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Abstract

German chamomile (Matricaria recutita L.) is an important medicinal and aromatic crop in Ukraine,
where it’s dried flower heads (Chamomillae anthodium) are officially registered and standardized
according to the European Pharmacopoeia. Despite its economic relevance, information on
population-level variability in essential o0il yield and chemical composition remains limited. This
study evaluated twenty wild chamomile populations distributed across major agroclimatic regions
of Ukraine to identify valuable chemotypes for cultivation, breeding, and commercial
standardization. Cluster analysis revealed a partial relationship between flower head mass and both
qualitative and quantitative essential oil traits, while environmental conditions showed only weak
influence. Over all, Ukrainian wild chamomile predominantly belonged to Type B chemotype (/-/-ct-
bisabolol oxide A > /-/-a-bisabolol > /-/-a-bisabololoxide B). Southern populations with medium-
sized flower heads and moderate oil content were dominated by the phytotherapeutic valuable /-/-
a-bisabolol chemotype. These findings provide a scientific basis for chemotype-based selection,
region-specific cultivation, and improvement of commercial chamomile quality and its products. In
the conditions of special agricultural production in Ukraine, the technology of growing medicinal
chamomile is not sufficiently developed. New agrotechnical issues are being studied in accordance
with adaptive varieties, which are the domestic Perlyna Lisostepu, Azulena and the foreign: Bodegold
(Germany), Zloty Lan (Poland). However, these are chamomile varieties with an average content of
essential oil, which has a high content of bisabololoxides. However, the needs for technologies for
harvesting and processing chamomile drugs are currently not sufficiently resolved. These facts affect
the low visual and herbal quality of teas in the consumer network, which are produced by the
Ukrainian companies.

Keywords: Matricaria recutita; chemotype diversity; content of essential oil; large-scale cultivation;
chamomile teas; Ukraine

1. Introduction

German Chamomile, pomamka aikapceka, (Matricaria recutita L.), is one of the most popular and
culturally significant flowering plants in Ukraine. Its importance in everyday life is reflected in
numerous songs, poems, proverbs, legends, and even fairy tales for children, indicating its deep-
rooted presence in folk tradition and knowledges [1].
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Historical sources indicate that as early as the period of Kyivan Rus (9th-11th centuries),
chamomile flowers were widely used for medicinal purposes. The flower heads were valued as
analgesic, anti-inflammatory, calming, and relaxing agents, and were traditionally applied to reduce
fear and promote restful sleep. The inflorescences were treated with particular respect, and unlike
many medicinal plants whose vernacular names have changed or disappeared over time, chamomile
has retained its original name for centuries and continues to be known by numerous folk names
across different regions of Ukraine [2,3].

In traditional Ukrainian practice, chamomile was used throughout all stages of human life.
Newborn babies were bathed in decoctions prepared from chamomile flower heads to ensure healthy
development and to protect delicate infant skin. During adolescence, chamomile infusions were
commonly used to treat acne, a multifactorial inflammatory disorder of the sebaceous glands and
hair follicles. In older age, the plant was considered a rejuvenating remedy and was widely applied
for maintaining skin health and overall well-being [4].

According to Ukrainian folk medicine, chamomile flowers were often mixed with wine and
consumed internally. Such preparations were believed to stimulate urination and aid in flushing
stones from the urinary bladder. A specific combination of chamomile flowers with light white wine
was traditionally used to cleanse the spleen, while ground chamomile tops mixed with honey and
prepared as a decoction were recommended for the treatment of jaundice and liver disorders [5].

For external applications, the flowering parts of chamomile were boiled with butter and allowed
to cool, forming a cream that was applied to dry facial skin, musculoskeletal discomfort, and muscle
pain in the trunk. This preparation was also used to smooth wrinkles around the eyes. In addition,
heated olive oil infused with dried tubular flowers was traditionally applied to eczema, abrasions,
and various skin wounds [6].

Traditional preparations of chamomile remain diverse. An infusion is prepared by pouring
boiling water over one tablespoon of dried flowers and allowing it to steep for approximately 15
minutes; this extract is commonly consumed with honey. A decoction is made by boiling one
tablespoon of flowers in 0.3 L of water for 5-7 minutes and is used for washing wounds, burns,
abrasions, and other external injuries. Chamomile tincture is prepared by macerating dried plant
material in 40% alcohol at a ratio of 10:1 for one week in a dark place; after filtration, 20-30 drops are
taken three times daily after meals. An ointment is prepared by infusing ground chamomile raw
material in boiling sunflower or olive oil and allowing it to stand for 24 h in a warm place, after which
it is used externally for eczema, abrasions, and wounds [7].

The aim of the present and highly topical research is to study and monitor the occurrence and
distribution of chamomile habitats across the Ukraine territory. In recent years, natural populations
of this medicinal plant have declined considerably, mainly due to intensive pesticide use in large-
scale agricultural systems and private farming. At the same time, chamomile flower heads serve as
raw material for numerous mass-produced products in the pharmaceutical, cosmetic, and food
industries. Therefore, the development of sustainable, large-scale cultivation practices for this
valuable medicinal crop represents an important priority in Ukraine.

2. Materials and Methods

2.1. Plant Material

Samples of chamomile flower heads were collected from 20 locations across Ukraine (Table 1;
Figure 1) during the years 2018-2020. Table 1 provides detailed information on all sampling sites,
including districts (rayons), geographic coordinates (latitude and longitude), altitude, site exposure,
and slope inclination.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. Chamomile population habitats and their placements on the Ukraine map. Legend: 1. Katerinopolsk, 2.
Gorodec, 3. Simferopol, 4. Kherson, 5. Zhytomyr, 6. Maly Tulchyn, 7. Chernihiv, 8. Khmelnytskyi, 9. Volchytsi,
10. Velyka Bakta, 11. Perechyn, 12. Kireshi, 13. Tsvitne, 14. Ivanivka, 15. Lviv, 16. Oleksandrivka, 17. Lubny, 18.
Zaporizhzhia, 19. Zhytomyr, 20. Michalovce.

German Chamomile, Matricaria recutita L. (synonyms: Chamomilla chamomilla (L.) Rydb.,
Chamomilla recutita (L.) Rauschert, Matricaria matricarioides (Less.) Porter, Matricaria suaveolens L.,
Matricaria chamomilla L.) is an annual species belonging to the family Asteraceae. Chamomile
populations were predominantly found in secondary herbaceous vegetation communities. These
plant communities also have practical importance, particularly in erosion control on sloping field
roads, as well as in maintaining hygienic conditions in residential areas and contributing to
recreational and aesthetic functions in gardens, parks, and surroundings of settlements.

Table 1. Basic characteristics of localities in Ukraine according to the occurrence of chamomile populations.

Location Latitude Longitude Altitude [m]  Exposure V¥
Katerinopolsk, CHERKASY, ChR
01 N 48°56'06" E 0°54'40" 139 center 15°
UA
02 Gorodets, RIVNE, RR UA N 51°16'50" E 26°20'00" 160 north-west  10°
03 Simferopol, CRIMEA, ARK UA N 44°56'53" E 34°06'15" 350 south 5°
04 Kherson, KHERSON, CR, UA N 46°38'01" E 32°36'01" 47 south 5°
Zhytomyr 1, ZHYTOMYR, ZR,
05 N 50°15'16" E 28°39728" 221 north-west ~ 2°
UA
Maly Tulchyn, VINNYTSIA, VR,
06 UA N 48°40'28" E 28°50'59" 208 north-west  12°
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Chernihiv, CHERNIHIV, CheR

07 N 51°30'00" E 31°18'00" 124 north 5°
UA
Khmelnytskyi, KHMELNYTSKY]I,

08 N 49925'12" E 27°00'00" 295 west 0°
KhR, UA

09 Volchytsi, LVIV, LR, UA N 49°12'40" E 22054'34" 564 west 16°
Velyka Bakta, ZAKARPATTIA,

10 N 48°09'39" E 22°39'50" 118 west 10°
ZR, UA
Perechyn, ZAKARPATTIA, ZR,

11 N 29°27'13" E 30°34'51" 176 north 0°
UA

12 Kireshi, ZAKARPATTIA, ZR, UA N 48°11'20" E 23°21'09" 164 west 16°

13 Tsvitne, KIROVOHRAD, KhR, UA N 48°57'32" E 32°30'00" 221 center 4°
Ivanivka, KIROVOHRAD, KhR,

14 N 48°11'36" E 32°52'07" 104 center 1°
UA

15 Lviv, LVIV, LR, UA N 49°50'00" E 24°00'00" 289 west 11°
Oleksandrivka, KIROVOHRAD,

16 N 48°43'35" E 33°18'08" 133 center 7°
KR, UA

17 Lubny, POLTAVA, PR, UA N 50°01'07" E 32°59'13" 158 north 3°
Zaporizhzhia, ZAPORIZHZHIA,

18 N 47°50'16" E 35°08'18" 105 south-east 13°
ZR, UA

19  Zhytomyr 2, ZHYTOMYR, ZR UA N 50°15'16" E 28°39'28" 221 north-west ~ 2°

20 Michalovce, KOSICE, KSK, SK N 39010'49" E 22°45'38" 115 south-east  24°

Chamomile commonly occurs in weed communities associated with both cereal and root crop
agroecosystems. It typically germinates early in spring, completes its life cycle alongside cultivated
crops, and overwinters mainly in the form of seeds. Phytosociologically, M. recutita is associated with
the orders Aperetalia spicae-venti (forest and forest-steppe zones, including the Ukrainian
Carpathians), Papaveretalia rhoeadis (= Secalietalia) typical of steppe regions, and Sisymbrietalia
sophiae, characteristic of the Black Sea region.

