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Abstract

The current work is devoted to using essential oils isolated from two wild-growing plants of Matricaria chamo-
milla and Teucrium polium in resistance to food spoilage, considering their antioxidant and antibacterial activi-
ties. Hydro-distillation extraction (HD) method was used to obtain essential oils and gas chromatography—flame
ionization detection and gas chromatography—mass spectrometry were used to identify oils. Thus, the antioxidant
activity of the oils was determined with 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2’-azino-bis (3-ethylbenzo-
thiazoline-6-sulfonic acid) (ABTS) radical scavenging method. In all, 45 constituents, such as 1,8-cineole, germac-
rene-D, and artemisia ketone, were found in M chamomilla oil, contributing 89.06% of the total composition. T.
polium L. oil contained 37 compounds, contributing 93.84% of the total composition; the two major compounds
being beta-pinene at 74.81% and alpha-pinene at a proportion of 14.62%. The significant antioxidant and antibac-
terial properties of the above essential oils may affect the food sector to serve as natural and safe food preserva-
tives. Thus, the study demonstrated that the identified essential oils of M. chamomilla L. and T. polium L. could be
used as natural bioactive materials to form useful and prospective food products with enriched healthy properties.

Keywords: antibiotics; antioxidation; essential oils; food protection; GC-FID; GC-M; Matricaria chamomilla L.; natural
conservation; Teucrium polium L.

Introduction for conditions ranging from digestive issues to chronic

diseases. Their therapeutic properties are harnessed in
For thousands of years, fine herbs and aromatic plants have various fields, including culinary arts, cosmetics and phar-
been used in treating illnesses, acting as natural remedies maceuticals because of their potent bioactive compounds
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(Bruneton, 1999; Goetz and Ghedira, 2012; Singh et al.,
2011). Notably, these plants are revered for their essential
oils, phenolic compounds, and flavonoids, which con-
tribute to their antimicrobial and antioxidant properties.
Although herbs are often consumed in small amounts,
their regular incorporation into diets provides substan-
tial health benefits, such as combating oxidative stress
and enhancing immunity (Jiang, 2019; Yanishlieva et al.,
2006). The scientific exploration of plant extracts, mainly
their active ingredients, has expanded significantly. While
many compounds are well-documented, further research
is necessary to understand the full spectrum of bioactivi-
ties and therapeutic potentials offered by these plants (PF
Guiné and ] Gongalves, 2016; Sawicka et al., 2022; Zlabur
et al., 2020). This study aimed to build on this foundation
by examining Matricaria chamomilla L. and Teucrium
polium, commonly known in Algerian traditional med-
icines, focusing on their chemical and pharmacological
properties, including their essential oil composition and
potential health benefits for their antioxidant and anti-
bacterial properties. M. chamomilla L., an annual herb
from the Asteraceae family, is widely recognized for its
aromatic properties and historical medicinal uses. Known
as chamomile, this plant is traditionally used to treat gas-
trointestinal disorders, inflammation, and insomnia. Its
name originates from the Greek word khamaimélon,
meaning ‘creeping apple; reflecting its low growth and
apple-like fragrance (Hassanpour et al., 2020; Kherraz et
al., 2023). Chamomile’s medicinal reputation is largely
attributed to its diverse secondary metabolites, includ-
ing coumarins, flavonoids, terpenes, and sesquiterpenes.
These compounds have demonstrated significant biologi-
cal activities, such as antispasmodic and anxiolytic effects,
making chamomile a staple in traditional medicine and
modern pharmacology (Segura Campos, 2018). In addi-
tion to its soothing properties, chamomile is noted for its
antibacterial and anti-diabetic potential, providing a nat-
ural alternative for managing metabolic disorders (Lardry
and Haberkorn, 2007). However, despite its widespread
use, there remains a need for comprehensive studies on its
specific in vitro activities. In recent years, scientific inter-
est in M. chamomilla L. has increased due to the diverse
therapeutic properties of its essential oils. Essential oils
extracted from chamomile have shown promising anti-
septic properties, which can be crucial for developing new
antimicrobial compounds (Markovi¢ et al., 2020; Osman
et al., 2016). These oils are rich in bioactive compounds,
such as 1,8-cineole, germacrene-D, and sabinene, contrib-
uting to their potent antibacterial and antioxidant prop-
erties. These properties are particularly significant in the
context of rising antibiotic resistance and the global bur-
den of chronic diseases driven by oxidative stress (Goetz
and Ghedira, 2012; Singh et al., 2011).

Teucrium polium L. is among the numerous species
of the genus Teucrium (Labiatae) represented in the

Algerian flora (Sharifi-Rad et al., 2022). T. polium L.,
known as Jaadeh in Algeria, is a small, hairy, scented
shrub with dense clusters of white flowers and oval leaves
with enrolled edges. Edible 7. polium is commonly uti-
lized in traditional and folk medicine. The aerial portions
are infused to treat kidney stones, vermifuge, depura-
tive, antispasmodic, headache, and abdominal colic. The
plant has a variety of biological activities, as do its many
extracts (Benchikha et al., 2022).

Despite the extensive traditional and modern use of M.
chamomilla and T. polium, particularly in Algerian tra-
ditional medicine, research on its mineral composition
and certain pharmacological activities remains limited.
Understanding these properties is crucial, given the
importance of bioactive compounds in preventing and
managing health issues (Bouasla and Bouasla, 2017;
Gurib-Fakim, 2006). Our research is part of an ongoing
project exploring natural products relevant to human
health and nutrition. By highlighting the pharmacologi-
cal potential of M. Chamomilla and T. polium, this work
seeks to contribute to the growing database of medicinal
herbs, offering valuable insights into their applications
in pharmaceutical and nutritional contexts, particularly
within Algeria’s rich biodiversity.

Experimental
Reagents and materials

This study utilized various reagents and chemicals to
analyze the properties of essential oils of M. chamo-
milla L. and T. Polium. Essential reagents, such as Folin—
Ciocalteu reagent (FCR); sodium carbonate (Na,CO,);
2,2-diphenyl-1-picrylhydrazyl (DPPH); 2,2-azino-bis-3-
ethylbenzothiazoline-6-sulphonic acid (ABTS); a-to-
copherol (vitamin E); 2,6-ditert-butyl-4-methylphenol
(BHT); gallic acid, quercetin, and AICI,, were purchased
from Sigma (Sigma-Aldrich, Germany). Standards, such
as a-tocopherol (vitamin E, C,;H,O,); 2,6-di-tert-bu-
tyl-4-methylphenol (BHT, CH,O); and quercetin
(C,;H,,0.), were used for reference. Anhydrous sodium
sulfate (Na,SO,) was employed to dry essential oils, and
analytical-grade reagents and solvents were used (Sigma-
Aldrich) to ensure purity and reliable experimental
outcomes. The antimicrobial activity of this study was
evaluated using the following laboratory reference strains
(American Type Culture Collection [ATCC] for bacte-
ria and Candida albicans, National Museum of Natural
History [NMHN] for filamentous fungi) obtained from
the Institute of Pastor Algeria: Gram-positive bacte-
ria: Staphylococcus aureus ATCC 6538; Bacillus subti-
lis ATCC 6633; Gram-negative bacteria: Pseudomonas
aeruginosa ATCC 9027; Escherichia coli ATCC 8739; and
yeast: Candida albicans ATCC 10231.
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Sampling and sample preparation

