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Abstract: The Lamiaceae family contains bioactive medic-
inal compounds mostly used as ornamental plants and
traditional medicine, as well as in the food, cosmetics,
and pharmaceutical sectors. Common uses include treating
high cholesterol, diabetes, respiratory diseases, heart dis-
ease, and food poisoning. These medicinal uses were linked
to their components and numerous biological properties,
including antimicrobial and antioxidants. The goal of this
study was to investigate the phytochemicals and biological
activities of the petroleum ether extract of Thymus capi-
tatus plant from two different regions of eastern Algeria
(Souk ahras and Guelma), as well as to extract volatile oils
using a Clevenger device and then analyze by using GC-MS.
The results revealed that the total amount of phenolic com-
pounds was better in the phenolic extract of Souk Ahras
(341mg GAEg™), while the amount of flavonoid com-
pounds was higher in the region of Guelma (26.31 mg QE g™).
Following the quantification of phenolic compounds by HPLC,
we observed that the phenolic extracts contained most of the
standard compounds in variable proportions. Furthermore, we
tested the antioxidant activity of the phenolic compounds elec-
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trochemically with the cyclic voltammetry method. We con-
cluded that the highest antioxidant content was recorded in
the Guelma region extract (317mg GAEg™). We have also
evaluated the antioxidant activity by a chemical method using
2,2-diphenyl-1-picrylhydrazyl, and the results showed that the
Guelma extract exhibited a high effectiveness in terms of IC5,%
values. When extracting the volatile oils, it was found that the
highest yield was in the Guelma region
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1 Introduction

With roughly 6,900-7,200 species, Lamiaceae (the mint
family) is one of the plant families with the greatest global
distribution [1,2]. It is a broad family that includes woody
climbers, subshrubs, shrubs, trees, and vast forest forms,
in addition to annual, biennial, and perennial herbs [3]. It
consists of 242 genera with 200 or more species, including
the warm and temperate parts of the world’s Salvia (986),
Scutellaria (468), Plectranthus L’Hér. (325), Thymus (315),
Hyptis Jacq. (295), Teucrium (287), Nepeta (251), and Vitex
(223). Furthermore, this family has a worldwide distribu-
tion and a high degree of diversity [4]. These are found
throughout the world’s warm and temperate climates [5].
Furthermore, this family is distributed globally and has a
high degree of diversity [6]. They are able to adjust to many
habitats and can be easily grown, but they cannot survive
in the coldest high-latitude or high-altitude areas [7]. The
following seven locations have a high diversity of Lamia-
ceae worldwide: (1) the Indo-Malesia region (Southeast
Asia); (2) Africa, including Madagascar and the southern
Sahel; (3) China; (4) Australia; (5) South America; (6) North
America and Mexico; and (7) the Mediterranean and south-
west Central Asia [3,8].

This research focuses on the genus Thymus, which
is widely dispersed throughout the Mediterranean
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region and has a great deal of endemism [9-12], includ-
ing plants that thrive in Northwest Africa and are spread
out along the entire coast up to the desert zones [13,14].
In Algeria, it is represented by 17 species and subspe-
cies [15-17].

The formation of volatile, phenolic, and flavonoid com-
pounds and odorants distinguishes various aromatic plants
[18-20]. The latter is utilized as a source of naturally occur-
ring bioactive compounds that have biologically beneficial
properties, particularly antibacterial, antioxidant, antiseptic,
and anti-inflammatory properties. Volatile phenolics and fla-
vonoid compounds are a source of bioactive chemicals that
are being extensively researched for their potential applica-
tion as a synthetic product substitute in treating infectious
diseases and other pathological problems linked to oxidative
stress. One of the most popular families in the world for
spices and extracts with potent antioxidant and antibacterial
qualities is the Lamiaceae family. The genus Thymus includes
many widely dispersed species in this family that are utilized
as antibacterial and anti-inflammatory agents in the cus-
tomary pharmacopoeia of the Mediterranean region.

The most important species in the Lamiaceae family is
the Thymus capitatus.

Thymus capitatus has antiseptic, antibacterial, anti-
spasmodic, and anticytotoxic properties that are utilized
in traditional medicine [1,21-23].

