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1.0 INTRODUCTION

Matricaria chamomilla L., commonly known as chamomile or German Chamomile, has a
native range of Macaronesia, Africa, Eurasia, and Indo-China. This herb is popular due to its
numerous pharmacological, aromatic, and medicinal properties, which are utilized in extensive
therapeutic applications, earning it recognition as a “star” herb (Chauhan et al., 2021). Its great
economic value stems from its wide range of climatic and soil conditions, as well as the vast
properties that make it a highly sought-after herb for industries in the pharmaceutical and
aromatic sectors (Chauhan et al., 2021).

In the second chapter, the ecology and botanical information of M. chamomilla is
explained in detail, including its affinities and classifications as a herbaceous plant. Based on
ecological information, its origins and present distribution are also discussed.

The analysis of Matricaria chamomilla as a species is not only explored from a macro
perspective, as in the second chapter, but its biology and micro characterization are also analyzed
in the third chapter, encompassing its chromosome components, life cycle, and phenology, as
well as its floral characterization and reproductive biology.

The fourth chapter, which details the management of the species through its propagation,
is characterized based on various methods, including direct sowing and the use of seedlings, as
well as information on its irrigation needs.

In the fifth and final chapter, its value is analyzed in a much more macro and less
botanical or agricultural perspective, as its trade, commercial use, world production, and
adulteration are explored, and the species' impact and influence on markets and communities are
exemplified.

The information presented in these five chapters provides a detailed and profound
understanding of a species that is so commonly used and referenced, yet often misunderstood or
underutilized.
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2.0 ECOLOGY

2.1 Affinities

Plants are placed in scientific classifications within a biological hierarchy to be able to
organize the vast diversity of species, to facilitate identification, and to represent the evolutionary
relationships between various types of plants visually.

The scientific classification of Matricaria chamomilla provides a structured framework for
understanding its biological hierarchy as shown in Figure 1, below. It is divided into the
Kingdom of Plantae, as this taxonomy class encompasses all plants, which are typically
multicellular, eukaryotic organisms that usually produce their food through the process of
photosynthesis. Furthermore, the members of this kingdom are characterized by having cell walls
composed of cellulose (Bassam & Lambers, 2025)

Figure 1

Taxonomy Classification (ACIR Community, n.d.)

Kingdom Plantae

Phylum Tracheophyta

Class Magnoliopsida
Order Asterales

Family Asteraceae

Genus Matricaria

Species Matricaria recutita L.

This leads to the following classification level, Phylum, which M. chamomilla classifies
under the division of Streptophyta —more specifically, the Tracheophyta phylum. Streptophyta
includes both multicellular land plants and various groups of green algae, and this phylum is
characterized by specific morphological and reproductive traits (Gontcharov, 2008). M.
chamomilla is a terrestrial plant, which explains its inclusion in this category. Still, specifically,
this plant falls under the division of the phylum Tracheophyta, as its members are vascular plants
that have specialized tissues for transporting water and nutrients.
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It is placed in the taxonomic class of the Magnoliopsida, also known as Angiospermes,
which is composed of dicotyledonous, dicot plants, that are vascular plants that form flowers and
reproduce sexually through seeds (Biology Online, 2019). This class includes all flowering
plants. Matricaria chamomilla is an angiosperm, which explains its characteristics, such as
flowers and seeds, that other non-flowering plant groups do not possess.

Matricaria chamomilla L. is in the order of Asterales, which encompasses multiple
families of flowering plants known for composite flower heads— capitula. This order includes
several families, such as the Asteraceae. M. chamomilla is one of many species in the Asteraceae
family, also known as the daisy family, due to its shared characteristics of having composite
flowers composed of petals and central tubular flowers, as seen in Figure 2.

Figure 2:
Photograph of German Chamomile (Mifsud, 2002)

Photo: Slephen Mifsud (&)
www.mallawildplants.com

Matricaria is a small genus that, when defined narrowly, comprises five annual species
native to the Northern Hemisphere. It represents a Mediterranean divergence of the closely
related genus Anthemis. This genus is also associated with Tripleurospermum, another genus
that comprises approximately 30 species found in Europe, Asia, and North Africa (Dillon &
Pruski, 2003).
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2.2 Fossil Records

There are currently no fossil records for M. chamomilla. It is unlikely that there would be fossils,
as the plant structures are incredibly fragile and would have been destroyed during the process
of fossilization.

