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ABSTRACT

Chamomile (Matricaria chamomilla L., Asteraceae) is one of the most popular medicinal plants used as a herb
infusion for treating numerous ailments, including sleep disorders, anxiety, digestion and intestinal conditions
etc. Chamomile essential oil is used in a wide variety of consumer goods such as detergents, soaps, toiletries,
cosmetics, pharmaceuticals, perfumes, confectionery food products, soft drinks, distilled alcoholic beverages
(hard liquor) and as insecticide. According to the European Pharmacopoeia, there are two types of essential
oils, one rich in bisabolol oxides and the other in a-bisabolol, which are preferred for tea brewing because of
its sweet, grassy, and slightly fruity aroma. From the other side, varieties rich in chamazulene and g-farnesene
have bitter taste, and because of that they are low valuable raw material. According to the results of the
essential oil composition obtained from three different chamomile samples grown in Province of Vojvodina, it
could be concluded that domestic cultivars “Banatska” and “Tetraploidna” contains S-farnesene as dominant
compound, while the content of bisabolol oxides and a-bisabolol was lower than required standards in
European Pharmacopoeia. Because of that they could not be classified as quality raw material. The German
cultivar “Mabamille” grown in agroecological conditions of Vojvodina region, with 37.5% of a-bisabolol can be
classified as a bisabolol rich type, and as high quality row material.
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Introduction

Chamomile or Matricaria chamomilla L. (syn. Matricaria recutita L.; Chamomilla recutita L. Rauschert)
is an annual plant that belongs to Asteraceae family. It is one of the most popular medicinal plants
used as a herb infusion i.e. herbal tea beverage (Formisano et al., 2015), because of its sweet,
grassy, and slightly fruity aroma (Zadeh et al., 2014). It is used for treating numerous ailments,
including sleep disorders, anxiety, digestion and intestinal conditions (McKay and Blumberg, 2006).
Over 120 constituents have been recognized in chamomile essential oil, out of which a-bisabolol,
chamazulene, B-farnesene, bisabolol oxides and a-bisabolone oxide are the most important ones
(Ghasemi et al., 2016). According to the European Pharmacopoeia (Ph. Eur 7.0), there are two types
of essential oils, one rich in bisabolol oxides (between 29 and 81%) and the other in a-bisabolol
(between 10-65%). Chamomile varieties rich in bisabolol oxides and a-bisabolol, but with low
chamazulene and B-farnesene content as they cause the bitterness, are preferred for tea brewing
(Mezaka et al., 2020).

Chamomile essential oil is a clear, intensely blue, viscous liquid with an intense characteristic odor
(Ph. Eur 7.0). Chamomile essential oil is used in a wide variety of consumer goods such as
detergents, soaps, toiletries, cosmetics, pharmaceuticals, perfumes, confectionery food products, soft
drinks, distilled alcoholic beverages (hard liquor) and insecticides (Yadav and Yadav, 2016).

The chamomile essential oil is blue due to the presence of chamazulene, however, it can slowly
oxidize to green and finally brown (Satyal et al., 2015). Chamazulene is considered to be the most
valuable constituent, as it demonstrates anti-inflammatory (Salamon, 2004) and antimicrobial activities
(Owlia et al., 2007). Furthermore, a-bisabolol is a naturally occurring sesquiterpene alcohol widely
used as an anti-inflammatory agent but it also exhibits several other pharmacological properties such
as analgesic, antibiotic and anticancer activities (Kamatou and Viljoen, 2010). In addition, bisabolol
oxides possess antimicrobial and antioxidant properties (Kazemi, 2015). Additionally, as E-@-
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farnesene possesses an insect attracting activity (Satyal et al., 2015) this lead to its potential use in
crop protection strategies (Mauchamp and Pickett, 1987).

Gathering and cultivating of medicinal plants in Serbia has a long tradition. Chamomile was
considered to be the most valuable raw material. However, after the breakup of Yugoslavia, other
countries from the region took over the lead on the market. In recent years, Serbia has once again
become a source of high-quality raw material on the European market. The aim of our investigation
was to compare the differences in chemical compositions between different chamomile cultivars grown
in North part of Serbia, Province of Vojvodina, by different medicinal plant producers.

Material and method

Chamomile samples from three different locations in Vojvodina Province were collected during May
2020 from large scale medicinal plant producers. The sample from Dala (46° 09' 09" N; 20° 06" 32" E)
belongs to the native cultivar “Banatska”, the sample from Ba¢ (45° 23' 29" N; 19° 14' 12" E) is cultivar
“Tetraploidna”, while the sample from Coka (45° 56' 22" N; 20° 08’ 44" E) is German cultivar called
“Mabamille”.

Air-dried chamomile flowers were subjected to hydro-distillation using an all glass Clevenger-type
apparatus to extract essential oil according to the method outlined by the European Pharmacopoeia
(Ph. Eur 7.0). In order to extract essential oil, 30 g of the dry flowers were placed in 1000 ml conical
flask and connected to the Clevenger apparatus. Distilled water (300 ml) was added to the flask and
heated up to the boiling point. The steam, in combination with the essential oil, was distilled into a
graduated cylinder for 4 h and then separated from the aqueous layer.

