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Abstract

Achillea millefolium L., a traditional medicinal plant from the Asteraceae family, is known for its anti-inflammatory, anti-
ulcer, and anti-cancer properties, attributed to its rich content of phytochemicals (such as flavonoids, alkaloids, ter-
penes, tannins, and phenolic acids). This study has focused on the chemical analysis of the oil extracted from the
aerial parts of Achillea millefolium subsp. millefolium, cultivated and harvested in Kurdistan, Iraq. The oil was extracted
by using a Clevenger apparatus for hydro-distillation and was analysed by using gas chromatography with a flame
ionization detector and an HP-5 MS capillary column. The analysis revealed the presence of 1,8-cineole (eucalyptus
oil), Artemisia ketone, camphor, linalyl acetate, and D-limonene, with Artemisia ketone having the highest concentra-
tion at 15.04% and D-limonene the lowest at 7.51%. The extract of Achillea millefolium has been shown to aid in the
treatment of oral mucositis (a common side effect of anticancer chemotherapy), likely due to the flavonoids and tannins
present in the plant.
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Many people use yarrow (Achillea millefolium L.),
a Asteraceae family plant, as an ancient medicinal
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man’s pepper’, “devil's nettle”, “sanguinary”, “mil-

foil”, “soldier’'s woundwort”, “thousand-leaf’, and
BY “thousand-seal” [2]. Yarrow grows naturally in pas-
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other hand, has anaesthetic properties; it has been
used in order to relieve toothaches, by applying
fresh roots or leaves to the gums [3]. Achillea
millefolium has been used in traditional medicine
for centuries [4,5]. It possesses anti-inflammatory,
anti-ulcer, and anti-cancer properties. Flavonoids,
alkaloids, terpenes, tannins, phenolic acids, and
other phytochemicals are abundant in Achillea
millefolium, with flavonoids and phenolic acids be-
ing the most important components. The main
component of the Achillea millefolium essential oil
is chamazulene [6]. In terms of its beneficial ef-
fects in dental pathology, it has been demon-
strated that the plant’s extract assists in the treat-
ment of oral mucositis; a typical side-effect of
standard anticancer therapies [7].

2. MATERIALS AND METHODS

Achillea millefolium plants were cultivated and har-
vested from their natural habitats in Kurdistan,
Iraq. The aerial parts of the plants were air-dried
and stored in paper bags for 30 days. The dried
plant materials (100 g) were then powdered and
subjected to hydro-distillation by using Clevenger-
type equipment for a duration of 3 h [8]. The ex-
tracted essential oil from Achillea millefolium was
analysed using an HP 6890 gas chromatograph
equipped with a flame ionization detector (FID)
and an HP-5 MS capillary column (30 m; 0.25 mm
i.d.; film thickness 0.25 ym). The same column and
analytical conditions were used as in gas chroma-
tography (GC) - mass spectrometry. The percent-
age composition of the essential oil was estimated
by using GC-FID peak areas, without the use of
adjustment factors. Each bioactive compound that
was isolated and evaluated in the essential oil of
Achillea millefolium has been studied in the litera-
ture. The potential bioactivity of these compounds
against the common cavity-causing bacterium,
Streptococcus mutans, was highlighted, particu-
larly in the context of mouthwash production. The
antibacterial activity of the yarrow oil extract was
assessed against several bacterial species (Strep-
tococcus salivarius, Pseudomonas aeruginosa,
Staphylococcus aureus, and Staphylococcus epi-
dermidis) by using the agar diffusion technique. A
bacterial suspension (100 pL) containing approxi-
mately 1x108 cells/mL (McFarland solution) was
uniformly spread on the surface of a Mueller-
Hinton agar in a petri dish (90-mm diameter).
Then, 0.1 mL of each concentration (0%, 0.1%,
0.3%, and 0.5%) of the yarrow extract was asepti-
cally introduced into the wells (5-mm diameter). The
plates were left for 30 min before their incubation
at 37°C for 24 h. The inhibitory zones (in mm) were
measured, indicating the antibacterial activity [9].
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3. RESULTS AND DISCUSSION

