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Abstract: Essential oils (EOs), the odorous and volatile products of a plant’s secondary metabolism,
have wide applications in folk medicine, in food flavoring and preservation, and in fragrance
industries. The aim of this study was to analyze the chemical composition of the EO from the
aerial parts (including the inflorescences) of wild Teucrium luteum subsp. flavovirens from Tunisia.
The EO obtained by the hydrodistillation of air-dried plant material in a Clevenger-type apparatus
was analyzed using gas chromatography coupled with mass spectrometry (GC-MS). Fifty-three
components representing 83.9% of the total constituents were identified. The EO of T. luteum subsp.
flavovirens is characterized by the presence of β-elemol (7.2%), (+)-α-pinene (6%), β-eudesmol (5.5%),
guaiol (4.2%), α-bisabolol (4.2%), and β-caryophyllene (4.1%) as principal chemical components.
In vitro (DPPH and β-carotene bleaching assays), it showed significantly higher radical scavenging
and antioxidant properties than the reference compound, BHT. To the best of our knowledge, this
is the first report describing the composition and antioxidant properties of the EO from Tunisian
T. luteum subsp. flavovirens. Our preliminary data will help to valorize this potentially useful plant
species from Tunisia and represent a starting point for further studies on its volatile fraction.

Keywords: Teucrium luteum subsp. flavovirens; Lamiaceae; volatile compounds; gas chromatography;
mass spectrometry; antioxidants

1. Introduction

In recent years, there has been increasing interest in the use of natural substances for
their potential therapeutic effects. Medicinal plants are universally considered to be impor-
tant sources of phytochemicals and are widely used to cure human diseases. The essential
oils (EOs) of various species of edible and medicinal plants represent an important source of
biologically active secondary metabolites that are useful for the treatment of various health
issues [1,2]. In this context, the flora of Tunisia is still exhibiting a wide diversity of non-
studied medicinal and odorous plant species that produce EOs and bioactive principles. Of
particular interest, plants from the Lamiaceae Martinov (Labiatae Juss.) family have been
extensively explored in folkloric medicine, cosmetics, and culinary applications and for the
commercial production of EOs [3]. The Teucrium genus, which belongs to the Lamiaceae
family, comprises about 300 species that are widespread all around the world [4,5]; these
mostly include perennial plants and rarely include annual or biennial plants.

Appl. Sci. 2022, 12, 7370. https://doi.org/10.3390/app12157370 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app12157370
https://doi.org/10.3390/app12157370
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0001-8264-6953
https://orcid.org/0000-0003-3849-1039
https://orcid.org/0000-0003-0144-6832
https://orcid.org/0000-0002-6007-6184
https://doi.org/10.3390/app12157370
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app12157370?type=check_update&version=1


Appl. Sci. 2022, 12, 7370 2 of 9

Many species of the genus Teucrium possess several biological activities. Some of
the properties are antinociceptive, antihypertensive, anticancer, anti-inflammatory, hypo-
glycemic, antioxidant, and antibacterial [6–9]. Moreover, plant species from this genus are
used in traditional medicine for their diaphoretic, tonic, antipyretic, antispasmodic, and
cholagogue purposes [10]. From the chemical point of view, previous investigations have
shown that Teucrium species are rich in EOs, sesquiterpenes, monoterpenes, flavonoids,
polyphenolic compounds, iridoids, fatty acids, sterols, saponins, and alkaloids [10,11]. The
genus Teucrium is one of the richest sources of neoclerodane diterpenes: more than 220
diterpenes have been described, many of them being of interest due to their insect-repellent
and medicinal properties [12,13].

In Tunisia, the genus Teucrium is represented by twenty-four taxa. Among them,
Teucrium polium (poley) includes three subspecies: polium, gabesianum, and flavovirens [14].
The plant is a perennial herb known by the name of “germander” and is known in Arabic
as “Gattabet Al-Ajrah” [15]. A survey conducted by herbalists identified that in Tunisian
folk medicine, a decoction of the leaves of T. polium is used as a cardiac analeptic [16].
T. polium has also been used in folk remedies to treat various diseases and illnesses such
as smallpox, malarial fever, biliary retention, upset stomach, diarrhea, colic, and gastric
and intestinal pains [15]. Among the other subspecies, T. polium subsp. flavovirens (syn.
T. luteum subsp. flavovirens (Batt.) Greuter & Burdet) is of particular interest since it is one
of the most important perennial plants growing in Tunisia. From a botanical point of view,
the unusual features of this species compared to other members of Lamiaceae are that it is
a yellowish green plant with prostrate stems, yellow flowers (7–8 mm), crenate leaves, and
ramified indumentum [14].