2.3 Origins

The native range of the Matricaria chamomilla L. species is traced to Macaronesia,
Northern Africa, Southern and Eastern Eurasia, and Indo-China (Kew Plants of the World Online
2), as shown in Figure 1 below.

Figure 3
Native distribution and range highlighted in green ( Kew Plants of the World Online | Kew

Science, n.d.)
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But because it is a prevalent species to find and plant that grows in multiple conditions
and places, its origins are widely spread throughout these places.

Figure 4
Specific Native countries of origin ( Plants of the World Online | Kew Science, n.d.)

Native to:

Afghanistan, Albania, Algeria, Altay, Austria, Azores, Baleares, Belarus, Belgium, Bulgaria, Buryatiya, Canary Is., Central European
Russia, China North-Central, China South-Central, China Southeast, Cyprus, Czechoslovakia, Denmark, East Aegean Is., East
European Russia, Egypt, Finland, France, Germany, Greece, Hungary, India, Iran, Irag, Irkutsk, Italy, Kazakhstan, Kirgizstan, Korea,
Krasnoyarsk, Kriti, Krym, Lebanon-Syria, Manchuria, Mongolia, Morocco, Myanmar, Netherlands, North Caucasus, Northwest
European Russia, Norway, Pakistan, Palestine, Portugal, Romania, Sardegna, Sicilia, Sinai, South European Russia, Spain, Sweden,
Switzerland, Tadzhikistan, Transcaucasus, Turkey, Turkey-in-Europe, Tuva, Ukraine, Uzbekistan, Vietham, West Himalaya, West

Siberia, Xinjiang, Yakutskiya, Yugoslavia

2.4 Present Distribution

Matricaria chamomilla L. is an annual herb primarily native to southern and eastern
Europe, northern and western Asia, as well as Macaronesia and Africa (Singh et al., 2010). It
thrives in various soil types and alkalinities and is remarkably resilient to cold conditions. The
plant was introduced to India during the Mughal period and is now cultivated in regions such as
Punjab, Uttar Pradesh, Maharashtra, and Jammu and Kashmir (Singh et al., 2010).

Over time, this species has been introduced and naturalized in the United Kingdom,
Australia, and North America. It is cultivated extensively in Germany, Hungary, France, Russia,
and Brazil (Mihyaoui et al., 2022). Its adaptability enables it to grow in diverse habitats,
including meadows, fields, and disturbed areas, making it a common sight in temperate regions
worldwide, as shown in Figure 5 below.
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Figure 5:
Present Distribution of the species— its native and introduced countries (Plants of the World
Online | Kew Science, n.d)

[

M Native M Introduced

2.6 Climate

Matricaria chamomilla is a species that thrives in most climates, thanks to its adaptability
and mild thermal requirements. It is typically categorized as a temperate plant as it favors cooler
growing conditions, and what is considered a “daily temperature” between 19 and 21 °C is
performed well (Bagheri et al., 2020). Despite this, Matricaria chamomilla can withstand cold
weather from 2°C to 20°C (Singh et al., 2010). However, it is essential to consider its growth
stage, as this species can tolerate a temperature of 2 °C at the seedling stage and can endure the
cold of winter at different stages, except in the flowering stage (Bagheri et al., 2020). Exposure
of German chamomile flowers to cold stress (0 to +10 °C) in the spring will unfavorably impact
the flower performance (Bagheri et al., 2020). Therefore, identifying and selecting this species at
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the flowering stage is crucial for successful cultivation and treatment in response to climate
factors.

The climate is an environmental factor that affects the growth of M. chamomilla. Still, it
also has moderate requirements if it focuses on the essential oil rather than the plant itself.
Temperature and sunshine have a significantly greater impact on essential oils and azulene
content than soil type. Despite its good performance at a “daily temperature” (between 19 and
21 °C), it has been observed that its highest essential oil content is achieved when stored between
20 and 25 °C (Bagheri et al., 2020).