Within these communities, chamomile acts as a diagnostic species of the association Chamomillo
recutitae—Malvetum mauritianae, belonging to the alliance Hordeion murini. It typically occurs on
anthropogenically disturbed and compacted soils near human settlements. Its synanthropic nature is
further confirmed by its frequent occurrence in vegetation inventories of major Ukrainian cities such
as Simferopol, Zaporizhzhia, and Zhytomyr [8].

2.2. Preparation of Plant Samples and Hydrodistillation

The collected samples were cleaned, and other plant parts were removed. The material was
sorted into groups and dried at 38 °C for 6 hours in a laboratory dryer. Flower heads were allowed
to have short stems up to 10 mm in length, according to quality assessment standards. Drying
removed excess moisture, resulting in a final plant material moisture content of approximately 12 %
for further processing.

Subsequently, the weight of 100 pieces (pcs) of chamomile flower heads was determined; this
measurement was repeated six times. Weighing was performed using a Sartorius CPA analytical
balance.

For essential oil isolation and qualitative and quantitative evaluation of phytotherapeutically
active components, 10 g of dried plant material from each specific location was used. Essential oil
was isolated by hydro-distillation using a Clevenger-type apparatus according to Cocking and
Middleton, one of the classical methods for isolating essential oils from herbal drugs. After
distillation, the essential oil was dried over anhydrous potassium sulphate. The solvent (n-hexane)
was evaporated using a vacuum rotary evaporator, yielding pure essential oil of oily consistency

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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(European Pharmacopoeia, 2018). The obtained oil was weighed using a Sartorius CPA analytical
balance, and the yield was expressed as a percentage (%) and converted to mg-100 g™ of dry plant
material.

2.3. GC/MS -GC/FID

The main components of the essential oil were determined using a GC-MSD system (Varian
3090 GC coupled with a Saturn 2100T MS detector) equipped with a split/splitless injector. Separation
was performed on an RX-5MS column (30 m x 0.25 mm i.d., film thickness 0.25 um). Helium was
used as the carrier gas at a pressure of 21 p.s.i. and a flow rate of 1.50 mL-min~'. Additionally, a BPX-
5 column (50 m x 0.25 mm i.d., film thickness 0.25 pum) was used for GC/FID analysis.

The temperature program was as follows: 50 °C (0 min), increased at 3 °C-min" to 250 °C, and
held at 250 °C for 15 min.

Identification of individual essential oil components was based on comparison of retention times
with 40 authentic standards (Extrasynthese, Merck, Fluka, Sigma-Aldrich), calculation of Kovats
retention indices using Cs—Cz n-alkanes, and comparison with spectra from the NIST 98 mass spectral
library. Mass spectra were further compared with literature data [9].

2.4. Statistical Analysis

Several statistical methods and biometric parameters were applied to analyse the obtained data,
including arithmetic means, standard deviations, and Student’s t-test at a significance level of p <0.05
(n=16). Results were graphically represented using box plots [10]. In some cases, data were expressed
as percentages for clarity.

Cluster analysis was performed using IBM SPSS Statistics Version 23 [11]. The analysis followed
the guidelines provided in the IBM SPSS Statistics Command Syntax Reference, Version 25 (Release
0, Modification 0), available online (accessed on 17 November 2024).

3. Results

The European Pharmacopoeia [12] includes chamomile raw material—Matricariae flos
(Matricaria flower), defined as the dried capitula of Matricaria recutita L. (syn. Chamomilla recutita (L.)
Rauschert). The required content is: blue essential oil not less than 4 mL/kg (dried drug) and total
apigenin-7-glucoside not less than 0.25% (dried drug). Its composition includes chamazulene, bornyl
acetate, en-in-dicycloethers, and a-bisabolol.

This Pharmacopoeia also includes Matricariae extractum fluidum (Matricaria liquid extract) and
Matricariae aetheroleum (Matricaria oil). The liquid extract is produced from Matricariae flos and
contains not less than 0.30% of blue residual oil. Matricaria oil is a blue essential o0il obtained by steam
distillation from the fresh or dried flower heads or flowering tops of chamomile plants. Two oil types
are distinguished: one rich in /-/-a-bisabololoxides A and B (green-yellow) and the other rich in /-/-
a-bisabolol (blue).

According to the State Pharmacopoeia of Ukraine [12], chamomile medicinal plant raw material
(Chamomilla recutita (L.) Rauschert; Matricaria chamomilla L.; Matricaria suaveolens L.) consists of dried
inflorescences (Matricariae flos). The content of blue essential oil must be not less than 4 mL/kg,
calculated on a dry basis, and apigenin-7-glucoside must be not less than 0.25 %, calculated on a dry
basis.

In the national monograph Matricariae flosN [13], the raw material consists of dried whole capitula
or capitula with partially fallen flowers, without peduncles or with peduncles not longer than 30 mm,
obtained from chamomile wild or cultivated, collected at the beginning of flowering. The essential
oil content must be not less than 3 mL/kg, calculated on a dry basis, and includes guaiazulene, /-/-a-
bisabolol, bornylacetate, and may also contain en-in-dicycloethers. In addition to essential oil,
flavonoids are present, the total content of which must be not less than 1.0 %, calculated as luteolin-
7-glucoside on a dry basis.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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3.1. Weight of Dry Flower Heads

Chamomile flower heads are reliably identified by a set of three basic characteristics: the
presence of white marginal ligulate flowers, a hollow receptacle, and a pleasant, characteristic
fragrance. Similar to the high variability observed in the morphological appearance of plants,
significant differences were also recorded in the total number of collected flower heads and,
particularly, in their dry weight (Table 2). These observations confirm that the entire spectrum of
abiotic and biotic factors related to soil and climatic conditions strongly influences the ontogenetic
development of chamomile plants and their populations at individual locations in Ukraine and
Slovakia.

The measured values indicated that the highest biomass of flower heads was recorded in
samples collected from Perechin, Tsvitna, and Chernihiv, where the weights ranged from 3.12 + 0.27
g-100 pes to 3.65 = 0.11 g-100 pcs™ of flower heads. In contrast, the lowest biomass values were
observed at the Oleksandrivka and Zhytomyr sites, originating from autochthonous populations as
well as from large-scale cultivation. At these locations, the biomass ranged from 1.48 + 0.42 g-100 pcs!
to 1.84 +0.42 g-100 pcs of flower heads.

3.2. Essential Oil Content

A substantial part of the biological activity of this medicinal plant is determined by its essential
oil content (0.20-1.5 %), with specially cultivated polyploid varieties reaching up to 1.5 %. The
essential oil is characterized by the presence of blue chamazulene, which is formed from its precursor
during distillation or other processing of the drug. The essential oil content isolated from all samples
of dried flower heads ranged from 0.20 + 0.05 % to 0.85 + 0.10 % (Table 3).

The measured values showed that the highest essential oil contents were recorded in samples
collected from Volchytsi, Khmelnytskyi, and Chernihiv, ranging from 0.60 + 0.05 % to 0.85 + 0.05 %.
The lowest essential oil contents, from 0.20 + 0.05 % to 0.25 + 0.05 %, were found in flower heads
collected at the Kherson, Ivanivka, Velyka Bakta, Zaporizhzhia, and Zhytomyr sites in Ukraine, and
Michalovce in Eastern Slovakia. The extractability of substances using 60% ethanol ranged from 21 +
1% (Velyka Bakta site) to 42 + 1% (Chernihiv site).

Table 2. Comparison of the dry weight of 100 chamomile inflorescences in Ukraine.