The aerial parts of M. Chamomilla and T. polium plants
were collected in June 2020 from the El-Guetfa region,
Msila, located in a semi-arid area of Algeria (35°44'26"N
and 3°23’05”E). Plants were identified at the Department
of Chemistry, University of El Oued, Algeria. Upon col-
lection, these plants were immediately transported to the
laboratory in clean and airtight containers to minimize
degradation and contamination. Once in the labora-
tory, the samples were thoroughly washed for more than
three times with deionized water to remove any dirt or
impurity. After washing, the samples were spread out in
a single layer on clean trays and allowed to dry at room
temperature (approximately 25°C) for 2 weeks, ensuring
they were kept away from direct sunlight to prevent pho-
todegradation of sensitive compounds. The dried plant
materials were then crunched to a fine powder to a par-
ticle size of less than 200 um using an agate mortar and
pestle to ensure homogeneity. The powdered samples
were stored in airtight containers in a cool and dry place
until further processing for essential oils extract and phe-
nolic extract.

Hydro-distillation and essential oil collection

Using a Clevenger apparatus, the powdered plant mate-
rial was used to extract essential oils (EO). Approximately
100 g of each plant material was separately placed in a
2-L round-bottom flask with 1.5 L of distilled water.
The hydrodistillation process was conducted for 3 h at a
steady boil, ensuring that the water level in the appara-
tus remained constant by adding distilled water as nec-
essary. The vapor mixture of water and essential oil was
condensed and collected in the Clevenger-type appara-
tus, where the essential oil was separated by decantation.
The collected essential oil was then dried over anhydrous
sodium sulfate (Na,SO,) to remove any residual water.
The dried essential oil was carefully transferred into
amber glass vials with airtight caps and stored at 4°C until
analysis. The yield of essential oil was calculated as the
weight of oil obtained per 100 g of dried plant material.

Gas chromatography-mass spectrometry (GC-MS)
analysis

The chemical composition of essential oil was analyzed
using gas chromatography—flame ionization detection
(GC-FID) with an Rtx-5MS fused silica capillary column
(30-m length x 0.25-mm inner diameter; 0.25-um film
thickness). Nitrogen gas was the carrier gas at a 1 mL/
min flow rate. The temperature program began at 60°C
for 5 min, then increased by 3°C per minute to 250°C,
where it was held for 10 min. The injector and detector

temperatures were set at 300°C. The injection volume
was 0.1 pL, using a split ratio 1:50. Electronic integration
calculated the relative proportion of each component by
comparing peak areas in the chromatogram.

For a more detailed analysis of essential oil's con-
stituents, GC-MS was performed using a Shimadzu
GCMS-QP2010 (Tokyo, Japan), equipped with an Rtx-
5MS-fused bonded column (30 m x 0.25 mm i.d. x 0.25-
pum film thickness) (Restek, USA). Helium served as the
carrier gas at a 1.5 mL/min flow rate. The GC-MS tem-
perature program started at 45°C, held for 2 min, and
then increased by 5°C per minute to 300°C, which was
maintained for 5 min. Mass spectra were obtained with
a filament emission current (FEC) of 60 mA, ion source
temperature (IS) of 200°C, and ionization voltage (IV)
of 70 eV. Samples were diluted to 1% v/v before analysis.
Components of essential oil were identified by compar-
ing mass spectra with the National Institute of Standards
and Technology (NIST) and WILEY mass spectral librar-
ies and by calculating the retention index (RI) relative
to n-alkanes (C8-C20) under the same conditions. The
experimental RIs were compared with literature values to
confirm compound identities, referring to Adams (2007)
for standard retention indices.

Antioxidant activity in vitro

The antioxidant activity of essential oil was evaluated
using DPPH and ABTS assays. In contrast, the antioxi-
dant potential of raw extracts was assessed using DPPH,
B-carotene, and the Galvinoxyl (GOR) radical scavenging
assays. For each test, 0.5 mL of the sample (either essen-
tial oil or raw extract) was mixed with 1 mL of respective
reagent: DPPH (0.2 mM) or ABTS (0.2 mM). The mix-
tures are incubated in the dark at room temperature for
approximately 30 min. The absorbance of the samples was
measured at 517 nm using a UV-Vis spectrophotometer
for DPPH and ABTS assays, and at 450 nm for B-carotene
and GOR47-1 (GOR) assays. The percentage of inhibition
(I) was calculated using the following formula:

(%) = ((A,- A) + A) x 100, Q)

Where A is the absorbance of the control (DPPH, GOR,
B-carotene, or ABTS solution) and A is the absorbance
of the sample. The results are expressed as IC_; values,
indicating the concentration required to inhibit 50% of
free radicals.

Antibacterial activity in vitro

The paper disc diffusion method was employed to eval-
uate the following antibacterial activity of essential
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oil or methanol extracts: two Gram-positive strains:
Staphylococcus aureus ATCC 6538 and Bacillus sub-
tilis ATCC 6633; two Gram-negative bacterial strains:
Pseudomonas aeruginosa ATCC 9027 and Escherichia
coli ATCC 8739; and one fungal strain: Candida albi-
cans ATCC 10231. The strains were obtained from RDC-
SAIDAL, El-Harrah, Algeria. Paper discs with a diameter
of 6 mm were impregnated with 35 pg of each extract
solution.

These discs were then placed on agar plates inoculated
with microorganisms. Reference standards, such as fos-
fomycin, carbenicillin, erythromycin, and cephalexin
(35 ug per disc), were used to determine the sensitivity of
Gram-positive strains. In contrast, fosfomycin was used
for the sensitivity of Gram-negative strains. The plates
were incubated at 37°C for 2 h to allow diffusion. After
incubation, the antibacterial activity was assessed by
measuring the diameter of the inhibition zones around
each disc (Kot et al., 2019).

Statistical analysis

Results were expressed as mean values + SD of three
measurements. The half-maximal inhibitory concen-
tration (IC,) values were calculated by linear regres-
sion analysis, and variance analyses were performed by
ANOVA using XLSTAT. Tukey’s test determined signif-
icant differences between mean values, and p < 0.05 was
considered statistically significant.

