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CHEMICAL COMPOSITION AND ANTIOXIDANT ACTIVITY OF IMMORTELLE 
(Helichrysum italicum) (Roth) G. Don) AND YARROW 

(Achillea millefolium L.) ESSENTIAL OILS*
Jelena S. Stanojević**, Ljiljana P. Stanojević, Vladimir M. Bulatović, Jelena B. 
Zvezdanović, Aleksandra N. Milenković, Nataša M. Simonović, Dragan J. Cvetković

Faculty of Technology, University of Niš, Leskovac, Serbia

The present study aimed to determine the chemical composition and antioxidant 
activity of immortelle (Helichrysum italicum (Roth) G. Don) and yarrow (Achillea 
millefolium L.) essential oils isolated from the aerial plant parts on a semi-industrial 
scale by steam and water-steam distillation, respectively. The qualitative composi-
tion of the essential oils obtained was determined by GC/MS and their quantita-
tive composition by GC/FID method. Their antioxidant activity was estimated by 
using DPPH, ABTS and FRAP assays. The most abundant components in the 
immortelle essential oil were α-pinene (22.4%), γ-curcumene (13.2%), neryl ac-
etate (9.8%) and β-selinene (8.7%), while yarrow essential oil contained 1,8-cin-
eole (25.5%), cis-thujone (10.8%), camphor (7.3%) and artemisia ketone (6.9%) in 
the highest percentage. According to the EC50 values yarrow essential oil showed 
better radical (DPPH and ABTS) scavenging activity than immortelle essential oil 
(7.71 mg/cm3 vs. 8.94 mg/cm3 after 20 minutes of incubation with DPPH radi-
cal; and 26.03 mg/cm3 vs. 88.52 mg/cm3 after 24 minutes incubation with ABTS 
radical, respectively). On the other hand, immortelle essential oil showed better 
ferric ion reducing power (7.16 mgEFe2+/g vs. 5.72 mgEFe2+/g essential oil) in 
comparison to yarrow essential oil. However, the results obtained indicated a low 
antioxidant activity of both essential oils studied.

Keywords: Essential oil, immortelle, yar-
row, GC/MS analysis, antioxidant activity

Introduction 

The use of medicinal and spicy herbs is as old as hu-
manity. They were used as medicines, food, and spices. 
With the development of modern methods for the analy-
sis of bioactive ingredients in plant material, the use of 
teas and other herbal pharmaceuticals for the prevention 
and treatment of many illnesses was intensified [1].   

The essential oils are complex mixtures of secondary 
plant metabolites. They appear as easily volatile liquids, 
mostly colorless, yellowish, or dark brown, and some, 
like essential oils from German chamomile and yarrow, 
have a characteristic blue color. Owing to the charac-
teristic intense pleasant scents, the essential oils were 
used as perfumes, spices, antiseptics, and embalming 
agents in ancient times. The essential oils are isolated 
from aromatic plants by distillation or some other suit-
able processes [2]. The most commonly used aromatic 
plants belong to the families of Lamiaceae, Apiaceae, 
Asteraceae, Rutaceae, Lauraceae, and Myrtaceae [3]. 

Both immortelle (Helichrysum italicum (Roth) G. Don) 
and yarrow (Achillea millefolium L.), studied in this paper, 
belong to the family Asteraceae (Compositae). 

The immortelle is a perennial plant of the genus 

Helichrysum and includes over six hundred different spe-
cies. The most important species cultivated for use in the 
cosmetic industry (both essential oil and extracts) is Heli-
chrysum italicum - coastal immortelle. Besides, it is used 
in a form of tea and tincture exhibiting antiallergic, an-
ticoagulant, antiseptic, diuretic, fungicidal, antibacterial, 
and anti-inflammatory effects. Although the extracts are 
frequently used, in recent years the research is mainly 
focused on the analysis of essential oil. The immortelle 
contains less than 0.05% of essential oil, pale yellow. It 
is used in aromatherapy, as a component of anti-age 
products, for tissue regeneration, in the treatment of vari-
cose and inflamed veins, thrombosis, cracked capillaries, 
scars, stretch marks, psoriasis, and rheumatoid arthritis. 
The most important components of immortelle essential 
oil are italdiones, α-caryophyllene, γ-turmeric, α-pinene, 
β-pinene, linalool, geraniol, and nerol [4]. 