Several papers have reported the extraction of EOs from subspecies of T. polium,
such as T. polium subsp. valentinum from Spain [11], T. polium subsp. capitatum (L.) from
Corsica [17], T. polium subsp. aurasiacum from Algeria [18], T. polium subsp. capitatum (L.)
from Iran [19], and T. polium subsp. gabesianum from Tunisia [20]. Regarding T. luteum
subsp. flavovirens, several authors have already investigated the chemical composition of
its EO, focusing on the plants growing in Morocco [21–24] and Algeria [25]. To the best of
our knowledge, no reports regarding T. luteum subsp. flavovirens from Tunisia have been
published until now.

The present research is part of an ongoing study on the valorization of medicinal and
aromatic/odorous plants of native Tunisian flora [26–28], with the purpose of identifying
more bioactive natural products. In this paper, we investigate the chemical composition
of Tunisian T. luteum subsp. flavovirens for the first time through a study of its volatile
compounds, which were extracted by hydrodistillation and analyzed using gas chromatog-
raphy coupled with mass spectrometry (GC-MS). Furthermore, a preliminary assessment of
its biological properties was performed by assaying its antioxidant and radical scavenging
activities through DPPH and β-carotene bleaching assays.

2. Materials and Methods
2.1. Plant Material and Extraction of Essential Oil

A 350 g sample of aerial parts of T. luteum subsp. flavovirens (syn. T. polium subsp.
flavovirens) was collected in central-east Tunisia (Monastir Governorate) during the flowering–
fruiting period (late spring, 2020. Figure 1). Coordinates of the site are 35◦43′39′′ N,
10◦49′14′′ E; altitude: about 1 m above sea level. The selection, collection, and identification
of the plant material were carried out by Dr. Ridha El Mokni, a botanist in the Laboratory
of Botany, Cryptogamy and Plant Biology in the Faculty of Pharmacy of Monastir (Tunisia),
where some voucher specimens were deposited (LAM/Teu.lu.-flav.; 23-0105/2020, 24-
0105/2020 and 25-0105/2020). The collected material was dried in the shade at ambient
temperature until a constant weight was achieved. An amount of 100 g of dried plant
material was cut into small parts and then subjected to hydrodistillation in a Clevenger-
type apparatus for 3 h after the first drop of distillate and continued until the complete
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exhaustion of the plant material was achieved [18,27]. The oil was stored at 4 ◦C in sealed
brown glass vials until analysis.
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Figure 1. Tunisian Teucrium luteum subsp. flavovirens: (A) plant in its natural habitat; (B) leafy stem
topped by the inflorescences of the year; (C) flowers gathered in pseudo-capitula at the top of the
stems; (D) hemispherical inflorescence with yellow corolla flowers and exert stamens. Photos by
Ridha El Mokni.

2.2. GC-MS Analysis

The GC analysis of the EO was carried out on a Varian 3900 gas chromatograph
coupled with a Varian Saturn 2100T ion trap MS equipped with an Agilent DB-1 fused-
silica capillary column (30 mm × 0.25 mm i.d., 0.25 µm film thickness). The analysis was
carried out under the following conditions: injector and detector temperatures of 210 ◦C and
290 ◦C, respectively; helium was the carrier gas and was used at a flow rate of 0.8 mL/min;
split ratio, 1:10; injection volume, 1 µL. A temperature gradient was programmed as
follows: 60 ◦C with a 3 min initial hold, then 280 ◦C at a rate of 3 ◦C/min, and finally held
isothermally for 5 min. Regarding the MS conditions, the ionization mode had an electronic
impact of 70 eV. The mass range was set from 45 to 650 Da. The components were identified
by comparing their mass spectra to those of the NIST Library (2014) [29] of the instrument,
by evaluating their linear retention indices (LRI) relative to C6-C24 n-alkanes, and, when
available, by comparing them to authentic standards from Sigma-Aldrich (Milano, Italy).
The percentage composition of the oil was calculated from the GC peak areas using the
normalization method without correction factors. The data are reported as the mean value
of three oil injections.

2.3. Determination of Antioxidant and Antiradical Activities

The free radical scavenging activity of the EO from T. luteum subsp. flavovirens was
determined spectrophotometrically by the 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH)
assay, following a protocol that was previously reported elsewhere [30,31]. In brief, 100 µL
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of EO dissolved in methanol was added to 1900 µL of a methanol DPPH solution. After
mixing by vortexing, the solution was kept at room temperature for 30 min in the dark. The
absorbance was measured at 517 nm using a solution of DPPH in methanol as the control.
The scavenging activity of the EO on DPPH was calculated as reported in [31] and was
expressed as IC50 (50% inhibitory concentration, µg/mL). Results were compared to those
previously obtained using ascorbic acid and 3,5-di-tert-butyl-4-hydroxytoluene (BHT) as
reference compounds.

