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ANALYSIS OF THE INFLUENCE OF SOME SOIL MICRO ELEMENTS
ON THE CONCENTRATION OF THE FLAVONOID RUTIN
IN TANACETUM VULGARE (LINNEUS, 1753)

Actuality. Flavonoids are used as part of medicines for the treatment of various diseases, and therefore investigating the influence
of some environmental factors on the concentration of flavonoids will make it possible to understand which of these factors will
positively or negatively affect the medicinal effect of the plant.

The purpose of our study. The article examines the effect of soil trace elements on the concentration of flavonoids in some
medicinal plant materials, to reveal their inhibitory or activating properties.

Material and methods. Tanacetum vulgare (Linneus, 1753) was used as the research plant. The plant material, as well as the studied
soil samples, were collected in different areas at the same time. The collection area is Chernihiv region, Nizhynskyi and Prylutskyi
districts. Plant raw materials were dried and stored in accordance with the standards of the state pharmacopoeia. Extraction and
measurement of the concentration of flavonoids was carried out according to the methodology of the state pharmacopoeia, medicinal
plant raw materials section. The raw material was weighed in detail on laboratory scales, after which it was sent for extraction. After
extraction in a water bath, the optical density of the solutions of the studied plant material was measured using a spectrophotometer,
after which the concentration of flavonoids was measured as a percentage in terms of rutin according to the formula. The studied soil
samples, after collection, were packaged in special containers and stored according to GOST (DSTU) standards. Soil microelements
were studied by atomic emission spectrometry with inductively coupled plasma in a subsidiary laboratory. The following trace elements
of the soil were studied: (B), (Co), (Cu), (Mg), (Mn), (Mo), (Zn).

Research results. Afier the obtained results, correlation tables and graphs of the dependence of each studied microelement of the
soil were created. The conducted research made it possible to analyze the influence of soil microelements, to reveal the properties of
each of them to inhibit or activate biological processes in plants to increase or decrease the concentration of flavonoids in medicinal
plant raw materials, in particular rutin.

Conclusion. Based on the obtained results, it is possible to talk about recommendations for the introduction or removal of fertilizers
that have the studied microelements.

Key words: flavonoids, rutin, medicinal plant raw materials, biologically active substances, soil trace elements, Tanacetum vulgare.
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AHAJII3 BIUIUBY JEAKUX MIKPOEJEMEHTIB IPYHTY HA KOHIEHTPALIIO
®JIABOHOIY PYTUHY B IUKMA 3BUYAMHOI'O (TANACETUM VULGARE LINNEUS, 1753)

AKTYaJbHICTb. D1a60H0IOU GUKOPUCMOBYIOMbCAL Y CKIAOI TIKAPCOKUX NPEeNnapamis 0Jisi 1KY 8aAHHs PI3HOMAHIMHUX X80P0, a momy
00CTIOAHCEHHS 6NIUBY OeAKUX YUHHUKIE HABKOIUUWHBLO2O Cepedo8ulyd Ha KOHYEHMpAyi Grasonoidie dacme 3mozy 3po3ymimu, sKi
came i3 Yux YUHHUKIE NO3UMUEHO ADO He2AMUBHO BNIUHYMb HA TIKY8ANbHUL egheKm pOCIUHU.

MeTta qocaizKeHHsI. Y cmammi 00CioxHcyembCsi 6MaU6 MIKpOeLeMeHMI8 IPYHMY Ha KOHYeHmpayio ¢uasonoiodis y 0esxiil nikap-
CbKill pOCTUHHIL CUPOBUHT 015 GUAGIEHHS IXHIX [H2IOVIOYUX aDO0 AKUBYIOYUX 8IACIIUBOCTEN.

