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Thymus saturejoides is an endemic species of the Lamiaceae family, native to Morocco and 
Algeria with a restricted distribution to the High Atlas, Middle Atlas, Anti-Atlas, Middle At-
lantic Morocco, and the Saharan Atlas regions of Morocco, and the Aures Mountains in Al-
geria. This research focused on taxonomy, ethnobotany, chemical compounds, and biologi-
cal and pharmacological actions of T. saturejoides. Folk medicine has documented continued 
use of this plant species. The review summarises the scientific literature and experimental 
research from the databases including Google Scholar, Semantic Scholar, ResearchGate, 
Academia.edu, PubMed, and PubFacts. Finally, we have provided a complete document on 
ethnobotany, phytochemistry, and biological properties fields of T. saturejoides.
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INTRODUCTION

Medicinal wild plants have been adopted worldwide by indigenous 
communities, playing a crucial role in the therapy of human and livestock 
diseases (Batanouny et al. 1999). Herbal remedies are in high demand right 
now, and their popularity is growing by the day (Oga et al. 2016, Singh and 
Jawaid 2012, Verma and Singh 2008). The majority of current medications 
have been developed from isolated components of medicinal plants based on 
ethno pharmacological usage in recent years (Heinrich 2010, Houghton 1995). 
Due to the biologically chemical ingredients present in them, medicinal plants 
have antioxidant, antimicrobial, and therapeutic properties (Hosseinzadeh et 
al. 2015, Silva and Fernandes Júnior 2010), especially those species of Lamiace-
ae family (e.g. Perrino et al. 2021, Valerio et al. 2021); and may be extensively 
employed, as they are effective as synthetic drugs (Mgbeahuruike et al. 2017).
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Thymus L. belongs to the Lamiaceae family, which includes over 215 spe-
cies of herbaceous perennials and small shrubs worldwide. They are native to 
the Mediterranean area (Ghasemi Pirbalouti et al. 2015, Stahl-Biskup and Sáez 
2002). Thymus thrives in a moderate to warm, dry, sunny environment with 
little to no shade. It requires full sunlight to flourish to its maximum capacity. 
Thymus plants commonly grow on rocks or stones. Therefore, they must have 
well-drained soils. It grows best on light, well-drained soils with a pH of be-
tween 5 and 8. Thyme species thrive on gritty, rocky soils unsuited for a wide 
variety of other plants (Morales 2002, Stahl-Biskup and Sáez 2002). Thymus 
aerial parts and active compounds are widely utilized as therapeutic herbs. 
This genus is one of the most popular worldwide because of its volatile in-
gredients. Carvacrol and thymol are the primary constituents of most Thymus 
essential oils. Thymus essential oil has antioxidant, antiseptic, antimicrobial, 
antifungal, and antiparasitic properties (Lawrence and Tucker 2002, Li et al. 
2019, Morales 1997, Nabavi et al. 2015).

T. saturejoides Coss. is a perennial shrub (10–60 cm in height) belonging to 
the Lamiaceae family and the genus Thymus. Therefore, this medicinal plant 
occurs in a few major floristical divisions, including Saharan Atlas (Grouz), 
Anti-Atlas (Kest), High Atlas (Ait M’hamed, Valley Amazmiz, Ait Mezan, 
Seksaoua, Matouga, Tezah), Middle Atlas, and Middle Atlantic of Morocco 
(Abda, Souss, Titeki) (Chambouleyron et al. 2015, Dobignard and Chatelain 
2010, Fennane and Ibn Tattou 2005). It is mentioned in the USAID-funded 
National Development Strategy for the aromatic and medicinal plants sector, 
which aims to enable the sector to shift from supplying raw materials to a 
genuinely industrial sector.

