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Summary

The aim of study was to determine the variability of 20 yarrow populations introduced
into ex situ conditions, in respect of selected developmental traits as well as content and
composition of biologically active compounds (essential oil, tannins, flavonoids and phe-
nolic acids). Field experiment was established at the Experimental Station, Department of
Vegetable and Medicinal Plants. Morphological observations and harvest of raw material
were carried out in the second year of plant vegetation, at the beginning of blooming.
Investigated populations differed significantly in respect of developmental features as well
as content and composition of identified compounds. The highest differences among the
populations concerned fresh mass of herb (0.46-1.79 kg per plant), number of shoots
per m? (64-243) and length of the longest internode (42—158 mm). Total content of essen-
tial oil ranged from 0.10 to 1.00%. Among 24 identified compounds f-pinene, 1,8-cineole,
terpinene-4-ol, nerolidol and chamazulene were the dominants. According to content of
these compounds, three chemotypes were distinguished within investigated populations,
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i.e.: f-pinene, f-pinene + chamazulene and 1,8-cineole type. Content of tannins ranged
from 0.38 to 0.90%. Four flavonoids were identified and apigenin 7-glucoside was present
in the highest amount (from 9.87 to 475.21 mg X 100 g"'), while the highest differences
between populations concerned the content of luteolin-3’,7-diglucoside. Within phenolic
acids, three compounds (caffeic acid derivatives) were identified. Rosmarinic acid was the
dominant one (75.64-660.54 mg X 100 g'), while cichoric acid differentiated investigated
populations the most.
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INTROCUCTION

Yarrow (Achillea millefolium L. sensu lato) is a perennial, medicinal plant from As-
teraceae family, widely distributed throughout the temperate and boreal zones of
the Northern Hemisphere [1]. It represents a highly polymorphic group of closely
related species, subspecies, microspecies and hybrids, which differ in the ploidy
level, morphology and chemical composition [2-5]. These various taxa are difficult
to differentiate one from another and are classified together in pharmacopeial
monographs under the name Achillea millefolium L. [6, 7].

Yarrow herb (Millefolii herba) is a valuable raw material listed in the European
Pharmacopoeia and described by European Medicines Agency as a traditional
herbal drug [8]. It is rich mainly in essential oil (up to 1%) containing predominant-
ly: chamazulene, 1,8-cineole, f-pinene, sabinene, borneol, camphor and nerolidol.
The chemical composition of yarrow essential oil is quite variable and, according
to major compounds, the species creates different chemotypes [9-11]. This raw
material also contains considerable amounts of phenolic compounds, i.e. flavo-
noids, phenolic acids and tannins. Among flavonoids, the most numerous are de-
rivatives of luteoline and apigenine [12-16], while phenolic acids are represented
mainly by chlorogenic acid and dicaffeoylquinic acids |14, 15]. Another important
group of substances present in yarrow herb are sesquiterepene lactones proazu-
lens (absent in essential oil), namely: guaianolides, germacranolides, eudesmano-
lides and longipinene derivatives [7, 17].

Due to such a wide range of biologically active compounds, yarrow herb re-
veals various pharmacological activities, i.e. antispasmodic, choleretic, antimi-
crobial, anti-inflammatory, antioxidant, anticancer, hepatoprotective and gas-
troprotective [18, 19]. In general, antispasmodic activity is attributed primar-
ily to flavonoids, dicaffeoylquinic acids are shown to mediate the choleretic
effects, sesquiterpenes cause anti-inflammatory result, while essential oil is
responsible for antibacterial and antifungal properties [20-25]. Yarrow herb is
used to prepare tea infusions as well as ethanolic tinctures, applied mainly in
gastrointestinal disorders (flatulence, cramps), as a bitter aromatic medicine in
a temporary loss of appetite, to stimulate bile secretion, and externally in skin
and mucous membranes inflammations, as well as a wound healing remedy.
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In folk medicine, this raw material is also used for menstrual problems and as
a diaphoretic agent [7].

Yarrow herb is one of the most important herbal raw materials collected from
the wild in Poland. It occurs naturally in different habitats, within a wide range
of environments, mainly on grasslands, meadows, as well as ruderal and segetal
communities [26, 27]. In regard of the requirements of herbal industry concern-
ing a high quality of raw materials, it is recommended to collect yarrow herb
from ecologically clean stands, away from industrial areas, roads and highways.
Although yarrow is a collective, variable species, this fact is not taken into account
in practice, while harvesting raw material. Therefore, it is crucial to investigate
the differences between yarrow wild growing populations in respect of traits im-
portant for utility.

