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The medicinal plant yarrow (Achillea millefolium L.) belongs to the Asteracea family. It is being used in the pharmacological, food,
and cosmetic industry. The economic importance of yarrow resides in its essential oil (EO). This plant is used in traditional medicine
as the EO has properties which range from antibacterial, antifungal, anti-inflammatory, anti-oxidant and antitumor activities. The
objective of this study was to identify chemical components and EO content of yarrow, as well as its antimicrobial activity against
some micro-organisms in vitro. The fresh leaves were collected in a morning in October (2018) at the UNIPAR Medicinal Plants
Garden, Umuarama-Parana State, Brazil. The EO was obtained by hydrodistillation of the modified Clevenger type. After that, the
content (m/m%) was calculated. The chemical composition of the EO was identified by gas chromatography/mass spectrometry
(GC/MS). The minimal inhibitory concentration (MIC), minimal bactericidal concentration (MBC) and minimal fungicidal
concentration (MFC) were determined by a microdilution method in 96-well microtitre plates and effect of EO was assessed on four
micro-organisms (Candida albicans, Staphylococcus epidermidis, Escherechia coli and Klebsiella pneumoniae). The EO content
(yield) in the plant shoots was 0.4% (four grams of EO kg'1 of plant fresh shoots) and presented 20 chemical compounds such as a-
farnesene (31.66%), followed by chamazulene (17.17%), B-caryophyllene (10.27%) and sabinene (8.77%). The majority class was
hydrocarbon sesquiterpene with 74.29%. The antimicrobial activity tests showed that the EO had low antimicrobial activity against
the analyzed species with MIC for all species above 1.5 mg mL™. It was concluded that the EO content was 0.4%. The major
component was a-farnesene (31.66%) and EO presented low MIC.

a-farnesene; asteracea; hydrodistillation, medicinal plant; microdilution.
EO_essential oil; GC/MS_Gas chromatography/mass spectrometry; 1ZD_inhibition zone diameter; MIC_minimal
inhibitory concentration; MBC_minimal bactericidal concentration; MFC_minimal fungicidal concentration; UNIPAR_Universidade
Paranaense.

The family Asteraceae (formerly Compositae) is one of the family, include the sunflower (Helianthus annus), of great
largest in the angiosperms, possessing about 1,500 genera, agricultural and economic importance; chamomile
of which approximately 180 are in Brazil and consist of (Matricaria chamomilla), used as anti-spasmodic; arnica
around 23,000 species, arranged in 4 subfamilies and 17 (Arnica montana) anti-inflammatory, and yarrow, used with

tribes (Bremer, 1994). Important representatives of the
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various medicinal properties, all of which have diverse
biological activities (Sweetman, 2002).

The genus Achillea is one of the most important genera of
the Asteraceae family, composed of more than 100 species
with significant ethnopharmacology (Mohammadhosseini et
al., 2017) that grow wild in different parts of the world (Ali et
al., 2017).

The Latin name Achillea is derived from the Greek hero
Achilles, who used it in one of his battles to heal his king.
The specific epiphyte millefolium means a thousand leaves
(yarrow), which is allusive to a large number of leaves that it
owns (Lorenzi and Matos, 2002). It is native to Europe, South
Australia, North America, and Asia and has adapted to the
climate of Brazil, and is considered the most known species
of the genus Achillea (Candan et al., 2003).

The Achillea millefolium L. (yarrow) has been used in the
pharmacological industry for the production of herbal
medicines, using the stem, leaves and flowers for medicinal
purposes (Ali et al., 2017). In addition to the pharmacological
industry, the plant is also used in the cosmetic industry in
photo protective production, food as an ingredient for the
manufacture of liqueurs and flavorings and also in
landscaping as an ornamental plant (Nadim et al., 2011).

The yarrow plant is 30 to 50 cm tall. It is an aromatic,
perennial, dark green herb with hard and rhizomatous
stems. It has abundant leaves, long, pinnate and pink or
white flowers. The plant grows wild along highways, in fields
and pastures. Its flowering time is in spring when cultivated.
In nature, it flowers twice a year in the months of May to
September (Lorenzi and Matos, 2002).

Yarrow has been popularly used in the treatment of
hemorrhage, ulcers, diarrhea, cancer, tumors, warts,
leukorrhea, influenza, pneumonia, etc. It is also considered
as an abortive, contraceptive, anti-hematic, healing,
analgesic, anti-inflammatory, antipyretic, anthelmintic,
antibacterial, antifungal, antitumor, antioxidant and anti-
oedematous (Sweetman, 2002).

