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ARTICLE INFO ABSTRACT

Keywords: Matricaria is a widespread genus of flowering plants of the family Asteraceae that grow in temperate regions of
Antimicrobial compounds Europe, Asia, America and Africa. Some of the species are also naturalized in Australia. Some species of this
Chamomiles genus such as Chamomiles are recognized medicinal plants and cultivated in several countries for commercial
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purposes: to obtain its blue essence, as herbal tea, and for pharmaceutical or cosmeceutical uses. The phyto-
chemical composition of Matricaria spp. includes volatile terpenoids (e.g., a-bisabolol, bisabolol oxide A and B,
B-trans-farnesene and chamazulene), sesquiterpene lactones such as matricin, and phenolic compounds (flavo-
noids, coumarins and phenolic acids). Their essential oil is obtained from the fresh or dried inflorescences by
steam distillation, and additionally cohobation of the remaining water. The volatile composition of the essential
oil, especially the content of the valuable components a-bisabolol and chamazulene, depends on the plant part,
origin and quality of the source, genetic, and environmental factors. Moreover, other parameters, such as season
of harvest and methods of extraction, can affect the extraction yield of the essential oils/extracts, their com-
position and, therefore, their bioactivity. Due to the importance of this genus and particularly M. recutita (M.
chamomilla), this review focus on its cultivation, factor affecting essential oils’ composition and their role in
traditional medicine, as antibacterial agents and finally as food preservatives.
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1. Introduction

Matricaria is a genus of flowering plants and falls under the same
family as common species such as sunflower (Helianthus annuus), let-
tuce (Lactuca sativa), and artichoke (Cynara scolymus), i.e., Asteraceae.
Most of the species of this genus are commonly found in temperate
regions of Europe, Asia and America, and also in northern and southern
Africa (Bremer and Humphries, 1993; Singh et al., 2011; Miraj and
Alesaeidi, 2016). Some of the species are naturalized in Australia. They
are annual aromatic herbs that can be found growing on lands rich in
nutrients as well as on roadside.

These genus are much branched and these many branched stems are
prostrate to erect, glabrous, and leafy (Bremer and Humphries, 1993;
Singh et al., 2011). Flowers are radially symmetrical, heads solitary,
either heterogamous with white ray florets female flowers (M. recutita,
also known as M. chamomilla) or homogamous and lacking ray florets
(M. discoidea). The leaves are 2-3 pinnatisect and repeatedly divided
into segments which are narrowly linear. Receptacle is conical, hollow
and lacks receptacular scales. Achenes are obovoid and somewhat lat-
erally flattened, obliquely truncate above, inconspicuously 3-5 ribbed
on the posterior face and without oil glands on the anterior side. The
pappus may be crown shaped and short or lacking.

Genus Matricaria comprises plants with various secondary metabo-
lites of varied chemical nature. A number of chemical components have
been isolated from genus Matricaria (Kazemi, 2014). A majority of the
chemical constituents have been recorded mainly in Matricaria chamo-
milla also called as German chamomile. Plants belonging to this genus
have shown the presence of components like volatile compounds, ses-
quiterpene lactones, and phenolic compounds such as flavonoids (fla-
vones and flavonols) and coumarins (Table 1).

2. Cultivation of plants from the genus Matricaria

The chamomile genus Matricaria is one of the most important and
well-known herbal drugs. Chamomiles are grown commercially in
Europe, North Caucasus to South Siberia, the intercontinental state
Turkey, Asia (Afghanistan, Pakistan, North India, and Japan), North
Africa (Egypt, Ethiopia), North and South America (east coast of the
USA, Cuba, Argentina, and Brazil) and New Zealand (Singh et al.,
2011). It is cultivated mostly for its blue essence, as herbal tea, and in
view of its ever-increasing usage in pharmaceutical, cosmetic and sa-
nitary, perfumery industry, and production of nutritional flavors
(Mohammad, 2011). This important medicinal plant has been culti-
vated from two chamomiles: Roman chamomile, Chamamelum nobile L.,
with ancient name Antemis nobilis and German chamomile, Matricaria
recutita (M. chamomilla).