The most important aspect of this study was being able
to identify the chemical makeup of leaves, extract flavo-
noids and volatile oils, and assess their biological activity.

Thymus capitatus is an aromatic plant of the family
Lamiaceae spread across the Mediterranean region,
where it is known among ancient peoples for its medic-
inal and protective properties [1-3]. This species has been
used in traditional medicine to treat many diseases and
health disorders, including infections of the larynx and
pharynx, as an analgesic for dental and joint pain, to
reduce blood sugar and strengthen the immune system,
it is used as a gas-relieving drink and facilitates the diges-
tion process, and strengthens the muscle and reduces
sagging [24-29].

The leaves and flowering tops of Thymus capitatus
contain many phenolic compounds and flavonoids, and
their essential oil is the main and biologically active ingre-
dient. It also contains a group of vitamins and minerals [29,30].

In this work, we conducted a comparative study of the
properties of Thymus capitatus grown in the regions of
Guelma and Souk Ahras.

This study was conducted to investigate the natural
products present in both regions by extracting these pro-
ducts and studying the antioxidant activity by electroche-
mical and chemical methods.

DE GRUYTER

2 Materials and methods

2.1 Chemicals and reagents

Gallic acid (GA), quercetin, aluminum trichloride solution
(AICl5), sodium carbonate solution (Na,COs3), ascorbic acid,
methanol (MeOH), ethanol (C4HyOH), petroleum ether (RO-R),
2,2-diphenyl-1-picrylhydrazyl (DPPH), and the Folin—Ciocalteu
reagent (FCR) were obtained from a laboratory of Applied
Chemistry and Environment.

2.2 Plant materials

Aerial parts of Thymus capitatus were collected in April
2022 from two different regions of eastern Algeria (Souk
ahras and Guelma). Harvested samples were air-dried
away from direct sunlight and stored in sealed containers
at room temperature until needed for experiments.

2.3 Sample extraction process
2.3.1 Phenolic extract

After soaking 50 g of Thymus capitatus powder in petro-
leum ether for 24h, the powder was filtered, and the
remaining material was extracted using ethanol (80/20).
This procedure was done three times, using a fresh solvent
each time, until the extract was eventually refined using
methanol [31,32].

2.3.2 Volatile oil extract

A glass flask with 600 ml of distilled water at 100°C was
filled with 50 g of Thymus capitatus powder. To prevent
burning the plant or altering its natural state, a cooling
device was positioned between two vertical tubes. The
extracted oil floats on the water’s surface because of the
difference in densities between the water and the oil. After
reaching the boiling point, the distillation process lasts for
roughly 3 h. The method is then repeated for the two vari-
eties of Thymus capitatus [33-35].

2.3.3 Determination of total phenolic content (TPC)

The TPC of each extract was determined using the FCR. A diluted
solution of GA was mixed in methanol (0.02-0.1 mg ml™),
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taking 0.2ml of each concentration and adding 0.5ml of
the reagent. FCR was left for 5min in the dark, and then
0.8 ml of sodium carbonate (7.5% Na,CO3) was added and
was left in darkness for 30 min. The blue color was
obtained, and the absorbance was read at a wavelength
of 765nm. The total phenol concentration in these
extracts is expressed as mg EAG g™* per gram of extract.
The correlation coefficient for the calibration curve
obtained was R* = 0.994. The same technique was
applied to plant extracts [13,36-38].

2.3.4 Determination of total flavonoid content (TFC)

This procedure was based on the oxidation of flavonoids by
aluminum chloride (AICl; 2%), leading to the formation of a
yellow-brown compound.

Several concentrations of quercetin were prepared,
ranging from 0.01 to 0.1 mgml?; 1ml was taken from
each concentration and 1 ml of aluminum trichloride solution
(2% AICl;) was added to it and left for 30 min in total darkness
at the laboratory temperature, after which the absorbance of
each concentration was measured at 420 nm [39,40].

The concentration of total flavonoids in these extracts
was measured as mg EQ g™ of the extract. The correlation
coefficient obtained for the calibration curve was R* =
0.994. This same technique was also applied to plant
extracts [41,42].