In Brazil, this plant is used in traditional medicine, due to its
antibacterial, anti-tumor, anti-fungal, anti-inflammatory,
anti-inflammatory, antihypertensive, antihistaminic,
rheumatic pain, fever, respiratory infections, ulcers and
cicatrizant attributes (Salvagnini et al., 2006). Therefore, this
vegetable has been the target of several evaluations
regarding the biological properties of its essential oil (EO)
(Lorenzi and Matos, 2002). The popular use of the species is
made through the leaves and branches of cultivated plants,
prepared as infused or macerated, with the benefits being
related to its antipyretic, analgesic, anti-influenza,
antitussive, anti-hemorrhoidal and headache relief
properties (Battisti et al., 2013; Messias et al.,, 2015).
According to the First Supplement of the Phytotherapeutic
Form of the Brazilian Pharmacopoeia (2018), yarrow is used
in the form of tincture. It helps for the relief of dyspeptic
symptoms, flatulence, inflammation such as choleretic and
antispasmodic.

The economic importance of yarrow is associated, in
particular, with the production of EO, which can be used
both for the manufacture of pharmaceuticals and for the
cosmetics industry (Ali et al., 2017). The major chemical
components of the plant's EO are terpenes, which are
responsible for its medicinal properties. However, these are
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synthesized in small amounts by the plant (Nadim et al.,
2011).

The EO is characterized by being a volatile oily-looking
substance at room temperature with a strong and pleasant
aroma present in the various parts of a plant (root, stem,
leaf, flower, fruit, seeds and bark). Volatility is its main
characteristic, and distinguishes it from a fixed oil, which are
mixtures of lipid substances, usually obtained from seeds. It
is also highly unstable in the presence of light, heat,
moisture, air and metals (Simdes et al., 2004).

It is used to obtain aromatic compounds with a pleasant
odor for application in perfumes, fragrances and cosmetics,
as well as its therapeutic, insecticidal, fungistatic and
bactericidal properties, besides the possibility of being a
precursor of molecules (Andrade et al., 2009).

The EO of yarrow is composed mainly of monoterpenes (30-
80%), sesquiterpenes (8-62%) and in smaller amounts by
other compounds (1-3%), such as alcohols, esters, aldehydes
and norcarotenoids. The main monoterpene compounds in
the oil are 1,8 cineole, camphor, borneol, a and B-pinene
and a-terpineol. The major sesquiterpenes are -
caryophyllene, B-cubebene, a-farnesene and Chamazulene
(Orav et al., 2006; Salvagnini et al., 2006; Nadim et al., 2011;
Kindlovits and Németh, 2012; Ali et al., 2017).

The antibacterial activity of EOs is considerably sensitive to
factors such as concentration, family, genus, plant species of
interest, climatic conditions of the sampling area and the
polarity of the extraction solvents, as well as the bacterial
strains used. In most studies, it is evaluated by inhibition
zone diameter (1ZD) and minimum inhibitory concentration
(MIC) approaches (Mohammadhosseini et al.,, 2016a,
2016b). Some studies use minimal bactericidal concentration
(MBC) or bacteriostatic concentration, but both agree
closely with the general meaning of the term MIC (Burt,
2004).

Antimicrobial resistance is considered a global health
problem, which compromises the effectiveness of antibiotics
and prevents the treatment of common infections. It may be
related to excess use of bactericidal, bacteriostatic or
antifungal drugs, where lack of knowledge and self-
medication promote the induction of this factor. Therefore,
there is a need for the discovery of new substances from
natural sources, including plants (Sartoratto et al., 2004;
Oliveira et al., 2013; Ali et al., 2017).

Consequently, the objective of this study was to identify the
chemical components and content of yarrow EO, as well as
its antimicrobial activity against some micro-organisms in
vitro.

Essential oil content

The EO content of the yarrow found in the present study
was 0.4%. According to the literature, the EO content may
range from 0.1% to 1% (De Sant'Anna et al.,, 2009).
Stevanovic et al. (2015), observed the EO content of three
populations of the species in different soil types, and the
value was between 0.32% and 1.01%. Almadiy et al. (2016)
found that the yarrow species presented the lowest yield of
0.21% of the other species of the genus studied.



Table 1. Chemical composition (%) of Achillea millefolium essential oil.