Our GC-mass spectrometry analysis has shown
that the yarrow oil contains numerous anti-inflam-
matory chemicals. The chemical analysis spec-
trum of the yarrow essential oil is influenced by in-
trinsic factors such as the number of chromo-
somes and whether the plant is diploid or tetra-
ploid. Extrinsic factors, including the stage of har-
vest, the part of the plant, the harvesting season,
the geographical origins, and the method used for
the oil extraction and analysis, can also affect the
chemical composition and yield of the oil obtained
from the yarrow. Artemisia ketone, a member of
the enone functional group with the structure
RC(=0O)CR’, has been found to exist at 3.1% to
12.9%. Artemisia ketone is almost insoluble in wa-
ter at 0.29 g/L and is a very weak basic (essentially
neutral) molecule. This green, herbal chemical
with a berry flavour is also found in the sunflower
and in the tarragon. Linalyl acetate, which makes
up 12.08% of the Achillea millefolium essential oil,
is a phytochemical molecule found in many flow-
ers, and has a lavender scent. Linalyl acetate is
chemically composed of linalool acetate ester; it
has a pleasant odour and a taste that is similar to
its smell, and it can be used as a safe fragrance
substance. 1,8-Cineole was found to be the third
component at 11.08%, which varied from the oil re-
covered from commercial yarrow plants. Eucalyp-
tol is another name for 1,8-cineole, which is natu-
rally formed as a cyclic ether and monoterpenoid
by several plants, most notably eucalyptus. Cam-
phor and D-limonene, both terpenes, were found
at 10.75% and 7.51%, respectively, in the ex-
tracted oil of the yarrow. Camphor was found to be
a prominent ingredient of the yarrow oil, with a
range of 0.6% to 17.6%. Camphor oil is primarily
derived by steam distillation from the wood of cam-
phor trees. D-limonene, a key ingredient in various
citrus oils, is generally regarded as safe and may
be found in popular food items. Camphor is often
used in creams, ointments, and lotions so as to re-
duce skin irritation and itching, and may help en-
hance the skin’s overall appearance.

Yarrow oil has been found to have antibacterial
and antifungal properties, making it effective in
treating infections. It is suggested that the yarrow
extract could be used as a mouthwash to alleviate
mucositis and ulcers following chemotherapy, and
to reduce harmful bacterial dysbiosis. It could also
be used in creams or lotions to prevent acne in
young people, based on the bioactive ingredients
identified in the oil. Oil extracted from Achillea spp.
was tested against Propionibacterium acnes and
Staphylococcus epidermidis, showing varying de-
grees of antibacterial activity. Yarrow oil, which is
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rich in eucalyptol, could potentially be used in the
manufacturing of mouthwash and cough suppres-
sants. Eucalyptol has been shown to regulate air-
way mucus hypersecretion and asthma through
the suppression of inflammatory cytokines. It can
effectively treat nonpurulent rhinosinusitis and,
when applied topically, can relieve inflammation
and discomfort. The antibacterial efficacy of the
oily yarrow extract against common cavity bacte-
rial species has been discussed. The Achillea
millefolium extract has demonstrated a dose-re-
sponse antibacterial activity. All tested bacteria
were susceptible to yarrow oil extract at its higher
concentration of 0.5%. Streptococcus salivarius

was less susceptible, with an inhibition zone
reaching 11 mm, followed by Staphylococcus
epidermidis with an inhibition zone of 13 mm. The
yarrow oil extract showed higher antibacterial ac-
tivity against Staphylococcus aureus, with an inhi-
bition zone reaching 21 mm. An ethanol extract of
the Achillea millefolium aerial parts was previously
tested for antimicrobial activity against Escherichia
coli, Bacillus cereus, Pseudomonas aeruginosa,
Salmonella enteritidis, and Candida albicans. The
highest MIC value of 62.50 mg/mL was observed
against Bacillus cereus and Salmonella enteritidis,
with no activity observed in the other three tested
strains.

Figure 1. Antibacterial activity of the yarrow extract against various bacterial species at different concentrations.

4. CONCLUSION

A total of 19 compounds were discovered in our
GC-mass spectrometry analysis of Achillea mille-
folium. The most common components were Arte-
misia ketone (15.04%), camphor (10.27%), linalyl
acetate (12.08%), 1,8-cineole (11.08%), and D-
limonene (7.51%).
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