2.4 Chromatographic HPLC analysis

The reference compound was injected to determine its char-
acteristic retention time. Then, the sample (the extract) to be
analyzed was injected under the same conditions as the
reference compound with the same volume (20 ul) at a con-
centration of 5mg ml™. Then, the retention times of the
compounds in the sample were read on the chromatogram
and compared to the reference values, allowing us to iden-
tify the phenolic compounds present in the sample [43-46].

2.5 Chromatographic GC-MS analysis

Analysis of the volatile oil samples from the regions of
Guelma and Souk Ahras was carried out by gas chromato-
graphy, where the main components were identified by
comparing their spectra and retention times with standard
compounds [33,47,48].
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2.6 Antioxidant activity
2.6.1 Cyclic voltammetry test

This method allows for determining the conditions in
which the oxidation-reduction reaction takes place and
estimating the degree of reversibility of the whole (oxida-
tion-reduction). It also sometimes allows the determina-
tion of the reaction mechanism at the electrode, as well as
the speed constants for rapid electrochemical reactions
[49,50]. Antioxidant activity was measured by the determi-
nation of the products resulting from oxidation or the ability
to inhibit free radicals, where the antioxidant activity of
phenols depends on their reversible property to bind with
hydroxyl groups [51]. Electrochemical measurements have
advantages for determining antioxidant activity. The oxida-
tion potential of GA measured by cyclic voltammetry was
used to compare the antioxidant capacity of flavonoid com-
pounds. This electrochemical technique was applied to ana-
lyze the antioxidants present in the plant extracts [52-54].

2.6.2 DPPH test

The DPPH? test was used to measure the antiradical power
of pure molecules or plant extracts in a model system
(organic solvent, ambient temperature). It is used to mea-
sure the ability of an antioxidant (HA, generally phenolic com-
pounds) to reduce the chemical radical DPPH® by hydrogen
transfer. DPPH®, initially purple, turns into DPPH-H, pale
yellow [6]. First, we prepared a DPPH solution in methanol
by dissolving 2 mg of DPPH in 50 ml of methanol to produce
a dark violet solution. Then, we prepared different concentra-
tions of ascorbic acid ranging between 0.04 and 0.4 mgm™.
We took a quantity of 1 ml from each ascorbic acid concentra-
tion, and we added 1ml of DPPH solution to it in glass tubes.
We left the mixture in the dark for 30 min at laboratory tem-
perature and then read the absorbance at 517 nm [55].

3 Results

3.1 Extraction yield
3.1.1 Phenolic extract
The extraction yield of the total phenol and volatile oils

from Thymus capitatus for both regions is presented in
Table 1.



4 —— Noureddine Tamma et al. DE GRUYTER

Table 1: Yield of total phenol and volatile oil extraction

Extracts Samples Yield (%)

Phenolic extract Phenolic extract in the Guelma region (A) 8.6976
Phenolic extract in the Souk Ahras region (B) 19.5476

Volatile oil extract Volatile oil extract in the Guelma (A”) region 3.1516
Volatile oil extract in the Souk Ahras (B”) region 1.3387

3.1.2 Total phenols and flavonoids

The standard curve relationship for each of the phenols
and the reference flavonoids was used to calculate the
equivalent amount for 1g of the extract. The results are
reported in Table 2.

3.2 Identification by HPLC

The compounds of the phenolic extract of the regions of
Guelma and Souk Ahras were identified, and their reten-
tion times were compared with those obtained for the
same standard compounds.

Determination of the equations in the plant extracts
according to the calibration curve in Figure 1 and Table 3.

3.3 GC-MS identification

The identification of the volatile components was based on
comparison of their mass spectra with those described by
Adams [56], as well as by comparison of their retention
indexes with the literature data [57] and by comparison
of their retention times with those of pure authentic sam-
ples, as shown in Figure 2 and Tables 4 and 5.

3.4 Antioxidant activity evaluation
3.4.1 Cyclic voltammetry
The antioxidant activity of Thymus capitatus extracts was

estimated by cyclic voltammetry, which allowed us to draw
cyclic voltammetric curves.