In the previous study, the chemical variability of yarrow populations growing
wild in in situ conditions was determined [28]. The aim of present work was to
determine the variability of selected yarrow populations introduced into ex situ
conditions, in terms of some developmental traits as well as content and compo-
sition of biologically active compounds (essential oil, flavonoids, phenolic acids
and tannins) in herb. Ex situ conditions allow to eliminate a variable influence of
environmental factors affecting plants growing wild on natural sites and in conse-
quence to show differences between populations more precisely.

MATERIAL AND METHODS
Plant material

Twenty yarrow populations originating from eastern Poland, introduced to ex
situ conditions, were the objects of the study (tab. 1). In August 2011, at each
identified natural site, the vegetative cuttings were collected from 20 randomly
chosen yarrow plants and used for establishing a field experiment. The field ex-
periment was performed in the randomized block design, in tree replications,
at the Experimental Station of Department of Vegetable and Medicinal Plants,
WULS-SGGW. On a single plot, 30 cuttings were planted out, in 60 X 40 cm spac-
ing. Nitrogen (50 kg N X ha), phosphorous (50 kg P,0, X ha") and potassium
(80 kg K,O X ha') fertilization was applied before planting. The morphological
observations and harvest of raw material was carried out in the second year of
plant vegetation (2013), at the beginning of blooming (June). Collected herb was
dried at 35°C and subjected to chemical analysis.

The voucher specimens of the populations’ seeds are kept in the National Centre
for Plant Genetic Resources (Polish Gene Bank), while representative plants grow
in the collection of medicinal and aromatic plants of Department of Vegetable and
Medicinal Plants.
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Geographical localization of natural sites of yarrow populations

Table 1.

Population No./site Coordinates

1 Zdory N 53°42 E 021°46’
2 Drohiczyn N 52924 E 022°38’
3 Kozki N 52°35 E 022°87
4 Drohiczyn Wawéz N 52°23¢ E 022°39
5 Zajeczniki N 52°23’ E 022°42
6 Siemiatycze N 52°30° E 022°53’
7 Grodki N 50°46’ E 022°41’
8 Czarnystok N 50°38’ E 022°49
9 Radecznica N 50°44’ E 022°48’
10 Czerniecin Poduchowny N 50°49’ E 022°50
11 Sedziejowice N 50°34’ E 020°40’
12 Chomentéwek N 50°31 E 020°38’
13 Podteze N 50°33’ E 020°34
14 Kozubéw N 50°26’ E 020°29’
15 Skowronno N 50°32’ E 020°30’
16 Bobrka N 49°25’ E 022°26’
17 Bukowiec N 49°19’ E 022°24
18 Terka N 49°18’ E 022°25’
19 Wotkowyja N 49°20 E 022°25’
20 Krzemienna N 49°42 E 022°12

Developmental characteristics

Developmental characteristics was performed according to the List of Descrip-
tors elaborated in the Medicinal and Aromatic Plants Working Group, European
Cooperative Programme for Plant Genetic Recourses. Directly before harvest of
raw material (June, 2013) the following morphological observations were carried
out: plant height (cm), number of shoots per m?, length of the longest internode
(mm), number of nodes per shoot, number of leaves per shoot, length of leaf
(mm), width of leaf (mm), ratio of leaf length to width, length and width of inflo-
rescence (mm). Fresh mass of herb (kg X plant') was determined, as well. At each
population, the observations were conducted in five plants, in three replications.

Chemical analysis

Total contents of tannins (expressed as pyrogallol equivalents, %) and essential
oil were determined according to European Pharmacopoeia 8". The analysis of
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essential oil was carried out by GC/MS and GC/FID, while the composition of fla-
vonoids and phenolic acids was determined using HPLC. All measurements were
performed in triplicate.