Results and Discussion
Chemical composition of essential oils

Essential oils of M. chamomilla L. and T. polium L.
had an average yield of 0.023% and 0.048% (mL/g, wet
weight). Given the outcomes, it was observed that T.
polium produced the highest yield. This was a regular
occurrence since essential oil yields varied depending
on different circumstances, including the species’ geo-
graphic location, extraction method, etc. Numerous
scientific investigations demonstrated that the yield of
essential oils extracted varied according to the plant’s
place of origin (Aprotosoaie et al., 2010; Marzouki et al.,
2010). The findings indicated that these two plants had
a comparatively low yield of essential oils. First, GC-FID
was used to identify all constituents of the essential oils
of the two plants under study. The second phase involved
using GC-MS to examine each essential oil and to iden-
tify the chemical components of Hydro distillation
Extraction (HE) from both plants, retention indices (RI)
on polar and apolar columns, mass spectra of constituent
compounds, and comparison of these data with those of

bibliographic databases and electronic databases, WILEY
and NIST, were used (Adams, 2007).

Table 1 provides a detailed analysis of the chemical com-
position of the essential oil extracted from the aerial parts
of M. chamomilla. The essential oil exhibited a complex
mixture of compounds, with significant variations in
their concentrations and potential effects. Among the
major components, alpha-pinene (5.20%) was prominent
for its pine-like aroma and was widely recognized for its
anti-inflammatory and respiratory benefits. 1.8-Cineole
(13.63%), known as eucalyptol, contributed a fresh,
menthol-like scent beneficial for its expectorant and
decongestant properties. Artemisia ketone (8.38%) added
a unique aromatic profile associated with antioxidant
and antimicrobial activities. Additionally, germacrene-D
(12.40%) excelled for its earthy and spicy notes, which
may offer therapeutic benefits, such as anti-inflammatory
and antimicrobial effects.

The essential oil also contained several minor and trace
compounds that contributed to its overall chemical
profile. Sabinene (7.28%) and beta-pinene (3.25%) were
key terpenes influencing the oil’s scent and therapeutic
properties. 4-Terpineol (2.74%) and alpha-muurolene
(2.84%) were notable for their additional fragrance notes
and potential bioactivities, including antimicrobial and
anti-inflammatory properties. Camphene (0.29%) and
citronellol (0.33%) in trace amounts added further com-
plexity to the oil’'s aroma and therapeutic potential.

The essential oil composition revealed a diverse mix-
ture of monoterpenes and sesquiterpenes, crucial for
their functional and aromatic properties. The identified
compounds constitute 89.06% of the total composition,
yielding 0.023% (v/w). The essential oil included 20.06%
hydrocarbon monoterpenes, 35.11% oxygenated mono-
terpenes, 26.94% hydrocarbon sesquiterpenes, 2.89%
oxygenated sesquiterpenes, and 4.06% other compounds.
This distribution highlights the oil’s potential applications
in aromatherapy, medicinal treatments, and fragrances.
A high percentage of oxygenated monoterpenes suggests
significant therapeutic potential, including antimicrobial
and anti-inflammatory effects, which are of particular
interest for further research and application.

Table 2 presents the composition of essential oil of T.
polium, which was extracted by hydrodistillation of the
aerial parts of the plants. Different compounds are listed
according to their retention time (RT). In all, 37 com-
pounds were identified; the predominant group was
hydrocarbon monoterpenes, which accounted for 71.46%
of the total essential oil composition. Hydrocarbon ses-
quiterpenes (16.32%) was the second prominent group.
The proportion of oxygenated monoterpenes and ses-
quiterpenes in the total content was 4.64% and 0.60%,
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Table 1. Chemical composition of essential oil obtained from Matricaria chamomilla (aerial parts).

No. Compound Retention index (KI) Retention time (RT) Hydrodistillation (HD) method (%)
1. Santolina triene 908 11.831 0.39
2. Alpha-pinene 939 13.576 5.20
3 Camphene 953 14.427 0.29
4. Sabinene 976 16.561 7.28
5. Beta-pinene 980 16.694 3.25
6. Myrcene 991 17.854 1.50
7. Yomogi alcohol 998 18.663 0.77
8. Alpha-terpinene 1018 19.538 0.73
9. 1.8-Cineole 1033 20.869 13.63
10. Gamma-terpinene 1063 22.798 1.10
1. Artemisia ketone 1071 23414 8.38
12. Artemisia alcohol 1083 24.795 0.26
13. Erpinolene 1088 24.968 0.32
14. Alpha-thujone 1102 26.295 1.30
15. Chrysanthenone 1123 27.697 0.70
16. Trans-pinocarveol 1139 28.607 0.58
17. Camphor 1143 28.969 0.43
18. Pinocarvone 1162 30.373 0.83
19. Pinocamphone 1160 31.229 1.70
20. 4-Terpineol 177 31.698 2.74
21. Alpha-Terpineol 1189 32.656 0.90
22. Myrtenal 1193 32.918 1.60
23. Myrtenol 1194 33.049 0.74
24, Citronellol 1228 35.457 0.33
25. Trans-chrysanthenyl acetate 1235 35.837 2.27
26. Geraniol 1255 37.170 0.22
27. Chrysanthenyl acetate cis 1262 37.526 0.40
28. Bornyl acetate 1285 39.151 0.52
29. Delta-elemene 1339 42.676 2.55
30. Neryl acetate 1365 44,548 0.55
31. Cyclosativene 1368 44.417 0.60
32. Alpha-copaene 1376 45.045 0.83
33. Geranyl acetate 1383 45.811 0.32
34. Beta-elemene 1391 46.165 0.99
35. Trans-caryophyllene 1418 47.859 2.67
36. Alpha-humulene 1454 49.840 0.52
37. (E)-Beta-farnesene 1458 50.451 0.51
38. Germacrene-D 1480 51.952 12.40
39. Bicyclogermacrene 1494 52.661 1.70
40. Alpha-muurolene 1499 52.964 2.84
41. Delta-cadinene 1524 54.266 1.33
42. Elemol 1549 55.728 0.26
43, Spathulenol 1576 57.373 0.78
44, Caryophyllene oxide 1581 57.648 1.22
45. Alpha-cadinol 1653 61.695 0.63
Total identified - - 89.060%
Yield of EO (viw) % - - 0.023%
(continues)
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Table 1.

No. Compound

Continued.

Retention index (KI)

Retention time (RT) Hydrodistillation (HD) method (%)

Hydrocarbon monoterpenes -
Oxygenated monoterpenes -
Hydrocarbon sesquiterpenes -
Oxygenated sesquiterpenes -
Other compounds -

- 20.06%
- 35.11%
- 26.94%
- 2.89%
- 4.06%

respectively. T polium essential oil is distinguished for
its high concentration of B-pinene (36.68%), which is
followed by a-pinene (14.62%), D-germacrene (9.97%),
limonene (9.78%), and myrcene (7.98%). The remaining
compounds found were less than 1.5% in content.