Marepiaau Ta MeTOaH IOCII:KEeHHS. K 00Cnioxcysany pociuny 0yio euxopucmano nudxemo 3euuaiine (lanacetum vulgare
Linneus, 1753). Pociunna cupoguna, sik i 00CHIONCY8aHI 3pasku IpyHmy, Oyau 3i0pani y piHUX patioHax ¢ 0OuH i Mot camuil yac.
Tepumopia 36upanus — YepHniciecoka obracme, Hiscuncoxuii ma Ipunyyekuii paiionu. Pociunua cuposuna sucyutysanacsa ma 3oepiea-
Jacs 6ionogiono 0o cmanoapmis /lepocasnoi papmarxonei YVepainu (ADY). Excmparxyiio ma eumipioganisi Konyenmpayii ¢pnagonoioie
npogoounocs 3a memoouxor DY, pos3oin «Jlikapcvka pocrunna cuposuna, nuxcmo sguuaiiney. Cupogury 0emanbHo 36ax4Cy8anu Ha
1abOPAMOPHUX 8a2ax, NICAA 4020 8IONPAsIANU HA ekcmpakyiio. Ilicis exkempaxyii Ha 600sHIL 6aHi 6UMIDIO8ANU ONMUYHY WITbHICMb
PO3UUHIE OOCTIOHCYBAHOI POCIUHHOT CUPOBUHU 30 OONOMO20I0 CREKMPOgomomempa, nicia 4020 6UMIPIO8ANU 34 POPMYIOI0 KOHYEH-
mpayito pragoHoioie y 6i0COMKAX Y NePEPAxyHKy Ha pymun. J[oChioxncy8ani 3pasku IpyHmy nicjia 30upauus acysanu y cneyianibhi
mapu ma 36epizanu 32iono 3i cmanoapmamu IOCT (ACTY). Mikpoenemenmu rpyuny 00CaioH#Cy8anucs Memooom amomMHO-eMICitiHoT
cnekmpomempii 3 iHOYKMUHO-38 A3aH0I0 NAA3MOI0 Y 00UipHill n1abopamopii. JJocnioxcyeanu maxi mikpoenemenmu rpynmy: 6op (B),
xobanvm (Co), kynpym (Cu), maenii (Mg), manean (Mn), moniooen (Mo), yunx (Zn).

PesyabTarn gocainkenus. [licia ompumarnux pe3ynomamis 0y10 CMeopeHo Kopenayilini madauyi ma epaghiku 3anexicHo 610 Kookc-
HO020 00C1i02ICY8aH020 MiKpoenemenma rpynmy. IIpogedene 0ocniodcents 0ano 3mo2y npoananizy8amu 6Niue MikpoeiemMeHmis Ipyuny,
BUABUMU Y KOJICHO2O0 3 HUX 61ACMUB0CMI iH2IOyeamu abo akmugysamu Oi0n02IuHI npoyecu y POCIUH 05l NiOGUUEHHS 460 3MEHULEeHH S
KoHYyeHmpayii ¢prasonoidie y AikapcoKi pocaunHill cuposuri, 30kpema pymury. BucHoBok. Cnupaiouuce Ha ompumari pe3yivmami,

MOJHCHA 2080PUMU NPO PEKOMEHOAYTT 000 6HECEHHS AO0 GUNYUEeHHS 000PUS, AKi MArOmMb O0CAIOHCYBAHT MIKpOETLeMEeHMU.
Knrwuosi cnosa: ¢nasonoiou, pymun, nikapcoka poCiuHHA CUPOBUHA, OIONO2IUHO AKMUGHI PEUOGUHU, MIKDOEIeMEeHmMY [PYHNLY,

nudicmo 3suaiine (Tanacetum vulgare).

Introduction. Flavonoids are contained in many
medicinal preparations. Such drugs are widely used in
pharmacy for the treatment of various diseases and con-
ditions, where flavonoids are the main active ingredient.
The significant therapeutic effect of flavonoids has prov-
en itself in therapy for the treatment of cardiovascular,
gastrointestinal, nervous diseases and a number of other
symptoms and syndromes. That is why there is a great
prospect of researching the influence of the environment
on the concentration of flavonoids in medicinal plant
raw materials, which are used in the manufacture of
medicines. Flavonoids are derivatives of phenolic com-
pounds, they are plant pigments. The most famous flavo-
noids in phytotherapy are: rutin, hesperidin, hyperoside,
quercetin (Georgievskyi, 1990, p. 101-107).