The yarrow is a perennial herbaceous, widespread 
plant used in medicine, cosmetics, and homeopathy. It 
is used in the form of tea, tinctures, and extracts as a 
stomachic, diuretic, mouthwash, anti-bleeding, to im-
prove digestion and appetite, against dysentery, as an 
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anti-inflammatory and antiseptic agent. The aerial parts 
of the flowering plant contain 0.2-1.2% of essential oil, 
flavonoids, vitamin K, chromium, bitter material ahilein, 
resin, sterols, tannins, etc. exhibiting anticoagulant and 
anti-inflammatory effects. The essential oil, with the most 
abundant components: pinene, 1,8-cineole, thujone, 
camphor, limonene, and borneol shows antimicrobial, 
anti-inflammatory, antioxidant, and antispasmodic ef-
fects [1, 5, 6].

Essential oils are used as natural food additives due 
to aroma features and bioactivities, as well as their anti-
oxidant potential. The antioxidant activity of essential oil 
depends on the source of the plant, its chemical compo-
sition, extraction methods used, etc. It is reflected in the 
way of preventing lipid oxidation initiation, free radical 
scavenging, neutralization of lipid peroxides formed, sin-
glet oxygen quenching, and binding of transitional metal 
ions [7]. 

The present paper aimed to determine the qualitative 
and quantitative composition of essential oils isolated 
from the aerial parts of immortelle and yarrow on a semi-
industrial scale. Furthermore, it aimed to determine their 
antioxidative activity and finally to compare their chemi-
cal composition and antioxidative activity and choose 
the one with better activity for potential application in the 
pharmaceutical, cosmetic, and food industries.  To the 
best of our knowledge, this is the first study reporting the 
chemical composition of immortelle and yarrow essential 
oils obtained by steam and water-steam distillation on 
a semi-industrial scale from plant material cultivated in 
central (Kruševac) and southern Serbia (Aleksinac).

 
Experimental

Material and methods

Plant material 
The aerial parts of immortelle (Helichrysum italicum 

(Roth) G. Don family Asteraceae) and yarrow (Achillea 
millefolium L., family Asteraceae) in flower were used 
in this study. The immortelle was grown on its planta-
tion (Gazdinstvo Marković) near Kruševac (43.5763° N, 
21.3336° E) in 2018. The plant was grown according to 
the principles of organic production and collected in the 
flowering period (the end of June). The aerial part of the 
self-sown yarrow was collected around Aleksinac, during 
the flowering period, in May 2015. 

Chemicals and reagents
Ethanol (Centrochem, Stara Pazova), 1,1-diphenyl-

2-picrylhydrazil (DPPH radical) (Sigma Chemical Com-
pany, St. Louis, USA), anhydrous sodium sulfate (Cen-
trohem, p.a. >99%). All other chemicals were of the 
analytical grade. 

The isolation of essential oils from the aerial parts of 
immortelle and yarrow 
Distillation of essential oil from the aerial part of im-

mortelle: Immediately after the aerial parts in the flower 
were collected, steam distillation of fresh plant material 
was carried out in a 500 dm3 semi-industrial distiller us-
ing propane/butane gas as the propellant. The distiller 
was equipped with a steam and water-steam distillation 
system. Distillation was done with 70 kg of plant mate-
rial in 40 batches (a total of 2825 kg of the herbaceous 
plant was processed). No-disintegrated plant material 
was placed in the distiller and the steam distillation con-
ditions were set. The distillation lasted for 90 minutes 
(time measured since the onset of condensation). The 
temperature at which plant material was exposed was 
102-105 °C. The temperature was measured on a ther-
mometer located on the distiller itself while the vapor 
pressure was monitored on a manometer on the steam 
generator. A manual valve controlled the steam pressure. 
After the last distillation, the essential oils isolated from 
all the distillation batches were combined and dried over 
anhydrous sodium sulfate. Finally, it was stored in dark, 
glass bottles at room temperature (20 °C).

Distillation of essential oil from the aerial part of 
yarrow: For the isolation of the essential oil from yar-
row, fresh plant material (herb of the yarrow in bloom), 
ground using a hand-made chopper (tractor attachment), 
was used. The distillation was done in a semi-industrial 
distiller, as described previously. The water-steam distil-
lation process, performed in two batches, was applied for 
the essential oil isolation. For the distillation of essential 
oil, the first batch contained 60 kg of the disintegrated plant 
material and 300 dm3 of water, while the second batch con-
tained 45 kg of disintegrated plant material and 250 dm3 of 
water in the distiller. The distillation lasted 150 min, meas-
ured from the appearance of the distillate. The isolated 
essential oils from the two batches were combined, dried 
over anhydrous sodium sulfate, and stored in a dark, 
glass bottle at room temperature (20 °C).