Compounds °RT °9%
Monoterpenes 17.54
Monoterpenes hydrocarbons 11.76
Sabinene 9.495 8.77
B-Myrcene 10.062 0.78
6-Limonene 11.380 0.88
y-Terpinene 12.466 1.33
Monoterpenes Oxygenated 5.06
Eucalyptol 11.459 1.96
Terpinen-4-ol 16.887 2.24
a-Terpineol 17.419 0.86
Sesquiterpenes 79.60
Sesquiterpenes hydrocarbons 74.29
Copaene 23.536 0.72
B-Caryophyllene 25.043 10.27
B-Copaene 25.291 0.99
Humulene 26.097 3.73
Bicyclogermacrene 27.522 5.84
a-Farnesene 27.820 31.66
6-Amorphene 28.288 3.91
Chamazulene 34.493 17.17
Sesquiterpenes Oxygenated 5.31
Caryophyllene oxide 30.083 0.66
a-cadinol 32.240 4.65
No identified compounds 1.99
NI 26.175 1.18
NI 27.400 0.81
Others compounds 1.58
Palmitic acid 41.840 1.58

®RT - Retention time. "% - percentage area. NI — No identified compounds

Table 2. Bacterial and bacteriostatic activity of Achillea millefolium essential oil (EO) against species of micro-organisms.

Micro-organisms

EO Concentration (mg mL'l)

Microbial Activity

Candida albicans (ATCC 10231) >37.5
Staphylococcus epidermidis (ATCC 12228) 150
Escherechia coli (ATCC 25922) 150
Klebsiella pneumoniae (ATCC 13883) 150

Fungistatic
Bacteriostatic
Bacteriostatic
Bactericidal

The results reported above corroborate with Rohloff et al.
(2000) findings, who observed that the content of the OE
and its quality depended on the genetics, climate and soil
conditions, as well as the age of the plant, the part studied
and harvesting period.

Chemical identification of essential oil and antimicrobial
activity

The chromatographic analysis of the EO of the yarrow aerial
parts in the present study showed that among the chemical
compounds found, the sesquiterpenes were the major
compounds, totaling 79.60%. Among them, a-farnesene
(31.66%), chamazulene (17.17%) and PB-caryophyllene
(10.27%) showed the highest concentrations followed by the
sabinene (8.77%), which is a monoterpene hydrocarbons
corresponding to 11.76% of the total chemical compounds
(Table 1).

The results of the antimicrobial action tests on S. epidermidis
and E. coli presented bacteriostatic activity at a
concentration of 150 mg mL" of EO. Study of K. pneumoniae
showed bactericidal activity at the concentration of 150 mg
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mL™ of EO. The yeast C. albicans at the concentration of 37.5
mg mL™ of EO demonstrated a fungistatic profile. However,
all micro-organisms tested in the present study showed a
low antimicrobial activity. The antimicrobial and fungistatic
response of yarrow EO to species of micro-organisms was
expressed in MIC values (Table 2).

The sesquiterpene, a-farnesene and its B-farnesene isomer
have the potential to act as an antimutagen. It is also
considered one of the constituents responsible for the anti-
chemostatic activity observed in the EO of chamomile
(Ayoughi et al., 2011).

Chamazulene is a sesquiterpene responsible for the bluish
coloration of EO. This component is derived from matricin, a
terpenic lactone, which in the hydrodistillation process is
converted into chamazulene. It has bactericidal, fungicidal,
anti-inflammatory and antioxidant properties (Singh et al.,
2011).

The B-caryophyllene is a bicyclic sesquiterpene responsible
for the anti-inflammatory, anti-edema, antitumor,
bactericidal, insecticidal and spasmolytic properties
(Carneiro et al., 2010).



Sabinene is a bicyclic monoterpene which can be used as a
fat solvent (cholesterol) and clots in the arteries, and as an
expectorant against infections and analgesic. It has been
applied in the preparation of various artificial EO (Arctander,
2000).

According to Pino et al. (1998), the EO of yarrow cultivated
in Cuba had a different chemical composition in comparison
with previous studies, particularly the absence of
chamazulene, but was rich in 20% chamazulene oxide and
also showed 5.2% of B-caryophyllene concentration and the
sabinene was 5.4%, although a-farnesene was not found.

In a study conducted in Russia, Orth et al. (1999), collected
the plant in four different geographic regions, in two
consecutive years 1996 and 1997. They found a variation of
46.2 to 73% of chamazulene, 1.5 to 11.7% of B-
caryophyllene and a small concentration of a-farnesene (0.1
to 0.6%) in the chemical composition of the yarrow EO.
Among the hydrocarbon monoterpenes identified, the main
was the sabinene (4.7 to 7.5%).

In Turkey, Candan et al. (2003) found 0.4% of B-
caryophyllene and 2.8% of sabinene, but did not find
chamazulene and a-farnesene. Thus, this presents a
chemical composition different from the studies observed in
another geographic origin.