Table 2: Amount of the total phenols and flavonoids in the extracts

From the peaks of the curves in Figure 3a and b and from
the relationship between the current density and the con-
centration of the standard GA compound, we found the
value of the anodic current density at these peaks, as
well as the concentration of the GA equivalent.

3.4.2 Inhibitory ability of free radical DPPH

Inhibition percentage evaluation allowed plotting of curves
of the inhibition percentage versus standard GA concentra-
tion, as shown in Figure 4a and b. The appropriate concen-
trations to inhibit 50% of free radicals (IC50%) for each of the
phenolic extracts and ascorbic acid are shown.

4 Discussion

4.1 Extraction yield
4.1.1 Phenolic extract

Based on the results of Table 1, we can clearly state that the
richness of the plant in phenolic compounds is 2.24 times
higher in the case of the Souk Ahras region than in the
Guelma region, which is most certainly due to the varia-
bility of soil quality between the two regions, thus affecting
the quantum yield.

4.1.2 Volatile oil extract

Table 2 shows the plant’s richness in volatile oils, whose
yield rate was 1.34% in the Souk Ahras region versus 3.15%

Extracts Sample

Quantity

Total phenol

Total flavonoids

Total phenol in the Guelma region (A)

Total phenol in the Souk Ahras region (B)
Total flavonoids in the Guelma region (A)
Total flavonoids in the Souk Ahras region (B)

3.20381 (mg EAG g™
3.41415 (mg EAG g™
26.3140 (mg EQg™")
22.0327 (mg EQg™")
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Figure 1: Phenolic compounds in extracts A and B by HPLC analysis. (A: phenolic extract of the Guelma region, and B: phenolic extract of the Souk

Ahras region).

Table 3: Quantification of phenolic compounds in samples A and B

Reference Retention time Sample A Sample B
phenol Tr (min)

Gallic acid 5.29 5.358 4.936
Chlorogenic acid 13.392 13.331 13.331
Vanillic acid 15.531 15.883 15.923
Caffeic acid 16.277 16.81 16.845
Vanillin 21.46 21.905 21.978
p-Coumaric acid 23.217 23.634 23.752
Rutin 28.37 28.297 28.396
Naringin 34.788 34.756 34.855
Quercetin 45.48 45.166 45.487

Sample A: phenolic extract of the Guelma region. Sample B: phenolic

extract of the Souk Ahras region.

in the Guelma region. Also, in this case, we can attribute
this difference to the variation in soil quality between the
two regions.

4.1.3 Total phenol and flavonoid content

The results of Table 3 indicate that the amount of phenolic
compounds equivalent to 1g of the extract is about the same
order for both regions and reaches a value of 3.41415mg
GAE g* for the extract of Souk Ahras compared to 3.20 mg
GAE g for the Guelma extract. According to Table 4, the
quantity of flavonoids equivalent to 1g of extract is about
26.31mg QEg™ for the Guelma extract, against a slightly
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Figure 2: Graphical curves for the chromatography of volatile oils. (A”:
volatile oil extract of the Guelma region, and B”: volatile oil extract of the
Souk Ahras region).

lower value equal to 22.0327 mg QE g™ for the Souk Ahras.
The results show that plants Thymus capitatus from both
Guelma and Souk Ahras are promising sources rich in phe-
nolic and flavonoid content, which could be the main factor
in their antioxidant properties.

4.2 HPLC analysis

The results in Figure 1 and Table 5 clearly show the pre-
sence of all nine reference phenolic compounds for both
extracts with different proportions. The phenolic com-
pounds such as (chlorogenic acid — vanillic acid - caffeic
acid -vanillin — p-coumaric acid — rutin — naringin) are
present in large amounts in sample A, while the gallic acid
and quercetin are present in large amounts in sample B.

The reason for this diversity can be attributed to many
biological factors, including genetic and agronomic differ-
ences, as well as other environmental factors, such as
maturity stages, salinity, temperature, water pressure, and
light intensity conditions.

