A, niacin D-camphor rosmanol
Main minerals: Ca, K, Mg, phellandrene,
P Fe Na. 7n ocimene Polyphenol content:
e 2920 mg/100 g d.w.
Phenolic acids, flavonoids, as
Thymol, carvacrol, well as terpenes: carvacrol
Proteins 9.1 g; Fats 7.4 g; linalool, L-borneol, thvmol _IZ meﬁe ’
Fiber 18.6 g; Ash 11.7 g geraniol, amyl ymoL pey ’
Main vitamins: vitamin A alcohol, B-pinene caryophyllene, carvone,
Thyme . ' ’ ’ ! borneol [3,21,29,30]
niacin camphene, . .. .
. . ) Major: rosmarinic acid,
Main minerals: Ca, K, Mg, p-cymene,
P, Fe, Na, Zn caryophyllene thymol
e yopay ’ Polyphenol content:

1,8-cineole

1815 mg/100 g d.w.
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Table 2. Cont.

Aromatic Details on Nutritive Value Main Flavor Compounds with References

Herb (Composition per 100 g) Compounds Antioxidant Activity
Proteins 15.0 g; Fats 5.9 g; carvacrol, f/)v};ijln ;)shtceimeiselsf'li‘gggéils » 88
Fiber 30.7 g; Ash 7.5 g y-terpinene, carvacrol Itghymél !

S:ér;ner x:(ljrlll vitamins: vitamin A, ﬁ;quér;ize, pinene, Major: rosmarinic acid, [21,31-33]

y S yreene, thymol and carvacrol

Main minerals: Ca, K, Mg,  «-terpinene, eugenol, Polyphenol content:
P, Fe, Na, Zn 3-caryophyllene 4512 mg/100 g d.w.

* Folin assay (http://phenol-explorer.eu/); ** partially collected from http:/ /phenol-explorer.eu/ (accessed on
6 February 2025).

The plants of the Lamiaceae family are rich in natural bioactive phytochemicals,
with powerful antioxidant activity, better than that of synthetic antioxidants [3]. These
phytochemicals are useful for a bunch of in vitro and in vivo applications, such as impeding
the oxidative reactions occurring in fat-rich foods, and delaying the progress of many
diseases, respectively [14]. The primary antioxidants found in aromatic herbs are the
phenolic compounds (Table 2). A linear relationship was reported between the total
phenolic content of the herbs and their antioxidant properties [3]. As indexed by the
Phenol-Explorer database [21], the total phenol content (Folin assay) of the herbs varies in a
rather wide range, with the lowest content registered for dried thyme (1815 mg/100 g d.w.)
and the highest for basil and summer savory (4318 mg/100 g d.w. and 4512 mg/100 g d.w.,
respectively). The herbs of the Lamiaceae family have important amounts of phenolic acids,
flavones, phenolic diterpenes, and flavanones. Among the phenolic acids, of particular
interest is rosmarinic acid, a dimmer of the caffeic acid, which was reported to prevail in
the aromatic herbs considered in the present study, except for marjoram (Table 2). The
content of rosmarinic acid in the dried herbs varies between 308 mg/100 g d.w. in basil
and 987 mg/100 g d.w in rosemary [21]. In addition, the lipophilic phytocompounds like
carvacrol, thymol, carnosic acid, eugenol, linalool, etc., which are part of the essential oils,
have an important contribution to the antioxidant properties of aromatic herbs. The natural
antioxidants can contract the reactive oxygen species, owing to their redox properties and
capacity to interfere with the production of these harmful compounds. The mechanisms
involved include direct scavenging of the free radicals, chelation of the transition metals,
and quenching of the singlet oxygen [34]. By neutralizing the free radicals generated
in vivo, the antioxidant compounds allow for avoiding or diminishing the damage of
important biological molecules like proteins, DNA, lipids, and other small molecules.
The bioactive compounds extracted from herbs of the Lamiaceae family also possess
antimicrobial properties against a large spectrum of microorganisms. Their efficiency
depends on different factors, the most important being the geographical area, plant species,
or harvesting time (the season).

2.1. Basil (Ocimum basilicum L.)

Basil is a holistic herb, widely distributed in the regions with tropical, subtropical
as well as temperate climates from Europe, and North and South America. Basil is rich
in bioactive phytochemicals with documented pharmacological and therapeutic prop-
erties [16]. In addition to the high nutritional value given by fats, proteins, fat- and
water-soluble vitamins and minerals (Table 2), basil is also rich in many fixed or volatile
secondary metabolites, including phenols, flavonoids, anthocyanins, tannins, essential oils,
and steroids [16]. Ultimately, important differences in terms of chemical composition and
antioxidant properties were reported among the main green and purple basil varieties, as
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well as between leaves and flowers. The aerial parts of basil are good sources of essential
oils, accommodating up to 200 chemical compounds, including categories of compounds
like monoterpene, sesquiterpene, triterpene, oxygenated flavonoids, and other aromatic
compounds [35].

Basil has very strong antioxidant activity, which was assigned to various compounds
separated in the alcoholic extracts or found in the essential oils (Table 2). The main
compounds with antioxidant activity found in basil are phenolic acids like rosmarinic
acid, flavonoids, especially anthocyanins, as well as terpenes and terpenoids like eugenol,
linalool, estragole, x-cadinol, methyl cinnamate, and x-bergamotene [17-20]. The antioxi-
dant activity of the essential oils is highly influenced by their composition. Considering
the compounds that prevail in the composition of the essential oils obtained through
distillation, Dhama et al. [16] described four major chemotypes: rich in methyl-chavicol,
methyl-eugenol, linalool, or methyl-cinnamate. The antioxidant compounds from basil
offer efficient protection against oxidative stress, acting by scavenging free radicals and
increasing the activity of the antioxidative defense enzymes such as superoxide dismutase,
catalase, glutathione-reductase, and glutathione-peroxidase [16].

The antimicrobial properties of essential oils extracted from the aerial parts of basil,
harvested across all four seasons, were examined by Hussain et al. [36]. The most sensitive
strains to the biologically active compounds from the essential oils of winter basil were
Staphylococcus aureus ATCC 25923 (MIC of 0.9 mg/mL) and Bacillus subtilis ATCC 10707
(MIC of 0.8 mg/mL) [36]. It was observed that in the two mentioned seasons, the linalool
and other oxygenated compounds (e.g., monoterpenes, sesquiterpene) were present in the
highest concentrations, and were considered the main compounds with activity against the
tested Gram-positive bacteria [36]. Linalool is monoterpene alcohol used as a food addi-
tive, but also in pharmaceuticals and cosmetics, acting on a large spectrum of pathogenic
microorganisms, such as S. aureus NCTC 10788, Pseudomonas aeruginosa NCTC 12924,
Pseudomonas fluorescens ATCC13525, Escherichia coli NCTC 12923 [37,38], or Listeria monocy-
togenes ATCC 19115 [39]. The inhibitory mechanism of linalool against L. monocytogenes was
investigated through metabolomics studies, showing essential changes in the pathways
related to amino acids, carbohydrates, lipids, and nucleic acid metabolism [39].

The ethanolic extract of basil, harvested from the Dalmatian region of Croatia, showed
strong activity against S. aureus ATCC 25923, and good activity against ermC+ Staphylococ-
cus haemolyticus 231 and Yersinia enterocolitica 4/0:3 [40]. In the experiment conducted by
Ili¢ et al. [41], the antimicrobial activity of Ocimum basilicum L. cv. ‘Genovese’, cultivated
in an open field in southern Serbia, under controlled shading conditions and harvested at
the beginning of both August and September, was tested. The results emphasized that the
essential oil had a strong inhibitory activity against Bacillus cereus, Klebsiella pneumoniae,
and Candida albicans, regardless of the color of nets or harvesting time [41]. Furthermore,
the antimicrobial activity of the sweet basil oil against S. aureus, E. coli, and Proteus vulgaris
was higher than that of some specific antibiotics when the blue net was used, which has a
promising perspective in different domains, especially in medicine [40].

Yaldiz et al. [42] tested the antimicrobial activity of twenty basil genotypes, collected
from different countries (Ttiirkiye, Iran, the USA, Afghanistan, Macedonia, Ethiopia, Geor-
gia, Hungary), against B. cereus ATCC 10876, Micrococcus luteus ATCC 10240, S. aureus
ATCC 25923, Staphylococcus epidermidis ATCC 12228, E. coli ATCC 25922, Proteus mirabilis
ATCC 25933, P. aeruginosa ATCC 27853, Acinetobacter baumannii ATCC 19606, and C. albicans
ATCC 10231. Based on the specific antimicrobial mechanisms, the authors emphasized
different practical pharmaceutical applications of some genotypes, for instance, to create
a cutaneous cream ingredient due to the inhibitory action of a few genotypes against S.
epidermidis, or to use the Dino (Ttrkiye) or the PI 253157 (Iran) genotypes, respectively, as
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important tea ingredients for the kidney health, considering their activity against E. col,
the most frequent causative agent of the urinary tract infections [42].

The oil extract of basil leaves harvested from Ethiopian farmland and local markets
proved a much lower antimicrobial activity compared to chloramphenicol against E. coli,
S. aureus, and Aspergillus niger. The gas chromatography-mass spectrometry (GC-MS)
analysis of the crude extract showed a wide range of compounds in the essential oils,
the monoterpene estragole and 1-isopropyl-4-methylenecyclohex-1-ene being the most
abundant [43]. The antifungal activity of estragole against A. flavus spore germination and
its effect on aflatoxin biosynthesis were revealed by RNA-seq analysis at a 0.125 uL./mL
concentration [44]. Functional enrichment analysis of genes encoding the antioxidant-
or oxidoreductase-related enzymes (such as ctl-2, ctal, pod, STU21, 20DD21, hxnY, yanF,
yhdF), enzymes involved in energy metabolism pathways (such as acoC, kgd1, PDA1,
hxkA, gld1) or those from the secondary metabolism were all down-regulated. In addition,
the genes encoding the synthesis of the compounds from cell walls and membranes, as
well as those encoding the spore germination, were also inhibited by estragole, proving
the suppression of fungus growth and aflatoxin synthesis, respectively [44,45]. Further,
eugenol was reported to be active against Chronobacter sakazakii, with maximum tolerable
concentration (MTC) of 0.05% and MIC of 0.2% [46]. The main antimicrobial mechanism
of eugenol involves lipid membrane fraction disturbance and further disruption, leading
to the loss of intracellular proteins and other cellular components and, ultimately, cell
death [47].

2.2. Marjoram (Origanum majorana L.)

Marjoram is a culinary herb characterized by a strong spicy and camphoraceous pleas-
ant odor. It is indigenous to Mediterranean countries and is currently grown mostly in Cen-
tral and Western Europe, South and North America, North Africa, and Western Asia [22].
The economic value of the marjoram mainly depends on the composition of the essential
oils. The bioactive phytochemicals identified in the marjoram essential oils are monoterpene
hydrocarbons, oxygenated monoterpenes, and phenolic compounds [10]. Arranz et al. [15]
employed the supercritical carbon dioxide extraction and obtained essential oil with vari-
able amounts of cis-sabinene hydrate, terpinene-4-acetate, 1-terpinen-4-ol, «-terpineol,
trans-sabinene hydrate, spathulenol, caryophyllene, linalool, carvacrol, and «-bergamatone.
The phenolic compounds identified in the essential oils are hydroxycinnamic acids like
rosmarinic acid, ferulic acid, caffeic acid, coumarinic acid, and hydroxybenzoic acids like
vanillic acid, syringic acid, and p- and m-hydroxybenzoic acid [10]. The hydroalcoholic
extracts, on the other hand, accommodate high amounts of phenolic acids, flavonoids,
and flavonoid glycosides, which are major contributors to the antioxidant activity of the
marjoram extracts. The hydroxycinnamic and hydroxybenzoic acids play an important role
in this respect. Phenolic glycosides and derivatives like arbutin, methyl arbutin, vitexin,
and orientinthymonin, as well as free or glycosylated flavonoids like catechin, luteolin,
quercetin, quercetin-3-O-glucoside, kaempferol, kaempferol-3-O-glucoside, naringenin,
narigenin-O-hexoside, apigenin, etc., were also identified in the marjoram [10]. Thus, major
contributors to the antioxidant activity of the methanolic extracts obtained from marjoram
are rosmarinic acid, carnosic acid, luteolin-7-O-glucoside, carnosol, apigenin-7-O-glucoside,
and caffeic acid [14].

The main widely explored biological property of marjoram (Origanum majorana L.)
is its antimicrobial action proved against a large spectrum of bacteria and fungi. Ghazal
et al. [48] tested the antimicrobial effects of two solvent extracts (methanol and n-hexane)
and the essential oil obtained from dried leaves against the following strains: Staphylococcus
spp., B. subtilis ATCC 6633, Enterococcus faecalis 29212, E. coli, K. pneumoniae ATCC 700603, P.
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aeruginosa ATCC 27853, and C. albicans ATCC 10231. The undiluted essential oil of marjoram
(0.05 mg/mL) showed remarkable antimicrobial effects compared to the solvent extracts
due to the inhibitory effect on the bacterial efflux pump. The main susceptible strains were
S. aureus ATCC 25923, S. aureus MRSA ATCC 43300, and E. coli ATCC 25922, and all of
these strains had the MIC of 0.125% [48] (Table 3). Regarding antibiofilm activity, Ghazal
et al. [48] showed that sabinene and sabinene hydrate appeared to be the most effective

compounds against E. coli ATCC 25922 and S. aureus MRSA, demonstrating significant

activity regardless of the bacteria’s cell wall structure.

Table 3. Antimicrobial activity of plant extracts regarding inhibition zone diameters and minimum

inhibitory concentration (MIC)/minimum bactericidal concentration (MBC) values against a wide

range of pathogenic microorganisms.

Herbs/ Data on Antimicrobial Activity
Extract or Essential . Inhibition Zone References
Oils Strains Diameter (mm) MIC MBC
Basil
S. aureus ATCC 25923 2411 1.5 mg/mL 4 6]
Essential oil 240+ 1.0 0.9 mg/mL n :
B. subtilis ATCC 10707 261+ 1.1 0.8 mg/mL
. - 11.33
S. epidermidis 17.00 (Ethanol extract)
Dino genotype .
Essential oil E. coli 17.33
P. aeruginosa 16.67
nd nd [42]
P1253157 genotype S. epidermidis 17.33
Essential oil
PI1296391 genotype S. aureus 17.00
Essential oil E. coli 22.00
Bacillus cereus 26.5 + 3.21
‘Genovese’, S. aureus 38.7 £ 1.15
Blue net treatment P ouleari 8.0 £ 3.79
1 o . vulgaris . .
Essential oil : nd nd [41]
C. albicans 33.7 £ 0.58
‘Genovese’, Bacillus subtilis 26.5 +7.18
Pearl net treatment K. pneumoniae 34.3 £3.44
Ethanolic extract S. aureus >20 (+++) nd nd [40]
L C. sakazakii 0.2% for the 0.05%
Essential oil Lv53 10.1 +04 eugenol (MTC) [46]
Marjoram
S. aureus ATCC 29213 16 +£ 0.5 0.125%
S. aureus MRSA ATCC
14 + 0. .125%
Essential oil 43300 0.3 0.125% nd [48]
E. coli ATCC 25922, 0.125%
E. coli AG-100 1404 0.250%
S. aureus ATCC 29213 0.156 mg/mL
A. niger ATCC 16888
¢ / 0.078 mg/mL
.alb ATCC 18804
Essential oil C. albicans ATCC 1880 nd nd [49]
Trichophyton
mentagrophytes ATCC 18748, 0.157 me /mL
Aspergillus ’ &
fumigatus ATCC 96918