Analysis of essential oils by GC/MS and GC/FID

The qualitative GC-MS analysis was carried out using Shimadzu GC-MS QP210S
gas chromatograph equipped with Phenomenex Zebron ZBFFAP polar column (30
m X 0.25 um X 0.25 um film thickness). The operating conditions were as fol-
lows: oven temperature 2 min isothermal at 60°C, then rising at 4°C per min to
210°C and held isothermal for 5 min. Injector temperature: 210°C. The carrier
gas (He) flow was 1.1 ml X min™. The split ratio was 1:20. Diluted samples (1/100
v/v, in n-hexane:isopropanol) of 1 ul were injected at 210°C by auto sampler. lon
source temperature -220°C, ionization voltage 70 eV. Mass spectra were scanned
in the range 40-500 amu. Essential oil compounds identification was based on
comparison of mass spectra from the Mass Spectral Database, as following:
NISTO8, NIST27, NIST147, Wiley7N2, PAL 600, and on comparison of retention
indices (RI) relative to retention times of a series of n-hydrocarbons (C7-C30) with
those reported in literature.

The quantitative GC-FID analysis was performed using a Hewlett Packard
6890 gas chromatograph equipped with a flame ionization detector (FID) and
capillary, polar column HP 20M (25 m X 032 mm X 0.3 ym film thickness).
The analysis was carried out using the following temperature programme: oven
temperature isotherm at 60°C for 2 min, then it was programmed from 60°C to
220°C at a rate of 4°C per min and held isothermal at 220°C for 5 min. Injector
and detector temperatures were, respectively, at 220°C and 260°C. The carrier
gas (He) flow was 1.1 ml X min"'. The split ratio was 1:70. Manually injection
of 0.5 ul essential oil was applied. Component identification was confirmed
by comparison of their retention times with those of pure authentic samples
and by means of their linear retention indices (RI) relative to the series of n-
hydrocarbons (C7-C30), under the same operating conditions. The percentage
composition of the essential oils was computed by the normalization method
from the GC peak areas, without the use of correction factors.

Analysis of phenolic acids and flavonoids by HPLC

Commercially available standards (ChromaDex®) were separately dissolved in
10 ml volumetric flask with MeOH according to the ChromaDex’s Tech Tip 0003:
Reference Standard Recovery and Dilution and used as a standard stock solutions.
Further calibration levels were prepared by diluting these solutions with metha-
nol in 10 ml volumetric flasks (injected volume ranges: 10, 50, 100, 200, 500 and
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1000 ul). As the seventh calibration level, the mixture of all stock solutions was
used.

The working solutions were injected (1 ul) on a column in six replicates
(n=6) using SIL-20A to generate a seven-point calibration curve, using
CLASS VP™ 7.3 chromatography software. The peak table and spectra library
(190-450 nm) of individual compounds were created. Standard curve param-
eters were calculated with statistical service e-stat (http:/www.chem.uw.edu.
pl/stat/e-stat/). Limits of detection (LOD) were determined at a signal-to-noise
ratio (S/N) of 3 from the chromatograms of standards at the lowest concentra-
tions. Limits of quantification (LOQ) were determined at a signal-to-noise ratio
(S/N) of 10.

Air-dry, finely powdered and homogenized raw material (1.000 g of leaves)
was extracted with 100 ml of methanol in Biichi Labortechnik AG Extraction Sys-
tem B-811. Soxhlet hot extraction with 25 extraction cycles, flushing and drying
was used. After evaporation of solvent, the residue was dissolved in 10 ml of
methanol. The obtained extracts were filtered with Supelco Iso-Disc™ Syringe
Tip Filter Unit, PTFE membrane, diameter 25 mm, pore size 0.20 ym and sub-
jected to HPLC.

The analyses were performed using a Shimadzu chromatograph equipped with
auto sampler SIL-20A, photodiode array detector SPD-M10A VP PDA and CLASS
VP™ 7.3 chromatography software. A modern C-18 reversed-phase column with
core-shell technology (Phenomenex Kinetex® 2.6 um, C18, 100 A, 100 X 4.60 mm
i.d.) was used as a solid phase. Binary gradient of mobile phase A (deionised water
adjusted to pH 3 with phosphoric acid) and B (ACN adjusted to pH 3 with phos-
phoric acid) was used as follows: 0.01 min — 18% B; 0.50 min — 18% B; 5.50 min
—30% B; 5.54 min — 95% B; 6.50 min — 95% B; 6.51 min — 18% B; 11.00 min — STOP.
The following conditions were applied: flow rate 1.2 ml X min, oven tempera-
ture 35°C, total time of analysis 11 min, injection volume: 1 ul.