No Location Region ! a se X e Sample weight
(8] (8] (8]
1 Katerinopolsk CO, UA 2,567 0,043 0,017 2,57+ 0,12 42,00
2 Gorodec RO, UA 1,958 0,014 0,006 1,96 + 0,04 4591
3 Simferopol ARK, UA 2,384 0,300 0,124 2,39+ 0,80 38,50
4 Kherson CO, UA 2,989 0,022 0,008 2,99+ 0,06 38,05
5 Zhytomyr 70, UA 1,701 0,078 0,032 1,70+ 0,20 48,70
6 Maly Tulchyn VO, UA 2,890 0,035 0,014 2,89+ 0,10 32,20
7 Chernihiv CeO, UA 3,484 0,056 0,023 3,48+ 0,17 30,10
8 Khmelnitsk KO, UA 2,870 0,048 0,019 2,87+ 0,13 34,52
9 Volchytsi LO, UA 3,310 0,086 0,035 3,31+ 0,24 54,23
10 Velyka Bakta 70, UA 2,182 0,407 0,166 2,19+ 1,10 40,00
11 Perechyn 70O, UA 3,116 0,092 0,037 3,12+ 0,27 54,10
12 Kireshi Z0O, UA 2,328 0,076 0,076 2,33+ 0,21 57,00
13 Tsvitne KO, UA 3,642 0,045 0,018 3,65+ 0,11 40,23
14 Ivanivka KO, UA 1,989 0,057 0,023 1,99+ 0,16 40,30
15 Lviv LO, UA 2,293 0,124 0,124 2,30+ 0,38 48,30
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16 Oleksandrivka KO, UA 1,479 0,161 0.066 1,48+ 0,42 56,10
17 Lubny PO, UA 2,022 0,138 0,056 2,03+ 0,38 45,23
18 Zaporizhzhia ZO, UA 2,021 0,100 0,041 2,02+ 0,29 42,50
19 Zhytomyr 70, UA 1,847 0,104 0,042 1,85+ 0,30 64,00
20 Michalovce KSK, SK 2,733 0,051 0,021 2,74+ 0,13 40,00

Legend: * : average, o: standard deviation, * =7 * <€ : confidence interval p < 0.05.

3.3. Dependence of Essential Oil Content on the Weight of Chamomile Inflorescences

For the assessment of medicinal plant raw material quality, the quantitative content and
qualitative composition of essential oil are important parameters, as they depend on the weight of
the flower heads. Based on cluster analysis, the studied populations were divided into four groups
according to the relationship between essential oil content and the weight of 100 inflorescences. For
ease of comparison, all values were expressed as percentages of the maximum value of the respective
parameter.

Cluster analysis identified three clusters among the selected samples at an approximate distance
level of 15-17. The first cluster included plants characterized by a high mass of 100 inflorescences (79—
100 %) and a high essential oil content (82—-100 %). This most valuable group, combining high biomass
with high essential oil accumulation, was represented by populations from northern Chernihiv
(sample 7), western Khmelnytskyi (sample 8), and Volchytsi (sample 9) in the Precarpathian region
(Table 4, Figure 2).

The qualitative and quantitative characteristics of essential oil obtained from plant populations
occurring in a limited number of Ukrainian localities are distinguished by a high content of the
therapeutically most active component, /-/-a-bisabolol ranging from 33.0 = 2.78 % to 55.2 + 2.01 %
(Table 5, Figure 3). The highest concentrations of this sesquiterpene were detected in samples
collected from Katerynopil, Horodets, Simferopol, and Kherson. Notably, the highest chamazulene
content (20.2 + 1.41 %; up to 34 %) was recorded in the Crimean locality of Simferopol. In the
remaining samples, this important component responsible for the characteristic blue colour of the
essential oil was detected only in trace amounts or did not exceed 1 %.

Table 3. Essential oil yield from chamomile flower heads in %.

o Location/Sample Extractable substances Essential oil yield [ % ]
with 60% ethanol [ % ] (v/w, expressed on a dry weight basis)
01 Katerinopolsk, ChR UA 33+1 0,35+ 0,05
02 Gorodets, RR UA 38+1 0,55+ 0,05
03 Simferopol, ARK UA 38+1 0,45+ 0,05
04 Kherson, CR, UA 35+ 1 0,20+ 0,05
05 Zhytomyr 1, ZR, UA 35+1 0,30+ 0,05
06 Maly Tulchyn, VR, UA 27+1 0,45+ 0,05
07 Chernihiv, CheR UA 42+ 1 0,85+ 0,10
08 Khmelnytskyi, KhR, UA 301 0,70+ 0,05
09 Volchytsi, LR, UA 34+ 1 0,60+ 0,05
10 Velyka Bakta, ZR, UA 21+ 1 0,25+ 0,02
11 Perechyn, ZR, UA 23+1 0,30+ 0,05
12 Kireshi, ZR, UA 33+1 0,30+ 0,05
13 Tsvitne, KR, UA 371 0,35+ 0,05
14 Ivanivka, KhR, UA 28+1 0,20+ 0,05
15 Lviv, LR, UA 34+ 1 0,50+ 0,05
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16 Oleksandrivka, KhR, UA 38+1 0,45+ 0,05
17 Lubny, PR, UA 25+ 1 0,30+ 0,05
18 Zaporizhzhia, ZR, UA 27+ 1 0,25+ 0,05
19 Zhytomyr 2, ZR UA 30+ 1 0,25+ 0,05
20 Michalovce, KSK, SK 25+ 1 0,25+ 0,05

The second cluster corresponds to the chemotype of all bisabololoxides. The relative proportions
of /-/-a-bisabolol, /-/-a-bisabololoxide A, and /-/-a-bisabolol oxide B (Table 5,6,7; Figure 3) are
balanced, with moderate levels of these constituents and a relatively high content of chamazulene.
This central cluster, characterized by mixed parameters, includes populations from Zhytomyr, Malyi
Tulchyn, Chernihiv, Khmelnytskyi, and Volchytsi, representing northern and western regions of
Ukraine. These populations show low-to-medium and medium values: /-/-a-bisabololoxide A (29-39
%), [-/-o- bisabololoxide B (20-28 %), /-/-a-bisabolol (15-33 %), cis-trans-dicycloethers (22-53 %),
chamazulene (12-19 %), and tran-p-farnesene (9-17 %).

The second large cluster, closely related to the previous one, consisted of plants collected from
populations located in warmer climatic regions: southern Kherson (sample 4), the southern part of
the central Poltava region—Tsvitne (sample 13), Transcarpathia—Perechyn (sample 11), and south-
western Michalovce (sample 20, Slovakia). These populations are characterized by large flower heads
(75-100% of maximum mass) but relatively low essential oil content (24-41%).

The third cluster, comprising samples 1, 2, 3, 5, 6, 10, 12, 15, 16, 17, 18, and 19, is characterized
predominantly by medium flower head mass (50-80 %) and moderate essential oil content (29-59 %).
This represents the principal group of samples with average characteristics. Within this cluster, two
subgroups were distinguished.

Samples Dendrogram using Average Linkage (Between Groups)
18 Za‘porizhzhia scaled Distance Cluster Combine
19. Zhytomyr 2 0 . " 1|0| e m1lsc ’ ™ 2
14. Ivanivka "
10. Velyka Bakta L
17. Lubny 1
12. Kireshi .
5. Zhytomyr 1 b
12 —

16. Oleksandrivka

3. Simferopol, ARK UA
15. Lviv

2. Gorodets

1. Katerinopolsk

6. Maly Tulchyn ;
4. Kherson

20. Michalovce, SK o—
11. Perechyn

13. Tsvitne

8. Khmelnytskyi

9. Volchytsi

7. Chernihiv 4

]

Figure 2. Dendrogram of cluster analysis of chamomile populations from different habitats based on the weight
of 100 chamomile flower heads and their essential oil content. The results are reduced to percentages of the

highest value in the sample.

The first subgroup includes samples with medium biomass (54-79 %) and medium essential oil
content (41-65 %). These populations originate mainly from northern Katerynopil, Horodets, Malyi
Tulchyn, Oleksandrivka, and the western region of Lviv in Ukraine, characterized by a temperate
climate. An exception within this subgroup is Simferopol (Autonomous Republic of Crimea,
Ukraine), which has a subtropical climate.
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The second subgroup is characterized by slightly lower flower head mass (41-64 %) and
significantly lower essential oil content (24-35 %). These plants originate mainly from temperate
regions, including Zhytomyr (samples 5 and 19), Lubny (sample 17), Ivanivka (sample 14),
Transcarpathia— Velyka Bakta (sample 10), and Kireshi (sample 12), as well as southern Zaporizhzhia
(sample 18) (Table 4, Figure 2).

Cluster analysis revealed a relationship between flower head mass and essential oil content:
larger inflorescences generally contained higher amounts of essential oil and were predominantly
collected from western populations located in temperate climatic zones. Samples with medium
biomass formed a broad group characterized by variable essential oil content. A distinct group
(cluster 2) consisted of large but “inefficient” inflorescences, characterized by high biomass but low
essential oil content. Overall, the results indicate that the temperature regime significantly influences
essential oil accumulation.

Table 4. Groups identified by essential oil content and mass of 100 inflorescences (in %) depending on
geographical location.