T. saturejoides, often known as “Zaâitra”, is a Moroccan medicinal plant 
used to treat whooping bronchitis, cough, and rheumatism through infusions 
and decoctions. Antimicrobial antitoxic, analgesic, anticoagulant, and antimy-
cobacterial activities of this medicinal plant have been demonstrated. Besides, 
this medicinal plant is employed in the cosmetic, aromatic flavouring, essen-
tial oils, and perfume food industries, and also for the preservation of many 
food products (Aicha et al. 2013, Al Faız et al. 2006, Bellakhdar 1997, 2006). The 
present research summarises the traditional uses, taxonomy, phytochemical 
constituents, and pharmacological benefits of T. saturejoides.

RESULTS

Botanical description

T. saturejoides, known as thyme in English and Zaâitra in Arabic (Tables 
1 and 2), is an upright shrub, up to 60 cm tall, with many branches (Rankou 
et al. 2020). The leaves are spatulate, the inflorescence is composed of loose 
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glomeruli, and the corolla 
is pink or pale pink (Fig. 1). 
It reproduces both sexually 
(seed) and asexually (stem 
splinter, cuttings, and lay-
ering). The flowers are or-
ganized in ovoid glomer-
ules (Fig. 2). The corolla is 
bilabiate (0.5 cm) with whit-
ish or pink petals (Aicha 
et al. 2013, El-Bakkal et al. 

2020, Zenasni et al. 2014). The most common types of dissemination are grav-
ity (barochore), wind (anemochore), water (idrochore), birds (ornithochore), 
bats (chiropterochore), insects (entomochore), and humans. Do not confuse T. 
saturejoides Coss. with Thymus pallidus Coss. ex Batt. which is marked by small 
white flowers and small, uncut leaves at the top.

Table 1 
Taxonomy of Thymus saturejoides Coss.

Kingdom Plantae
Phylum Tracheophyta
Division Magnoliophyta
Class Magnoliopsida
Order Lamiales
Family Lamiaceae
Tribus Mentheae
Genus Thymus L.
Species Thymus saturejoides Coss.
Synonyms Origanum saturejoides (Coss.) Kuntze 

Thymus pseudomastichina (Ball) Murb. 
Thymus saturejoides subsp. pseudomas-
tichina (Ball) Dobignard 
Thymus saturejoides Coss. subsp. 
saturejoides

Table 2 
Common names for thyme

Language Common names
Amazigh Tazukennit
Arabic Zaâitra
English Thyme
French Thym saturéoïde

Fig. 1. T. saturejoides in the southwest region of Morocco (Peltier 2019)
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Traditional uses

Traditional medicine has remained the most economical and readily 
available form of therapy in resource-poor societies’ primary health care sys-
tems. Traditional herbal remedies rely on medicinal plants, and many con-
temporary medications are derived indirectly from them (Karunamoorthi et 
al. 2013, Maroyi 2013, Tyler 1999). Plants have been used medicinally for thou-
sands of years. According to texts, the medicinal usage of plants dates back to 
4,000–5,000 BC, and the Chinese were the first to employ natural herbal con-
coctions as medicines (Hosseinzadeh et al. 2015). Traditional usage of herbal 
medicines indicates a long history of use, which is undoubtedly true for many 
items marketed as “traditional herbal medicines”. In many developing coun-
tries, a considerable part of the indigenous peoples depends on traditional 
medicine and medicinal plants to address their health-care requirements 
(Clark 1996). Natural products have played an essential role in the treatment 
and prevention of human ailments all over the globe. There has been a surge 
of interest in natural product chemistry studies in the latest years (Clark 1996, 
Newman et al. 2000). This degree of interest is due to several causes, including 
the astonishing variety of chemical structures and biological activity seen in 
naturally occurring secondary metabolites and the development of sophis-

Fig. 2. Inflorescence of T. saturejoides (Peltier 2019)
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ticated tools for detecting biologically active natural products (Hosseinza-
deh et al. 2015). Medicinal plants are sources of novel pharmaceuticals, and 
a substantial portion of contemporary medicine is derived indirectly from 
plants (Suzuki 2004). Many conventional healthcare professionals no longer 
hesitate to offer plants, herbal supplements, or complementary or alternative 
medicine (CAM) therapy to their patients to treat specific ailments efficiently. 
There are around 250,000 flowering plant species, according to estimates (Chi 
1994, Farnsworth 1990, Jones et al. 2006, Newman et al. 2000).

