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Abstract: The genus of Satureja species belongs to the Lamiaceae family and has been used as culinary spice
and condiment as well as in traditional medicine for the treatment of a variety of diseases such as gastrointestinal
system disorders including cramps, nausea, indigestion, and diarrhea and respiratory system disorders, skin
disorders, pain and inflammation. The genus is represented by 61 taxa worldwide, and 17 taxa are distributed in
Tarkiye. This paper reviews biological activity and phytochemical constituents of Satureja species. The related
scientific and books, journals, articles and Pubmed, Scopus, Science Direct and Google Scholar databases were
searched using the keyword “Satureja” related to the studies on the phytochemistry, secondary metabolites,
essential oil, volatiles, phytochemisrty and/or biological activities were evaluated and reviewed. As a result of this
current review, current data on the Satureja genus was assessed mainly for various biological activities. Especially
the anticholinergic, anti-antioxidant, cytotoxic, antimicrobial, anti-inflammatory, analgesic/antinociceptive,
larvicidal, and insecticide activities of the genus are remarkable. However, only a limited number of the current
literature focused on the isolated active compounds. As a result, the genus Satureja presents a significant potential
as a natural resource for the development of agricultural products for new pharmaceuticals, cosmetics, veterinary
products, and foods of different sectors. New research and in vivo bioactivity evaluations may open new avenues
for the valorisation of Satureja preparations especially in the health and cosmetic industries.

Keywords: Satureja; essential oil; carvacrol; flavonoids, phenolics, biological activity © 2025 ACG
Publications. All rights reserved.

1. Introduction

The Lamiaceae family is widespread in the world, especially in the Mediterranean region. Satureja
L., an important genus of the Lamiaceae family, which is represented by 61 taxa worldwide.
Geographically Turkiye is rich in the distribution of the genus Satureja, where 17 taxa are in the habitat
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with 5 endemic representations [1-3]. The genus name “Satureja” was derived from the Latin word
“satyr”. In ancient times, the genus was esteemed for both its aromatic properties and its purportedly
aphrodisiac effects. The genus Satureja was referred to as the "herb of the satyr,” alluding to the fabled
being that is half man and half goat, characterized by sexual desire [4]. Consequently, its cultivation was
prohibited in monasteries [5]. Some species of the Satureja genus from the TUrkiye habitat are called
“Sivri Kekik (sharp pointed thyme)” and “Tas Kekigi” (rock thyme), which are widely used where it
grows in Anatolian cuisine [1, 6]. Satureja sp. preparations are also used for various medicinal purposes
since ancient times. The aerial parts or flowers of some Satureja species are used in folk medicine to
alleviate nausea, muscle pain, indigestion and diarrhea. It is also consumed as herbal tea for decreasing
the symptoms of common cold. The biological activity of Satureja species, including their antimicrobial,
anti-inflammatory, stimulant, diuretic, and mutagenic properties were reported [6-8].

The aim of this review is to summarize the current research on chemical composition and
biological/pharmacological effects of Satureja species.

2. Methodology

Current literature on the genus Satureja was acquired by searching the books, journals, articles
and websites Pubmed, Scopus, Science Direct and Google Scholar without time limitation. The database
searches with the keyword “Satureja” was delved on the phytochemistry, essential oil, phytochemical
examination and/or biological activities, but not limited to. Especially, the phytochemical and biological
activity studies on Satureja genera from the flora of Tlrkiye were considered.

3. Botanical Properties and Description

The genus name Satureja (Family: Lamiaceae, Subfamily: Nepetoideae, Tribe: Mentheae,
Altoymak: Menthinae) is derived from the Latin word “saturate/saturare” to refer to the use of the plant
as food [9, 10]. The species of the genus Satureja are perennial plants except for one species. Satureja
sp. generally semi-shrub, their trunks are 10-100 cm tall and have a strong woody structure at the base
of the trunk (Figure 1-A, B, D).

Figure 1. A) Satureja cuneifolia, B) S. macrantha C) S. coerulea, D) S. icarica, E) S. coerulea

F) S. icarica, G) S. aintabenthis (Photo: Prof. Dr. Tuncay Dirmenci from the private archive © 2025)

Almost all Satureja species are fragrant due to the aromatic terpenic content of Lamiaceae type hairs
(sessile-glandular hairs) that are densely present throughout the plant. The leaves of the species are
narrowly linear (Figure 1-C), obverse-ovate, narrowly lanceolate, and mostly folded from the edges to
the lower surface. There are 2 or more flowers in the inflorescence (Figure 1-E, F, G). Sepals are
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bilabiate or regular. Petals are bilabiate (Figure 1-E, F, G). Flower color can be white, lilac, pink or pale
purple (Figure 1-E, F, G). The genus Satureja is represented by 61 taxa worldwide [2, 10-12]. Species
of the genus are distributed in the northern hemisphere, the majority in the Mediterranean basin
(Southern Europe, North Africa, Morocco, Spain, Italy, Greece, Tlrkiye), as well as in the Balkans,
southern the Caucasus, Iraq and Iran (Table 1) [2, 3, 13-16]. Turkiye is the country with the highest
distribution of species with 17 taxa where 5 of are endemic) [1-3]. The species of the Satureja genus
distributed in Turkiye are as follows: S. aintabensis P. H. Davis (endemic), S. amani P. H. Davis
(endemic), S. avromanica Maroofi, S. boissieri Hausskn. ex Boiss., S. cilicica P. H. Davis (endemic), S.
coerulea Janka, S. cuneifolia Ten., S. hortensis L., S. icarica P. H. Davis, S. macrantha C. A. Mey., S.
parnassica Heldr. & Sart. ex Boiss., S. parnassica subsp. sipylea P. H. Davis (endemic), S. pilosa Velen.,
S. spicigera (K. Koch) Boiss., S. spinosa L., S. thymbra L., and S. wiedemanniana (Avé-Lall.) Velen.
(endemic) [3]. S. hortensis L. and S. montana L. are among the common best known, which are also
actually the most cultivated Satureja species in the world. Also, among the aforementioned species, only
S. hortensis is cultivated in Tirkiye [13].

Table 1. The distribution of the genus Satureja in the world [2, 3, 13-16].

Number Species Distribution Endemism

1 Satureja adamovicii Silic Southeastern Europe -

2 Satureja aintabensis P. H. Davis Western Asia: Tlrkiye Turkiye

3 Satureja amani P. H. Davis Western Asia: Turkiye Tlrkiye
4 Satureja atropatana Bunge Western Asia: Iran Iran

5 Satureja avromanica Maroofi Western Asia: Iran, Turkiye -

6 Satureja bachtiarica Bunge Western Asia: Iran Iran

7 Satureja boissieri Hausskn. ex Boiss. Western Asia: Iran, Turkiye -

8 Satureja bzybica Woronow Caucasus: Transcaucasus -

9 Satureja cilicica P. H. Davis Western Asia: Tlrkiye Turkiye

Western Asia: Turkiye

10 Satureja coerulea Janka Southeastern Europe: Bulgaria,
Romania, Turkiye

Western Asia: Iraq, Turkiye
Southeastern Europe: Albania,

11 Satureja cuneifolia Ten. Bulgaria, Greece, Italy, -
Southwestern Europe: Sardegna,
Spain
12 Satureja edmondi Brig. Western Asia: Iran Iran
13 Satureja fukarekii Silic Southeastern Europe -
14 Satureja hellenica Halacsy Southeastern Europe: Greece Greece

Caucasus: Transcaucasus, China:
Xinjiang, Middle Asia:
Kazakhstan, Siberia: Altay, -
Western Asia: Turkiye, Indian

15 Satureja hortensis L. Subcontinent: West Himalaya,
Eastern Europe: Krym,
Southeastern Europe: Albania,
Italy
16 Satureja horvatii Silic Southeastern Europe: Greece -

17 Satureja horvatii subsp. horvatii Southeastern Europe -
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40
41

Satureja horvatii subsp. macrophylla

(Halacsy) Baden
Satureja icarica P. H. Davis

Satureja innota (Pau) Font Quer
Satureja intermedia C. A. Mey.

Satureja intricata Lange

Satureja intricata subvar. dufourii
(G. Lbépez) R. Morales, G. Lopez &
Sanchez-Gémez

Satureja intricata var. gracilis
(Willk.) R. Morales, G. Lopez &
Sanchez-Gomez

Satureja intricata var. intricata
Satureja isophylla Rech.f.

Satureja kermanica Payandeh,
Bordbar & Mirtadz.

Satureja kermanshahensis Jamzad
Satureja khuzistanica Jamzad

Satureja kitaibelii Wierzb. ex Heuff.

Satureja laxiflora K. Koch

Satureja macrantha C. A. Mey.

Satureja metastasiantha Rech. f.

Satureja montana L.

Satureja montana subsp.
macedonica (Formanek) Baden

Satureja montana subsp. montana

Satureja montana subsp. pisidia
(Wettst.) Silic

Satureja montana subsp. variegata
(Host) P. W. Ball

Satureja mutica Fisch. & C. A. Mey.

Satureja pallsryi J. Thiébaut

Satureja parnassica Heldr. & Sartori

ex Boiss.

Southeastern Europe: Greece
Western Asia: East Aegean
Islands. Turkiye, Greece
Southwestern Europe: Spain

Caucasus: North Caucasus,
Transcaucasus, Western Asia:
Iran

Southwestern Europe: Spain

Southwestern Europe: Spain

Southwestern Europe: Spain
Southwestern Europe: Spain
Western Asia: Iran
Western Asia; Iran

Western Asia: Iran
Western Asia; Iran

Southeastern Europe: Bulgaria,

Romania

Caucasus: North Caucasus,
Transcaucasus, Western Asia:
Iran, Iraq

Caucasus: Transcaucasus,

Western Asia: Iran, Iraq, Turkiye

Western Asia: Iraq

Western Asia: Lebanon-Syria,
Middle Europe: Austria,
Southeastern Europe: Albania,
Greece, Italy, Southwestern
Europe: France, Spain

Southeastern Europe: Greece

Middle Europe: Austria,
Southeastern Europe: Albania,
Greece, Italy, Southwestern
Europe: France, Spain

Western Asia: Lebanon, Syria,
Southeastern Europe

Southeastern Europe: Albania,
Italy

Caucasus: Transcaucasus, Middle

Asia: Turkmenistan, Western
Asia: Iran

Western Asia: Lebanon, Syria

Western Asia: Turkiye,
Southeastern Europe: Greece

Greece

Spain

Spain

Spain

Spain

Spain
Iran

Iran

Iran
Iran

Iraq

Greece
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Satureja parnassica subsp. sipylea
P.H. Davis

Satureja parnassica subsp. athoa (K.
Maly) Baden

Satureja parnassica subsp.
parnassica

Satureja pilosa Velen.

Satureja rumelica Velen.
Satureja sahendica Bornm.

Satureja salzmannii (Kuntze) P. W.
Ball

Satureja spicigera (K. Koch) Boiss.

Satureja spinosa L.

Satureja subspicata Bartl. ex Vis.

Satureja subspicata subsp. liburnica
Silic

Satureja subspicata subsp.
subspicata

Satureja taurica Velen.

Satureja thymbra L.

Satureja visianii Silic
Satureja wiedemanniana (Avé-Lall.)
Velen.

Satureja x caroli-paui G. Lopez

Satureja x delpozoi Sanchez-Gomez,
J. F. Jiménez & R. Morales

Satureja x exspectata G. Lopez
Satureja x orjenii Silic

Western Asia: Tirkiye
Southeastern Europe: Greece

Southeastern Europe: Greece

Western Asia: Turkiye,
Southeastern Europe: Bulgaria,
Greece, ltaly

Southeastern Europe: Bulgaria
Western Asia: Iran

Northern Africa: Morocco,
Southwestern Europe: Spain

Caucasus: North Caucasus,
Transcaucasus, Western Asia:
Iran, Turkiye

Western Asia: East Aegean
Islands, TUrkiye, Southeastern
Europe: Greece

Middle Europe: Austria,
Southeastern Europe: Albania,
Bulgaria, Italy

Southeastern Europe: Italy

Middle Europe: Austria,
Southeastern Europe: Albania,
Bulgaria, Italy

Eastern Europe: Crimea

Northern Africa: Libya, Western
Asia: Cyprus, East Aegean
Islands, Lebanon, Syria,
Palestine, Turkiye, Southeastern
Europe: Greece, Turkiye

Southeastern Europe
Western Asia: Tlrkiye
Southwestern Europe: Spain
Southwestern Europe: Spain

Southwestern Europe: Spain
Southeastern Europe

Tirkiye
Greece

Greece

Bulgaria
Iran

Crimea

Turkiye

4. The Applications and Economic Importance of Satureja species

The Satureja species have many health benefits and a wide range of applications in herbal
medicine as well as in culinary food. They generally used as flavoring agents in spicy sauces, sausages,
soups, beverages and canned meats. In Mediterranean cuisine, it is often used as a spice for meats and
fish. Additionally, the species' essential oils were utilized in the cosmetics and fragrance industries [5,
17]. The genus of Satureja species are used extensively in traditional medicine as a tonic, carminative,
and muscle pain reliever to treat gastrointestinal system disorders including cramps, nausea, indigestion,
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and diarrhea. They also used to alleviate the symptoms of respiratory diseases such as asthma and coughs
among other application and uses [5, 8, 18].

The total amount of commercial Satureja species harvested from Anatolia is estimated
approximately 700-800 tons. The Mediterranean and Aegean regions are the major source locations of
Satureja collection in Tirkiye. S. cuneifolia, S. thymbra, S. hortensis and S. spicigera are collected for
trade. Additionally, S. wiedemanniana, S. icarica, S. coerulea, S. cilicica, S. boissieri, and S. pilosa are
collected and used as spices and herbal tea beverages from the locals of the region [13].