Location Samples ¥+ txse [g] Inflorescence mass, % Fssential oil Essential ol Altitude [m] Exposure V
[No] yield [%] content [%]

High mass and high essential oil content
Chernihiv, CheR UA 7 3,48+ 0,17 96 0,85+ 0,10 100 124 north 5°
Khmelnytskyi, KhR, UA 8 2,87+ 0,13 79 0,70+ 0,05 82 295 west 0°
Volchytsi, LR, UA 9 3,31+ 0,24 91 0,60+ 0,05 71 564 west  16°

High mass and low essential oil content
Kherson, CR, UA 4 2,99+ 0,06 82 0,20+ 0,05 24 47 south  5°
Perechyn, ZR, UA 11 3,12+ 0,27 86 0,30+ 0,05 35 176 west 0°
Tsvitne, KR, UA 13 3,65+ 0,11 100 0,35+ 0,05 41 221 centre 4°
Michalovce, KSK, SK 20 2,74+ 0,13 75 0,25+ 0,05 29 115 south- 24°

west
Medium mass and medium essential oil content

Katerinopolsk, ChR UA 1 2,57+0,12 70 0,35+ 0,05 41 139 centre  15°
Gorodets, RR UA 2 1,96 + 0,04 54 0,55+ 0,05 65 160 north-west 10°
Simferopol, ARK UA 3 2,39+ 0,80 65 0,45+ 0,05 53 350 south  5°
Lviv, LR, UA 15 2,30+ 0,38 63 0,50+ 0,05 59 289 west  11°
Maly Tulchyn, VR, UA 6 2,89+ 0,10 79 0,45+ 0,05 53 208 north-west 12°

Low mass and low essential oil content
Oleksandrivka, KhR, UA 16 1,48+ 0,42 41 0,45+ 0,05 53 133 centre-east 7°
Zhytomyr 1, 7R, UA 5 1,70+ 0,20 47 0,30+ 0,05 35 221 north-west 2°
Zaporizhzhia, ZR, UA 18 2,02+ 0,29 55 0,25+ 0,05 29 105 south  13°

north-

Zhytomyr 2, ZR UA 19 1,85+ 0,30 51 0,25+ 0,05 29 221 west 2°
Ivanivka, KhR, UA 14 1,99+ 0,16 55 0,20+ 0,05 24 104 centre 1°
Velyka Bakta, ZR, UA 10 2,19+ 1,10 60 0,25+ 0,02 29 118 west 10°
Lubny, PR, UA 17 2,03+ 0,38 56 0,30+ 0,05 35 158 north  3°
Kireshi, ZR, UA 12 2,33+ 0,21 64 0,30+ 0,05 35 164 west 16°
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3.4. Chamomile Chemotypes in Ukraine

Based on cluster analysis of chamomile populations growing in Ukraine and Slovakia, three
chemotypes were identified according to the qualitative composition of essential oil (Figure 3):
Chemotype 1: /-/-a-bisabolol; Chemotype 2: /-/a-bisabolol + /-/-a-bisabololoxide A + /-/-a-
bisabololoxide B; Chemotype 3: /-/-a-bisabololoxide A.

The first cluster corresponds to chemotype /-/-a-bisabolol (Table 5) and is characteristic of
populations from Katerynopil, Horodets, Kherson, and Simferopol, predominantly located in
southern Ukraine. The plants with Katerynopil and Horodets are characterized by a very high content
of a-bisabolol (90-92 %) and a relatively high content (35-55 %) of cis-, trans-en-in-dicycloethers,
while other constituents of essential oil are present in low amounts. This cluster represents the most
compact group with minimal internal variation on the dendrogram (Figure 3). Plants from
Simferopol and Kherson also belong to this group, showing a high average content of /-/-a-bisabolol
(55-68 %), lower average contents of /-/a-bisabololoxide A and B (12-37 %), and a high proportion of
cis-, trans-en-in-dicycloethers (approximately 55 %). Plants from Simferopol had a high content of
chamazulene (20%), while plants from other growing locations lacked it.

Samples Dendrogram using Average Linkage (Between Groups)
17. Lubny i istance Cluster Combi

3 10 15 20 25
1

18. Zaporizhzhia . I I

1 L

19. Zhytomyr 2 wJ |
11. Perechyn 19
13. Tsvitne 1
14. Ivanivka 13 —|
10. Velyka Bakta 14J
12. Kireshi 10
16. Oleksandrivka 12 J
15. Lviv 16
20. Michalovce, SK 15

8. Khmelnytskyi 20

9. Volchytsi 8

6. Maly Tulchyn
7. Chernihiv
4. Kherson

]

5. Zhytomyr 1

1. Katerinopolsk

2. Gorodets

3. Simferopol, ARK UA

[ T R B

N

Figure 3. Dendrogram of cluster analysis of the component composition of essential oils depending on the

growth location of chamomile.

Table 5. Selected chamomile habitats in Ukraine and their chamomile chemotype with the high /-/-a-bisabolol
content in essential oil identified based on cluster analysis.

Basic composition of chamomile essential oil in %
Location Fa* Bo Ch BoA BoB c-.t-Dc
*% *3%%
1 Katerinopolsk, ChR  8,0£0.61 13 552+2,01 92  trace 0 18+026 3 25053 4 21,1241 35
2 Gorodets, RR 10,3+0,87 17 54,0+2,22 90 trace 0 52+1,22 9 21041 3 21,0229 35
3 Simferopol, ARK, UA 4,4+0,24 7 41,0+187 68 20,2+1,41 34 11,0¢1,32 18 9,3+121 15 4,1+0,67 7
4 Kherson, ChR 7,1+0,64 12 33,0+2,78 55 0,8+022 1 22,0:2,81 37 2,5+0,54 12 18,1+1,67 55

Legend: * - Fa — trans-3- farnezene; Bo — /-/a-bisabolol; Ch — chamazulene; BoA — /-/-a-bisabololoxid A; BoB —/-

Samples
[Ne]

/-a-bisabololoxide B; c-,t-Dc — cis-, trans-en-in-dicycloethers. ** - content of a certain essential oil in a plant from
a specific population (%). *** - total content of a certain essential oil in plants from all studied populations (%).
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Numerous experimental studies demonstrated pharmacological properties of a-Bisabolol
including anticancer, antinociceptive, neuroprotective, cardioprotective, and antimicrobial. Given
the polypharmacological effects and pleiotropic properties, along with favorable pharmacokinetics,
and dietary availability and safety, a-Bisabolol can be used as a dietary agent, nutraceutical or
phytopharmaceutical agent or as an adjuvant with currently available modern medicines [14]. The
present study investigated the effects of a-bisabolol on DOX-induced testicular damage in rats. Based
on the findings of the present study, a-bisabolol could be suggested for use as an agent or adjuvant
with chemotherapeutic drugs to attenuate their deleterious effects of DOX on many organs including
the testis [15].

The second major group of chamomile collection sites comprised locations where statistically
comparable amounts of three principal essential oil constituents were detected: /-/-a-bisabolol; /-/-a-
bisabololoxide A and B (Table 6, Figure 3). The highest content of /-/-a-bisabolol (20.0 + 2.21 %; up to
33 %) was recorded at the Zhytomyr site (wild population). The highest content of /~/-a-bisabolol
oxide A was found at Malyi Tulchyn (23.2 + 2.52 %) and Volchytsi (23.2 + 1.95 %), representing
approximately 39% of the total essential oil content in each case. The highest proportion of /-/-a-
bisabololoxide B was detected at Khmelnytskyi and Zhytomyr (17.0 + 1.32 % and 16.2 + 2.12 %,
respectively), accounting for 27-28 % of the total essential oil content.

Compared with the previous group, the chamazulene content in the essential oil increased
significantly, ranging from 7.1 + 1.12 % to 11.3 = 1.96 % (12-19 %). However, the dried flower heads
contain matricin, a sesquiterpene lactone that serves as a precursor of chamazulene. The amount of
matricin, and consequently the phytotherapeutic activity, is determined in chamomile extracts. The
conversion of matricin to chamazulene occurs during distillation. Chamazulene carboxylic acid has
been identified as an intermediate product of this transformation [16, 17]. Extraction methods can
affect the yield of the essential oil, its composition and bioactivity. The sesquiterpene lactone matricin
is quite unstable and decomposes to chamazulene by distillation, it can be extracted using solvents
or hot water [18]. Chamazulene is an intensely blue molecule with a wealth of biological properties.
In cosmetics, chamazulene is exploited as a natural coloring and soothing agent. Chamazulene is
unstable and tends to spontaneously degrade, accelerated by light. Seven degradation products of
chamazulene were identified after exposure to intense (70 mW/cm? UV-A) irradiation of a
chamazulene solution for 3 hours, corresponding to a color change from blue to green. After 6 hours
of irradiation, discoloration to yellow occurs. This knowledge is relevant in cosmetics, where
chamazulene is gaining importance as a natural colorant [19]. Plants from Simferopol are unique due
to their high chamazulene content, which, according to the European Pharmacopoeia, represents one
of the most important constituents of chamomile essential oil.

Table 6. Composition of essential oil with similar a-bisabolol, a-bisabolol oxide A contents from flower head

collections at selected sites identified based on cluster analysis.