The GC-FID and GC-MS analyses were carried out with an Agilent 6890 apparatus equipped with
an auto-injection system, an inert 5973C XL El/ ClI mass-selective detector (MSD) and a flame
ionization detector (FID) connected by a cap. Flow technology 2-way splitter with make-up, and a HP-
5 MS fused-silica cap. column (30 m x 0.25 mm id., film thickness 0.25 um). The GC oven
temperature was programmed from 60°C to 285°C at a rate of 4.3°C/min. Helium was used as carrier
gas; the inlet pressure was 25 kPa; the linear velocity was 1 ml/min at 210°C. Injector temperature:
250°C; injection mode: splitless. MS scan conditions: source temperature, 200°C; interface
temperature, 250°C; energy, 70 eV; mass scan range, 40-350 amu. Identification of the components
was done on the basis of retention index and the comparison with reference spectra (Wiley and NIST
databases). Area percentages obtained by FID were used as a base for the purpose of quantitative
analysis.

Results and discussion
Among 145 detected compounds in three chamomile samples (cultivars) from Province of Vojvodina
(Table 1), 58 compounds were unidentified (NI). These NI compounds compromise 12.6%, 2.1% and

3.9% of the total for cultivar “Banatska”, “Tetraploidna” and “Mabamille”, respectively. Sesquiterpene
hydrocarbons and oxygenated sesquiterpenes were the main class of compounds in all samples.

Table 1
Essential oil composition of analysed chamomile cultivars
Tabela 1
Komponente etarskog ulja ispitivanih sorti kamilice
No Compound Banatska Tetraploidna Mabamille
RI % RI % RI %
1 Hexanal © 801 0.1 - nd - nd
2 Butanoic acid, 2-methyl-, ethyl ester © 844 tr 842 0.5 841 0.3
3 Ethyl isovalerate © - nd 845 0.1 845 0.1
4 a-Pinene M7 931 0.2 930 0.1 931 0.1
5 Butanoic acid, 2-methyl-, propyl ester © 9241 tr 940 0.1 940 0.1
6 2E-Heptenal °© 952 0.1 - nd - nd
7 Benzaldehyde © 958 0.1 - nd - nd
8 Sabinene M7 970 0.1 970 0.5 970 0.9
9 1-Octen-3-ol © 975 0.1 - nd - nd
10 6-methyl-5-Hepten-2-one ° 984 0.2 983 tr 983 0.1
11 Myrcene MT - nd 987 0.1 - nd
12 2-Pentyl furan © 989 0.4 992 tr 989 0.1
13 Yomogi alcohol M7 997 0.1 - nd 996 0.3
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140 Tricosane A 2298 0.2 2297 0.1 2298 0.1
141 Tetracosane # 2394 0.1 - nd 2394 tr
142 Pentacosane 2496 0.2 2497 0.1 2497 0.1
143 Hexacosane # 2596 tr - nd - nd
144 Heptacosane * 2695 0.1 2694 tr - nd
145 Nonacosane # 2892 tr 2895 0.1 - nd
Monoterpene hydrocarbons MT 25 4.8 25
Aromatic monoterpene hydrocarbons AMT 0.5 0.3 -
Oxygenated monoterpene °MT 1.4 2.7 2.1
Sesquiterpene hydrocarbons ST 38.4 61.9 40.2
Oxygenated sesquiterpenes ST 31.7 22.2 46.4
Other © 2.8 0.9 0.8
Diacetylenes P 7.4 4.3 4.9
Alkanes # 1.2 0.4 0.2
NI 12.6 2.1 3.9
TOTAL 99.5 99.7 99.7

RI — Retention Index; NI — Not Identified compound; nd — not detected; tr — trace (less than 0.01%)

The selected chamomile cultivar “Banatska” is the most common variety of diploid chamomile in
Serbia and in the region (Tsivelika et al., 2018). The dominant compounds in the essential oil from
plants grown in Dala (Banat region, from which this cultivar originates) were E-B-farnesene (28.3%), a-
bisabolol oxides A and B (10.2% and 10.9%, respectively), a-bisabolol (6.7%) and chamazulene
(1.4%) (Table 1; Figure 1). Cultivated form of tetraploid chamomile mostly grown in Serbia is
“Tetraploidna”. The dominant compounds in its essential oil were E-B-farnesene (36.0%), a-bisabolol
oxides A and B (7.6% and 9.3%, respectively), chamazulene (6.7%) and a-bisabolol (4.6%) (Table 1;

Figure 2).
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Figure 1. GC-FID chromatogram of chamomile essential oil cultivar “Banatska”
Slika 1. GC-FID hromatogram etarskog ulja kamilice sorta “Banatska”
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Figure 2. GC-FID chromatogram of chamomile essential oil cultivar “Tetraploidna’
Slika 2. GC-FID hromatogram etarskog ulja kamilice sorta “Tetraploidna”