5. The Biological Activities of Satureja Genus

The biological activity studies on the genus Satureja were summarized the Table 2. According
to the literature survey, the two most remarkable taxa in terms of number and diversity of biological
activities are S. montana L. and S. hortensis L. The 22 taxon without any biological activities etc. are
listed as S. adamovicii Silic, S. amani P. H. Davis, S. bzybica Woronow, S. fukarekii Silic, S. hellenica
Hal&csy, S. horvatii subsp. horvatii, S. horvatii subsp. macrophylla (Halacsy) Baden, S. innota (Pau)
Font Quer, S. intricata subvar. dufourii (G. Lopez) R. Morales, G. Lopez & Sanchez-Gémez, S. intricata
var. gracilis (Willk.) R. Morales, G. Lépez & Sanchez-Gomez, S. intricata var. intricata, S. pallsryi J.
Thiébaut, S. parnassica subsp. sipylea P.H. Davis, S. parnassica subsp. athoa (K. Maly) Baden, S.
rumelica Velen., S. salzmannii (Kuntze) P. W. Ball, S. subspicata subsp. liburnica Silic, S. subspicata
subsp. subspicata, S. taurica Velen., S. x caroli-paui G. Lopez, S. x exspectata G. Lopez and S. x
orje.nii Silic., respectively

Table 2. The biological activities of the Satureja genus

Activity Taxon Reference

Antibacterial activity Satureja aintabensis P. H. Davis [19, 20]
Satureja bachtiarica Bunge [23, 24, 28, 32, 100, 133]
Satureja boissieri Hausskn. ex Boiss. [35, 36]
Satureja cilicica P. H. Davis [38]
Satureja coerulea Janka [35, 38]
Satureja cuneifolia Ten. [19, 43, 44, 162]
Satureja edmondi Brig. [48]
Satureja hortensis L. [19, 58]
Satureja horvatii Silic [64]
Satureja icarica P. H. Davis [35]
Satureja intermedia C. A. Mey. [67, 100]
Satureja isophylla Rech.f. [70]
Satureja kermanshahensis Jamzad [74]
Satureja khuzistanica Jamzad [75, 80, 86, 133]
Satureja kitaibelii Wierzb. ex Heuff. [92, 93, 94, 95]
Satureja laxiflora K. Koch [99, 100]
Satureja macrantha C. A. Mey. [19, 101, 102, 103]
Satureja metastasiantha Rech. f. [104]

[43, 93, 108, 116, 128, 129,

Satureja montana L. 131, 157, 162]

Satureja montana subsp. montana [109, 120]
§atureja montana subsp. pisidia (Wettst.) [114]
Silic

Satureja montana subsp. variegata (Host) [120]
P. W. Ball

Satureja mutica Fisch. & C. A. Mey. [131, 132, 135]
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Satureja parnassica Heldr. & Sartori ex

Boiss. [137]
Satureja parnassica subsp. parnassica [135, 136, 137]
Satureja pilosa Velen. [35, 140]
Satureja sahendica Bornm. [141, 142, 143, 145]
Satureja spicigera (K. Koch) Boiss. [145, 148, 149]
Satureja spinosa L. [137, 156]
Satureja subspicata Bartl. ex Vis. [140, 158]
Satureja thymbra L. [19, 135, 137, 161, 164, 168]
f/e;tlté;elja wiedemanniana (Avé-Lall.) [173, 174, 175]
Antifungal activity Satureja aintabensis P. H. Davis [19]
Satureja bachtiarica Bunge [32, 100]
Satureja boissieri Hausskn. ex Boiss. [35, 36]
Satureja cilicica P. H. Davis [38]
Satureja coerulea Janka [35, 38]
Satureja cuneifolia Ten. [19, 43, 44, 162]
Satureja hortensis L. [19, 85, 138]
Satureja horvatii Silic [64]
Satureja icarica P. H. Davis [35]
Satureja intermedia C. A. Mey. [67, 100]
Satureja kermanica Payandeh, Bordbar &
Mirtadz. [73]
Satureja khuzistanica Jamzad [85, 86, 89, 138]
Satureja kitaibelii Wierzb. ex Heuff. [94, 95]
Satureja laxiflora K. Koch [99, 100]
Satureja macrantha C. A. Mey. [19, 101, 102]
Satureja metastasiantha Rech. f. [100]
S . [43, 108, 116, 128, 129, 157,
atureja montana L.
162]
Satureja montana subsp. montana [109, 120]
Satureja montana subsp. pisidia (Wettst.)
Silic [114]
Satureja montana subsp. variegata (Host) [120]
P. W. Ball
Satureja mutica Fisch. & C. A. Mey. [130]
Satureja pilosa Velen. [35]
Satureja sahendica Bornm. [143, 145]
Satureja spicigera (K. Koch) Boiss. [85, 138, 145, 148]
Satureja subspicata Bartl. ex Vis. [157, 158]
Satureja thymbra L. [19, 164, 167,168]
Satureja wiedemanniana (Avé-Lall.) [174]
Velen.
Cytotoxic activity Satureja atropatana Bunge [21]
Satureja avromanica Maroofi [22]
Satureja bachtiarica Bunge [26, 27]
Satureja boissieri Hausskn. ex Boiss. [37]
Satureja cilicica P. H. Davis [40, 41]

Satureja hortensis L. [52, 58, 61]
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Satureja intermedia C. A. Mey. [67]

Satureja isophylla Rech.f. [70]

Satureja kermanica Payandeh, Bordbar &

Mirtadz. [72]

Satureja khuzistanica Jamzad [78, 80, 81, 86]

Satureja kitaibelii Wierzb. ex Heuff. [98]

Satureja macrantha C. A. Mey. [101]

Satureja montana L. [112, 123-124, 128-129]

Satureja montana subsp. pisidia (Wettst.)

Silic [114]

SBec\)tiL;;'eja parnassica Heldr. & Sartori ex [134]

Satureja sahendica Bornm. [143]

Satureja spicigera (K. Koch) Boiss. [153]

Satureja thymbra L. [134, 165, 168]
Antioxidant activity Satureja avromanica Maroofi [22]

Satureja bachtiarica Bunge [28, 32, 100, 154]

Satureja boissieri Hausskn. ex Boiss. [36]

Satureja cilicica P. H. Davis [39, 40, 41]

Satureja cuneifolia Ten. [44, 25, 151]

Satureja hortensis L. [51, 52, 58, 100]

Satureja icarica P. H. Davis [65]

Satureja intermedia C. A. Mey. [66, 100]

Satureja intricata Lange [69, 171]

Sa.tureja kermanica Payandeh, Bordbar & [72]

Mirtadz.

Satureja kermanshahensis Jamzad [74]

Satureja khuzistanica Jamzad [77, 86, 84]

Satureja kitaibelii Wierzb. ex Heuff. [92-93, 95-96]

Satureja laxiflora K. Koch [100]

Satureja macrantha C. A. Mey. [101, 103]

Satureja metastasiantha Rech. f. [104]

Satureja montana L. [93, 108-109, 123, 157, 172]

Satureja montana subsp. macedonica [106]

(Formanek) Baden

Satureja montana subsp. montana [109, 120]

ﬁé’Wesznwontana subsp. variegata (Host) [106, 120]

Satureja mutica Fisch. & C. A. Mey. [132, 154]

SB?)tilg;eJa parnassica Heldr. & Sartori ex [134]

Satureja pilosa Velen. [139]

Satureja sahendica Bornm. [142, 146]

Satureja spicigera (K. Koch) Boiss. [151-152, 154]

Satureja subspicata Bartl. ex Vis. [157, 159]

Satureja thymbra L. [134, 160, 163-165]

Satureja visianii Silic [172]

Satureja x delpozoi Sanchez-Gémez, J. F. [171]

Jiménez & R. Morales
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Anticholinergic activity

Antidiabetic activity

Antiepileptic/anticonvulsant
activity

Antispasmodic activity
Antidepressant/anxiolytic activity

Anti-inflammatory activity

Analgesic/antinociceptive activity

Larvicidal activity

Satureja avromanica Maroofi
Satureja bachtiarica Bunge
Satureja cuneifolia Ten.
Satureja isophylla Rech.f.
Satureja khuzistanica Jamzad
Satureja kitaibelii Wierzb. ex Heuff.
Satureja macrantha C. A. Mey.
Satureja metastasiantha Rech. f.
Satureja montana L.

Satureja montana subsp. montana

Satureja montana subsp. variegata (Host) P.

W. Ball
Satureja pilosa Velen.

Satureja thymbra L.

Satureja avromanica Maroofi
Satureja bachtiarica Bunge
Satureja cuneifolia Ten.

Satureja khuzistanica Jamzad
Satureja kitaibelii Wierzb. ex Heuff.
Satureja thymbra L.

Satureja bachtiarica Bunge

Satureja edmondi Brig.

Satureja hortensis L.

Satureja hortensis L.

Satureja montana L.

Satureja bachtiarica Bunge
Satureja montana L.

Satureja hortensis L.

Satureja khuzistanica Jamzad
Satureja kitaibelii Wierzb. ex Heuff.
Satureja montana L.

Satureja pilosa Velen.

Satureja sahendica Bornm.
Satureja thymbra L.

Satureja cuneifolia Ten.

Satureja hortensis L.

Satureja khuzistanica Jamzad
Satureja montana L.

Satureja thymbra L.

Satureja bachtiarica Bunge
Satureja cilicica P. H. Davis
Satureja cuneifolia Ten.

Satureja hortensis L.

Satureja khuzistanica Jamzad
Satureja montana L.

Satureja montana subsp. montana
Satureja spicigera (K. Koch) Boiss.
Satureja thymbra L.

[22]
[30]
[45]
[70]
[81]
[97]
[101]
[104]
[110, 116]
[109, 122]

[122]

[139]
[160, 163]
[22]

[29]

[45, 46]
[84, 88]
[95, 96]
[160]

[25]

[49]
[56]
[59]
[111]
[31]
[117]
[50, 57, 62]
[82, 91, 177]
[95]
[115]
[140]
[144]
[63]
[176]
[57]
[177]
[127]
[63]
[33]
[42]
[42]
[42, 54]
[83]
[42]
[125]
[42]
[42]
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Insecticidal activity/fumigant
toxicity

Satureja bachtiarica Bunge [34]
Satureja hortensis L. [53, 155]
Satureja intermedia C. A. Mey. [68]
Satureja isophylla Rech.f. [61]
Satureja khuzistanica Jamzad [34, 147]

Satureja montana L.
Satureja parnassica subsp. parnassica

[121, 126, 138]
[126]

Satureja sahendica Bornm. [147
Satureja spicigera (K. Koch) Boiss. [150, 155]
Satureja spinosa L. [138]
Satureja thymbra L. [126, 166, 169-170]
Anticholesterolemic activity Satureja cuneifolia Ten. [47]
Cardioprotective activity Satureja hortensis L. [55, 60]
Wound healing activity Satureja khuzistanica Jamzad [76, 79]
Satureja mutica Fisch. & C. A. Mey. [132]
Satureja pilosa Velen. [140]
Satureja sahendica Bornm. [144]
Fertility disorders Satureja khuzistanica Jamzad [87,90]
Satureja montana L. [107, 113, 118]
Anti-aging activity Satureja macrantha C. A. Mey. [101]
Diuretic activity Satureja montana subsp. montana [105]
Antiviral \S/\E;.':ngﬁi montana subsp. variegata (Host) P. [119]
Satureja spicigera (K. Koch) Boiss. [152]
Satureja thymbra L. [171]

5.1. Antibacterial Activity of Satureja Genus

The in vitro antibacterial activity of the Satureja genus examined both Gram-negative and
Gram-positive bacteria concurrently. The 32 taxa of Satureja genus’ with a broad spectrum, including
Bacillus spp., Staphylococcus spp., Enterococcus spp., Listeria spp., Streptococcus spp. and
Pseudomonas aeruginosa strains. Among these studies, it was determined that essential oils of the
Satureja genus were generally reported [19, 23, 24, 28, 32, 35, 43, 44, 48, 58, 64, 67, 74, 86, 94, 99,
100-104, 109, 114, 128, 132, 133, 135-137, 142, 143, 145, 149, 156, 158, 161, 162, 164, 168, 173-175].
The essential oils of the genus Satureja predominantly contain oxygenated monoterpenes, primarily
thymol and carvacrol. The majority of publications indicate that the carvacrol serves as the primary
indicator of antibacterial activity. As estimated, the Satureja taxa with elevated levels of thymol and
carvacrol had significant antibacterial activity. On the other hand, Askun and colleagues demonstrated
the activity of petroleum ether, ethyl acetate, and methanol extracts of Satureja aintabensis P.H. Davis
against four strains of M. tuberculosis with the minimal inhibitory concentrations value of 12.5-100 pg
/mL by broth microdilution method and attributed this activity to rosmarinic acid [20]. In another study,
which was conducted by Ac¢imovié et al., the water extract of Satureja kitaibelii Wierzb. ex Heuff.’s
antibacterial activity against Bacillus cereus, Staphylococcus aureus, Enterococcus faecalis and Listeria
monocytogenes was shown, and the activity was attributed to elevated amounts of syringic and caffeic
acid (37.88, 18.06, and 10.04 mg/g, respectively) [95].

5.2. Antifungal Activity of Satureja Genus

In most of the prior studies reported before, it was observed that the in vitro antibacterial and
antifungal activities of the Satureja genus were generally tested together. Only in a few studies, the in
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vitro antifungal activity evaluation was focused. Both essential oil and the extracts of the 27 taxa of
Satureja genus’s antifungal activity against a broad spectrum were reported [19, 32, 35, 36, 38, 43, 44,
64, 67, 73, 85, 86, 89, 94, 95, 99-102, 108, 109, 114, 116, 120, 128-130, 138, 143, 145, 148, 157, 158,
162, 164, 167, 168, 174]. The anti-fungal activity of the essential oil of S. hortensis, S. khuzistanica, and
S. spicigera against four post-harvest pathogenic fungi (Rhizopus stolonifer, Penicillium digitatum,
Aspergillus niger, and Botrytis cinerea) was shown by Nebigol. According to the results, S. khuzistanica
essential oil was detected as the strongest and its potential for use in decreasing the incidence of post-
harvest diseases of the strawberry fruit [85]. The antifungal activity against three fungi namely; Candida
albicans ATCC 10231, Saccharomyces cerevisiae, Yarrowia lipolytica) of Satureja boissieri extract
was reported by Aras et al. [36], where the main phenolic components such as hesperidin and rosmarinic
acid were reported. The S. montana L. and S. subspicata methanolic and ethanolic extracts’ anti-fungal
activity against Candida albicans, Candida dubliniensis, Candida krusei, Candida glabrata, Candida
parapsilosis, and Microsporum gypseum was repored by Kremer et al. [157]. In another study,
nanoencapsulated Satureja kermanica essential oil/extract using the chitosan biopolymer (SKEO-CSN)
/ (SKEX-CSN)’s in vitro antifungal activity against Fusarium oxysporum, Alternaria alternata, Botrytis
cinerea, Sclerotinia sclerotiorum, Rhizoctonia solani, and Pythium aphanidermatum strains was
reported by Payandeh et al. [73] where the S. kermanica essential oil antifungal inhibitory activity was
attributed to the relatively high amounts of thymol (46.54%) and carvacrol (30.54%) content. The
SKEO-CSN was determined to be complete inhibition (100%) of the radial growth rate, enhancing the
inhibition from 65% to 84.2% to 100% across all tested fungi. The strong antifungal activity of Satureja
genus essential oils is ascribed to thymol and carvacrol compounds, as is the antibacterial activity.

5.3. In vitro Cytotoxic Activity of Satureja Genus

Overall, 18 Satureja species namely; S. atropatana, S. avromanica, S. bachtiarica, S. boissieri,
S. cilicica, S. hortensis, S. intermedia, S. isophylla, S. kermanica, S. khuzistanica, S. kitaibelii, S.
macrantha, S. montana, S. montana subsp. pisidia, S. parnassica, S. sahendica, S. spicigera, S. thymbra)
cytotoxic activities were reported for their in vitro cytotoxicity of the extracts and/or essential oils were
evaluated using a variety of cell lines such as PC-3, A-495, Panc-1, KYSE, Vero, JET 3, K562, HepG-
2, MCF-7, A-549 and HT29/219.

S. avromanica’s cytotoxic effect against the A495 cell line was evaluated by Kiziltas [22]. The
strong activity was mainly attributed to the phenolic compounds of the extract-rosmarinic acid
(19961.31 mg/kg), hederagenin (18895.43 mg/kg) and hesperidin (11409.60 mg/kg) [22].