Gas chromatography/mass spectrometry (GC/MS) 
and gas chromatography/flame ionization detection (GC/
FID) analysis 

The obtained essential oils were dissolved in diethyl 
ether. One μl of the prepared samples was injected in 
a split/splitless injector set at 250 °C in 20:1 split mode. 
The detailed conditions of the GC/MS and GC/FID analy-
ses of isolated essential oils, their quantitative analysis 
and data processing are given in Vladimirov et al. [8]. 
Quantification was done by the external standard meth-
od described in Ilić et al. [9].

Antioxidant activity 
DPPH assay
The antioxidant activity of essential oils obtained was de-

termined using the DPPH assay. A series of immortelle and 
yarrow essential oils’ concentrations (0.195 - 100 mg/cm3) 
dissolved in ethanol were prepared. Ethanolic solution 
of DPPH radical was added to the prepared essential 
oil solutions as described in Stanojević et al. [10]. This 
procedure was done in duplicate. The absorption of the 
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samples was measured at 517 nm immediately after 
adding the DPPH radical as well as after 20 minutes of 
incubation with the radical. 

ABTS-test
The modified ABTS test given in detail in Stanojević et 

al. [11] was used. The series of essential oils in ethanol 
(0.44 - 28.27 mgcm-3 for yarrow; and 0.77-100 mgcm-3 for 
immortelle) were incubated with ABTS working solution for 
24 minutes. ABTS test of BHT has also been performed. 

FRAP assay
The antioxidant activity of essential oils by FRAP 

assay is determined using the method given in detail 
in Stanojević et al. [12]. Ethanol solutions of essential 
oils were prepared in concentrations of 1 mgcm-3 and 
5 mgcm-3 for immortelle and yarrow, respectively. FRAP 
assay of BHT (0.1 mgcm-3) was also performed.

Results and discussion

Qualitative and quantitative composition of immor-
telle and yarrow essential oils

The yields of essential oils isolated from the aerial 
parts of immortelle and yarrow were 0.188 cm3/100 g 
of plant material and 0.152 cm3/100 g of plant material, 
respectively. 

The chemical composition of immortelle essential oil 
is presented in Table 1 and its TIC chromatograms are 
given in Figure 1 (TIC chromatogram with a range of re-
tention times from 6.5 - 21.0 minutes is given in Fig. 1a) 
while the one with a range of retention times from 21.0 

- 35.0 minutes is given in Fig. 1b). 

Figure 1. TIC chromatogram of immortelle essential oil 
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Table 1. Chemical composition of immortelle essential oil (components present in trace 
amounts (<0.05%) are not listed)

Figure 2. Chemical structures of the most abundant components in immortelle essential 
oil
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The GC/MS analysis resulted in identifying 87 com-
pounds representing 99.5% of the total essential oil com-
position. Compounds are listed according to the order 
of their elution from the HP-5ms column. All identified 
compounds and their concentrations (expressed in %) 
are given in Table 1. The most dominant group of com-
pounds were sesquiterpene hydrocarbons comprising 
up to 49.9%, followed by monoterpene hydrocarbons 
(31.2%) and oxygenated monoterpenes (14.2%) (Ta-
ble 1). The most abundant components were α-pinene 
(24.9%), γ-curcumene (14.5%), neryl acetate (10.8%) 
and β-selinene (9.4%) (Table 1). Their chemical struc-
tures are given in Figure 2

The chemical composition of immortelle depends, 
among others, on plant chemotype, soil type where the 
plant was grown, and vegetation phase when it is col-
lected [4].

In that sense, the highest amount of neryl acetate is 
present in the essential oil isolated from the plants col-
lected before the flowering phase (in May) and grown on 
weakly acidic soil, with coarse sand and fine sludge, and 
the least amount in essential oil isolated from the plant 
in the early phase of vegetation (from January to March). 
The immortelle essential oil is characterized by specific 
secondary metabolites (β-diketones or italidiones) that 
have not been found in any other plant species so far. 
They have been found, unlike neryl acetate, in the high-
est percentage in the essential oil isolated from the plant 
in the early vegetative phase i.e. in the least percentage 
before the plant flowering [4]. Thus, there are quite dif-
ferent compositions of immortelle essential oil, in com-
parison to the one reported in this paper, reported in the 
available studies [14-20]. 