According to Orav et al. (2006), we observed that the 19
yarrow EO samples collected from different European
countries had a strong characteristic of odor and blue color,
the intensity of which depended on the amount of
chamazulene formed by the degradation of matricin during
distillation. These researchers found a high concentration of
42% chamazulene and 12.5% B-caryophyllene. In this study,
Sabinene was the second hydrocarbon monoterpene with
the highest concentration (11.7%), while a-farnesene was
not observed.

In Brazil, a study by De Sant'Anna et al. (2009) identified
chamazulene in EO that reached highest concentration of
42.15% followed by the sabinene with 19.72%, and B-
caryophyllene (4.44%).

In Servia, Stevanovic et al. (2015) evaluated the content and
composition of the EO of three yarrow populations under
different saline soil conditions. Chamazulene (15.84%) was
the main chemical component found, following by sabinene
(5.29%).

In Egypt, Almadiy et al. (2016), evaluated four species of the
genus Achillea. The main chemical component was the
chamazulene (26.2%), the sabinene (9.2%) and B-
caryophyllene (5.9%).

Thus, according to the European Pharmacopoeia, the
composition of the yarrow EO is rich in chamazulene, B-
pinene, sabinene, 1,8-cineole and p-caryophyllene. This
corroborates with the present study, in which chamazulene
(17.17%), B-caryophyllene (10.27%) and sabinene (8.77%)
are among the four major compounds.

Orav et al. (2006) observed that the composition of EO
depends on the number of chromosomes, tetraploid (4n),
hexaploid (6n) and octaploid (8n), which justifies the
different concentrations of chamazulene found in several
studies with yarrow. Furthermore, Nemeth (2005) confirmed
that composition of the OE is dependent on the part of the
plant extracted, the geography, season of the year and also
the number of chromosomes.
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According to the literature, antimicrobial activity is
considered strong for MIC values between 0.05 and 0.50 mg
mL?, moderate activity between 0.6 and 1.50 mg mL'and a
weak activity above 1.50 mg mL™ (Sartoratto et al., 2004;
Duarte et al., 2005). In the present study, the antimicrobial
action tests of yarrow EO showed that two of the four of
micro-organisms, S. epidermidis and E. coli, had
bacteriostatic activity at the concentration of 150 mg mL™,
K. pneumoniae showed bactericidal activity at the
concentration of 150 mg mL" and C. albicans at the
concentration of 37.5 mg mL?, demonstrating a fungistatic
profile. However, all microbial species tested presented low
antimicrobial activity, according to the criteria mentioned
above.

According to Tzakou et al. (2001), eucalyptol (1.8-cineol) and
camphor are well-known chemical substances with their
pronounced antimicrobial potentials. Among the chemical
compounds identified, eucalyptol only presented 1.96%,
which may be one of the factors of the low antimicrobial
activity of the evaluated EO (Tables 1 and 2).

According to Candan et al. (2003), yarrow EO exhibited
moderate activity against S. pneumoniae, Clostridium
perfringens and C. albicans and weak activity against
Mycobacterium smegmatis, Acinetobacter Iwoffii and
Candida krusei. The inhibition of growth of test micro-
organisms ranged from 4.5 mg mL? to 72.0 mg mL™Y, with
the lowest MIC value against S. pneumoniae, C. perfringens
and C. albicans at 4.5 mg mL™. Again, weak antimicrobial
activity was observed.

Duarte et al. (2005) verified the fungistatic activity for the C.
albicans species of 35 medicinal plants commonly used in
Brazil. They found an EO content of the species yarrow
0.19% and MIC of 0.25 mg mL", considered as high
antimicrobial activity in that study.

Almadiy et al. (2016) verified that the EOs of the species
Achillea santolina and A. millefolium had moderate to weak
antibacterial activity with a diameter of the zone of
inhibition ranging from 6.0 to 16.5 mm.

Ribeiro et al. verified (2010) that the yarrow EO MIC varied
from 0.312 to 1.25 mg mL™ for C. albicans, presenting strong
to moderate activity against this micro-organism.

According to the systematics reviews carried out by
Mohammadhosseini et al. (2017) and Ali et al., (2017) the
chemical composition of EOs and extracts of the various
species of the genus Achillea and their biological activities in
most of the species present as moderate to strong
antimicrobial activity. However, according to the three
studies mentioned above the yarrow EO presented a weak
to moderate profile against antimicrobial activity

Extraction and determination of essential oil content

The fresh leaves of the yarrow plant were collected at the
beginning of October, 2018, from the Medicinal Plants
Garden of UNIPAR (Paranaense University), Umuarama
Campus (Parana, Brazil) located at Latitude 23°46'11.34 "
and Longitude 53°16'41.78 "and washed in running water.