We concluded that the HPLC analyses performed
enabled us to better understand the phenolic and

Table 4: Chemical composition of volatile oil from Souk Ahras
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RT (min) IR (cm™) Sample A” Ratio%

2.023 661 Methyl cyclopentane 41.04

2.148 969 1-Octen-3-ol 38.44

2.322 952 3-Octanone 0.07

2.559 888 5-Methyl-3-heptanone 0.07

2.639 958 beta-Myrcene 0.1

4.050 1,228 3,7-Dimethylocta-2,6-dien-1-ol 0.16

4.984 919 4-Carene 0.19

5.093 998 1-Methyl-4-(1-methyl ethyl)-1,3- 0.08
cyclo hexanadiene

5.130 948 2-Carene

5.238 1,042 1-Methyl-2-(1-methylethyl) benzene  0.04

5.548 1,042 0-Cymene 0.34

5.717 1,042 1-Methyl-4-(1-methyl ethyl)benzéne  0.31

5.940 998 gamma-Terpinene 0.03

6.102 998 1-Methyl-4-(1-methyl ethyl)-1,4- 0.52
cyclo hexa dine

6.201 1,082 Linalool 1.95

6.679 1,082 3,7-Dimethyl-1,6-octadien-3-ol 5.35

7.236 1,262 Thymol 0.28

8.871 1,262 2-Methyl-5-(1-methyl ethyl)phenol  0.06

9.145 1,262 3-Methyl-4-isopropyl phenol 0.06

11.913 1,447 Tetradecamethyl-cyclo-hepta- 8.22
siloxane

12.218 1,648 3-Isopotopoxy-1,1,1,7,7,7- 113
hexamethyl-3,5,5-tris
(trimethylsiloxy)tetrasiloxane

16.168 1,811 3-Butoxy-1,1,1,7,7,7-hexamethyl- 0.09
3,5Tris(trimethylsiloxy)
tetrasiloxane

18.240 1,068 Dodecamethyl-pentasiloxane 0.15

18.716 1,446 3-(1,5-Dimethyl-4-hexenyl)-6- 0.1
methylene-cyclohexene

19.051 1,398 1H-Octahydro-3,8,8-trimethyl-6- 0.21
methylene-7-methanoazulene

22.770 1,654 Hexadecamethyl-cyclooctasiloxane  0.12

43.401 1,765 2,6-Dihydroxybenzoic acid, 3 TMS 0.60

Sample A”: volatile oil extract of the Guelma region.

flavonoid compounds of Thymus capitatus from the
Guelma and Souk Ahras regions.

4.3 GC-MS analysis

From Figure 2, it appears that the essential oil of the Souk
Ahras region contains 28 compounds whose structures
have been determined and which represent a total of
100%. Similarly, 44 compounds were found in the essential
oil of the Guelma region. In total, 28 compounds were
identified structurally, which constitutes a percentage of
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Table 5: Chemical composition of volatile oil from Guelma

RT (min) IR (cm™) Sample B” Ratio%
2.022 902 2-Methyl-5-(1-methylethyl)-bicyclo ~ 26.45
[3.1.0]hex-2-ene
2.145 902 3-Thujene 25.47
2319 948 2-Pinene 0.05
2.636 948 2,6,6-Trimethylbicyclo[3.1.1] hept- 0.02
2-ene
3.152 948 alpha-Pinene 0.06
3.203 943 Camphene 0.06
4.277 943 2,2-Dimethyl-3- methylenebicyclo 0.05
[2.2.1]heptane
4.971 969 1-Octen-3-ol 0.44
5.080 958 beta-Myrcene 1.31
5.279 1,042 0-Cymene 0.41
5.537 1,042 1-Methyl-4-(1 -methyl) Benzene 0.28
5.624 1,059 Eucalyptol 0.18
5.704 998 gamma-Terpinene 1.50
5.936 998 1-Methyl-4-(1-methylethyl)-1,4- 0.17
Cyclohexadien
6.021 1,082 Linalool 0.08
6.091 1,082 3,7-Dimethyl-1,6-octadien 1.26
6.195 1,121 2-Bornanone 7.74
6.260 1,121 Camphor 0.36
6.313 1,138 endo-Borneol 4.7
6.451 1,138 1,7,7-Trimethylbicyclo[2.2.1] 0.03
heptan-2-ol
6.668 1,137 Terpinen-4-ol 3.48
6.807 1,137 4-Methyl-1-(1-methylethyl) -3- 0.10
cyclohexene
7433 1,262 2-Methyl-5-(1-methylethyl)-phenol  0.16
7.229 1,262 3-Methyl-4-isopropylphenol 1.24
8.232 1,262 Thymol 0.42
8.648 1,494 Caryophyllen 0.67
9.185 2,788 2.2"-Methylenebis-6-(1,1- 0.16

dimethylethyl)-4-methyl phenol

Sample B: volatile oil extract of the Souk Ahras region.