T. saturejoides is a flowering plant in the Lamiaceae mint family. The thy-
mus is a medicinal plant frequently utilised in the food and pharmaceutical 
sectors. T. saturejoides is more often used in therapeutic dose forms than other 
Thymus species (Ghasemi Pirbalouti et al. 2015). In traditional medicine, T. sa-
turejoides is grown in many nations by most people, particularly those in rural 
regions who rely on herbal treatments to cure various ailments (Bellakhdar 
1997, Chaachouay et al. 2020). It is considered an essential flavouring agent, 
generally used in herbal tea, very much appreciated for its tonic and stimu-
lant properties (Bellakhdar 1997). Besides, the species is a widely used natu-
ral remedy, and the leaves were largely employed as aromatic and cosmetic 
(Bellakhdar 2006). This thyme species is a well-known aromatic shrub used 
extensively throughout the Mediterranean basin as a culinary herb in herbal 
medicine for the treatment of a range of ailments, including gastric ulcers, 

carvacrol borneol camphene γ-terpinene p-cymene

(e)-caryophyl-
lene

α-pinene carvacrol me-
thyl ether

linalool α-terpineol

Fig. 3. Chemical structure of ten major compounds present in T. saturejoides
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anti-diabetic, whooping cough, 
bronchitis, rheumatism respira-
tory and digestive tracts disease 
(Aicha et al. 2013, Chaachouay 
et al. 2021, Chaachouay and Zi-
dane 2019, El Azzouzi and Zi-
dane 2015, El HassaniM et al. 
2013, Fouad and Lahcen 2020, 
Ouhaddou et al. 2014).

Phytochemistry

More than 150 natural 
products have been isolated and 
identified from diverse parts 
of T. saturejoides. Among them, 
flavonoids, terpenoids, tannins, 
quinones, saponins, and phe-
nolic acids are considered to be 
major categories of compounds, 
some of which exhibit potential 
biological activities in vitro and 
in vivo (Table 3).

The abundant chemical 
components in T. saturejoides are 
carvacrol, borneol, camphene, 
γ-terpinene, p-cymene, (e)-car-
yophyllene, α-pinene, carvac-
rol methyl ether, linalool, and 
α-terpineol.

BIOLOGICAL ACTIVITIES

Antimycobacterial activity

The antibacterial activ-
ity T. saturejoides was evaluated 
against. Three bacterial strains: 
Pseudomonas aeruginosa (ATCC® 
9027), Staphylococcus aureus 
(ATCC®6538), and Escherichia 
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coli (ATCC® 8739), and two fungal strains: Candida albicans (ATCC®10231), 
and Aspergillus brasiliensis (ATCC®16404) by using disc diffusion method 
EUCAST with some modifications, as reported by (Taarabt et al. 2021). Es-
sential oil activity was assessed, by measuring the inhibition zone diameters, 
including the diameter of discs. The results indicated that maximum activ-
ity was observed against Escherichia coli (13.00 mm). Moderate activity was 
observed against Staphylococcus aureus, with an inhibition zone of (8.50 mm). 
Pseudomonas aeruginosa was considered resilient since a small inhibition zone 
(7.50 mm) was observed (Taarabt et al. 2021).

In another study, essential oils from thyme were tested for antimyco-
bacterial activity against three standard strains: Escherichia coli (ATCC 25922), 
Staphylococcus aureus (ATCC 29213), Pseudomonas aeruginosa (ATCC 27853), 
and five clinically isolated strains: Escherichia coli, Staphylococcus aureus, Pseu-
domonas aeruginosa, Enterobacter cloacae, Enterococcus faecium (Sbayou et al. 
2016). The antimicrobial activity of T. saturejoides essential oil against eight 
species of microorganisms was assessed by evaluating the diameter of the 
inhibition zones and the measurement of minimum inhibitory concentration 
(MIC) and minimum bactericidal concentration (MBC) values. T. saturejoides 
essential oil inhibited the growth of all the tested microorganisms, includ-
ing the clinically derived strains, except Pseudomonas aeruginosa. According 
to the disc diffusion results, the inhibition zones of bacteria ranged from 0 ± 0 
to 23 ± 0 mm. The MBC values were equivalent to the MIC values, confirming 
the bactericidal effect of the essential oil tested. Staphylococcus aureus ATCC 
29213 was the most sensitive strain with MIC = MBC = 0.312 μl/ml (Sbayou 
et al. 2016).

