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Abstract

Background: The genus Satureja L. (savory) includes approximately 200 aromatic herb
and shrub species distributed worldwide. These plants are widely used in traditional and
modern medicine, culinary practices, and agriculture. This review summarises knowledge
on the traditional uses, phytochemistry, and pharmacological activities of Satureja species
published between March 2014 and 2025. Methods: Peer-reviewed literature was searched
on Web of Knowledge, PubMed, Scopus, and SciFinder using the keywords “Satureja” and
“savory.” A total of 171 relevant articles were analyzed, focusing on ethnomedicinal use,
chemical constituents, and pharmacological effects. Results: Recent ethnobotanical studies
documented the use of local medicinal plants, including Satureja, in several European
regions. Phytochemical research identified major groups of compounds such as essential
oils, flavonoids, phenolic acids, jasmonates, di- and triterpenes, and steroids. Essential oils
are the most studied and show high variability among species due to environmental and
genetic factors. Pharmacological research largely highlights antimicrobial, antioxidant, and
antitumor activities, as well as protective effects against chemotherapy-induced side effects.
Additional studies report neurological benefits, including prevention of opioid analgesic
tolerance, antiepileptic activity, and memory-enhancing effects. Satureja species have been
the subject of various innovative developments aimed at preserving food quality, improv-
ing coating materials in the food industry, and developing new environmentally friendly
biopesticides. Conclusions: Future research should prioritize the study of individual
bioactive compounds, their mechanisms of action, and structure–activity relationships. Ad-
vances in nanoformulations and modern extraction technologies offer promising directions
to support the medicinal and food-industry applications of Satureja-derived products.

Keywords: Satureja; Lamiaceae family; essential oil; secondary metabolites; biological activity

1. Introduction
The genus Satureja L. (savory) is a member of the subfamily Nepetoideae and the

tribe Mentheae within the family Lamiaceae. This genus includes approximately 200 wild
species of aromatic herbs and shrubs that are widely distributed across Mediterranean
regions, ranging from Southern Europe to North Africa and West Asia, the Canary Islands,
and South America [1]. The name Satureja L. derives from the Latin satureia and was first
named by the Roman writer Pliny [2]. The name, which translates to ‘herb of satyrs’, led to
it being banned in monasteries [3].
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The diverse uses of these plants extend to traditional and modern medicine, culi-
nary arts, and agricultural practices. Traditionally, Satureja species have been used to
treat multiple diseases, predominantly those with symptoms related to gastrointestinal
and inflammatory disorders. The main indications include the relief of muscle pain and
respiratory diseases and as antispasmodic, carminative, emmenagogic, and tonic agents,
as well as the treatment of digestive problems, such as nausea, cramps, indigestion, and
diarrhea [4–6].

The chemical composition of Satureja species is characterised by the presence of diverse
and complex chemical constituents. Interestingly, essential oils (EOs), diterpenoids, steroids,
flavonoids, caffeic acid polymers, and other phenolic compounds have emerged as vital
constituents that significantly affect the biological activity of the genus [5]. Polyphenols,
flavonoids, and volatile oils are responsible for the significant antioxidant, antimicrobial,
antiparasitic, and anti-inflammatory properties of plant extracts. Most Satureja species are
characterized by a high essential oil content (>1%) with thymol, carvacrol, γ-terpinene
and cymene as main constituents; these compounds show evidence of antibacterial and
antifungal activities against plant, food, and human pathogens [7,8]. Based on the pres-
ence of tannins, phenolic acids and flavonoids, pharmacological characteristics, such as
antioxidant, analgesic, anti-inflammatory, and antihypercholesterolemic activity, have also
been reported [9,10]. Furthermore, ongoing studies explore the cytotoxic effects of Satureja
extracts and compounds on cancer cells, and some compounds have shown promise in
cancer treatment [11]. Moreover, some species have shown potential in the management of
diabetes, and compounds with antidiabetic activity have been identified [12].

Among Satureja species, S. montana L. (winter savory) and S. hortensis L. (summer
savory) have been widely used due to their therapeutic value and distinctive aromatic
profiles [13]. The preference for a particular species is closely related to local availability,
cultural customs, and special culinary or health goals. Owing to their aromatic taste and
simple cultivation, Satureja species are widely used in food flavorings, cosmetics, and
pharmaceutical products.

In this review, comprehensive information on the traditional uses, phytochemistry,
and pharmacological activities of Satureja species reported from March 2014 to 2025 is sum-
marized (Figure 1). For this purpose, the databases Web of Knowledge, PubMed, Scopus,
and SciFinder were searched, with a focus on ethnomedicinal use, chemical constituents,
and pharmacological activities of the genus. The search terms were ‘Satureja’ or ‘Savory’.
As a result, 171 peer-reviewed articles were found, which served as the basis for this review.
Previous reviews have summarized only data on summer savory (S. hortensis) [14,15] or
mainly focused on the constituents of EO [16], or the pharmacological and clinical aspects
of Satureja genus [13].

Figure 1. Overview of the article selection process used in this review of the literature.
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2. Ethnobotanical Uses
During the study period, four publications addressed ethnobotanical knowledge re-

lated to Satureja species (Table 1). The ethnobotanical study of Tsioutsiou et al. investigated
the use of local medicinal plants in the Macedonia region (North of Greece). Traditional
use of the endemic species S. montana subsp. macedonica (Formánek) Baden was explored
through extensive and semi-structured interviews. They found that flower infusion was
applied to treat the flu and cough and to alleviate inflammation of the respiratory tract,
and a decoction was used to treat hypercholesterolemia.

Table 1. Number of publications related to different topics.

Subject Sub-Group No. of Publications *

Ethnobotany 4

Phytochemistry Essential oils 55
Flavonoids 26
Phenolic acids 28
Jasmonates 4
Di-, triterpenoids, steroids 6
Other compounds 9

Pharmacology Antibacterial activity 64
Antifungal activity 14
Antiparasitic, anthelmintic
and antiprotozoal activities 11

Antioxidant activity 54
Anti-tumor activity 25
Anti-inflammatory activity 5
Protective effects on
chemotherapy side effects 4

Anti-diabetic activity 6
Improve memory
impairment 5

Other activities 14

Innovative applications 12
* Publications listed in Table S1 were also included.

One particularly interesting finding was that S. montana subsp. macedonica was used
to treat tinnitus and improve hearing, which is particularly unusual and has never been
previously reported [17].

The importance of S. montana (winter savory) in the ethnobotany of the Trentino–South
Tyrol region (Northeastern Italy) was studied by Cavalloro et al. [18]. This species was
among the most cited and was primarily used to treat the gastrointestinal system. The
local community used a winter savory tea to treat nervous gastric pains, bloating and
vomiting [18].

An ethnobotanical study conducted in Sirjan district, Kerman Province, Iran, reported
that the S. bachtiarica leaves were traditionally applied to treat flatulence in the form of an
infusion. The authors called for more stringent government control over the preservation
of S. bachtiarica, pointing out that the unrestricted harvesting of the species by locals has
increased the risk of its extinction [19].

Matejic et al. studied the traditional medicine of the mountainous Svrljig region in
eastern and southeast Serbia. They found that S. montana is one of the most used plants
and the most characteristic species in the Svrljig region [20]. The tea prepared from winter
savory is commonly used to treat respiratory diseases (productive cough, bronchitis),
general and unspecified chills, and digestive problems and loss of appetite. S. hortensis was
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also mentioned in this study and the use of its aerial parts and leaves against digestive
problems, loss of appetite, and stomach pain was described.

The indigenous knowledge mentioned above can contribute to the development
of evidence-based complementary and alternative medicine in the future and is
culturally significant.

3. Chemical Composition of Satureja Species
3.1. Essential Oil

Between 2014 and 2025, 55 publications investigated the chemical composition of
EOs from Satureja species. Compared to other groups of compounds in the genus, EOs
represent the most studied group. Below, we present the Satureja species producing EO in
alphabetical order and summarize the reported information (Table 1).

S. avromanica Maroofi is a plant native to Iran that is frequently applied as a spice in
the Avraman-Kurdistan region. Its EO content and the chemical profile of the EO were first
studied by Abdali et al. The main EO constituents were n-alkans (34.8%) and sesquiterpene
hydrocarbons (29.3%). The compounds present in a high percentage were n-pentacosane
(n-C25H52, 23.8%), spathulenol (1) (11.5%), β-bourbonene (2) (11.3%), n-docosane (n-C22H46,
11.0%), bornyl acetate (3) (5.4%) and β-caryophyllene (4) (4.1%) [21].

S. bachtiarica Bunge is a subshrub endemic to Iran that grows primarily in temperate
biomes. Alizadeh studied the EO constituents of the dried aerial parts of three wild-life S.
bachtiarica ecotypes in southwestern Iran. The EO yield varied between 1.85% and 2.34%
and carvacrol (5) (54.95% to 65.48%), thymol (7) (12.0% to 15.70%) and γ-terpinene (8) (4.55%
to 13.55%) were found to be the main components. Based on these results, the ecotypes
of S. bachtiarica were classified into four different chemotypes [22]. Jafari et al. identified
carvacrol (5) (42.51%) and thymol (7) (38.75%) as the main compounds in S. bachtiarica
EO, although the ratio of the compounds varied [23]. Memarzadeh et al. examined how
two extraction methods, conventional hydrodistillation (HD) and microwave-assisted
steam hydrodiffusion (MSHD), affected the yield and quality of the S. bachtiarica EO. They
found that the HD approach yielded the highest concentrations of oxygenated monoter-
penes and active phenolic compounds after 150 min, while the MSHD technique achieved
this after 20 min. Both extraction methods produced similar EO yield and composition,
with γ-terpinene (8), carvacrol (5), p-cymene (6) and thymol (7) as the major components.
Compared with the standard HD method, the MSHD methodology reduced water usage,
energy consumption, and extraction time [24].

S. calamintha (L.) Scheele [syn. S. nepeta (L.) Scheele] is a highly variable perennial
herb with a European and North African distribution. This plant was extensively wild-
harvested in Morocco and the size of its wild population has been significantly reduced;
therefore, its cultivation is now required. The effect of domestication on the chemical
profile and bioactivity of Moroccan S. calamintha EO was evaluated by Abbad et al. The
results showed that cultivation had no notable effect on the production of the EO between
wild and cultivated plants. The EO compositions were highly similar, with only minor
differences in the relative abundances of the main EO compounds, including pulegone (9)
(68.58%/72.93%), menthone (11) and menthol (14) [25]. In the study by Baghouz et al., the
EO of S. calamintha from Morocco, extracted from the aerial parts (yield 1.40%), was found to
contain pulegone (9) (21.48%), piperitenone oxide (12) (17.71%) and eucalyptol (13) (11.99%)
as the main compounds [26]. A similar EO composition was observed when an Algerian
sample of S. calamintha subsp. nepeta was analyzed [27]. In contrast to these findings, the
analysis of the EO extracted from wild and domesticated S. calamintha of Algerian origin
resulted in EO yields of 2.80% and 1.95%, respectively. Furthermore, 1,8-cineol (13) (23.10%),
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pulegone (9) (12.44%) and rotundifolone (15) (9.68%) were the predominant compounds in
the EO of both wild and cultivated plants [28].

S. candidissima (Munby) Briq, commonly known as ‘Nabta beda’ or ‘Zaatercheleuh’,
grows in rocky grasslands at around 400 m elevation in western Algeria. The hydrodistilled
EO from dried aerial parts was dominated by pulegone (9) (32.1%), menthone (11) (23.8%)
and neo-menthol (16) (20.2%), with oxygenated monoterpenes comprising 84.9% of the
constituents [29]. Saidi et al. reported a different EO composition; their results showed that
EO contained pulegone (9) (53.26%) as the main component, with (+)-menthone (11) and
borneol (17) as minor components [30].

The blue savory (S. coerulea Janca), endemic to several Southeast European countries
and also cultivated in Ukraine, had its EO analyzed by GC/MS, revealing that the main
components were thymol (7) (33.18%), the unusual o-cymene (18) (14.42%), terpinen-4-ol
(19) (8.30%), and γ-terpinene (8) (7.25%) [31].

S. cuneifolia [syn. S. montana subsp. cuneifolia (Ten.) O. Bolós & Vigo] is a subshrub that
grows in the subtropical areas of Spain, southeast Europe, and Iraq. In the first analysis
of its EO by El Beyrothy et al., the seasonal changes in EO composition were investigated.
Carvacrol (5) (20.4–52.1%), p-cymene (6) (9.1–30.2%) and γ-terpinene (8) (5.9–23.9%) were
identified as the main compounds and their concentrations showed remarkable variability
during the vegetation period [32]. The EOs from the flowering aerial parts of S. cuneifolia
obtained by HD at four different distillation times (5, 30, 60 and 180 min) in a Clevenger
apparatus were analyzed by Yildiz et al. [33]. The total EO yield was 2.7% and its main
components were carvacrol (5) (48.1%), p-cymene (6) (11.9%), γ-terpinene (8) (8.6%) and
geraniol (20) (8.4%). A 30 min distillation time yielded the highest carvacrol (5) content,
and a distillation duration of 60 min gave the highest EO yield [33]. Perrino et al. reported
a study of S. cuneifolia EO originating from two provinces of South Italy. Unlike previous
studies, α-pinene (21) and α-terpineol (22) were found to be the most abundant constituents.
The other minor compounds (each <7%) were present in slightly varying proportions [34].