Table 3 provides an overview of the physicochemical
properties of the essential oils extracted from M. cham-
omilla and T. polium. The pale yellow color of M. chamo-
milla essential oil is indicative of its low level of pigments
and suggests a relatively clean and refined product, free
from excessive impurities or oxidation. The color also
reflects the presence of specific compounds, such as
chamazulene or flavonoids, known to impart a lighter
hue. The essential oil density at 35°C was measured as
933.9 mg/mlL, slightly higher than the typical range for
most essential oils, often between 900 mg/mL and 930
mg/mL. This higher density could be due to the specific
composition of chamomile oil, which contained higher
proportions of heavier constituents, such as sesquiter-
penes or waxes, which would increase oil’s overall density.
The refractive index of 1.4727 was within the expected
range for essential oils, which generally varies between
1.45 and 1.55. This measurement is crucial for determin-
ing the purity and quality of essential oil. A consistent
refractive index suggests that the oil will likely be highly
quality, with minimal adulteration or contamination. It
also reflects oil’s chemical composition and could be used
as a comparative measure in quality control processes.

Medicinal plants (MP), such as M. chamomilla L. and
T. polium L., are an important source of natural sub-
stances used in therapeutics globally and mainly in
Algeria. According to the literature, nearly half of the
drugs used today are of plant origin, and a quarter of
these drugs contain plant extracts or active molecules
derived directly from plants. According to the World
Health Organization (WHO), 21,000 plants have medici-
nal values out of the 300,000 species available worldwide
(Pandita et al., 2021). However, despite the importance
of these natural substances, it is noted that barely 3000
plants have been the subject of scientific, chemical, bio-
logical, or pharmacological studies (Palici, 2016).

The essential oil of M. Chamomilla L. is the subject of
this discussion. Its chemical originates from different

locations (see Table 4), including Bosnia, Iran, Nepal,
Egypt, and Ethiopia (Ayoughi et al., 2011; EL-Hefny et al.,
2019; Mekonnen et al., 2016; Stanojevic et al., 2016).
These studies exhibit a great deal of diversity, qualita-
tively (composition of various components) and quanti-
tatively (proportions of specific components). Changes
in climate, geography, and other conditions, as well as
changes in fertilization practices, could be responsible
for these variations. Additionally, the chemical composi-
tion of essential oil varies greatly depending on the exac-
tion techniques used.

A comparison of the main constituents of the essential oil
of T. polium L. is shown in Table 5. When these results
are compared to those found in the literature, it becomes
evident that hydrocarbon-based monoterpenes predom-
inate among constituents. However, this does not rule
out the occurrence of some differences, such as those
between a-pinéne and B-pinéne, specifically in the case
of T polium L. from Jordan (Aburjai et al., 2006), Croatia
(Bezi¢ et al., 2011), and Tunisia (Boulila et al., 2008). It is
possible to attribute this variability to both intrinsic and
extrinsic factors. Indeed, according to Sofowora (1996),
geographical location, plant part, time, harvest time, and
storage conditions affect a plant’s composition of second-
ary metabolites. Several authors claim that these second-
ary metabolites give plants their bioactive qualities.

Antioxidant activity

The antioxidant activity of the essential oils of M. cham-
omilla L. and T. polium L. was evaluated using DPPH
and ABTS assays (see Table 6). These assays helped to
determine extracts’ ability to scavenge free radicals and
inhibit oxidation, which are crucial indicators of poten-
tial health benefits. Comparison with known standards,
such as BHT, butylated hydroxyanisole (BHA), and vita-
min E (a-tocopherol), highlights the antioxidant potency
of oil extracts.

The DPPH assay measures the ability of antioxidants to
donate hydrogen and neutralize DPPH radicals, a stable
free radical. In this study, essential oils of M. chamo-
milla L. and T. polium L. demonstrated a weak antioxi-
dant capacity with an IC, value of 25091.5 + 12 ug/mL
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Table2.  Chemical composition of essential oil of Teucrium polium L. (aerial parts).

No. Compounds Retention index (KI) Retention time (RT) Hydrodistillation (HD) %
1. 2-Hexenal 854 8.462 0.13
2. a-Thujene 931 13.073 0.15
3. a-Pinene 939 13.661 14.62
4, Camphene 953 14.454 0.3
5 f- Pinene 980 16.948 36.68
6. Myrcene 991 18.033 7.98
7. Limonene 1031 20.642 9.78
8. Cis-ocimene 1040 21.348 0.260
9. Trans-ocimene 1050 22.126 1.30
1.0. Gamma-terpinene 1062 22.738 0.1
1. Terpinolene 1088 24.916 0.29
12. Linalool 1098 25.96 0.68
13. Nonanal 1098 26.272 0.13
14. Nopinone 1137 28.387 0.20
15. Trans-pinocarveol 1139 8.569 0.86
16. Camphor 1143 28.912 0.19
17. Trans-verbenol 1144 29.066 0.27
18. Pinocarvone 1162 30.313 0.64
19. Borneol 1165 30.539 0.14
20. 4-Terpineol 177 31.417 0.18
21. Alpha. Terpineol 1189 32.453 0.15
22. Myrtenal 1194 32.779 1.26
23. Nerol 1228 35.197 0.14
24. Bornyl acetate 1285 39.097 0.27
25. a-Cubebene 1351 43.346 0.10
26. a-copaene 1376 44977 0.12
27. {3-bourbonene 1384 45.565 1.06
28. -elemene 1391 46.072 0.16
29. Germacrene-D 1480 51.799 9.97
30. f-Selinene 1485 51.986 1.08
31. Bicyclogermacrene 1494 52.603 2.56
32. a-Guaiene 1500 48.972 0.18
33. 5-Cadinene 1524 54.192 0.93
34. Germacrene B 1556 56.009 0.16
35. Spathulenol 1576 57.224 0.36
36. f-Eudesmol 1649 61.294 0.18
37. a-Cadinol 1653 61.564 0.28
Total identified 93.84
Yield of essential oil (viw) % 0.048
Monoterpene hydrocarbons 71.46
Oxygenated monoterpenes 4.64
Sesquiterpene hydrocarbons 16.32
Oxygenated sesquiterpene 0.82
Other compounds 0.60
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and 5491.4 + 3 pg/mL, respectively. Although this is
notably higher than the standards such as BHT (12.99 +
0.41 pg/mL) and BHA (15.21 + 0.41 pg/mL), The results
indicate that while the essential oils extract may not
match synthetic antioxidants in potency;, it still offers a
natural alternative with substantial efficacy and its poten-
tial as a natural antioxidant source. At the same time, the
ABTS assay data for the essential oils of M. chamomilla L.
and T. polium L. demonstrated an IC, equal to 1034.6 +
2 and 373.45 £ 17 pug/mL, respectively, suggesting a lower
antioxidant activity, compared to the standards. BHA
was significantly more effective with an IC, of 15.21 +
0.77 pg/mL. The ABTS assay is particularly useful for
evaluating both hydrophilic and lipophilic antioxidants,

Table 3. Physicochemical properties of the essential oils of
Matricaria chamomilla L. and Teucrium polium L.