In the laboratory of the Paranaense University, 100 g of the
aerial plant part were ground in an industrial blender with



the addition of 1 liter of deionized water by reverse osmosis.
Subsequently, hydrodistillation of the sample was initiated
using a modified Clevenger type EO distiller (Morelli et al.,
2017). The extraction time was approximately 3 hours,
counted after the first drop of dark blue EO was formed.

The EO was removed from the apparatus with hexane,
filtered with anhydrous sodium sulfate (Na,SO,) and kept in
flasks opened at -20 °C until total evaporation of hexane.
Then, the content (m/m%) was calculated, taking into
account the aerial plant part mass versus the EO mass
extracted.

Chemical identification of essential oil

The chemical identification of the yarrow EO was performed
at the State University of Maringg — UEM (Campus
Umuarama) by gas chromatography coupled to mass
spectrometry (GC/MS) using GC-MS QP 2010 SE (Shimadzu).
10 pL of the samples were diluted in 1000 pL of
dichloromethane (anhydrous) before being injected onto a
SH-RTx-5MS (Shimadzu, 5% phenylmethylsiloxane, 30 mx
0.25 mm id, 0.25 um) column using a self-sampler (Shimadzu
AOC-20i). Helium was used as the carrier gas at 1 mL of min™
flow with a split ratio of 2:1 and amount of sample injected
(1 pL). The column temperature was initially programmed at
40 °C, heating at 8 °C min™ to reach the final temperature of
300 °C. The interface temperatures of the injector and the
GC-MS interface were maintained at 250 °C. Mass spectra
were recorded at 70 eV with a mass range of m/z 50 to 550
amu and the EO chemical compounds were identified based
on library and GC-MS Postrun Analysis software.

Determination of minimum inhibitory concentration

Minimal Inhibitory Concentration (MIC) was determined by
the serial dilution technique in duplicate 96-well
microplates, following a methodology previously described
by Oliveira et al. (2009). MIC was performed against the
micro-organisms and respective ATCCs: Candida albicans
(10231), Staphylococcus epidermidis (12228), Escherichia coli
(25922) and Klebsiella pneumoniae (13883).

Initially 90 pL of nutrient broth was added to the wells
containing 96 wells. Then 90 pL of 150 mg mL" EO was
added to the second orifice of each line and homogenized
three times. Then, 90 L transferred to the third hole and so
on until the eleventh hole was reached, after which 90 uL
homogenization were discarded.

From the first to the eleventh column, 10 pL of the bacterial
suspensions in sterile water on the 0.5 scale of McFarland
were added to the microplate wells. For the positive control,
the first column (broth and bacterium) was used. For the
negative control, the twelfth column (containing only broth)
was used.

Microplates were incubated at 37 °C for 24 h (for bacteria)
and 28 °C for 48 h (fungi) under aerobic conditions. After
that time, 20 pL of the 2% TTC (2,3,5-triphenyltetrazolium
chloride) developer was added to all the holes in the plates
and incubated for another 2 hours. At the end of the
incubation, the appearance of a reddish color indicated the
bacterial multiplication, whereas those holes that remained
colorless did not present such activity (Oliveira et al., 2009).
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Determination of fungi and bactericidal and bacteriostatic
activity

In Petri dishes containing Mueller Hinton Agar medium for
bacteria and Sabouraud Dextrose Agar for fungi, the plating
of the colorless wells was performed. After incubation for 24
h at 37 °C, the reading was performed. The growth of
bacterial and fungal colonies indicated that the
concentration evaluated had a fungi or bacteriostatic effect,
whereas the absence of growth indicated the fungi or
bactericidal effect of EO (Oliveira et al., 2009).

The yarrow EO content was 0.4% and EO chromatographic
analysis detected 20 chemical compounds. The hydrocarbon
sesquiterpene class showed the majority of 74.29%. The
most abundant chemical compound was a-farnesene
(31.66%), followed by chamazulene (17.17%), B-
caryophyllene (10.27%) and sabinene (8.77%). The EO
presented low antimicrobial activity against the analyzed
species C. albicans, S. epidermidis, E. coli and K. pneumoniae
with MIC for all species above 1.5 mg mL™. This low
antimicrobial activity is probably because, among the
chemical compounds known in the literature for their
pronounced antimicrobial potentials, eucalyptol was the
only one present with a low concentration of 1.96%.
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