Oregano
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Table 3. Cont.
Herbs/ Data on Antimicrobial Activity
Extract or Essential . Inhibition Zone References
Oils Strains Diameter (mm) MIC MBC
E. coli ATCC 25922 20.7 0.49 mg/mL 0.99 mg/mL
Essential oil S. aureus ATCC 25923 16.7 1.9 mg/mL 7.9 mg/mL [50]
S. aureus isolated from a
patient 19.7 1.9 mg/mL 3.9mg/mL
clinical sources
L. monocytogenes L3 1.25 pL./mL
Commercial essential L.253, 1291 0.625 pL/mL
oil O. vulgare var. 1239, L317 nd 0.3125 uL/mL nd [51]
hirtum
L315 2.5 uL/mL
L368 10.0 pL/mL
M. luteus ATCC 10240, S.
aureus ATCC 33862, E. 0.25 mg/mL 0.25mg/mL
faecalis ATCC 19433,
L. monocytogenes
SC-CO, extracts of ATCC 19115 q 025 mg/mL 05mg/mL [52]
- n
dried, ground E. coli ATCC 8739,
S. enterica ser. Enteritidis 0.5 mg/mL 0.5mg/mL
ATCC 13076
P. aeruginosa ATCC 9027,
C. jejuni ATCC 33291 0.5 mg/mlL, 1.0mg/mL
Rosemary
B. cereus 0.320 mg/mL
SC—CO'Z extracts from E. faecium nd 1.280 mg/mL nd [53]
dried leaves E. coli. S. enteri
. coli, S. enterica ser.
Enteritidis 2.560 mg/mL
A. b ii ATCC
Commerciz'ill essential ubénzzAni1;27 nd 0.500 mg/mL nd [54]
oi
C. albicans ATCC 10231 0.600 mg/mL
Infusion from dried S. aureus nd >1.5mg/mL nd [55]
rosemary leaves P. aeruginosa 10 >6.0 mg/mL nd
Salvia spp. (sage)
S. fructicosa S. aureus ATCC 29213 18 2.25 mg/mL 4.50 mg/mL 156]
(Greece sage) E. coli ATCC 25922 10 0.563 mg/mL 2.812mg/mL
. Methicillin-Sensitive 17.464 + 0.253
Aerial parts from S. aureus
. fruticose S. aureus MRSA 11.184 + 0.209 2.853 mg/mlL. nd 1571
(Greece sage)
S. aureus ATCC 29213 9.399 + 0.148
S. aureus 33.66 + 5.68 18.75 mg/mL 37.5mg/mL
L P. mirabilis ATCC 29906 12.33 + 0.57 0.29 mg/mL 1.17 mg/mL
S. officinalis [58]
B. subtilis ATCC 6633 14 +£1.73 2.34 mg/mL 4.69 mg/mL
C. albicans ATCC 10231 25.33 +1.15 4.69 mg/mL 9.37 mg/mL
S. officinalis aerial S. aureus ATCC 25923 d 0.125 mg/mL 0.125mg/mL [59]
. n
flowering parts P. aeruginosa ATCC 27853 0.125 mg/mL 400 mg/mL
S. officinalis
flowering period S. pyogenes ATCC 19615 nd 0.5 mg/mL 0.5mg/mL [60]
S. faecalis clinical strain 2 2.1mg/mL
S. officinalis S. faecalis clinical strain 2 1.0 mg/mL
Hydroethanolic S. faecalis clinical strain 3 nd nd 8.7mg/mL [61]
extract S ——
E. faecium clinical strain 1 2.1mg/mL
E. faecium clinical strain 2 4.3mg/mL

Thyme
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Table 3. Cont.
Herbs/ Data on Antimicrobial Activity
Extract oori;isssential Strains Isi;i;i:izlr’\(rzno;)e MIC MBC References
B. cereus ESB014 36.1 +£2.2 0.19%
B. stearothermophilus ESB016 41.0+49 0.39%
C. perfringens 1.16 220+1.0 0.09%
E. faecalis ATCC 29212 289 + 1.1 0.19%
E. flavescens DSMZ 7370 30.1+£0.4 0.02%
Commerciefll essential L. monocytogenes 7946 36.0 £ 1.4 0.05% d [62]
oil S. aureus MRSA 347 £3.0 0.09%
A. baumannii ESB028 32.6 £3.7 0.05%
P. mirabilis ESB027 36.7 £ 1.8 0.05%
S. Tiphymurium ESB009 299 £ 1.8 0.09%
Y. enterocolitica ESB024 478 £33 0.09%
C. albicans ESB025 50.7 £2.8 0.09%
Commercigl essential A. butzleri CCUG 30484 475+ 15 >1.024 mg/mL nd [63]
oil S. aureus CCM 4223 414437 1.024 mg/mL
Summer savory
S. aureus ATCC 6538,
E. faecalis ATCC 6057, nd 0.250 mg/mL 0.500 mg/mL
Aqueous extract S. cerevisiae ATCC 9763 [64]
Kp ng;’;fgéégggz%l’ nd 0.250 mg/mL <0250 mg/mL
L. monocyli;olglezes ATCC 031 mg/mL 0.62mg/mL
Hyd;z;lﬁ;:th olic P. aeruginosa ATCC 27853, nd 50 [65]
S. typhimurium ATCC 14028 Omg/mL 100mg/mL
E. coli ATCC 25922 2.5mg/mL 5.0mg/mL

nd—not determined; MTC—maximum tolerable concentration.

Different studies emphasized the antibacterial potential of terpinen-4-ol (TP4O), the
main compound found in substantial amounts in marjoram, against food-borne pathogens
or those causing various human diseases [66—-69]. In vitro studies on the TP4O interaction
with the cell membrane proved both bacteriostatic and bactericidal effects, regardless of
the Gram classification. The MICs of TP4O against S. aureus MRSA and P. aeruginosa were
calculated at 1.25% and 2.5% (v/v), respectively [69], and at 0.25% (v/v) for other different
strains of S. aureus [70]. According to the study of Paudel et al. [49], the essential oils
from O. majorana (originating from Nepal) exerted effective antimicrobial activity against
a range of microbial strains, assigned to the presence of key compounds, such as TP40O,
linalool, and either y-terpinene or p-cymene, in some samples. The sample in which p-
cymene was present exhibited moderate antibacterial activity against S. aureus, their effects
being less potent compared to the positive control, gentamicin. However, the antifungal
properties of the same sample were more pronounced, demonstrating good activity against
A. niger and C. albicans (MIC of 0.078 mg/mL), and moderate activity against Trichophyton
mentagrophytes and Aspergillus fumigatus (MIC of 0.157 mg/mL) [49] (Table 3). To elucidate
the action mechanism of TP40 against S. aureus MRSA, in silico studies were performed on
the enzyme PBP2a, the penicillin-binding protein 2a, that creates resistance to beta-lactam
drugs, allowing the cell wall biosynthesis due to its transpeptidase activity [70,71]. The
results of the molecular docking analysis showed that the hydroxyl of TP4O interacts
with the amino acid residues Ser*®®, Lys**®, and Thr®%, all being important for the correct
anchoring of the TPO4 molecule in the active site of the PBP2a. Accordingly, the active
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site of the PBP2a is blocked, and the S. aureus is prone to become more sensitive to the
beta-lactams treatments [70].

2.3. Oregano (Origanum vulgare L.)

Oregano is a perennial herb that is widely distributed, especially in the Mediterranean
area. The aroma profile of oregano is characterized by a combination of spicy phenolic
and minty notes [29]. The chemical composition of oregano varies between genotypes. In
particular, the amount of various phytoconstituents of the essential oil was reported to dif-
fer significantly with the cultivation region, variety, harvesting period, and environmental
conditions [29]. Among the compounds isolated from oregano, those with the highest com-
mercial importance are the volatile oils, consisting mostly of terpenoids [24]. As reported by
Milenkovi¢ et al. [29], the essential oil of oregano consists of the sesquiterpene (24.3-31.4%),
monoterpenoids (12.2-21.1%), monoterpene hydrocarbons (3.7-11.8%), and aromatic com-
pounds (4.0-4.2%). The effective antioxidant activity of oregano was mainly attributed
to the lipophilic compounds that are part of the essential oil. Alvarez et al. [23] assigned
the high antioxidant activity of the essential oil obtained from oregano to the presence of
phenolic monoterpenes like thymol and carvacrol (Table 2). Moreover, their biogenetic
precursors y-terpinene and p-cymene are listed among the important phytochemicals in
the essential oils. Different chemotypes can accumulate up to 95% carvacrol, whereas other
major components of the oregano essential oil, like thymol, y-terpinene, and p-cymene,
can be up to 60%, 24%, and 9%, respectively [29]. To be sure, hydroxycinnamic acids like
rosmarinic acid, caffeic acid and its ester 5-caffeoylquinic acid, p-coumaric acid, and ferulic
acid, as well as the hydroxybenzoic acids like gallic acid, syringic acid, and vanillic acid, are
particularly important for the antioxidant activity of the oregano leaves and hydroalcoholic
extracts [21,24,25,27]. The essential oil extracted from the Peruvian Origanum vulgare L.
variety (Chachapoyas—2300 m above sea level) was evaluated by Tejada-Mufioz et al. [50],
in terms of chemical profile and antibacterial properties, with particular attention to its
effects on S. aureus and E. coli, under controlled laboratory conditions. The GC-MS chemical
composition of the oregano essential oil revealed the presence of 26 compounds, primarily
monoterpenes, the most abundant being 2-menthen-1-ol (36.33%), followed by linalyl
acetate (9.26%), terpinen-4-ol (9.01%), and other monoterpenes, including linalool and
thymol [50].

The Kirby—Bauer disk diffusion method showed that the oregano essential oil exhibited
significant inhibitory activity against both S. aureus and E. coli ATCC 25922, with the
largest inhibition zones observed at the highest tested concentration of 957 mg/mL [50].
Additionally, when the MBC was calculated, stronger bactericidal effects were highlighted
against E. coli (MBC of 0.99 mg/mL) compared to both S. aureus isolate (3.9 mg/mL) and
S. aureus ATCC 25923 (MBC—7.9 mg/mL) [50] (Table 3). In the study from D’Amato
et al. [51], the susceptibility of different L. monocytogenes strains isolated from food and
clinical environments to bioactive compounds from Origanum vulgare L. var. hirtum were
evaluated. Notably, clinical isolates demonstrated a generally lower level of resistance to the
oregano essential oils action compared to food strains, aspects confirmed by the MIC values
ranging from 0.625 to 10.0 uL/mL for the food strains, higher compared to 0.312-2.5 uL./mL
for the clinical strains [51] (Table 3). The same authors explained that the diminished
sensitivity of Listeria spp. food strains to essential oils is likely due to the common inclusion
of aromatic plants and spices in food processing, and this repeated exposure may lead to
an adaptive increased bacterial resistance to the main active constituents from Origanum
vulgare L. var. hirtum oils, represented by thymol (44.17%), y-terpinene (26.09%), and
p-cymene (16.03%) [51]. Despite this potential of bacterial adaptation, the broad-spectrum
antimicrobial properties of essential oils remain valuable, particularly because they do not
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promote the development of resistance in the same way as traditional antibiotics. Further,
the commercial essential oil from Origanum vulgare L. (OEO) demonstrated promising
antimicrobial properties, including activity against S. aureus MRSA.

Cui et al. [72] evaluated the effects of OEO (0.4 mg/mL of MIC) on S. aureus MRSA,
focusing on the impact on the bacterial cell membrane, intracellular enzyme activity, respi-
ratory metabolism, and energy production pathways. Oregano essential oil, particularly its
major component carvacrol (64.86% of the total composition), highlighted a multifaceted
antibacterial mechanism against S. aureus MRSA, primarily through membrane disruption
(proved by the leakage of small molecules, including Na* and K* ions, and losing intra-
cellular components), inhibition of respiratory metabolism (proved by an increasing citric
acid content due to the inhibition of the TCA cycle), and energy depletion (emphasized by
decreasing the ATP content by 44.32%) [72]. In general, antimicrobial mechanisms exerted
by carvacrol against bacteria cells involve several key processes responsible for bacterial
cell disruption and death, including cytoplasmic membrane alterations, cytoplasmic co-
agulation and leakage of essential components, metabolic imbalance, and influences on
the nucleic acids’ synthesis. In particular, carvacrol, along with other phenolic compounds,
which have a hydrophobic nature can interact with the acyl chains of the phospholipid
bilayer and can destabilize the membrane by increasing its permeability. These processes
lead to the reduction in the intracellular pH and ATP depletion, as well as ATP leakage
through the damaged membrane [73].

Gwiazdowska et al. [52] demonstrated that Origanum vulgare L. supercritical carbon
dioxide (SC-CO,) extracts exhibited higher antagonistic activity against both Gram-positive
and Gram-negative bacteria compared to their fungistatic effects, with MIC values ranging
from 0.25 to 5.0 mg/mL. Interestingly, the GC-MS analysis of the essential oils from dif-
ferent Origanum vulgare L. cultivars highlighted chemotype-dependent bioactivity, which
was influenced by the highest concentrations of the main compounds, such as carvacrol
('Hirtum’, "Margarita’, "Hot & Spicy’) or trans-sabinene hydrate ("Variegata’, Aureum’) [74].
The essential oils from the cultivars having the highest concentration of carvacrol exhib-
ited similar MIC values against Haemophilus influenzae (0.15 mg/mL), H. parainfluenzae
(0.15 mg/mL), P. aeruginosa (0.30 mg/mL), and S. aureus MRSA (0.6 mg/mL) [74].

2.4. Rosemary (Rosmarinus officinalis L.)

Rosemary is an evergreen camphor-scented perennial shrub, originating in the Mediter-
ranean region, from where it spread, reaching other warm regions of the world, such as
South America or the West Indies [26]. Rosemary has excellent antioxidant properties, the
bioactive phytochemicals acting as metal chelators, scavengers of superoxide radicals, and
lipid antioxidants [28]. The main phytochemicals from rosemary are phenolic compounds,
namely phenolic acids, flavonoids, di- and triterpenes, and essential oils. The phenolic
acids commonly found in rosemary are rosmarinic, caffeic, chlorogenic, and p-coumaric
acids [21,25-27]. The flavonoids are present in very low amounts and include mainly
naringin, cirsimaritin, hispidulin, apigenin, luteolin, diosmin (diosmetin 7-O-rutinoside),
and genkwanin [21,26]. Among diterpenes, carnosic acid, carnosol, and rosmanol were
mainly listed as strong antioxidants (Table 2). The antioxidant activity was noticed even
after oxidation of carnosic acid and carnosol into o-quinones. The triterpenes of rosemary,
on the other hand, are known for the anti-inflammatory and tumor-inhibitory properties.

A lower contribution of the lipophilic compounds from rosemary to the antioxidant
activity was suggested by Alvarez et al. [23]. Rosemary essential o0il contains various
amounts of 1,8-cineole, o-pinene, camphor, borneol, camphene, p-cymene, 3-pinene, and
limonene, with the composition being highly influenced by environmental factors, the
vegetative stage of the aromatic herb, and the extraction procedure. Depending on the
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predominant monoterpenoid, Aziz et al. [26] mentioned three different chemotypes that
are rich in 1,8-cineole, x-pinene, or camphor. Among the lipophilic phytochemicals of the
essential oil from rosemary, Alvarez et al. [23] highlighted the importance of the o-pinene
(9.0-26%) contribution to the overall antioxidant activity. Ultimately, the total phenolics
and antioxidant activity of the essential oil from rosemary are significantly lower compared
to oregano [23].

In the study from Lorenzo-Leal et al. [54], the commercial essential oil of rosemary
exhibited antimicrobial activity, effectively inhibiting the growth of A. baumannii BAA-747
(MIC of 0.5 mg/mL), but showed no inhibition against E. coli ATCC 25922, P. aeruginosa
ATCC 14210, or S. aureus MRSA. It seems that the lack of activity can be explained based
on differences in chemotype oils at concentrations lower than 2 mg/mL. Additionally,
the rosemary essential oils showed antifungal activity against C. albicans, with a MIC of
0.6 mg/mL [54] (Table 3). The authors also highlighted the importance of essential oil
compounds, particularly terpenes and terpenoid compounds, which are known to exert
antibacterial effects [54]. The GC-MS analysis of SC-CO; rosemary extract indicated the
methyl linoleate (66.78%) as a major compound, whereas in the essential oils’ composition,
the o-pinene, camphor, verbenone, 1,8-cineole, and borneol prevailed [53]. Although there
were notable differences in chemical composition, the antibacterial activity of both samples
against E. coli and S. enteritidis strains was similar, with a MIC value of 2.560 mg/mL for
the tested Gram-negative bacteria [53] (Table 3). In general, these compounds interact
with the proteins from the cell membrane, affecting its functionality and integrity, or
can alter the genetic material affecting different processes from the cell, such as electron
transport, fatty acid biosynthesis, phospholipase, and esterase inhibition, etc. [75-77]. Four
different extraction methods (maceration, infusion, Soxhlet, and ultrasound) were applied
to the rosemary leaf and their impact on the antioxidant and antimicrobial properties was
assessed by Macedo et al. [55]. All extracts exhibited some degree of antimicrobial activity,
with the infusion and ultrasound extracts being the most effective (Table 3). Specifically,
the rosemary infusion extracts inhibited the Enterobacter agglomerans isolated from urine
samples and E. coli from the tracheal secretions, while ultrasound extracts showed activity
against P. aeruginosa (MIC > 6 mg/mL) and E. coli (MIC > 25 mg/mL), also isolated from
urine [55].