S. hortensis L. (summer savory) is an annual plant ranging from southeastern Europe to
western Asia and is widely cultivated as a culinary herb. The EOs of summer savory have
been investigated by ten research groups between 2014 and 2025. The EO composition data
are summarized in Table 2. The variability in the EO chemical profiles is not as diverse as
that of S. montana. The constituents of the EOs of S. hortensis were thymol (7), carvacrol (5), α-
and γ-terpinene (23, 8), p-cymene (6), β-caryophyllene (4), β-bisabolene (30), and myrcene
(25). Carvacrol (5), γ-terpinene (8) and thymol (7) were identified as the predominant
compounds of the EO. The solid-phase microextraction (SPME) method was applied
in addition to HD extraction, with both methods yielding similar composition [35,36].
The data presented in Table 2 indicate that, for S. hortensis, there are two chemotypes:
the carvacrol/γ-terpinene chemotype and the thymol chemotype. The EO constituent,
carvacrol in its glucosylated form (carvacrol-β-O-glucoside), was isolated from the ethyl
acetate fraction of S. hortensis [37].

Table 2. Composition of EO of S. hortensis.

Plant Material Main Compounds of EO Comment Ref.

Dried aerial parts from cultivation in
Serbia

carvacrol (5) (46.7%), γ-terpinene (8)
(32.5%), α-terpinene (23) (4.22%),
p-cymene (6) (3.63%)

[35]

Air-dried aerial parts collected in Iran
in early spring

thymol (7) (41.28%), γ-terpinene (8)
(37.3%), p-cymene (6) (12.2%), and
α-terpinene (23) (3.59%)

[38]
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Table 2. Cont.

Plant Material Main Compounds of EO Comment Ref.

Dried aerial parts at full flowering
stage collected in Ardebil province,
Iran

γ-terpinene (8) (37.60%), carvacrol (5)
(32.07%), p-cymene (6) (13.07%),
α-terpinene (23) (4.63%), β-bisabolene
(30) (3.09%)

EO yield 1.8% [23]

Dried aerial parts collected at the
beginning of the flowering stage in
Fars province, Iran

thymol (7) (28.5%), p-cymene (6)
(18.9%), γ-terpinene (8) (16.2%),
carvacrol (5) (11.0%)

[39]

EO purchased from Oshadhi Ltd.
(Cambrigre, UK)

carvacrol (5) (39.84%), γ-terpinene (8)
(34.63%), p-cymene (6) (10.72%),
α-terpinene (23) (3.51%), and
β-caryophyllene (4) (2.40%)

[40]

20 different accessions originating
from Iran, Bulgaria, Germany, Czech,
Georgia, Syria, Hungary, Poland,
Italy, Greece, and Uzbekistan

γ-terpinene (8) (max. 84.03%),
carvacrol (5) (max. 28.07%),
α-terpinene (23) (max. 21.4%) and
thymol (7) (max. 41.13%)

The EO content ranged between 0.1
and 0.75%. The presence of different
chemotypes can be proposed.

[41]

EO extracted by SPME, vegetation
phases were compared

carvacrol (5) predominated and
further main compounds were
myrcene (25), p-cymene (6),
γ-terpinene (8), and β-caryophyllene
(4) in all vegetation phases

The amount of carvacrol (5) ranged
from 47% in intensive growth to 87%
at the end of flowering. The
maximum concentration of
γ-terpinene (8) was reached during
intensive growth but decreased to 6%
at massive flowering and at the end
of the flowering stage.

[36]

Air-dried above ground parts
collected from Kerman province, Iran

carvacrol (5) (50.68%), γ-terpinene (8)
(34.44%), α-terpinene (23) (3.72%)

EO yield in the stage of mass
flowering was 2.05%. [42]

EO purchased from Bio Salas Farago,
Serbia

carvacrol (5) (49.5%), γ-terpinene (8)
(29.7%), p-cymene (6) (12.9%),
α-terpinene (23) (2.00%)

[43]

Air-dried flowering aerial parts
collected in Sülünkaya village,
Erzurum Province, Türkiye

thymol (7) (45.1%), γ-terpinene (8)
(29.9%), p-cymene (6) (8.2%),
α-terpinene (23) (3.3%), and carvacrol
(5) (3.2%)

EO yield by hydrodistillation was
0.1% [44]

S. intermedia C.A.Mey, native to the Mediterranean region and Iran, was investigated
by Sharifi-Rad et al. who found that the main EO constituents were γ-terpinene (8) (37.1%),
thymol (7) (30.2%) and p-cymene (6) (16.2%) [45]. A previous study of S. intermedia EO
by Shadegi et al. demonstrated the same major constituents, but the relative proportions
of other compounds differed (thymol (7) 34.5%, γ-terpinene (8) 18.2% and p-cymene (6)
10.5%) [46].

S. isophylla Rech. f. is a perennial species endemic to Iran. Various parts of the
plant, including flowers, leaves, stems, and roots, were collected during the flower-
ing period from the Alborz Mountains (Mazandaran Province, Iran) at an elevation of
2700 m. All plant organs contained compounds unusual in the Satureja genus: camphor
(27), α-eudesmol (28), and elemol (29) as main components. In flowers and leaves, camphor
(27) was the predominant compound (18.28% and 19.29%, respectively), while in stems and
roots, α-eudesmol (28) predominated (28.06% and 34.68%, respectively) [47].

S. kermanica Payandeh, Bordbar, & Mirtadz (Kermanica savory) is a newly identified
plant species that grows mainly in the Kerman province of Iran [48]. Thirty-five different
components were detected by GC-MS analysis in the EO. Thymol (7) (46.54%) and carvacrol
(5) (30.54%) were found to be the main compounds.

The Iranian endemic plant S. khuzistanica Jamzad (Khuzestani savory) was analyzed
for its EO profile. EO obtained by HD (with a yield of 1.1%) contained carvacrol (5) (80.55%)
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as the only major compound, with p-cymene (6), β-bisabolene (30), citronellal (31) and
linalool (32) as minor constituents [49]. Shahmohammadi et al. investigated the EO of
S. khuzistanica extracted by headspace-solid phase microextraction (HS–SPME). The EO
composition was the same for the main compound [carvacrol (5) 71.99%], but differed for
the minor components [camphene (24), α-pinene (21), 1,8-cineole (13), carvone (33) and
β-pinene (34)] [50]. The high abundance of carvacrol (5) (94.1%) in S. khuzistanica EO was
also documented by Mahboubi and Kazempour (Figure 2) [51].

Figure 2. Structure of the constituents of the EO 1–40.
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Satureja kitaibelii Wierzb. ex Heuff. is a semi-shrubby perennial plant that is endemic
to the Balkan Mountains (southwest Romania, eastern Serbia, and northwest Bulgaria).
The investigation of the effects of plant organs and geographical origin on EO composition
showed that the EO chemical profile varied considerably. Sesquiterpenes dominated EOs
from floral parts, whereas monoterpenes dominated EOs from leaves and aerial parts of
the plant. Plant populations of different origins showed substantial differences in EO
profiles and the main compounds [linalool (32), p-cymene (6), geraniol (20)]. Literature
reports indicate several potential chemotypes [linalool (32), geraniol (20), limonene (35)].
The presence of chemotypes in a single population (intrapopulation variability) has also
been suggested, and high genetic diversity of S. kitaibelii has been proposed [52]. The EO
composition of aerial parts of S. kitaibelii from a Bulgarian Danubian plain locality showed
notable differences: the Kartozhabene sample was dominated by limonene (35), geraniol
(20) and carvacrol (5), while the Kaylaka sample was mainly composed of p-cymene (6),
carvacrol (5) and limonene (35). These variations may be due to microclimate, soil pH,
and vegetation differences [53]. Dimitrijević et al. reported that, interestingly, minor
constituents—borneol (17), spathulenol (1), caryophyllene oxide (36) and limonene (35)—
and their ratios, rather than dominant compounds, are responsible for the high antibacterial
activity of S. kitaibelii EO [54].

S. laxiflora K Koch (SL) is an annual plant endemic from West Asia to the Caucasus,
and its EO yield was 0.6% and its composition was characterised by thymol (7) (24.54%),
p-cymene (6) (16.95%) and γ-terpinene (8) (11.35%) as major ingredients [23].

S. macrantha C.A. Mey., native to western and northern Iran, is used in Iran primarily
as a sweetener and for the treatment of urinary tract diseases. Hydrodistilled EO from aerial
parts collected in Iran was found to be dominated by p-cymene (6) (45.8%) as the main
compound and borneol (17), carvacrol (5) and α-pinene (21) as minor compounds [47].

S. montana L. (winter savory) is native to the Mediterranean area, but is cultivated
throughout Europe. S. montana is a perennial semi-shrub that grows in rocky, sunny, and
arid areas; it is one of the most studied and most popular species of the Satureja genus.
In the years 2014–2023, eight articles on the phytochemistry of S. montana EO and its
subspecies were published. The main findings of these publications are summarized in
Table 3. A literature report has revealed large variations in the abundance of the main
components, such as thymol (7), p-thymol (37), carvacrol (5), borneol (17) and α-pinene (21)
and enormous variability in the minor components. The EO content varied between 0.9%
and 1.5%. Hudz et al. (2020) found for the first time that p-thymol (37) is the dominant
compound of EO in the aerial part of the winter savory [55]. The leaves of S. montana L.
from Brazil were rich in borneol (17) [56]. The comparison of the EO chemical composition
between S. montana subsp. variegata and S. montana subsp. montana cultivated in Northern
Italy revealed the same main compounds, but in substantially different ratios [57]. Zawislak
et al. analyzed the relationships between agronomic factors (plant density and number of
harvests) and selected parameters of the raw material yield of winter savory. Among the
agronomic factors studied, the number of harvests and harvest date had a greater effect on
fresh and dry winter savory herb yields than the density of the planting. The EO content
(1.44 to 2.04%) of the plant material did not depend on the number of harvests or the
harvest date. The composition of EO was not investigated in this study [58].

Table 3. Composition of EO of S. montana and its varieties.

Plant Material EO Yield Main Compounds of EO Conclusion Ref.

Aerial part of S. montana in the
flowering stage of the Kherson
region (Ukraine)

n.d. p-thymol (37) (81.79%), linalool
(32) (2.09%)

p-Thymol (37), the isomer of
thymol (7) and carvacrol (5)
are the dominant compounds

[55]
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Table 3. Cont.

Plant Material EO Yield Main Compounds of EO Conclusion Ref.

S. montana EO from a
commercial source -

carvacrol (5) (43.9%), thymol
(7) (7.6%), thymol methyl ether
(39) (4.3%), borneol (17) (3.1%),
caryophyllene (4) (3.4%)

- [59]

Leaves of S. montana, Belo
Horizonte, Brazil n.d.

borneol (17) (36.18%),
γ-terpinene (8) (12.66%),
carvacrol (5) (11.07%) and
p-cymene (6) (9.57%)

Borneol (17) as a major
compound of S. montata EO is
unprecedented.

[56]

Fresh flowering aerial parts of
S. montana subsp. variegata
from cultivation in Northern
Italy

1.1%

carvacrol (5) (22.5%), p-cymene
(6) (17.6%), thymol (7) (17.4%),
γ-terpinene (8) (9.1%) and
carvacrol methyl ether (40)
(7.1%)

The main difference between
the two subspecies was the
carvacrol (5)–thymol (7) ratio,
above 300 (subsp. montana)
and about 1 (subsp. variegata).

[57]

Fresh flowering aerial parts of
S. montana subsp. montana
from cultivation in Northern
Italy

1.5%
carvacrol (5) (61.9%), p-cymene
(6) (9.9%) and γ-terpinene (8)
(8.2%)

Aerial parts of S. montana
subsp. montana collected in
two population in Italy

0.9% both
population

coast population: α-pinene (21)
(26.96%), α-terpineol (22)
(15.70%), trans-β-ocimene (38)
(11.45%), linalool (32) (7.37%),
D-limonene (35) (7.05%);
Interland population: thymol
(7) (46.10%), γ-terpinene (8)
(14.57%), p-cymene (6)
(10.43%)

The EO profile of the coast and
inland populations is very
different.

[34]

Commercial sample of S.
montana EO from Bosnia and
Herzegovina

-
thymol (7) (44.6%), p-cymene
(6) (13.4%), carvacrol (5) (6.2%),
γ-terpinene (8) (4.7%)

- [60]

Herbs of S. montana in the
initial flowering phase of
cultivation in Ljubinje Bosnia
and Hercegovina

1.45%

carvacrol (5) (54.9%),
γ-terpinene (8) (14.5%),
p-cymene (6) (8.8%),
β-caryophyllene (4) (3.2%)

[4]

Commercial sample of S.
montana EO from Niš, Serbia n.d.

predominant compounds were
carvacrol (5) (24.3%), thymol
(7) (15.5%) and p-cymene (6)
(12.2%)

[61]

S. montana EO obtained from
dried cultivated plant (Ni,
Serbia) by steam distillation

n.d.
p-cymene (6) (42.8%), carvacrol
(5) (28.11%), and γ-terpinene
(8) (14.59%)

[62]

EO from S. montana dried
herbs from Bego (B) and Dajti
(D) Mountain, Albania

0.39% and
0.73%

B: thymol (7) (52.8%), and
p-cymene (6) (8.9%)
D: thymol (7) (28.5%), and
p-cymene (6) (11.8%)

Both samples belong to the
thymol chemotype. [63]

n.d. with no data.