Topicality. The content of soil trace elements and
their influence on the concentration of flavonoid rutin in
medicinal plants is analyzed in the study. Some microe-
lements can be part of enzymes that are catalysts of var-
ious biochemical processes in plants, they can suppress
or activate these processes, which in turn can lead to a
deterioration in yield, activation of diseases in plants, as
well as changes in the chemical composition of biolog-
ically active substances, involved in pharmacy (Sereda,
2006, p. 28-38).
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Flavonoids are those biologically active plant sub-
stances that can depend on the concentration of trace
elements in the soil. So, for example, in the studies of
V. M. Minarchenko, the influence of Nickel (Ni), Cop-
per (Cu) and Lead (Pb) on the concentration of flavo-
noids in (Potentilla erecta Linneus, 1797) is described.
Thus, the nickel content is observed in plants containing
flavonoids, and the P. Erecta studied by the authors has
the property to accumulate copper, which, in turn, affects
the production of phenolic compounds in plants. It was
stated that a large amount of lead can have a positive
effect on plant photosynthesis, but, as the authors note,
an excessive concentration leads to a toxic effect (Mi-
narchenko, 2017, p. 76-81).

The general influence of soil microelements on fla-
vones is described in the works of foreign scientists Has-
san A. and Zengin M. In their works, the authors note
that excessive application of Boron (B), Cobalt (Co),
Molybdenum (Mo) leads to changes in the biological
cycle of the plant, which contributes to suppression of
flavone production (Zeggin, 2008; Hassan, 2012).

The purpose of our study was to analyze the content
of a certain sample of soil trace elements and to investi-
gate their influence on the concentration of flavonoids in
common tansy (Tanacetum vulgare Linneus, 1753). The
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main task was to find out whether each investigated trace
element affects the increase or, conversely, the decrease
in the concentration of rutin during the cultivation of
medicinal plant raw materials. This will allow us to find
out how different microelements affect the concentration
of rutin in tansy medicinal raw materials.

Research materials and methods. For the study,
flowering inflorescences of common tansy were collect-
ed during their active flowering season, after which they
were dried under the recommended conditions described
in the state pharmacopoeia. Inflorescences were laid out
on a flat, dry surface, without direct sunlight and with
sufficient ventilation of the room. Drying was carried
out for a month.

Quantitative representation of the amount of fla-
vonoids in terms of rutin was carried out according
to the methodology of the state pharmacopoeia. The
dried plant was crushed so that the raw material passed
through a 0.5 mm sieve. After that, the raw material
weighed to 1 g (with an error of 0.002 g) is placed in
a 150 ml flask, 30 ml of 50% ethyl alcohol is added,
the flask is heated in a water bath for 30 minutes. The
hot concentrate is filtered into a 100 ml flask so that the
extracted plant material does not fall on the filter, after
which 30 ml of 50% ethyl alcohol is added. Extraction
is carried out 2 more times, filtering into the same vol-
umetric flask (solution A). A Lomo SF-26 spectropho-
tometer was used for the measurement. 1 ml of solution
A and 2 ml of 2% aluminum chloride were added with
a pipette to a 25 ml flask. After 40 minutes, the optical
density of the solution was measured at a wavelength
of 415 nm in a cuvette with a thickness of 10 mm. The
mass fraction of the sum of flavonoids in percent and
conversion to rutin was determined by the formula:
x = (D*m0*100*100*100)/(D0*m*100(100-w)) (State
Pharmacopoeia, 1990, p. 247-251).

The investigated soil samples were collected at the
same time from under the investigated plant. A total of 3
samples were collected from 3 different locations.

Sample 1: 3 soil samples were taken at the location
(Chernihiv region, Nizhynskyi district, exit towards
Berezanka)

Sample 2: 3 soil samples were taken at the location
(Chernihiv region, Prylutskyi district, urban area 12,
near non-working tracks)

Sample 3: 3 soil samples were taken at the location
(Chernihiv region, Nizhyn city, Mykola Gogol Nizhyn
State University, agricultural station)

The studied chemical elements of the soil: boron (B),
cobalt (Co), copper (Cu), magnesium (Mg), manganese
(Mn), molybdenum (Mo), zinc (Zn).