The main components in the immortelle essential oil 
isolated from flower tops procured from a local market in 
Split (Croatia) were (ordered by decreasing relative abun-
dance): α-cedrene, α-pinene, and 2-methylcyclohexyl-
pentanoate [14]. Tzanova et al. [15] isolated the essen-
tial oil from the aerial part of immortelle harvested in the 
budding stage and full bloom of the plant originating from 
Corsica (France) and cultivated in Southern Bulgaria. The 
most abundant components were γ-curcumene, neryl ac-
etate, α-pinene, α-copaene, limonene, β-caryophyllene, 
eudesm-5-en-11-ol and selina-4.11-diene [15]. Kladar et 
al. [16] studied the chemical composition and antioxidant 
activity of essential oil isolated from air-dried aerial parts 
of H. italicum (Roth) G. Don subsp. italicum, collected 
in May 2011, near Valdanos, southwestern Montenegro. 
The most common components in the essential oil ob-
tained were neryl acetate, γ-curcumene, neryl propion-
ate, and ar-curcumene [16]. The main constituents in the 
H. italicum essential oil (plant originated from France) 
were neryl acetate, γ-curcumene, rosifoliol, geranyl pro-
pionate, αr-curcumene, italidione I, α-eudesmol, and li-
monene [17]. H. italicum used for isolation of essential oil 
in the study of Aćimović et al. [18] was grown in the In-
stitute of Field and Vegetable Crops collection garden of 
medicinal and aromatic plants in Bački Petrovac. Flower-

ing tops of H. italicum were collected during the full blos-
som stage (July 2019) and dried. The dominant com-
pounds were γ-curcumene, β-selinene, and α-pinene, 
followed by β-caryophyllene, ar-curcumene, α-selinene, 
and italicene [18]. In the study of Cristofari et al. [19], the 
aerial parts of H. italicum subsp. italicum were harvested 
in July 2011 (full bloom) in Corsica (France) and used 
for essential oil isolation. Chemical analysis showed that 
neryl acetate, γ-curcumene and the two diastereosimers 
of 2,4,6,9-tetramethyldec-8-en-3,5-dione were the major 
components [19]. The essential oil of immortelle isolated 
from the aerial parts of H. italicum subsp. numidicum, 
collected in the flowering stage (in October 2014) and 
air-dried from the Bibans region (eastern Algeria) was 
characterized by the main presence of isopropyl tetra-
decanoate, α-pinene, hexadecanoic acid, (E)-caryophyl-
lene, ledol, palustrol, and α-humulene [20]. 

According to the Appendino et al. [21], the essential 
oils of Helichrysum from the Balkan peninsula contain 
mainly pinenes, and high (ca 20%) curcumene content 
[19] which is in agreement with the results obtained in 
this paper. However, the composition of the essential oil 
is variable even among samples of the same geographi-
cal origin. It is assumed that the texture and acidity of the 
soil have a great impact [21].

α-Pinene and γ-curcumene were the most abundant 
components in the essential oils studied by Talić et al. 
[22] and Mollova et al. [17]. In the study of Mollova et 
al. [17], the essential oil was isolated from H. italicum 
subsp. microphyllu originated from Bosnia. The content 
of α-pinene and γ-curcumene was 20.84% and 16.53%, 
respectively, followed by β-selinene, ar-curcumene, 
trans-caryophyllene, β-diketone italidione I, α-selinene, 
and neryl acetate [17]. Talić et al. [22] in their study in-
vestigated the chemical composition of essential oils 
isolated from immortelle (Helicrysum italicum subsp. ital-
icum) collected in Herzegovina during five different peri-
ods. The main compounds were α-pinene (15.7%) and 
γ-curcumene (12.8%), followed by 4,6,9-trimethyldec-
8-en-3,5-dione, neryl acetate, limonene and β-selinene 
[22].

Aksić [4] obtained results very similar to those ob-
tained in this paper. The contents of the main compo-
nents of one of the commercial immortelle essential oil 
samples from the Serbian market were: α-pinene (19.9% 
vs. 24.9% in this paper), γ-curcumen (12.0% vs. 14.5% 
in this paper), neryl acetate (9.2% vs. 10.8% in this pa-
per) and β-seline (7.9% vs. 9.4% in this paper).