S. bachtiarica (ICso: 28.3 ug /mL) and S. hortensis (ICso: 52 pg /mL) water extract activity on
K562 cell line was reported by Esmaeilbeig et al. [26]. The S. bachtiarica’s viability, migration,
invasion, and clonogenic potential of MDAMB-231 and U87-MG cells was also evaulated in both two
and three dimensional cell culture models by Zavareh et al. [27]. The cytotoxic activity of S. hortensis
extracts against HepG-2, MCF-7, A-549, and Panc-1 cell lines were reported by Huwaimel et al. S.
hortensis extract was determined as the most active against this cell line with an ICso value of 113.05
pg/mL [61].

S. boissieri essential oil’s cytotoxic effect on the human colorectal adenocarcinoma (HT-29)
cell line was shown by Oke-Altuntas et al [37]. p-cymene, thymol and spathulenol compounds were also
isolated by them as pure terpenoids, and their cytotoxic activity was examined on HT-29 cell line at the
concentrations of 10, 50 and 100 pg/mL by real time cell analyzer xCELLigence method. p-cymene and
thymol with remarkable cytotoxic effects against the HT-29 cell line, and the activity of the S. boissieri
essential oil was attributed, respectively [37].

S. cilicica essential oil’s low cytotoxic effect against the MCF-7 cell line (1Cs value of 268 ug
/mL) was reported by Arabaci et al. The S. cilicica essential oil’s major compounds, p-cymene (17.68%),
carvacrol (14.02%), y-terpinene (11.23 %) and thymol (8.76%) were also detected noticeably at
relatively lower amounts [41].

S. intermedia essential oil’s cytotoxic effect against KYSE cell line (ICso values of 156 pg /mL)
[67] and S. montana essential oil’s strong cytotoxic effects against A549, HeLa, MDA-MB-453, K562
cell lines were published [123, 124, 128, 129]. The cytotoxic effect of S. montana ssp. pisidica essential
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oil’s cytotoxic activity on MDA-MB-361, MDA-MB-453, HelLa, LS174 and MRCS cells were also
reported.

S. isophylla extracts strong cytotoxic activities against MCF-7, AsPC-1, and PC-12 cancer cell
lines with relatively low cytotoxic activity ACHN cell lines was reported by Aghaaliakbari et al. [70].

The methanolic extract of S. kermanica’s cytotoxicity against the MCF-7 cell line was measured
as 1251.088 pg /mL by Hassanabadi et al. [72]. S. khuzistanica extract's cytotoxic effects on the HT29
and HeLa cell lines and the essential oil’s cytotoxicity against A2780 and PC-3 cells were reported [78,
80, 81].

Satureja kitaibelii methanolic extract’s cytotoxicity against the MRC5 cell line [98] and S.
macrantha essential oil’s and ethanolic extract’s cytotoxic effect against MCF-7, HDF and HT-29 were
evaluated [101].

S. thymbra and S. parnassica essential oils’ cytotoxic activity against MCF-7, A549, HepG2

and Hep3B cell lines resulted in that the S. thymbra essential oil was with stronger antioxidant and
antiproliferative capacity when tested on MCF-7 cells compared to S. parnassica essential oil. The
essential oils” strong activities were attributed to their carvacrol and thymol contents. [134]. S. thymbra
essential oil’s cytotoxicity also against HCT-116 cell line (1Cs02.45 +/- 0.21 pg /mL) was demonstrated
by Khalil et al. [168].
S. sahendica essential oil’s in-vitro cytotoxicity against MCF7, Vero, SW480 and JET 3 cell lines in a
dose-dependent manner with an 1Cso value 15.6, 15.6, 125, and 250 pug/mL, respectively, was reported
by Yousefzadi et al. [143]. Essential oil of S. spicigera’s cytotoxicity against four cancerous cell lines
namely the HT29/219, Caco (2), NIH-3T3, and T47D were evaluated by Gohari et al. [153].

5.4. Antioxidant Activity of Satureja Genus

The studies which evaulated the antioxidant activity of the Satureja genus were presented in the
Table 2. Overall 29 taxa of the Satureja species were reported for their potential antioxidant activity in
the literature. Among these studies, to assess the antioxidant capacity of the species from different
perspectives, at least two or more methods were typically were combined: S-carotene bleaching assay,
DPPH, ABTS, TBARS, superoxide, and nitric oxide (NO) free radical scavenging tests, and ferric
reducing antioxidant power (FRAP) assay were as frequently used in order to detect the antioxidant
potency of the species.

According to these studies, the antioxidant activity clearly were observed in Satureja essential
oils is due to the high amounts of carvacrol and thymol constituents of them. In parallel to this, the
strong antioxidant capacity of the Satureja extracts was correlated with the elevated content of polar
phenolic compounds. For instance, the S. hortensis, S. bachtiarica, S. laxiflora and S. intermedia
essential oils’ radical scavenging and antioxidant activity were reported using DPPH and FRAP assays
by Jafari et al [100]. The thymol (24.54-38.75%) and carvacrol (32.07-42.51%) were determined as the
most abundant compounds of the essential oils [100]. The S. montana essential oil’s strong antioxidant
activity and its’ major compounds carvacrol (306 g/L), thymol (141 g/L), and carvacrol methyl ether
(63 g/L) were reported by Serrano et al. Also, hot water extract of S. montana’s high phenolic content
with strong antioxidant activity was demonstrated in the same study [108]. In another study, Satureja
montana subsp. kitaibelii’s petroleum ether, chloroform, ethyl acetate and n-butanol extracts were
prepared and, the n-butanol extract was showed as the best antioxidant active fraction of it. According
to those results, it was understood that the antioxidant activities of the Satureja montana subsp. kitaibelii
extracts and their total phenolic content showed a strong correlation [93]. Because of their strong
antioxidant potential, the genus of Satureja taxa might be considered to be one of the important source
for daily consumption of human diet.

5.5. Anticholinergic Activity and Alzheimer’s Disease

Alzheimer's disease is a chronic neurodegenerative disorder of the brain, marked by oxidative
stress, dementia, and memory deficits in the elderly. The cholinesterase inhibitors, which enhance
acetylcholine levels and improve cholinergic transmission at the synaptic cleft, serve as a crucial role in
the treatment of Alzheimer's disease. The suppression of cholinergic enzymes by certain medicinal
plants is primarily ascribed to their phenolic compounds [22]. 13 taxa of the Satureja genus’



412

Biological utliziation of the genus Satureja

acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitory activities were investigated
in the literature.

The ethanolic extract of S. avromanica’s acetylcholinesterase (AChE) inhibition (ICs: 1.909 pg
/mL) was evaulated by Kiziltas. Additionally, with the molecular docking studies the extract's activity
was linked to the hesperidin, hederagenin, and rutin components [22].

The methanolic extract of S. bachtiarica’s amelioration of beta-amyloid-induced memory
impairment and cholinergic deficit in a rat model of Alzheimer’s disease was demonstrated by Soodi et
al. [30].

S. cuneifolia water and methanol extracts in-vitro inhibition of AChE and BChE were reported
by Taslimi et al. Water and methanol extracts of S. cuneifolia’s |Cso values were detected as 93.58 pg/mL
(r?: 0.9895) and 63.69 ug/mL (r%: 0.9821) for AChE, respectively. Morever, these values were detected
as 53.72 pg/mL (r?: 0.9916) and 23.17 ug/mL (r%: 0.9757) for BChE respectively [45].

S. isophylla n-hexane, chloroform, ethyl acetate, and methanol extracts inhibition of AChE and
BChE were evaluated by Aghaaliakbari et al. [70].

S. khuzistanica essential oil’s inhibition of AChE (ICso: 377.14 + 2.36 pg/mL) and BChE (ICso:
251.37 + 1.88 pg/mL) were showed by Ezatpour et al., and they claimed that the anticholinesterase
activity was attributed to the carvacrol content of the essential oil with molecular docking simulation
[81].

The essential oil, exudate fraction and methanolic extract of S. kitaibelii’s inhibition of
acetylcholinesterase enzyme were reported by Nikolova et al. According to those data, it was determined
that the exudate fraction of S. kitaibelii was reported as the most potent AChE inhibitory activity with
ICso value of 0.18 pg/mL [97].

The essential oil and ethanolic extract of S. macrantha’s inhibition of AChE and BChE activity
were tested by Akdeniz et al. It was understood that the S. macrantha was shown to have low inhibition
of acetylcholinesterase enzyme but also have high inhibition of butyrylcholinesterase enzyme [101].
The S. metastasiantha essential oil’s acetylcholinesterase (30% inhibition at 200 ug/mL) and butyryl-
cholinesterase (18.1% inhibition at 200 pug/mL) inhibition effects were determined by Carikci et al.
[104].

The methanol-aqueous extract of S. montana’s moderate effects on cognition abilities in rat
models of acute and chronic stress were shown by Vilmosh et al [110]. In another study, S. montana
essential oil’s AChE inhibitory activity was demonstrated by Silva et al., S. montana essential oil’s
strong inhibition of AChE was assessed as a potential indicator for the control of Alzheimer’s disease.
In addition, the supercritical non-volatile fractions, which contain the highest amounts of (+)-catechin,
chlorogenic, vanillic, and protocatechuic acids, were also determined to significantly inhibit BChE
[116]. S. montana ssp. montana essential oil’s strong anticholinesterase activity was shown by
Mihajilov-Krstev et al. [109]. The S. montana subsp. montana (I1Cse: 488.88 nL/mL) and S. montana
subsp. variegata (ICso: 872.04 nL/mL) essential oils inhibition of AChE in a dose-dependent manner
were demonstrated by Les et al. [122].

Dichloromethane, acetone and methanol extracts of leaves and branches of S. pilosa’s AChE
inhibition were determined by Kinoglu et al. According to results, the highest AChE inhibition was
measured in leaf methanol extract (ICso: 41.2 +/- 5.6 ug/mL) and the highest BChE inhibition was
determined in leaf dichloromethane extract (ICso: 52.3 +/- 8.6 pg/mL) [139].

The essential oil and methanolic extract of S. thymbra’s cholinesterase inhibitory effects against
acetylcholinesterase and butyrylcholinesterase were shown in the literature [160, 163]. When the studies
were evaluated, it was understood that the effects of Satureja taxas on Alzheimer's disease are
remarkable; more detailed studies are needed on this subject.

5.6. Antidiabetic Activity of Satureja Genus

Diabetes mellitus is a metabolic disease characterized by high blood glucose amounts
(hyperglycemia) and the inability of the pancreas to secrete or stimulate insulin. The enzymes a-
glycosidase and a-amylase hydrolyze polysaccharides, altering them into simple sugar units and/or
monosaccharides. Since they regulate the blood glucose levels, inhibition of these two enzymes is
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thought to be a treatment option for diabetes mellitus [22]. According to the literature survey, it was
determined that the 6 taxa of the Satureja genus’s antidiabetic properties were evaluated.

The ethanolic extract of S. avromanica’s inhibition of a-glycosidase (ICso: 0.701 pg /mL), and
a-amylase (ICso: 0.517 pg /mL) enzymes were determined by Kiziltas. Also, the activity of the extract
was attributed with the hesperidin, hederagenin and rutin components by molecular docking analysis
[22].

The hydroalcoholic extract of the S. bachtiarica's antidiabetic effects through modulation of
oxidative stress and expression of GLUT2 and GLUT4 was reported with an in vivo study by Joudaki
et al. [29].

S. cuneifolia methanol and water extracts antidiabetic properties via in vitro a-glycosidase and
a-amylase inhibition were demonstrated by Taslimi et al. [45]. In another study, the S. cuneifolia extract
blended with sodium alginate (SA) /polyethylene glycol (PEG) scaffolds for the potential treatment of
diabetic ulcer was reported by Ilhan et al. [46].

Essential oil of S. khuzistanica of beneficial effects on the antioxidant enzymes activity in
alloxan-induced Type 1 diabetic rats was demonstrated by Ahmadvand [84]. S. khuzestanica
supplement’s influence on metabolic parameters of hyperlipidemic patients with Type 2 Diabetes
Mellitus was investigated in a double-blind randomized controlled trial by Vosough-Ghanbari et al.
According to the results obtained, usage of S. khuzestanica as a supplement to the drug regimen of
diabetic Type 2 patients with hyperlipidemia was recommended by researchers [88].

S. kitaibelii extracts antihyperglycemic activity was also showed in the literature by several
studies [95, 96]. The a-glucosidase enzyme inhibition of the S. thymbra was carried out by Kirkan et al.
[160].

5.7. Anti-inflammatory Activity of Satureja Genus

The anti-inflammatory activity of the S. hortensis, S. khuzistanica, S. kitaibelii, S. montana, S.
pilosa, S. sahendica and S. thymbra which belong to the Satureja genus, were investigated in the
literature (Table 2).

The anti-inflammatory activity of aqueous extracts of S. hortensis (250 mg/kg) in a rabbit model
of rhinosinusitis was reported by Uslu et al. [50]. In another study, hydroalcoholic and polyphenolic
extracts and essential oil of S. hortensis seeds’ anti-inflammatory activity were examined with the
carrageenan-induced rat paw edema test by Hajhashemi et al. According to researchers, all three
fractions were determined as strong agents to reduce paw edema in the carrageenan test [57]. The
administration of ethanolic extract of S. hortensis’s anti-inflammatory activity in a mouse model of
ulcerative colitis was reported by Rocha et al. S. hortensis extract decreasing several markers for
intestinal injury, including the nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2 or
prostaglandin-endoperoxide synthase) expression, was proven [62].

The hydroalcoholic extract of S. khuzistanica’s anti- inflammatory activity was tested by using
the carrageenan- induced rat paw edema. The results indicated that similar anti-inflammatory effects
were reported between S. khuzistanica hydroalcoholic extract (150 mg/kg; i.p.) and indomethacin (4
mg/Kkg; i.p.) in the carrageenan assay [177]. The anti-inflammatory activity of S. khuzistanica essential
oil was shown in the experimental mouse model of inflammatory bowel disease, which is acetic acid-
induced colitis by Ghazanfari et al. [91].

The water extract of S. kitaibelii’s high anti-inflammatory activity was shown with protein
denaturation bioassay using egg albumin by Aé¢imovi¢ et al. [95].

The methanolic extract of S. montana’s anti-inflammatory activity was measured by using
COX-1, COX-2, 5-LOX, and MPO inhibition assays. According to the results, the extract was shown to
have higher anti-inflammatory potency against the reference drug with ICso values for COX-2 (0.17
pg/mL), LOX (9.25 pg/mL), MPO (9.50 ng/mL) and COX-1 (10.21 pg/mL) [115].

The anti-inflammatory activity of S. pilosa extracts was investigated with a leukocyte cell
adhesion assay by Panagiotidou et al. According to results, the anti-inflammatory activity of S. pilosa
extracts was not significant [140].
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In a study evaluated by Omarizadeh et al., it was demonstrated that the dermal application of S.
sahendica essential oil accelerates wound healing by upregulating the expression of IGF-1, IL-10, FGF-
2, VEGF, TGF-beta, and CXCL-1; shortening the inflammatory stage, and enhancing the proliferative
phase [144].

The anti-inflammatory activity of S. thymbra essential oil was investigated by Karabay-
Yavasoglu et al. It was understood that S. thymbra essential oil showed no anti-inflammatory activity in
either mice or rats [63].

5.8. Analgesic / Antinociceptive Activity of Satureja Genus

According to the literature investigation, it was determined that the following species belong to
the genus of Satureja taxa: S. cuneifolia, S. hortensis, S. khuzistanica, S. montana and S. thymbra’s
analgesic/ antinociceptive activities were reported (Table 2).