2.7 Soil

The invasive nature of M. chamomilla suggests that this species is not particularly
demanding in terms of soil quality. Matricaria chamomilla can be grown on any soil, but
peculiarly, growing the crop on rich, heavy, and damp soils does not benefit the crop and should
be avoided (Singh et al., 2010). Its low management—soil-wise—explains its intrusive, abundant
growth in disturbed areas, meadows, and fields, as it is a common weed of roadsides and gardens
(Wisconsin Horticulture, n.d.). This species thrives in poor soils, such as loamy soils, especially
those with a mix of clay and sandy loam, of medium fertility (Ministerio de Economia Familiar,
Comunitaria, Cooperativa y Asociativa, n.d.). The crop’s growth on such soils has been proven
successful at the farm of the Regional Research Laboratory, Jammu (Singh et al., 2010).

In Hungary, this plant is a vital source of income for the impoverished inhabitants of the
areas, and it exhibits copious growth in poor soils (Singh et al., 2010). Hungary’s voluminous
growth is on clayey lime soils, which are considered barren lands too poor for any other crop. An
experiment was conducted in Finland and Hungary where M. chamomilla was planted, and its
development was closely examined. Hungary’s more temperate climate, in contrast to Finland’s
cooler one, in addition to the difference in soil quality— poor in Hungary and slightly more
affluent in Finland— concluded with the results of more oil extraction in the plants grown in
Hungary (Singh et al., 2010).

Matricaria chamomilla possesses a high tolerance to soil alkalinity. This crop has been
grown successfully on soil with a pH of 9 at the Banthra farm of the National Botanical Research
Institute, Lucknow (Singh et al., 2010). This species tends to accumulate a considerable large
quantity of sodium, around 66 mg to 100 gm of dry material, which facilitates the reduction of
the topsoil’s salt concentration (Singh et al., 2010).
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2.8 Water Management

The roots of Matricaria chamomilla are uncooperative concerning irrigation and water
management. This is due to the species having a shallow root system that does not effectively
extract moisture from the lower layers of the soil, thereby requiring frequent irrigation to
maintain an ideal moisture level and avoid flooding (Giannoulis et al., 2020).

Observations performed by Giannoulis et al, (2020) from Greece detail the consequential
effect of proper irrigation on a crop field of chamomile — M. chamomilla— which resulted in a
production of “higher fresh and dry flower heads; ranging from 5250 and 2200 kg/ha, as opposed
to a rainfed crop field (Chauhan et al., 2021). During this crop’s rosette stage— also referred to
as the blooming stage— irrigation has been proven essential as it significantly increases flower
yield; however, it was also observed to delay seed formation (Chauhan et al., 2021).
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3.0 BIOLOGY

3.1 Chromosome Component

Matricaria chamomilla has a diploid chromosome number of 2n = 2x = 18 (Tsivelika et
al., 2018). This species being a diploid entails the presence of two complete sets of
chromosomes in an organism’s cells, one inherited from each parent (Hutter, 2025). This term
indicates that the plant has a chromosome number represented as 2n, where n is the number of
unique chromosomes. The fact that this plant possesses two complete sets of chromosomes,
which total 18 chromosomes in each somatic cell, means that this configuration consists of 9
pairs of homologous chromosomes. The base chromosome number for this species is denoted as
x=9 (Inceer et al., 2018). Species of Tripleurospermum and Matricaria share the same base
chromosome number, x = 9, the most common in the family Asteraceae, which is described as
the ancestral condition (Inceer et al., 2018).

Figure 6
Microscopic chromosome counts and FCM histograms of Matricaria, displaying sample:
standard fluorescence ratios of a eu-diploid (DEG 27, 18 chromosomes).

2x-individual DEG 27

(Bettina Féihnrich et al., n.d.)
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3.2 Life Cycle and Phenology

Matricaria chamomilla is an annual diploid herbaceous flowering plant; the term
“annual” refers to a plant that completes its life cycle in a single growing season (4nnual |
Definition, Plant, Examples, & Facts | Britannica, n.d). This term is most commonly used when
referring to herbaceous flowering plants, a vascular plant that is characterized by a usually soft
and pliable non-woody stem (Petruzzello, 2025).