German chamomile requires cool, temperate conditions to grow
well, with temperature ranging from 7 to 26 °C. German chamomile can
survive cold winter nights as low as —12°C (Singh et al., 2011). Al-
though chamomile is drought tolerant, it needs enough water to ger-
minate and for the development of the young plants. German chamo-
mile requires no extra water once properly established. An annual
precipitation of 400 to 1400 mm per season is enough to produce a
good crop. German chamomile can be grown on a wide range of soil
types, but prefers a well-drained, sandy or sandy-loam soil with a pH of
4-8 grows in any other soils that have good drainage. Each plant nor-
mally produces from 12 to 14 sets of runners. Make sure plants with
superior qualities are used for vegetative propagation. Spacing of plants
should be 30 x 30cm (Dutta and Singh, 1964). German chamomile
does not require large quantities of fertilizers, but depending on soil
tests, small quantities of nitrogen, phosphorus, and potassium should be
applied before planting. Sprinkler irrigation should be used. Constant
weeding is necessary until the chamomile ‘mat’ takes over. Whiteflies,
aphids, spider mites, and thrips are the major insect pests affecting
chamomile. Flower heads are harvested in the summer while in full
bloom (Bremer and Humphries, 1993; Singh et al., 2011).
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According to most of reports, the ideal temperature to dry the
flowers is 35-38°C and the necessary time to do this is 36-72h.
Alternatively, this temperature in electric driers is 40-60 °C. By manual
harvesting, production of fresh flowers is 2 tons per hectare. This re-
sulted in 100-500 kg dried product. In mechanized harvest, 400-800 kg
hectare flowering stem would be collected to produce the essence. Early
or late harvest would bring about quality reduction of effective mate-
rials. The flowers have maximum amounts of essence when ray florets
are fully bloomed. The flowers should be dried immediately after the
harvesting. Any delay can bring changes in flowers color and reduction
of their essence quantity (Anderson et al., 1996; Fontanarosa, 2000).

While somewhere in India this crop is of 4-6 months and propa-
gated by seeds either by transplanting or direct sowing. Since it is a
Rabi crop it is sown on second fortnight of December in North Indian
hills, while in plains it is sown in late September. Crop requires
20-25 tons of farmyard manure (Nidagundi and Hegde, 2007). Flowers
can be used fresh, frozen or dried. Harvesting is best during tempera-
tures of 22-25°C.

3. Chemical composition of essential oils obtained from genus
Matricaria plants

The essential oil is characteristic for some genera from the
Asteraceae family, including the Matricaria genus, as commented be-
fore. Among species from this genus, the most popular and commer-
cially important is M. recutita (Baser and Buchbauer, 2015). The es-
sential oil is found in the whole plant (Das et al., 2002), but the flower
head is mostly used for medicinal and aromatic purposes. Volatile
compounds and sesquiterpene lactones are secreted to the multicellular
biseriate glandular hairs and to the glandular ducts localized mostly on
some parts of flowers—the former on the bract, corolla, ovary and the
latter in the inflorescence peduncle, receptacle, bract, and stigma. Both
secretory structures are present on stems and leaves but in considerably
smaller amount (Andreucci et al., 2008). The monograph of Matricariae
flos (M. recutita flower) is placed in many national pharmacopoeias and
European Pharmacopoeia (EP) which recommend that chamomile
contains no less than 4 mL/kg of blue essential oil (Schilcher, 2005). In
addition, Matricariae aetheroleum (M. recutita oil) also has its mono-
graph in EP, in which two types of oil are mentioned—rich in bisabolol
oxides (29-81%) and rich in levomenol (10-65%) (European
Directorate for the Quality of Medicines and Healthcare, 2004).

The essential oil is obtained from the fresh or dried inflorescences
by steam distillation. Sometimes this process is long-drawn (even
7-13 h) and additionally cohobation of remaining water is being carried
out. The yield of the process is around 0.3-1.5% and depends on origin
and quality of the source. This is a deep blue, viscous liquid with an
intense characteristic herbaceous odor (Schilcher, 1987; Sticher, 2010).

There is a big diversification in qualitative and quantitative com-
position of volatile fractions obtained from the plant materials from
various countries and regions of origin. Nevertheless, the primary
constituents are sesquiterpenes such as (-)-a-bisabolol (levomenol,
5-70%), bisabolol oxide A (5-60%), bisabolol oxide B (5-60%), bisa-
bolone oxide (0-8%), (E)-3-farnesene (7-45%), chamazulene (1-35%),
and polyacetylenic compounds named spiroethers, existing in two iso-
meric forms, trans-(Z)- and cis-(E)-en-yne-dicycloether (2-30%).
Monoterpenes like limonene (0.1%), (Z)-B-ocimene (0.69%), y-terpi-
nene (0.17%) and artemisia ketone (0.32%) were also detected (Wichtl,
2004; Heuskin et al., 2009). Fig. 1 presents the most abundant com-
pounds of chamomile essential oil.

Tirillini et al. (2006) have identified the largest number of compo-
nents of Matricaria essential oil. They analyzed separate elements of
flower heads—Iligulate and tubular florets and receptacle from plants
growing in Italy. In all cases, more than 70 compounds were identified
representing about 99% of the components of the oils. The oxygenated
sesquiterpenoids and sesquiterpene hydrocarbons were predominating
in essential oil from tubular florets obtained with a yield of 0.95%, the
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