About half a century ago, β-diketones (so-called ital-
idiones) were for the first time identified in the essential 
oil of H. italicum. It could be said that they are secondary 
metabolites specific to this species, bearing in mind that 
most of them have not been found yet in any other plant 
species. Structurally, H. italicum produces two series 
of β-diketones that could be "biosynthetically" formed 
by acylation of two different ketones: (a) 4,7-dimethyl-
oct-6-en-3-one and (b) 3-pentanone [4]. The content of 
β-diketones is higher in the study of Aksić [4] in compari-
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son to the content found in this work (5.2% vs. 1.8%). It 
is assumed that these compounds are derived from the 
thermal degradation of non-volatile pyrones. Their con-
centrations could be related to the distillation process 
duration [21]. Italidiones not only contribute to the specific 
scent of H. italicum but also its significant antihematoma 
activity [17].  What is more, when a mixture of H. italicum 
essential oil and macerated oil of musk rose was applied 
to the skin after cosmetic and reconstructive surgery, the 
reduction of edema, bruising and inflammation was as-
cribed to italidiones and pain relief to the neryl acetate [23].

The chemical composition of yarrow essential oil is 
presented in Table 2 and its TIC chromatograms are 

given in Figure 3 (TIC chromatogram with a range of 
retention times from 6.5-18.0 minutes is given in Fig. 
3a while the one with a range of retention times from 
18.0 to 35.0 minutes is given in Fig. 3b). The GC/MS 
analysis revealed 90 identified compounds, represent-
ing 99.4% of the total essential oil composition (Table 2). 
The most dominant group of compounds were oxygen-
ated monoterpenes comprising up to 81.9%, followed 
by monoterpene hydrocarbons with 9.2% (Table 2). The 
most abundant components were 1,8-cineole (25.8%), 
cis-thujone (11.1%), camphor (7.5%) and artemisia ke-
tone (6.9%) (Table 2). Their chemical structures are giv-
en in Figure 4.

Figure 3. TIC chromatogram of yarrow essential oil
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Table 2. Chemical composition of yarrow essential oil (only components with concentrations >1% 
are listed)

Figure 4. Chemical structures of the most abundant components in yarrow essential oil

The genus Achillea (family Asteraceae) is a poly-
morphic taxon of species, subspecies, and hybrids that 
are very difficult to distinguish from each other. Achillea 
millefolium (yarrow) is a polyploid complex, so determin-
ing the affiliation to the appropriate species and subspe-
cies based on the morphology of the plant is quite com-
plex. Taxonomic differentiation of plants is enabled and 
facilitated by the analysis of secondary metabolites [25].

The study of the chemical composition of yarrow 
dates back to 1916 when Miller identified acetic acid and 

cineole. Today, the list of compounds identified in the 
yarrow essential oil contains more than 120 components 
[26]. The composition of essential oils isolated from dif-
ferent plant parts was compared in different countries 
and it was concluded that different plant organs (inflores-
cences and leaves) produce essential oils of the same 
chemotype. Namely: sabinene type in Norway; 1,8-cin-
eole type in Portugal; β-pinene type in Estonia and Lithu-
ania; and chamazulene and p-cymene type in Iran [25].

The quality and the yield of essential oil are primar-
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Figure 5. The degree of DPPH radical neutralization by (a) immortelle and (b) yarrow essential oil

ily influenced by the soil conditions in which the crop is 
grown, including the amount of nutrients present and the 
pH value of the soil and soil salinity. Also, the light inten-
sity, plant genetics, plant age, vegetation phase, part of 
the plant used for essential oil isolation as well as the 
period of harvesting the plant have effects, too [26].

Therefore, the main components of essential oil iso-
lated from aerial parts (stems, flowers, and leaves) of 
yarrow grown in Iran were dihydrocarveol, umbelulon, 
1,8-cineole, bornyl acetate, cis-chrysanthenyl acetate, 
camphene, para-cymene and α-pinene [26].