The β-carotene bleaching assay was also performed to assess the antioxidant activity
of the EO, following a protocol that was previously reported elsewhere [32] with minor
modifications. This assay is based on the ability of the EO to decrease oxidative losses of
β-carotene in a β-carotene/linoleic acid emulsion [32]. In brief, 4 mg of β-carotene was
dissolved in 10 mL of chloroform by keeping the mixture in an ultrasound bath. Then,
120 mg of linoleic acid and 1200 mg of Tween 80 were then added to 10 mL of this solution,
which, after mixing by vortexing, was dried under vacuum at 40 ◦C. The residue of 300 mL
of oxygenated ultra-pure water (MilliQ, 18.2 MΩ) was added, and then the emulsion was
vigorously shaken. Then, 5 mL aliquots of the emulsion were added to 15 mL Falcon
tubes containing 0.2 mL of the EO at different concentrations (i.e., 200, 400, 600, 800, and
1200 µg/mL). The emulsions were incubated in a water bath at 50 ◦C for 120 min. The
absorbance of the emulsions was measured at 470 nm at 0, 30, 60, 90, and 120 min. The
antioxidant activity of the EO was evaluated in terms of the bleaching of the β-carotene
using a formula that was previously reported elsewhere [32]. A blank solution where
the EO was substituted with ethanol was used as a negative control, while emulsions
containing either BHT or ascorbic acid were used as positive controls.

2.4. Statistical Analysis

Antioxidant and antiradical assays were performed in triplicate, and the results were
expressed as the mean ± standard deviation (SD). A two-sample t-test assuming equal
variances was performed using SPSS Statistics 25 software (IBM) to determine the significant
differences between the means, and p-values < 0.05 were considered statistically significant.

3. Results and Discussion
3.1. Chemical Composition of Essential Oil

The hydrodistillation of the aerial parts of T. luteum subsp. flavovirens, including the
inflorescences, produced an EO with a yield of 2 × 10−2 % (w/w), equivalent to 0.02 g.
The chemical composition of the EO was analyzed via GC-MS, and the components were
identified based on their LRI values compared to those reported in the literature. Thus, 53
components representing 83.9% of the whole chromatographic area were identified. The
composition and percentages of those components are summarized in Table 1. The major
compounds constituting the EO from T. luteum subsp. flavovirens were β-elemol (7.2%), (+)-
α-pinene (6%), β-eudesmol (5.5%), guaiol (4.2%), α-bisabolol (4.2%), and β-caryophyllene
(4.1%) (Figure 2). The identified volatiles were mainly terpenic compounds (82.4%), which
were represented by high percentages of oxygenated sesquiterpenes (43.8%) and sesquiter-
pene hydrocarbons (16.7%) and lower proportions of monoterpene hydrocarbons (10.5%)
and oxygenated monoterpenes (8.9%). The non-terpenic components accounted for 1.5%.
Taking previous works into account and comparing the present results to those reported in
the literature for T. luteum subsp. flavovirens from Morocco [21–24], we noticed that the two
species share several volatile markers. Specifically, β-elemol, β-eudesmol, α-pinene, and
β-caryophyllene are present in similar amounts in the EOs obtained from the plants from
both regions. Conversely, guaiol and α-bisabolol can be considered more specific markers
of the Tunisian species. Comparing our results with the data available for the EO of Alge-
rian T. luteum subsp. flavovirens, more differences were observed since τ-cadinol (16.33%),
caryophyllene oxide (13.23%), eudesma-4(15), 7-dien-1.β.-ol (7.64%), and β-pinene (6.77%)
have been reported as the most abundant constituents [25].
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Table 1. Volatile compounds identified in the essential oil from the aerial parts of Teucrium luteum
subsp. flavovirens growing wild in Tunisia. The most abundant constituents are reported in bold, and
their structures are shown in Figure 2.