Properties of essential ~ Matricaria Teucrium polium
oils chamomilla L.

Color Pale yellow Light green
Density at 35°C (mg/mL) 933.9 870.2
Refractive index 1.4727 1.4727

implying that the essential oil might lack certain com-
pounds that could effectively neutralize ABTS radicals.

Generally, these results suggest that while essential oils
contain compounds that can delay oxidation, they may
not be as potent as synthetic antioxidants for this specific
type of oxidative process. This observation aligns with
the notion that natural extracts often provide a broader,
albeit less intense, spectrum of antioxidant activity.
Also, the weaker performance of these plants’ extracts
of essential oils could be due to the specific interaction
between the extract’s phytochemicals and the lipid rad-
icals involved in the beta-carotene degradation process,
which may require more targeted antioxidant com-
pounds found in synthetic standards.

In vitro antimicrobial activity

The antimicrobial activity of M. chamomilla and T. polium
essential oils was investigated using a combination of disk
diffusion and minimal inhibitory concentration (MIC)
methods. These assays were applied to a range of micro-
bial strains, including Gram-positive and Gram-negative
bacteria and fungi, to provide a thorough understanding

Table 4. Comparison of our data of main chemicals of essential oil of M. chamomilla L with that of the literature.

Major compounds Country & content (%) of compounds
Experimental Bosnia (Stanojevic  Iran (Ayoughi ~ Nepal (Satyal  Egypt (EL-Hefny  Ethiopia (Mekonnen
data et al., 2016) etal., 2011) etal., 2015) etal., 2019) etal., 2016)

a-pinene 5.20 1.9 0.32 0 0.22 6.953
Sabinene 7.28 0.6 0.14 0.2 0.29 ND
1.8-Cineole 13.63 0.1 0.13 ND ND 4.139
Artemisia cetone 8.38 0.7 1.05 ND ND ND
Germacrene-D 12.40 6.2 3.82 9.1 3.71 ND

ND: not determined.

Table 5. Comparison of our data of main chemicals of essential oil of Teucrium polium L. with that of the literature.

Country Content of major compounds present in the Hydro-distillation extraction (HD)
method of Teucrium polium L. (%)
o-pinene p-pinene Myrcene Limonene Germacrene-D Bicyclogermacrene

14.62 36.68 7.98 9.78 9.97 2.56
Iran (Farahbakhsh et al., 2021) 6.97 12.97 219 345 ND 1
Algeria Bouira (Bendjabeur et al., 2018) 3.30 11.3 1.7 4 25 10.4
Jordan (Aburjai et al., 2006) 0.74 1.48 0.48 0.66 2.38 ND
Croatia (Bezi¢ et al., 2011) ND 0.3 0.1 5.9 8.7 ND
Tunisia (Boulila et al., 2008) 6.6 5.8 15.5 22 9 ND
Morocco (Benali et al., 2021) 6.76 19.82 2.9 5.71 18.33 3.21

ND: not determined.
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Table 6. In vitro antioxidant properties of essential oils of Matricaria
chamomilla L. and Teucrium polium L.

Samples DPPHIC,, ABTS IC,
(wg/mL) (wg/mL)

Essential oil of M. chamomilla 25091.5 £ 12¢ 1034.6 + 2°

Essential oil of T. polium 5491.4 + 3¢ 37345+ 179

Butylated hydroxytoluene 12.99 + 0.41 NDC

(BHT)*
Butylated hydroxyanisole 1521+£0412 1521+0.77°
(BHA)*
Vitamin E (a-tocopherol)’ 15.81+0.54°  37.79+0.28°

*Standard compounds. IC, is the concentration of 50% inhibition
percentage. IC, was calculated by linear regression analysis and
expressed as mean £ SD (n = 3) of three parallel measurements.
ND: not determined. The values with superscripts@®¢9 in the same
columns are significantly different (p < 0.05).

of extracts’ antimicrobial efficacy. The in vitro antimicro-
bial activity of M. chamomilla highlights its potential to
be a natural antimicrobial agent against various bacterial
and fungal strains (see Tables 7 and 8).

First, antibacterial activity tests using the solid medium
diffusion method using Mueller—-Hinton medium for
bacteria and Sabouraud medium for yeasts were per-
formed on four Gram-positive and Gram-negative bac-
terial strains. The extracts were prepared from three
examples. The results of the evaluation of the antibacte-
rial potential of extracts are shown in Table 7. The anti-
bacterial activity is determined as the diameter of the
zone of inhibition (in mm) produced around the discs
after incubation under conditions suitable for developing
the test germ. This activity was evaluated on four bac-
terial reference strains (Staphylococcus aureus, Bacillus
subtilus, Pseudomonas aeruginosa, and Escherichia coli)
and a fungal strain (Candida albicans).

In the disk diffusion method, essential oil of M. cham-
omilla, compared to T. polium L. essential oil and the
references used, demonstrated notable antibacterial
activity, particularly against Gram-positive bacteria. For
instance, against Staphylococcus aureus, the essential
oil produced a significant inhibition zone of 24.66 + 1.32
mm, indicating a strong antibacterial effect, although
still less than the standard antibiotic fosfomycin, which
showed an inhibition zone of 44.0 + 0.5 mm. This sug-
gests that M. chamomilla essential oil is effective and
matches conventional antibiotics potency. Essential
oil of T. polium L. also showed a good inhibitory effect
against Bacillus subtilis with a zone size of 16.66 + 01.32
mm, albeit slightly less than the M. chamomilla essential
oil with a zone size of 21.5 + 0.5 mm and the zone size
of the standard antibiotic fosfomycin being 32.5 + 0.3
mm. However, when tested against Gram-negative bac-
teria, such as Escherichia coli, the essential oil showed a
moderate inhibition zone of 23.5 + 0.5 mm. In contrast,
the T. polium L. essential oil showed a lower inhibition
zone at 12 + 0.75 mm. This reduced effectiveness against
Gram-negative bacteria could be attributed to their more
complex cell wall structures, which could act as a barrier
to the penetration of antimicrobial compounds. In addi-
tion to antibacterial activity, the study also evaluated the
antifungal potential of essential oil extracts. Essential oil
of M. chamomilla showed a particularly strong antifun-
gal effect against Candida albicans, with an inhibition
zone of 12.5 + 0.5 mm, notably larger than the inhibition
zone produced by T. polium L. essential oil at 9 + 0.5 mm.
This finding suggests that the essential oil of M. chamo-
milla might contain specific antifungal compounds that
could be more effective than those found in T. polium L.
essential oil. The higher efficacy of M. chamomilla essen-
tial oil against Candida albicans is significant, as fungal
infections are often challenging to treat due to increasing
resistance to conventional antifungal agents. The ability