Antioxidant activity

Many investigations have discovered the antioxidant activity of es-
sential oil of T. saturejoides by different test systems – namely 2,2-diphenyl-
1-picrylhydrazyl (DPPH), β-carotene/linoleic acid, ABTS assay, and TBARS 
assays (Junejo et al. 2018). The reduction ability of DPPH radical formation 
was determined by the decrease in its absorbance at 517 nm induced by an-
tioxidants. In a research study, the tested essential oils exhibit a strong re-
duction of DPPH radical (IC50 = 0.25 ± 0.03 mg/mL) compared with ascorbic 
acid (IC50 = 0.25 ± 0.03 mg/mL) as standard antioxidant (Junejo et al. 2018). 
However, the β-carotene/linoleic acid assay showed a moderate antioxidant 
capacity (I% = 81.78 ± 0.37%) compared to BHT (I% = 98.13 ± 0.94%) as posi-
tive control (Junejo et al. 2018). These strong antioxidant activities might be 
caused by the high content of phenol compounds and flavonoids, which have 
been reported to be implicated in free radical scavenging (Junejo et al. 2018). 
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In another work, the antioxidant activity was carried out using ABTS assay, 
which measures the ability of antioxidants to scavenge the (ABTS+•) radical 
generated in the aqueous phase. As revealed in the study of El Hamdani et 
al. (2015), T. saturejoides exhibit a potent antioxidant activity (IC50 = 14.65 μg/
mL). These scavenging abilities are much lower than that of ascorbic acid used 
as a reference antioxidant (IC50 = 1.96 μg/mL) (El Hamdani et al. 2015).

Anti-inflammatory activity

The anti-inflammatory activity of thyme has been studied in a number 
of ways, including the investigation conducted by Ismaili et al. (2004). Four 
extracts at increasing polarity were prepared from the leaves of T. saturejoides 
and assayed for the in vivo topical anti-inflammatory effect using the croton 
oil ear test in mice, at the dose of 300 g/cm2. As reported by some authors (Is-
maili et al. 2004), all the less polar extracts exerted some anti-inflammatory ac-
tivity, inducing 24% (hexane), 29% (chloroform-methanol), and 65% (chloro-
form) edema inhibition, while methanol extract was inactive. The total extract 
(1,000 g/cm2) induced 55% edema inhibition, while the corresponding dose of 
the chloroform extract (376 g/cm2) exerted 66% inhibition. Consequently, the 
chloroform extract gives also the highest contribution to the anti-inflammato-
ry activity of T. saturejoides leaves (Ismaili et al. 2004). In vivo topical anti-in-
flammatory effect of methanol and chloroform extracts of T. saturejoides leaves 
was investigated, using the croton oil ear test in mice, which showed that 
chloroform extract induced significant edema inhibition (at inhibition dose 
ID50 of 282 μg/cm2), only three times lower than that of the standard conven-
tional drug indomethacin used as a positive control (ID50 = 93 μg/cm2), while 
the methanolic extract did not show any topical anti-inflammatory activity 
(Ismaili et al. 2004). Another study (Khouya et al. 2019) has evaluated in vivo 
the anti-inflammatory activity of T. saturejoides crude extracts and fractions 
(methanol, dichloromethane, aqueous, and ethyl acetate) using croton-oil-in-
duced ear edema and carrageenan-induced paw edema in mice and rats. The 
results of this research showed that topical applications of the dichlorome-
thane and ethyl acetate fractions (1 mg/ear) reduced significantly ear edema 
volume of 31.60% and 27.16%, respectively, after 4 h of treatment.