2.5. Sage (Salvia officinalis L.)

Sage, also known as the queen of herbs, is an evergreen perennial woody shrub, with a
bitter astringent taste and strong aroma [5]. The sage leaves are widely used for preparing
natural extracts and essential oils with a bunch of applications in food, cosmetics, and
pharmaceutical industries owing to their antioxidant and antimicrobial activities [5,78].
Among the bioactive compounds originating from sage, the antioxidant activity was as-
signed to two major groups of secondary metabolites, namely the volatile terpenoids and
polyphenolic compounds [5,78]. In particular, Yanishlieva-Maslarova and Heinonen [28]
described the important role of rosmarinic acid, carnosol, carnosic acid, rosmanol, and
rosmadial to the excellent antioxidant properties of sage. The essential oils accumulation in
sage and the overall quality was reported to increase with the drought stress severity [78].
The compounds found in the highest concentration in the essential oils belong to the
monoterpene class. Among the 28 different monoterpenes identified by Vasoughi et al. [78]
when studying the effect of elicitors and irrigation frequency on the phytochemical traits
of sage, the following were reported to prevail in the mixture: «-thujone, camphor, 1,8—
cineole, 3-thujone, comphene, x- and 3-pinene, and borneol. The essential oils also contain
smaller amounts of aroma compounds like limonene, linalool, and bornyl acetate, as well
as sesquiterpenes like x-humulene, viridiflorol, and phenolic compounds [5,78]. Martins
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et al. [5] compared different extraction methods, namely in water through infusion and
decoction and in the aqueous methanolic solution, and identified the phenolic compounds
extracted from sage. They reported that the methanolic solution ensured better solubiliza-
tion of phenolic compounds with stronger antioxidant activity. In the case of the aqueous
extract, the decoction appeared to be more efficient compared to infusion in extracting the
bioactive compounds with antioxidant activity. It should be noted that decoction ensured
the recuperation of the highest concentration of phenolic compounds, whereas the infusion
in water was the least effective. Ten phenolic acids and derivatives (rosmarinic, caffeic acids,
rosmarinic acid hexoside, and caffeic acid hexoside) and twelve flavonoids (mainly luteolin
derivatives like luteolin 7-O-glucuronide, luteolin 7-O-glucoside, luteolin diglucuronide,
luteolin acetylglucoside, and luteolin 7-O-rutinoside, but also apigenin-7-O-glucoside and
ispidulin glucuronide) were quantified in the extracts. The rosmarinic acid and luteolin
7-O-glucuronide were the phenolic acid and flavonoid, respectively, found to prevail in all
extracts [5]. The higher antioxidant activity of the methanolic extract was assigned to the
presence of caffeic acid, luteolin-7-O-glucoside, apigenin acetylglucoside, and hispidulin
in higher amounts. Previous studies of Kivilompolo & Hy®étyldinen [25] and Kivilompolo
et al. [27], who compared different chromatography-based methods to quantify the antiox-
idant phenolic acids in herbs from the Lamiaceae family, showed that rosmarinic acid is
the major phenolic acid in sage, followed by caffeic and chlorogenic acids. In addition, the
GC-MS analysis indicated the presence of vanillic acid, gallic acid, ferulic acid, p-coumaric
acid, and syringic acid in the sage.

The antimicrobial compounds from sage essential oils can act and inhibit the growth
of different pathogenic microorganisms like methicillin-resistant and methicillin-sensitive
S. aureus, E. coli, P. mirabilis, B. subtilis, P. aeruginosa, Streptococcus pyogenes, or C. albi-
cans, with some of them being responsible for different nosocomial infections [56-60]
(Table 3). The MIC of salvia essential oils against S. aureus ranged from 0.125 mg/mL
to 2.853 mg/mL, while, against Pseudomonas spp. strains, ranged from 0.125 mg/mL
to 0.29 mg/mL [56-60]. In a recent study, Santos et al. [61] determined the bactericidal
concentrations of hydroethanolic sage extract against clinical isolates of bacteria found
in post-treatment periodontitis (E. faecalis strains) or in the root canal of patients with
apical periodontitis (Enterococcus faecium). A minimum concentration of 1 mg/mL of hy-
droethanolic sage extract had a bactericidal effect against the E. faecalis clinical strain 2,
while a concentration of 2.1 mg/mL was effective against the E. faecium clinical strain
1 [61] (Table 3). Nanotechnology is a rapidly developing area of science that enables the
synthesis of nanoparticles/nanomaterials for incorporating plant extracts, offering excellent
biological properties. Ciobanu et al. [79] highlighted that the sage-coated zinc nanoparticles
in the dextran matrix (7ZnHAp-SD) were active only against the E. coli ATCC 25922 strain,
with no other inhibition observed against S. aureus ATCC 25923, E. faecalis ATCC 29212, or
P. aeruginosa ATCC 27853 at the tested concentration of 5 mg/mL.

Although the whole antimicrobial mechanism exerted by the bioactive compounds
from sage against different bacteria is not well understood, Speranza et al. [80] men-
tioned that the cell membrane damage, which resulted in leakage of essential intracellular
molecules, such as ATP and DNA, was mainly responsible for the 99.99% reduction in the
pathogen population.

2.6. Thyme (Thymus vulgaris L.)

Thyme is a culinary herb that grows well in the Eurasian and northwest African
Mediterranean regions [30] and has a typical spicy aroma and thymol-characteristic
odor [29]. The chemical composition of the thyme is highly influenced by a variety of
factors such as climate, cultivation conditions, and harvesting period. There are mainly two
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classes of secondary metabolites of high importance for the functionality of thyme, namely
the volatile essential oil and non-volatile polyphenols [30]. The antioxidant properties of
the volatile oils from thyme are excellent, comparable to a-tocopherol or butylhydroxy-
toluene, and significantly higher to oregano and marjoram (over 10 and 20 times higher,
respectively) [29]. As reported by Milenkovi¢ et al. [29], the essential oil of thyme consists
of aromatic compounds, oxygenated mono- and sesquiterpenes, and sesquiterpene hydro-
carbons. The essential oil accommodates high amounts of monoterpenes with powerful
antioxidant activity, like thymol (8.1-9.4%), y-terpinene (3.5-4.0%), p-cymene (2.8-3.6%),
carvacrol and linalool (1-5%), and the sesquiterpene caryophyllene oxide (1.5-2.2%) [29,30].
The tannins represented by rosmarinic acid, and the free phenolic acids, e.g., caffeic acid,
syringic acid, ferulic acid, and p-coumric acid are important contributors to the antioxidant
activity of the thyme, in addition to the biphenyl compounds. Finally, the most important
flavonoids from thyme are apigenin and luteolin, whuch are found both as aglycones or as
O-glycosides and the methylated flavones [30].

Thyme essential oil has been extensively studied regarding its activity against
antibiotic-resistant pathogens. Thyme essential oil has a high content of bioactive com-
pounds, particularly thymol, carvacrol, p-cymene, and/or y-terpinene, depending on
the variety, season of harvesting, or environmental conditions. For instance, different
commercial thyme essential oils (Infinite Choice—Portugal, Merck Life Science—Czech
Republic) demonstrated promising activities against a wide range of reference and isolated
bacteria and fungi strains, such as S. aureus MRSA, Bacillus spp., Clostridium spp., Listeria
spp., Enterococcus spp., Acinetobacter spp., Pseudomonas spp., Salmonella spp., Yersinia spp.,
Candida spp., Arcobacter spp., S. cerevisiae, etc. [62,63] (Table 3). The lowest MIC value of
0.02% was observed for E. flavescens, while the highest MIC of 0.19% was reported for B.
cereus and E. faecalis strains [62] (Table 3).

In previous research, Hassanzadeh et al. [81] demonstrated that thyme essential oil,
at sub-inhibitory concentrations, induced a suppressive effect on S. enteritidis virulence
genes. This effect was more pronounced for those genes involved in the invasion, helping
bacteria to enter into the host epithelial cells (hilA) and to survive and replicate inside the
macrophages (spv), than for fimbrial adhesion (sefA). Similar observations were reported
by Giovagnoni et al. [82] and Morshdy et al. [83] in the case of S. typhimurium treatment
with thymol and carvacrol.

2.7. Summer Savory (Satureja hortensis L.)

Summer savory is an annual herbaceous shrub having a thyme-like flavor, distributed
in the warm regions of both hemispheres [31,33]. The phytochemical profile of the summer
savory includes secondary metabolites such as volatile oil, phenolic compounds, sterols,
and tannins. As described by Boroja et al. [33], among the 20 different phenolic compounds
identified in the summer savory methanol extract, the phenolic acids prevail in the aerial
parts of the aromatic herb, with rosmarinic acid as the most abundant compound (25 mg/g
of dried extract). Other hydroxycinnamic acids, found in concentrations at least 20 times
lower with respect to the rosmarinic acid, are caffeic acid > isoferulic acid > p-coumaric
acid > sinapic acid > chlorogenic acid. Another valuable biologically active compound
with demonstrated antioxidant activity is syringic acid, which is a 4-hydroxybenzoic acid.
Boroja et al. [33] also reported the presence of a high amount of naringenin in the summer
savory extract, and negligible contents of flavones and their glycoside derivatives (apigenin
and apigetrin, luteolin, and vitexin, respectively). A similar chemical profile, additionally
including flavonoid aglycones (catechin and epicatechin) and glycosides (rutin, hesperidin,
apigenin-7-glucoside), was reported by Chkhikvishvili et al. [84] for the ethanolic extract
of summer savory. The essential oil of summer savory was also found to have good



Molecules 2025, 30, 1304

17 of 34

antioxidant activity, owing to the presence of dominating oxygenated monoterpenes thymol
and carvacrol [32]. Other important terpenoids found in the essential oil are y-terpinene,
myrcene, p-cymene, linalool, 3-caryophyllene, o-pinene, and some derivatives [31-33].

The biological activity of summer savory was primarily attributed to carvacrol, thymol,
v-terpinene, and p-cymene, compounds that possess strong antibacterial properties, against
various bacterial strains, including E. coli, S. aureus, P. aeruginosa, S. typhimurium, L. monocy-
togenes, or K. pneumoniae with MIC values ranging from 0.25 mg/mL to 5.0 mg/mL [64,65]
(Table 3). Fungal contamination in the food industry, particularly by Aspergillus flavus and
Aspergillus parasiticus, can lead not only to food spoilage, but also to the production of
aflatoxins, which are hepatocarcinogens in both animals and humans. The essential oil
of Satureja hortensis L. demonstrated significant antifungal activity against A. flavus, with
complete inhibition observed at 350 and 500 ppm [85]. C. albicans is a fungal pathogen
commonly found in oral lesions of HIV-infected patients, capable of forming biofilms,
which are resistant to antifungal treatments. In a study by Sharifzadeh et al. [86], the
antifungal effects of summer savory essential oil on C. albicans planktonic and biofilm cells
were investigated. Thymol, as the main compound, was found to significantly inhibit C.
albicans biofilm formation and reduce the cells’ metabolic activity, causing morphological
changes in biofilms, and disruption of its three-dimensional structure, making this oil a
potential therapeutic agent [86].

3. Applications

Herbs can be used in various applications, ranging from food to the pharmaceutical
and textile industries. Depending on the applications, the bioactive compounds from herbs
can be extracted from different plant parts (flower, leaves, stems, etc.) that can be added
directly to different products in the form of powders, extracts, and essential oils, or after
encapsulation, meant to provide protection for the bioactive compounds (Figure 2).
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Figure 2. The main applications of herbs.

The use of herbs in the form of extracts/essential oils in various formulations has to
be carried out in agreement with the legal framework regulated by authorities like the
Food and Drug Administration (FDA) in the United States, or the European Commission
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in Europe. For example, according to the FDA, the use of essential oils and extracts is
considered generally recognized as safe. Therefore, it is not subjected to quantitative
restrictions and does not require government approval prior to their use [87]. On the other
hand, at the European level, the legal framework is different. For example, rosemary extract
is the only extract authorized as a food additive, coded as E393 number, and can be used in
several food products with specific maximum limits.

3.1. Applications in Food

In the food industry herbs like basil, rosemary, sage, thyme, marjoram, summer
savory, and oregano are widely used due to their antioxidant, antimicrobial, and flavoring
properties. Basil can be added to meat and meat products, fish, salads, dressings, or
sauces [88]. Marjoram is frequently added in seasoning sausages and salamis, but it can be
used in soups, salad dressings, or sauces for stewed meats and stuffing, or as a substitute
for oregano or thyme [22]. Oregano is used in meat, sausages, dressings, soups, etc., while,
in the form of essential oil, found applications in alcoholic beverages, baked goods, snack
foods, fats, oils, or processed vegetables [89]. Rosemary and sage can be added to several
foods like meat and dairy products, fish and fish products, edible oils, condiments, or jelly
candies to maintain the product quality and extend their shelf life [13,90]. Thyme can be
added to a variety of food products, such as meat, milk, or fish products. Summer savory
is a very popular ingredient in Mediterranean cuisine that can be used in meat products
such as sausages and in beans or soups, where it adds a peppery flavor to dishes and, in
some cases, can replace parsley [91,92].

The aromatic herbs can be used in food applications in several forms either fresh or
dried, as extracts or essential oils (Table 4). The form is dependent on the bioactive compo-
sition, food matrix composition, and desired properties. For example, the use of oregano
essential oil in semi-hard cheese was effective against spoilage microorganisms; however,
a concentration of 1.25 pL./mL had a bactericidal effect on lactic acid bacteria [87]. On
the other hand, the use of an emulsion containing a synergistic concentration of rosemary
(2.65 uL/mL) and oregano essential oils (0.07 uL/mL) in the Minas cheese altered the
growth of E coli O157:H7, without affecting the growth of L. acidophilus [93]. The aqueous
extract of rosemary was found to possess a higher phenolic content than ethanolic extracts,
which was further selected to be incorporated into cottage cheese [94]. Kunova et al. [89]
tested the use of dried oregano, rosemary, and thyme herbs, and their corresponding
essential oils, as antimicrobial agents for sheep lump cheese. The authors showed that
the tested dried herbs, along with their respective 1% essential oils inhibited the growth
of total viable bacteria, coliform bacteria, and microscopic filamentous fungi for up to
14 days of storage under vacuum packaging. The authors concluded that dried herbs could
replace their corresponding essential oil, as cost-effective biopreservatives. The antioxidant
and antimicrobial properties are enhanced when increasing the concentration of herb ex-
tracts/essential oils; however, exceeding a threshold limit could have a negative impact on
some foods that use starter cultures. The method applied for treating the food product with
herb extracts/essential oils was found to be significant when developing products with
an extended shelf life. For example, Nabigol [95] treated the strawberry surface with an
emulsion containing summer savory essential oil (1200 uL/L) by fumigation, spraying, and
dipping to control post-harvest diseases. Fumigation of the fruit surface with an emulsion
containing essential oil ensured efficient antifungal activity against post-harvest pathogenic
fungi like Rhizopus stolonifer, Penicillium digitatum, Aspergillus niger, and Botrytis cinerea. The
use of summer savory-derived hydrosols to treat the fresh-cut cucumbers and tomatoes
ensured antibacterial activity against toxicogenic E. coli O157:H7, while the water wash
was not able to eliminate these bacteria [96].
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Table 4. Applications of herbs products in different fields.
Extract (E)/Essential Type of Lo
Plant 0il (EO) Product Properties in the Products References
Food
The addition of EO reduced the mold growth
Fermented on the surface of sausages indicating its
Basil EO potential for antifungal protection of [97]
sausages . I
fermented sausages against Penicillium
carneum and Penicillium polonicum.
. The addition of extract to 1% in yogurt and 2%
Skimmed : . . g
oeurt in cheese contributed to increasing the
Marjoram E yost! antioxidant activity while maintaining [98]
UF-Kariesh e
consumer acceptability in terms of
cheese . .
sensorial attributes.
The addition of oregano EO before
L encapsulation of fish oil by spray-drying
Oregano EO Fish oil increased the oxidative stability 591
during storage.
Antimicrobial effect against Salmonella sp.
Maintained the quality and extended the shelf
Sage EO Minced beef  life .Of raw or processed meat during [100]
meat refrigeration.
Acceptable consumer acceptability of
sensorial attributes.
The fruit juices containing 10% aqueous
Thyme, E Fruit juice thy.rne. and sage extract showef:l increased [101]
sage antioxidant activity and superior
sensorial attributes.
Fumigation of strawberry surface with an
Summer emulsion containing summer savory essential
savor EO Strawberries  oil exerted ant-fungal activity against [95]
Y post-harvest pathogenic fungi and extended
the shelf life of the strawberries.
Textile
Antibacterial activity against Gram-negative,
Sage E Cotton fabric ~ Gram-positive bacteria and yeasts unicellular [102]
fungi.
Direct impregnation of extracts onto the fabric
Sage E Viscose fabric  represents an eco-friendly, low-cost disposable [103]
medical textile for skin wound treatment.
Cosmetics
Rosemary E Hair Iotion 1% herbal hair lotion is an excellent hair [104]
growth promoter.
Tyme, Enhanced antioxidant properties of samples
sage, E Shampoo containing herb extracts while maintaining [105]
rosemary the technological properties.
Feed additive
Oregano, Increased egg production and reduced the
sage EO Eggs incidence of broken—cracked eggs. [106]
Rosemary Freeze-dried Pork meat No effect on the sensorial attributes or carcass [106]

properties.
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Table 4. Cont.
Extract (E)/Essential Type of L.
Plant 0il (EO) Product Properties in the Products References
Thyme Powder Eggs Increased the egg weight and yolk color. [107]
Biopesticides
Rosemary essential oil caused complete
Twospotted  mortality of spider mites on greenhouse
Rosemary EO Spider Mite  tomato plants at concentrations that are not [108]
phytotoxic to the host plant.
Glyphodes Thyme EO showed potential to control G.
Thyme FO pyloalis W pyloalis larvae in mulberry orchards. [109]
Pharmaceuticals
Anti- The extract tested in mice using croton oil ear
Rosemary E inflammatory test showed anti-inflammatory activity [110]
product comparable to indomethacin.