The life cycle of this plant can be divided into five specific stages as seen in figure (7):
seedling formation; when the embryo of the seed forms a seedling, vegetative growth; the
development of vegetative organs, ( roots, stems and leaves), initiation of flowering; the
transition from vegetative to reproductive growth, full flowering flush; the period when all of the
blossoms are opening/open, and maturity; when they have grown to their full height (Yadav et
al., 2022).

Chamomile seedlings are typically established in two to three weeks, shortly followed by
an average of three months of vegetative growth (Yadav et al., 2022). Flowering was observed to
be initiated 112 days after sowing, planting the seeds —, while the capitulum harvest stage was
achieved from 131 to 157 days during the complete flowering flush stage. It was also observed
that seed maturity took 173 days (Yadav et al., 2022). Despite its good performance at a “daily
temperature” (between 19 and 21 °C), it has been observed that its highest essential oil content is
achieved when stored between 20 and 25 °C (Bagheri et al., 2020).

Figure 7

Phenological growth stages: (1) seedling establishment; (2) vegetative growth, (3) initiation of
flowering; (4) full flowering flush, and (5) maturity of German chamomile observed in
Himalayan low hill conditions (Yadav et al., 2022).

11
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3.3 Floral Characterization

German chamomile — M. chamomilla— is often confused with other plants and species
due to its basic and recognizable appearance. Leading it to be generally mistaken for daisies or
other species of the Asteraceae family due to the similarities they share. Like any other member
of the daisy family, it has a capitula— also known as a flower head or capitulum— that works as
the center disk that unites the flower petals; its uniqueness starts in the specific and often
unrecognizable differences. The capitulum of German chamomile, unlike the Roman
chamomile’s flat capitulum, expands from a button-shaped to a dome-shaped form as it matures
(Sallam, 2024). The disc is hollow at the core, as it is made up by tiny flowers that are separated
into two kinds as seen in figure 8: Ray florets; has a flattened strap-shaped extension of a petal,
and Disc florets; small tubular corollas— its reproductive organs (Stanford Dahlia Project
Compositae Information, n.d.).

Figure 8:

This diagram shows typical parts of a flowerhead belonging to the Asteraceae family, also
known as Compositae (Stanford Dahlia Project Compositae Information, n.d.).

12
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PARTS OF AN ASTER FLOWERHEAD

stigma

united anthers disc floret

united petals =——

ray floret
pappus

achene bract

Y

disc floret ray floret receptacle

The center disc is made up mostly of disc florets as they vary from 182 to 330 in numbers
per capitulum, while the ray florets are typically only 16-24 (Yadav et al., 2022). The disc florets
have yellow tubular corollas, and anthers— where the male reproductive cells are produced in a
flower— are linear and divided into two lobes (Yadav et al., 2022). The florets are tiny, measuring
2-3 mm in length, as shown in Figure 9, which explains why emasculation —the removal of
anthers or killing the pollen of the flower — is impossible in chamomile (Yadav et al., 2022). As
a whole, the flowers tend to reach '2 to 1 inch across with 10 to 25 white petals.

Figure 9

Floral development in German chamomile (a) capitulum (b) disc floret (c) ray florvet (d) disk
floret's pistil, (e) stamen (Yadav et al., 2022).
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As mentioned previously, the M. chamomilla flower head has two types of florets:
pistillate ray florets and bisexual disc florets, as seen in Figure 9 (parts b and c). Anthers are
linearly bi-lobed, as seen in Figure 10, and dehiscing longitudinally at the time of anthesis
(Chauhan et al., 2021).

Figure 10:

Different plant parts and habit of German chamomile: flowering plant (a); flower head (b); ray
floret (c); disk floret (d); capitulum I (e); teeth/petals of disc floret (f); anthers (g),; stigma (h);
seed (i); fresh flower harvest (j) (Chauhan et al., 2021).