S. cuneifolia essential oil’s analgesic activity was reported using the tail-flick method in mice
by Aydin et al. The analgesic activity was attributed to the carvacrol amount of the essential oil [176].
Hydroalcoholic and polyphenolic extracts and essential oil of S. hortensis seeds’s analgesic activity were
determined with acetic acid and formalin tests in male mices by Hajhashemi et al. The results indicate
that the hydroalcoholic extract markedly decreased pain responses in both the early and late stages of
the formalin test, whereas the polyphenolic extract and essential oil were effective only in the late phase
of the formalin test [57].

S. khuzistanica is endemic to Iran and has been used as an analgesic and antiseptic agent in
traditional medicine in Iran. The hydroalcoholic extract of the plant’s antinociceptive activity was
showed with the formalin test by Amanlou et al. S. khuzistanica extract’s antinociceptive activity was
detected in a dose-dependent (10- 150 mg/ kg; i. p.) manner at the second phase of the formalin test
which was comparable with morphine (3 mg/ kg; i. p.). The strong activity was also attributed to the
carvacrol and tannin content of the S. khuzistanica [177].

The chronic administration of dry extract of S. montana (250 and 500 mg/kg b.w.)'s moderate
analgesic effects in the different animal pain models were shown by Vilmosh et al. The active
compounds of the plant, rosmarinic acid (15 mg/kg b.w.) and carvacrol (500 mg/kg b.w.)’s analgesic
effect were also demonstrated [127].

The antinociceptive activity of the S. thymbra essential oil was tested by the formalin test in
mice and by the light tail-flick and hot-plate methods in rats by Karabay-Yavasoglu et al. The authors
indicated that the S. thymbra essential oil demonstrated an antinociceptive effect in both the early (50
and 100 mg/kg) and late phases (25, 50, and 100 mg/kg) of the formalin test; however, no significant
antinociceptive effect in the tail-flick test was observed [63].

5.9. Larvicidal Activity of Satureja Genus

The essential oil of S. bachtiarica, S. cilicica, S. cuneifolia, S. hortensis, S. khuzistanica, S.
montana, S. montana subsp. montana, S. spicigera and S. thymbra taxons larvicidal activities were
evaluated in the literature. Among these researches, larvicidal activity of the essential oils was tested
against Anopheles stephensi, Culex quinquefasciatus, Leptinotarsa decemlineata and Culex
quinquefasciatus.

S. bachtiarica essential oil’s larvicidal activity against two mosquito vector, Anopheles
stephensi and Culex quinguefasciatus was shown by Soleimani-Ahmadi et al. The LCso and LCy values
for An. stephensi larvae were 24.27 ppm and 54.24 ppm, respectively, whereas for Cx. quinquefasciatus,
they were 44.96 ppm and 114.45 ppm after 24 hours of exposure [33].

The essential oil of S. cilicica, S. cuneifolia, S. hortensis, S. spicigera, S. thymbra and S.
montana’s larvicidal activity on the adults and larvae of Colorado potato beetle (Leptinotarsa
decemlineata) was tested by Usanmaz-Bozhuyuk et al. Among the six oils that were evaluated, S.
thymbra essential oil demonstrated efficacy across all examined biological periods. The findings of this
study indicate that the essential oils from the examined Satureja species may serve as bio-larvicides and
insecticides for L. decemlineata larvae and adults [42]. In another study, S. hortensis essential oil’s
larvicidal activitiy on Anopheles stephensi was demonstrated by Kazempour et al. [54].
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The essential oil of S. khuzistanica’s larvicidal activity against Leptinotarsa decemlineata (Say).
was examined by Saroukolai et al. According to the results, it was determined that the S. khuzestanica
essential oil was very effective on the 4" instar larvae and adults (LCso = 23.36 and 167.96 ppm,
respectively) [83].

S. montana subsp. montana essential oil’s larvicidal activity against the filariasis vector Culex
quinquefasciatus with (LCso = 25.6 pL./L) was shown by Benelli et al. According to the results, the
researchers indicated that the larvicidal efficacy can be improved by producing basic binary
combinations of essential oils, such as S. montana subsp. montana and Aloysia citriodora in a 1:1 ratio,
which demonstrated increased larvicidal toxicity (LCso = 18.3 puL/L) [125].

5.10. Insecticidal Activity / Fumigant Toxicity of Satureja Genus

According to the literature survey, it was determined that the 11 taxons—S. bachtiarica, S.
hortensis, S. intermedia, S. isophylla, S. khuzistanica, S. montana, S. parnassica subsp. parnassica, S.
sahendica, S. spicigera, S. spinosa and S. thymbra—insecticidal activity/fumigant toxicity were
evaluated. Essential oils were utilized as target agents in most of the studies. Numerous studies have
demonstrated that a taxon's essential oils have a greater activity on insects than extracts.

The fumigant toxicity of S. bachtiarica and S. khuzestanica essential oils’ on the tomato
leafminer, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) was demonstrated by Rahmani et al.
[34]. In another study, the insecticidal activity of the S. khuzestanica and S. sahendica extracts’ against
Bemisia tabaci (Hemiptera: Aleyrodidae) was demonstrated by Moghadam et al. [147].

The S. hortensis extracts obtained with supercritical CO.’s insecticidal activity against larvae of
Musca domestica, Spodoptera littoralis, Culex quinquefasciatus and Leptinotarsa decemlineata and on
adults of M. domestica was reported by Pavela et al. [53]. The S. hortensis and S. spicigera essential
oils’ insecticidal effect on Sitophilus granarius (L.) (Coleoptera: Curculionidae) demonstrated by
Yildirim et al. [155]. In another study, the fumigation of S. hortensis and S. intermedia essential oils’ on
Tribolium castaneum (Coleoptera: Tenebrionidae) was investigated by Ebadollahi et al. It was
determined that applying 55.15 pL/L of S. hortensis and 58.82 JL/L of S. intermedia essential oils could
result in a maximum significant mortality of 94.72% and 92.97% within 72 hours, respectively [68].
Also, the S. spicigera essential oil’s insecticidal effectiveness on Halyomorpha halys nymphs and adults
was reported by Gokturk [150].

S. isophylla essential o0il’s fumigant toxicity on Aphis fabae Scop. (Hemiptera: Aphididae) was
reported by Hasanshahi et al. [71].

The 0.2% aqueous extract of S. montana’s insecticidal activity on Trialeurodes vaporariorum
(Hemiptera: Aleyrodidae) with 68.33 % mortality after 96 h was shown by Suéur et al. [121].

S. spinosa, S. parnassica subsp. parnassica, S. thymbra and S. montana essential oils’
insecticidal effect on Culex pipiens larvae (Diptera: Culicidae) was shown by Michaelakis et al. [126].

The insecticidal activity on adult Hyalomma marginatum (Acari: Ixodidae), Drosophila
melanogaster and Anopheles gambiae of S. thymbra essential oil' was also demonstrated in the literature.
The strong activity was attributed to the high content of carvacrol and thymol compounds in the essential
oil [166, 169-170].

5. 11. The Other Activities of Satureja Genus

In addition to the aforementioned activities, as demonstrated in Table 2, numerous different
activities of the Satureja genus members have been documented. S. hortensis, S. khuzestanica and S.
montana are the taxa that are most frequently investigated among them. Because of the high number of
reports under this topic, it is not achievable to discuss all biological activity studies of Satureja taxa
here. According to the literature survey, the antiepileptic/ anticonvulsant, antispasmodic,
antidepressant/anxiolytic, anticholesterolemic, cardioprotective, wound healing, anti-aging, diuretic and
antiviral activities of the Satureja genus were discussed in the literature.
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6. Phytochemistry
6. 1. Essential Oil

When the chemical composition of the essential oil of the Satureja genus was examined, it was
determined that it mainly contained carvacrol, thymol, p-cymene and y-terpinene. The summaries of
studies on the essential oil analysis of some species of the Satureja genus are below.

Satureja aintabensis grows mainly in the Gaziantep region in Turkiye and its essential oil
composition was examined in detail and its main components were reported as p-cymene (59.0%) and
thymol (17.5%) [19]. In a study on the chemical composition of the essential oil of the species Satureja
avromanica recorded in Turkiye, the main components were reported as n-pentacosane (23.8%),
spatulenol (11.5%), a-bourbonene (11.3%) and n-docosane (11.0%) in an Iranian study [178]. In another
study by Hooshidari and his team, the volatile oil content was reported as thymol (83.9%), carvacrol
(5.2%), and p-cymene (3.9%) [179].

The main components of the volatile oil of Satureja boissieri, another species distributed in the
Upper Euphrates and Middle Euphrates basins, were reported to be carvacrol (21.3%-44.8%), p-cymene
(23.2%-35.5%), y-terpinene (6.5%-26.4%) and thymol (2.3%-18.9%) [35, 37, 180]. Cacan and his team
investigated the fatty acids of the essential oils of some Satureja species, including Satureja boissieri,
and reported that Satureja boissieri contained high levels of linolenic acid, palmitic acid and linoleic
acid [181].

A study conducted by Abou Baker et al., the major compounds of the S. hortensis essential oil
were detected as carvacrol (48.51%) and y-terpinene (36.63%), followed by p-cymene (3.93%) and
terpinolene (2.42%) [58]. The fatty acid content of S. hortensis leaves, flowers and seeds were
investigated by Kokten et al. and palmitic and linoleic acids were determined as the major components
[182]. In a study conducted by Maral and his colleagues from Cukurova University on Satureja cilicica,
which is endemic to the Mediterranean region (Cilicia), it was reported that the essential oil contents
and antioxidant properties of some Origanum, Thymbra, Zizipora, Thymus species collected from
Ermenek would be compared with Satureja cilicica, however, the essential oil components of other
plants were reported in the study, but the Satureja cilicica content was not given. It was reported that
only the amount of essential oil was determined as 1.64% [183]. Schulz et al. [184] determined the
chemical content of the essential oil of Satureja species, including S. cilicica, collected from Tirkiye by
ATR/FT-IR and NIR FT-Raman spectroscopy. The main components were determined as carvacrol
(19%), thymol (23%), p-cymene (20%), y-terpinene (13%). The main components of 12 different S.
cuneifolia samples collected from the south of Italy were determined as linalool, borneol, and a-pinene
by GC-MS. In addition, in order to obtain information about the effect of precipitation rates on the
amounts of components, the components of plants irrigated with different amounts of water were
investigated, and it was reported that increasing the amount of water in the soil was associated with the
emergence of the borneol chemotype, while decreasing the amount of water was associated with the
presence of linalool and a-pinene [185].

The two subspecies of S. montana (S. montana subsp. variegata and subsp. montana) essential
oils’ chemical constituents were detected by Caprioli et al. The major compounds were determined as
carvacrol (22.5%), p-cymene (17.6%), thymol (17,4%) in the subsp. variegata, and carvacrol (61.9%),
p-cymene (9,9%) and y-terpinene (8.2%) in the subsp. montana. The primary chemical difference
between the subsp. montana and subsp. variegata was the carvacrol:thymol ratio, which was
significantly higher in the subsp. montana [106]. S. khuzistanica essential oil’s major compound was
measured as carvacrol (94.16%) by Abbasloo et al. [82]. In another study, S. hortensis, S. spicigera and
S. khuzistanica essential oils’ major compounds were analyzed by Farzaneh et al. Carvacrol (48%), y-
terpinene (24.2%) and p-cymene (11.7%) were detected as the primary compounds of S. hortensis
essential oil while the main compenents of S. khuzistanica essential oil’s were carvacrol (48%), p-
cymene (18.5%) and y-terpinene (11%). Thymol (29.5%), p-cymene (23.4%), y-terpinene (15.2%),
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carvacrol (9.6%) and carvacrol methyl ether (8.5%) were measured as the major compounds of the S.
spicigera essential oil. Carvacrol, y-terpinene, and p-cymene were identified as the predominant
recurring components in the three essential oils, whereas thymol and carvacrol methyl ether were
exclusively present in S. spicigera among the main components, with thymol constituting one-third of
all components in this species [138].

6.2. Phenolic Acids

According to the literature survey, it was determined that the Satureja genus extracts were rich
in phenolic acids. The phenolic acids such as rosmarinic acid, salvianolic acid A, fumaric acid, quinic
acid, caffeic acid, p-coumaric acid, vanillic acid, protocatechuic acid, ferulic acid, chlorogenic acid,
lithospermic acid and gallic acid of the Satureja genus were reported in the literature [36, 38, 65, 186-
187]. For instance; the rosmarinic acid (4364 * 214 ppb) was measured as one of the major compounds
of the S. boissieri extract by Aras et al. [36]. Shanaida was also conducted a limited number of HPLC
analyses of S. hortensis collected in Ukraine in 2018 and measured rosmarinic acid as the main
component [186]. Kinoglu et al. separated the leaf and branch parts of S. pilosa and performed secondary
metabolite screening of DCM, Acetone, MeOH extracts by LC-HRMS. The rosmarinic acid was
reported as the main component of extracts [139]. In 2012, Askun and colleagues investigated the
phenolic compounds of S. icarica in their study on some Satureja species. Gallic acid, caffeic acid, p-
coumaric acid, ferulic acid, rosmarinic acid were detected in the methanol extract of the plant [38]. It
was determined that the most abundant phenolic acid detected in Satureja taxa is rosmarinic acid.

6.3. Flavonoids and Related Compounds

The high content of the flavonoids and the related compounds of the Satureja genus was reported
in the literature. The flavonoids and related compounds such as naringin, hesperidin, eriodictyol,
quercetin, naringenin, luteolin, apigenin, catechin, rutin, quercetagetin-3.6-dimethylether, cyanidine
chloride, epicatechin, luteolin-5-O-glucoside, luteolin-7-O-glucoside, 5,4dihydroxy-3
methoxyflavanone-7-(6-O-a-L-rhamnopyranosyl)-B-D-glucopyranoside, luteolin 7,4-di-O-glucuronide,
kaempferol, hyperoside, luteolin 7-O rutinoside, aromadendrin, apigenin 7-O-glycoside of the Satureja
genus was detected in the literature [36, 38, 65, 186-187]. For instance, in a study evaluated by Aras et
al., the phenolic compounds of S. boissieri leaf extract was detected by UHPLC-ESI-MS/MS. The
hesperidin (5051 + 247 ppb) was measured as the major compound of the S. boissieri extract. Also, the
high content of this compound was attributed to the effective biological activity [36]. In addition to the
rosmarinic acid, the luteolin-7-O-rutinoside was determined as the main component in the methanol
extract of S. icarica with LC-HRMS analysis by Kinoglu et al. The antioxidant activity of the plant was
also evaluated by them, and the activity of the plant was attributed to the compounds [65]. Catechin,
epicatechin, vitexin, rutin, naringin, hesperidin, apigenin-7-glucoside, eriodictyol, quercetin, naringenin,
luteolin and apigenin were detected in the methanol extract of the plant by Askun et al. [38]. In a study
conducted by Nikolova and Dzhurmanski on 28 plants cultivated in Bulgaria in 2014, data belonging to
S. pilosa which is endemic to Bulgaria, were discussed. In the study, flavonoids and flavonoid glycosides
of the methanol extract of the plant were investigated and it was stated that trace amounts of apigenin
and luteolin 7-O-glycoside were determined [187]. When the studies in the literature were examined, it
was understood that the biological activities of Satureja genus are generally associated with the
flavonoid compounds they contain.