S. mutica Fisch. & C.A.Mey., occurring in the Transcaucasus, northern Iran, and
southern Turkmenistan, is a perennial, relatively woody shrub. An investigation by Karimi
et al. assessed the levels of inter- and intrapopulation variability of the EO constituents
of the aerial parts. A high level of variability was observed among the seven populations
studied and their individual plants. The EO yield varied from 0.5% to 4.2% (w/w). The EOs
of the different plants included in the study contained thymol (7) (6.5–74.6%), carvacrol
(5) (0.9–70.4%), borneol (17) (0.1–10.9%), p-cymene (6) (0.30–14.2%) and γ-terpinene (8)
(0.1–9.9%) as main constituents [64]. The EO composition obtained by HD from dried seeds
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of S. mutica contained carvacrol (5) (64.0%), p-cymene (6) (12.1%) and γ-terpinene (8) (6.2%)
as the main compounds [65].

S. nabateorum Danin and Hedge is a perennial plant discovered in 1998. The plant
has a limited distribution in certain regions of Jordan and Palestine. The first study on
the EO composition of S. nabateorum was published in 2022 by Al-Maharik and Jaradat.
An ultrasonic microwave apparatus was used to isolate volatile compounds from fresh
and air-dried aerial parts. Thymol (7) (46.07 ± 1.1% and 40.64 ± 1.21%) was the major
compound of the EO, followed by γ-terpinene (8) and p-cymene (6) with a slight variation
in their relative abundances [66].

S. parnassica Heldr. Sart. ex Boiss. is a plant endemic to central and southern Greece.
It has been well known as a spice and herbal remedy since ancient times. The distilled
EO contained carvacrol (5) (33.72%), thymol (7) (17.82%), p-cymene (6) (10.32%) and γ-
terpinene (8) (15.47%) are the main compounds, consistent with previously published
data [67].

S. rechingeri Jamzad (rechingeri savory) is an endemic species of Iran. Air-dried plant
material was subjected to HD, producing an EO yield of 1.25% EO, which contained p-
cymene (6) (46.5%) as the main compound and γ-terpinene (8) (8.1%), limonene (35) (6.3%),
thymol (7) (6.2%) and carvacrol (5) (4.2%) as minor constituents [68]. In another study, the
EO extracted from leaves by the same method was found to have carvacrol (5) (86.91%) as
the main constituent [69].

S. sahendica Bornm. (locally called Marze Sahandi) is an endemic species of Iran,
distributed in the western and northwestern regions. The EO (yield of 3.5%) contained
27 identified compounds, with thymol (7) (49.23%), p-cymene (6) (20.12%), and γ-terpinene
(8) (15.23%) as dominant constituents [70].

S. subspicata Vis. (Dwarf savory) is a rare perennial semi-shrubby plant, an endemic
Dinaric species that lives at altitudes between 200 and 1800 m. The EO of S. subspicata
growing in Bosnia and Herzegovina contained non-oxygenated monoterpenes (46.6%)
as primary classes of EO. The major EO constituents were: β-caryophyllene (4), cis-β-
ocimene (38) and α-pinene (21). When comparing the findings of this investigation with
those previously published for S. subspicata, a pronounced variation was observed in the
composition of the EO was observed. These variations may be due to environmental and
geographic variance and different stages of plant development [71].

S. thymbra L., known as pink savory, is endemic to the Mediterranean region, including
Libya [72]. In a study by Khalil et al. the influence of the altitude of the plant collection
site on the EO content and composition was evaluated. The EO was obtained from plants
originating from two different altitudes (156 and 661 m above sea level) in two consecutive
years. The EO contents showed only slight differences between plants collected at lower and
higher altitudes. More substantial differences were observed in EO composition. Thymol (7)
(26.69%) was the major compound in plants collected at lower altitudes, whereas carvacrol
(5) (14.30%) predominated at higher altitudes. These results suggest that elevation plays an
important role in the plant health and growth of plants and has a significant effect on EO
production. The S. thymbra EO obtained from cultivation on Icaria Island, Greece, contained
32.8% carvacrol (5) as a major compound [73].

Satureja thymbrifolia Hedge & Feinbrun, endemic to Pakistan, grows in the Al-Naqab
Desert and along the shores of the Dead Sea. Local Bedouins traditionally use it as a natural
antibiotic. Its EO [yield 1.57% (w/w)] was analyzed by GC-MS, revealing p-cymene (6)
(48.53%), thymol (7) (23.27%), and α-terpineol (22) (7.42%) as the main components [74].

S. viminea L. is an aromatic species popularly known as mint or hibiscus mint, native
to America. In the EO of S. viminea, pulegone (9) (37.40%), β-caryophyllene (4) (11.33%)
and p-menth-3-en-8-ol (11.83%) were identified as the main constituents [75].
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In summary, during the study period, essential oils (EOs) were the most extensively
investigated metabolites of the Satureja genus. Current research on Satureja EOs is charac-
terized by chemotype identification, population-level comparisons, and investigations of
environmental and methodological drivers of chemical diversity. Numerous variability
studies demonstrated strong inter- and intrapopulation differences influenced by geogra-
phy, altitude, plant organs, phenological stage, and genetic factors. Comparative studies
further evaluated wild versus cultivated plants, seasonal variation, harvest time, and agro-
nomic factors, generally showing that EO composition is more sensitive to environmental
and genetic influences than EO yield. Methodological comparisons in several species
demonstrated that hydrodistillation, microwave-assisted techniques, and SPME yield
similar qualitative profiles while differing in efficiency and sustainability. Geographical
comparisons consistently revealed major compositional differences between populations
and subspecies in the studied species.

3.2. Flavonoids

During the period covered by this review, 64 flavonoids were described from various
species of the Satureja genus (Figure 3). A list of the compounds identified is shown in
Table 4. The reported flavonoids belong to the flavanone, flavanonol, dihydrochalcone,
flavone, flavonol, catechin, and anthocyanin types; glycosides and aglycones occurred
equally. The flavonoids that occurred most frequently were apigenin (57), luteolin (58),
quercetin (87), and naringenin (42); these compounds were described in 12 to 13 Satureja
species. S. kitaibelii was shown to be the species richest in flavonoids because 19 compounds
belonging to the flavone, flavonol, and flavanonol groups were reported from this species,
most of which were identified by liquid chromatography photodiode array/mass spectrom-
etry (LC-PDA/MS method) [76,77]. LC-MS/MS analysis of S. cuneifolia extract allowed
the detection of apigenin (57), luteolin (58), quercetin (87), naringenin (42), hesperetin
(44), eriodictyol (46) and/or their glycosides in the aerial parts [33]. A series of flavonoids
were identified in the methanolic extract of S. hortensis by the ultrahigh performance liquid
chromatography (UHPLC) coupled with diode-array detection (DAD) and high-resolution
electrospray ionization tandem mass spectrometry (HRESI-MS/MS) methods, including
naringenin (42) in relatively high levels, and other flavonoids as minor compounds [78].

LC–MS/MS analysis of S. macrantha revealed the presence of different types of
flavonoids [hesperidin (51), quercetin (87), and keracyanin chloride (103)] as key con-
stituents [44]. In S. pilosa, LC-HRMS analysis revealed that flavanones and flavones—
namely hesperidin (51), luteolin 7-O-rutinoside (76), naringenin (42), naringin (48),
hispidulin (62), and penduletin (96)—were the predominant flavonoids [79].

Saturejin (72) is a conjugate of luteolin and 2,5-dihydroxy-p-cymene. It was discovered
in S. khuzistanica along with 12 other flavonoids, including flavonols [aromadendrin (52)
and taxifolin (53)], flavanones [naringenin (42) and 5,7,3′,5′-tetrahydroxyflavanone (47)]
and flavones [xanthomicrol (70), acacetin (60), cirsimaritin (66), 7-methylluteolin (67),
apigenin (46), cirsilineol (68), diosmetin (61) and 6-hydroxyluteolin 7,3′-dimethyl ether
(69)] [80].

Esterified flavonoids were found in the extracts of S. biflora and S. kitaibelii. 2′′-
caffeoyl-luteolin 7-O-β-D-glucuronide (85) was isolated from the aerial parts of the
African plant S. biflora [81]. p-Coumaroyl-, caffeoyl- and sinapoyl-substituted luteolin-
dihexuronide could be identified in S. kitaibelii. The positions of the caffeoyl and sinapoyl
groups could not be determined in tandem ultra-high performance liquid chromatogra-
phy/detection of diodes array/high resolution electrospray ionisation mass spectrometry
[UHPLC/DAD/(+/−)HRESI-MS/MS] identification [77].
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Figure 3. Structure of flavonoids identified in Satureja species.

Table 4. Flavonoids identified in Satureja species (* compound identified by LC-MS without deter-
mining the quality and position of the sugar part).

Compound Name Plant Species Reference

Flavanones

Pinocembrin (41) S. horvatii, S. subspicata [82]

Naringenin (42)

S. hortensis, S. khuzistanica, S. cuneifolia, S. kitaibelii, S.
boissieri, S. horvatii, S. subspicata, S. macrantha, S.
aintabensis, S. spicigera, S. pilosa, S. montana, S.
bachtiarica

[33,44,71,77–80,82–87]

Isosakuranetin (43) S. aintabensis, S. spicigera, S. pilosa [79,85]

Hesperetin (44) S. boissieri [84]

Genkwanin (45) S. kitaibelii, S. bachtiarica [77,87]

Eriodictyol (46) S. subspicata, S. cuneifolia. S. kitaibelii, S. bachtiarica [33,71,77,87]

5,7,3′,5′-Tetrahydroxyflavanone (47) S. khuzistanica [80]

Naringin (48) S. cuneifolia, S. hortensis, S. macrantha; S. aintabensis, S.
spicigera, S. pilosa [33,44,78,79,85,88]

Eriocitrin (49) S. cuneifolia [33]

Isosakuranetin 7-O-rutinoside (50) S. bachtiarica [87]

Hesperidin (51) S. cuneifolia, S. boissieri, S. macrantha, S. aintabensis, S.
spicigera, S. pilosa, S. bachtiarica [33,44,79,84,85,87]
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Table 4. Cont.

Compound Name Plant Species Reference

Flavanonols

Aromadendrin (52) S. khuzistanica, S. aintabensis, S. spicigera, S. pilosa, S.
bachtiarica [79,80,85,87]

Taxifolin (53) S. khuzistanica, S. aintabensis, S. spicigera, S. pilosa [79,80,85]

Dihydrochalcon

Phlorizin (54) S. hortensis [78]

Cilicione-a (55) S. hortensis [41]

Flavones

Chrysin (56) S. horvatii, S. subspicata, S. pilosa [79,82]

Apigenin (57)

S. subspicata, S. kitaibelii, S. boissieri, S. hortensis, S.
bachtiarica, S. sahendica, S. horvatii, S. subspicata, S.
khuzistanica, S. aintabensis, S. spicigera, S. hasturkii, S.
pilosa

[36,71,77–80,82,84,85,87–91]

Luteolin (58)
S. subspicata, S. kitaibelii, S. cuneifolia, S. hortensis, S.
boissieri, S. bachtiarica, S. sahendica, S. macrantha, S.
aintabensis, S. spicigera, S. hasturkii, S. pilosa

[33,44,71,77–79,84,85,87–91]

Isoscutellarein (59) S. montana [92]

Acacetin (60) S. khuzistanica, S. aintabensis, S. spicigera [80,85]

Diosmetin (61) S. khuzistanica, S. subspicata [71,80]

Hispidulin (62) S. aintabensis, S. spicigera, S. pilosa [79,85]

Nepetin (63) S. aintabensis [85]

Eupatilin (64) S. bachtiarica [87]

Hymenoxin (65) S. bachtiarica [87]

Cirsimaritin (66) S. khuzistanica [80]

7-Methylluteolin (67) S. khuzistanica [80]

Cirsilineol (68) S. khuzistanica [80]

6-Hydroxyluteolin 7,3′-dimethyl ether
(69) S. khuzistanica, S. hortensis [36,80]

Xanthomicrol (70) S. khuzistanica [80]

5,6-Dihydroxy-7,3′,4′-trimethoxyflavone
(71) S. hortensis [41]

Saturejin (72) S. khuzistanica [80]

Apigenin 7-O-glucoside (73) S. hortensis, S. pilosa, S. coerulea, S. aintabensis, S.
spicigera, S. bachtiarica [31,78,79,85,87]

Apigenin 7-O-rutinoside (74) S. kitaibelii, S. cuneifolia, S. pilosa, S. bachtiarica [33,76,79,87]

Apigenin glycoside * S. hortensis [88]

Apigenin glucuronide * S. cuneifolia [33]

Apigenin deoxyhexosylhexoside * S. kitaibelii [77]

Apigenin dihexuronide * S. kitaibelii [77]

Apigenin C-dihexoside * S. montana [93]

Luteolin 7-O-glucuronide (75) S. kitaibelii, S. biflora, S. bachtiarica [76,81,87]

Luteolin 7-O-rutinoside (76) S. kitaibelii, S. pilosa, S. bachtiarica, S. aintabensis, S.
spicigera [76,77,79,85,87]

Luteolin 7-O-diglucuronide (77) S. kitaibelii [77]

Vitexin (78) S. hortensis [78]
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Table 4. Cont.