S mm

; 1lmm

1 mm

I mm

The antithesis of M. chamomilla— the flowering period of a plant, determined by the
opening of the flower bud- is said to last up to 10-15 days. The reproduction begins when the
anthers dehisce, meaning that the mature plant structure splits open to release their content,
which occurs as a first flush of anthesis (Chauhan et al., 2021). This overlaps with stigma
receptivity flushes in ray and disc florets. The movement of stigma receptivity flush—the ability

15
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of stigma to support the viable and compatible pollen—generally occurs upward toward the tip of
the flower head (Chauhan et al., 2021). However, sometimes, it was observed to start near the
center and move towards both directions.

As previously stated, due to the small size of the floret, emasculation is impossible in
this plant. However, polygamous conditions have been observed to help control pollination when
disc removal of the female bud in a crossing pattern is practiced (Chauhan et al., 2021).

16
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4.0 PROPAGATION

Matricaria chamomilla L. is easily propagated from seeds. The crop can be and is
primarily grown by two methods, as farmers generally prefer them: direct sowing of the seed and
transplanting, which is usually preferred by farmers (Singh et al., 2011). Direct sowing has the
advantage of being more manageable and cost-effective, yet it is also riskier. Since maintaining
the most favorable field temperature conditions is challenging, it results in poor germination and
a weakened crop stand (Chauhan et al., 2021). While raising a seedling in a nursery bed and later
transferring them is a costlier method as it requires more labour. However, unlike direct sowing,
favorable conditions are provided and controlled in the nursery bed, resulting in healthier plants
due to its smaller area (Chauhan et al., 2021). This plant is characteristically quite strong, and it
branches very well. Multiple achenes are found in each capitulum by open pollination. Its
germination is vigorous, as it grows from seeds falling randomly on the ground (H. Takano & K.
Taniguchi, 1997).

4.1.1 Propagation through direct sowing (through the seed)

The size of M. chamomilla’s seeds is relatively tiny, as a thousand seeds only weigh
0.088-0.153 gm (Singh et al., 2011). Due to its minute size, the seed should be mixed with sand,
having a ratio of 1:10 for easy sowing. Due to the permanence of the seeds in the soil, the losses
due to insects, wind, and other factors are minimized. Approximately 0.3—0.5 kg of clean seed
with a high germination percentage, sown in an area of 200-250 m?, yields enough seedlings to
stock a hectare of land. Approximately 2.0-2.5 kg of seed per hectare is sufficient when sown at
a row spacing of 30—40 cm. However, the line where the seeds are sown should have a depth of
no more than 2 cm in the soil.

Mounir and Gilles, according to Kavoi and Mwangi (2015), suggested that the seed
requires light for germination and, therefore, should be covered lightly with soil. Based on
studies conducted in 1991 on false chamomile (a weed of the same genus), researchers found that
germination was lower in darkness, at 39%, within a 5 to 150 °C range, compared to light, where
it reached 89% (Kavoi & Mwangi, 2015). This implies that non-transparent mulching materials
can be used to cover the seed before germination, conserving moisture and resulting in reduced
watering frequency, lower input, and labor requirements. The study confirmed that the
shallowness of the roots makes the seedlings highly susceptible to moisture shortages in the soil
(Kavoi &Mwangi, 2015). Moisture conditions in the field for direct sowing of seeds must be
excellent; otherwise, a patchy and poor germination is obtained (Singh et al., 2011).

17
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4.1.2 Propagation through transplanting (through the seedling)

However, many studies show that direct sowing of seeds usually results in poor
germination, hence the preference for the transplanting method, meaning it is most commonly
followed. The mortality of the seedlings is almost insignificant in transplanting (Singh et al.,
2011). Approximately 0.50-0.75 kg of clean seeds, with a good germination percentage, is
sufficient to raise seedlings for one hectare of land; an area of 250-300 m?is sufficient (Chauhan
et al., 2021). The most favorable and recommended temperature for good seed germination is
10°C to 20°C (Singh et al., 2011).

It is recommended that seeds be sown in the soil at a depth of 1-2 cm, with a row spacing
of 8.0 cm (Chauhan et al., 2021). In addition, it is essential to remember that seed germination
begins within 4-5 days of sowing, resulting in the seedlings' area being ready for transplanting
within 4-5 weeks. However, seedlings older than 5 weeks should not be transplanted as it results
in a poor and indifferent crop (Singh et al., 2011). The recommended soil texture is loose and
easily crumbled, with a loamy composition (mostly sand, silt, and sometimes a smaller amount
of clay) and a texture ranging from loam to sandy loam, preferably humus-rich. For optimal
growth, the soil should be well-drained, which also benefits the development of seedlings
(Chauhan et al., 2021).