3

T
85.00

Letopis naucnih radova / Annals of Agronomy



Acéimovié et al. (2021) Ann. Agron. 45(1): 1-8

Similar results from Serbia were also reported by Hoferl et al. (2020), where the dominant
constituent was E-B-farnesene with 38.4%, followed by a-bisabolol oxides A and B with 6.3% and
5.8%, respectively, as well as a-bisabolol (11.5%) and chamazulene (8.0%). Chamomile with E-g-
farnesene (29.8%) as the dominant compound is also grown in the neighboring region (Bosnia and
Herzegovina) (Stanojevic et al., 2016). However, investigation conducted by Savikin et al. (2011)
proved that chamomile essential oil obtained from cultivar “Banatska” from Serbia had the highest
content of E-B-farnesene, while the a-bisabolol and its oxides, azulene and chamazulene were found
to be more than 1%. It was stated that the chemical profile of the oil is not accountable to Ph Eur 7.0.
Because of this, some chamomile producers grow foreign cultivars which satisfied Ph Eur 7.0
standards. Previous research conducted in Serbia with this cultivar (10 different samples) shows that
the most abundant constituents in oils were E-B-farnesene (variation between 29.6 and 46.7%),
followed by bisabolol oxide A (5.4-10.3%), bisabolol oxide B (5.7-9.5%) and chamazulene (5.4-12.0%)
(Ristic et al., 2007).

German tetraploid cultivar “Mabamille” in Serbian agroecological conditions had essential oil with
37.5% a-bisabolol and 21.1% chamazulene, while the content of E-B-farnesene (12.2%), and a-
bisabolol oxides A and B (4.2% and 3.9%, respectively) was significantly lower than in the domestic
varieties “Banatska” and “Tetraploidna” (Table 1; Figure 3). Apart from this German cultivar, Polish
“Zloty Lan”, Slovak cultivar “Lutea” and Austrian “Manzana” are also grown in Serbia. The latter
provides essential oil with a-bisabolol as the dominant compound (34.8%) in Serbian agroecological
conditions (Acimovic et al., 2018). However, there are other a-bisabolol rich cultivars known worldwide
such as: “Lianka” (Fejer and Salamon, 2016), “Robumille” (Singh et al., 2011), “Bona”, “Novbona” and
“Goral” (Salamon, 2004).
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Figure 3. GC-FID chromatogram of chamomile essential oil cultivar “Mabamille”
Slika 3. GC-FID hromatogram etarskog ulja kamilice sorta “Mabamille”

Conclusions

According to the results of the essential oil composition obtained from three different chamomile
cultivars grown in Vojvodina region, it could be concluded that in domestic cultivars “Banatska” and
“Tetraploidna” the dominant compound was E-B-farnesene with 28.3% and 36%, respectively.
Furthermore, these cultivars have high content of bisabolol oxides (21.1% and 16.9% respectively),
and low content of a-bisabolol (6.7% and 4.6%, respectively). Furthermore, the German cultivar
“Mabamille” grown in Vojvodina agroecological conditions, with 37.5% of a-bisabolol can be classified
as a bisabolol rich type.
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SAZETAK

Kamilica (Matricaria chamomilla L., Asteraceae) je jedna od najpopularnijih lekovitih biljaka koja se
upotrebljava u obliku infuza (€aja) za le€enje mnogih stanja i bolesti, uklju€uju¢i poremecaje sna, napetost,
probleme organa za varenje itd. Etarsko ulje kamilice se koristi u mnogim granama industrije: hemijskoj (kao
dodatak deterdzentima), kozmeti¢koj (u sapunima, sredstvima za li€nu higijenu), farmaceutskoj, parfimerijskoj
i prehrambenoj industriji (u slatkiSima, alkoholnim i bezalkoholnim pi¢ima) i kao insekticid. Prema Evropskoj
Farmakopeji, postoje dva tipa etarskog ulja kamilice, prvi koji je bogat bisabolol oksidima i drugi bogat a-
bisabololom. Oba tipa su pozeljna u industriji ¢ajnih napitaka zbog njihovog slatkog, osvezavaju¢eg ukusa
blago vo¢ne arome. Sa druge strane, varijeteti bogati hamazulenom i S-farnezenom imaju gorak ukus i zbog
toga predstavljaju manje vrednu biljnu sirovinu. Na osnovu rezultata hemijskog sastava etarskog ulja tri
razlicita uzorka kamilice gajene u Pokrajini Vojvodini od strane individualnih poljoprivrednih proizvodaca,
moze se zakljuCiti da domace sorte “Banatska” i “Tetraploidna” sadrze B-farnezen kao dominantnu
komponentu, dok je sadrzaj bisabolol oksida i a-bisabolola nizi nego Sto zahtevaju standardi u Evropskoj
Farmakopeji, zbog ¢ega se ne mogu kategorisati kao kvalitetni biljni materijal. Nemacka sorta “Mabamille”
gajena u agroekoloskim uslovima pokrajine Vojvodine, sa 37,5% a-bisabolola pripada bisabolol tipu kamilice i
predstavlja visoko kvalitetnu sirovinu.
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