Table 7.  In vitro antibacterial activity of Matricaria chamomilla and Teucrium polium essential oils against bacteria and yeast strains
using the disk diffusion method.
Concentration (uL/disc) Our Data
Groups L .
Essential oil of Essential oil of References used
M. chamomillaL. T poliumL.
Gram-positive Staphylococcus aureus Diam mean  SD (mm) 24.66 + 1.32 11.66 £ 1.32 Fosfomycin Carbenicilli
bacteria ATCC 6538 44105 375104
Bacillus subtilis Diam mean = SD (mm) 215+05 16.66 £ 1.32 Erythromycin ~ Cephalexin
ATCC 6633 32503 31£0.3
Gram-negative Pseudomonas aeruginosa ~ Mean = SD (mm) 12.0+0.5 12+ 0.5 Fosfomycin -
bacteri ATCC 9027 31.2+0.21
Escherichia coli Diam mean = SD (mm) 235105 12+0.75 Fosfomycin -
ATCC 8739 33+0.31
Yeast Candida albicans Mean + SD (mm) 125+ 0.5 9+£0.75 - -
ATCC 10231
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Table 8. Results of minimal inhibitory concentration values (uL/mL) using the it is mean Minimum Inhibitory Concentration (MIC)

and Minimum Bactericidal Concentration (MBC) methods.

Micro-organisms tested MIC/MBC Antibiotic/antifungal T. polium L. M. chamomilla L.
(ML/mL
Gram-positive Reference antibiotic: Levofloxacin
Staphylococcus aureus MIC 0.062 25 0.5
ATCC 6538 MBC 0.062 5 2
Bacillus subtilis MIC 0.125 20 2
ATCC 6633 MBC 0.125 20 2
Listeria monocytogenes MIC 0.125 6.125 ND
ClPg2110 MBC 0.125 6.125 ND
Gram-negative Pseudomonas aeruginosa MIC 0.125 6.125 ND
ATCC 9027 MBC 0.125 6.125 ND
Escherichia coli MIC 0.062 <0.76
ATCC 8739 MBC 0.062 <076
Klebsiella pneumoniae MIC 1 6.125 <0.76
ClP 8291 MBC 1 6.125 <0.76
Pseudomonas aeruginosa MIC 1 <0.76 <0.76
ATCC 9027 MBC 1 <0.76 <0.76
Champignons Antifungal: Nystatine
Mucor ramanianus MIC 0.94 3.06 6.125
Aspergilus flavus MIC 0.94 1.53 6.125
Penicillium expansum MIC 0.23 <0.76 1.53
Fusarium culmorum MIC 0.007 <0.76 <0.76

ND: not determined, MIC: Minimum Inhibitory Concentration, MBC: Minimum Bactericidal Concentration.

of the essential oil extract of M. chamomilla to inhibit
Candida albicans effectively highlights its potential of
being a viable alternative or complementary treatment in
managing fungal infections.

Second, the minimal inhibitory concentration method
provided further insights into the antimicrobial potency
of M. chamomilla L. and T. polium L. essential oils (see
Table 8).

The essential oil of M. chamomilla exhibited a low MIC
value of 0.5 uL/mL against Staphylococcus aureus, indi-
cating high antibacterial activity. However, it was less
effective than the standard antibiotic levofloxacin, which
had an MIC of 0.062 uL/mL, suggesting that while the
raw extract had significant potential, it might require
optimization or combination with other treatments for
maximum efficacy. Similarly, T. polium L. essential oil
showed a MIC of 2.5 pL/mL against Escherichia coli,
demonstrating moderate antibacterial activity against
this Gram-negative bacterium. Notably, M. chamomilla
essential oil also displayed important antifungal activ-
ity with low MIC values against fungal strains, such
as Penicillium expansum and Fusarium culmorum at

1.53 pL/mL and <0.76 pL/mL, respectively, indicating a
potent antifungal effect.

These results collectively highlight the promising role of
M. chamomilla and T. polium L. as natural antimicrobial
agents, particularly when confronted with the rising anti-
microbial resistance.

Conclusions

In this work, we investigated the composition of essential
oil constituents of T polium L. and M. chamomilla L., in
addition to some biological properties, such as in vitro
antioxidant and antimicrobial activity. The results showed
that 26 compounds were identified, and beta-pinene was
the major constituent of essential oil (36.68%), followed
by alpha-pinene (14.62%), germacrene-D (9.97%), limo-
nene (9.78%), and myrcene (7.98%). This study demon-
strates that M. chamomilla and T. polium L. essential oils
exhibit significant bioactive properties. The in vitro anti-
oxidant tests revealed that the essential oil of 7. polium L.
had important antioxidant activity, particularly noted by
the low IC50 value of 373.45 pg/mL in ABTS. However,
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the antioxidant activity of the essential oil of M. cham-
omilla was less than that of the essential oil of T. polium
L. and standards. Regarding antimicrobial activity, the
essential oil of M. chamomilla showed an important
activity. The results obtained underscored the potential
of M. chamomiilla as a source of valuable bioactive com-
pounds with significant antioxidant and antimicrobial
activities.

Acknowledgements

The authors acknowledge and extend their apprecia-
tion to the Researchers Supporting Project Number
(RSPD2025R709), King Saud University, Riyadh,
Saudi Arabia, for supporting this study.

Author Contributions

Abderrezak Ferhat: Conceptualization, methodology,
software, validation; Amar Djemoui: Conceptualization,
methodology, software, validation, formal analysis;
Mohammed Messaoudi: Conceptualization, method-
ology, software, validation, formal analysis; Mohamed
Amine Ferhat: Conceptualization, methodology, soft-
ware, validation; Naima Benchikha: investigation, formal
analysis; Hamza Ouakouak: investigation, formal analysis;
Siham Boubekeur: investigation, formal analysis; Sabry
M. Attia: validation, formal analysis, resources, funding
acquisition; Sheikh F. Ahmad: validation, formal analysis,
resources, funding acquisition; Maria Atanassova: inves-
tigation & Wafa Zahnit: Conceptualization, methodol-
ogy, software, validation.

Conflicts of Interest

The authors declare no conflicts of interest.

Funding

This research was supported by King Saud University,
Riyadh, Saudi Arabia, Project Number (RSPD2025R709).

References

Aburjai, T., Hudaib, M. and Cavrini, V. 2006. Composition of the
essential oil from Jordanian germander (Teucrium polium L.). |
Essent Oil Res. 18(1):97-99. https://doi.org/10.1080/10412905.
2006.9699398

Adams, R.P. 2007. Identification of essential oil components by
gas chromatography/mass spectrometry (Vol. 456). Allured
Publishing, Carol Stream, IL.

Aprotosoaie, A.C., Spac, A., Hancianu, M., Miron, A,
Tandsescu, V.F, Dorneanu, V. and Stinescu, U. 2010. The
chemical profile of essential oils obtained from fennel fruits
(Foeniculum vulgare Mill.). Farmacia. 58(1):46—58.