One of the most common drawbacks of using herb essential oils/extracts in food
applications is associated with the sensorial attributes. The concentration in which herb
extracts/essential oils can be added to reach consumer acceptability is dependent on the
food type and way of incorporation. For example, Males et al. [101] tested the possibility
of using aqueous extracts from sage and thyme in juice formulations. The addition of
a maximum of 10% herb extract in orange juice was well perceived by the consumers
in terms of sensory attributes. On the other hand, acceptable sensorial attributes of the
skimmed yogurt and Kariesh cheese were reported when marjoram and sage extract did
not exceed 1% and 2%, respectively [98]. Despite their numerous food applications, most
of the bioactive compounds from herbs in the form of extract or essential oils are easily
prone to degradation when exposed to light, oxygen, heat, humidity, and mechanical stress,
or can interact with other components of the food matrix [111]. These drawbacks are
tackled by using encapsulation. Moreover, through encapsulation, the negative effects
of herb extracts/essential oils on the flavor of food products are minimized, whereas
the food protection efficiency is maximized, as encapsulation reduces the volatility and
hydrophobicity of herb extracts/essential oils [13]. The main advantages provided through
encapsulation are presented in Figure 3.

l Enhanced solubility in aqueous

z medium of hydrophobic

Protection of bioactive components encapsulated into

compounds

hydrophilic carriers

Minimized interaction with =~ Benefits of Masking agents for essential
food components > encapsulation| oils that exert a negative
J 5 impact on the sensory
“* attributes
Enhanced bioactivity
and bioavailability ~

@ Controlled release

»

Figure 3. The benefits of encapsulation of essential oils (adapted from [112,113]).
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Some examples of using encapsulated extracts/essential oils in food are collected
in Table 5. The encapsulation of essential oil (0.5%) from rosemary in inulin and whey
protein isolate and the addition into Minas frescal cheese at the end of cheese processing
increased the shelf life of the cheese by controlling the proliferation of mesophilic bac-
teria. On the other hand, the same concentration of encapsulated oil was not effective
against coliforms [114]. The beef meat fillets containing encapsulated rosemary extract
possessed increased antimicrobial and antioxidant activity, extending the shelf life of fillets
to 21 days [115]. The encapsulated rosemary aqueous extract was able to provide a higher
antioxidant activity during the storage of cottage cheese compared to the non-encapsulated
extract [94]. Hamburgers with encapsulated thyme essential oil showed superior preser-
vative potential than non-encapsulated samples. Thus, the use of encapsulated thyme
essential oil provided significantly longer protection against thermotolerant coliforms and
E. coli of up to 14 days, compared to the non-encapsulated oil (7 days) [116].

Table 5. Applications using encapsulated herb extracts/essential oils.

Extract (E)/

Wall Material

Plant Essential Oil =~ Encapsulation ITZ(I));u(th Properties in Products Reference
(EO) Method
Food
Sodium Edible coating containing min. 2%
. Low fat EO enhanced the appearance and
Oregano EO alginate - . e [117]
Mandarin fiber cut cheese the microbial stability of cut cheese
resulting in increasing the shelf life.
Cheese-containing capsules with
Alginate Cottage rosemary extract presented
Rosemary E Spray-drying cheese superior antioxidant activity [94]
during storage.
Inulin and The addition of encapsulated
whey protein Minas essential oil increased the shelf life
Rosemary EO isolate frescal cheese by controlling the proliferation of [114]
Spray-drying mesophilic bacteria.
Encapsulation of rosemary extract
increased the antimicrobial and
Soybean Beef meat antioxidant activity.
Rosemary E protein isolate fillets Nano-encapsulation reduced the [115]
Freeze-drying microbial and lipid oxidation
during storage and extended the
shelf life to up to 21 days.
Sodium casein The encapsulated essential oil
and Hamburger-  exerted high antioxidant and
Thyme EO maltodextrin like meat antimicrobial activity with [116]
sprav-drvin products promising potential to be used as a
pray-arymng preservative in hamburgers.
Textile
Poly-e- . g
caprolactone Polyester Encapsulation of essential oil
Oregano EO p : . improved fabric comfort and [118]
nanoparticles textile

ted antibacterial ties.
nanoprecipitation promoted antibacterial properties
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Table 5. Cont.
Extract (E)/ Wall Material Tyvpe of
Plant Essential Oil  Encapsulation Pl}',(fduct Properties in Products Reference
(EO) Method
Encapsulation delayed the
Sportsand  degradation of EO and showed
Oregano EO Spray-drying leisurewear  antibacterial protection against E. [119]
fabrics coli and S. aureus in terms of oil and
washings.
Biopesticide
B-cyclodextrin Colorado Spraying the potato plant with
. encapsulated EO altered the
Basil EO co- potato . [120]
recipitation beetle growth, dynamics of development,
p and proteolytic activity of larvae.
Feed additive
. Microencapsulation of basil oil
Sodium Broiler showed promising potential for
Basil EO alginate . ) P 16 POtEnLic . [121]
, chicken improvement of intestinal integrity
Chitosan . e
and nutrient utilization.
Cosmetics
Compared with gels containing
nonencapsulated essential oil, gels
containing 3% rosemary essential
Rosemary EO L1p1d. Gels oﬂ—lqaded hp1'd nanoparticles [122]
nanoparticles applied on skin surfaces for one

week, twice a day exerted positive
effects on skin hydration and
elasticity of volunteers.

3.2. Active Food Packaging

Films and coatings have excellent barrier properties, edibility, and renewable and
biodegradable characteristics, with excellent potential to replace conventional packaging
materials. An edible film is associated with a thin layer formed separately and wrapped
on the food surface, while an edible coating is associated with a thin layer formed directly
on the food surface. In both cases, these edible packages can be either consumed with
the food product or can be disposed of without affecting the environment [123]. Due to
their antimicrobial and antioxidant properties, herb extracts/essential oils have been used
in active packaging to enhance the shelf life and maintain the quality of both fresh and
processed foods, while reducing the risks to human health and the environment [124]. The
food applications range from meat and dairy products to fresh fruits and vegetables, as
presented in Table 6. Despite the benefits ensured by these active packages containing
herb extracts/essential oils, the films and coatings do not have the ability to possess
more than just one function, which limits their use in industrial-scale production and
commercialization [123].
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Table 6. Applications of herb essential oils on food packaging with edible biodegradable
films/coatings.
Plant Polymer Food Properties in Food Reference
Coating prevented weight loss and
. Starch, cellulose . maintained the quality of the fruits in
Basil nanofibers Mandarin orange terms of surface color and pH for up to [125]
12 days of storage at room temperature
Chitosan film was able to reduce the
Basil Chitosan Cooked ham pH inerease and the EIOW th of aerobic [126]
mesophilic bacteria during storage
(10 days, 4 °C)
Coated lettuce presented antimicrobial
Marjoram Chitosan Fresh-cut lettuce  activity against total viable counts, [127]
yeast and mold counts
The incorporation of essential oil into
Mung bean films was able to prevent the oxidative
Marjoram protein Minced beef meat degradation of minced beef samples [128]
isolate/pullulan and presented antimicrobial activity
against S. aureus and E. coli
Coating with essential oil inhibited the
Pectin edible growth of Alternaria alternate and
Oregano . Tomatoes . . .. [129]
coating promoted the increase in antioxidant
activity of the tomatoes
Coating improved the quality and
Sodium caseinate, safety of the Panela cheese in terms of
Oregano chitosan Panela cheese microbial growth delay and [130]
moisture loss
The composite film possessed a
Fish myofibrillar g protective effect on fish muscle by
Rosemary protein/chitosan Fish fillet decreasing lipid oxidation [131]
during storage
Whey proteins, The nanocomposite film increased the
cellulose, shelf life of fresh lamb up to 15 days
Rosemary nanofiber, Fresh lamb (compared to control) [124]
titanium dioxide Antimicrobial effect against
nanoparticles Gram-positive bacteria
The fungal decay was lower in coated
Rosemary Chitosan coating Strawberry strawberries during storage at 4 °C for [132]
10 days
The use of the two EOs in pectin
Rosemar coating of fresh broccoli showed high
ore anOYI Pectin coating Broccoli antimicrobial activity and antioxidant [23]
& effect without limiting the sensorial
acceptability
Minimum spoilage changes during
Chitosan 20 days of storage
Sage . " Carp burgers Superior sensorial attributes in terms of [133]
alginate, gelatin s
odor and overall acceptability
compared with control
Increased shelf life for at least 15 days
Thyme Chitosan coating Strawberry at5 "C [134]

High stability of physico-chemical and
antioxidant properties
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Table 6. Cont.

Plant Polymer Food Properties in Food Reference

The quality of avocado in terms of color
and firmness was protected by coating
Thyme Chitosan coating Avocado with chitosan and thyme essential oil [135]
Antifungal effect against
Colletotrichum gloeosporioides

Coating prevented weight loss,
maintained the vitamin C content
Savory Chitosan coating Kumquat during storage for 30 days at 7 °C, with [136]
minimum changes in the
sensorial properties

3.3. Feed Additives

Herb extracts/essential oils represent an important group of phytogenic feed additives
used as alternatives to antibiotic growth promotors due to their antimicrobial, antioxidant,
and anti-inflammatory potential [106]. Moreover, in animal production, the bioactive
compounds found in herbs, or their extracts/essential oils, can be used as sensory phy-
togenic products, technological additives for enhancing the quality and safety of feed, or
as additives that promote animal health and welfare, by acting as immunomodulatory
agents, antioxidants, digestive stimulants, and constituents that improve the performance
and quality of animal products [106]. The quality of egg and meat is enhanced using
herb extract/essential oils, due to their antioxidant potential that prevents lipid oxidation
(Table 4). Encapsulation of bioactive components from herb extracts/essential oils prior
to being used as feed additives limits the oxidative processes, enables target delivery to
the intestinal tract of the animals, and masks strong odors of some herbs that limit animal
acceptability [106] (Table 5).

3.4. Pharmaceuticals

The components found in herb extracts/essential oils present various medicinal prop-
erties that can be used to develop pharmaceuticals. Basil has antibacterial, antifungal,
antiviral, cardioprotective, anticancer, hepato-renal protective activities, anti-inflammatory,
and antidiabetic effects [137]. Marjoram’s pharmacological properties are associated with
antioxidant, hepatoprotective, cardioprotective, anti-platelet, gastroprotective, antibacterial
and antifungal, antiprotozoal, antiatherosclerosis, anti-inflammatory, antimetastatic, antitu-
mor, antiulcer, and anticholinesterase inhibitory activities [10]. Oregano-based products can
be used as stimulant, carminative, stomachic, diuretic, and diaphoretic agents. In addition
to their antimicrobial effects, the antioxidant, anti-inflammatory, and anti-carcinogenic
properties of thymol and carvacrol from thyme essential oils have been extensively stud-
ied [138,139]. The antioxidant properties were demonstrated by their ability to reduce
oxidative stress by scavenging free radicals and reactive oxygen species (ROS), inhibiting
lipid peroxidation, and activating the functions of endogenous enzymes [140]. Although
the mechanisms through which the monoterpene phenols from thyme exert in vitro multi-
targeted actions on various cancer cell lines are not fully understood, several studies
demonstrated their ability to induce apoptosis and DNA degradation and reduce cell
viability, therefore suggesting their potential as chemopreventive agents [139,141]. Sage is
used due to its mild tonic, astringent, and carminative properties, while thyme has antispas-
modic, carminative, emmenagogue, anthelmintic, spasmodic, laxative, stomachic, tonic,
and vermifuge properties [3]. Rosemary extracts/essential oils exert anti-inflammatory
capacity, neuroprotective, antidepressant, wound-healing potential, anti-obesity, and anti-
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skin cancer activity [26,142]. In addition, the rosemary extract may exert antiproliferative
and apoptotic effects, demonstrating promising in vitro anticancer properties in various
colon, breast, pancreas, and ovarian cancer cell lines, respectively [143-145]. Different apop-
totic mechanisms of rosemary extract include the enhancement of nitric oxide production,
upregulation of mitochondrial-regulated apoptosis proteins (such as cytochrome ¢ and heat
shock protein 70), as well as the upregulation of pro-apoptotic Bax, cleaved-caspase 3, and
proteins associated with endoplasmic reticulum stress [144,145]. Furthermore, among its
bioactive compounds, rosmarinic acid has shown low toxicity, with a lethal dose (LD50)
of 561 mg/kg, while carnosic acid has an LD50 of 7100 mg/kg in acute toxicity studies in
mice [146,147]. Thus, the rosemary was classified by the FDA as GRAS (generally recog-
nized as safe) and has been widely used in traditional medicine, to alleviate a variety of
mental illnesses including epilepsy, nervous agitation, depression, etc. [148].

Sage has a long-standing history in alternative medicine, being used to treat dyspepsia,
stomatitis, inflammation, and pharyngitis, and to alleviate the discomfort of patients with
advanced oral cancer as palliative care [149-151]. Moreover, sage has cognitive-enhancing
and cardiovascular health effects, anti-hyperglycemia/hyperlipidemia properties, cyto-
toxicity /anticancer potential, and is a skin curative, as well as the potential for treating
Alzheimer’s disease [152]. Summer savory is frequently used in the treatment of cramps,
nausea, indigestion, and gastrointestinal disorders, with good results being also reported
for treating inflammation-related diseases and prevention of oxidative-stress-related in-
juries [33]. In vitro treatment of cells with S. hortensis extracts induces the regulation of
pro-inflammatory cytokines expression and upregulates the genes encoding antioxidant
enzymes (superoxide dismutase, catalase) protecting the cells from oxidative damage,
offering potential benefits in aging, cancer, and neurodegenerative diseases. Furthermore,
studies on human cancer cell lines have shown that carvacrol influence the expression of
genes involved in apoptosis and cell cycle regulation, suggesting its potential as an adjunct
to traditional cancer therapies [153].

Ultimately, all herb extracts/essential oils, regardless of the form in which they are
used (extracts, oils, powders, water), must pass the animal and clinical tests prior to use in
pharmaceutic and cosmetic formulations.

3.5. Cosmetics

In the cosmetic industry, aromatic plants, such as sage, thyme, rosemary, and oregano,
represent an attractive alternative for developing eco-sustainable products with dermato-
cosmetic properties and natural marketing image [154]. The active ingredients from herb
extracts/essential oils are widely used for developing skin and hair care products like mois-
turizers, lotions, skin cleansers, conditioners, antidandruff products, and lipsticks [155].
Due to their antimicrobial activity, cosmetics containing herb extracts/essential oils provide
protection against microbial infections while preserving the cosmetic product [154]. In
addition, herbs like sage exhibit excellent anti-aging and anti-wrinkle properties, whereas
thyme, oregano, and basil possess high antioxidant activity, which provides sun protec-
tion [105,155]. Rosemary-derived ingredients are frequently used in cosmetics as skin
conditioning agents or as fragrance ingredients [156] (Table 4). The flower and leaf of
rosemary extract are used in cosmetics as antioxidants, whereas the leaf powder is used for
its flavoring characteristics [156]. The use of encapsulated forms of herb extracts/essential
oils for cosmetic purposes enables the incorporation of both hydrophilic and hydrophobic
bioactive compounds, controlled release, and an increase in the phytochemicals’ stability
and bioavailability [122] (Table 5). For example, Montenegro et al. [122] showed that gels
containing nanoparticles loaded with rosemary essential oil enhanced skin elasticity and
hydration, compared with non-encapsulated essential oil. Herbs that contain fragrance
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allergens, like those from rosemary, must be declared on the label if allergen concentration
exceeds a threshold limit of 0.001% in leave-on (e.g., body lotions, etc.) and 0.01% in
rinse-off products (shower gel, etc.) [156]. The herb extracts are used up to 10% in the body
and hand products, and up to 3% in eye shadow applications [156].

3.6. Biopesticides

The use of herb extracts/essential oils as natural alternatives to chemical pest control
increased in the last few decades due to their efficacy, multiple mechanisms of action, low
toxicity, and safe use [157]. Herb extracts/essential oils exhibit a high effectiveness against
several pests, with some examples provided in Table 4. Basil essential oil was found to
be suitable for use as an insecticide and fumigation agent in controlling grain storage
pests (grain weevil and red flour beetle) [158] and rosemary essential oil was effective in
controlling the spider mites on greenhouse tomato plants [108], whereas thyme essential
oil controlled the Glyphodes pyloalis W in mulberry orchard [109]. The encapsulation of
herb extract/essential oil was shown to enhance the stability and potency of biopesticides
(Table 5). The use of nanotechnology presents a high potential to develop biopesticides,
without compromising the environment and human health [158]. On the other hand, the
main drawbacks of using biopesticides are associated with high susceptibility to climatic
conditions, mild pathogens toxicity, and inferior efficacy than conventional pesticides [159].