UV-spectra were recorded between 190 and 450 nm. Peak identification was
conducted by comparison of retention time and UV-spectra recorded between
190 and 800 nm of standards. Detection wave applied: 300 nm (chlorogenic acid,
cichoric acid), 330 nm (rosmarinic acid), 336 nm (apigenin, apigenin-7-glucoside),
347 nm (luteolin, luteolin-3’,7-diglucoside). The content of the determined com-
pounds was calculated in mg per 100 g of dry matter.

Statistical analysis

Data were subjected to statistical analysis using Statistica” software. The
mean values were compared by using the one way analysis of variance (ANOVA)
followed by Tukey’s multiple range test. The differences between means were
deemed to be significant at p<0.05. The coefficient of variation (CV) was deter-
mined as well.
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RESULTS AND DISSCUSION

Taking into consideration the number of wild growing medicinal plant species
in Poland and their resources, most of them occur in the eastern part of Poland.
This area, in comparison with other parts of our country, is economically less de-
veloped and characterised by relatively higher biodiversity. Thus, it is regarded as
one of the most ecologically clean regions in Europe. In this area yarrow herb is
collected for commercial purposes in high quantities [29, 30].

When regards the collection of herbal raw material from natural sites, some
medicinal plants are treated as collective species. The example could be the flow-
er of lime, obtained from two species: small-leaved lime (Tilia cordata Mill.) and
large-leaved lime (Tilia plathyphyllos Scop.). In this case the individual species are
not distinguished when it comes to harvest of raw materials, considered to be
homogenous [31]. Yarrow also represents a collective taxon. According to Dani-
helka and Rotreklova [32], in central Europe the A. millefolium group is divided into
seven species: A. collina, A. millefolium, A. pannonica, A. pratensis, A. asplenifolia, A.
setacea, A. roseo-alba. Many authors claim that the developmental, morphological
and chemical diversity within this group of species is very high [5, 26, 33-35].
Nevertheless, there is only a little information on intraspecific variability of yar-
row in Poland [36-38].

In the presented study, it was observed that investigated populations were
the most differentiated when fresh mass of herb (from 0.46 to 1.79 kg; CV 0.38),
number of shoots per m? (from 64 to 243; CV 0.36) and the length of the longest
internode (from 42 to 158 mm; CV 0.38) are regarded. Plant’s height varied be-
tween 65.2 and 93.2 cm, while the number of nodes per shoot from 7.2 to 23.2.
The length and width of inflorescence ranged from 48 to 100 mm and from 43 to
96 mm, respectively. Population No.15 was distinguished by the highest number
of leaves per shoot (26.3) and ratio of leaf length to width (9.4), while population
No.18 was characterized by the longest and the widest leaves (20.9 and 3.6 mm,
respectively) (tab. 2). Total content of essential oil ranged from 0.10% in herb
of population No. 4 to 1.00% in populations No. 3 and 14 (tab. 3). According
to European Pharmacopeia 8" the total content of essential oil in yarrow herb
should not be lower than 0.20% [6]. Rahimmalek et al. [11] provided the values
from 0.10 to 2.70%, while the results given by Boscovic et al. [33] indicated a con-
tent of 0.08%. According to Giorgi et al. [39], this values ranged between 0.16
and 0.22%. In present study, 24 components were identified, with a domination
of f-pinene, 1,8-cineole, terpinene-4-ol, nerolidol and chamazulene. According
to the major compounds in essential oil (tab. 2), among the investigated yar-
row populations three chemotypes could be distinguished, i.e. f-pinene (popula-
tions No. 2, 5, 14, 19, 20), p-pinene + chamazulene (populations No. 7, 10, 16,
15,) and 1,8-cineole type (populations No. 3, 6, 13). These results are in good
agreement with the researches conducted in the area of Baltic countries, i.e.
Lithuania or Estonia [9, 10, 33, 34, 40]. For instance, Mockute and Judzentiene
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[9] distinguished four chemotypes within 40 samples from Lithuania, i.e. chama-
zulene + p-pinene, f-pinene + 1,8-cineole, borneol + camphor, trans-nerolidol
+ f-pinene, while Gudaityte and Venskutonis [10] selected the following six che-
motypes: a-pinene + f-pinene; f-caryophyllene + 1,8-cineole + a-phellandrene;
[-pinene + o-phellandrene + chamazulene, f-myrcene; f-pinene + camphor +
trans nerolidol, S-pinene |9, 10]. In contrary, yarrow essential oil originating from
Turkish populations contained in the highest amount D-cadinene, limonene and
alloaromadendrene, while sabinene, 1,8-cineole, cis-chrysanthenol, germacrene D,
copaene and borneol were dominants in populations located in Iran [41-44]. These
data as well as results obtained in our investigations indicate a remarkable chemical
polymorphism within populations of Achillella millefolium s.l. Moreover, it seems that
chemical composition of yarrow essential oil depends on the geographical local-
ization of populations. According to Ruminska [38], chamazulene free forms occur
mainly in the West and South Poland, while forms rich in this compound are located
predominantly in the Central and East Poland. Taking into account the collective
character of yarrow, many authors agree that sesquiterpenes, i.e. both proazulenes
and chamazulene can be used as chemotaxonomic indicators. It is known that a cor-
relation exists between the presence of proazulenes and the chromosome number
in plants belonging to Achillea millefoilum group. As a rule, only tetraploid species
(A. collina and A. pratensis) contain azulenes, while most of other yarrow karyotypes
(diploid, hexaploid and octoploid) are azulene-free [2, 26, 32, 35]. In turn, octaploid
forms (A. pannonica) are distinguished by the highest content of monoterpenes in es-
sential oil [2]. Given the antiphlogistic activity of sesquiterpenes (i.e. chamazulene)
and traditional usage of yarrow herb, it was supposed that only forms containing
these compounds may be interesting from the medicinal point of view. Neverthe-
less, monoterpenes such as S-pinene and 1,8-cineole also reveal an important phar-
macological activity, i.e. antibacterial and antifungal, so yarrow forms rich in these
substances could be taken into consideration, as well [7, 31]. Taking into account
that this raw material is collected mainly from natural sites, some authors tried to
elaborate a marker method, based on plant’s morphological features, that could be
used for predicting chemical composition of populations. They claim that tetraploid
forms (containing azulenes) are characterized by higher number of nodes and high-
er productivity in comparison to hexaploids [26, 45]. However, results obtained in
our studies do not indicate any relationship between the presence of chamazulene
in essential oil and the above mentioned features of plants belonging to investi-
gated populations (tab. 2, 3).