Basic composition of chamomile essential oil in %

Samples
Location Fa*
[Ne] Bo Ch BoA BoB c-.t-Dc
*% e
Khmelnytskyi,
8 8§1+156 13 101+198 17 94x+176 16 226+278 38 170+132 28 252211 42
KhR
9 Volchytsi, LR 82+161 14 983+142 15 10,0+18 17 232+195 39 151+179 25 261+1,92 43
Maly Tulchyn,
6 101+£198 17 11,1+1,78 18 71+1,12 12 232252 39 121+132 20 281%277 47
VR
Chernihiv,
7 521,32 9 102+176 17 11,3+196 19 221+221 37 124=+161 21 321+298 53
CheR
Zhytomyr 1,
5 81+167 13  200+221 33 93+142 15 176165 29 162+212 27 131+143 22
ZR
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Legend: * - Fa — trans-B- farnezene; Bo — a-bisabolol; Ch — chamazulene; BoA — a-bisabololoxide A; BoB — a-
bisabololoxide B; c-,t-Dc — cis-, trans-en-in-dicykloethers ** - content of a certain essential oil in a plant from a

specific population (%). *** - total content of a certain essential oil in plants from all studied populations (%).

The third cluster represents a chemotype characterized by the highest content of /-/-a-
bisabololoxide A (Table 7, Figure 3) and is the largest group, comprising populations 10-20. Within
this cluster, two subgroups can be distinguished. The first subgroup includes samples from Lubny
(18), Zaporizhzhia (19), and Zhytomyr (20), which are closely positioned on the dendrogram. These
samples are characterized by a very high proportion of /—/-a-bisabololoxide A (100 %, and 77%,
respectively) and low contents (8-23 %) of other essential oil constituents, including trans-f-
farnesene, /-/-a-bisabolol, chamazulene, /-/-a-bisabololoxide B and cis-, trans-en-in-dicycloethers.
This chemotype, characterized by a very high content of /-/-a-bisabololoxide A, is considered
pharmaceutically valuable.

The second subcluster of the third cluster is characterized by the chemotype /-/-a-bisabololoxide
A + trans-p-farnesene + chamazulene. This group includes populations mainly from central regions
(Kirovohrad, Poltava), southern Zaporizhzhia, and Zakarpattia (Table 7). It is characterized by high
contents of /-/-a-bisabololoxide A (58-83 %, relatively low contents of /-/-a-bisabololoxide B (6-37 %)
and /-/-a-bisabolol (5-22 %), and moderate levels of cis-, trans-en-in-dicycloethers (17-37 %). This
group also shows the highest contents of trans-p-farnesene 4-18 % and relatively high levels of
chamazulene (4-27 %).

Table 7. Chamomile chemotype with the high a-bisabololoxid A content from flower collections in most
Ukrainian locations, identified based on cluster analysis.

Basic composition of chamomile essential oil in %

Samples . .
[No] Location e Bo Ch BoA BoB c-+-De
17 Lubny, PR 54:176 9 73:178 12 154023 2 602%253 100 92+123 15 122412 20
18 Zhytomyr2, 7R 56+178 9 75+176 12 10£029 2 601%223 100 90+132 15 136+14 23
19 Zaporizhzhia, ZR 51145 8 102+171 17 60+154 1 462+212 77 141£222 23 122%12 20

10 Velyka Bakta, ZR ~ 10,3+1,23 17 11,0+1,37 18 108+145 18 39,0121 65 164+178 27 55+051 9
11 Perechyn, ZR 65+1,89 11 61+167 10 48+1,25 8 501+145 8 561178 9 21,119 35
12 Kireshi, ZR 55+1,69 9 134+198 22 71+145 12 347+141 58 220+273 37 10115 17
13 Tsvitne, KR 109+2,06 18 52+1,98 9 4,0+1,65 7  433+222 72 3,5+0,59 6 220x22 37
14 Ivanivka, KhR 2,5+0,55 4 4,5+0,59 7 2,5+0,55 4  420+248 70 50+1,78 8 201x24 33
15 Lviv, LR 103+1,98 17 73+165 12 162+143 27 380+232 63 91+£167 15 140+12 23

16 Oleksandrivka, KhR  89+194 15 3,0+054 5 73+151 12 40,0+232 66 204+286 34 121+14 20
20 Michalovce, KSK, SK 0,4 +0,01 1 12,4+0,57 21 156+051 15 338+321 56 172+051 29 20,1+0,5 33

Legend: * - Fa — trans-3- farnezene; Bo — /-/-a-bisabolol; Ch — chamazulene; BoA — /-/-a-bisabololoxide A; BoB —
/-/-a-bisabololoxide B; c-,f-Dc — cis-, trans-en- in-dicykloethers ** - content of a certain essential oil in a plant
from a specific population (%). *** - total content of a certain essential oil in plants from all studied populations

(%).

The highest content of /-/-a-bisabololoxide A was quantitatively determined in 11 chamomile
samples from Ukraine and Slovakia. In general, /-/-a-bisabololoxides A, B are oxides of sesquiterpene
alcohols, which exhibit lower anti-inflammatory and spasmolytic activity compared with /-/-a-
bisabolol. The /-/-a-bisabololoxide A itself is a ketone with relatively lower pharmacological activity
[20] As an oxygenated derivative of a-bisabolol, bisabolol oxide A contributes to the characteristic
aroma and therapeutic properties of chamomile oil. In recent years, bisabolol oxide A has attracted
considerable interest in the scientific community due to its diverse pharmacological activities: anti-
inflammatory, anticancer, and antimicrobial properties [21, 22].

The highest contents of /-/-a-bisabololoxide A (60.2 +2.53 % and 60.1 + 2.23 %) were determined
in chamomile samples from Lubny and large-scale cultivated populations in Zhytomyr. Slightly
lower values were recorded at Krasnogorsk (52.2 + 2.44 %, cultivated), Perechyn (50.1 + 1.45 %),
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Tsvitne (43.3 + 2.22 %), Ivanivka (42.0 + 2.48 %), and other locations. The lowest content within this
group was recorded in samples from Michalovce, Slovakia (33.8 + 3.21 %).

Other essential oil constituents, such as trans-f3-farnesene, /-/-a-bisabololoxide B, and cis-, trans-
en-in-dicycloethers are less important for chemotype classification of chamomile populations in
Ukraine. The content of /-/-a-bisabololoxide B ranged from 3.5 + 0.59 % (Tsvitne) to 22.0 + 2.73 %
(Kireshi). Chamazulene, an important biologically active component, varied from 1.0 + 0.29 %
(Zaporizhzhia) to 16.2 + 1.43 % (Lviv). Polyacetylenes, including cis- and trans-en-in-dicycloethers,
have demonstrated spasmolytic activity, particularly cis-en-in-dicycloethers [23]. Their quantitative
content ranged from 5.5 + 0.51 % (Velyka Bakta) to 22.0 £ 2.2 % (Tsvitne).

Within chemotype /-/-a-bisabololoxide A — two subtypes were distinguished. The first subtype
is characterized by very high levels of /-/-a-bisabololoxide A and low levels of other essential oil
components. The second subtype shows above-average levels of /-/-a-bisabololoxide A, lower
contents of /-/-a-bisabololoxide B, /-/-a-bisabolol and trans-en-in-dicycloethers. On the other hand
the highest levels of trans-p-farnesene (up to 18 %) and chamazulene (7-27 %) are presented. This
subtype is mainly characteristic of central regions (Kirovohrad, Poltava), southern Zaporizhzhia, and
Zakarpatia.

The content of the most important components - a-bisabolol and chamazulene - in the essential
oil depends on many factors: part of the plant, origin and quality of the raw material, genetic and
environmental factors. The yield of extraction of essential oils, their composition and bioactivity are
influenced by the harvest season and extraction methods The harvest season can affect the
composition of essential oils, and differences are observed not only between essential oils from
different countries, but also between oils from different regions of the same country, which is caused
by environmental conditions. [18].

Cluster analysis showed the influence of environmental conditions on the content of essential
oils in chamomile. Southern populations were dominated by the pharmacopoeially valuable «-
bisabolol chemotype. In contrast, populations from northern and western regions were characterized
by the mixed a-bisabolol + a-bisabolol oxide A + a-bisabolol oxide B chemotype. The most
widespread chemotype nationwide (11 of 20 populations) was dominated by a-bisabolol oxide A.
Overall, Ukrainian wild chamomile predominantly belonged to Type B chemotype (a-bisabolol oxide
A > a-bisabolol > a-bisabolol oxide B).

Tables 5, 6, and 7 clearly demonstrate that the contents of /-/-a-bisabolol and its oxides vary
considerably depending on the geographical origin and chemotypic affiliation of chamomile plant
populations. Long-term observations indicate that chemotypes with high /-/-a-bisabolol content
typically have low levels of its oxides, whereas chemotypes rich in both bisabololoxides generally
exhibit lower concentrations of /-/-a-bisabolol.

3.5. Chamomile Large-Scale Cultivation

In Ukraine, with the transition to adaptive crop production under conditions of global climate
change, the impact of drought on plants has been reduced due to the widespread use of moisture-
saving technologies, preservation of biological diversity and environmental quality, the use of
resistant varieties and hybrids tolerant to abiotic and biotic stress factors, and research focused on
adaptive cultivation and the introduction of medicinal plants [24].