6.4. Other Secondary Metabolites

The literature survey indicates that, in addition to essential oils, phenolic acids, and flavonoids,
some other phytochemicals such as triterpene acids, phytosterols, tocopherols and alkane homologues
have been often documented. For instance, S. spicigera collected from the northwest of Iran was
determined by chromatographic and spectral methods and f-sitosterol, ursolic acid and oleanolic acid
were identified [153]. Lagouri and Boskou were detected four known homologues of tocopherol, a-, -
, y- and ¢J-, in the S. thymbra leaf extract [188]. The methanolic extract of S. atropatana’s chemical
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compounds were identified by Morardi et al. They were detected two triterpenes: ursolic acid and
oleanolic acid with a phytosterol: f -sitosterol [21].

7. As Food Source

Satureja genus, especially S. thymbra [189] and S. montana, is consumed as a winter tea for
respiratory system disorders and to strengthen the immune system. Honey obtained from hives located
around the fields where the Satureja genus is cultivated is consumed. The essential oils of Satureja
genus can be utilized as flavoring agents in the food industry and are currently a compelling source of
natural antimicrobials for food preservation, owing to their antibacterial, antifungal, and antioxidative
properties. Carvacrol is the among the major compounds of the Satureja genus and is Generally
Recognized as Safe (GRAS) for flavoring [190]. It was also determined that extracts of Satureja genus
rich in phenolic acids (majorly rosmarinic acid) and flavonoids and related compounds (such as
hesperidin and rutin) possessing antibacterial, antifungal and antioxidant activity. Extracts of S. thymbra
were evaluated as natural antioxidants to extend the shelf life of fried potato chips. It was understood
that the incorporation of the natural antioxidants into the packaging material results in active packaging
that effectively prolongs the shelf life of the fried food [191].

8. Other Applications

S. kitaibelii extract is standardized in Serbia to the rosmarinic acid compound and produced in
tablet and capsule form for use in respiratory diseases and digestive disorders. This product is not
currently commercially available [192]. The extract and essential oil of S. hortensis with the extract,
hydrosol and essential oil of S. montana are used in the cosmetic industry for fragrance and skin
conditioning according to the Coslng - Cosmetics Ingredients, European Commission [193]. The genus
Satureja is quite promising for the veterinary sector as well as the industries mentioned above. A
veterinary dietary supplement prepared from S. hortensis extract at a concentration of 400 mg/kg was
used as a natural feed addition to help broiler chickens maintain their growth and enhance their health
[194]. S. hortensis essential oil can also be utilized in reducing the prevalence of important poultry
diseases such as colibacillosis and salmonellosis or decreasing the severity of these diseases due to its
antimicrobial and anti-biofilm properties. Satureja genus essential oils can be used as a poultry feed
additive for both prevention and therapy [195].

7. Conclusion

In conclusion, the genus Satureja exhibits considerable potential as a natural resource for the
pharmaceutical, cosmetic, food and veterinary industries. The taxa of the Satureja genus are important
in terms of the compounds they contain with their biological activities. They also have great potential,
especially in the development of new functional foods, beverages, cosmetics, and veterinary products
in economic terms, with the development of innovative products-

ORCID

Murat Kartal : 0000-0003-3538-2769
Ayse Nur Yildiz : 0000-0002-7188-1269
Ebrar Inal : 0000-0002-6022-1644
Betiil Kiraz Kinoglu  : 0000-0003-0318-9884
Tuncay Dirmenci : 0000-0003-3038-6904

Ahmet C. Goren : 0000-0002-5470-130X



https://orcid.org/0000-0003-3538-2769
https://orcid.org/0000-0002-7188-1269
https://orcid.org/0000-0002-6022-1644
https://orcid.org/0000-0003-0318-9884
https://orcid.org/0000-0003-3038-6904
https://orcid.org/0000-0002-5470-130X

419

Kartal et.al., Rec. Nat. Prod. (2025) 19:S1 400-427

References

[1]  T. Dirmenci, B. Yildiz and M. Oztekin (2019). Tiirkiye Florasi i¢in Yeni Bir Tiir Kaydi: Satureja metastasiantha
Rech. f. (Ballibabagiller/Lamiaceae), Bagbahge Bilim Derg. 6(1), 54-58.

[2] WFO (2025): Satureja L. Published on the Internet; https://www.worldfloraonline.org/taxon/wfo-4000034152
Accessed on: 8 April 2025.

[3] Bizimbitkiler (2013). Published on the Internet; http://www.bizimbitkiler.org.tr. Accessed on: 8 April 2025.

[4] C. Kowalchik and W. H. Hylton (1998). Rodale's illustrated encyclopedia of herbs. Rodale Press, USA.

[5] B. Tepe and M. Cilkiz (2016). A pharmacological and phytochemical overview on Satureja, Pharm. Biol. 54(3),
375-412.

[6] F.Satil, T. Dirmenci and G. Timen (2002). 16th National Congress of Biology, September 1-7. Malatya, Turkiye.

[71 A.C. Goren, G. Bilsel, M. Altun and F. Satil (2003). Fatty acid composition of seeds of Satureja thymbra and S.
cuneifolia, Z.Naturforsch.C 58, 502-504.

[8] T. Baytop (1999). Tiirkiye'de bitkiler ile tedavi (Gegmiste ve Bugiin). Nobel Tip Kitabevleri Ltd. Sti. Istanbul,
Tirkiye.

[9] F. Satil and A. Kaya (2007). Leaf anatomy and hairs of Turkish Satureja L. (Lamiaceae), Acta Biol. Crac. Ser.
Bot. 49, 67-76

[10] A. G. Borisova (1987). Labiatae, In: Flora of the USSR, ed: B. K. Shishkin and A. G. Borisova, Akademia Nauk,
Leningrad.

[11] P. H. Davis (1970). Flora of Turkey and the East Aegean Islands. Edinburgh University Press, Edinburgh,
Scotland.

[12] P.H. Davis (1982). Satureja L., In: Flora of Turkey and the Aegean Islands Vol 7. ed: P. H. Davis and R. R. Mill,
Edinburgh University Press, Edinburgh, Scotland, pp. 314-323.

[13] T. Dirmenci, G. Tumen and Y. Turan (2008). Commercial and Ethnic Uses of Satureja (Sivri Kekik) Species in
Turkey, Ekoloji 17(61), 1-7.

[14] Z.Jamzad (2010). A new species of Satureja (Lamiaceae) from Iran, Iran. J. Bot. 16(2), 213-217.

[15] A. Shariat, G. Karimzadeh and M. H. Assareh (2013). Karyology of Iranian endemic Satureja (Lamiaceae) species,
Cytologia 78(3), 305-312.

[16] EPPO Global Database (2025). https://gd.eppo.int/, Accessed on: 10 April 2025.

[17] K. Alirezalu, M. Pateiro, M. Yaghoubi, A. Alirezalu, S. H. Peighambardoust and J. M. Lorenzo (2020).
Phytochemical constituents, advanced extraction technologies and techno-functional properties of selected
Mediterranean plants for use in meat products. A comprehensive review, Trends Food Sci Technol. 100, 292-306.

[18] S. Momtaz and M. Abdollahi (2008). A systematic review of the biological activities of Satureja L.
species, Pharmacologyonline, 2, 34-54.

[19] A. D. Azaz, M. Kirkctioglu, F. Satil, K. H. Can Baser and G. Timen (2005). In vitro antimicrobial activity and
chemical composition of some Satureja essential oils, Flavour Fragr. J. 20(6), 587-591.

[20] T. Askun, E. M. Tekwu, F. Satil, S. Modanlioglu and H. Aydeniz (2013). Preliminary antimycobacterial study on
selected Turkish plants (Lamiaceae) against Mycobacterium tuberculosis and search for some phenolic
constituents, BMC Complement Altern Med. 21(13), 365.

[21] F.Moradi, A. R. Gohari, S. Saeidnia, M. R. Gohari, F. Fouladi, M. Malmir, N. Yasa and A. Hadjiakhoondi (2008).
Cytotoxicity and phytochemical investigation of Satureja atropatana Bunge, Planta Med. 74(09), PB7.

[22] H. Kiziltas (2022). Determination of LC-HRMS profiling, antioxidant activity, cytotoxic effect and enzyme
inhibitory properties of Satureja avromanica using in vitro and in silico methods, Process Biochem. 116, 157-172.

[23] M. Ahanjan, J. Ghaffari, M. Nasolahie, A. M. Mirabi and G. Mohammadpour (2011). Antibacterial potential of
essential oil of medicinal plant Satureja bachtiarica Bunge against human pathogenic bacteria, Planta Med.
77(12), PML.

[24] A. Ghasemi Pirbalouti, H. Nourafcan and E. Solyamani-Babadi (2017). Variation in chemical composition and
antibacterial activity of essential oils from Bakhtiari Savory (Satureja bachtiarica Bunge.), J. Essent. Oil-Bear.
Plants 20(2), 474-484.

[25] Z. Rabiei, M. Shirchi, M. Rafieian-Kopaei and S. Asgharzade (2022). Effects of Satureja Bachtiarica Essential
Oil in Preventing Seizure in Pentylenetetrazol-Kindled Mice, Basic Clin. Neurosci. 13(4), 465.

[26] M. Esmaeilbeig, S. A. Kouhpayeh and Z. Amirghofran (2015). An Investigation of the Growth Inhibitory Capacity
of Several Medicinal Plants From Iran on Tumor Cell Lines, Iran J Cancer Prev. 8(5), e4032.

[27] V. A. Zavareh, S. Gharibi, M. Hosseini Rizi, A. Nekookar, H. Mirhendi, M. Rahimmalek and A. Szumny (2023).
Satureja bachtiarica Induces Cancer Cell Death in Breast and Glioblastoma Cancer in 2D/3D Models and
Suppresses Breast Cancer Stem Cells, Cells 12(23), 2713.

[28] E. Fathimoghaddam, A. Shakerian, R. Sharafati Chaleshtori and E. Rahimi (2020). Chemical composition and

antioxidant properties and antimicrobial effects of Satureja bachtiarica Bunge and Echinophora platyloba DC.
Essential oils against listeria monocytogenes, The Int. J. Med. Plants By-Prod, 9, 47-58.



[29]

[30]

[31]
(32]

[33]

[34]
[35]
[36]

[37]

[38]
[39]
[40]

[41]

[42]

[43]
[44]

[45]

[46]

[47]

[48]
[49]
[50]
[51]

[52]

420
Biological utliziation of the genus Satureja

R. Joudaki and M. Setorki (2019). The protective effect of Satureja bachtiarica hydroalcoholic extract on
streptozotocin-induced diabetes through modulating glucose transporter 2 and 4 expression and inhibiting
oxidative stress, Pharm Biol. 57(1), 318-327.

M. Soodi, S. Saeidnia, M. Sharifzadeh, H. Hajimehdipoor, A. Dashti, M. R. Sepand and S. Moradi (2016). Satureja
bachtiarica ameliorate beta-amyloid induced memory impairment, oxidative stress and cholinergic deficit in
animal model of Alzheimer's disease, Metab Brain Dis. 31(2), 395-404.

M. Bakhtiarpoor, M. Setorki and M. R. Kaffashian (2018).Effects of Essential Oil of Satureja bachtiarica Bunge
in a Rat Model of Reserpine-Induced Depression, Iran J Med Sci. 43(4), 409-415.

A. Alizadeh (2016). Essential oil constituents and biological activities of different ecotypes of Satureja bachtiarica
Bunge. as a traditional herbal drug in southwestern Iran, J. Essent. Qil-Bear. Plants, 19(6), 1328-1339.

M. Soleimani-Ahmadi, S. M. Abtahi, A. Madani, A. Paksa, Y. S. Abadi, M. A. Gorouhi and A. Sanei-Dehkordi
(2017). Phytochemical profile and mosquito larvicidal activity of the essential oil from aerial parts of Satureja
bachtiarica Bunge against malaria and lymphatic filariasis vectors, J. Essent. Oil-Bear. Plants, 20(2), 328-336.
S. Rahmani and S. Azimi (2021). Fumigant toxicity of three Satureja species on tomato leafminers, Tuta absoluta
(Meyrick)(Lepidoptera: Gelechiidae), Toxin Rev. 40(4), 724-735.

D. Azaz, F. Demirci, F. Satil, M. Kiirk¢tioglu and K. H. Baser (2002). Antimicrobial activity of some Satureja
essential oils, Z Naturforsch C J Biosci. 57(9-10), 817-21.

A. Aras, E. Bursal, Y. Alan, F. Turkan, H. Alkan and O. Kili¢ (2018). Polyphenolic content, antioxidant potential
and antimicrobial activity of Satureja boissieri, Iran. J. Chem. Chem. Eng. 37(6), 209-219.

F. Oke-Altuntas, I. Demirtas, A. R. Tufekci, S. Koldas, F. Gul, L. Behcet and H. I. Gecibesler (2016). Inhibitory
effects of the active components isolated from Satureja boissieri Hausskn. Ex Boiss. On human cervical cancer
cell line, J. Food Biochem. 40(4), 499-506.

T. Askun, G. Timen, F. Satil and D. Karaarslan (2012). Active constituents of some Satureja L. species and their
biological activities, Afr. J. Microbiol. Res. 6(22), 4623-4633.

G. Ozkan, B. Simsek and H. Kuleasan (2007). Antioxidant activities of Satureja cilicica essential oil in butter and
in vitro, J. Food Eng. 79(4), 1391-1396.

E. N. S. Sezer and T. Uysal (2021). Some biological activities of endemic savory; Satureja cilicica PH Davis,
Fresenius Environ. Bull. 30(4), 3343-3349.

T. Arabaci, G. Uzay, U. Kelestemur, M. G. Karaaslan, S. Balcioglu and B. Ates (2017). Cytotoxicity, radical
scavenging, antioxidant properties and chemical composition of the essential oil of Satureja cilicica PH Davis
from Turkey, MARMARA Pharm. J. 21(3), 500-505.

A. Usanmaz-Bozhuyuk and S. Kordali (2018). Investigation of the toxicity of essential oils obtained from six
Satureja species on Colorado potato beetle, Leptinotarsa decemlineata (Say, 1824), (Coleoptera:
Chrysomelidae), Fresenius Environ. Bull. 27(6), 4389-4401.

M. Skocibusi¢ and N. Bezi¢ (2004). Phytochemical analysis and in vitro antimicrobial activity of two Satureja
species essential oils, Phytother Res. 18(12), 967-70.

F. Oke, B. Aslim, S. Ozturk and S. Altundag (2009). Essential oil composition, antimicrobial and antioxidant
activities of Satureja cuneifolia Ten, Food Chem. 112(4), 874-879.

P. Taslimi, E. K&ksal, A. C. Géren, E. Bursal, A. Aras, O. Kilig, S. Alwasel, and I Giilgin (2020). Anti-
Alzheimer, antidiabetic and antioxidant potential of Satureja cuneifolia andanalysis of its phenolic contents by
LC-MS/MS, Arab. J. Chem. 13(3), 4528-4537.