Ayoughi, F, Marzegar, M., Sahari, M.A. and Naghdibadi, H. 2011.
Chemical compositions of essential oils of Artemisia dracuncu-
lus L. and endemic Matricaria chamomilla L. and an evaluation
of their antioxidative effects. ] Agric Sci Technol. 13(1):79-88.

Benali, T., Habbadi, K., Bouyahya, A., Khabbach, A., Marmouzi, L,
Aanniz, T, Chtibi, H., Mrabti, H.N,, Achbani, E.H. and
Hammani, K. 2021. Phytochemical analysis and study of anti-
oxidant, anticandidal, and antibacterial activities of Teucrium
polium subsp. polium and Micromeria graeca (Lamiaceae)
essential oils from Northern Morocco. Evid Based Compl Altern
Med. 2021(1) 6641720. https://doi.org/10.1155/2021/6641720

Benchikha, N., Messaoudi, M., Larkem, I, Ouakouak, H.,
Rebiai, A., Boubekeur, S., Ferhat, M.A., Benarfa, A., Begaa, S.
and Benmohamed, M. 2022. Evaluation of possible antioxi-
dant, anti-hyperglycaemic, anti-Alzheimer and anti-inflamma-
tory effects of Teucrium polium aerial parts (Lamiaceae). Life.
12(10):1579. https://doi.org/10.3390/1ife12101579

Bendjabeur, S., Benchabane, O., Bensouici, C., Hazzit, M,
Baaliouamer, A. and Bitam, A. 2018. Antioxidant and anti-
cholinesterase activity of essential oils and ethanol extracts
of Thymus algeriensis and Teucrium polium from Algeria. ]
Food Meas Charact. 12(4):2278-2288. https://doi.org/10.1007/
§11694-018-9845-x

Bezié, N., Vuko, E., Dunki¢, V., Rusc¢i¢, M., Blazevi¢, 1. and Burcul, F.
2011. Antiphytoviral activity of sesquiterpene-rich essential oils
from four Croatian Teucrium species. Molecules. 16(9):8119—
8129. https://doi.org/10.3390/molecules16098119

Bouasla, A. and Bouasla, I. 2017. Ethnobotanical survey of medici-
nal plants in northeastern of Algeria. Phytomedicine. 36:68-81.
https://doi.org/10.1016/j.phymed.2017.09.007

Boulila, A., Béjaoui, A., Messaoud, C. and Boussaid, M. 2008.
Variation of volatiles in Tunisian populations of Teucrium
polium L. (Lamiaceae). Chem Biodivers. 5(7):1389-1400.
https://doi.org/10.1002/cbdv.200890127

Bruneton, J. 1999. Pharmacognosie et phytochimie des plantes
meédicinales. 3rd Ed. Revue et Augmentée, Tec & Doc, Paris, pp.
101-120.

EL-Hefny, M., Abo Elgat, W.A.A., Al-Huqail, A.A. and Ali, H.M.
2019. Essential and recovery oils from Matricaria chamomilla
flowers as environmentally friendly fungicides against four fungi
isolated from cultural heritage objects. Processes. 7(11):809.
https://doi.org/10.3390/pr7110809

Farahbakhsh, J., Najafian, S., Hosseinifarahi, M. and Gholipour, S.
2021. Essential oil composition and phytochemical properties
from leaves of felty germander (Teucrium polium L.) and spear-
mint (Mentha spicata L.). ] Ess Oil Bearing Plants. 24(1):147—
159. https://doi.org/10.1080/0972060X.2021.1896976

Goetz, P.and Ghedira, K. 2012. Phytothérapie anti-infectieuse. Springer,
New York, NY. https://doi.org/10.1007/978-2-8178-0058-5

Gurib-Fakim, A. 2006. Medicinal plants: traditions of yesterday and
drugs of tomorrow. Mol Aspects Med. 27(1):1-93. https://doi.
org/10.1016/j.mam.2005.07.008

Italian Journal of Food Science, 2025; 37 (2)

33


https://doi.org/10.1155/2021/6641720�
https://doi.org/10.3390/life12101579�
https://doi.org/10.1007/s11694-018-9845-x�
https://doi.org/10.1007/s11694-018-9845-x�
https://doi.org/10.3390/molecules16098119�
https://doi.org/10.1016/j.phymed.2017.09.007�
https://doi.org/10.1002/cbdv.200890127�
https://doi.org/10.3390/pr7110809�
https://doi.org/10.1080/0972060X.2021.1896976�
https://doi.org/10.1007/978-2-8178-0058-5�
https://doi.org/10.1016/j.mam.2005.07.008�
https://doi.org/10.1016/j.mam.2005.07.008�
https://doi.org/10.1080/10412905.2006.9699398�
https://doi.org/10.1080/10412905.2006.9699398�

Ferhat A. et al.

Hassanpour, H., Niknam, V., Ahmadi-Sakha, S. and Haddadi, B.
2020. Antioxidant activity and flavonoid content of Matricaria
chamomiilla extracts from different populations of Iran. / Bot
Res. 2(2):1909. https://doi.org/10.30564/jrb.v2i2.1909

Jiang, T.A. 2019. Health benefits of culinary herbs and spices. ]
AOAC Int. 102(2):395-411. https://doi.org/10.5740/jaocacint.
18-0418

Kherraz, K., Messaoudi, M., Benchikha, N., Benmohamed, M.,
Bouhila, Z., Azli, T., Ben Seghir, B., Rebiai, A., Ouakouak, H. and
Benarfa, A. 2023. Determination of essential and toxic elements
in Algerian plant Matricaria chamomilla L. Radiochimica Acta.
111(7):565—-571. https://doi.org/doi.org/10.1515/ract-2022-0103

Kot, B., Wierzchowska, K., Piechota, M., Czerniewicz, P. and
Chrzanowski, G. 2019. Antimicrobial activity of five essential
oils from Lamiaceae against multidrug-resistant Staphylococcus
aureus. Nat Prod Res. 33(24):3587-3591. https://doi.org/10.1080/
14786419.2018.1486314

Lardry, J.-M. and Haberkorn, V. 2007. Laromathérapie et les
huiles essentielles. Kinésithérapie, La Revue. 7(61):14—17.
https://doi.org/10.1016/S1779-0123(07)70312-1 https://doi.
org/10.1016/S1779-0123(07)70309-1  https://doi.org/10.1016/
$1779-0123(07)70308-X

Markovi¢, M., Pljevljakusi¢, D., Kojici¢, K. and Cupara, S.
2020. Ethnopharmacological application of chamomile
(Matricaria chamomilla L.) in the pirot county of southeast-
ern Serbia. Arh Farm. 70(4):238-247. https://doi.org/10.5937/
arhfarm2004238M

Marzouki, H., Khaldi, A., Falconieri, D., Piras, A., Marongiu, B.,
Molicotti, P. and Zanetti, S. 2010. Essential oils of Daucus
carota subsp. carota of Tunisia obtained by super-

dioxide Natural  Product
Commun. 5(12). p. 1934578X1000501226. https://doi.
org/10.1177/1934578x1000501226

Mekonnen, A, Yitayew, B., Tesema, A. and Taddese, S. 2016. In vitro
antimicrobial activity of essential oil of Thymus schimperi,

critical ~ carbon extraction.