Agrotechnical practices effectively influence the realization of the biological potential of
chamomile. Autumn sowing provides favourable conditions for plant development, allowing
efficient use of environmental resources. Spring sowing also creates suitable conditions for plant
growth, enabling optimal utilization of available environmental factors. Under these conditions,
plants overwinter in the rosette phase and resume active growth in spring. It has been established
that in the area of chamomile cultivation, the provision of crops with heat and moisture during the
autumn vegetation period is an important factor that affects the growth and development of plants,
the passage of organogenesis phases and contributes to their hardening. With autumn sowing, the

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202605.0071.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 May 2026 d0i:10.20944/preprints202605.0071.v1

14 of 25

intensity of growth and development continued until the second half of June, which made it possible
to carry out up to three cuts during the vegetation period [25].

Due to its intensive growth and short ontogenetic cycle, chamomile can suppress the
development of annual weeds when sufficient soil moisture and nutrient availability are present.
However, the crop generally exhibits low competitiveness against perennial weeds. Therefore, their
negative impact must be minimized through effective pre-sowing soil preparation and proper
regulation of weed populations at different sowing times and during the early stages of plant
development [18, 24].

Studies with samples of chamomile plants were conducted in the research field of IE "Prudyvus"
branch of the Department of Plant Breeding and Forage Production of Podilsky State Agrarian. The
highest content of essential oil was 7.88 ml/kg in Perlyna Lisostepu in the autumn sowing period with
a seeding rate of 6 kg/ha, and the lowest (4.02 ml/kg) was in Bodegold in the summer sowing period
with a sowing rate of 8 kg/ha. The content of flavonoids in dehydrated raw materials ranged from
1.23 to 2.37%. We found that in the solution of essential oil of chamomile flowers of the medicinal
varieties Perlyna Lisostepu and Bodegold, the presence of - (-) a-bisabolol, en-yn-dicycloether,
borneol, bornyl acetate, chamazulene, and guaiazulene was identified, and another non-enolizable
aldehyde was found. The obtained results indicate that during the autumn sowing period with a
seeding rate of 6 kg/ha, the maximum yield of 2.10 t/ha with the highest essential oil content of 7.88
ml/kg was provided Perlyna Lisostepu variety considering cultivation conditions [26].

Chamonmile varieties ‘Perlyna Lisostepu’ and ' Ztoty Lan’ are tetraploid and high-yielding cultivars.
The yield of raw material (inflorescences) ranges from 0.76 to 2.1 tha, and seed yield is
approximately 200.0 kg-ha™'. The essential oil content in the raw material is about 0.7 %, with
chamazulene accounting for approximately 12.3 % of the essential oil, along with related derivatives
[27].

In Ukraine, in addition to the main chamomile varieties, cultivars such as ‘Azulena’ (1981) and
‘Kupava’ (2002) are also grown. However, these varieties are less popular among growers due to their
lower essential oil content and less stable yields. Compared with newer and more productive
cultivars, such as ‘Perlyna Lisostepu’, they show lower raw material quality and reduced adaptability
to changing climatic conditions, which limits their wider use in commercial cultivation.

It was found that the biopreparation Bio-algeen S90 had a significant positive effect on the
biometric characteristics and yield of chamomile, while Effective Microorganisms (EM Farming) had
a positive effect on the content of essential oils and chlorophyll. The variety "Zoloty Lan" was
characterized by more favorable biometric characteristics and a higher total yield of plant raw
materials, and also had a more favorable chemical composition of plant raw materials compared to
the variety "Mastar". The wider row spacing of chamomile (40 cm) promoted higher yields (about
18%) compared to 30 cm. The narrower spacing (30 cm), however, contributed to better quality
characteristics of herbal raw material [28].

Chamonmile is harvested for seed production when approximately 70 % of the inflorescences
exhibit a narrow conical shape and the marginal flowers bend downward. Seed yield ranges from 1.0
to 1.5 kg. ha™'.

Regulatory requirements of the European Pharmacopoeia X (2022) [12] impose strict quality
standards on chamomile raw material, requiring intact flower heads. Such quality can be achieved
primarily through manual harvesting; however, this significantly increases labour intensity and
reduces overall profitability (Figure 4). Labour costs associated with harvesting account for
approximately 40-80% of total production expenses [29].
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Figure 4. Hand-harvesting chamomile heads in large-scale cultivation and drying them.

In Ukraine, there is currently no domestically produced machine for harvesting chamomile. As
a result, the high labour intensity and lack of appropriate technical equipment negatively affect the
development of the medicinal plant cultivation industry. Therefore, studies have focused on
analysing chamomile harvesting methods and evaluating the effectiveness of a mechanized
harvesting device for inflorescences developed by the L’'viv branch of the Ukrainian Research
Institute of Plant Industry, using two different sowing methods.

The manual method of harvesting chamomile inflorescences involves the use of a shovel comb.
However, a major disadvantage of this method is that most harvested inflorescences have peduncles
longer than 50 mm. Consequently, flower heads that do not meet raw material quality standards
must be further processed manually by removing the excess peduncle length. The labour intensity of
this trimming process is significantly higher than that of harvesting itself, as up to thirty
inflorescences can be collected in a single movement, while the excess peduncles must be cut
individually.

An alternative harvesting method involves the use of a comb in combination with garden shears.
This method allows the harvesting process to be carried out with quality indicators that meet the
required standards and ensures the production of properly processed raw material. Manual
harvesting with scissors reduces labour requirements associated with removing excess stem parts;
however, it is less productive compared with harvesting using a shovel comb alone [30]. Overall,
manual harvesting methods are relatively low in productivity and are therefore suitable primarily
for small-scale cultivation areas.

3.6. Herbal Teas

Currently, most health stores, pharmacies, and grocery outlets offer a wide range of chamomile
teas produced by various manufacturers. The chamomile raw material used in these products
originates from different geographical regions and sources, raising important questions regarding
the quality and compliance of these herbal teas with the standards specified in the European
Pharmacopoeia.

The present study investigated the qualitative and quantitative characteristics of chamomile raw
material used in herbal teas commonly available in retail stores and commercial distribution chains
in Ukraine (Figure 5).
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Figure 5. Chamomile teas sold in grocery stores using domestic herbal raw-material in Ukraine.

As shown in Table 8, the highest essential oil content was detected in the herbal tea Romashka
Kvitky (Matricariae flos, Viola Co., Zaporizhzhia, Ukraine), reaching 0.36+ 0.05 %, originating from
the southern region. In contrast, the lowest essential oil contents, ranging from 0.08+ 0.02 % to 0.30+
0.05 %, were found in teas produced in regions with temperate climates, including Romashka Kvitky
(Chamomillae flos, Keys of Health Ltd., Kharkiv, Ukraine), Romashka Caj (Chamomile Tea, Galka-Caj
Co., Lviv, Ukraine), and Dietna Dobavka Romashka (Dietary Supplement, Ronfarm Ltd., Kyiv,
Ukraine).

In these teas, it was found that the largest amount in the composition of essential oil is /-/at-
Bisabolonoxide A (BoA) and BoB - /-/-a-Bisabololoxide B (BoB) (Table 9). /-/-a-Bisabolonoxide A
dominated in teas from the companies Romashka Kvitky/Lubipharm, Co; Romashka Kvitky/Viola,
Co, and Dietna Dobavka Romashka/Ronfarm, Ltd (45.0+3.43 - 53.0+5.4%). In other manufacturers, the
content was significantly lower - from 9.0+0.50 to 29.2+2.32. Tea Romashka Caj/Galka-Caj, Co had the
highest content of /-/-a-Bisabolonoxide B (34.50+4.86 %), lower /-/-a-Bisabolonoxide A (29.2+2.32%),
and lowest /-/-a-Bisabolol content. Tea Romashka Kvitky (Chamomile Flower Tea/ Lubipharm, Co.,
Lubny, UA) had a high content of essential oils (0.36+ 0.05 %) and the highest content of /-/-a-
Bisabolonoxide A (53.0+4.8 %). In contrast, all the other supplying company’s chamomile herb teas
used a lower quality raw material as measured by the quantity of essential oil and the oil constituents,
but without the corresponding contents of curative valuable: / / o bisabolol and chamazulene.

Table 8. Essential oil content in raw material from chamomile tea bags (mg. g, v/w, expressed as dry weight).