3.7. Textiles

Herb essential oils/extracts have been used in the textile industry, as an alternative
to synthetic chemicals and for obtaining materials with antimicrobial, antifungal, and
antioxidant activity, which can be used for prophylactic, therapeutic, and protective pur-
poses [103]. Moreover, they represent an eco-friendly alternative for developing innovative
and healthcare textiles, since they are safe, widely available, and non-toxic [160]. Herb
extracts/essential oils can be applied directly on the textile fibers with or without an
immobilization technique or can be immobilized on the textile fiber via encapsulation
(Tables 4 and 5). Salinas et al. [118] tested a polyester textile containing polymeric nanopar-
ticles with glycerin based on oregano essential oil, to promote the fixation of encapsulated
oregano essential oil and the increase in the hydrophilicity and comfortability of the fabric
sample. The presence of glycerin in the nanocapsules improved the fabric’s comfort. On
the other hand, the fabric was not resistant to washing. El-Shafei et al. [102] showed that
applying 2% sage extract on the cotton fabric ensures exerting antimicrobial activity against
Gram-negative and Gram-positive bacteria and yeasts unicellular fungi, even after ten
cycles of washing. Kramar et al. [103] developed a viscose fabric with high antioxidant
activity by immersing the fabric sample into a sage ethanolic extract, at a material-liquid
ratio of 1:50. Thyme essential oil of different concentrations (5-12% in methanol) was
applied to the dry cotton-linen (45-55%), blended fabric, and linen (100%) fabric. The
highest antimicrobial (against Corynebacterium xerosis, Bacillus licheniformis, Micrococcus
luteus, Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa)
and antifungal activity was obtained on the cotton-linen blended fabric, when using thyme
essential oil of 8% concentration [161]. Despite the high potential of using herb essential
oils/extracts for functionalization of the textile materials, further studies are required to
improve their durability, productivity, and commercial availability.

4. Conclusions

The aromatic herbs from the Lamiaceae family are good sources of bioactive phyto-
chemicals with excellent antioxidant capacity and antimicrobial properties. These biological
effects were mainly assigned to the volatile terpenoids and the polyphenolic compounds.
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The functionality of aromatic herbs is increased when are used in the form of essential oils,
extracts, or isolated active compounds. Therefore, all overviewed aromatic herbs have mul-
tiple potential applications in various fields like food, feed, cosmetics, biopesticides, and
textile industries. In particular, aromatic herbs and their extracts are commonly used for
improving the sensory profile of a variety of foods, as well as for extending their shelf life.
In particular, the essential oils from rosemary, thyme, and oregano are promising sources
of powerful natural antioxidants, to be used as alternatives to synthetic antioxidants for
preventing the oxidative deterioration of food products. Regarding antimicrobial activity,
thyme essential oil is a promising candidate for eradicating antibiotic-resistant pathogens.

Author Contributions: Conceptualization, L.G.-G., L.D. and I.A.; writing—original draft preparation,
L.G.-G,, LD. and LA,; writing—review and editing, L.G.-G., L.D. and I.A.; project administration, I.A.;
funding acquisition, I.A. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by a grant from the Ministry of Research, Innovation and Digiti-
zation, CNCS/CCCDI-UEFISCDI, project number ERANET-M-3-SMARTGEL, within PNCDI IV.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: The Integrated Center for Research, Expertise and Technological Transfer in the
Food Industry is acknowledged for providing technical support.

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

References

1.  Guldiken, B.; Ozkan, G.; Catalkaya, G.; Ceylan, ED.; Ekin Yalcinkaya, I.; Capanoglu, E. Phytochemicals of Herbs and Spices:
Health versus Toxicological Effects. Food Chem. Toxicol. 2018, 119, 37-49. [CrossRef] [PubMed]

2. Peter, K.V. Introduction. In Handbook of Herbs and Spices; Peter, K.V., Ed.; CRC Press: Boca Raton, FL, USA, 2001; Volume 1,
pp. 1-12. ISBN 978-1-85573-562-0.

3. Shylaja, M.R;; Peter, K.V. The Functional Role of Herbal Spices. In Handbook of Herbs and Spices; Peter, K.V., Ed.; CRC Press LLC:
Boca Raton, FL, USA, 2004; Volume 2, pp. 11-21.

4. Douglas, M.; Heys, J.; Smallfield, B. Herb Spice and Essential Oil: Post-Harvest Operation in Developing Country; UNIDO; FAO:
Vienna, Austria, 2005.

5. Martins, N.; Barros, L.; Santos-Buelga, C.; Henriques, M.; Silva, S.; Ferreira, I.C.ER. Evaluation of Bioactive Properties and
Phenolic Compounds in Different Extracts Prepared from Salvia officinalis L. Food Chem. 2015, 170, 378-385. [CrossRef]

6. Da Silva, WM.F; Kringel, D.H.; De Souza, E.].D.; Da Rosa Zavareze, E.; Dias, A.R.G. Basil Essential Oil: Methods of Extraction,
Chemical Composition, Biological Activities, and Food Applications. Food Bioprocess Technol. 2022, 15, 1-27. [CrossRef]

7. Shankar, A; Ali, A.; Abdullah, H.M.; Balaji, ].; Kaur, J.; Saeed, F.; Wasiq, M.; Imran, A; Jibraeel, H.; Raheem, M.S.; et al. Nutritional
Composition, Phytochemical Profile, Therapeutic Potentials, and Food Applications of Rosemary: A Comprehensive Review. J.
Food Compos. Anal. 2024, 135, 106688. [CrossRef]

8.  Kumar, A.; P, N.; Kumar, M.; Jose, A.; Tomer, V.; Oz, E.; Proestos, C.; Zeng, M.; Elobeid, T,; K, S.; et al. Major Phytochemicals:
Recent Advances in Health Benefits and Extraction Method. Molecules 2023, 28, 887. [CrossRef] [PubMed]

9.  Tacopetta, D.; Ceramella, J.; Scumaci, D.; Catalano, A.; Sinicropi, M.S.; Tundis, R.; Alcaro, S.; Borges, F. An Update on Recent
Studies Focusing on the Antioxidant Properties of Salvia Species. Antioxidants 2023, 12, 2106. [CrossRef]

10. Bina, F; Rahimi, R. Sweet Marjoram: A Review of Ethnopharmacology, Phytochemistry, and Biological Activities. J. Evid. Based
Complement. Altern. Med. 2017, 22, 175-185. [CrossRef]

11. Patel, K.; Panchal, N.; Ingle, P. Review of Extraction Techniques Extraction Methods: Microwave, Ultrasonic, Pressurized Fluid,
Soxhlet Extraction, etc. Int. . Adv. Res. Chem. Sci. 2019, 6, 6-21. [CrossRef]

12.  Chenni, M.; El Abed, D.; Rakotomanomana, N.; Fernandez, X.; Chemat, F. Comparative Study of Essential Oils Extracted from

Egyptian Basil Leaves (Ocimum basilicum L.) Using Hydro-Distillation and Solvent-Free Microwave Extraction. Molecules 2016,
21, 113. [CrossRef]


https://doi.org/10.1016/j.fct.2018.05.050
https://www.ncbi.nlm.nih.gov/pubmed/29802945
https://doi.org/10.1016/j.foodchem.2014.08.096
https://doi.org/10.1007/s11947-021-02690-3
https://doi.org/10.1016/j.jfca.2024.106688
https://doi.org/10.3390/molecules28020887
https://www.ncbi.nlm.nih.gov/pubmed/36677944
https://doi.org/10.3390/antiox12122106
https://doi.org/10.1177/2156587216650793
https://doi.org/10.20431/2349-0403.0603002
https://doi.org/10.3390/molecules21010113

Molecules 2025, 30, 1304 28 of 34

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Yang, J.; Goksen, G.; Zhang, W. Rosemary Essential Oil: Chemical and Biological Properties, with Emphasis on Its Delivery
Systems for Food Preservation. Food Control 2023, 154, 110003. [CrossRef]

Hossain, M.B.; Brunton, N.P.; Patras, A.; Tiwari, B.; O’'Donnell, C.P.; Martin-Diana, A.B.; Barry-Ryan, C. Optimization of
Ultrasound Assisted Extraction of Antioxidant Compounds from Marjoram (Origanum majorana L.) Using Response Surface
Methodology. Ultrason. Sonochem. 2012, 19, 582-590. [CrossRef] [PubMed]

Arranz, E.; Jaime, L.; Lépez De Las Hazas, M.C.; Reglero, G.; Santoyo, S. Supercritical Fluid Extraction as an Alternative Process
to Obtain Essential Oils with Anti-Inflammatory Properties from Marjoram and Sweet Basil. Ind. Crops Prod. 2015, 67, 121-129.
[CrossRef]

Dhama, K.; Sharun, K.; Gugjoo, M.B.; Tiwari, R.; Alagawany, M.; Yatoo, M.L; Thakur, P; Igbal, H.M.; Chaicumpa, W.; Michalak, L;
et al. A Comprehensive Review on Chemical Profile and Pharmacological Activities of Ocimum basilicum. Food Rev. Int. 2023,
39, 119-147. [CrossRef]

Zlotek, U.; Mikulska, S.; Nagajek, M.; Swieca, M. The Effect of Different Solvents and Number of Extraction Steps on the
Polyphenol Content and Antioxidant Capacity of Basil Leaves (Ocimum basilicum L.) Extracts. Saudi ]. Biol. Sci. 2016, 23, 628—633.
[CrossRef]

Shiwakoti, S.; Saleh, O.; Poudyal, S.; Barka, A.; Qian, Y.; Zheljazkov, V.D. Yield, Composition and Antioxidant Capacity of the
Essential Oil of Sweet Basil and Holy Basil as Influenced by Distillation Methods. Chem. Biodivers. 2017, 14, e1600417. [CrossRef]
[PubMed]

Gtiez, C.M.; Souza, R.O.D.; Fischer, P; Leao, M.FED.M.; Duarte, J.A.; Boligon, A.A.; Athayde, M.L.; Zuravski, L.; Oliveira, LES.D,;
Machado, M.M. Evaluation of Basil Extract (Ocimum basilicum L.) on Oxidative, Anti-Genotoxic and Anti-Inflammatory Effects in
Human Leukocytes Cell Cultures Exposed to Challenging Agents. Braz. J. Pharm. Sci. 2017, 53, €15098. [CrossRef]

Nazir, M.; Tungmunnithum, D.; Bose, S.; Drouet, S.; Garros, L.; Giglioli-Guivarc’h, N.; Abbasi, B.H.; Hano, C. Differential
Production of Phenylpropanoid Metabolites in Callus Cultures of Ocimum basilicum L. with Distinct In Vitro Antioxidant Activities
and In Vivo Protective Effects against UV Stress. J. Agric. Food Chem. 2019, 67, 1847-1859. [CrossRef]

Neveu, V.; Perez-Jimenez, J.; Vos, E; Crespy, V.; Du Chaffaut, L.; Mennen, L.; Knox, C.; Eisner, R.; Cruz, J.; Wishart, D.; et al.
Phenol-Explorer: An Online Comprehensive Database on Polyphenol Contents in Foods. Database 2010, 2010, bap024. [CrossRef]
Potty, S.N.; Kumar, V.K. Marjoram. In Handbook of Herbs and Spices; Peter, K.V., Ed.; CRC Press: Boca Raton FL, USA, 2001; Volume
1, pp- 216-237. ISBN 978-1-85573-562-0.

Alvarez, M.V,; Ortega-Ramirez, L.A; Silva-Espinoza, B.A.; Gonzalez-Aguilar, G.A.; Ayala-Zavala, ].F. Antimicrobial, Antioxidant,
and Sensorial Impacts of Oregano and Rosemary Essential Oils over Broccoli Florets. ]. Food Process. Preserv. 2019, 43, e13889.
[CrossRef]

Kintzios, S.E.O. Handbook of Herbs and Spices; Peter, K.V., Ed.; CRC Press LLC: Boca Raton, FL, USA, 2004; Volume 2, pp. 215-229.
Kivilompolo, M.; Hy6tyldinen, T. Comprehensive Two-Dimensional Liquid Chromatography in Analysis of Lamiaceae Herbs:
Characterisation and Quantification of Antioxidant Phenolic Acids. J. Chromatogr. A 2007, 1145, 155-164. [CrossRef]

Aziz, E.; Batool, R.; Akhtar, W.; Shahzad, T.; Malik, A.; Shah, M.A.; Igbal, S.; Rauf, A.; Zengin, G.; Bouyahya, A.; et al. Rosemary
Species: A Review of Phytochemicals, Bioactivities and Industrial Applications. S. Afr. J. Bot. 2022, 151, 3-18. [CrossRef]
Kivilompolo, M.; Obtirka, V.; Hy6tyldinen, T. Comparison of GC-MS and LC-MS Methods for the Analysis of Antioxidant
Phenolic Acids in Herbs. Anal. Bioanal. Chem. 2007, 388, 881-887. [CrossRef] [PubMed]

Yanishlieva-Maslarova, N.V.; Heinonen, .M. Rosemary and Sage as Antioxidants. In Handbook of Herbs and Spices; Peter, K.V.,, Ed.;
CRC Press: Boca Raton, FL, USA, 2001; Volume 1, pp. 269-275.

Milenkovi¢, L.; Tli¢, Z.S.; Suni¢, L.; Tmusié, N.; Stanojevi¢, L.; Stanojevig, J.; Cvetkovié, D. Modification of Light Intensity Influence
Essential Oils Content, Composition and Antioxidant Activity of Thyme, Marjoram and Oregano. Saudi |. Biol. Sci. 2021,
28, 6532-6543. [CrossRef] [PubMed]

Stahl-Biskup, E.; Venskutonis, R.P. Thymes. In Handbook of Herbs and Spices; Peter, K.V., Ed.; CRC Press LLC: Boca Raton, FL, USA,
2004; Volume 2, pp. 297-321.

Ravindran, P.N,; Pillai, G.S.; Babu, K.N. Under-Utilized Herbs and Spices. In Handbook of Herbs and Spices; Peter, K.V., Ed.; CRC
Press LLC: Boca Raton, FL, USA, 2004; Volume 2, pp. 53-104.

Tepe, B.; Cilkiz, M. A Pharmacological and Phytochemical Overview on Satureja. Pharm. Biol. 2016, 54, 375-412. [CrossRef]
Boroja, T.; Katani¢, J.; Rosi¢, G.; Selakovi¢, D.; Joksimovié, J.; Misi¢, D.; Stankovi¢, V.; Jovi¢i¢, N.; Mihailovi¢, V. Summer Savory
(Satureja hortensis L.) Extract: Phytochemical Profile and Modulation of Cisplatin-Induced Liver, Renal and Testicular Toxicity.
Food Chem. Toxicol. 2018, 118, 252-263. [CrossRef]

Rubi, L.; Motilva, M.].; Romero, M.P. Recent Advances in Biologically Active Compounds in Herbs and Spices: A Review of the
Most Effective Antioxidant and Anti-Inflammatory Active Principles. Crit. Rev. Food Sci. Nutr. 2013, 53, 943-953. [CrossRef]
McCance, K.R; Flanigan, PM.; Quick, M.M.; Niemeyer, E.D. Influence of Plant Maturity on Anthocyanin Concentrations, Phenolic
Composition, and Antioxidant Properties of 3 Purple Basil (Ocimum basilicum L.) Cultivars. J. Food Compos. Anal. 2016, 53, 30-39.
[CrossRef]


https://doi.org/10.1016/j.foodcont.2023.110003
https://doi.org/10.1016/j.ultsonch.2011.11.001
https://www.ncbi.nlm.nih.gov/pubmed/22172467
https://doi.org/10.1016/j.indcrop.2015.01.012
https://doi.org/10.1080/87559129.2021.1900230
https://doi.org/10.1016/j.sjbs.2015.08.002
https://doi.org/10.1002/cbdv.201600417
https://www.ncbi.nlm.nih.gov/pubmed/28028933
https://doi.org/10.1590/s2175-97902017000115098
https://doi.org/10.1021/acs.jafc.8b05647
https://doi.org/10.1093/database/bap024
https://doi.org/10.1111/jfpp.13889
https://doi.org/10.1016/j.chroma.2007.01.090
https://doi.org/10.1016/j.sajb.2021.09.026
https://doi.org/10.1007/s00216-007-1298-8
https://www.ncbi.nlm.nih.gov/pubmed/17468851
https://doi.org/10.1016/j.sjbs.2021.07.018
https://www.ncbi.nlm.nih.gov/pubmed/34764769
https://doi.org/10.3109/13880209.2015.1043560
https://doi.org/10.1016/j.fct.2018.05.001
https://doi.org/10.1080/10408398.2011.574802
https://doi.org/10.1016/j.jfca.2016.08.009

Molecules 2025, 30, 1304 29 of 34

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Hussain, A.I; Anwar, F; Hussain Sherazi, S.T.; Przybylski, R. Chemical Composition, Antioxidant and Antimicrobial Activities of
Basil (Ocimum basilicum) Essential Oils Depends on Seasonal Variations. Food Chem. 2008, 108, 986-995. [CrossRef]

Guo, F; Chen, Q.; Liang, Q.; Zhang, M.; Chen, W.; Chen, H.; Yun, Y.; Zhong, Q.; Chen, W. Antimicrobial Activity and Proposed
Action Mechanism of Linalool Against Pseudomonas Fluorescens. Front. Microbiol. 2021, 12, 562094. [CrossRef]

Herman, A.; Tambor, K.; Herman, A. Linalool Affects the Antimicrobial Efficacy of Essential Oils. Curr. Microbiol. 2016, 72, 165-172.
[CrossRef]

He, R.; Chen, W.; Chen, H.; Zhong, Q.; Zhang, H.; Zhang, M.; Chen, W. Antibacterial Mechanism of Linalool against L.
Monocytogenes, a Metabolomic Study. Food Control 2022, 132, 108533. [CrossRef]