According to Benedek et al. [14], another group of substances present in yarrow
herb, important both from therapeutic and chemotaxonomic point of view, are
phenolic compounds. The present results (tab. 4) indicate that the investigated
yarrow populations differed significantly in the content of tannins and chemi-
cal composition of flavonoids and phenolic acids. The content of tannins ranged
from 0.38% in population No.17 to 0.90% in population No. 6 (CV 0.26), which
corresponded with results obtained by Spinarova and Petfikova [32]. In contrary,
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Kohlmiinzer [31] as well as Eghdami and Sadeghi [46] showed a higher level of tan-
nins in yarrow herb (3—4%). When regards flavonoids, four compounds were identi-
fied, namely: luteolin, luteolin-3’,7-diglucoside, apigenin and apigenin-7-glucoside.
Their presence in yarrow herb was noted also by other authors [13-15, 47, 48|.
Apigenin 7-glucoside was present here in the highest amount (from 9.87 to 475.21
mg X 100 g'; CV 0.59), while the highest differences among the populations con-
cerned the content of luteolin-3’,7-diglucoside (from 12.54 to 673.50 mg X 100 g';
CV 1.07). The level of aglycones ranged as following: luteolin from 13.54 to 216.88
mg X 100 g'; CV 0.62 and apigenin from 6.54 to 153.71 mg X 100 g'; CV 0.76.
Population No. 6 was distinguished by the highest content of luteolin, luteolin-
3’,7-diglucoside and apigenin. Both luteolin, apigenin and their glycosides occur
very often in plant raw material. Luteolin is characterized by high spasmolytic
activity, while apigenin reveals diuretic effect [31]. Besides the pharmacological
activity, the composition of flavonoid fraction may be also an important marker
used for recognition of individual species within Achilea millefolium group, espe-
cially diploids and tetraploids [14].