Tea/Producer ANy nam Extractable substances Essential oil
ea ,0 e C(? pany . ame with 60% ethanol content
and its production location
[%] mg. g [%]
01 Romack Kvitky (Chamomile Flower Tea/ Lubipharm, Co., Lubny, UA) 30+1 2505  0.25+0.05
02 Romashka Kvitky (Matricariae Flos/ Viola, Co., Zaporozie, UA) 39+1 3.6+0.5 0.36 £0.05
03 Dietna Dobavka Romashka (Dietary Supplement, Ronfarm, Ltd., Kyev, UA) 21+1 1.0+05  0.10+0.02
Karpatskyj Caj — Romashka (Karpatian Tea —

04 Chamomile, Ecoprodukt, Ltd., Ivano-Frankivsk, UA) 211 08£02  0.08+002
05 Romashka Kvitky (Chamomile Flozvjez)Tea/Keys of Health, Ltd., Kharkov, 2941 30405 030 + 0.05
06  Romashka Kvitky (Chamomilae Flos/Keys of Health, Ltd., Kharkov, UA) 23+1 20+£02  0.20+0.02
07 Romashka Caj (Chamomile Tea/ Galka-Caj, Co., Lviv, UA) 24 +1 1.7+0.2 0.17 £0.15
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Table 9. Composition of essential oil (sesquiterpenes) from chamomile herbal teas.
Tea/Manufact The basic composition of chamomile essential oil in %
carvlanutacturer Fa Bo Ch BoA BoB - t-Dc
01 Romashka Kvitky/ 7.1+1.23 7.0+1.20 0.9+0.10 53.0+4.8 10.0+1,58 8.0+1,10
Lubipharm, Co.
02 Romashka Kvitky/ 5.3+0.5 7.040.50 0.7+0.21 53.045.4 9.0+1,27 11.0+1.6
Viola, Co.
03 DietnaDobavka Romashka/ g\ ; ¢ 9.0412 1.0:0.15 45.0+3.43 10.0£2.2 7.040.92
Ronfarm, Ltd.
04 KarpatskyjCaj—Romashka/ -, 11.0+1.70 4.1+0.20 23.0+2.05 18.0+1.0 11.0+1.0
Ecoprodukt, Ltd.
05 Romashka Kvitky/ 1504255 141155  10.0+1.05 15.0+1.88 22.0£2.7 11.0¢1.2
Keys of Health, Ltd.
06 Romashka Kvitky/ 19.0+1,98 11.11.6 7.3+0.5 9.0+0.50 19.1+1,90 11.0¢1.5
Keys of Health
07 Romashka Caj/ 1.040.32 1.6+0.3 16.343.51 29.242.32 3450+4.86  2.5+091

Galka-Caj, Co.
Legend: Fa — trans-p3-Farnesene, Bo — /-/-a-Bisabolol, Ch — chamazulene, BoA - /-/a-Bisabolonoxide A, BoB - /-

/a-Bisabololoxide B, c-, t-Dc — cis-, trans-en-in-dicyloethers.

4. Discussion

The phytochemical composition of essential oils and extracts of M. chamomilla has been
extensively analyzed, showing that the plant contains over 120 components. It has been established
that the composition of M. chamomilla extract includes volatile terpenoids (essential oils) (a-
bisabolol, bisabolol oxide A and B, {3-trans-farnesene and chamazulene), sesquiterpene lactones
(matrixin) and phenolic compounds (flavonoids, coumarins and phenolic acids) [18]. M. chamomilla
has demonstrated antioxidant, antibacterial, antifungal, antiparasitic, insecticidal, antidiabetic,
anticancer, and anti-inflammatory properties, as well as antidepressant, antipyretic, antiallergic, and
analgesic activities. This activity allows M. chamomilla to be used in the medical and veterinary fields,
for food preservation, phytosanitary control, and as a surfactant and anticorrosive agent. Finally,
encapsulation of essential oils or extracts of M. chamomilla allows for enhanced biological activity
and improved applications [31]. Chamomile baskets showed significant protective and beneficial
effects on diabetic complications and glycemic control. The tested chamomile essential oil extracts
showed the highest inhibitory activity, comparable to standard acarbose. Inhibition of a-glucosidase
may be a significant mechanism of action contributing to the antidiabetic effects of chamomile [32].

In studies on the intraspecific variability of chamomile (Matricaria recutita L.), with particular
emphasis on essential oil composition, Prof. Dr. Schilcher (1973) identified four basic chemical types
for this species (Table 10) [33]. With the advancement and application of improved chemical and
analytical techniques, a total of six chamomile chemotypes are currently recognized. These include
chemical types A, B, C, and D, as well as the bisabolone A-type, characterized by elevated bisabolone
A content and typical of Turkish chamomile, and a chemotype containing free matricin, characteristic
of chamomile populations from Egypt, Yemen and Turkey [34, 35].

The global market for medicinal plants comprises chamomile raw materials sourced from
diverse geographical regions, resulting in substantial variability in therapeutic quality [36,37]. With
the advancement and refinement of analytical techniques for the isolation and identification of
essential oil components, along with improved pharmacological testing methods, greater emphasis
has been placed on the biological importance of another key constituent, namely a-bisabolol.[ 38, 39].
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Table 10. Four basic chemical types [in %] of the chamomile essential oil.
Essential oil type A type B type C type D

/-/a-bisabololoxide A 4,74-15,68 31,07-52,25 2,13-18,50 9,62-25,83
/-/-a-bisabolol 4,37-15,41 8,81-12,92 24,18-77.21 8,49-19,58
/-/-a-bisabololoxide B 22,43-58,85 5,27-8,79 3,17-34,46 10,43-24,20
en-in-dicycloethers 2,61-11,27 4,08-9,90 1,92-12,00 5,51-10,68

chamazulene 2,70-17,69 5,40-7,95 1,45-14,90 1,91-7,89

The first monitoring of the main essential oil constituents, including their qualitative and
quantitative characteristics, was conducted in eastern Slovakia between 1995 and 1998 [40]. The
Eastern Slovak Lowland is characterized by high heterogeneity in geological, geographical, climatic,
hydrological, and soil conditions. Chamomile is a typical component of weed communities associated
with cultivated agricultural crops. The essential oil content in chamomiles ranged from 0.30 % to 0.97
%. The essential oil of chamomile growing in natural habitats was characterized by a high content of
/-/-a-bisabololoxide A, reaching 43.2 % in 1997. This was followed by cis-, trans-en-in-dicycloethers
(over 22.4 % in 1998), /-/-a-bisabololoxide B (18.5 % in 1998), and /-/a-bisabolol (3.7 % in 1998).
Chamazulene content remained below 12% in 1998, while the therapeutically most important
constituent, a-bisabolol, showed an average representation of only about 6%. These findings indicate
that chamomile populations occurring in the Eastern Slovak Lowland are typically characterized by
a high content of the less pharmacologically active both bisabololoxides, corresponding to chemical
type B [41].

The variability in the content of components in chamomile flowers in eastern Slovakia was first
monitored in 1974 and 1976. This research focused on flavonoid content, which represents an
important group of bioactive compounds but is not part of the essential oil fraction. The results
demonstrated that ecological factors significantly influence the variability of flavonoid content in
chamomile populations [40].

Chamomile is believed to have originated in the regions of the Far East, Southern Europe, and
Eastern Europe, but today it is widely distributed throughout most of Europe. Its northern
distribution limit extends through Belarus to Finland, while the eastern boundary reaches the steppe
regions of Ukraine and Moldova, continuing through Crimea and the Northern Caucasus to southern
Siberia. Due to its high adaptability to diverse soil and ecological conditions, chamomile has also
spread to other continents. It occurs in North Africa (Egypt, Ethiopia, Sudan, Tanzania), Asia (Turkey,
Iran, Iraq, Afghanistan, Pakistan, India, Nepal), North and South America (Montana and Oregon,
USA; Saskatchewan, Canada; Cuba; Parana, Brazil; Chile; Argentina), and has been introduced into
Australia (Queensland, New South Wales, Tasmania) and New Zealand, mainly through grain
contamination. Vertically, its distribution ranges from lowland regions to elevations of
approximately 2,300 m, such as in the Alps. With its gradual geographical expansion, chamomile
cultivation has been established in several countries worldwide [42, 43].

Given these facts, monitoring chamomile populations, collecting flower head samples, isolating
essential oils and extracts, and determining the qualitative and quantitative composition of their
constituents, as well as their phytotherapeutic properties, is of great scientific and practical
importance.

One of the largest producers and exporters of chamomile raw material is Egypt, where
cultivation is concentrated in regions such as El-Faiyum, Beni-Suef, El-Minya, and Aswan. Seeds are
not sown directly in the field but are first germinated in boxes. Under conditions of sufficient
irrigation and high daytime temperatures, rapid germination occurs, and plants develop into small
rosettes. These seedlings are then transplanted into field plots of approximately 0.1 ha. The first
official harvesting of flower heads begins at the end of January and is repeated six to seven times
during the growing season. Harvesting is mainly performed manually, and the collected raw material
is dried in the shade and stored in bamboo pallets [44].

Through scientific collaboration with the National Research Center in Cairo, several visits to
these production sites were conducted. Analysis of chamomile flower heads collected directly from
large-capacity dryers revealed a bisabolol oxide chemotype. The essential oil content reached up to
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0.75%, with the following composition: trans-{3-farnesene (18.2 %), /-/-a-bisabololoxide B (4.9 %), /-/-
a-bisabolol (5.5 %), chamazulene (2.0 %), /-/-a-bisabololoxide A (40.1%), and cis-, trans-dicycloethers
(9.7%) [45].

Expeditions conducted in Iran enabled the monitoring, collection, and conservation of
chamomile plants from autochthonous populations across several geomorphologically diverse
regions of the country. Field studies were carried out at sites near Tehran, Isfahan, Shiraz, Kerman,
Gachsaran, Baba Meydan, Noor Abad, Behbahan, and Larestan. Chemical-analytical investigations
confirmed the presence of both bisabolol and bisabololoxide chemotypes. Chamomile populations
from southern regions near the Arabian Gulf were characterized by a bisabolol chemotype, with /-/-
a-bisabolol content ranging from 55 % to 58 % in the essential oil. In contrast, populations near Tehran
and Isfahan showed the bisabololoxide chemotype, with /-/-a-bisabololoxide A content ranging from
50 % to 60 %. Subsequent studies on chamomile biodiversity and chemotypic variation in Iran
confirmed similar results and conclusions [46].