Compound Name Plant Species Reference

Diosmin (79) S. kitaibelii [76,77]

Luteolin 7-O-glucoside (80) S. aintabensis, S. spicigera, S. hasturkii, S. pilosa, S.
coerulea [31,79,85,91]

Luteolin 7-O-xyloside (81) S. bachtiarica [87]

Luteolin C-dihexoside * S. montana [93]

Luteolin caffeoyl-dihexuronide * S. kitaibelii [77]

Luteolin p-coumaroyl-dihexuronid * S. kitaibelii [77]

Luteolin sinapoyl-dihexuronide * S. kitaibelii [77]

Luteolin glucoside * S. cuneifolia [33]

Luteolin glucuronide * S. cuneifolia, S. montana [33,93]

Luteolin O-diglucuronide * S. montana [93]

Luteolin rutinoside * S. cuneifolia [33]

Luteolin-glycoside * S. hortensis [88]

Apigenin 7-O-β-D-glucoside 4′-O-methyl
ether (82) S. bachtiarica [87]

Methylapigenin deoxyhexosyl-hexoside * S. kitaibelii [77]

Methylapigenin hexoside * S. kitaibelii [77]

Methylapigenin rutinoside * S. kitaibelii [76]

Orientin (83) S. aintabensis, S. spicigera, S. pilosa [79,85]

Vicenin 2 (84) S. bachtiarica [87]

2′’-Caffeoylluteolin 7-O-β-D-glucuronide
(85) S. biflora [81]

Flavonols

Kaempferol (86) S. hortensis, S. subspicata, S. boissieri [71,83,84,88]

Quercetin (87)
S. subspicata, S. montana, S. hortensis, S. cuneifolia, S.
bachtiarica, S. sahendica, S. horvatii, S. macrantha, S.
aintabensis, S. spicigera, S. pilosa, S. coerulea

[8,31,33,44,78,79,82,83,85,86,
88,89,94]

Myricetin (88) S. subspicata [71]

Quercetin 3′,4′-dimethyl ether (89) S. bachtiarica [87]

Astragalin (90) S. hortensis, S. coerulea, S. bachtiarica [31,78,87]

Isoquercitrin (91) S. kitaibelii, S. hortensis, S. pilosa, S. coerulea, S.
bachtiarica [31,76–79,87]

Quercitrin (92) S. hortensis [78]

Hyperoside (93) S. boissieri, S. pilosa [79,84]

Rutin (94) S. subspicata, S. montana, S. boissieri, S. hortensis, S.
bachtiarica, S. sahendica, S. coerulea [8,31,55,84,88,89,94]

Morin (95) S. hortensis [83]

Penduletin (96) S. aintabensis, S. spicigera, S. pilosa [79,85]

Quercetin O-glucuronide * S. montana [93]

Eriodictyol rutinoside * S. kitaibelii [76]

Hesperidin rutinoside * S. cuneifolia [33]

Quercetin rutinoside * S. cuneifolia [33]

Catechins

(–)-Catechin (97) S. montana [55]
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Table 4. Cont.

Compound Name Plant Species Reference

Epicatechin (98) S. montana [86]

Epigallocatechin (99) S. barceloi, S. pilosa [79,95]

Epicatechin 3-O-gallate (100) S. barceloi [95]

Epigallocatechin 3-O-gallate (101) S. barceloi, S. pilosa [79,95]

Anthocyanins

Cyanidin-3-O-glucoside (102) S. macrantha [44]

Keracyanin chloride (103) S. macrantha [44]

Peonidin-3-O-glucoside (104) S. macrantha [44]

* Structures were not fully determined.

3.3. Phenolic Acids

From Satureja species, 40 phenolic acid compounds were identified (Table 5). The
identified compounds were benzoic acid derivatives (105–111), cinnamic acid derivatives
(113–142) and hydroxylated phenylacetic acids (143, 144) (Figure 4). Simple aromatic acids,
such as 4-hydroxybenzoic acid (105), gentisic acid (106), protocatechuic acid (107), gallic
acid (108), salicylic acid (109), syringic acid (110), and ellagic acid (112), were identified
in a total of eleven species of Satureja genus by photo-diode-array (PDA), MS-coupled
HPLC or GC-MS. Syringic acid (110) and vanillic acid (111) were found in ten and eight
species, respectively.

Table 5. Phenolic acids in the genus Satureja.

Compound Name Plant Species Reference

Benzoic acid derivatives

4-Hydroxybenzoic acid (105) S. horvatii, S. subspicata, S. hortensis, S. montana, S. barceloi [82,86,88,90,95]

Gentisic acid (106) S. montana [96]

Protocatechuic acid (107) S. montana [96]

Gallic acid (108) S. montana [86]

Salicylic acid (109) S. kitaibelii, S. horvatii, S. subspicata, S. aintabensis, S.
spicigera [76,82,85]

Syringic acid (110)
S. montana, S. hortensis, S. bachtiarica, S. sahendica, S.
horvatii, S. subspicata, S. macrantha; S. aintabensis, S.
spicigera, S. barceloi

[8,44,71,78,82,85,88,89,95,96]

Vanillic acid (111) S. montana, S. hortensis, S. horvatii, S. subspicata, S.
macrantha, S. aintabensis, S. spicigera, S. pilosa [44,79,82,85,86,88,96]

Ellagic acid (112) S. subspicata, S. montana, S. pilosa [8,71,79]

Cinnamic acid derivatives

Cinnamic acid (113) S. horvatii, S. subspicata [82]

p-Coumaric acid (114) S. subspicata, S. montana, S. hortensis, S. kitaibelii, S. boissieri,
S. bachtiarica, S. sahendica, S. horvatii, S. hasturkii [8,71,77,78,82,84,89,91,96]

Caffeic acid (115)
S. subspicata, S. montana, S. hortensis, S. kitaibelii, S.
bachtiarica, S. sahendica, S. horvatii, S. boissieri, S. macrantha;
S. aintabensis, S. spicigera, S. hasturkii. S. pilosa

[8,44,55,71,77–79,82,84–
86,88,89,91,94,96]

Ferulic acid (116) S. subspicata, S. montana, S. hortensis, S. bachtiarica, S.
sahendica, S. horvatii, S. macrantha [44,71,82,88,89,96]

Sinapic acid (117) S. hortensis [78,88]
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Table 5. Cont.

Compound Name Plant Species Reference

5-Hydroxyferulic acid (118) S. horvatii, S. subspicata [82]

Caffeic acid ethyl ester (119) S. bachtiarica [87]

(6-O-Caffeoyl)-β-D-glucoside (120) S. bachtiarica [87]

Chlorogenic acid (121) S. montana, S. kitaibelii, S. montana, S. hortensis, S. horvatii, S.
subspicata, S. macrantha; S. aintabensis, S. spicigera, S. pilosa

[44,55,71,77–
79,82,85,86,88,90,94]

3,5-Dicaffeoylquinic acid (122) S. kitaibelii [77]

Cynarin (123) S. kitaibelii [77],

Salvianolic acid A (124) S. kitaibelii [76]

Salvianolic acid B (125) S. cuneifolia, S. montana [33,93]

Salvianolic acid E (126) S. kitaibelii [77]

Salvianolic acid L (127) S. kitaibelii [77]

Salvianolic acid K (128) S. kitaibelii [77]

Salvianolic acid P (129) S. pilosa [97]

Isosalvianolic acid A (130) S. cuneifolia [33]

Clinopodic acid I (131) S. kitaibelii, S. biflora, S. pilosa [76,77,81,97]

Clinopodic acid K (132) S. kitaibelii, S. biflora [76,77]

Clinopodic acid O (133) S. kitaibelii, S. biflora, S. pilosa [76,77,81,97]

Clinopodic acid P (134) S. biflora [77]

Melitric acid A (135) S. biflora [77]

Methyl melitric acid A (136) S. biflora [77]

Rosmarinic acid (137)

S. subspicata, S. montana, S. avromanica, S. kitaibelii, S.
hortensis, S. cuneifolia, S. boissieri, S. biflora, S. bachtiarica, S.
sahendica, S. horvatii, S. macrantha; S. aintabensis, S. spicigera,
S. hasturkii. S. pilosa

[8,21,31,33,36,44,55,71,76–
79,82,84–91,93,94,98],

Rosmarinic acid methyl ester (138) S. hortensis [41]

Rosmarinic acid glucuronide * S. cuneifolia [33]

Rosmarinic acid hexoside * S. kitaibelii [76]

Chicoric acid (139) S. pilosa [79]

Sagerinic acid (140) S. barceloi [95]

Sagecoumarin (141) S. montana, S. bachtiarica [87,93]

Verbascoside (142) S. spicigera [85]

Other acids

2,3-dihydroxyphenylacetic acid (143) S. montana [96]

3,4-dihydroxyphenylacetic acid (144) S. montana [96]

* Structures were not fully determined.

Cinnamic acid (113) and its hydroxylated and methoxylated derivatives (114–118)
were detected in S. aintabensis, S. bachtiarica, S. boissieri, S. hasturkii, S. hortensis, S. horvatii,
S. kitaibelii, S. macrantha, S. montana, S. sahendica, S. spicigera, S. subspicata, and S. pilosa.
Similarly abundant were the quinic acid derivatives coupled with caffeic acid—chlorogenic
acid (121), 3,5-caffeoylquinic acid (122), and cynarin (123)—identified in ten Satureja species.
The most frequently occurring cinnamic acid derivatives were caffeic acid (115), chlorogenic
acid (121), and rosmarinic acid (137), which were detected in thirteen, ten, and sixteen
Satureja species, respectively.
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Characteristic compounds of the genus are hydroxycinnamic acid oligomers (124–141)
that rarely occur in nature. These compounds comprise a series caffeic acid derivatives of
increasing complexity, where the caffeoyl residues form dimeric [rosmarinic acid (137)],
trimeric [salvianolic acid A (124), K (128), isosalvianolic acid A (130), melitric acid A (135),
methyl melitric acid A (136), sagecoumarin (141)], tetrameric [salvianolic acid B (125), E
(126), L (127), clinopodic acid I (131)], hexameric [clinopodic acid K (132) and O (133), and
sagerinic acid (140)] and octameric [clinopodic acid P (134)] structures through esterification
and Diels–Alder reactions. An advanced HPLC-MSn method was used to identify these
compounds. Sagecoumarin (141) is a caffeic acid tetramer containing a coumarin moiety.
Among the caffeic acid derivatives, rosmarinic acid (137) was present in the highest amounts
in the extracts of S. subspicata, S. kitaibelii, S. hortensis, S. biflora, S. pilosa, S. macrantha, and
S. avromanica [21,40,44,71,76,79,81,82]. In S. bachtiarica, S. cuneifolia, S. kitaibelii, and S.
spicigera, compounds in which caffeic acid is coupled with a sugar unit (120, 142, rosmarinic
acid glucuronide, and rosmarinic acid hexoside) were identified [33,76,85,87]. GC-MS
analysis of a polar fraction of S. montana detected 2,3-dihydroxyphenylacetic acid (104) and
3,4-dihydroxyphenylacetic acid (105) [96].

3.4. Jasmonates

Jasmonates are phospholipid-derived hormones that regulate plant development
and responses to environmental stress. Z-jasmone was identified as an EO constituent
of S. calamintha ssp. nepeta present at 0.3963% in the extracts [27]. LC-PDA/MS anal-
ysis of the S. kitaibelii extracts revealed the presence of jasmonic acid derivatives: 12-
O-hexosyljasmonate, 12-hydroxyjasmonic acid 12-O-hexoside, 12-O-(caffeoylhexosyl)-
jasmonate and 12-O-(methylcaffeoyl)hexosyl-jasmonate (Table 6). 12-Hydroxyjasmonic
acid 12-O-hexoside was common in all plant parts (stems, leaves, and flowers) [76,77].
Z-jasmone is a volatile compound with insect-attractant or insect-repellent activity, whereas
the primary role of jasmonic acid and its derivatives is to control how plants respond to
biotic and abiotic stressors, as well as how they grow and develop. The presence of 12-
hydroxyjasmonic acid (146), tuberonic acid-12-O-[6’-O-(E)-feruloyl]-β-D-glucopyranoside
(147) and 12-hydroxyjasmonic acid-(6’-O-caffeoyl)-glucoside (148) was detected by LC-MS
in the n-BuOH extract of S. bachtiarica [87].

Table 6. Jasmonates, di-, triterpenes, and steroids of Satureja species.