In the present study, three phenolic acids were identified: 3-caffeoylquinic (chlo-
rogenic) acid, 2,3-dicaffeoylquinic (cichoric) acid and rosmarinic acids. The domi-
nant was rosmarinic acid (from 75.64 to 660.54 mg X 100 g, CV 0.62), followed
by cichoric acid (from 40.05 to 456.81 mg X 100 g', CV 0.88). The content of chlo-
rogenic acid varied from 5.64 to 61.54 mg X 100 g, CV 0.51 (tab. 4). These com-
pounds represent caffeic acid derivatives (depsides) known of choleretic activity |7,
19, 31]. The presence of chlorogenic acid in yarrow herb was shown earlier [14-16,
48]. According to Vitalini et al. [16], phenolic acid fraction in this raw material con-
sists of dicaffeoylquinic acid isomers, namely: 1,3; 1,4; 3,4; and 3,5-dicaffeoylquinic
acid, while Benedek et al. [14] mention also 1,5 and 4,5-dicaffeoylquinic acid.

The present work indicated a very high morphological and chemical diversity
of investigated populations, which allows to suppose that they represent differ-
ent genetic material. Despite the fact that there is no requirement in European
Pharmacopeia regarding a recognition of individual yarrow species before harvest
of herb, both collectors and consumers of this raw material should be aware of
such variability.

CONCLUSIONS

* Examined yarrow populations growing in ex situ conditions differed distinctly
in respect of developmental traits as well as accumulation and composition of
essential oil, tannins, phenolic acids and flavonoids.

* The highest differences among the populations concerned the fresh mass of
herb, number of shoots per m? and the length of the longest internode.

* Inrespect to essential oil composition, 3 chemotypes were selected within in-
vestigated populations: f-pinene , f-pinene + chamazulene, and 1,8-cineole.
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Identified flavonoids occurred predominantly in a form of glycosides. Apigen-
in-7-glucoside was present in the highest amount, while the highest differ-
ences among populations concerned the content of luteolin-3’,7-diglucoside.
Identified phenolic acids represented depsides, derivatives of caffeic acid. The
rosmarinic acid was the dominant, while cichoric acid differentiated investi-
gated populations at the highest degree.

There was no clear relationship between geographical localization of investi-
gated populations and chemical composition of herb.
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Streszczenie

Celem pracy bylo okreslenie zakresu zréznicowania 20 populagji krwawnika rosnacych
w warunkach ex situ, pod katem wybranych cech rozwojowych oraz zawartosci i sktadu
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chemicznego zwiazkéw biologicznie czynnych (olejku eterycznego, garbnikéw, flawo-
noidéw i kwaséw fenolowych). Eksperyment zatozono na polu doswiadczalnym Katedry
Roslin Warzywnych i Leczniczych. Obserwacje morfologiczne oraz zbiér surowca przepro-
wadzono w drugim roku wegetagji roslin, na poczatku kwitnienia. Badane populacje réz-
nily sie istotnie pod wzgledem cech rozwojowych oraz zawartosci i sktadu analizowanych
zwiazkéw aktywnych. Cechami najbardziej réznicujacymi populacje byly: Swieza masa ziela
(0,46-1,79 kg z rosliny), liczba pedéw na m? (64-243) oraz dlugo$¢ najdtuzszego miedzy-
wezla (42-158 mm). Zawartos¢ olejku eterycznego wahata sie od 0,10 do 1,00%. Sposréd
24 zidentyfikowanych zwiazkéw f-pinen, 1,8-cineol, terpinen-4-ol, nerolidol i chamazulen
byly dominujace. Biorac pod uwage te sktadniki, wéréd badanych populacji wyrézniono 3
nastepujace chemotypy: f-pinen, S-pinen + chamazulen i 1,8-cineol. Zawartosc¢ garbnikéw
wynosita od 0,38 do 0,90%. W obrebie flawonoidéw zidentyfikowano 4 zwigzki, przy czym
w najwiekszej ilo$ci obecny byt 7-glukozyd apigeniny (9,87-475,21 mg X 100 g'), podczas
gdy zwiazkiem najbardziej r6znicujacym populacje byt 3’,7-diglukozyd luteoliny. Wsréd
kwaséw fenolowych zidentyfikowano 3 zwiazki, tj. pochodne kwasu kawowego. Domi-
nowat tu kwas rozmarynowy (75,64-660,54 mg X 100 g'), a kwas cykoriowy réznicowat
populacje w najwyzszym stopniu.

Stowa kluczowe: krwawnik, populacje, chemotypy, olejek eteryczny, zwigzki fenolowe