Between 2015 and 2018, collecting expeditions were also conducted in central Albania, covering
29 chamomile localities [47]. The essential oil content of dried flower heads ranged from 0.04 % to
0.75 %, demonstrating significant variability among populations. Gas chromatography analysis
identified the main constituents of the essential oil, including trans-p-farnesene, /-/-a-bisabololoxide
B, /-/-a-bisabololoxide A, /-/-a-bisabolol, chamazulene, cis- and trans-dicycloethers, and
caryophyllene. Evaluation of the quantitative composition revealed the following sequence of major
components, in decreasing order: /-/-a-bisabololoxide B > /-/-a-bisabololoxide A > /-/a-bisabolol.
These findings indicate that chamomile chemotype A is characteristic of this region of Europe.

In the Hungarian town of Soroksar, eight chamomile populations of different origins were
studied both in their natural habitats and under cultivated field conditions. The essential oil content
in chamomile raw material showed only minor differences between natural populations (0.55-0.66
g-100 g™') and cultivated plants (0.56-0.69 g-100 g-1). However, these values were approximately half
of those recorded in populations from the Hortobagy region (0.29-0.33 g-100 g). Based on the
chemical composition of the essential oil, the populations were classified into two chemotypes: the /-
/-a-bisabolol chemotype, in which this component accounted for 45-58 %, and the /-/-a-
bisabololoxide A chemotype, with proportions ranging from 34 % to 43 % [48].

A study of the chemical polymorphism of chamomile in Bulgaria confirmed significant
variability in the qualitative and quantitative composition of the essential oil. Three chemotypes—C,
A, and D—were identified. Chemotype C, characterized by a high content of a-bisabolol (up to 39%),
was predominant and widely distributed in northern, southwestern, and southern regions of the
country. Certain populations from southern Bulgaria showed exceptionally high /-/-a-bisabolol
content, reaching up to 59 %, and were characterized by green to brown-green essential oil with very
low chamazulene content. Chemotype A, with a high proportion of /-/-a-bisabololoxide A
(approximately 34 %), was identified in central and northern regions. Chemotype D, characterized
by approximately equal proportions of /-/-a-bisabolol, /-/a-bisabololoxide A, and /-/-a-bisabolol
oxide B, was found only near the town of Kyustendil [49].

Papazoglou et al. (1998) [50] reported a study on essential oil isolated from the inflorescences
and disc florets of wild chamomile populations in Attica, Greece. Chemical-analytical methods
identified 21 constituents, with the main components being [-farnesene (5.6-21.2%) and a-bisabolol
oxide A (9.0-16.0%). Further research on 11 additional chamomile populations, focusing on the
determination of a-bisabolol and chamazulene content, reported values of up to 32.6% for a-bisabolol
and 15.3% for chamazulene. Based on these findings, selected populations were recommended for
cultivation, as the essential oil quality exceeded that of many commercial cultivars [51].

The compounds of the oil from tubular and ligulate florets and from the receptacle of Ch.
recutita, growing in Italya, were analyzed by GC and GC/MS. The major compounds were (E)-f3-
farnesene (14.4-17.1%), spathulenol (4.4-12.6%), a-bisabolone oxide A (9.2-11.2%), chamazulene
(8.4-13.7%), a-bisabolol oxide A (4.9-11.6%) and cis-en-yn-bicycloether (2.7-13.4%) [52]
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Chamomile cultivation is also well established in the Baltic region, including Estonia, Lithuania,
and Belarus, which are important producers and exporters of chamomile raw material [53]. Essential
oil from cultivated chamomile in Estonia was analyzed using GC/FID and GC/MS, resulting in the
identification of 37 components. The main constituents were /-/-a-bisabololoxide A (20-33 %), /-/-ot-
bisabololoxide B (8-12 %), /-/-a-bisabolol (7-14 %), (E)-p-farnesene (4-13 %), chamazulene (5-7 %),
and en-in-dicycloethers (17-22 %). Sesquiterpenoid compounds represented approximately 70 % of
the total secondary metabolite content, indicating their dominant role in the essential oil composition
[54].

The results of large-scale cultivation of chamomile in Ukraine for individual varieties have
shown that the yield of the crop depends on the timing of sowing, fertilization and agroecological
growing conditions. Meteorological indicators during sowing and the formation of generative organs
of chamomile plants are more favourable during autumn sowing (September), when there is enough
heat and moisture [55]. The yield of fresh flower matter varies depending on the fertilization variant
from 0.7 to 1.4 t/ha and dry matter from 0.3 to 0.7 t/ha. On average over three years of research with
spring sowing, the maximum yield of fresh chamomile flowers is 1.3 t/ha and dry matter is 0.65 t/ha
[56].

Chamomile tea with its delicate flavour with fruity aroma reminiscent of apples has a place at
the family tables. Long has been one of the most popular herb teas in Europe. Of course, the flavour
of chamomile tea depends mainly upon its elusive aromas, which dependent on the quantity and
composition of essential oil [57]. Today in Ukraine, health stores, pharmacies and groceries offer a
wide variety of chamomile teas, which are produced by various tea companies. Chamomile raw
material for a processing of these teas is originated from different localities and sources [58].

The tested chamomile teas, representing selections from 13 processing companies located in 9
countries, were available regarding the essential oil contents and their substance compositions.
Essential oil levels in the tea samples ranged from 0.17 % to 0.60 % dry weight. In all cases, except for
chamomile produced by Slovakian Slovakofarma, a.s. Hlohovec and Polish town Poznan (source:
Frape Slovensko, s.r.0. Banska Bystrica) the essential oil contents was very low [59].

Proportional content of the essential oil of cultivated chamomile would be expected to be over
0.50 % [60]. Several research studies [61-62] confirmed considerable differences in the qualitative-
quantitative composition of the chamomile essential oil with different herb teas.

In another study testing the quality of chamomile teas, the maximum levels of essential oil
constituents in the chamomile drug were associated with the chamomile tea supplied by
Slovakofarma, a.s., Hlohovec, Slovakia, whose contents of /-/-a-bisabolol was 1791 % and
chamuzalene 9.32 %. The lowest curative characteristics were determined in the herb tea marked as
“Hefmankovy ¢aj” produced by German company OTG-International in Seevetale and Lipton
Camomila, Brussels, Belgium. In this case the content of /-/-a-bisabolol content were 3.71 % and 2.78
% and chamuzalene 3.68 % and 3.73 % [60].

5. Conclusions

The main objective of this study was characterized the ecological diversity of essential oil content
and its composition in chamomile (Matricaria recutita L.), growing in natural habitats across Ukraine.

The distribution of chamomile chemotypes in relation to the geomorphological and soil-climatic
conditions of the country is illustrated in Figure 6. Populations characterized by a high content of /-
/-a-bisabolol (type C, blue marking) are distributed mainly along the Dnieper River valley. They
extend from northern Belarus to the southern lowlands and Crimea. In contrast, populations
belonging to the a-bisabololoxide chemotypes (type B, yellow and green markings) are distributed
mainly in hilly areas, elevated terrain and mountain valleys. The Carpathian Mountains represent an
important geomorphological barrier, including its highest peaks up to an altitude of 2,061 m. This
mountain system separates the Potiska Lowland, which extends into Hungary and Slovakia (East
Slovakian Lowland), where chamomile populations occur in which was determined a high content
of /-/-a-bisabololoxide A. Selection of new chamomile varieties, the characteristics of which would
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be established for high yields of dry flower drug, an abundance of essential o0il and its composition
with a high content of /-/-a-bisabolol and chamazulene. Selection of new chamomile varieties with
high yields of dry flower drug, sufficient essential oil and its composition with a high content of /-/-
a-bisabolol and chamazulene must come from these chamomile populations.

BELARUS °

RUSSIA
POLAND

SLOVAKIA

HUNGARY

ROMANIA

4l

Figure 6. Ukraine — expansion of chemotypes of Chamomile populations. Legend: (blue: high content of /-/-a-
bisabolol, green: relative presence of /-/-a-bisabololoxide B and /-/-a-bisabololoxide A., yellow: highest content
of /-/-a-bisabololoxide A).

Chamomile represents one of the most important medicinal plants in global trade, with annual
consumption reaching several thousand tons. This demand is primarily met through large-scale
cultivation, which also represents a significant economic opportunity. Chamomile plants were picked
by hand only in the stage of developed anthodia or using various simple harvesters or cutting
machines. Sorting the chamomile biomass is not performed by machines. Drying is provided mostly
on imperfect on hot-air driers. Chamomile drug (Matricariae flos) are widely used in the preparation
of herbal teas. The commercially available Ukrainian teas in the retail network, which are a low
phytotherapy quality for the consumers.
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