The dominant components of the essential oil iso-
lated from the aerial parts of yarrow grown in Estonia 
were: β-pinene, sabinene, 1,8-cineole, β-caryophyllene, 
(E)-nerolidol, guaiol and chamazulene [27]. On the other 
hand, a completely different composition of essential oil 
isolated from yarrow leaves from Lithuania is character-
ized by the presence of cis-chrysanthenol, selin-11-en-
4α-ol, viridiflorol, and 10-epi-γ-eudesmol [28]. Baczek et 
al. [29] studied essential oils isolated from twenty yarrow 
populations originating from eastern Poland. Twenty-
four components were identified with β-pinene, 1,8-cin-
eole, terpinene-4-ol, nerolidol, and chamazulene as the 
most abundant [29]. In the yarrow essential oil isolated 
from the aerial parts of the plant grown in India, the most 
common components were: sabinene, 1,8-cineole, bor-
neol, bornyl acetate, α-pinene, β-pinene, terpinin-4-ol 
and chamazulene [30]. The essential oil isolated from 
the yarrow collected near Kayseri Ali mountain (Turkey) 
contained 1,8-cineole, camphor, and β-eudesmol in the 
highest percentage [31]. The most dominant compo-
nents in the yarrow essential oil isolated from the plant 
grown in Serbia from the group of monoterpenes were: 
β-pinene, sabinene, 1,8-cineole, and borneol; from the 
group of sesquiterpenes trans-caryophyllene and la-
vandulyl acetate while the most common aromatic com-
pound was chamazulene [32].

The results obtained in this paper are close to those 
obtained in Serbia from the locality Begaljica (latitude: 
44°38'11.94" N; longitude: 20°38'14.82" E; altitude: 255 
m) where the most dominant component 1,8-cineole 
comprised 26.60% (25.8 % in this paper) of total essen-
tial oil composition [32]. The contents of camphor (7.5%) 
and cis-thujone (11.1%) were higher in this paper com-
pared to the work of Pljevljakušić et al. [32] (2.62% and 
0.09%, respectively). On the other hand, Pljevljakušić 
and co-workers did not identify the artemisia ketone. The 
1,8-cineole was mentioned as the most abounded com-
ponent (23.3%) in the essential oil isolated from the yar-
row grown on the territory of Yugoslavia [33]; cis-thujone 
was present with 0.8%, camphor with 12.7% while arte-
misia ketone was not identified. 

Antioxidant activity of immortelle and yarrow essential   oils
The dependence of DPPH radical neutralization on 

the concentration of essential oils isolated from the im-
mortelle and yarrow are given in Figures 5a and 5b, re-
spectively.

 The EC50 values of immortelle and yarrow essential 
oils were 8.94 mg/cm3 and 7.71 mg/cm3, respective-
ly. Based on the results obtained, yarrow essential oil 
showed better antioxidant activity. However, both essen-
tial oils are weaker antioxidants in comparison to syn-
thetic antioxidant BHT (EC50 value 0.021 mg/cm3 – [10]).

The antioxidant activity of essential oils isolated from 
aromatic plants comes from the active components pre-
sent therein. They could be present in a high percentage, 
as the main components, but also in small quantities. 
Very often, the activity can be the result of their synergy. 
In this regard, Candan et al. [34] reported that essential 
oil isolated from A. millefolium exhibited antioxidant ac-
tivity in vitro, due to the synergistic effect of 1,8-cineole, 
camphor, borneol, β-pinene, and α-terpineol identified as 
its most abundant components [34]. 
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According to the study by Wang et al. [35] α-pinene had 
the highest antioxidant activity (compared to limonene, 
nerol, terpineol, geraniol, linalool, and myrcene), deter-
mined through DPPH free radical activity and reducing 
power [35] so the antioxidant activity of immortelle es-
sential oil could be ascribed to the presence of α-pinene. 

On the other hand, the antioxidant activity of immor-
telle essential oil determined in this paper is weaker 
compared to the activity determined by Kladar et al. [16] 

– EC50 values: 8.94 mg/cm3 in this paper compared to 
1.37 mg/cm3 in the study of Kladar et al. [16]. The dif-
ference could be, among others, ascribed to the thymol 
content. Namely, in essential oil isolated by Kladar et al. 
[14] its content was significantly higher in comparison 
to the content found in the essential oil isolated in this 
paper (2.8% vs. 0.1%, respectively).