Preparing raised nursery beds, using a reference of ones with an acceptable length and 1
m in width, primarily consists of breaking the clumps, removing weeds and stones, and mixing
sufficient manure into the soil (Chauhan et al., 2021). Preparing raised nursery beds, using a
reference of ones with an acceptable length and 1 m width in size, primarily consists of breaking
up the clumps, removing weeds and stones, and mixing sufficient manure into the soil (Chauhan
etal., 2021).

To settle the argument for the most suitable method of sowing, a study was conducted to
determine the most appropriate time and method based on the thermal mode, revealing that
transplanting the crop was more effective than direct sowing, as shown in Figure 11 below. As
well as the results that, speaking of more general and collective circumstances, transplanting
should not be delayed beyond the end of October, as it was found that around the beginning to
end of October, it was better for getting higher yields (Singh et al., 2011).

18



Antonia Plazas — Matricaria chamomilla L.

Figure 11:
Comparing seed and vegetative propagation techniques (Kavoi K. Timothy & Maina Mwangi,
2015)
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4.3 Irrigation

As mentioned previously, the roots of M. chamomilla plant are shallow, signifying that
the plant is unable to draw moisture from the lower, more moist range of the soil and needs more
frequent irrigation to maintain the most desirable moisture level (Singh et al., 2011). It has been
observed that irrigation during the bloom period, specifically at the rosette stage, helps increase
flower yield, indicating that yield augmentation is substantial during this stage. A good crop
performance is achieved when the soil is kept moist, but flooding should be avoided at all costs.
It is noteworthy that on alkaline soils, crop irrigation should be increased, as approximately 6—8
irrigations are required during the crop cycle. Good performance is obtained if the soil is moist,
but flooding should be avoided (Singh et al., 2011).

4.3.1 Irrigation in transplanting (through seedling):

Light irrigation is required as needed to maintain the desired moisture in the nursery
beds. Germination begins after sowing the nursery beds, typically starting within 4-5 days.
However, the seedling becomes suitable for transplanting in the field after 4 to 5 weeks.

19
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5.0 TRADE

Matricaria chamomilla—Ilabeled German chamomile—is ranked as the fifth top-selling
herb in the world thanks to its major role as a food, cosmetic, and pharmaceutical additive (Singh
et al.,, 2011). It is primarily sold in two forms: flower head and blue oil. “Blue oil” is the
commercial trade name for chamomile oil in the international market, which is sold at $ 40,000
per kilogram (Singh et al., 2011).

5.1 World production and trade

The importance and demand for this oil can be traced back decades. In 1989, the USDA
estimated that the world production of chamomile blue essential oil was 5.4 tons (Singh et al.,
2011). The “t” is the common abbreviation for metric tons in scientific and industrial contexts,
equal to 1000 kilograms, meaning that the data of 5.4t means 5.4 million tons of the item
produced globally.

However, it is difficult to get regular updates of statistics of the demand and supply,
collection, and economics of chamomile because, for example, India—the biggest trader of
chamomille— has a very unorganized medicinal plant sector, meaning the data registered is not
that accurate (Singh et al., 2011). Moreover, worldwide production figures are difficult to isolate
due to the prevalence of small-scale farming and the fact that statistics typically do not separate
chamomile from other herbs when compiling the data. In 1995, the global production of dried
flowers was estimated to be approximately 500 tons per annum from large-scale farming. By
1998, this value had risen to 1000 tons per annum from large-scale farming (Singh et al., 2011).