Synergistic effect

The synergy between cefixime and essential oils has been investigated 
by determining the MIC of cefixime in presence of T. saturejoides essential oils 
at a low concentration (MIC/4), based on preliminary tests. MIC was defined 
as the lowest concentration of cefixime, in combination with essential oils 
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at MIC/4, inhibiting the visible growth of tested strains (Kasrati et al. 2014). 
As reported by Kasrati et al. (2014), of the 21 combinations tested between 
T. saturejoides essential oils samples and cefixime, no antagonistic effect was 
observed, while 14 (67%) showed total synergism, 4 (19%) had partial syner-
gistic interaction, and 3 (14%) had no effect. The best synergistic effect was 
obtained with an MIC index ranging from 0.29 to 0.5 (Kasrati et al. 2014).

Analgesic effect

The analgesic effect of thyme was evaluated by Elhabazi et al. (2008). The 
effect of aqueous, butanoic, and ethyl-acetate extracts of thyme was tested on 
the nociceptive response in mice using a formalin test as a model of nocicep-
tion (Elhabazi et al. 2008, Habib 2015). The results obtained showed that the 
treatment with aqueous and butanoic extracts (50, 100, 200, and 300 mg/kg, 
i.p.) of T. saturejoides induced a marked inhibition of the nociceptive response 
in both neurogenic and inflammatory phases of the formalin test. Results re-
ported by Elhabazi et al. revealed that the T. saturejoides showed marked in-
hibition on the formalin nociceptive response. These results showed that the 
aqueous and butanoic fractions were effective in both phases of the model, 
however, the ethyl acetate fraction and ASA failed to inhibit the first phase no-
ciceptive response (Elhabazi et al. 2008). In conclusion, these results provide 
evidence that T. saturejoides, possess active compounds that exhibit marked 
analgesic effect, confirming and justifying the popular uses of this medicinal 
plant to relieve some pains.

Anticoagulant activity

The anticoagulant activity of aqueous extracts of T. saturejoides was test-
ed in vitro using partial thromboplastin time and prothrombin time activated 
(Khouya et al. 2019). The anticoagulant activity of the series of the tested aque-
ous T. saturejoides extracts at different concentrations were assessed in sec-
onds, as clotting time measured in APTT and PT tests. The following concen-
trations of extracts were used in the clotting mixtures: 11.43, 5.71, 2.86, 1.43, 
0.71, 0.36 and 0.18 mg/mL (Khouya et al. 2019). Blood samples were collected 
by cardiac puncture with a syringe from healthy rats. The extracts of T. satu-
rejoides demonstrated the most anticoagulant activity in the APTT test. They 
completely inhibited the plasma clot development in the concentrations of 
2.86 and 5.72 mg/mL in the clotting mixtures, respectively, and both strongly 
extended times of clotting still was the concentration of 0.18 mg/mL in the 
clotting mixtures (P < 0.01) (Khouya et al. 2019). Another study (Hmidani et 
al. 2019) used three in vitro assay methods to investigate the anticoagulant 
action of T. saturejoides: activated partial thromboplastin time (APTT), pro-
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thrombin time (PT), and thrombin time (TT). The results obtained in the study 
conducted by Hmidani et al. (2019) show that the aqueous extracts of this me-
dicinal plant prolonged significantly the PT, APTT, and TT in a concentration-
dependent manner when compared to the negative control.

Algicidal activity

Fatty acids, polyphenols, terpenoids, and polyethers are among the an-
tialgal allelochemicals reported in the literature (Ni et al. 2012, Tebaa et al. 2018, 
Zhang et al. 2005). Moreover, numerous researches have looked at the algicidal 
efficacy of T. saturejoides extracts. T. saturejoides Coss. contains polyphenols, 
tannins, flavonoids, and fatty acids that limit algal growth, according to a prior 
study (Tebaa et al. 2018). In the study tannins and flavonoids as potential allelo-
chemicals made a significant contribution to algal inhibition (Tebaa et al. 2018). 
The potential synergy between tannins and flavonoids may account for the 
maximum inhibition 95.93% ± 0.49 noted in T. saturejoides (Tebaa et al. 2018). 
Tannins have a toxic activity against filamentous fungi, yeasts, and bacteria, 
the antimicrobial activity of tannins could be due to their ability to form com-
plexes with transport proteins (Omojate Godstime et al. 2014, Scalbert 1991).