Zdolec, N.; Franicevi¢, M.; Klanac, L.; Kavain, I.; Batini¢, J.; Zadravec, M.; Pleadin, J.; Cobanov, D.; Ki§, M. Antimicrobial
Properties of Basil (Ocimum basilicum L.), Sage (Salvia officinalis L.), Lavender (Lavandula officinalis L.), Immortelle (Helichrysum
italicum (Roth) G. Don), and Savory (Satureja montana L.) and Their Application in Hard Cheese Production. Hygiene 2024,
4,135-145. [CrossRef]

1li¢, Z.S.; Milenkovi¢, L.; Sunié¢, L.; Tmusi¢, N.; Mastilovi¢, J.; Kevresan, Z.; Stanojevi¢, L.; Danilovi¢, B.; Stanojevi¢, ]. Efficiency
of Basil Essential Oil Antimicrobial Agents under Different Shading Treatments and Harvest Times. Agronomy 2021, 11, 1574.
[CrossRef]

Yaldiz, G.; Camlica, M.; Erdonmez, D. Investigation of Some Basil Genotypes in Terms of Their Effect on Bacterial Communication
System, and Antimicrobial Activity. Microb. Pathog. 2023, 182, 106247. [CrossRef]

Gebrehiwot, H.; Bachetti, R.; Dekebo, A. Chemical Composition and Antimicrobial Activities of Leaves of Sweet Basil (Ocimum
basilicum L.) Herb. Int. ]. Basic Clin. Pharmacol. 2015, 4, 869-875. [CrossRef]

Liang, L.; Zhang, W.; Hao, J.; Wang, Y.; Wei, S.; Zhang, S.; Hu, Y.; Lv, Y. Estragole Inhibits Growth and Aflatoxin Biosynthesis of
Aspergillus Flavus by Affecting Reactive Oxygen Species Homeostasis. Microbiol. Spectr. 2023, 11, e01348-23. [CrossRef]

Zhu, Z.; Yang, M.; Bai, Y.; Ge, F.; Wang, S. Antioxidant-related Catalase CTA1 Regulates Development, Aflatoxin Biosynthesis,
and Virulence in Pathogenic Fungus Aspergillus Flavus. Environ. Microbiol. 2020, 22, 2792-2810. [CrossRef]

Berthold-Pluta, A.; Stasiak-Rézariska, L.; Pluta, A.; Garbowska, M. Antibacterial Activities of Plant-Derived Compounds and
Essential Oils against Cronobacter Strains. Eur. Food Res. Technol. 2019, 245, 1137-1147. [CrossRef]

Jeyakumar, G.E.; Lawrence, R. Mechanisms of bactericidal action of Eugenol against Escherichia coli. J. Herb. Med. 2020, 26, 100406.
[CrossRef]

Ghazal, T.S.A ; Schelz, Z.; Vidacs, L.; Szemerédi, N.; Veres, K.; Spengler, G.; Hohmann, J. Antimicrobial, Multidrug Resistance
Reversal and Biofilm Formation Inhibitory Effect of Origanum Majorana Extracts, Essential Oil and Monoterpenes. Plants 2022,
11, 1432. [CrossRef]

Paudel, PN,; Satyal, P,; Satyal, R.; Setzer, W.N.; Gyawali, R. Chemical Composition, Enantiomeric Distribution, Antimicrobial and
Antioxidant Activities of Origanum majorana L. Essential Oil from Nepal. Molecules 2022, 27, 6136. [CrossRef] [PubMed]
Tejada-Murioz, S.; Cortez, D.; Rascén, J.; Chavez, S.G.; Caetano, A.C.; Diaz-Manchay, R.J.; Sandoval-Bances, J.; Huyhua-Gutierrez,
S.; Gonzales, L.; Chenet, S.M.; et al. Antimicrobial Activity of Origanum Vulgare Essential Oil against Staphylococcus Aureus and
Escherichia Coli. Pharmaceuticals 2024, 17, 1430. [CrossRef]

D’Amato, S.; Rossi, C.; Maggio, F.; Valbonetti, L.; Savini, V.; Paparella, A.; Serio, A. Antilisterial Effectiveness of Origanum
Vulgare Var. Hirtum and Coridothymus Capitatus Essential Oils and Hydrolates Alone and in Combination. Foods 2024, 13, 860.
[CrossRef]

Gwiazdowska, D.; Waskiewicz, A.; Ju$, K.; Marchwinska, K.; Frak, S.; Popowski, D.; Pawlak-Lemarnska, K.; Uwineza, PA;
Gwiazdowski, R.; Padewska, D.; et al. Antimicrobial and Antibiofilm Activity of Origanum Vulgare Extracts Obtained by
Supercritical Fluid Extraction Under Various Extraction Conditions. Molecules 2024, 29, 5823. [CrossRef] [PubMed]

Ivanovic, J.; Misic, D.; Zizovic, I.; Ristic, M. In vitro Control of Multiplication of Some Food-Associated Bacteria by Thyme,
Rosemary and Sage Isolates. Food Control 2012, 25, 110-116. [CrossRef]

Lorenzo-Leal, A.C.; Palou, E.; Lépez-Malo, A.; Bach, H. Antimicrobial, Cytotoxic, and Anti-Inflammatory Activities of Pimenta
Dioica and Rosmarinus officinalis Essential Oils. BioMed Res. Int. 2019, 2019, 14038. [CrossRef]

Macedo, LM.D.; Santos, EM.D.; Ataide, J.A.; Silva, G.T.D.S.E.; Guarnieri, J.P.D.O.; Lancellotti, M.; Jozala, A.F.; Rosa, P.C.P,;
Mazzola, P.G. Development and Evaluation of an Antimicrobial Formulation Containing Rosmarinus officinalis. Molecules 2022,
27,5049. [CrossRef]

Sidiropoulou, E.; Marugan-Hernéndez, V.; Skoufos, I.; Giannenas, I.; Bonos, E.; Aguiar-Martins, K.; Lazari, D.; Papagrigoriou, T.;
Fotou, K.; Grigoriadou, K; et al. In vitro Antioxidant, Antimicrobial, Anticoccidial, and Anti-Inflammatory Study of Essential
Oils of Oregano, Thyme, and Sage from Epirus, Greece. Life 2022, 12, 1783. [CrossRef]

Ersanli, C.; Tzora, A.; Skoufos, I.; Fotou, K.; Maloupa, E.; Grigoriadou, K.; Voidarou, C.; Zeugolis, D.I. The Assessment of
Antimicrobial and Anti-Biofilm Activity of Essential Oils against Staphylococcus Aureus Strains. Antibiotics 2023, 12, 384.
[CrossRef]


https://doi.org/10.1016/j.foodchem.2007.12.010
https://doi.org/10.3389/fmicb.2021.562094
https://doi.org/10.1007/s00284-015-0933-4
https://doi.org/10.1016/j.foodcont.2021.108533
https://doi.org/10.3390/hygiene4020010
https://doi.org/10.3390/agronomy11081574
https://doi.org/10.1016/j.micpath.2023.106247
https://doi.org/10.18203/2319-2003.ijbcp20150858
https://doi.org/10.1128/spectrum.01348-23
https://doi.org/10.1111/1462-2920.15011
https://doi.org/10.1007/s00217-018-3218-x
https://doi.org/10.1016/j.hermed.2020.100406
https://doi.org/10.3390/plants11111432
https://doi.org/10.3390/molecules27186136
https://www.ncbi.nlm.nih.gov/pubmed/36144869
https://doi.org/10.3390/ph17111430
https://doi.org/10.3390/foods13060860
https://doi.org/10.3390/molecules29245823
https://www.ncbi.nlm.nih.gov/pubmed/39769912
https://doi.org/10.1016/j.foodcont.2011.10.019
https://doi.org/10.1155/2019/1639726
https://doi.org/10.3390/molecules27165049
https://doi.org/10.3390/life12111783
https://doi.org/10.3390/antibiotics12020384

Molecules 2025, 30, 1304 30 of 34

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.

74.

75.

76.

77.

78.

79.

80.

81.

Maache, S.; Zbadi, L.; Ghouizi, A.E.; Soulo, N.; Saghrouchni, H.; Siddique, F.; Sitotaw, B.; Salamatullah, A.M.; Nafidi, H.-A;
Bourhia, M.; et al. Antioxidant and Antimicrobial Effects of Essential Oils from Two Salvia Species with in vitro and in silico
Analysis Targeting 1A]J6 and 1R4U Proteins. Sci. Rep. 2023, 13, 14038. [CrossRef]

Farahpour, M.R,; Pirkhezr, E.; Ashrafian, A.; Sonboli, A. Accelerated Healing by Topical Administration of Salvia officinalis
Essential Oil on Pseudomonas Aeruginosa and Staphylococcus Aureus Infected Wound Model. Biomed. Pharmacother. 2020,
128, 110120. [CrossRef]

Wijesundara, N.M.; Rupasinghe, H.P.V. Essential Oils from Origanum Vulgare and Salvia officinalis Exhibit Antibacterial and
Anti-Biofilm Activities against Streptococcus Pyogenes. Microb. Pathog. 2018, 117, 118-127. [CrossRef] [PubMed]

Santos, T.D.S.A.; Meccatti, V.M.; Pereira, T.C.; Marcucci, M.C.; Hasna, A.A.; Valera, M.C.; De Oliveira, L.D.; Carvalho, C.A.T.
Antibacterial Effect of Combinations of Salvia officinalis and Glycyrrhiza Glabra Hydroalcoholic Extracts against Enterococcus
Spp. Coatings 2023, 13, 1579. [CrossRef]

Carvalho, M.; Barbosa, J.; Da Silva, M.B.R.; Albano, H.; Teixeira, P. Impact of Polysorbate 80 on the Antimicrobial Activity of
Oregano and Thyme. Molecules 2024, 30, 81. [CrossRef] [PubMed]

Hofmeisterova, L.; Bajer, T.; Walczak, M.; Silha, D. Chemical Composition and Antibacterial Effect of Clove and Thyme Essential
Oils on Growth Inhibition and Biofilm Formation of Arcobacter Spp. and Other Bacteria. Antibiotics 2024, 13, 1232. [CrossRef]
Ahmadi, S.; Fazilati, M.; Mousavi, S.M.; Nazem, H. Anti-Bacterial /Fungal and Anti-Cancer Performance of Green Synthesized
Ag Nanoparticles Using Summer Savory Extract. J. Exp. Nanosci. 2020, 15, 363-380. [CrossRef]

Macari, A.; Sturza, R.; Lung, I.; Soran, M.-L.; Opris, O.; Balan, G.; Ghendov-Mosanu, A.; Vodnar, D.C.; Cojocari, D. Antimicrobial
Effects of Basil, Summer Savory and Tarragon Lyophilized Extracts in Cold Storage Sausages. Molecules 2021, 26, 6678. [CrossRef]
Prerna; Chadha, J.; Khullar, L.; Mudgil, U.; Harjai, K. A Comprehensive Review on the Pharmacological Prospects of Terpinen-4-Ol:
From Nature to Medicine and Beyond. Fitoterapia 2024, 176, 106051. [CrossRef]

Hamed, A.M.; Abd El-Maksoud, A.A.; Hassan, M. A ; Tsakali, E.; Van Impe, ] EM.; Ahmed, H.A.; Nassrallah, A.A. Enhancing
Functional Buffalo Yogurt: Improving Physicochemical Properties, Biological Activities, and Shelf Life Using Marjoram and
Geranium Essential Oils. J. Dairy Sci. 2024, 107, 6437-6450. [CrossRef]

Deen, J.I.; Zawad, A.N.M.S.; Uddin, M.; Chowdhury, M.A.H.; Al Araby, 5.Q.; Rahman, M. A. Terpinen-4-Ol, A Volatile Terpene
Molecule, Extensively Electrifies the Biological Systems against the Oxidative Stress-Linked Pathogenesis. Adv. Redox Res. 2023,
9, 100082. [CrossRef]

Johansen, B.; Duval, R.; Sergere, ].-C. First Evidence of a Combination of Terpinen-4-Ol and «-Terpineol as a Promising Tool
against ESKAPE Pathogens. Molecules 2022, 27, 7472. [CrossRef] [PubMed]

Cordeiro, L.; Figueiredo, P.; Souza, H.; Sousa, A.; Andrade-Jtnior, F.; Medeiros, D.; N6brega, J.; Silva, D.; Martins, E.; Barbosa-
Filho, J.; et al. Terpinen-4-Ol as an Antibacterial and Antibiofilm Agent against Staphylococcus Aureus. Int. J. Mol. Sci. 2020,
21,4531. [CrossRef] [PubMed]

Shalaby, M.-A.W.; Dokla, E.M.; Serya, R.; Abouzid, K.A. Penicillin Binding Protein 2a: An Overview and a Medicinal Chemistry
Perspective. Eur. |. Med. Chem. 2020, 199, 112312. [CrossRef]

Cui, H,; Zhang, C.; Li, C,; Lin, L. Antibacterial Mechanism of Oregano Essential Oil. Ind. Crops Prod. 2019, 139, 111498. [CrossRef]
Marinelli, L.; Di Stefano, A.; Cacciatore, I. Carvacrol and its derivatives as antibacterial agents. Phytochem. Rev. 2018, 17, 903-921.
[CrossRef]

Piasecki, B.; Balazs, V.L.; Kieltyka-Dadasiewicz, A.; Szab¢, P.; Kocsis, B.; Horvath, G.; Ludwiczuk, A. Microbiological Studies on
the Influence of Essential Oils from Several Origanum Species on Respiratory Pathogens. Molecules 2023, 28, 3044. [CrossRef]
Chen, J.; Tang, C.; Zhang, R.; Ye, S.; Zhao, Z.; Huang, Y.; Xu, X.; Lan, W.; Yang, D. Metabolomics Analysis to Evaluate the
Antibacterial Activity of the Essential Oil from the Leaves of Cinnamomum camphora (Linn.) Presl. |. Ethnopharmacol. 2020,
253, 112652. [CrossRef]

Allenspach, M.; Steuer, C. x-Pinene: A Never-Ending Story. Phytochemistry 2021, 190, 112857. [CrossRef]

Jubair, N.; Rajagopal, M.; Chinnappan, S.; Abdullah, N.B.; Fatima, A. Review on the Antibacterial Mechanism of Plant-Derived
Compounds against Multidrug-Resistant Bacteria (MDR). Evid.-Based Complement. Altern. Med. 2021, 2021, 1-30. [CrossRef]
Vosoughi, N.; Gomarian, M.; Ghasemi Pirbalouti, A.; Khaghani, S.; Malekpoor, E. Essential Oil Composition and Total Phenolic,
Flavonoid Contents, and Antioxidant Activity of Sage (Salvia officinalis L.) Extract under Chitosan Application and Irrigation
Frequencies. Ind. Crops Prod. 2018, 117, 366-374. [CrossRef]

Ciobanu, S.C.; Predoi, D.; Chifiriuc, M.C.; Iconaru, S.L.; Predoi, M.V.; Popa, M.; Rokosz, K.; Raaen, S.; Marinas, I.C. Salvia
officinalis-Hydroxyapatite Nanocomposites with Antibacterial Properties. Polymers 2023, 15, 4484. [CrossRef]

Speranza, B.; Guerrieri, A.; Racioppo, A.; Bevilacqua, A.; Campaniello, D.; Corbo, M.R. Sage and Lavender Essential Oils as
Potential Antimicrobial Agents for Foods. Microbiol. Res. 2023, 14, 1089-1113. [CrossRef]

Hassanzadeh, M.; Mirzaie, S.; Pirmahalle, ER.; Yahyaraeyat, R.; Razmyar, J. Effects of Thyme (Thymus vulgaris) Essential Oil
on Bacterial Growth and Expression of Some Virulence Genes in Salmonella Enterica Serovar Enteritidis. Vet. Med. Sci. 2024,
10, €70088. [CrossRef]


https://doi.org/10.1038/s41598-023-41178-2
https://doi.org/10.1016/j.biopha.2020.110120
https://doi.org/10.1016/j.micpath.2018.02.026
https://www.ncbi.nlm.nih.gov/pubmed/29452197
https://doi.org/10.3390/coatings13091579
https://doi.org/10.3390/molecules30010081
https://www.ncbi.nlm.nih.gov/pubmed/39795138
https://doi.org/10.3390/antibiotics13121232
https://doi.org/10.1080/17458080.2020.1799981
https://doi.org/10.3390/molecules26216678
https://doi.org/10.1016/j.fitote.2024.106051
https://doi.org/10.3168/jds.2023-24281
https://doi.org/10.1016/j.arres.2023.100082
https://doi.org/10.3390/molecules27217472
https://www.ncbi.nlm.nih.gov/pubmed/36364298
https://doi.org/10.3390/ijms21124531
https://www.ncbi.nlm.nih.gov/pubmed/32630600
https://doi.org/10.1016/j.ejmech.2020.112312
https://doi.org/10.1016/j.indcrop.2019.111498
https://doi.org/10.1007/s11101-018-9569-x
https://doi.org/10.3390/molecules28073044
https://doi.org/10.1016/j.jep.2020.112652
https://doi.org/10.1016/j.phytochem.2021.112857
https://doi.org/10.1155/2021/3663315
https://doi.org/10.1016/j.indcrop.2018.03.021
https://doi.org/10.3390/polym15234484
https://doi.org/10.3390/microbiolres14030073
https://doi.org/10.1002/vms3.70088