The price of M. chamomilla is regulated by global supply and demand. For example, in
1991, the world price for dried chamomile flowers in US dollars ranged from 1,000/t for
low-grade flowers to approximately 16,000/t for high oil content flowers (Singh et al., 2011). In
1997, organically grown chamomile was being advertised on the internet by Bulk Botanical
Herbs at US$$ 28 per pound (approximately US$ 61.73 per kg). However, it has recently been
selling at a rate of US$ 700 per kg, indicating a growth of roughly every two years (Singh et al.,
2011).
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5.2 Adulteration

An adulterant is a substance added to a product, typically substituting an ingredient with
inferior commercial varieties(Pulok K. Mukherjee, 2019). This is generally due to a macroscopic
similarity to the original drug; various inferior varieties of the same species are used as
adulterants (Pulok K. Mukherjee, 2019). Due to the composition of Chamomile tea being dried
flower heads, the possibility of adulteration is listed as a significant drawback in the production.

Anthemis cotula L., despite being a poisonous plant with a repugnant smell, due to its
close relationship with M. chamomilla, leads to confusion in the identification and harvesting of
M. chamomilla. This confusion of M. chamomilla is not isolated to only that species; in the
Unani system of medicine, three species: Matricaria recutita L., Anthemis nobilis L. and
Corchorus depressus L., are reported under the same vernacular name (non-scientific, ordinary
name for a plant) ‘Babuna’, which created confusion during the identification of the species
(Chauhan et al., 2021). Ghauri et al. studied the taxonomic and anatomical elements to solve this
ambiguity among these species. They found that the name ‘Babuna’ belongs to M. chamomilla,
whereas A4. nobilis L. and C. depressus are used as adulterants (Chauhan et al., 2021).

A variety of methods were developed using infrared spectroscopy—a scientific process
that studies and identifies chemical substances—combined with chemometrics to detect,
quantify, and authenticate some common toxic adulterants in German chamomile (Chauhan et
al., 2021). This led to the successful construction of various infrared spectroscopy models for
detecting chamomile and its toxic adulterants. Sample authentication was also refined through
the use of modeling of class analogy and orthogonal projection of latent structure models,
achieving a sensitivity of 100%. In contrast, a partial least squares model demonstrated high
predictability in identifying each adulterant in chamomile mixtures that had been adulterated
(Chauhan et al., 2021).

5.3 Commercial use

The commercial use of M. chamomilla can be primarily categorized into the following
areas: pharmaceuticals, perfumery, cosmetics, aromatherapy, and the food industry (Singh et al.,
2011). M. chamomilla is a natural source of blue oil, more simply known as essential oil. The
flower heads are the primary organs that produce essential oil; however, the entire flower can
also make small amounts. As indicated by its name, the oil is a deep blue color; its richness is
revealed by its intense hue. This is because the blue color is created due to terpenoids and
flavonoids, predominantly chamazulene and a-bisabolol. This explains why the bluer the oil is,
the better the quality, as it indicates the presence of these crucial chemicals (Singh et al., 2011).

Chamomile, with a specific chemical composition, is used as a medicinal agent due to its
unique pharmacological properties (Singh et al., 2011). The principal components of the blue oil
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extracted from the flowers are (E)-fB-farnesene (4.9-8.1%), terpene alcohol (farnesol),
chamazulene (2.3-10.9%), a-bisabolol (4.8-11.3%), and a-bisabolol oxides A (25.5-28.7%) and
a-bisabolol oxides B (12.2-30.9%). These components are well-known for their
anti-inflammatory, antiseptic, antiphlogistic properties, which act against inflammation or fever,
and spasmolytic properties. Explaining why the oil is so commonly used as a mild sedative and
for digestion, besides being antibacterial and fungicidal (Singh et al., 2011).

In addition to its pharmaceutical uses, the essential oil in the flower heads contains
azulene and is utilized in perfumery, cosmetic creams, hair care products, lotions, toothpastes,
and fine liquors (Singh et al., 2011). Aside from the blue oil, M. chamomilla has a high demand
for its dry flowers, which are used in herbal tea, baby massage oil, to facilitate gastric secretion,
and to treat coughs and colds. The dried flowers of chamomile are treasured as effective home
remedies, as herbal tea has been found to alleviate colic in 57% of infants (Singh et al., 2011).
Due to its wide range of pharmacological and pharmaceutical applications, the plant holds
tremendous economic value and is in high demand in European countries (Singh et al., 2011).
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