E. llhan, S. Cesur, E. Guler, F. Topal, D. Albayrak, M. M. Guncu, M. E. Cam, T. Taskin, H. T. Sasmazel, B.
Aksu, F.N. Oktar and O. Gunduz (2020). Development of Satureja cuneifolia-loaded sodium alginate/polyethylene
glycol scaffolds produced by 3D-printing technology as a diabetic wound dressing material, Int J Biol Macromol.
161, 1040-1054.

M. Akdogan, A.N. Kisioglu, M. Ciris and A. Koyu (2014). Investigating the effectiveness of different tea types
from various thyme kinds (Origanum onites, Thymbra spicata and Satureja cuneifolia) on anemia and
anticholesterolemic activity, Toxicol Ind Health. 30(10), 938-49.

S. Moradi and E. Sadeghi (2017). Study of the antimicrobial effects of essential oil of Satureja edmondi and

nisin on Staphylococcus aureus in commercial soup, J. Food Process. Preserv. 41(4), e13337.

G. Mahmoodi and S. Bohlouli (2021). Investigation of the Effects of Satureja edmondi on Memory Impairment
Caused by Chemical Kindling in Adult Male Rats, J. Rep. Pharm. Sci. 10(2), 194-197.

C. Uslu, R. Murat Karasen, F. Sahin, S. Taysi and F. Akcay. Effects of aqueous extracts of Satureja hortensis L.
on rhinosinusitis treatment in rabbit, J Ethnopharmacol. 88(2-3), 225-228.

A. R. Ladan Moghadam (2015). Antioxidant activity and essential oil evaluation of Satureja hortensis L.
(lamiaceae) from Iran, J. Essent. Oil-Bear. Plants 18(2), 455-459.

B. Jovanova and T. K. Panovska (2019). Evaluation of the antioxidant effects and cytotoxic potential of selected
herbs used in traditional medicine, J. Anim. Plant Sci. 29(5), 1466-1475.



[53]

[54]

[55]

[56]

[57]

[58]
[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

421

Kartal et.al., Rec. Nat. Prod. (2025) 19:S1 400-427

R. Pavela, M. Sajfrtov4, H. Sovovéa and M. Barnet (2008). The insecticidal activity of Satureja hortensis L. extracts
obtained by supercritical fluid extraction and traditional extraction techniques, Appl. Entomol. Zool. 43(3), 377-
382.

S. Kazempour, M. Shayeghi, M. R. Abai, H. Vatandoost and M. Pirmohammadi (2021). Larvicidal activities of
essential oils of indigenous medicinal plants, Mentha pulegium L., Satureja hortensis L., and Thymus vulgaris L.
against malaria vector, Anopheles stephensi, S. Afr. J. Bot. 139, 38-41.

A. Muthukumar, S. Mittal, T. Choezom, K. Bhavani, K. Das, N. Joyce, M. Almugbil, M. E. Almadani, F.
Ahmad and F. Yasmin (2024). Evaluation of the cardioprotective activity of summer savory (Satureja hortensis
L.) extract in experimental rats with Isoproterenol-induced myocardial infarction, J. King Saud Univ. Sci. 36(7),
103236.

F. Zolfagharian, B. M. Razavi and H. Hosseinzadeh (2016). Anticonvulsant effect of Satureja hortensis aerial
parts extracts in mice, Avicenna J Phytomed. 6(3), 305-12.

V. Hajhashemi, B. Zolfaghari and A. Yousefi (2012). Antinociceptive and anti-inflammatory activities of
Satureja hortensis seed essential oil, hydroalcoholic and polyphenolic extracts in animal models, Med Princ
Pract. 21(2), 178-82.

D. H. Abou Baker, M. Al-Moghazy and A. A. A. ElSayed (2020). The in vitro cytotoxicity, antioxidant and
antibacterial potential of Satureja hortensis L. essential oil cultivated in Egypt, Bioorg Chem. 95, 103559.

V. Hajhashemi, H. Sadraei, A. R. Ghannadi and M. Mohseni (2000). Antispasmodic and anti-diarrhoeal effect of
Satureja hortensis L. essential oil, J Ethnopharmacol. 71(1-2), 187-92.

R. Yazdanparast and L. Shahriyary (2008). Comparative effects of Artemisia dracunculus, Satureja hortensis
and Origanum majorana on inhibition of blood platelet adhesion, aggregation and secretion, Vascul Pharmacol.
48(1), 32-7.

B. Huwaimel, A. S. Abouzied, S. Anwar, M. M. Elaasser, S. A. Almahmoud, B. Alshammari, D. Alrdaian and
R. Q. Alshammari (2023). Novel landmarks on the journey from natural products to pharmaceutical
formulations: Phytochemical, biological, toxicological and computational activities of Satureja hortensis L.
Food Chem Toxicol. 179, 113969.

J. Rocha, R. Leandro, R. Direito, M. Gongalves, M. P. Duarte, A. Fernandes, B. Sepodes and M. E. Figueira
(2020). Attenuation of colonic injury and inflammation by administration of a phenolic extract of summer savory
(Satureja hortensis L.) in experimental inflammatory bowel disease in mice, Appl. Sci. 10(23), 8465.

N. Ulku Karabay—Yavasoglu, S. Baykan, B. Ozturk, S. Apaydin and I. Tuglular (2006). Evaluation of the
antinociceptive and anti-inflammatory activities of Satureja thymbra. L. Essential oil, Pharm. Biol., 44(8), 585-
591.

B. Lakusi¢, M. Risti¢, V. Slavkovska, J. Anti¢-Stankovi¢ and M. Milenkovi¢ (2008). Chemical composition and
antimicrobial activity of the essential oil from Satureja horvatii Sili¢ (Lamiaceae), J. Serb. Chem. Soc. 73(7),
703-711.

B. K. Kinoglu, T. Dirmenci, S. H. Alwasel, 1. Giilgin and A. C. Géren (2023). Quantification of main secondary
metabolites of Satureja icarica PH Davis (Lamiaceae) by LC-HRMS and evaluation of antioxidant capacities, J.
Chem. Metrol. 17(2), 199-214.

S. Firoozi, M. Jamzad and M. Yari (2016). Biologically synthesized silver nanoparticles by aqueous extract of
Satureja intermedia CA Mey and the evaluation of total phenolic and flavonoid contents and antioxidant activity,
J. Nanostruct. Chem. 6, 357-364.

I. Sadeghi, M. Yousefzadi, M. Behmanesh, M. Sharifi and A. Moradi (2013). In vitro cytotoxic and antimicrobial
activity of essential oil from Satureja intermedia, Iran Red. Crescent Med. J. 15(1), 70.

A. Ebadollahi, E. Taghinezhad, W. N. Setzer and G. Chen (2021). Susceptibility of Tribolium castaneum
(Coleoptera: Tenebrionidae) to the fumigation of two essential Satureja oils: Optimization and

modeling, Processes, 9(7), 1243.

M. J. Jordan, P. Sanchez-Gomez, J. F. Jiménez, M. Quilez and J. A. Sotomayor (2010). Chemical composition
and antiradical activity of the essential oil from Satureja intricata, S. obovata and their hybrid Satureja x
delpozoi, Nat. Prod. Commun. 5(4), 1934578X1000500428.

B. Aghaaliakbari, M.M. Mojtahedi, R. Hajiaghaee, M. S. Abaee, M. Mofasseri, R. Ghafarzadegan and S.
Tavakoli (2024). Isolation, Purification, Identification, and Biological Evaluation of Some Components of
Satureja Isophylla Rech. f. Iran, J. Chem. Chem. Eng. (IJCCE) 43(10), 3651-3661.

G. Hasanshahi, H. Abbasipour, F. Jahan, A. Askarianzadeh, J. Karimi and F. Rastegar (2016). Fumigant toxicity
and nymph production deterrence effect of three essential oils against two aphid species in the laboratory
condition, J. Essent. Oil-Bear. Plants 19(3), 706-711.

N. Hassanabadi, Z. M. Meymand, A. Ashrafzadeh and F. Sharififar (2024). Antioxidant and cytotoxicity activity
of a nanoemulsion from Satureja kermanica (Lamiaceae), Ann. Pharm. Fr. 82(4), 645-653.



[73]

[74]

[75]

[76]

[77]

[78]

[79]

(80]

[81]

(82]

(83]

(84]
(85]
(86]
[87]

(88]

(89]

[90]

[91]

[92]

422
Biological utliziation of the genus Satureja

M. Payandeh, M. Ahmadyousefi, H. Alizadeh and M. Zahedifar (2022). Chitosan nanocomposite incorporated
Satureja kermanica essential oil and extract: Synthesis, characterization and antifungal assay, Int. J. Biol.
Macromol. 221, 1356-1364.

H. Hashemi, B. Ebrahimi, F. H. Awlgadr, N. S. Ov, H. Ebdali, Z. Sarlak, L. Bahrami and R. Mohammadi
(2025). Gelatin-Chitosan Based Composite Films Enriched with Satureja kermanshahensis Jamzad Essential Oil
Nanoemulsion and Carbon Dots: Characterization and Functional Properties, J. Environ. Polym. Degrad. 33(3),
1292-1307.

M. Amanlou, M. R. Fazeli, A. Arvin, H. G. Amin and H. Farsam (2004). Antimicrobial activity of crude
methanolic extract of Satureja khuzistanica, Fitoterapia, 75(7), 768-770.

H. Sahraei, A. Gharzi, H. Amiri, M. Abbasi and M. Gholami (2016). Wound healing effect of Satureja
khuzistanica and Satureja rechingeri ethanolic extracts in NMRI adult mice, Zahedan J Res Med Sci. 18(5),
€6665.

M. Malmir, S. Encarnacdo, D. Sousa, R. Serrano, A. R. Gohari and O. Silva (2014). Phytochemical
characterization, antioxidant and a-and B-glucosidase inhibitory potential of Satureja khuzestanica leaf
traditional herbal preparations, Planta Med. 80(16), P2B19.

Z. Mohammadi-Ziveh, S. A. Mirhosseini and H. M. Hosseini (2020). Satureja khuzestanica mediated synthesis
of silver nanoparticles and its evaluation of antineoplastic activity to combat colorectal cancer cell line, Iran J.
Pharm. Res. 19(4), 169.

F. Beyranvand, A. Gharzi, A. Abbaszadeh, R. M. Khorramabadi, M. Gholami and A. M. Gharravi (2019).
Encapsulation of Satureja khuzistanica extract in alginate hydrogel accelerate wound healing in adult male

rats, Inflamm. Regen. 39, 1-12.

P. Ramak, F. Ghanbari and A. A. Shayan (2020). Influence of sodium pyrophosphate on carvacrol biosynthesis
in Satureja khuzistanica Jamzad, and its effects on antioxidant, cytotoxic and antibacterial activity against
periodontal bacteria, Plant Cell Tissue Organ Cult. 141, 361-370.

B. Ezatpour, N. Dorosti, E. Rezaee and F. Ghaziani (2023). Comparison of the chemical composition and
biological activities of essential oils from two Satureja species: Molecular docking studies, J. Mex. Chem.

Soc. 67(1), 70-81.

E. Abbasloo, F. Dehghan, M. Khaksari, H. Najafipour, R. Vahidi, S. Dabiri, G. Sepehri and G. Asadikaram
(2016). The anti-inflammatory properties of Satureja khuzistanica Jamzad essential oil attenuate the effects of
traumatic brain injuries in rats, Sci. Rep. 6(1), 31866.

A. T. Saroukolai, G. Nouri-Ganbalani, H. Rafiee-Dastjerdi and J. Hadian (2014). Antifeedant activity and
toxicity of some plant essential oils to colorado potato beetle, Leptinotarsa decemlineata Say (Coleoptera:
Chrysomelidae), Plant Prot. Sci. 50(4), 207-216.

H. Ahmadvand (2014). Amelioration of altered antioxidant enzyme activity by Satureja khuzistanica essential
oil in alloxan-induced diabetic rats, Chin. J. Nat. Med. 12(9), 672-676.

A. Nabigol (2011). Chemical composition and anti-fungal activities of three essential oils from Satureja spp. on
four post-harvest pathogens of strawberry fruit, J. Hortic. Sci. Biotechnol. 86(4), 371-376.

M. Yousefzadi, A. Riahi-Madvar, J. Hadian, F. Rezaee, R. Rafiee and M. Biniaz (2014). Toxicity of essential oil
of Satureja khuzistanica: In vitro cytotoxicity and anti-microbial activity, J. Immunotoxicol. 11(1), 50-55.

A. Ahmadi, S. B. Chafjiri and R. A. Sadrkhanlou (2017). Effect of Satureja khuzestanica essential oil against
fertility disorders induced by busulfan in female mice, Vet. Res. Forum 8(4), 281.

S. Vosough-Ghanbari, R. Rahimi, S. Kharabaf, S. Zeinali, A. Mohammadirad, S. Amini, N. Yasa, A. Salehnia,
T. Toliat, S. Nikfar, B. Larijani and M. Abdollahi (2010). Effects of Satureja khuzestanica on serum glucose,
lipids and markers of oxidative stress in patients with type 2 diabetes mellitus: A double-blind randomized
controlled trial, Evid. Based Complement Alternat. Med. 7(4), 465-470.

B. Sadeghi-Nejad, A. Rezaei-Matehkolaei and S. Y. Naanaie (2017). Isolation and antifungal activity evaluation
of Satureja khuzestanica Jamzad extract against some clinically important dermatophytes, J. Mycol. Med. 27(4),
554-560.

P. Nasimi, M. R. Tabandeh and S. Roohi (2018). Busulfan-mediated oxidative stress and genotoxicity decrease
in sperm of Satureja Khuzestanica essential oil-administered mice, Syst. Biol. Reprod. Med. 64(5), 348-357.

G. Ghazanfari, B. Minaie, N. Yasa, L. A. Nakhai, A. Mohammadirad, S. Nikfar, G. Dehghan, V. S. Boushehri,
H. Jamshidi, R. Khorasani, A. Salehnia and M. Abdollahi (2006). Biochemical and histopathological evidences
for beneficial effects of Satureja Khuzestanica Jamzad essential oil on the mouse model of inflammatory bowel
diseases, Toxicol. Mech. Methods 16(7), 365-372.

K. Gopéevié, S. Gruji¢, J. Arsenijevié, 1. Karadzi¢, L. Izrael-Zivkovié¢ and Z Maksimovié¢ (2019). Phytochemical
properties of Satureja kitaibelii, potential natural antioxidants: A new insight, Plant Foods Hum. Nutr. 74, 179-
184.



[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]
[105]

[106]

[107]
[108]

[109]

[110]

[111]

[112]

[113]

423

Kartal et.al., Rec. Nat. Prod. (2025) 19:S1 400-427

G. S. Cetkovi¢, J. M. Canadanovié-Brunet, S. M. Djilas, V. T. Tumbas, S. L. Markov and D. D. Cvetkovi¢
(2007). Antioxidant potential, lipid peroxidation inhibition and antimicrobial activities of Satureja montana L.
subsp. kitaibelii extracts, Int. J. Mol. Sci. 8(10), 1013-1027.

T. Mihajilov-Krstev, D. Kiti¢, D. Radnovi¢, M. Risti¢, M. Mihajlovi¢-Ukropina and B. Zlatkovi¢ (2011).
Chemical composition and antimicrobial activity of Satureja kitaibelii essential oil against pathogenic microbial
strains, Nat. Prod. Commun. 6(8), 1934578X1100600832.