Antiparasitic effect

T. saturejoides essential oils from different plant parts were studied against 
humans, viruses, and plant parasites. Santana et al. (2014) examined the toxicity 
of T. saturejoides essential oils against insect pest’s larvae of Spodoptera littoralis, 
insect adults of Myzus persicae and Rhopalosiphum padi, as well as against adults 
and eggs of root-knot nematodes Meloidogyne javanica. A strong antifeedant 
effect of T. saturejoides essential oils were observed against S. littoralis larvae 
 ( EC50 = 36.9 ± 22.7 μg/cm2), Myzus persicae adults (EC50 = 53.53 ± 6.5 μg/cm2), 
and R. padi (EC50 = 49.0 ± 6.6 μg/cm2). The study conducted by Avato et al. (2017) 
showed that T. saturejoides essential oils exhibit a promising nematicidal activity 
against Meloidogyne incognita juveniles (mortality rate of 10.6 ± 0.7%) and adults 
of Pratylenchus vulnus (100 ± 0.0%) and Xiphinema index (14.9 ± 0.7%) and that, 
after 48 h, this effect was dose-dependent. Moreover, Kasrati et al. (2014) re-
ported a considerable insecticidal activity of T. saturejoides essential oils against 
adults of pest Tribolium castaneum responsible for stored-product deterioration 
(lethal dose values of LD50 = 0.315 μl/cm2 and LD90 = 0.71 μl/ cm2).

Acaricidal effect

In a study, essential oils from thyme were evaluated for acaricidal ac-
tivity against Varroa mite (Ramzi et al. 2017). The tests were carried out at an 
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apiary with 24 colonies of Apis mellifera bees, placed in Dandant-Blatt hives. 
The daily average ambient temperature and relative humidity (RH) ranged 
from 17 to 30 °C and 75 to 82%, respectively (Ramzi et al. 2017). All colonies 
had similar levels of open and sealed brood (Ramzi et al. 2017). Six treatments 
of T. saturejoides essential oils (different combinations of compounds) and 
Bayvarol (2 × strip/hive: 3.6 mg of Flumethrin) were used for testing their ef-
ficacy against Varroa mite. The treatments (8 including Bayvarol and control) 
were randomly assigned to the 24 bee colonies with three replicates for each 
treatment (Ramzi et al. 2017). Before treatments, the infestation (natural Varroa 
mites-fall) was on average of 2.08 (± 2.22) fallen mites/hive/day and the vari-
ability between the colonies was greatly important. All Varroa mites captured 
on sticky boards died after treatments, confirming the acaricidal action. The 
efficacy of essential oils, however, is determined by their chemical composi-
tion, notably the concentrations of main components.

CONCLUSIONS

The current study revealed numerous medicinal properties of T. sature-
joides that could help in several medical diseases. Besides that, the focus of 
the research is to enlist several chemical components which exert diversi-
fied pharmacological effects on various sicknesses. Enormous studies were 
done for this medicinal plant; however novel pharmacological activities were 
briefly discussed in this study. From the reviewed literature, it can be con-
cluded that the most important constituents of T. saturejoides, which are phar-
macologically active and the main target of scientific studies, are carvacrol, 
borneol, camphene, γ-terpinene, p-cymene. As a result, these natural medica-
tions could be considered for preclinical and clinical research in a variety of 
diseases and pathological conditions. The studies concerning herbal remedies 
should be taken into more consideration since the efficacy and safety of many 
herbal medicines are still uncertain, with inadequate or irregular methods. 
Considering this, more reliable trials are required in the future to assess the T. 
saturejoides active phytocompounds safety and efficacy, in treating different 
pathological conditions.
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