Molecules 2025, 30, 1304 31 of 34

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Giovagnoni, G.; Rossi, B.; Tugnoli, B.; Ghiselli, F.; Bonetti, A.; Piva, A.; Grilli, E. Thymol and Carvacrol Downregulate the
Expression of Salmonella Typhimurium Virulence Genes during an In Vitro Infection on Caco-2 Cells. Microorganisms 2020, 8, 862.
[CrossRef] [PubMed]

Morshdy, A.EM.A,; El-tahlawy, A.S.; Qari, S.H.; Qumsani, A.T.; Bay, D.H.; Sami, R.; Althubaiti, E.H.; Mansour, A.M.A.; Aljahani,
A.H.; Hafez, AE-S.E.; et al. Anti-Biofilms’ Activity of Garlic and Thyme Essential Oils against Salmonella Typhimurium.
Molecules 2022, 27, 2182. [CrossRef] [PubMed]

Chkhikvishvili, I.; Sanikidze, T.; Gogia, N.; Mchedlishvili, T.; Enukidze, M.; Machavariani, M.; Vinokur, Y.; Rodov, V. Rosmarinic
Acid-Rich Extracts of Summer Savory (Satureja Hortensis L.) Protect Jurkat T Cells against Oxidative Stress. Oxidative Med. Cell.
Longev. 2013, 2013, 456253. [CrossRef]

Omidbeygi, M.; Barzegar, M.; Hamidi, Z.; Naghdibadi, H. Antifungal Activity of Thyme, Summer Savory and Clove Essential
Oils against Aspergillus Flavus in Liquid Medium and Tomato Paste. Food Control 2007, 18, 1518-1523. [CrossRef]

Sharifzadeh, A.; Khosravi, A.R.; Ahmadian, S. Chemical Composition and Antifungal Activity of Satureja hortensis L. Essentiall
Oil against Planktonic and Biofilm Growth of Candida albicans Isolates from Buccal Lesions of HIV+ Individuals. Microb. Pathog.
2016, 96, 1-9. [CrossRef]

Christaki, S.; Moschakis, T.; Kyriakoudi, A.; Biliaderis, C.G.; Mourtzinos, I. Recent Advances in Plant Essential Oils and Extracts:
Delivery Systems and Potential Uses as Preservatives and Antioxidants in Cheese. Trends Food Sci. Technol. 2021, 116, 264-278.
[CrossRef]

Tassou, C.C.; Nychas, G.-].E.; Skandamis, PN. Herbs and Spices and Antimicrobials. In Handbook of Herbs and Spices; Peter, K.V.,,
Ed.; CRC Press LLC: Boca Raton, FL, USA, 2004; Volume 2, pp. 22-40.

Kunovi, S.; Taglieri, I.; Has¢ik, P; Ben Hsouna, A.; Mnif, W.; Venturi, F.; Sanmartin, C,; Cmikova, N.; Kluz, M.L; Kaganiova, M.
Dried Herbs as an Easy-to-Use and Cost-Effective Alternative to Essential Oils to Extend the Shelf Life of Sheep Lump Cheese.
Foods 2023, 12, 4487. [CrossRef]

Cedefio-Pinos, C.; Martinez-Tomé, M.; Murcia, M.A.; Jorddn, M.].; Baiién, S. Assessment of Rosemary (Rosmarinus officinalis L.)
Extract as Antioxidant in Jelly Candies Made with Fructan Fibres and Stevia. Antioxidants 2020, 9, 1289. [CrossRef]

Atlar, G.C,; Kutlu, G.; Tornuk, F. Design and Characterization of Chitosan-Based Films Incorporated with Summer Savory
(Satureja hortensis L.) Essential Oil for Active Packaging. Int. |. Biol. Macromol. 2024, 254, 127732. [CrossRef] [PubMed]
Hassanzadeh, M.K.; Tayarani Najaran, Z.; Nasery, M.; Emami, S.A. Summer Savory (Satureja hortensis L.) Oils. In Essential Oils in
Food Preservation, Flavor and Safety; Elsevier: Amsterdam, The Netherlands, 2016; pp. 757-764. ISBN 978-0-12-416641-7.
Diniz-Silva, H.T.; Brandao, L.R.; De Sousa Galvao, M.; Madruga, M.S.; Maciel, ].F.; Leite De Souza, E.; Magnani, M. Survival
of Lactobacillus Acidophilus LA-5 and Escherichia Coli O157:H7 in Minas Frescal Cheese Made with Oregano and Rosemary
Essential Oils. Food Microbiol. 2020, 86, 103348. [CrossRef] [PubMed]

Ribeiro, A.; Caleja, C.; Barros, L.; Santos-Buelga, C.; Barreiro, M.E,; Ferreira, .C.ER. Rosemary Extracts in Functional Foods:
Extraction, Chemical Characterization and Incorporation of Free and Microencapsulated Forms in Cottage Cheese. Food Funct.
2016, 7, 2185-2196. [CrossRef] [PubMed]

Nabigol, A. Chemical Composition and Anti-Fungal Activities of Three Essential Oils from Satureja Spp. on Four Post-Harvest
Pathogens of Strawberry Fruit. J. Hortic. Sci. Biotechnol. 2011, 86, 371-376. [CrossRef]

Sagdic, O.; Ozturk, I.; Tornuk, F. Inactivation of Non-Toxigenic and Toxigenic Escherichia Coli O157:H7 Inoculated on Minimally
Processed Tomatoes and Cucumbers: Utilization of Hydrosols of Lamiaceae Spices as Natural Food Sanitizers. Food Control 2013,
30, 7-14. [CrossRef]

Kocié-Tanackov, S.; Dimi¢, G.; Deri¢, N.; Mojovi¢, L.; Tomovi¢, V.; gojié, B.; Buki¢-Vukovié, A.; Pejin, J. Growth Control of Molds
Isolated from Smoked Fermented Sausages Using Basil and Caraway Essential Oils, in vitro and in vivo. LWT 2020, 123, 109095.
[CrossRef]

Hasneen, D.E; Zaki, N.L.; Abbas, M.S.; Soliman, A.S.; Ashoush, I.S.; Fayed, A.E. Comparative Evaluation of Some Herbs and
Their Suitability for Skimmed Milk Yoghurt and Cast Kariesh Cheese Fortification as Functional Foods. Ann. Agric. Sci. 2020,
65, 6-12. [CrossRef]

Jeyakumari, A.; Zynudheen, A.A.; Parvathy, U.; Binsi, PK. Impact of Chitosan and Oregano Extract on the Physicochemical
Properties of Microencapsulated Fish Oil Stored at Different Temperature. Int. J. Food Prop. 2018, 21, 943-956. [CrossRef]
Hayouni, E.A.; Chraief, I.; Abedrabba, M.; Bouix, M.; Leveau, ].-Y.; Mohammed, H.; Hamdi, M. Tunisian Salvia officinalis L. and
Schinus molle L. Essential Oils: Their Chemical Compositions and Their Preservative Effects against Salmonella Inoculated in
Minced Beef Meat. Int. ]. Food Microbiol. 2008, 125, 242-251. [CrossRef]

Males, I; Dobrin¢i¢, A.; Zori¢, Z.; Vladimir-KneZzevi¢, S.; Elez Garofuli¢, I.; Repaji¢, M.; Skroza, D.; Jerkovi¢, I.; Dragovi¢-Uzelac, V.
Phenolic, Headspace and Sensory Profile, and Antioxidant Capacity of Fruit Juice Enriched with Salvia officinalis L. and Thymus
serpyllum L. Extract: A Potential for a Novel Herbal-Based Functional Beverages. Molecules 2023, 28, 3656. [CrossRef] [PubMed]
El-Shafei, A.; Shaarawy, S.; Motawe, F.H.; Refaei, R. Herbal Extract as an Ecofriendly Antibacterial Finishing of Cotton Fabric.
Egypt. ]. Chem. 2018, 61, 317-327. [CrossRef]


https://doi.org/10.3390/microorganisms8060862
https://www.ncbi.nlm.nih.gov/pubmed/32517327
https://doi.org/10.3390/molecules27072182
https://www.ncbi.nlm.nih.gov/pubmed/35408576
https://doi.org/10.1155/2013/456253
https://doi.org/10.1016/j.foodcont.2006.12.003
https://doi.org/10.1016/j.micpath.2016.04.014
https://doi.org/10.1016/j.tifs.2021.07.029
https://doi.org/10.3390/foods12244487
https://doi.org/10.3390/antiox9121289
https://doi.org/10.1016/j.ijbiomac.2023.127732
https://www.ncbi.nlm.nih.gov/pubmed/39492498
https://doi.org/10.1016/j.fm.2019.103348
https://www.ncbi.nlm.nih.gov/pubmed/31703879
https://doi.org/10.1039/C6FO00270F
https://www.ncbi.nlm.nih.gov/pubmed/27112548
https://doi.org/10.1080/14620316.2011.11512776
https://doi.org/10.1016/j.foodcont.2012.07.010
https://doi.org/10.1016/j.lwt.2020.109095
https://doi.org/10.1016/j.aoas.2020.05.001
https://doi.org/10.1080/10942912.2018.1466319
https://doi.org/10.1016/j.ijfoodmicro.2008.04.005
https://doi.org/10.3390/molecules28093656
https://www.ncbi.nlm.nih.gov/pubmed/37175066
https://doi.org/10.21608/ejchem.2018.2621.1209

Molecules 2025, 30, 1304 32 of 34

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

Kramar, A.; Petrovi¢, M.; Mihajlovski, K.; Mandi¢, B.; Vukovi¢, G.; Blagojevi¢, S.; Kosti¢, M. Selected Aromatic Plants Extracts as
an Antimicrobial and Antioxidant Finish for Cellulose Fabric- Direct Impregnation Method. Fibers Polym. 2021, 22, 3317-3325.
[CrossRef]

Begum, A.; Sandhya, S.; Kumar, A.N.; Alj, S.S. Evaluation of Herbal Hair Lotion Loaded with Rosemary for Possible Hair Growth
in C57BL/6 Mice. Adv. Biomed. Res. 2023, 12, 60. [CrossRef]

Ferreira-Anta, T.; Florez-Fernandez, N.; Dominguez, H.; Torres, M.D. A Rheological Approach of Seawater-Based Natural
Cosmetics with Extracts from Sonicated Medicinal Herbs. Sustain. Chem. Pharm. 2023, 36, 101263. [CrossRef]

Stevanovi¢, Z.D.; Bosnjak-Neumtdiller, J.; Paji¢-Lijakovi¢, I.; Raj, J.; Vasiljevi¢, M. Essential Oils as Feed Additives—Future
Perspectives. Molecules 2018, 23, 1717. [CrossRef]

Ghasemi, R.; Zarei, M.; Torki, M. Adding Medicinal Herbs Including Garlic (Allium sativum) and Thyme (Thymus vulgaris) to Diet
of Laying Hens and Evaluating Productive Performance and Egg Quality Characteristics. Am. J. Anim. Vet. Sci. 2010, 5, 151-154.
[CrossRef]

Miresmailli, S.; Isman, M.B. Efficacy and Persistence of Rosemary Oil as an Acaricide Against Twospotted Spider Mite (Acari:
Tetranychidae) on Greenhouse Tomato. J. Econ. Entomol. 2006, 99, 2015-2023. [CrossRef]

Goharrostami, M.; Sendi, J.J.; Hosseini, R.; Allah Mahmoodi, N.O. Effect of Thyme Essential Oil and Its Two Components on
Toxicity and Some Physiological Parameters in Mulberry Pyralid Glyphodes Pyloalis Walker. Pestic. Biochem. Physiol. 2022,
188, 105220. [CrossRef]

Altinier, G.; Sosa, S.; Aquino, R.P.; Mencherini, T.; Loggia, R.D.; Tubaro, A. Characterization of Topical Antiinflammatory
Compounds in Rosmarinus officinalis L. . Agric. Food Chem. 2007, 55, 1718-1723. [CrossRef]

Hossen, M.A,; Shimul, L.M.; Sameen, D.E.; Rasheed, Z.; Dai, J.; Li, S.; Qin, W.; Tang, W.; Chen, M.; Liu, Y. Essential Oil-Loaded
Biopolymeric Particles on Food Industry and Packaging: A Review. Int. ]. Biol. Macromol. 2024, 265, 130765. [CrossRef] [PubMed]
Donsi, F.; Annunziata, M.; Sessa, M.; Ferrari, G. Nanoencapsulation of Essential Oils to Enhance Their Antimicrobial Activity in
Foods. LWT-Food Sci. Technol. 2011, 44, 1908-1914. [CrossRef]

Souza, E.J.D.D.; Pacheco, C.D.O.; Costa, LH.D.L.; Dias, A.R.G.; Zavareze, E.D.R. Applications of Nanotechnology in Essential Oil
Protection to Extend the Shelf Life of Fruits and Vegetables: A Review. Food Control 2025, 170, 111044. [CrossRef]

Fernandes, R.V.D.B.; Guimaraes, I.C.; Ferreira, C.L.R.; Botrel, D.A.; Borges, S.V.; De Souza, A.U. Microencapsulated Rosemary
(Rosmarinus officinalis) Essential Oil as a Biopreservative in Minas Frescal Cheese: Rosemary Oil as a Biopreservative in Cheese. J.
Food Process. Preserv. 2017, 41, €12759. [CrossRef]

Rashidaie Abandansarie, S.S.; Ariaii, P.; Charmchian Langerodi, M. Effects of Encapsulated Rosemary Extract on Oxidative and
Microbiological Stability of Beef Meat during Refrigerated Storage. Food Sci. Nutr. 2019, 7, 3969-3978. [CrossRef] [PubMed]
Radiinz, M.; Dos Santos Hackbart, H.C.; Camargo, T.M.; Nunes, C.EP; De Barros, F.A.P,; Dal Magro, J.; Filho, P].S.; Gandra, E.A;
Radiinz, A.L.; Da Rosa Zavareze, E. Antimicrobial Potential of Spray Drying Encapsulated Thyme (Thymus vulgaris) Essential Oil
on the Conservation of Hamburger-like Meat Products. Int. |. Food Microbiol. 2020, 330, 108696. [CrossRef]

Artiga-Artigas, M.; Acevedo-Fani, A.; Martin-Belloso, O. Improving the Shelf Life of Low-Fat Cut Cheese Using Nanoemulsion-
Based Edible Coatings Containing Oregano Essential Oil and Mandarin Fiber. Food Control 2017, 76, 1-12. [CrossRef]

Salinas, C.; Lis, M.].; Coderch, L.; Marti, M. Formation and Characterization of Oregano Essential Oil Nanocapsules Applied onto
Polyester Textile. Polymers 2022, 14, 5188. [CrossRef]

Ttirkoglu, G.C.; Erkan, G.; Karavana, S.Y.; Sarusik, A.M.; Cetmeli Bakadur, A.; Utebay, B.; Popescu, A. Spray-Dried Oregano Oil
and Lavender Oil Microcapsules for Antibacterial Sports and Leisurewear. AATCC |. Res. 2023, 10, 332-345. [CrossRef]
Devrnja, N.; Andelkovi¢, B.; Ljuji¢, J.; Cosi¢, T.; Stupar, S.; Milutinovié, M.; Savi¢, J. Encapsulation of Fennel and Basil Essential
Oils in 3-Cyclodextrin for Novel Biopesticide Formulation. Biomolecules 2024, 14, 353. [CrossRef]

Thuekeaw, S.; Angkanaporn, K.; Nuengjamnong, C. Microencapsulated Basil Oil (Ocimum basilicum Linn.) Enhances Growth
Performance, Intestinal Morphology, and Antioxidant Capacity of Broiler Chickens in the Tropics. Anim. Biosci. 2022, 35, 752-762.
[CrossRef] [PubMed]

Montenegro, L.; Pasquinucci, L.; Zappala, A.; Chiechio, S.; Turnaturi, R.; Parenti, C. Rosemary Essential Oil-Loaded Lipid
Nanoparticles: In vivo Topical Activity from Gel Vehicles. Pharmaceutics 2017, 9, 48. [CrossRef]

Jeevahan, J.; Chandrasekaran, M. Nanoedible Films for Food Packaging: A Review. . Mater. Sci. 2019, 54, 12290-12318. [CrossRef]
Alizadeh Sani, M.; Ehsani, A.; Hashemi, M. Whey Protein Isolate/Cellulose Nanofibre/TiO, Nanoparticle/Rosemary Essential
Oil Nanocomposite Film: Its Effect on Microbial and Sensory Quality of Lamb Meat and Growth of Common Foodborne
Pathogenic Bacteria during Refrigeration. Int. ]. Food Microbiol. 2017, 251, 8-14. [CrossRef]