M. Aéimovi¢, V. Seregelj, O. Sovljanski, V. T. Saponjac, J. S. Gaji¢, T. Brezo-Borjan and L. Pezo (2021). In
vitro antioxidant, antihyperglycemic, anti-inflammatory, and antimicrobial activity of Satureja kitaibelii Wierzb.
ex Heuff. subcritical water extract, Ind Crops Prod. 169, 113672.

D. Trifonova, A. Gavrilova, G. Dyakova, G. Gavrilov, M. Yotova and S. Nikolov (2021). Preliminary in vitro
study of anti-oxidant activity and anti-diabetic potential of plant extracts from 4 herbal substances not
traditionally used for treatment of diabetes mellitus, Pharmacia, 68, 755-762.

M. Nikolova, A. Lyubenova, E. Yankova-Tsvetkova, B. Georgiev, G. Gavrilov and A. Gavrilova (2025).
Satureja kitaibelii Essential Oil and Extracts: Bioactive Compounds and Pesticide Properties, Agronomy, 15(2),
357.

T. Stanojkovi¢, B. Kolundzija, A. D. Ciri¢, M. Sokovi¢, D. Nikoli¢ and T. Kundakovié (2013). Cytotoxicity and
antimicrobial activity of Satureja kitaibelii Wierzb. ex Heuff (Lamiaceae), Dig. J. Nanomater. Biostructures
8(2), 845-854.

A. Sonboli, A. Fakhari, M. R. Kanani and M. Yousefzadi (2004). Antimicrobial activity, essential oil
composition and micromorphology of trichomes of Satureja laxiflora C. Koch from Iran, Z. Naturforsch. C J
Biosci, 59(11-12), 777-781.

F. Jafari, F. Farmani, K. Zomorodian, M. Moein, P. Faridi and M. M. Zarshenas (2018). A study on essential oil
chemical compositions, antioxidant, and antimicrobial activities of native and endemic Satureja species growing
in Iran, Pharm. Chem. J. 52, 63-68.

M. Akdeniz, I. Yener, A. Ertas, M. Firat, B. Resitoglu, N. Hasimi and S. Oksuz (2021). Biological and chemical
comparison of natural and cultivated samples of Satureja macrantha CA Mey, Rec. Nat. Prod, 15(6), 568-584.
B. N. Aghbash, G. Dehghan, A. Movafeghi, A. H. Talebpour, M. Pouresmaeil, F. Maggi and M. Sabzi Nojadeh
(2021). Chemical compositions and biological activity of essential oils from four populations of Satureja
macrantha CA Mey, J. Essent. Oil Res. 33(2), 133-142.

B. N. Aghbash, M. Pouresmaeil, G. Dehghan, M. S. Nojadeh, H. Mobaiyen and F. Maggi (2020). Chemical
composition, antibacterial and radical scavenging activity of essential oils from Satureja macrantha CA Mey. at
different growth stages, Foods, 9(4), 494.

S. Carikci, A. C. Goren, T. Dirmenci, B. Yalcinkaya, A. Erkucuk and G. Topcu (2020). Composition of the
essential oil of Satureja metastasiantha: a new species for the flora of Turkey, ZNB. 75(7-8), 271-7.

G. Stanic and 1. Samarzija (1993). Diuretic Activity of Satureja montana subsp. montana extracts and oil in

rats, Phytother. Res. 7(5), 363-366.

G. Caprioli, G. Lupidi and F. Maggi (2019). Comparison of chemical composition and antioxidant activities of
two Winter savory subspecies (Satureja montana subsp. variegata and Satureja montana subsp. montana)
cultivated in Northern Italy, Nat. Prod. Res. 33(21), 3143-3147.

M. Zavatti, P. Zanoli, A. Benelli, M. Rivasi, C. Baraldi and M. Baraldi (2011). Experimental study on Satureja
montana as a treatment for premature ejaculation, J. Ethnopharmacol. 133(2), 629-633.

C. Serrano, O. Matos, B. Teixeira, C. Ramos, N. Neng, J. Nogueira and A. Marques (2011). Antioxidant and
antimicrobial activity of Satureja montana L. extracts, J. Sci. Food Agric. 91(9), 1554-1560.

T. Mihajilov-Krstev, D. Radnovi¢, D. Kiti¢, V. Jovanovi¢, V. Miti¢, Z. Stojanovi¢-Radi¢ and B. Zlatkovi¢ (2014).
Chemical composition, antimicrobial, antioxidative and anticholinesterase activity of Satureja montana L. ssp
montana essential oil, Open Life Sci. 9(7), 668-677.

N. B. Vilmosh, D. P. Delev, I. D. Kostadinov, H. I. Zlatanova, M. T. Georgieva-Kotetarova, I. K. Kandilarov and
I. I. Kostadinova (2023). Effect of methanol aqueous extract of Satureja montana and two of its bioactive
components on memory in rats, Trop. J. Pharm. Res. 22(1), 129-134.

M. Kuli¢, D. Drakul, D. Sokolovi¢, J. Kordi¢-Bojinovi¢, S. Milovanovi¢ and D. Blagojevi¢ (2023). Essential Oil
of Satureja montana L. from Herzegovina: Assessment of Composition, Antispasmodic, and Antidiarrheal
Effects, Rec. Nat. Prod. 17(3), 536-548.

A. C. Reis, I. F. M. Konig, D. A. D. C. S Rezende, R. R. P. Gongalves, A. D. S. Lunguinho, J. C. S. Ribeiro, M.
D. Cardoso and R. N. Remedio (2021). Cytotoxic effects of Satureja montana L. essential oil on oocytes of
engorged Rhipicephalus microplus female ticks (Acari: Ixodidae), Microsc. Res. Tech. 84(7), 1375-1388.

A. M. Abd El Tawab, N. N. Shahin and M. M. AbdelMohsen (2014). Protective effect of Satureja montana extract
on cyclophosphamide-induced testicular injury in rats, Chem. Biol. Interact. 224, 196-205.



[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

424
Biological utliziation of the genus Satureja

T. Kundakovi¢, T. Stanojkovi¢, B. Kolundzija, S. Markovi¢, B. Sukilovié¢, M. Milenkovi¢ and B. Lakusi¢ (2014).
Cytotoxicity and antimicrobial activity of the essential oil from Satureja montana subsp. pisidica (Lamiceae), Nat.
Prod. Commun. 9(4), 1934578X1400900437.

K. A. Abdelshafeek, A. F. Osman, S. M. Mouneir, A. A. Elhenawy and W. E. Abdallah (2023). Phytochemical
profile, comparative evaluation of Satureja montana alcoholic extract for antioxidants, anti-inflammatory and
molecular docking studies, BMC Complement Altern. Med. 23(1), 108.

F. V. Silva, A. Martins, J. Salta, N. R. Neng, J. M. Nogueira, D. Mira, N. Gaspar, J. Justino, C. Grosso, J. S. Urieta,
A. M. S. Palavra and A. P. Rauter (2009). Phytochemical profile and anticholinesterase and antimicrobial activities
of supercritical versus conventional extracts of Satureja montana, J. Agric. Food Chem. 57(24), 11557-11563.

N. Vilmosh, D. Delev, I. Kostadinov, H. Zlatanova, M. Kotetarova, |. Kandilarov and I. Kostadinova (2022).
Anxiolytic effect of Satureja montana dry extract and its active compounds rosmarinic acid and carvacrol in acute
stress experimental model, J. Integr. Neurosci. 21(5), 124.

S. Sansalone, G. I. Russo, N. Mondaini, F. Cantiello, G. Antonini and T. Cai (2016). A combination of tryptophan,
Satureja montana, Tribulus terrestris, Phyllanthus emblica extracts is able to improve sexual quality of life in
patient with premature ejaculation, Arch. ital. urol. androl. 88(3), 171-176.

V. Dunki¢, N. Bezi¢, E. Vuko and D. Cukrov (2010). Antiphytoviral activity of Satureja montana L. ssp. variegata
(Host) PW Ball essential oil and phenol compounds on CMV and TMV, Molecules 15(10), 6713-6721.

M. Aéimovig, O. Sovljanski, L. Pezo, V. Travi€i¢, A. Tomi¢, V. D. Zheljazkov, G. Cetkovic, J. Svarc-Gajic, T.
Brezo-Borjan and I. Sofreni¢ 1. (2022). Variability in biological activities of Satureja montana subsp. montana
and subsp. variegata based on different extraction methods, Antibiotics 11(9), 1235.

J. Suéur, A. Popovi¢, M. Petrovi¢, G. Anackov, V. Bursi¢, B. Kiprovski, and D. Prvulovi¢ (2015). Allelopathic
effects and insecticidal activity of aqueous extracts of Satureja montana L., J. Serb. Chem. Soc. 80(4), 475-484.
F. Les, V. Galiffa, G. Casedas, C. Moliner, F. Maggi, V. Loépez and C. Gomez-Rincén (2024). Essential Qils of
Two Subspecies of Satureja montana L. against Gastrointestinal Parasite Anisakis simplex and
Acetylcholinesterase Inhibition, Molecules 29(19), 4640.

H. Miladi, R. Ben Slama, D. Mili, S. Zouari, A. Bakhrouf and E. Ammar (2013). Chemical composition and
cytotoxic and antioxidant activities of Satureja montana L. essential oil and its antibacterial potential against
Salmonella spp. strains, J. Chem. 2013(1), 275698.

M. A. Elgndi, S. Filip, B. Pavli¢, J. Vladi¢, T. Stanojkovié, Z. Zizak and Z. Zekovié (2017). Antioxidative and
cytotoxic activity of essential oils and extracts of Satureja montana L., Coriandrum sativum L. and Ocimum
basilicum L. obtained by supercritical fluid extraction, J. Supercrit. Fluids 128, 128-137.

G. Benelli, R. Pavela, A. Canale, K. Cianfaglione, G. Ciaschetti, F. Conti, M. Nicoletti, S. Senthil-Nathan, H.
Mehlhorn and F. Maggi (2017). Acute larvicidal toxicity of five essential oils (Pinus nigra, Hyssopus officinalis,
Satureja montana, Aloysia citrodora and Pelargonium graveolens) against the filariasis vector Culex
quinquefasciatus: Synergistic and antagonistic effects, Parasitol. Int. 66(2), 166-171.

A. Michaelakis, S. A. Theotokatos, G. Koliopoulos and N. G. Chorianopoulos (2007). Essential oils of Satureja
species: insecticidal effect on Culex pipiens larvae (Diptera: Culicidae), Molecules 12(12), 2567-2578.

N. Vilmosh, M. Kotetarova, H. Zlatanova, |. Kandilarov, N. Yanchev, D. Delev and I. Kostadinov (2021). 34th
European-College-of-Neuropsychopharmacology (ECNP) Congress on Early Career Scientists in Europe,
Lisbon, Portugal.

M. Nikoli¢, K. K. Jovanovi¢, T. Markovi¢, D. Markovi¢, N. Gligorijevi¢, S. Radulovi¢ and M. Sokovi¢ (2014).
Chemical composition, antimicrobial, and cytotoxic properties of five Lamiaceae essential oils, Ind. Crops Prod.
61, 225-232.

S. A. Moreira, S. Silva, E. Costa, S. Pinto, B. Sarmento, J. A. Saraiva and M. Pintado (2020). Effect of high
hydrostatic pressure extraction on biological activities and phenolics composition of winter savory leaf
extracts, Antioxidants 9(9), 841.

J. Behravan, M. Ramezani, J. Kasaian and Z. Sabeti (2004). Antimycotic activity of the essential oil of Satureja
mutica Fisch & CA Mey from Iran, Flavour Fragr. J. 19(5), 421-423.

F. Moridikia, M. Ghaedi, S. A. Khosravania, S. S. Khoramrooz, R. Mohseni, M. Zoladl and A. Sharifi (2022).
The influence of hydro alcoholic extract of Satureja mutica zinc Oxide nanoparticle and zinc complex against
coagulase gene expression on standard and clinical isolated of methicillin resistant Staphylococcus aureus, J.
COMPUT. APPL. MECH. 53(1), 41-54.

S. Barzegar, M. R. Zare, F. Shojaei, Z. Zareshahrabadi, O. Koohi-Hosseinabadi, M. J. Saharkhiz, A. Iraji, K.
Zomorodian and M. Khorram (2021). Core-shell chitosan/PVVA-based nanofibrous scaffolds loaded with
Satureja mutica or Oliveria decumbens essential oils as enhanced antimicrobial wound dressing, Int. J. Pharm.
597, 120288.

J. Hadian, M. Akramian, H. Heydari, H. Mumivand and B. Asghari (2012). Composition and in vitro antibacterial
activity of essential oils from four Satureja species growing in Iran, Nat. Prod. Res. 26(2), 98-108.



[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]
[143]

[144]

[145]

[146]

[147]

[148]
[149]
[150]

[151]

[152]

[153]

[154]

[155]

425

Kartal et.al., Rec. Nat. Prod. (2025) 19:S1 400-427

E. Fitsiou, 1. Anestopoulos, K. Chlichlia, A. Galanis, I. Kourkoutas, M. I. Panayiotidis and A. Pappa (2016).
Antioxidant and antiproliferative properties of the essential oils of Satureja thymbra and Satureja parnassica and
their major constituents, Anticancer Res. 36(11), 5757-5763.

N. Chorianopoulos, E. Evergetis, A. Mallouchos, E. Kalpoutzakis, G. J. Nychas and S. A. (2006). Characterization
of the essential oil volatiles of Satureja thymbra and Satureja parnassica: Influence of harvesting time and
antimicrobial activity, J. Agric. Food Chem, 54(8), 3139-3145.

0. Tzakou and H. Skaltsa (2003). Composition and antibacterial activity of the essential oil of Satureja parnassica
subsp. parnassica, Planta Med. 69(03), 282-284.

N. Chorianopoulos, E. Kalpoutzakis, N. Aligiannis, S. Mitaku, G. J. Nychas and S. A. Haroutounian (2004).
Essential oils of Satureja, Origanum, and Thymus species: chemical composition and antibacterial activities
against foodborne pathogens, J. Agric. Food Chem. 52(26), 8261-8267.

M. Farzaneh, H. Kiani, R. Sharifi, M. Reisi and J. Hadian (2015). Chemical composition and antifungal effects of
three species of Satureja (S. hortensis, S. spicigera, and S. khuzistanica) essential oils on the main pathogens of
strawberry fruit, Postharvest Biol. Technol. 109, 145-151.

B. K. Kinoglu, I. Giilgin and A. C. Géren (2024). Quantification of Secondary Metabolites of Satureja pilosa
(Lamiaceae) by LC-HRMS and Evaluation of Antioxidant and Cholinergic Activities, Rec. Nat. Prod. 18(6), 674-
686.

C. Panagiotidou, L. D. Burgers, C. Tsadila, C. Almpani, N. Krigas, D. Mossialos, M. C. Rallis, R. Fuerst and A.
Karioti (2023). HPLC-and NMR-based chemical profiling, wound-healing potential, anti-inflammatory and
antibacterial activities of Satureja pilosa (Lamiaceae), a neglected medicinal-aromatic herb, Plants 12(24), 4114.
V. Chegini, K. A. Noghabi, K. P. Afshari, M. Ebadi, M and K. A. Noghabi (2023). Biological synthesis of ZnO
nanoparticles using ethanolic extract of Satureja sahendica Bornm: its characterization and antimicrobial features,
Biomass Convers. Biorefin. 13(17), 16037-16048.