Jasmonates Plant Reference

(Z)-Jasmone (145) S. calamintha spp. nepeta [27]

12-Hydroxyjasmonic acid (146) S. bachtiarica [87]

12-O-Hexosyljasmonate * S. kitaibelii [76]

12-Hydroxyjasmonic acid 12-O-hexoside * S. kitaibelii [77]

12-O-(Caffeoylhexosyl)-jasmonate S. kitaibelii [76,77]

12-O-(Methylcaffeoyl)hexosyl-jasmonate * S. kitaibelii [76]

Tuberonic acid 12-O-[6’-O-(E)-feruloyl]-β-D-glucopyranoside (147) S. bachtiarica [87]

12-Hydroxyjasmonic acid-(6’-O-caffeoyl)-glucoside (148) S. bachtiarica [87]

Diterpenes, triterpenes, steroids

Rosmanol (149) S. kitaibelii [76,77]

Carnosic acid (150) S. barceloi [95]

Ursolic acid (151) S. montana [92]

Oleanolic acid (152) S. bachtiarica [87,92]

Ergosterol (153) S. hortensis [92]
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Table 6. Cont.

Jasmonates Plant Reference

β-Sitosterol (154) S. hortensis [92]

(3β,22E)-Ergosta-5,22-dien 3-acetate (155) S. hortensis [11]

11α-Hydroxyandrosta-1,4-diene-3,17-dione (156) S. hortensis [11]

3-Oxo-20-methyl-11α-hydroxyconanine-1,4-diene (157) S. hortensis [11]

* The structure was not fully determined.

3.5. Diterpenes, Triterpenes, and Steroids

Although diterpenes occur in the Satureja genus, only one diterpene has been described
in the years 2014–2025. Rosmanol (149) was detected in S. kitaibelii extracts by LC-PDA-
MS [76,77]. The concentrations of ergosterol (153) (69.41 ± 1.75 µg/g) and β-sitosterol (154)
(19.81 ± 1.14 µg/g) in an 80% methanolic extract of S. hortensis seeds were determined [83]
and ursolic acid (151) and oleanolic acid (152) were isolated from the aerial parts of S.
montana [92]. GC-MS analysis of the aerial part of an S. hortensis ethanolic extract identified
(3β,22E)-ergosta-5,22-dien-3-acetate (155) (2.96%), 11α-hydroxyandrosta-1,4-diene-3,17-
dione (156) (1.39%) and 3-oxo-20-methyl-11α-hydroxyconanine-1,4-diene (157) (1.05%) [11]
(Figure 5 and Table 6).

Figure 5. Structure of jasmones, diterpenes, triterpenes, and steroids of Satureja species.
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3.6. Other Compounds

Amino acids, simple organic acids and alcohols, monoacylglycerols, and carbohydrates
were identified from S. montana by GC-MS [96]. Aliphatic alcohols, acids, esters, fatty acids
and vitamin-related compounds (menadione, tocopherols, ergocalciferol, cholecalciferol,
retinol) were reported from aerial parts and seeds of S. hortensis [11,83]. This information
can be useful to assess the nutritional value of these plants. Furthermore, Alburqan
et al. isolated a rarely occurring unsaturated hydroxyl fatty acid, fulgidic acids, and 3-
hydroxytyrosol from S. hortensis [41]. Thymoquinone has been reported from S. montana,
while two coumarins (aesculetin and aesculin) have been reported from S. hortensis [78,98].
Thymoquinol 5-O-β-D-glucopyranoside, the lignan globoidnan A and four biphenyl-type
compounds were detected by LC-MS in the n-BuOH extract of S. bachtiarica [87].

A low amount of resveratrol was detected by LC–MS/MS analysis in S. macrantha
water and methanol extracts [44]. The antifungal peptide Skh-AMP1 with a molecular
weight of 2778.10 Da was purified from leaves of S. khuzistanica by reverse phase HPLC
and sequenced by de novo sequencing and Edman degradation [99].

4. Pharmacology
4.1. Antibacterial Activity

Table S1 presents the antimicrobial activity of members of the Satureja genus. The table
shows 64 investigations of the antibacterial activity of 22 different plant species. Most of the
studies used in vitro methods (disc diffusion, broth microdilution, checkerboard microtiter
assay) for evaluation of the antibacterial activity; therefore, these data provide low-to-
moderate level of evidence and should be interpreted as preliminary findings. According
to the literature search results, the species most frequently assessed for their antibacterial
activity were S. hortensis, S. khuzistanica, and S. montana. Gram-negative and Gram-positive
bacteria were examined simultaneously in most investigations.

Most reports have stated that the primary sign of antibacterial action is the presence
and concentration of carvacrol (5) and strong antibacterial activity was observed in plant
species with significant contents of thymol (7) and carvacrol (5). In most previous stud-
ies, conventional qualitative techniques, such as the agar-well and/or agar-disc diffusion
method, in addition to the minimum inhibitory concentration (MIC) and minimum bacteri-
cidal concentration tests, were used to examine antibacterial activities. The use of novel
approaches, including coating target material onto nanoparticles, has become popular in
recent years. Silver nanoparticles loaded with S. rechingeri extract have been described by
Narchin et al. [100] in terms of their antimicrobial efficacy against Staphylococcus aureus
and Escherichia coli as well as their physical, optical, mechanical, barrier, and cytotoxic
properties. Microbial growth was successfully inhibited by EO-containing nanoparticles. In
another study, kefiran-carboxymethyl cellulose biocomposite films incorporated with EO
of S. khuzistanica exhibited inhibitory effects against S. aureus and E. coli bacteria, indicating
their potential as antimicrobial materials [49]. In another study, S. hortensis EO encapsulated
in nanoliposomes showed strong antibacterial activity against E. coli (MIC = 5.187 µg/µL),
P. aeruginosa and S. aureus (MIC = 2.59 µg/µL), comparable to free oil, and reduced DNA
damage in human lymphocytes, indicating genoprotective properties and antibacterial
safety [101].

Some EOs have been found to possess inhibitory effects on bacterial biofilm formation.
S. montana EO inhibited the biofilm formation by >85% at the MIC (p < 0.05), in addition to
its strong antibacterial activity [102], while S. hortensis EO showed significant inhibitory
effects on biofilm formation and disrupted preformed S. aureus biofilms at sub-MICs [103].
These effects are largely attributed to phenolic monoterpenes such as carvacrol (5) and
thymol (7), together with their precursors (p-cymene and γ-terpinene), which can disrupt
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bacterial membranes, alter permeability, and act synergistically to improve antimicrobial
efficacy, as well as interfere with bacterial adhesion and biofilm development [102,103].
S. montana EO with a high thymol (7) content demonstrated concentration-dependent
modulation of Pseudomonas aeruginosa growth, biofilm formation, and virulence, suggesting
its potential as an antivirulence agent. A biphasic effect was observed: higher concentra-
tions significantly inhibited planktonic growth (36–58% reduction; p < 0.05), while lower
concentrations promoted it; therefore, careful dosing is required [104].

The synergistic effect of the EOs of some species of Satureja with other agents was in-
vestigated in several studies. As investigated by Mandalakis et al., EO mixtures containing
S. thymbra and other native Mediterranean aromatic plants from Greece were among the
most effective inhibitors of bacterial growth against the fish bacterial pathogen Aeromonas
veronii bv. sobria, resulting in complete eradication [105]. This observation highlights the
potential of these blends as alternative antibacterial agents in aquaculture. Furthermore,
the anti-Helicobacter pylori activity of a mixture composed of S. hortensis and Origanum
vulgare subsp. hirtum EO was evaluated in a mouse model and successfully eradicated
the pathogen in 70% of mice [106]. In a recent study, the combination of S. montana and
Cinnamomum zeylanicum EO exhibited a strong synergistic effect against Salmonella enterica
serovar Typhimurium [107]. Furthermore, combining carvacrol (5) and S. khuzestanica EO
and gentamicin decreased the MIC value of gentamicin from 2.3 to 0.0625 µg/mL when
tested against clinical isolates of E. coli, suggesting its potential for the treatment of urinary
tract infections [51]. In the study of Alburqan et al., compounds isolated from the MeOH
extract of S. hortensis showed additive effects with antibiotics against pathogenic bacteria.
For example, naringenin (42) and rosmarinic acid methyl ester improved ciprofloxacin
activity against Klebsiella pneumoniae (eightfold), while combinations with ampicillin and
gentamicin produced fourfold MIC reductions against Staphylococcus aureus and Bacillus
subtilis, respectively [41]. Recent studies on nanoliposomal or nanocomposite formula-
tions of EO of S. hortensis and S. khuzestanica report enhanced antibacterial activity and
genoprotective effects against DNA damage [101,108,109].

4.2. Antifungal Activity

The antifungal properties of S. kermanica, S. thymbra, S. hortensis, S. montana, S. khuzis-
tanica, and S. cilicica were investigated in vitro. The results show that both EOs and extracts
are effective against plant and human pathogenic fungal species, making them promising
agents against fungal infections after successful in vivo, clinical, or field studies.

EOs of S. montana showed strong activity against 30 strains of Candida albicans [7],
with MIC values ranging from 0.0019% to 1% (v/v), and were more effective than clotri-
mazole. Similarly, the antifungal efficacy of S. khuzistanica EO nanoemulsions against
cucumber powdery mildew was demonstrated, with carvacrol (88.6%) identified as the
main constituent [110], indicating a likely role of phenolic monoterpenes in the observed
activity. These antifungal effects are primarily associated with bioactive compounds, such
as carvacrol (5) and thymol (7), which disrupt membrane integrity, increase permeability,
and affect ergosterol-related functions, while synergistic constituents including p-cymene
(6) and γ-terpinene (8) can enhance membrane penetration and overall antifungal efficacy.

Two studies reported notable antifungal activity of Satureja species EOs, suggest-
ing their potential use as natural preservatives in the food industry. According to
Sasanian et al., notable antifungal activity was observed when the antifungal prop-
erties of EO derived from S. hortensis were evaluated against Aspergillus fumigatus
both in vitro and in a food model system [38]. In another study, pure S. thymbra
EO showed high antifungal activity against different foodborne pathogens; the MIC
ranged from 0.0002 to 0.0080 mg of EO/mL and the MFC ranged from 0.0003 to
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0.0080 mg/mL against strains of A. fumigatus, A. niger, T. viride, P. verrucosum, C. albi-
cans, and C. krusei, which were lower than those of the antifungal drug ketoconazole [111].
Furthermore, S. cilicica EO showed strong antifungal activity against Sclerotinia sclerotio-
rum [112]. In another study, S. montana EO showed strong antifungal activity against both
growing and stationary-phase cells of C. albicans and effectively inhibited hyphae formation.
In combination with amphotericin B, it demonstrated improved efficacy against stationary
phase cells compared to single treatments [102].

The recently identified Skh-AMP1 peptide exhibited strong antifungal activity against
pathogenic Aspergillus fumigatus, Candida glabrata and Candida krusei, with MIC values of
19.8–23.4 µM and MFC values of 39.6–58.5 µM. The peptide also showed favorable stability
under physiological conditions together with negligible cytotoxic and hemolytic activity,
highlighting its potential as a promising antifungal therapeutic candidate, although more
in vivo studies are still needed [99].

4.3. Antiparasitic, Anthelmintic, and Antiprotozoal Activities

Four species of the Satureja genus have been studied for their antiparasitic, anthelmintic,
and antiprotozoal activities, including S. hortensis, S. khuzistanica, S. montana, and S. thymbra,
demonstrating broad-spectrum efficacy against protozoa and helminths (Table S1).

In the study by Băies et al., the EtOH extract of S. hortensis both destroyed and
inhibited the development of oocysts of Eimeria spp. isolated from infected piglets at all
concentrations tested, which supports their use as anticoccidial disinfectants in livestock
facilities [113].

Similarly, Jahanshahi et al. demonstrated that S. khuzistanica EO modulated MDR1
gene expression in Leishmania promastigotes, with optimal activity observed at 20 µg/mL,
suggesting possible interference with parasite drug resistance mechanisms [114]. The
authors have associated the antiparasitic and anthelmintic activities of Satureja species with
bioactive terpenoids capable of interfering with parasite enzymatic systems, membrane
stability, and neuromuscular functions.

Anisakiasis is a zoonotic infection caused by ingesting live Anisakis simplex L3 larvae
through raw or undercooked fish. EOs from two varieties of S. montana (subsp. montana
and subsp. variegata) completely inactivated A. simplex larvae within 24 h in vitro, reduced
their penetration ability, and inhibited acetylcholinesterase (AChE). Their nematicidal effect
is likely related to inhibition of AChE, which disrupts acetylcholine breakdown and leads
to paralysis and death of the parasite [115].