Wigati, L.P; Wardana, A.A.; Tanaka, F,; Tanaka, F. Application of Pregelatinized Corn Starch and Basil Essential Oil Edible Coating
with Cellulose Nanofiber as Pickering Emulsion Agent to Prevent Quality-Quantity Loss of Mandarin Orange. Food Packag. Shelf
Life 2023, 35, 101010. [CrossRef]


https://doi.org/10.1007/s12221-021-3007-1
https://doi.org/10.4103/abr.abr_306_21
https://doi.org/10.1016/j.scp.2023.101263
https://doi.org/10.3390/molecules23071717
https://doi.org/10.3844/ajavsp.2010.151.154
https://doi.org/10.1093/jee/99.6.2015
https://doi.org/10.1016/j.pestbp.2022.105220
https://doi.org/10.1021/jf062610+
https://doi.org/10.1016/j.ijbiomac.2024.130765
https://www.ncbi.nlm.nih.gov/pubmed/38462119
https://doi.org/10.1016/j.lwt.2011.03.003
https://doi.org/10.1016/j.foodcont.2024.111044
https://doi.org/10.1111/jfpp.12759
https://doi.org/10.1002/fsn3.1258
https://www.ncbi.nlm.nih.gov/pubmed/31890175
https://doi.org/10.1016/j.ijfoodmicro.2020.108696
https://doi.org/10.1016/j.foodcont.2017.01.001
https://doi.org/10.3390/polym14235188
https://doi.org/10.1177/24723444231175211
https://doi.org/10.3390/biom14030353
https://doi.org/10.5713/ab.21.0299
https://www.ncbi.nlm.nih.gov/pubmed/34991219
https://doi.org/10.3390/pharmaceutics9040048
https://doi.org/10.1007/s10853-019-03742-y
https://doi.org/10.1016/j.ijfoodmicro.2017.03.018
https://doi.org/10.1016/j.fpsl.2022.101010

Molecules 2025, 30, 1304 33 of 34

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Amor, G.; Sabbah, M.; Caputo, L.; Idbella, M.; De Feo, V.; Porta, R.; Fechtali, T.; Mauriello, G. Basil Essential Oil: Composition,
Antimicrobial Properties, and Microencapsulation to Produce Active Chitosan Films for Food Packaging. Foods 2021, 10, 121.
[CrossRef] [PubMed]

Xylia, P; Chrysargyris, A.; Tzortzakis, N. The Combined and Single Effect of Marjoram Essential Oil, Ascorbic Acid, and Chitosan
on Fresh-Cut Lettuce Preservation. Foods 2021, 10, 575. [CrossRef]

Haghighatpanah, N.; Omar-Aziz, M.; Gharaghani, M.; Khodaiyan, F.; Hosseini, S.S.; Kennedy, J.F. Effect of Mung Bean Protein
Isolate/Pullulan Films Containing Marjoram (Origanum majorana L.) Essential Oil on Chemical and Microbial Properties of
Minced Beef Meat. Int. ]. Biol. Macromol. 2022, 201, 318-329. [CrossRef]

Rodriguez-Garcia, I.; Cruz-Valenzuela, M.R ; Silva-Espinoza, B.A.; Gonzalez-Aguilar, G.A.; Moctezuma, E.; Gutierrez-Pacheco,
M.M,; Tapia-Rodriguez, M.R.; Ortega-Ramirez, L.A.; Ayala-Zavala, ].FE. Oregano (Lippia Graveolens) Essential Oil Added within
Pectin Edible Coatings Prevents Fungal Decay and Increases the Antioxidant Capacity of Treated Tomatoes. J. Sci. Food Agric.
2016, 96, 3772-3778. [CrossRef]

Rios-de-Benito, L.F.; Escamilla-Garcia, M.; Garcia-Almendarez, B.; Amaro-Reyes, A.; Di Pierro, P.; Regalado-Gonzélez, C. Design
of an Active Edible Coating Based on Sodium Caseinate, Chitosan and Oregano Essential Oil Reinforced with Silica Particles and
Its Application on Panela Cheese. Coatings 2021, 11, 1212. [CrossRef]

Du, H;; Liu, C.; Unsalan, O.; Altunayar-Unsalan, C.; Xiong, S.; Manyande, A.; Chen, H. Development and Characterization of
Fish Myofibrillar Protein/Chitosan/Rosemary Extract Composite Edible Films and the Improvement of Lipid Oxidation Stability
during the Grass Carp Fillets Storage. Int. ]. Biol. Macromol. 2021, 184, 463-475. [CrossRef]

Quintana, S.E.; Llalla, O.; Garcia-Risco, M.R.; Fornari, T. Comparison between Essential Oils and Supercritical Extracts into
Chitosan-Based Edible Coatings on Strawberry Quality during Cold Storage. J. Supercrit. Fluids 2021, 171, 105198. [CrossRef]
Ehsani, A.; Hashemi, M.; Aminzare, M.; Raeisi, M.; Afshari, A.; Mirza Alizadeh, A.; Rezaeigolestani, M. Comparative Evaluation
of Edible Films Impregnated with Sage Essential Oil or Lactoperoxidase System: Impact on Chemical and Sensory Quality of
Carp Burgers. J. Food Process. Preserv. 2019, 43, €14070. [CrossRef]

Martinez, K.; Ortiz, M.; Albis, A.; Gilma Gutiérrez Castafieda, C.; Valencia, M.E.; Grande Tovar, C.D. The Effect of Edible Chitosan
Coatings Incorporated with Thymus Capitatus Essential Oil on the Shelf-Life of Strawberry (Fragaria x ananassa) during Cold
Storage. Biomolecules 2018, 8, 155. [CrossRef] [PubMed]

Correa-Pacheco, Z.N.; Bautista-Bafios, S.; Valle-Marquina, M.A; Hernandez-Lépez, M. The Effect of Nanostructured Chitosan
and Chitosan-thyme Essential Oil Coatings on Colletotrichum Gloeosporioides Growth in vitro and on Cv Hass Avocado and Fruit
Quality. J. Phytopathol. 2017, 165, 297-305. [CrossRef]

Hosseini, S.F.; Amraie, M.; Salehi, M.; Mohseni, M.; Aloui, H. Effect of Chitosan-based Coatings Enriched with Savory and/or
Tarragon Essential Oils on Postharvest Maintenance of Kumquat (Fortunella Sp.) Fruit. Food Sci. Nutr. 2019, 7, 155-162. [CrossRef]
[PubMed]

Sharifi-Rad, J.; Adetunji, C.O.; Olaniyan, O.T.; Ojo, S.K.; Samuel, M.O.; Temitayo, B.T.; Roli, O.I,; Nimota, O.0O.; Oluwabunmi, B.T;
Adetunji, J.B.; et al. Antimicrobial, Antioxidant and Other Pharmacological Activities of Ocimum Species: Potential to Be Used as
Food Preservatives and Functional Ingredients. Food Rev. Int. 2023, 39, 1547-1577. [CrossRef]

Elbe, H.; Yigitturk, G.; Cavusoglu, T.; Baygar, T.; Ozgul Onal, M.; Ozturk, F. Comparison of Ultrastructural Changes and the
Anticarcinogenic Effects of Thymol and Carvacrol on Ovarian Cancer Cells: Which Is More Effective? Ultrastruct. Pathol. 2020,
44,193-202. [CrossRef]

Mari, A.; Mani, G.; Nagabhishek, S.N.; Balaraman, G.; Subramanian, N.; Mirza, EB.; Sundaram, J.; Thiruvengadam, D. Carvacrol
Promotes Cell Cycle Arrest and Apoptosis through PI3K/AKT Signaling Pathway in MCF-7 Breast Cancer Cells. Chin. |. Integr.
Med. 2021, 27, 680-687. [CrossRef]

Rathod, N.B.; Kulawik, P.; Ozogul, F.; Regenstein, ].M.; Ozogul, Y. Biological Activity of Plant-Based Carvacrol and Thymol and
Their Impact on Human Health and Food Quality. Trends Food Sci. Technol. 2021, 116, 733-748. [CrossRef]

Hajibonabi, A.; Yekani, M.; Sharifi, S.; Nahad, ].S.; Dizaj, S.M.; Memar, M.Y. Antimicrobial Activity of Nanoformulations of
Carvacrol and Thymol: New Trend and Applications. OpenNano 2023, 13, 100170. [CrossRef]

De Macedo, L.M.; Santos, EIM.D.; Militao, L.; Tundisi, L.L.; Ataide, J.A; Souto, E.B.; Mazzola, P.G. Rosemary (Rosmarinus officinalis
L., Syn Salvia rosmarinus Spenn.) and Its Topical Applications: A Review. Plants 2020, 9, 651. [CrossRef]

Gonzélez-Vallinas, M.; Reglero, G.; Ramirez De Molina, A. Rosemary (Rosmarinus officinalis L.) Extract as a Potential Complemen-
tary Agent in Anticancer Therapy. Nutr. Cancer 2015, 67, 1223-1231. [CrossRef]

Moore, J.; Yousef, M.; Tsiani, E. Anticancer Effects of Rosemary (Rosmarinus officinalis L.) Extract and Rosemary Extract Polyphenols.
Nutrients 2016, 8, 731. [CrossRef]

Allegra, A.; Tonacci, A.; Pioggia, G.; Musolino, C.; Gangemi, S. Anticancer Activity of Rosmarinus officinalis L.: Mechanisms of
Action and Therapeutic Potentials. Nutrients 2020, 12, 1739. [CrossRef]

Wang, Q.L.; Li, H; Li, X.X; Cui, C.Y.; Wang, R.; Yu, N.X,; Chen, L.X. Acute and 30-Day Oral Toxicity Studies of Administered
Carnosic Acid. Food Chem. Toxicol. 2012, 50, 4348-4355. [CrossRef]


https://doi.org/10.3390/foods10010121
https://www.ncbi.nlm.nih.gov/pubmed/33430030
https://doi.org/10.3390/foods10030575
https://doi.org/10.1016/j.ijbiomac.2022.01.023
https://doi.org/10.1002/jsfa.7568
https://doi.org/10.3390/coatings11101212
https://doi.org/10.1016/j.ijbiomac.2021.06.121
https://doi.org/10.1016/j.supflu.2021.105198
https://doi.org/10.1111/jfpp.14070
https://doi.org/10.3390/biom8040155
https://www.ncbi.nlm.nih.gov/pubmed/30469447
https://doi.org/10.1111/jph.12562
https://doi.org/10.1002/fsn3.835
https://www.ncbi.nlm.nih.gov/pubmed/30680169
https://doi.org/10.1080/87559129.2021.1934693
https://doi.org/10.1080/01913123.2020.1740366
https://doi.org/10.1007/s11655-020-3193-5
https://doi.org/10.1016/j.tifs.2021.08.023
https://doi.org/10.1016/j.onano.2023.100170
https://doi.org/10.3390/plants9050651
https://doi.org/10.1080/01635581.2015.1082110
https://doi.org/10.3390/nu8110731
https://doi.org/10.3390/nu12061739
https://doi.org/10.1016/j.fct.2012.08.057

Molecules 2025, 30, 1304 34 of 34

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.
161.

El-Naggar, S.A.; Abdel-Farid, I.B.; Germoush, M.O.; Elgebaly, H.A.; Alm-Eldeen, A.A. Efficacy of Rosmarinus officinalis Leaves
Extract against Cyclophosphamide-Induced Hepatotoxicity. Pharm. Biol. 2016, 54, 2007-2016. [CrossRef]

Ghasemzadeh Rahbardar, M.; Hosseinzadeh, H. Therapeutic Effects of Rosemary (Rosmarinus officinalis L.) and Its Active
Constituents on Nervous System Disorders. Iran. J. Basic Med. Sci. 2020, 23, 1100-1112. [CrossRef]

Lali¢evi¢, S.; Djordjevi¢, I. Comparison of Benzydamine Hydrochloride and Salvia officinalis as an Adjuvant Local Treatment to
Systemic Nonsteroidal Anti-Inflammatory Drug in Controlling Pain after Tonsillectomy, Adenoidectomy, or Both: An Open-Label,
Single-Blind, Randomized Clinical Trial. Curr. Ther. Res. 2004, 65, 360-372. [CrossRef]

Venkatasalu, M.R.; Murang, Z.R.; Ramasamy, D.T.R.; Dhaliwal, ]J.S. Oral Health Problems among Palliative and Terminally Il
Patients: An Integrated Systematic Review. BMC Oral Health 2020, 20, 79. [CrossRef]

Monsen, R.E.; Herlofson, B.B.; Gay, C.; Fjeld, K.G.; Hove, L.H.; Malterud, K.E.; Saghaug, E.; Slaaen, J.; Sundal, T.; Tollisen, A.;
et al. A Mouth Rinse Based on a Tea Solution of Salvia officinalis for Oral Discomfort in Palliative Cancer Care: A Randomized
Controlled Trial. Support Care Cancer 2021, 29, 4997-5007. [CrossRef]

Sharifi-Rad, M.; Ozcelik, B.; Altin, G.; Dagkaya-Dikmen, C.; Martorell, M.; Ramirez-Alarcén, K.; Alarcén-Zapata, P.; Morais-Braga,
M.EB.; Carneiro, ].N.P,; Alves Borges Leal, A.L.; et al. Salvia Spp. Plants-from Farm to Food Applications and Phytopharma-
cotherapy. Trends Food Sci. Technol. 2018, 80, 242-263. [CrossRef]

Ejaz, A.; Waliat, S.; Arshad, M.S.; Khalid, W.; Khalid, M.Z.; Rasul Suleria, H.A.; Luca, M.-I.; Mironeasa, C.; Batariuc, A.; Ungureanu-
Tuga, M.; et al. A Comprehensive Review of Summer Savory (Satureja hortensis L.): Promising Ingredient for Production of
Functional Foods. Front. Pharmacol. 2023, 14, 1198970. [CrossRef] [PubMed]

Sharmeen, J.; Mahomoodally, F.; Zengin, G.; Maggi, F. Essential Oils as Natural Sources of Fragrance Compounds for Cosmetics
and Cosmeceuticals. Molecules 2021, 26, 666. [CrossRef] [PubMed]

Guzmadn, E.; Lucia, A. Essential Oils and Their Individual Components in Cosmetic Products. Cosmetics 2021, 8, 114. [CrossRef]
Fiume, M.M,; Bergfeld, W.E,; Belsito, D.V.; Hill, R.A.; Klaassen, C.D.; Liebler, D.C.; Marks, ].G.; Shank, R.C; Slaga, T.J.; Snyder,
PW.; et al. Safety Assessment of Rosmarinus officinalis (Rosemary)-Derived Ingredients as Used in Cosmetics. Int. ]. Toxicol. 2018,
37,125-50S. [CrossRef]

Chenni, M.; El Abed, D.; Neggaz, S.; Rakotomanomana, N.; Fernandez, X.; Chemat, F. Solvent Free Microwave Extraction
Followed by Encapsulation of O. Basilicum L. Essential Oil for Insecticide Purpose. J. Stored Prod. Res. 2020, 86, 101575. [CrossRef]
Oliveira, M.; Vifias, I.; Colas, P.; Anguera, M.; Usall, J.; Abadias, M. Effectiveness of a Bacteriophage in Reducing Listeria
Monocytogenes on Fresh-Cut Fruits and Fruit Juices. Food Microbiol. 2014, 38, 137-142. [CrossRef]

Khursheed, A.; Rather, M.A.; Jain, V.; Wani, A.R; Rasool, S.; Nazir, R.; Malik, N.A.; Majid, S.A. Plant Based Natural Products as
Potential Ecofriendly and Safer Biopesticides: A Comprehensive Overview of Their Advantages over Conventional Pesticides,
Limitations and Regulatory Aspects. Microb. Pathog. 2022, 173, 105854. [CrossRef]

Savoia, D. Plant-Derived Antimicrobial Compounds: Alternatives to Antibiotics. Future Microbiol. 2012, 7, 979-990. [CrossRef]
Walentowska, J.; Foksowicz-Flaczyk, J. Thyme Essential Oil for Antimicrobial Protection of Natural Textiles. Int. Biodeterior.
Biodegrad. 2013, 84, 407-411. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3109/13880209.2015.1137954
https://doi.org/10.22038/ijbms.2020.45269.10541
https://doi.org/10.1016/j.curtheres.2004.07.002
https://doi.org/10.1186/s12903-020-01075-w
https://doi.org/10.1007/s00520-021-06021-2
https://doi.org/10.1016/j.tifs.2018.08.008
https://doi.org/10.3389/fphar.2023.1198970
https://www.ncbi.nlm.nih.gov/pubmed/37554989
https://doi.org/10.3390/molecules26030666
https://www.ncbi.nlm.nih.gov/pubmed/33514008
https://doi.org/10.3390/cosmetics8040114
https://doi.org/10.1177/1091581818800020
https://doi.org/10.1016/j.jspr.2020.101575
https://doi.org/10.1016/j.fm.2013.08.018
https://doi.org/10.1016/j.micpath.2022.105854
https://doi.org/10.2217/fmb.12.68
https://doi.org/10.1016/j.ibiod.2012.06.028

	Introduction 
	Functionality of the Aromatic Herbs 
	Basil (Ocimum basilicum L.) 
	Marjoram (Origanum majorana L.) 
	Oregano (Origanum vulgare L.) 
	Rosemary (Rosmarinus officinalis L.) 
	Sage (Salvia officinalis L.) 
	Thyme (Thymus vulgaris L.) 
	Summer Savory (Satureja hortensis L.) 

	Applications 
	Applications in Food 
	Active Food Packaging 
	Feed Additives 
	Pharmaceuticals 
	Cosmetics 
	Biopesticides 
	Textiles 

	Conclusions 
	References