77.34%. The diversity of the chemical composition of the
essential oil from one region to another is affected by tem-
perature, humidity, soil quality, harvesting period, and the
age of the plants.

4.4 Antioxidant activity
4.4.1 Cyclic voltammetry test

The amount of antioxidant compounds was estimated by
the periodic metric method based on the GA curve in
Figure 3. The antioxidant activity estimated was about
0.55mg EGA g for the extract of Souk Ahras region; on
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Figure 3: Cyclic voltammetry curves for extracts A and B (A: phenolic
extract of the Guelma region and B: Phenolic extract of the Souk Ahras
region).

the other hand, it strongly increased by a factor of 5.79
times to reach a value of 3.17mg EGA g™* for the Guelma
region’s extract. The quantities of estimated antioxidants
are acceptable.

4.4.2 DPPH test

From Figure 4, it is shown that the phenolic extract of the
Guelma region has the highest antioxidant activity at ICso,
with a concentration of 0.4 mg ml™, while the antioxidant
activity of the phenolic extract of the Souk Ahras region at
ICso has a value of 0.5mgml™.

The phenolic extracts of plants showed the ability to
give hydrogen as they showed their ability to inhibit the
DPPH root through the ICsy value.
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Figure 4: Percentage inhibition curves for extracts A and B (A: phenolic extract of the Guelma region and B: Phenolic extract of the Souk Ahras region).

5 Conclusion

This work has been a continuation of previous research in
the field of medicinal plants, aimed to reveal further ther-
apeutic value of the active substances contained in Thymus
capitatus plants grown in the regions of Guelma and Souk
Ahras, as they play an important role in the traditional
medicine.

The results clearly indicated that all tested extracts
showed significant phenolic and flavonoid contents and
remarkable antioxidant activity.

The quantities of phenols are relatively large in Thymus
capitatus plants grown in the Souk Ahras region, reaching
341mg GAE g™ of extract, while the amount of flavonoids was
higher in the Guelma region (2631mg QE g™ of extract). The
HPLC results also showed that Thymus capitatus specifically

contained nine phenolic compounds, and the reference amounts
of phenols were greater in Thymus capitatus extract of the
Guelma region. The high percentage of flavonoids in the
Thymus capitatus plant extract of the Guelma region is
responsible for the antioxidant activity, as shown by the
cyclic voltammetry test and DPPH test.

Bioassays showed significant activity of the investi-
gated phenolic and flavonoid extracts. The chemical char-
acteristics and antioxidant capacity actions of indigenous
species from Algerian flora are all abundantly detailed in
these studies. The findings unequivocally show that plant
phenolic and flavonoid extracts can offer an intriguing
natural substitute that can be helpful for both pharmaceu-
tical treatments and dietary restrictions.

Climate variations and environmental stressors, such as
salt and drought, exert an impact on phenolic compounds.
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Consequently, it can be inferred that the composition of the
soil in the arid Guelma and Souk Ahras regions of the
Algerian high plains alters the stresses exerted on the phy-
sical and chemical processes governing phenols. This altera-
tion leads to an upsurge in reactive oxygen species, a phe-
nomenon successfully achieved and observed in the obtained
results. Consequently, the characteristics of phenolic com-
pounds, operating as a harmonized equilibrium within soil
and plant systems, serve as a stimulus for further exploration
into these compounds concerning abiotic pressures, com-
monly referred to as external environmental stresses.

These findings provide a scientific basis that can be
further enriched in support of folk medicine, and the
extracts mentioned may open up opportunities to develop
more efficient and effective food preservatives in terms of
antioxidant agents. Future studies regarding Thymus capi-
tatus extracts should hopefully focus on their “in vivo”
antioxidant activity.
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