Winter savory EO was found to be effective against gastrointestinal nematodes in
sheep. Anthelmintic activity was determined using in vitro egg hatch tests and in vivo fecal
egg count reduction tests, along with toxicity and coproculture analyzes. Its anthelmintic
potential, together with the absence of adverse effects in sheep, suggests that S. montana EO
is suitable for controlling sheep nematodes as part of an integrated parasite management
strategy. This activity was associated with an EO rich in p-cymene (42.8%), highlighting
the role of synergistic terpene interactions in anthelmintic efficacy [116]. Furthermore, S.
hortensis EO was evaluated by Štrbac et al. in vitro and in vivo for its anthelmintic potential
using the same nematode models [43]. Khalil et al. found that Libyan S. thymbra EO
exhibited high anthelmintic activity, exceeding that of standard piperazine citrate against
earthworms and reported that the altitude of the plant collection significantly influenced
the yield, composition and biological activities of plant extracts [72]. Moreover, Băies et al.
investigated the anthelmintic activity of S. hortensis and reported that the alcoholic extract
of the plant had strong anthelmintic activity against Ascaris suum, a common parasitic
nematode affecting pigs [113]. Their results indicated that S. hortensis can potentially
be a prospective source for developing new anthelmintic herbal remedies. Furthermore,
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Mahmoudvand et al. highlighted the in vitro antitrichomonas activity of the MeOH extract
of S. khuzistanica against clinical isolates of Trichomonas vaginalis [117].

4.4. Antioxidant Activity

The antioxidant activity of Satureja species has been widely studied. Table S1 shows
that between 2014 and 2025, 28 species of Satureja were investigated, and data were pub-
lished in 54 articles. Most investigations used a combination of two or more methods to
assess antioxidant potency. Among the different assays, 2,2-diphenyl-1-picryl-hydrazyl-
hydrate (DPPH) and 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) were
used mainly to determine the free radical scavenging potential. EO and extracts of different
polarities were found to have radical scavenging, metal chelating, and power-reducing
activities, and total antioxidant capacity. High antioxidant activity was demonstrated for
the EOs of S. hortensis, S. barceloi, S. thymbrifolia, S. bachtiarica and S. montana [22,29,63,73,83]
because of the presence of oxygenated monoterpenes, particularly thymol (7) and carvacrol
(5). However, alcoholic and aqueous extracts containing polar compounds were also found
to have radical scavenging activity, as shown in Table S1. In these extracts, flavonoids,
phenolic acids, and their derivatives were responsible for the high antioxidant potency.
However, all reported antioxidant activity is currently supported only by in vitro evidence;
therefore, more in vivo and clinical studies are required in the future to confirm its efficacy
in humans.

4.5. Protection Against Heavy Metal Damage

Aboubaker et al. reported the protective effects of S. hortensis EO against lead acetate-
induced toxicity in rats. Exposure to lead causes marked oxidative stress, inflammation,
and functional impairment in vital organs, including the brain, liver, kidneys, and heart.
Treatment with EO of S. hortensis significantly improved biochemical, behavioral, and
electrophysiological parameters, while reducing oxidative damage and inflammatory
markers such as MDA and TNF-α. Histopathological analyses confirmed a reduced in
tissue injury, particularly at higher doses of EO. These effects are likely attributable to
phenolic compounds in EO, such as carvacrol (5). The present findings highlight the
antioxidant and anti-inflammatory potential of S. hortensis EO as a natural protective agent
against heavy metal toxicity [118].

4.6. Antiglycation Effect

Advanced glycation end products (AGEs) are compounds formed during the Maillard
reaction and are involved in the development of various diseases related to oxidative
stress, including diabetic complications, cardiovascular disorders, and neurodegenerative
conditions. The study by Rahimmalek et al. compared the antioxidant and antiglycation
properties of the 80% MeOH extracts of seven Iranian endemic species of the Lamiaceae
family, including S. hortensis, S. bachtiarica and S. sahendica, using the Congo red binding
assay. Among the tested species, S. hortensis showed the most pronounced antiglycation
effect, which was mainly associated with its rich content of rosmarinic acid and other
phenolic compounds [89].

4.7. Antitumor Activity

According to our literature survey (Table S1), several researchers have evaluated the
antitumor activities of 16 Satureja species, including S. hortensis, S. intermedia, S. khuzestanica,
S. montana, S. parnassica, S. cuneifolia, S. horvatii, S. subspicata, S. rechingeri, S. bachtiarica, S.
thymbra, S. isophylla, S. thymbrifolia and S. kermanica. Several cell lines, including MCF7,
A549, HepG2, Hep3B, HCT-116, HaCaT, Panc-1, K562, HT-29, CaCo-2 and HEK293, were
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used in the in vitro investigations to assess the cytotoxic, antiproliferative, apoptosis-
inducing or genotoxic activities of EO and/or extracts of these species.

The hexane and dichloromethane fractions obtained from S. hortensis demonstrated
potent antileukemic effects against K562 and Jurkat leukaemia cells by inducing apoptosis,
altering the cell cycle, and increasing caspase-3 activity, with half maximum inhibitory
concentration (IC50) values of 32.1–47.8 µg/mL (K562) and 44.3–45.7 µg/mL (Jurkat) [119].
These findings suggest the potential therapeutic utility of these fractions in leukemia
treatment, which warrants further research.

The antiproliferative activity of S. montana extracts obtained by supercritical carbon
dioxide (SC extracts, containing nonpolar compounds) and solid–liquid extraction fol-
lowed by spray drying (SD, containing polar compounds) was investigated by Vladic
et al. using the in vivo model of Ehrlich ascites carcinoma (EAC) in mice. Extracts applied
as pretreatment and treatment induced oxidative stress in malignant cells, as evidenced
by increased xanthine oxidase activity, decreased catalase activity, and enhanced lipid
peroxidation, indicating increased reactive oxygen species production in EAC cells. The SC
extracts showed a stronger effect than SD, likely due to their higher carvacrol (5) content
(SC: 60.82 g/100 g; SD: 902.52 mg/100 g). When applied as treatment, SC extracts reduced
the volume of ascites (not significantly) and decreased the number of malignant cells, while
pretreatment did not have such an effect, indicating that the extracts were not cytotoxic or
cytostatic under the tested conditions. This finding indicated that the extracts may have
potential antiproliferative effects on Ehrlich ascites carcinoma and could be explored for
potential therapeutic applications [120].

Akara et al. evaluated the apoptotic and genotoxic properties of the S. subspicata
and S. horvatii extracts in mouse and human lymphocyte cultures. The extracts showed a
significant reduction in the frequency of reticulocyte micronuclei in mice treated at dosages
of 200 mg/kg of the extracts. S. horvatii showed antiapoptotic action at doses of 0.2 mg/mL
by upregulating anti-apoptotic genes and downregulating pro-apoptotic genes. The authors
stated that the high concentrations of phenolic acids in the extracts, especially caffeic and
rosmarinic acids (115, 137), were probably responsible for the observed antigenotoxic and
antiapoptotic effects [82].

The reports in this section showed that most investigations used crude extracts or EOs.
However, the study by Fitsiou et al. was the only study that studied the cytotoxic activity
of the main components of the EO of S. thymbra and S. parnassica: carvacrol (5), thymol (7),
γ-terpinene (8) and p-cymene (6). In this investigation, carvacrol (5) was the most potent
antiproliferative agent against A549 cells (EC50 0.118 ± 0.0012 mM), whereas Hep3B cells
were more sensitive to thymol (7) (EC50: 0.181 ± 0.016 mM) [67]. Further, γ-terpinene
(8) and p-cymene (6) had limited bioactivity. Furthermore, fatty acids from S. hortensis, S.
rechingeri, S. sahendica, S. bachtiarica, S. khuzestanica and S. mutica reduced the viability of
macrophages in a concentration-dependent manner, with cytotoxicity increasing sharply
above 0.12 mg/mL in a hematopoietic mouse macrophage cell line, indicating potential
antitumor activity [121].

Pavlovic et al. investigated the genoprotective potential of S. montana using the
pUC19/Escherichia coli XL1-Blue SOS assay and the antigenotoxicity assay on Salmonella
Typhimurium. The methanolic extract exhibited SOS-inducing activity, whereas the ethano-
lic extract showed pronounced antigenotoxic activity. In contrast, the S. montana extracts
were inactive against the human colon cancer cell line HCT-116. However, the extracts
provided antioxidant protection to acellular, prokaryotic, and normal human DNA, while
modulating ROS and NO production in tumor cells, while inducing genotoxic effects in
tumor cells. However, the bioactive compounds responsible for these effects were not
identified [94].
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In the study by Kheiri et al., the extract of S. khuzistanica reduced the viability of
HT-29 colorectal cancer cells by 50% at 20 µg/mL. Treatment upregulated the expression
of pro-apoptotic genes (BAX, SMAC, P53, and CASP9) and decreased BCL2, MMP2, SUR,
and MMP9. Combined treatment with nisin or doxorubicin further enhanced these gene
expression changes. In this study only the extract was analyzed; the activity of individual
compounds was not reported [122].

4.8. Anti-Inflammatory Activity

S. hortensis, S. khuzestanica, and S. montana were investigated for their anti-inflammatory
properties during the review period. Dichloromethane, butanol, and hexane extracts of
S. hortensis seeds were investigated in lipopolysaccharide-activated J774.1 macrophage.
The results showed that the dichloromethane and hexane extracts efficiently reduced
nitric oxide (NO) production. Both extracts decreased the gene expression of inducible
NO synthase reduced to <0.44-fold of the control levels, and inhibited COX-2 <0.29-fold
compared to control levels, interleukin (IL)-1β (<0.41 fold), IL-6 (<0.25 fold) and tumor
necrosis factor-α (<0.2 fold). The extracts also reduced the production of IL-6 and IL-1β
protein in macrophages. These findings suggest that S. hortensis exerts anti-inflammatory
effects [123].

The activity of EO from S. khuzistanica was evaluated against traumatic brain in-
jury (TBI) by Abbasloo et al. [124]. The study explored the neurotherapeutic effects of
S. khuzistanica EO on diffuse experimental TBI in male Wistar rats. Treatment with EO
significantly reduced brain oedema, blood–brain barrier damage, and intracranial pressure
increase. It also reduced inflammatory markers and affected astrocytic activation, suggest-
ing its potential clinical neurological applications. The authors suggested that the observed
anti-inflammatory effects may be associated with phenolic constituents, particularly thy-
mol (7) and carvacrol (5), which are known to modulate pro-inflammatory cytokines and
inflammatory mediators [121,122].

The anti-inflammatory properties of S. montana were documented by Miguel et al. [10].
The EO was toxic to chemokine (C-C motif) ligand 2 in human acute monocytic leukemia
cells (THP-1 cells) triggered by lipopolysaccharide at the lowest concentration tested
(3 µg/mL). In another study, the dried extract of S. montana modulated cytokine levels in
male Wistar rats. A 250 mg/kg dose significantly decreased IL-6 in the acute stress model
compared to carvacrol and reduced TNF-α and IL-6 compared to rosmarinic acid (137).
Furthermore, the authors suggested that synergistic interactions between rosmarinic acid
(137) and carvacrol (5) within the extract may contribute to the observed activity [125].

4.9. Protective Effects on Side Effects of Chemotherapy

Since 2014, four studies have been conducted to evaluate the protective effects of
S. montana, S. hortensis, and S. khuzistanica against chemotherapy-mediated side effects.
Nasimi et al. and Abd El Tawab et al. investigated the protective effects of S. khuzistanica EO
and S. montana extracts against busulfan and cyclophosphamide-induced testicular injury
in rats [126,127]. In a previous study, preadministration of S. khuzistanica EO significantly
improved epididymal sperm parameters, decreased germinal epithelium destruction and
reduced MTT assay-derived cytotoxicity and TUNEL-positive cells in testicular tissue after
busulfan treatment in rats.

In the latter study, daily administration of S. montana extract effectively protected the
testes from cyclophosphamide-induced damage through antioxidant and anti-apoptotic
mechanisms, mediated by up-regulation of peroxisome proliferator activated receptor
(PPAR)-γ and Akt1 protein levels [127]. These protective effects have been attributed
to the rich phytochemical profile of Satureja species, particularly flavonoids and pheno-
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lic compounds, such as carvacrol (5), rutin (94), rosmarinic acid and caffeic acid (115),
which contribute to antioxidant defense, modulation of apoptosis-related pathways, and
attenuation of oxidative stress-induced cell damage [78,126,127].

A randomized clinical trial found that a mucoadhesive gel containing 1% S. hortensis
extract significantly reduced mucositis-induced pain in 60 children undergoing chemother-
apy. The gel reduced the severity of the pain from 3.5 ± 2.1 to zero on day 5. This finding
indicated that the extract was a promising option for treating mucositis [128]. Another
study investigated in vitro the potential of an S. hortensis MeOH extract, rich in rosmarinic
acid (137), against cisplatin-induced oxidative damage in kidney, liver, and testes tissues.
The results showed that the extract restored tissue morphology, improved liver, kidney,
and testes function, and increased the Bcl-2/Bax ratio [78].

4.10. Anti-Diabetic Activity

Anti-diabetic activity within the Satureja genus has been mainly associated with
enzyme inhibition. An in vitro study showed that S. macrantha extract exhibited stronger α-
glucosidase inhibition than acarbose, while S. hortensis demonstrated moderate α-amylase
inhibition mainly attributed to its EO [44]. Similarly, S. hortensis and S. montana showed
notable α-glucosidase and cholinesterase inhibitory activities [129]. Clinical evidence
further supports these findings, as S. khuzestanica significantly improved glycemic and
lipid parameters in patients with type 2 diabetes (T2D) [130]. Furthermore, fatty acids and
extracts of various Satureja species exhibited anti-lipase and α-amylase inhibitory activities,
reinforcing their antidiabetic potential [95,121].