Compounds R.T. (min) Obs. LRI * Lit. LRI * Rel. % Class

(+)-α-Pinene 4.2 922 926 6 MH
Thujene 5.3 968 971 0.7 MH
m-Cymene 6.7 1007 1011 1.8 MH
4-Carene 6.9 1011 1009 2 MH
Camphenol 8.9 1079 1080 0.9 OM
α-Thujone 9.6 1089 1089 0.9 OM
4-Acetyl-1-methyl-1-cyclohexene 9.9 1099 1105 0.5 OM
Linalool 10 1100 1096 0.8 OM
1-Terpinenol 10.5 1119 1120 0.7 OM
cis-Verbenol 10.7 1122 1125 0.6 OM
Umbellulone 11.3 1140 1146 0.5 OM
p-Acetyltoluene 12.5 1158 1160 0.5 OM
2-Undecyne 13.1 1166 1164 0.5 Other
Fenchyl acetate 14.6 1201 1207 0.8 OM
Cuminol 15.4 1261 1265 1.1 OM
Thymol 15.9 1273 1275 0.5 OM
Carvacrol 16.2 1280 1283 0.6 OM
Copaene 18.8 1364 1367 0.7 SH
4-Ethenyl-4,8,8-trimethyl-2-methylene-bicyclo [5.2.0]nonane 20 1400 UNK 1 SH
β-Caryophyllene 20.5 1419 1421 4.1 SH
cis-α-Bisabolene 21.1 1440 1443 1 SH
3-Hydroxy-2-(2-methyl-1-cyclohexen-1-yl)propanal 21.6 1451 1449 0.5 Other
α-Guaiene 22 1453 1455 1.6 SH
β-Guaiene 22.3 1472 1473 0.9 SH
(+)-γ-Gurjunene 22.7 1481 1475 2.7 SH
Butylated hydroxytoluene 22.9 1487 1490 2.3 OS
Chamigrene 23.2 1512 1507 1.6 SH
Viridiflorene 23.4 1517 1512 0.7 SH
δ-Cadinene 23.5 1520 1524 1 SH
2-Methyl-4-(1-methylethyl)-2-cyclohexenone 23.7 1521 1525 0.5 OM
Acorenol 24.1 1538 1533 1.4 OS
β-Elemol 24.3 1539 1541 7.2 OS
E-Nerolidol 24.8 1552 1553 2.3 OS
Humulene epoxide II 26 1600 1602 0.8 OS
Guaiol 26.4 1616 1614 4.2 OS
Rosifoliol 26.5 1616 1613 0.5 OS
τ-Muurolol 26.7 1627 1627 2.4 OS
β-Eudesmol 26.8 1629 1630 5.5 OS
τ-Cadinol 26.9 1630 1628 1.5 OS
Longifolenaldehyde 27 1631 1631 1.6 OS
Cadalene 27.4 1653 1654 1.4 SH
α-Cadinol 27.5 1655 1653 1.4 OS
α-Bisabolol 27.7 1658 1662 4.2 OS
α-Eudesmol 27.8 1665 1661 0.8 OS
8-Cedrene-13-ol 28.2 1677 1678 1.4 OS
β-Bisabolol 28.1 1677 1671 0.8 OS
2,2,5,5-tetramethyl-tricyclo [6.3.0.0(3,7)]undec-1(8)-en-3-ol 28.3 1679 1683 1.6 OS
Laricsone 28.5 1691 UNK 2 OD
(-)-Isolongifolol 30.1 1725 1726 0.7 OS
Zierone 30.8 1750 1754 2.4 OS
2,6-Ditert-butyl-4-ethylphenol 31.1 1760 1758 0.8 OS
Phytol 38.1 2071 2066 0.5 OD
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Table 1. Cont.

Compounds R.T. (min) Obs. LRI * Lit. LRI * Rel. % Class

Oleic acid 39.1 2141 2144 0.5 Other
Total identified 83.9
Monoterpene hydrocarbons (MH) 10.5
Oxygenated monoterpenes (OM) 8.9
Sesquiterpene hydrocarbons (SH) 16.7
Oxygenated sesquiterpenes (OS) 43.8
Oxygenated diterpene (OD) 2.5
Others 1.5

* Identification by comparison with NIST 2014 MS spectra database. R.T.: retention time; LRI: linear retention index;
Rel. %: relative percentage; UNK: unknown; MH: monoterpene hydrocarbon; OM: oxygenated monoterpene; SH:
sesquiterpene hydrocarbon; OS: oxygenated sesquiterpene; OD: oxygenated diterpene.
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Figure 2. Chemical structures of the most abundant constituents of the essential oil from the aerial
parts of Tunisian Teucrium luteum subsp. flavovirens.