While the DPPH method reflects the ability of antioxi-
dants to donate an electron or hydrogen radical to the 
stable DPPH free radical, and ABTS assay hydrogen 
atom donation by the antioxidants, the FRAP method 
compares antioxidants based on their ability to reduce 
ferric (Fe3+) to ferrous (Fe2+) ion through the donation of 
an electron. The scavenging capacity of ABTS radical in 
the function of the concentration of the essential oils is given 
in Figure 6. The EC50 values of immortelle and yarrow es-
sential oils were 88.52 mg/cm3 and 26.03 mg/cm3, respec-
tively, indicating that yarrow essential oil has better anti-
oxidant activity. However, both essential oils are weaker 
antioxidants in comparison to the BHT (EC50 = 0.081 mg/
cm3). FRAP values obtained were 7.16 mgEFe2+/g of 
immortelle essential oil and 5.72 mgEFe2+/g of yarrow 
essential oil. Again, both essential oils studied showed 
lower antioxidant potential in comparison to BHT (810.96 
mgEFe2+/g BHT). 

Figure 6. The degree of ABTS radical neutralization by (▼) 
immortelle and (●) yarrow essential oil

Conclusions

The most dominant compounds in immortelle and 
yarrow essential oils, according to the results obtained, 
were α-pinene and 1,8-cineole, respectively. Both es-

sential oils showed low antioxidant activity as estimated 
by the DPPH, ABTS, and FRAP assays in comparison 
to the synthetic antioxidant BHT. This is not surprising 
since phenolic compounds, responsible for the good an-
tioxidant potential of essential oils, were not identified 
in either of the samples studied. Furthermore, the syn-
ergistic relationships of compounds present in both es-
sential oils are dubious. However, flavoring substances 
present in the immortelle essential oil, such as pinenes 
(fresh pine odor), neryl acetate (sweet, floral, reminis-
cent of oranges and roses), curcumenes (herbal, “curry” 
odor), etc., make it very attractive as a food additive and 
in aromatherapy. Due to the presence of italidiones, im-
mortelle essential oil should be used in skin-care formu-
lations. Regardless of the results obtained, the cultiva-
tion of both immortelle and yarrow should be favored in 
southern Serbia. Having in mind the fact that both es-
sential oil yield and composition could vary among other 
intrinsic and extrinsic (environmental) factors, depend-
ing on plant age, harvesting method, and the extraction 
method used, the main objective could be to improve the 
quality of essential oil. 
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Cilj ovog rada bio je određivanje hemijskog sastava i antioksidativne aktivnosti etar-
skih ulja izolovanih na poluindustrijskom nivou iz nadzemnih delova smilja (Heli-
chrysum italicum) (Roth) G. Don) i hajdučke trave (Achillea millefolium L.) parnom i 
vodeno-parnom destilacijom, respektivno. Kvalitativni sastav dobijenih etarskih ulja 
je određen GC/MS metodom dok je kvantitativni sastav određen GC/FID metodom. 
Antioksidativna aktivnost je procenjena korišćenjem DPPH, ABTS i FRAP testa. Na-
jzastupljenije komponente u etarskom ulju smilja bile su α-pinen (22,4%), γ-kurkumen 
(13,2%), neril acetat (9,8%) i β-selinen (8,7%), dok je etarsko ulje hajdučke trave u 
najvećem procentu sadržalo 1,8-cineol (25,5%), cis-tujon (10,8%), kamfor (7,3%) 
i artemisia keton (6,9%). Na osnovu EC50 vrednosti etarsko ulje hajdučke trave je 
pokazalo bolju aktivnost “hvatanja” (DPPH i ABTS) radikala od etarskog ulja smil-
ja (7,71 mg/cm3 u odnosu na 8,94 mg/cm3 nakon 20 minuta inkubacije sa DPPH 
radikalom, i 6,03 mg/cm3 u odnosu na 88,52 mg/cm3 nakon 24 minuta inkubacije 
sa ABTS radikalom, respektivno). Sa druge strane, etarsko ulje smilja je pokazalo 
bolju moć redukcije feri jona (7,16 mgEFe2+/g vs. 5,72 mgEFe2+/g etarskog ulja) u 
odnosu na etarsko ulje hajdučke trave. Međutim, dobijeni rezultati ukazuju na slabu 
antioksidativnu aktivnost analiziranih etarskih ulja.  

HEMIJSKI SASTAV I ANTIOKSIDATIVNA AKTIVNOST ETARSKIH ULJA 
SMILJA (Helichrysum italicum) (Roth) G. Don) I HAJDUČKE TRAVE 
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