4.11. Effects on Fatty Liver Syndrome

Mirderikvandi’s group investigated the effects of S. khuzistanica EO and dietary acetic
acid on fatty liver syndrome in broiler chickens. Fatty liver syndrome is a metabolic disorder
associated with high-energy diets and limited physical activity, conditions common in
modern intensive broiler production systems. A total of 252 male Ross 308 broilers were
administered different doses of S. khuzistanica EO, while some groups were also fed an
acidified diet containing acetic acid. The results showed that S. khuzistanica EO reduced
liver fat accumulation and improved several indicators of liver health, particularly at
higher doses (500–600 mg/bird/day), where histological liver damage was also reduced.
Acetic acid alone had little effect, although some beneficial interactions between EO and
acetic acid were observed. In general, the study suggests that S. khuzistanica EO may
have hepatoprotective and anti-steatotic effects in broiler chickens, but further studies are
warranted to determine the most effective dose [131].

4.12. Improve Memory Impairment

Neuroprotective effects within the Satureja genus appear to converge on cholinesterase
inhibition and protection against oxidative neuronal damage. For example, S. bachtiarica
demonstrated pronounced in vivo activity by attenuating Aβ-induced memory deficits and
reducing lipid peroxidation, indicating direct neuroprotective potential [132]. The authors
suggested that these neuroprotective effects may be related to phenolic constituents, partic-
ularly rosmarinic acid (137), carvacrol (5), thymol (7), and other catechol-type compounds,
which may contribute to the inhibition of cholinesterase and the attenuation of oxidative
neuronal damage [79,85].

In contrast, most other species have been mainly evaluated through enzyme-based
assays, where moderate to strong inhibition of AChE and BChE has been recorded. In an-
other study, S. isophylla showed strong butyrylcholinesterase inhibition despite weak AChE
activity [47]. In particular, S. hortensis exhibited stronger cholinesterase inhibition than S.
macrantha, particularly its EO, while S. pilosa showed a relatively potent inhibitory effect
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against both AChE and BChE [44,79]. Other species, such as S. aintabensis, S. spicigera, and
S. barceloi, showed more variable and generally moderate effects, highlighting differences
in bioactivity [85,95].

4.13. Immunostimulatory Activity

Aeromonas hydrophila is one of the most important bacterial pathogens in carp aquacul-
ture, causing significant economic losses, while effective and widely applicable vaccines
are still limited due to the high antigenic variability of the species. In this context, natu-
ral immunostimulants are increasingly being studied as complementary approaches to
improve fish innate immunity and disease resistance. Dietary supplementation with the
96% ethanol (EtOH) extract of S. khuzestanica was shown to enhance non-specific immune
parameters, particularly lysozyme and bactericidal activity in non-vaccinated carp, suggest-
ing a moderate but selective immunostimulatory effect, while no significant improvement
was observed in vaccinated fish [133].

4.14. Prebiotic Activity

S. hortensis EO demonstrated significant prebiotic effects in a humanized mouse model
colonized with the gut microbiota derived from patients with ischemic heart disease (IHD)
and type 2 diabetes mellitus (T2DM). Supplementation with the EO emulsion promoted
the growth of beneficial commensal bacteria, particularly Lactobacillus spp. in mice, in-
dicating a favorable modulation of the intestinal microbial composition. Treatment with
savory essential oil was also associated with increased levels of thrombomodulin and
elevated concentrations of chemokines such as CXCL1, CCL2, and CCL11, suggesting
immunomodulatory activity. Furthermore, EO exhibited antioxidant effects, reflected in
reduced levels of oxidative stress biomarkers including protein carbonyls and pentosidine.
Collectively, these findings suggest that S. hortensis EO may contribute to modulation of the
gut microbiota and cardiometabolic pathways, highlighting its potential as a nutraceutical
in IHD and T2DM [134].

4.15. Antispasmodic and Antidiarrheal Activities

According to studies by Kulić et al., S. montana EO exhibits significant antispasmodic
and antidiarrheal activities, supporting its traditional application in gastrointestinal dis-
orders associated with excessive intestinal motility and secretion. Ex vivo experiments in
isolated rat ileum demonstrated that EO induces concentration-dependent smooth muscle
relaxation through multiple mechanisms, primarily involving the activation of voltage-
gated potassium channels and the voltage-gated calcium channels. These mechanisms
decrease smooth muscle excitability and inhibit intestinal contractions, thereby reducing
spasm and hypermotility. In vivo studies revealed that S. montana EO alleviates castor
oil-induced diarrhea and decreases fecal water content, suggesting antisecretory effects
mediated by reduced intestinal fluid secretion and/or improved water reabsorption. The
observed pharmacological effects are mainly attributed to the high carvacrol (5) content of
EO, although β-caryophyllene (4) may also contribute through synergistic interactions. In
general, the findings indicate that the complex phytochemical composition of S. montana
EO enables multimodal modulation of intestinal motility and secretion, highlighting its
therapeutic potential in gastrointestinal disorders [4].

4.16. Wound Healing Effect

Hydroxypropyl-β-cyclodextrin–glycerol-based extracts of S. montana demonstrated
remarkable wound healing potential in an in vitro scratch assay using HaCaT keratinocyte
cells, significantly accelerating wound closure compared to untreated controls. Extracts
rich in phenolic acids and flavonoids promoted approximately 48.6% wound closure after

https://doi.org/10.3390/ph19060875

https://doi.org/10.3390/ph19060875


Pharmaceuticals 2026, 19, 875 31 of 44

48 h, whereas the control group achieved 34.8%, indicating enhanced keratinocyte migra-
tion and tissue regeneration. The formulations also preserved more than 80% cell viability
at concentrations of up to 62.5 µL/mL, confirming their high biocompatibility and suitabil-
ity for direct dermatological application. Their strong antioxidant and anti-inflammatory
activities, reflected by potent antioxidant and lipoxygenase inhibitory effects, are likely
involved in the acceleration of tissue repair through the reduction in oxidative stress and
inflammation. Furthermore, the extracts exhibited UV-A and UV-B absorption properties,
highlighting their potential for the development of multifunctional dermatological and cos-
meceutical formulations with protective and regenerative effects on the skin [93]. In another
study, S. montana hydrolate (water-based extracts obtained by steam distillation) signifi-
cantly reduced oxidative stress and inflammatory markers in burn wounds while restoring
antioxidant balance. It also promoted wound healing by decreasing pro-inflammatory
cytokines and enhancing anti-inflammatory responses [135].

4.17. Other Activities

Ilhan et al. investigated the potential of S. cuneifolia extract blended with sodium
alginate/polyethylene glycol 3D scaffolds for the treatment of diabetic ulcers [136]. Fur-
thermore, the potential of an S. khuzistanica EtOH extract to prevent tolerance to opioid
analgesics was investigated in adult male Wistar rats.

The extract (25–50 mg/kg) prevented the development of morphine tolerance in a
dose-dependent manner. The authors also found that the extract reversed elevated levels of
glial fibrillary acidic protein and tumor necrosis factor (TNF)-α levels in the spinal cord of
animals that developed tolerance. This study suggests that the S. khuzistanica extract may
attenuate morphine-induced analgesic tolerance through its ability to reduce spinal cord
glial activation. The authors state that the antioxidant properties of S. khuzistanica may, at
least in part, be responsible for the antitolerance effect. However, this proposed mechanism
requires further investigation and confirmation through additional studies. [137].

Rabiei et al. investigated the antiepileptic effects of S. bachtiarica EO in vivo, showing
that it caused a significant increase in latency to the first seizure and survival duration, as
well as a significant decrease in the frequency of head and forelimb seizures, tonic seizures,
and spinning and jumping behaviors in pentylenetetrazole treated mice. Furthermore,
flumazenil significantly inhibited these effects, suggesting that anticonvulsant activity is
mediated, at least in part, via the GABAergic system. In addition, other mechanisms, such
as reduction in oxidative stress, decreased brain acetylcholine levels, and modulation of
inflammatory mediators, can also contribute to its anticonvulsant activity; however, these
mechanisms were not investigated in this study [138].

The cardioprotective and tissue protective effects of Satureja species have been in-
creasingly supported in in vivo studies. For example, S. hortensis showed marked car-
dioprotection in an isoproterenol-induced myocardial infarction model, where a dose of
400 mg/kg significantly (p < 0.001) reduced cardiac biomarkers (CK-MB, cTnI, LDH, AST,
ALT), improved ECG patterns, and preserved myocardial structure [139].

However, it should be noted that most of the available studies were conducted in vitro
and therefore their findings may not fully reflect the efficacy, bioavailability, metabolism,
safety or clinical relevance in vivo. More well-designed in vivo and clinical studies are
required to validate the therapeutic potential of Satureja species.

5. Innovative Applications of Satureja Species
Satureja species have been the subject of various innovative developments aimed at the

preservation of food quality, improvements in coating materials in the food industry, and the
development of new scaffolds for wound dressing and healing. Nasiri et al. investigated the
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effect of a tragacanth gum coating incorporating different concentrations of S. khuzistanica
EO on post-harvest quality and shelf life of button mushroom (Agaricus bisporus) stored at
4 ± 1 ◦C for 16 days [140]. The use of a combination of tragacanth gum and EO was found
to preserve tissue firmness and sensory quality, as well as decrease microbial counts and
ascorbic acid and phenolic component decomposition rates. In addition, compared to the
controls, coating with tragacanth gum + EO might preserve the color of the samples. These
findings imply that the coating with this combination can function as an edible coating
to extend the shelf life of postharvest button mushrooms and is a safe and suitable food
additive [140].

Kefiran and carboxymethylcellulose (CMC) are water-soluble biopolymers widely
used in food packaging; in addition, kefiran–CMC compositions have improved mechanical
and inhibitory properties. Hasheminya et al. developed and characterized biocomposite
films incorporating S. khuzistanica EO. The results showed that the newly created biocom-
posite films had increased opacity (to delay lipid oxidation, avoid nutrient degradation,
discoloration, and fouling) and antibacterial qualities; these properties make the films
suitable for use in food packaging [49].

Azimi et al. examined how the EO of S. hortensis affected the development of Salmonella
Typhimurium in chicken meat [141]. Compared to the control group, the summer savory
EO dramatically reduced the Salmonella count (p < 0.05). The number of Salmonella cases
was significantly decreased by S. hortensis EO as the amount of time that minced beef was
stored decreased. However, there was no noticeable increase in Salmonella count in the
presence of 1% sodium chloride. The findings demonstrated the antibacterial effectiveness
of savory EO in summer, making it a useful natural preservative to extend the shelf life of
meat and meat products [141].

EOs of S. rechingeri and S. hortensis inhibited the growth and biofilms of the foodborne
pathogen Listeria monocytogenes, disrupting preformed biofilms and altering bacterial mem-
branes to increase permeability and induce cell death [69,142]. These results suggest that
Satureja EO may provide an effective approach to controlling cold-tolerant pathogens such
as L. monocytogenes, thus improving the shelf life and safety of ready-to-eat meat products.

Nanobiocomposite films incorporating S. sahendica EO and zinc oxide nanoparticles
were developed and characterized. Films showed strong antibacterial activity against S.
aureus and E. coli and enhanced antifungal performance, supporting their potential use in
food preservation applications [70].

Barzegar et al. developed new nanofibrous scaffolds for wound dressings [65].
Core–shell nanofibrous scaffolds composed of chitosan/polyvinyl alcohol as the core
and polyvinylpyrrolidone/maltodextrin as the shell were developed in which S. mutica or
Oliveria decumbens EO was encapsulated. The incorporated EOs enhanced the antioxidant
activity of the scaffolds and, according to antimicrobial tests, expanded the microbicidal
activity of the scaffolds. Because the core–shell nanofibrous scaffolds loaded with EOs have
appropriate mechanical characteristics, antioxidant effect, and antibacterial activity, they
may be used as dressings for dry-wounds [65].

Another study developed sodium alginate/polyethylene glycol scaffolds incorporat-
ing an S. cuneifolia extract for the potential treatment of diabetic ulcers [136]. Researchers
used new composite scaffolds that were successfully produced using 3D printing tech-
nology. Their results showed excellent antibacterial effects, especially on Gram-positive
bacteria, and the biocompatibility rates of the scaffolds were at the desired values. The au-
thors propose a promising approach for the treatment of bacterial infections and the healing
of diabetic wounds. Evidence shows that 3D printed composite scaffolds with antimicrobial
S. cuneifolia extract could be a novel and promising approach to tissue engineering and
wound dressing applications.
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Landfill leachate poses a serious environmental threat, highlighting the need for
advanced waste management solutions. In the study of Rezaei, superabsorbent nanocom-
posites (SANs) incorporating EO of S. khuzestanica were developed, providing not only
exceptional liquid absorption and mechanical strength but also strong antibacterial activity.
The inclusion of S. khuzestanica EO was particularly effective against Escherichia coli and
Staphylococcus aureus, demonstrating the potential of these SANs for safer and more efficient
leachate treatment [109].

The study of Oliveira-Pinto reported that S. montana EO, recognized as GRAS (Gener-
ally Regarded As Safe) for use as a biopesticide, has dual functions: foliar applications and
nanoformulations exhibit antibacterial activity and can modulate plant hormone responses
in tomato plants infected with Xanthomonas. Additionally, it acts as a host defense elicitor
by altering caffeic acid levels, which may be associated with plant defense responses [143].