Matricaria chamomilla, Eucalyptus globulus, and Rosmarinus
officinalis. Int ] Microbiol. 2016. 2016(1): 9545693. https://doi.
org/10.1155/2016/9545693

Osman, M.Y,, Taie, H.A.A., Helmy, W.A. and Amer, H. 2016.
Screening for antioxidant, antifungal, and antitumor
activities of aqueous extracts of chamomile (Matricaria
chamomilla). Egyptian Pharm J. 15(2):55. https://doi.
org/10.4103/1687-4315.190402

Palici, L.-F. 2016. Valorisation des Activités biologiques de certaines
espéces végétales sahariennes Nord-africaines. University of
Bordeaux, Talence CEDEX.

Pandita, D., Pandita, A., Wani, S.H. Abdelmohsen, S.A.M.,
Alyousef, H.A., Abdelbacki, A.M.M., Al-Yafrasi, M.A,

Al-Mana, F.A. and Elansary, H.O. 2021. Crosstalk of multi-omics

platforms with plants of therapeutic importance. Cells.
10(6):1296. https://doi.org/10.3390/cells10061296

PF Guiné, R. and ] Gongalves, F. 2016. Bioactive compounds in
some culinary aromatic herbs and their effects on human health.
Mini Rev Med Chem. 16(11):855-866. https://doi.org/10.2174/
1389557516666160211120540

Satyal, P, Shrestha, S. and Setzer, W.N. 2015. Composition and
bioactivities of an (E)-B-farnesene chemotype of chamomile
(Matricaria chamomilla) essential oil from Nepal. Nat Prod
Commun. 10(8):1934578X1501000835. https://doi.org/10.1177/
1934578X1501000835

Sawicka, B., Ziarati, P., Messaoudi, M., Agarpanah, J., Skiba, D,
Bienia, B., Barbas, P, Rebiai, A., Krochmal-Marczak, B. and
Yeganehpoor, F. 2022. Role of herbal bioactive compounds as
a potential bioavailability enhancer for active pharmaceutical
ingredients. In Handbook of research on advanced phytochemi-
cals and plant-based drug discovery (pp. 450—495). IGI Global,
Hershey, PA. https://doi.org/10.4018/978-1-6684-5129-8.ch023

Segura Campos, M.R. (Ed.) 2018. Bioactive compounds: health ben-
efits and potential applications. In Bioactive compounds: health
benefits and potential applications. Woodhead Publishing.
https://doi.org/10.1016/C2017-0-02265-6

Sharifi-Rad, M., Pohl, P, Epifano, F, Zengin, G., Jaradat, N. and
Messaoudi, M. 2022. Teucrium polium (L.): phytochemical
screening and biological activities at different phenological
stages. Molecules. 27(5):1561. https://doi.org/10.3390/molecules
27051561

Singh, O., Khanam, Z., Misra, N. and Srivastava, M.K. 2011.
Chamonmile (Matricaria chamomillaL.): an overview. Pharmacog
Rev. 5(9):82-95. https://doi.org/10.4103/0973-7847.79103

Sofowora, A. 1996. Research on medicinal plants and traditional
medicine in Africa. ] Altern Compl Med. 2(3):365-372. https://
doi.org/10.1089/acm.1996.2.365

Stanojevic, L.P, Kalaba, V.D,

Stanojevic, J.S. and Cvetkovic, D.J. 2016. Chemical composi-

Marjanovic-Balaban, Z.R,,

tion, antioxidant and antimicrobial activity of chamomile flow-
ers essential oil (Matricaria chamomilla L.). ] Ess Oil Bearing
Plants. 19(8):2017-2028. https://doi.org/10.1080/0972060X.
2016.1224689

Yanishlieva, N.V, Marinova, E. and Pokorny, J. 2006. Natural anti-
oxidants from herbs and spices. Eur ] Lipid Sci Technol.
108(9):776—793. https://doi.org/10.1002/ejlt.200600127

Zlabur, J.S., Zuti¢, I, Radman, S., Plesa, M., Brn¢i¢, M., Barba, EJ.,
Rocchetti, G., Lucini, L., Lorenzo, J.M., Dominguez, R,
Brnci¢, S.R., Gali¢, A. and Voca, S. 2020. Effect of different green
extraction methods and solvents on bioactive components of
chamomile (Matricaria chamomilla 1.) flowers. Molecules.
25(4):810. https://doi.org/10.3390/molecules25040810

34

ltalian Journal of Food Science, 2025, 37 (2)


https://doi.org/10.30564/jrb.v2i2.1909�
https://doi.org/10.5740/jaoacint.18-0418�
https://doi.org/10.5740/jaoacint.18-0418�
https://doi.org/doi.org/10.1515/ract-2022-0103�
https://doi.org/10.1080/14786419.2018.1486314�
https://doi.org/10.1080/14786419.2018.1486314�
https://doi.org/10.1016/S1779-0123(07)70312-1
https://doi.org/10.1016/S1779-0123(07)70309-1
https://doi.org/10.1016/S1779-0123(07)70309-1
https://doi.org/10.1016/S1779-0123(07)70308-X
https://doi.org/10.1016/S1779-0123(07)70308-X
https://doi.org/10.5937/arhfarm2004238M�
https://doi.org/10.5937/arhfarm2004238M�
https://doi.org/10.1177/1934578x1000501226�
https://doi.org/10.1177/1934578x1000501226�
https://doi.org/10.1155/2016/9545693�
https://doi.org/10.1155/2016/9545693�
https://doi.org/10.4103/1687-4315.190402�
https://doi.org/10.4103/1687-4315.190402�
https://doi.org/10.3390/cells10061296�
https://doi.org/10.2174/1389557516666160211120540�
https://doi.org/10.2174/1389557516666160211120540�
https://doi.org/10.1177/1934578X1501000835�
https://doi.org/10.1177/1934578X1501000835�
https://doi.org/10.4018/978-1-6684-5129-8.ch023�
https://doi.org/10.1016/C2017-0-02265-6�
https://doi.org/10.3390/molecules27051561�
https://doi.org/10.3390/molecules27051561�
https://doi.org/10.4103/0973-7847.79103�
https://doi.org/10.1089/acm.1996.2.365�
https://doi.org/10.1089/acm.1996.2.365�
https://doi.org/10.1080/0972060X.2016.1224689�
https://doi.org/10.1080/0972060X.2016.1224689�
https://doi.org/10.1002/ejlt.200600127�
https://doi.org/10.3390/molecules25040810�

	_Hlk185674477
	_Hlk148863340