A. Gholamhosseinpour, S. M. B. Hashemi and D. Jafarpour (2023). Nanoemulsion of Satureja sahendica bornm

essential oil: Antibacterial and antioxidant activities, J. Food Meas. Charact. 17(1), 317-323.

M. Yousefzadi, A. Riahi-Madvar, J. Hadian, F. Rezaee and R. Rafiee (2012). In vitro cytotoxic and antimicrobial
activity of essential oil from Satureja sahendica, Toxicol. Environ. Chem. 94(9), 1735-1745.

K. Omarizadeh, M. R. Farahpour and M. Alipour (2021). Topical administration of an ointment prepared from
Satureja sahendica essential oil accelerated infected full-thickness wound healing by modulating inflammatory
response in a mouse model, Wounds 33(12), 321-328.

S. Hasanvandi, E. Neisi and M. H. Meshkat (2023). Comparative analysis of essential oils from two Satureja
species; extraction methods, chemical composition, and antimicrobial activities, Biocatal. Agric. Biotechnol. 50,
102731.

S. A. Hosseini, K. Karimzadeh, H. Mozafari, B. Sani and M. Mirza (2022). Cattle manure influences plant yield,
antioxidant capacity and essential oil quality of Sahandi savory (Satureja sahendica bornm.) under different plant
densities, The Int. J. Med. Plants By-Prod. 11(Special), 77-85.

A. Moghadam, M. Saidi, V. Abdossi, M. Mirab-Balou and Z. Tahmasebi (2018). Insecticidal effect of extracts
from six native plants on Bemisia tabaci and some physiological effects on cucumber as host plant, Pak. J. Agric.
Sci. 55(3), 563-568.

B. Sariboga and N. Sariboga (2011). Antimicrobial activity of various extracts of Satureja spicigera, Asian J.
Chem. 23(4), 1867-1868.

F. Eftekhar, F. Raei, M. Yousefzadi, S. N. Ebrahimi and J. Hadian (2009). Antibacterial activity and essential oil
composition of Satureja spicigera from Iran, Z Naturforsch C J Biosci. 64(1-2), 20-24.

T. Gokturk (2021). Chemical composition of Satureja spicigera essential oil and its insecticidal effectiveness on
Halyomorpha halys nymphs and adults, Z Naturforsch C J Biosci. 76(11-12), 451-457.

0. Eminagaoglu, B. Tepe, O. Yumrutas, H. A. Akpulat, D. Daferera, M. Polissiou and A. Sokmen (2007). The in
vitro antioxidative properties of the essential oils and methanol extracts of Satureja spicigera (K. Koch.) Boiss.
and Satureja cuneifolia ten, Food Chem. 100(1), 339-343.

E. Bektas, H. Sahin, A. O. Beldiiz and H. 1. Giiler (2022). HIV-1-RT inhibition activity of Satureja spicigera (C.
KOCH) BOISS. Aqueous extract and docking studies of phenolic compounds identified by RP-HPLC-DAD, J.
Food Biochem 46(4), e13921.

A. R. Gohari, S. N. Ostad, F. Moradi-Afrapoli, M. Malmir, S. Tavajohi, H. Akbari and S. Saeidnia (2012).
Evaluation of the cytotoxicity of Satureja spicigera and its main compounds, Sci. World J. 2012(1), 203861.

S. A. Jafari, J. Khorshidi, M. R. Morshedloo and F. Houshidari (2023). Comparative study on the quantity and
chemical composition of essential oil, antioxidant activity and total phenol content of some Iranian native Satureja
species under the same conditions, The Int. J. Med. Plants By-Prod. 12(3), 259-266.

E. Yildirim, S. Kordali and Yazici G (2011). Insecticidal effects of essential oils of eleven plant species from
Lamiaceae on Sitophilus granarius (L.) (Coleoptera: Curculionidae), Rom Biotech Lett 16, 6702-9.



[156]

[157]

[158]

[159]

[160]

[161]

[162]
[163]
[164]

[165]

[166]

[167]

[168]
[169]
[170]
[171]
[172]
[173]
[174]
[175]
[176]

[177]

[178]

[179]

426
Biological utliziation of the genus Satureja

N. G. Chorianopoulos, R. J. W. Lambert, P. N. Skandamis, E. T. Evergetis, S. A. Haroutounian and G. J. Nychas
(2006). A newly developed assay to study the minimum inhibitory concentration of Satureja spinosa essential oil,
J. Appl. Microbiol. 100(4), 778-786.

D. Kremer, I. J. Kosir, M. Z. Koncic, A. Cerenak, T. Potocnik, S. Srecec and I. Kosalec (2015). Antimicrobial and
antioxidant properties of Satureja montana L. and S. subspicata Vis.(Lamiaceae), Curr. Drug Targets 16(14),
1623-1633.

M. Skocibusic, N. Bezic and V. Dunkic (2006). Phytochemical composition and antimicrobial activities of the
essential oils from Satureja subspicata Vis. growing in Croatia, Food Chem 96(1), 20-28.

M. Bektasevi¢, 1. Carev, M. Roje, M. Jurin and O. Politeo (2017). Phytochemical composition and antioxidant
activities of the essential oil and extracts of Satureja subspicata vis. growing in Bosnia and Herzegovina, Chem.
Biodiversity 14(10), e1700239.

B. Kirkan, C. Sarikurkcu and R. Amarowicz (2019). Composition, and antioxidant and enzyme-inhibition
activities, of essential oils from Satureja thymbra and Thymbra spicata var. spicata, Flavour Fragr. J. 34(6), 436-
442,

T. Markovic, P. Chatzopoulou, J. Petrovi¢, M. Nikoli¢, J. Glamoclija, A. Ciri¢ and M. Sokovi¢ (2011). Chemical
analysis and antimicrobial activities of the essential oils of Satureja thymbra L. and Thymbra spicata L. and their
main components, Arch. Biol. Sci. 63(2), 457-464.

N. Bezi¢, M. Skocibusi¢ and V. Dunki¢ (2005). Phytochemical composition and antimicrobial activity of Satureja
montana L. and Satureja cuneifolia Ten. essential oils, Acta Bot. Croat. 64(2), 313-322.

M. Oztiirk (2012). Anticholinesterase and antioxidant activities of Savoury (Satureja thymbra L.) with identified
major terpenes of the essential oil, Food Chem. 134(1), 48-54.

A. Giweli, A. M. DZzami¢, M. Sokovi¢, M. S. Risti¢ and P. D. Marin (2012). Antimicrobial and antioxidant
activities of essential oils of Satureja thymbra growing wild in Libya, Molecules 17(5), 4836-4850.

S. Pani, C. Caddeo, C. Sanna, F. Pintus, S. Floris, R. Pons, A. Dupont and C. I. G. Tuberoso (2024). A Nano-
Based Approach to Deliver Satureja thymbra Essential Oil to the Skin: Formulation and Characterization,
Molecules 29(5), 1041.

H. Cetin, J. E. Cilek, E. Oz, E., L. Aydin, O. Deveci and A. Yanikoglu (2010). Acaricidal activity of Satureja
thymbra L. essential oil and its major components, carvacrol and y-terpinene against adult Hyalomma marginatum
(Acari: Ixodidae), Vet. Parasitol. 170(3-4), 287-290.

J. Glamoclija, M. Sokovic, J. Vukojevic, 1. Milenkovic and L. J. L. D. Van Griensven (2006). Chemical
composition and antifungal activities of essential oils of Satureja thymbra L. and Salvia pomifera ssp. calycina
(Sm.) Hayek, J. Essent. Oil Res. 18(1), 115.

N. Khalil, L. El-Jalel, M. Yousif and M. Gonaid (2020). Altitude impact on the chemical profile and biological
activities of Satureja thymbra L. essential oil, BMC complement. med. ther. 20, 1-11.

I. Karpouhtsis, E. Pardali, E. Feggou, S. Kokkini, Z. G. Scouras and P. Mavragani-Tsipidou (1998). Insecticidal
and genotoxic activities of oregano essential oils, J. Agric. Food Chem. 46(3), 1111-1115.

M. Dell’Agli, C. Sanna, P. Rubiolo, N. Basilico, E. Colombo, M. M. Scaltrito, M. O. Ndiath, L. Maccarone, D.
Taramelli, C. Bicchi, M. Ballero and E. Bosisio (2012). Anti-plasmodial and insecticidal activities of the essential
oils of aromatic plants growing in the Mediterranean area, Malar. J. 11, 1-10.

M. R. Loizzo, A. M. Saab, R. Tundis, G. A. Statti, F. Menichini, I. Lampronti, R. Gambari, J. Cinatl and H. W.
Doerr (2008). Phytochemical analysis and in vitro antiviral activities of the essential oils of seven Lebanon
species, Chem. Biodiversity 5(3), 461-470.

D. Vidic, S Cavar and M. Maksimovic (2010). Antioxidant activity of two Satureja species, Planta Med 76, 1227.
K. H. C. Baser, G. Tiimen, N. Tabanca and F. Demirci (2001). Composition and antibacterial activity of the
essential oils from Satureja wiedemanniana (Lallem.) Velen, Z. Naturforsch. 56(9-10), 731-738.

N. Yucel, B. Aslim and H. Ozdogan (2009). In vitro antimicrobial effect of Satureja wiedemanniana against
Bacillus species isolated from raw meat samples, J. Med. Food. 12(4), 919-23.

N. Yucel and B. Aslim (2011). Antibacterial activity of the essential oil of Satureja wiedemanniana against
Bacillus species isolated from chicken meat, Foodborne Pathog. Dis. 8(1), 71-6.

S. Aydmn, Y. Oztiirk, R. Beis and K. H. C. Baser (1996). Investigation of Origanum onites, Sideritis congesta and
Satureja cuneifolia essential oils for analgesic activity, Phytother. Res. 10(4), 342-344.

M. Amanlou, F. Dadkhah, A. Salehnia, H. Farsam and A.R. Dehpour (2005). An anti-inflammatory and anti-
nociceptive effects of hydroalcoholic extract of Satureja khuzistanica Jamzad extract, J. Pharm. Pharm. Sci. 8(1),
102-106.

E. Abdali, S. Javadi, M. Akhgari, S. Hosseini and D. Dastan (2017). Chemical composition and biological
properties of Satureja avromanica Maroofi, J. Food Technol. 54(3), 727-734.

F. Hooshidari, F. Sefidkon and M. Naderi (2017). The essential oils components of wild and cultivated Satureja
avromanica Maroofi in Kurdistan province of Iran, J. Hortic. Sci. 48(1), 149-159.



[180]
[181]
[182]
[183]
[184]
[185]
[186]
[187]
[188]
[189]
[190]
[191]

[192]

[193]

[194]

[195]

427

Kartal et.al., Rec. Nat. Prod. (2025) 19:S1 400-427

M. Kurkcuoglu, G. Tumen and K. H. C. Baser (2001). Essential oil constituents of Satureja boissieri from Turkey,
Chem. Nat. Compd. 37, 329-31.

E. Cacan, K. Kokten and O. Kilic (2018). Leaf fatty acid composition of some Lamiaceae taxa from Turkey, Prog
Nutr. 20, 231-6.

K. Kokten, S. Mokhtarzadeh, E. Cacan, M. A. Kutlu, S. Ozdemir and R. Ucar (2023). Fatty acid composition of
stems, leaves, flowers, and seeds of some medicinal plants, Riv. Ital. Sostanze Grasse. 100(2), 103-8.

H. Maral, M. Tiirk, T. Caligkan and S. Kirici (2017). Chemical composition and antioxidant activity of essential
oils of six Lamiaceae plants growing in Southern Turkey, Nat. Volatiles &Essent. Oils 4(4), 62-68.

H. Schulz, G. Ozkan, M. Baranska, H. Kriiger and M. Ozcan (2005). Characterisation of essential oil plants from
Turkey by IR and Raman spectroscopy, Vib. Spectrosc. 39(2), 249-56.

L. Tommasi, C. Negro, L. De Bellis and A. Miceli (2008). Essential oil variability of Satureja cuneifolia Ten.
growing wild in Southern Puglia (Italy), J. Essent. Oil Res. 20(4), 295-302.

M. Shanaida, O. Golembiovska, N. Hudz and P. P. Wieczorek (2018). Phenolic compounds of herbal infusions
obtained from some species of the Lamiaceae family, Curr. Issues Pharm. Med. Sci. 31(4), 194-9.

M. Nikolova and A. Dzhurmanski (2009). Evaluation of free radical scavenging capacity of extracts from
cultivated plants, Biotechnol. Biotechnol. Equip. 23(supl), 109-11.

V. Lagouri and D. Boskou (1996). Nutrient antioxidants in oregano, Int J Food Sci Nutr 47, 493-7.

A. C. Goren, G. Topgu, G. Bilsel, M. Bilsel, J. M. Wilkinson and H. M. Cavanagh (2004). Analysis of essential
oil of Satureja thymbra by hydrodistillation, thermal desorber, and headspace GC/MS techniques and its
antimicrobial activity, Nat. Prod. Res. 18(2), 189-195.

Y. Kan, U. S. Ucan, M. Kartal, M. L. Altun, S. Aslan, E. Sayar and T. Ceyhan (2006). GC-MS analysis and
antibacterial activity of cultivated Satureja cuneifolia Ten. essential oil, Turk J Chem, 30(2), 253-259.

E. Choulitoudi, A. Velliopoulou, D. Tsimogiannis and V. Oreopoulou (2020). Effect of active packaging with
Satureja thymbra extracts on the oxidative stability of fried potato chips, Food Packag. Shelf Life, 23, 100455.

J. Mudri¢, J. Arsenijevi¢, Z. Maksimovi¢, S. Ibri¢, K. Gopcevi¢ and J. Puri§ (2021). Tablet and capsule
formulations incorporating high doses of a dry optimized herbal extract: The case of Satureja kitaibelii, J. Drug.
Deliv. Sci. Technol, 66, 102776.

Cosing - Cosmetics Ingredients, European Commission. https://ec.europa.eu/growth/tools-databases/cosing/,
Accessed on: 2 May 2025.

A. Ejaz, S. Waliat, M. S. Arshad, W. Khalid, M. Z. Khalid, H. A. Rasul Suleria, M. I. Luca, C. Mironeasa, A.
Batariuc, M. Ungureanu-ITuga, I. Cotovan and S. A. Mironeasa (2023). A comprehensive review of summer savory
(Satureja hortensis L.): promising ingredient for production of functional foods, Front. Pharmacol. 14, 1198970.
M. H. Seyedtaghiya, B. N. Fasaei and S. M. Peighambari (2021). Antimicrobial and antibiofilm effects of Satureja
hortensis essential oil against Escherichia coli and Salmonella isolated from poultry, Iran J. Microbiol. 13(1), 74.

ACG

publications
© 2025ACG Publications



	Figure 1. A) Satureja cuneifolia, B) S. macrantha C) S. coerulea, D) S. icarica, E) S. coerulea
	F) S. icarica, G) S. aintabenthis (Photo: Prof. Dr. Tuncay Dirmenci from the private archive © 2025)
	References