The study by Baghouz et al. aimed to identify environmentally friendly alternatives
to synthetic pesticides for stored seed pests by evaluating the insecticidal activity of S.
calamintha EO against Callosobruchus maculatus (cowpea seed beetle). The EO showed
100% male mortality, 86.66 ± 23.09% female mortality (LC50 2.17 µL L−1), and strong
repellency (91.67%), highlighting its potential as a fumigant and repellent agent [26].
Similarly, insecticidal activity of S. viminea EO was reported against Tribolium castaneum
(red flour beetle) [75]. The insecticidal effect (contact and fumigant toxicity) of the EO is
related to the high content of pulegone (9).

6. Discussion
This review summarizes the current knowledge of traditional uses, secondary metabo-

lites, pharmacology, and non-medicinal applications of the genus Satureja. During the
studied period, S. hortensis, S. montana, and S. khuzistanica were the most extensively
studied species, with 32, 32, and 21 publications, respectively (Figure 6).

Figure 6. Number of references for each Satureja species published between 2014 and 2025. (Other
species include: S. avromanica, S. barceloi, S. biflora, S. boissieri, S. candidissima, S. cilicica, S. coerulea,
S. hasturkii, S. horvatii, S. intermedia, S. isophylla, S. kermanica, S. laxiflora, S. mutica, S. nabateorum, S.
parnassica, S. spicigera, S. sahendica, S. thymbifolia, and S. viminea with <4 references).

Ethnobotanical studies published between 2014 and 2025 revealed the use of several
Satureja species among local communities in Europe and Iran. Most traditional applications
are related to the respiratory tract (cough, bronchitis, flu) and the gastrointestinal system
(gastric pain, flatulence, bloating, vomiting). One report described a specific usage of S.
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montana subsp. macedonia, which involved the treatment of tinnitus and improving hearing
ability. This application is unusual and has not been previously reported [17].

The phytochemistry of Satureja species has been intensively studied, and EOs,
flavonoids, phenolic acids, jasmonates, di- and triterpenes, and steroids have been identi-
fied in various studies as the main groups of compounds in the genus. The most studied
group is EOs, which are highly variable and constitute substantial components of all Satureja
species. Extreme chemical diversity was observed in S. montana EO. Thymol (7), p-thymol
(37), carvacrol (5), borneol (17), p-cymene (6) and α-pinene (21) were found to be the main
components of winter savory EO, and enormous variability was also observed in the side
components (Table 1). In contrast, the EO profiles of S. hortensis were more uniform. The
main constituents of EO were carvacrol (5) and γ-terpinene (8) at similar concentrations or
thymol (7) (Table 2). The variation in the predominant constituents indicates the existence
of distinct chemotypes. The variability in the EO profiles of Satureja species, including
inter- and intra-population variabilities, has been widely studied and shown to be related
to the effects of plant organs, geographic origin, domestication, extraction methodology,
and vegetation period.

To identify non-volatile compounds (Tables 3–5), UHPLC–DAD–(+/−)HRESI-MS/MS
or HPLC-MS methods without prior isolation of the compounds have mainly been used.
Therefore, in some cases these nonvolatile compounds were only partially characterized,
and the quality and linkage of the sugars and ester moieties were not determined. In
the last decade, only one new compound, saturejin (72), was isolated from the Satureja
genus, which is an adduct of luteolin and 2,5-dihydroxy-p-cymene [80]. Furthermore, the
antifungal peptide Skh-AMP1 was isolated for the first time from S. khuzistanica leaves [99].
Hydroxylated, methoxylated and glycosylated flavanones, flavanonols, flavones, flavonols
and catechins were the main classes of flavonoids identified (Table 3). Satureja species
accumulate rarely occurring hydroxycinnamic acid oligomers (105–144) in addition to
common phenolic acid. These compounds have complex structures of di-, tri-, tetra-, hexa-
and octameric caffeic acid derivatives. A few jasmonates, triterpenes, and sterols were
identified from the Satureja genus, with rosmanol (149) and carnosic acid (150) being the
only diterpenes identified during the study period.

According to our findings, most of the data in the literature focused on the bioac-
tivities of Satureja species and some new bioactivities and applications were discovered
(Table S1). Antimicrobial effects have been researched for a long time, and many results
on the antibacterial, antifungal, antiparasitic, and antiprotozoal activities of EOs and ex-
tracts have been published in the past decade. The investigations were conducted against
human pathogenic and foodborne bacteria, as well as human and veterinary parasites.
The enhanced potency of combinations of EOs and isolated compounds with conventional
antibiotics has been demonstrated in several studies [36,107]. New formulations, such
as nanoparticles, nanofibers, and biocomposite films, have been tested for their ability to
improve antimicrobial potency [101,108,109]. The antioxidant activity of Saturea species
has also been well studied. EOs and extracts of different polarities had radical scavenging,
metal chelating, and reducing power activity. Studies on the anticancer potential of the
Satureja genus include measurements of cytotoxic, antiproliferative, antiapoptosis, and
genoprotective effects and cell cycle analysis. In addition, the extract of S. montana was
evaluated in an in vivo model of Ehrlich ascites carcinoma in mice, which demonstrated in-
duced oxidative stress in malignant cells [122]. Several authors suggested that the observed
cytotoxic and antiproliferative activities may be associated with the phenolic monoterpenes
and phenolic acids present in Satureja species, particularly carvacrol (5), thymol (7), ros-
marinic acid (137) and caffeic acid (115), which are known to modulate oxidative stress,
apoptosis and cell cycle regulation [67,82]. Studies conducted to evaluate the protective
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effects of Satureja species against chemotherapy-mediated side effects are very promising.
Such protective effects have been confirmed for S. montana, S. hortensis, and S. khuzistanica
in four studies [78,126–128]. The effects of Satureja species on the nervous system are also of
great interest. These activities, including antiepileptic and analgesic effects, improvement of
memory impairment, and prevention of opioid analgesic tolerance, suggest new directions
for Satureja research.

Clinical studies on Satureja species provide promising evidence for their therapeutic
potential. In patients with type 2 diabetes, S. khuzestanica significantly improved glycemic
control and lipid profile [130], while a randomized clinical trial demonstrated that a mu-
coadhesive gel containing 1% S. hortensis extract markedly reduced chemotherapy-induced
mucositis pain in children [128]. Additional clinical evidence indicates the protective effects
of S. hortensis extracts against cisplatin-induced oxidative damage, supporting the potential
clinical relevance of these species.

7. Conclusions
Overall, this review provides an overview of the traditional uses and studies on sec-

ondary metabolites, pharmacology, and clinical trials of the Satureja genus over the last
decade. Although the therapeutic potential of Satureja species is well documented and
supported by in vitro and in vivo studies, the pharmacological activities of individual pure
compounds remain largely unexplored. Future research should focus on evaluating individ-
ual compounds and their molecular mechanisms and structure–activity relationships. New
formulations and modern extraction technologies represent important research directions
and support the future use of savory products in the pharmaceutical and food industries.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ph19060875/s1. Table S1. Biological activities of Satureja species
as reported in the original research articles reviewed. References [144–171] are cited in the Supple-
mentary Materials.
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Abbreviations

Akt1 RAC (Rho family)-alpha serine/threonine protein kinase
Aβ Amyloid β

CMC carboxymethylcellulose
COX-2 Cyclooxygenase-2
DPPH (2,2-Diphenyl-1-picrylhydrazyl)
EO essential oil
EtOH ethanol
GFAP Glial fibrillary acidic protein
HD hydrodistillation
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IL-1β Interleukin 1 beta
IL-6 Interleukin 6
LPS lysosomal polysaccharide
MBC minimum bactericidal concentration
MeOH Methanol
MIC minimum inhibitory concentration
MSHD microwave-assisted steam hydrodiffusion
MTT 3-[4,5-Dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide
PPAR-γ Peroxisome proliferator-activated receptor gamma
SPME solid-phase microextraction
TNF-α Tumor necrosis factor-alpha
TUNEL terminal deoxynucleotidyl transferase dUTP nick end labeling
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149. Băieş, M.-H.; Gherman, C.; Boros, Z.; Olah, D.; Vlase, A.-M.; Cozma-Petrut, , A.; Györke, A.; Miere, D.; Vlase, L.; Cris, an, G.;
et al. The Effects of Allium sativum L., Artemisia absinthium L., Cucurbita pepo L., Coriandrum sativum L., Satureja hortensis L. and
Calendula officinalis L. on the Embryogenesis of Ascaris suum Eggs during an In Vitro Experimental Study. Pathogens 2022, 11, 1065.
[CrossRef]

150. Bartels, N.; Argyropoulou, A.; Al-Ahmad, A.; Hellwig, E.; Skaltsounis, A.L.; Wittmer, A.; Vach, K.; Karygianni, L. Antibiofilm
potential of plant extracts: Inhibiting oral microorganisms and Streptococcus mutans. Front. Dent. Med. 2025, 6, 1535753. [CrossRef]

151. Baseri, M.; Naseri, A.; Radmand, F.; Hamishehkar, H.; Memar, M.Y.; Ebrahimi, A.; Asnaashari, S.; Kouhsoltani, M. Effect of nano
liposomal herbal extracts against biofilm formation and adherence of Streptococcus mutans. Sci. Rep. 2025, 15, 21917. [CrossRef]
[PubMed]

152. Cagnoli, G.; Bertelloni, F.; Ebani, V.V. In Vitro Antibacterial Activity of Essential Oils from Origanum vulgare, Satureja montana,
Thymus vulgaris, and Their Blend Against Necrotoxigenic (NTEC), Enteropathogenic (EPEC), and Shiga-Toxin Producing
Escherichia coli (STEC) Isolates. Pathogens 2024, 13, 1077. [CrossRef]

153. Esmaeilbeig, M.; Kouhpayeh, S.A.; Amirghofran, Z. An Investigation of the growth inhibitory capacity of several medicinal
plants from Iran on tumor cell lines. Iran. J. Cancer Prev. 2015, 8, e4032. [CrossRef]

154. Hassanabadi, N.; Meymand, Z.M.; Ashrafzadeh, A.; Sharififar, F. Antioxidant and cytotoxicity activity of a nanoemulsion from
Satureja kermanica (Lamiaceae). Ann. Pharm. Fr. 2024, 82, 645–653. [CrossRef]

155. Hickl, J.; Argyropoulou, A.; Al-Ahmad, A.; Hellwig, E.; Skaltsounis, A.L.; Wittmer, A.; Vach, K.; Karygianni, L. Unleashing
nature’s defense: Potent antimicrobial power of plant extracts against oral pathogens and Streptococcus mutans biofilms. Front.
Oral. Health 2024, 5, 1469174. [CrossRef]

156. Jovanova, B.; Panovska, T.K. Evaluation of the antioxidant effects and cytotoxic potential of selected herbs used in traditional
medicine. J. Anim. Plant Sci. 2019, 29, 1466–1475.

157. Masoum, S.; Samadi, N.; Mehrara, B.; Mahboubi, M. Otentiality of independent component regression in assessment of the peaks
responsible for antimicrobial activity of Satureja hortensis L. and Oliveria decumbens Vent. using GC–MS. J. Iran. Chem. Soc. 2018,
15, 2007–2016. [CrossRef]

158. Mohammadi-Ziveh, Z.; Mirhosseini, S.A.; Hosseini, H.M. Satureja khuzestanica mediated synthesis of silver nanoparticles and its
evaluation of antineoplastic activity to combat colorectal cancer cell line. Iran. J. Pharm. Res. 2020, 19, 169–180.

159. Moreira, S.A.; Pintado, M.E.; Saraiva, J.A. Optimization of antioxidant activity and bioactive compounds extraction of winter
savory leaves by high hydrostatic pressure. High Press. Res. 2020, 40, 543–560. [CrossRef]

160. Mosaddegh, M.; Irani, M. Inhibition test of heme detoxification (ITHD) as an approach for detecting antimalarial agents in
medicinal plants. Res. J. Pharmacogn. 2018, 5, 5–11.

161. Payandeh, M.; Ahmadyousefi, M.; Alizadeh, H.; Zahedifar, M. Chitosan nanocomposite incorporated Satureja kermanica essential
oil and extract: Synthesis, characterization and antifungal assay. Int. J. Biol. Macromol. 2022, 221, 1356–1364. [CrossRef] [PubMed]

162. Pereira, G.; Faria, J.M.S. Activity of Satureja montana Allelochemical Volatiles Against the Pinewood Nematode. Chem. Proc. 2024,
16, 8. [CrossRef]

163. Raikwar, G.; Mohan, S.; Dahiya, P. Combined antibacterial effect of essential oils from three Indian medicinal plants and antibiotic
tetracycline on MRSA using simplex centroid mixture design. Sci. Rep. 2025, 15, 34816. [CrossRef] [PubMed]

164. Ramezani, M.; Ehtesham-Gharaee, M.; Khazaie, M.; Behravan, J. Satureja hortensis L. methanolic extract and essential oil exhibit
antitumor activity. J. Essent. Oil Bear. Plants 2016, 19, 148–154. [CrossRef]
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