Our results were also compared to those obtained for EOs from other Tunisian Teucrium
species. Specifically, the EO of T. polium harvested in Kef (north-western Tunisia), for which
the authors did not specify the subspecies [33], is richer in monoterpene hydrocarbons
(48.7%) compared to that from the population collected from Monastir in central-eastern
Tunisia (10.5%). Oxygenated sesquiterpenes are the main constituents of T. luteum subsp.
flavovirens, but they are less abundant in the essential oil of T. polium from Kef (5.54%).
Furthermore, β-pinene (12.68%), limonene (6.65%), β-myrcene (6.07%), and germacrene-D
(5.89%), which were identified as the main organic volatiles in the Kef population, are
completely absent in the EO from T. luteum subsp. flavovirens collected in the central-east
part of the country. The volatile compound α-pinene, which was quantified at a relative
amount of 17.04% in the EO of T. pollium collected from Kef, is less abundant in T. luteum
subsp. flavovirens (6%). Moreover, α-bisabolol, (+)-γ-gurjunene, zierone, and τ–muurolol
are not present in the essential oil of T. pollium from Kef at all [33]. On the other hand, the
EO of T. polium subsp. gabesianum from Gafsa (southwest Tunisia) [20] is characterized by a
high abundance of β-pinene (35.97%), which was not even detected in the EO from T. luteum
subsp. flavovirens. Furthermore, large discrepancies were observed for other abundant
compounds since the main constituents of the EO from T. luteum subsp. flavovirens have
not been detected in the EO from the aerial parts of T. polium subsp. gabesianum.
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Overall, these data show high chemical variation in the species within the Teucrium
genus originating from Tunisia and other North African Mediterranean regions. Variations
in the chemical composition of EOs might be due to several factors: environmental factors
(temperature, humidity and altitude), geographical origin, plant organ, time of picking,
storage of plant material, and individual genetic variability [27,28,33]. Finally, different
extraction protocols can also contribute to the observed variations, as already reported by
other authors [34,35].

3.2. Evaluation of Antioxidant Activity

The results of the antioxidant and antiradical assays for the EO from Tunisian T. luteum
subsp. flavovirens are reported in Table 2.

Table 2. Antioxidant activity of essential oil from the aerial parts of Teucrium luteum subsp. flavovirens
growing wild in Tunisia. Results are reported as means ± SD.

Assay Sample IC50 (µg/mL) Sig. *

DPPH EO 8.39 ± 0.24 -
Ascorbate 2.24 ± 0.15 -
BHT 10.63 ± 0.37 <0.001

β-Carotene bleaching EO 35.98 ± 0.47 -
Ascorbate 20.53 ± 0.2 -
BHT 39.08 ± 0.27 <0.001

* Significance calculated by a two-sample t-test assuming equal variance. p-values indicate significant differences
between the EO and BHT. EO: essential oil; BHT: 3,5-di-tert-butyl-4-hydroxytoluene.

Overall, the EO exerted significant antioxidant activity in both the DPPH and β-
carotene bleaching assays and was more effective than the lipophilic BHT. However, if
compared to the polar reference compound, i.e., ascorbic acid, the antioxidant activity of
the EO held modest results. These results are in partial agreement with what has been pre-
viously observed by other authors for the EO of the same plant species from Morocco [21].
In this work, the authors reported the efficacy of the EO in reducing the free radical DPPH,
which was significantly higher than BHT and comparable to ascorbic acid. Conversely,
the EO was not active in the β-carotene bleaching assay. In the same work, the authors
associated the antioxidant effects of the EO with its content in some monoterpenoids, such
as elemol, α- and β-pinene, trans-caryophyllene, α-humulene, and γ-eudesmol, and/or
synergistic effects between all of the compounds [21]. Considering that the EO from
Tunisian T. luteum subsp. flavovirens presents a high abundance of monoterpenoids and
shares several of these constituents, we can propose a similar correlation between the
chemical content of the EO and its antioxidant properties.

The antioxidant properties of the EOs of several members of the genus Teucrium have
been extensively reported in the literature and are exhaustively reviewed in [36]. The stud-
ies are mostly concerned with the use of the DPPH radical scavenging test. Nevertheless,
what emerges from the revision of this mole of data is the lack of specific molecular markers
associated with the antioxidant activity of Teucrium EO. Although several authors have
attempted to correlate specific constituents (e.g., β-caryophyllene, dolichodial, phenols,
allylic alcohols, and unsaturated hydrocarbons) with bioactivity, the synergism among all
of the constituents is usually purported to be responsible for the antioxidant effects [36],
although further studies are needed for confirmation.

4. Conclusions

In conclusion, the present study provides important data about the chemical composi-
tion of the EO of the Teucrium luteum subsp. flavovirens growing wild in Tunisia. Qualitative
and quantitative variations in the chemical composition have been noted for the EOs from
different species from Tunisia as well as from the same species growing in other Mediter-
ranean regions. This could mainly be due to genetic variability in favor of deep taxonomic
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segregation carried out within the Teucrium polium aggregate and due to the influence of
local environmental, geographical, and climatic factors in the second stage.
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