Determination of the content of elements (B, Co,
Cu, Mg, Mn, Zn, Mo) was carried out by the method of
atomic emission spectrometry with inductively coupled
plasma (table 1).

Research results and discussion. The graphs pre-
sented below clearly demonstrate the dependence of the
concentration of rutin on the concentrations of trace ele-
ments in the soil (fig. 1-7).

As can be seen from Fig. 1, boron suppresses the pro-
duction of rutin in the studied plant. It should be noted
that after the value of 0.24 mg/kg and up to the final
value of 0.19 mg/kg, the concentration of rutin increases
significantly, which gives reason to believe that boron is
not a desirable trace element in the soil for the accumu-
lation of flavonoids by plants.

From fig. 2 shows that cobalt, like boron, inhibits
the accumulation of the flavonoid rutin in raw materi-
als. This may be primarily due to the fact that this trace
element, in these concentrations, can be toxic and affect
the productive properties of plants. Based on this, there
are reasons to consider cobalt as an undesirable trace el-
ement for growing plants containing flavonoids.

From fig. 3 shows that cuprum in these concentra-
tions caused a decrease in the concentration of the fla-
vonoid rutin in the studied plant. It should be noted that
in some plants cuprum contributes to the accumulation
of flavonoids, but perhaps for tansy such concentra-

Table
The concentration of rutin in Tanacetum vulgare L depending on the studied microelements of the soil
Rutin concentration Rutin concentration Rutin concentration Error
(1 sample) % (2 sample) % (3 sample) %
El}“zsetlfg‘:figgunder 5.619 6.257 6.896 0.005
boron (B), mg/kg 1,04 0,24 0,19 0.01
cobalt (Co), mg/kg 0,27 0,18 0,05 0.01
copper (Cu), mg/kg 2,77 1,05 0,92 0.01
magnesium (Mg), mg/kg 1,5 0,14 0,22 0.01
manganese (Mn), mg/kg 20,81 27,18 31,33 0.01
molybdenum (Mo), mg/kg 0,12 0,08 0,02 0.01
zinc (Zn), mg/kg 19,22 31,1 21,06 0.01
®irorepanis. Yaconmuc Ne 2, 2023 67 .
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Fig. 7. Dynamics of rutin concentration depending on zinc concentration

tions exceed the permissible norm, which causes such
an effect.

Molybdenum in high concentrations can be toxic to
many plants. In fig. 4, we see how even small concen-
trations of molybdenum suppress the production of rutin
in the plant. Considering the data, it is recommended to
avoid the use of fertilizers that can use this trace element
when growing tansy as a medicinal plant.

As can be seen from fig. 5 manganese activates the
production of rutin in the studied plant. This can be ex-
plained by the fact that manganese improves metabolic
processes in plants, and these concentrations are suffi-
cient not to cause a toxic effect, considering that man-
ganese is the recommended trace element for growing
plants containing flavonoids.

From fig. 6-7 it can be seen that the concentration of
flavonoids has an unstable dependence on the concen-
tration of the microelement of the soil that was studied,
which indicates a more significant influence of second-
ary microelements on the concentration of rutin.

Conclusions. The obtained data make it possible
to analyze the possible influence of some microele-

ments in the soil on the concentration of flavonoids,
but there are exceptions, such as Zinc and Magnesi-
um, which do not fully provide a general and final
confirmation of the significant influence of these ele-
ments on the concentration of rutin in common tansy
(Tanacetum vulgare L.), therefore it is important to
continue the study with the involvement of a larger
number of studied plants to create correlation tables.
However, indicators of other trace elements (bo-
ron, cobalt, copper, manganese, molybdenum) show
a direct effect on the concentration of the flavonoid
rutin. So, boron, cobalt, cuprum, molybdenum sup-
press the production of flavonoid rutin in the stud-
ied plant, which gives reasons not to recommend the
use of fertilizers with this trace element. And the
study of the effect of manganese concentration on
the concentration of rutin, on the contrary, showed
an increase in the production of flavonoids, which
gives reasons to recommend the use of substances
with this trace element, from which it is possible
to conclude about the priority of introducing this
element to obtain better results in the future.
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