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Abstract. The article is devoted to the phytochemical study of flavonoids in various organs of
species of the Sambucus L. genus. The results of studying the dynamics of accumulation of
the amount of flavonoids in the composition of S. nigra and S. ebulus species depending on the phases
of plant development in various organs showed that during the vegetation period the amount of
flavonoids undergoes a sharp change. It was established that in the generative organs of the studied
species S. nigra and S. ebulus, the maximum amount of flavonoids accumulates in flowers (7.34%,
5.58%, respectively), the minimum amount in green fruits (1.91%, 2.83%). In the vegetative organs,
the maximum amount accumulates in the leaves (4.94, 4.91%), and the minimum amount in roots
(0.95%, 0.67%) and stems (1.46, 1.32%). The results obtained are of practical importance, since they
indicate the possibility of using various plant organs as a source of raw materials for the production
of flavonoids.

Annomayus. Ctatbsi MOCBAIEHA GUTOXUMHUECKOMY U3YYCHHUIO (DIABOHOMIOB B Pa3IUYHBIX
opraHax BuUIOB pona Sambucus L. Pe3ynbraTel M3ydeHHs TWHAMUKH HAKOIUICHHUS KOJIMYECTBA
(1aBOHOMIOB B COCTaBE BUIOB S. nigra u S. ebulus B 3aBUCUMOCTH OT (a3 pa3BUTHUS pacTEHUS B
pa3IMYHBIX OpraHax MOKa3aliH, YTO BO BPEMs BEreTaluu KOJIMYecTBO (PIaBOHOWIOB MOJBEPraeTcs
PE3KOMY U3MEHEHHIO. YCTaHOBJICHO, YTO B T€HEPATUBHBIX OPraHaxX MCCIIEOBAHHBIX BUAOB S. nigra u
S. ebulus makcuMmanabHOE KOJIMYECTBO (HIABOHOWIOB HakaruimBaeTcss B mBeTkax (7,34%, 5,58%,
COOTBETCTBEHHO), a MUHIMAJIbHOE KOJIMYECTBO B 3eJIeHbIX TuioAax (1,91%, 2,83%). B BereTaTuBHBIX
OpraHax MaKCHMaJbHO€ KOJIMYECTBO HaKarUlMBaeTcs B JHUCThbiIX (4,94, 4,91%), a MuHuManbHOE
KoiruecTBO B KOpHsX (0,95%, 0,67%) u B crebnsax (1,46, 1,32%). [TonyueHHbIe pe3yinbTaTbl HMEIOT
MPAKTUYECKOE 3HAYEHNE TaK KaK YKa3bIBAIOT HA BO3MOXXHOCTh HUCIIOIH30BAHUS PA3IMUYHBIX OPTaHOB
pacTeHus: KaK UCTOYHUK CHIPhsI IJIs TTOTYIeHUS (LTaBOHOUIOB.
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Kniouesoie cnosa: GhnaBoHOUIBI, TEHEPATUBHBIC U BET€TATUBHBIC OPTaHbI.
Introduction
The biological activity of flavonoids in a wide range puts the focus on the search and deeper
study of plants rich in flavonoids. There is extensive literature information on the antiradiant,

antispasmodic, antioxidant, antimutagenic, and other properties of flavonoids [1]. The main
biological properties of flavonoids and other polyphenols of plant origin are to improve the
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conductivity of capillaries and increase their elasticity. In recent years, most of the research has been
aimed at studying the antioxidant properties of flavonoids, preventing the negative effects of free
radicals, which are stress factors that give pathological complications in the human body. Plants
containing flavonoids are considered a valuable source of raw materials for the production of
capillary-strengthening, anticarcinogenic drugs [2, 3].

Species of the genus Sambucus have a rich flavonoid composition. Various species of the genus,
in particular Sambucus nigra, are included in the pharmacopeia of many countries and are used as
raw materials for the production of various medicines. The main reason for this is that the composition
of the plant is dominated by biologically active substances, especially flavonoids [4, 5].

One of the important issues of scientific and practical importance when using any plant as a
source of raw materials is the establishment of patterns of maximum accumulation of substances in
various organs and the phase of plant development. Considering the use of S. nigra and S. ebulus
species as a source of raw materials, the main goal of this study was to determine the pattern of
accumulation of flavonoids depending on the phase of plant development, their distribution in various
organs, and to identify the optimal time for accumulation of flavonoids.

Material and methods

The plant material was collected in the north-eastern part of the village of Urva, Gusar district
and in the village of Tengealti, Quba district, during the period of early flowering, the mass flowering
and the phase of fruit ripening.

Each vegetative (root, leaves) and generative (flowers, fruits) organ of the plant was collected
separately. The analyzes were carried out on material collected from one population. The wet and dry
weight of the yield of the aerial part (per 100 m?) was determined. Dry plant material was crushed to
a size of 1 mm for analysis. The dry matter content was set on the MX-50 Moisture Analyzer. The
amount of total flavonoids in various organs was determined by the spectrometric method [6]. The
total amount of flavonoids is calculated by the following formula:

B D 100 = 100 = 25
"~ 330 % m* (100 — w)

X

Where, D — the optical density of the material; 330 — indicator of rutin with AIClz at 410 nm
absorption; m — the weight of the material (g); w — the weight lost after drying (%).
Each analysis was carried out 3 times, the average figure was determined.

Results and discussion

The study of the dynamics of accumulation of the amount of flavonoids in the composition of
Sambucus nigra and Sambucus ebulus species depending on the phases of plant development in
various organs showed that during the growing season the amount of flavonoids undergoes a sharp
change (Table 1).

It has been established that in the generative organs of the studied species S. nigra and S. ebulus,
the maximum amount of flavonoids accumulates in flowers (7.34%; 5.58%, respectively), the
minimum amount — in green fruits (1.91%, 2.83%). In vegetative organs, the maximum amount
accumulates in the leaves (4.94%, 4.91%), the minimum amount in roots (0.95%, 0.67%) and stems
(1.46%, 1.32%). Depending on the phase of development of both species, the amount of flavonoids
in the leaves underwent a sharp change. The maximum amount of flavonoids in the flowers and leaves
of S. nigra species accumulates at the beginning of the flowering phase (7.57%, 4.94%), and in S.
ebulus — 1n the mass flowering phase (4.91%, 5.49%, respectively). The minimum amount of
flavonoids in both species accumulates in the leaves (3.03%, 3.06%) in the phase of fruit ripening.
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Table 1

DYNAMICS OF ACCUMULATION OF FLAVONOIDS IN VARIOUS ORGANS
OF S. nigra AND S. ebulus, BY DEVELOPMENTAL PHASES (% of dry weight)

The plant Years Development phases
organs Early growing Budding  Early flowering  The mass Fruit ripening
period period flowering
Sambucus nigra

Stem 2017 1.25 1.09 1.06 0.81 0.71
2018 1.73 1.43 1.37 1.04 0.82

2019 1.41 1.26 1.23 0.93 0.75

Average 1.46 1.26 1.22 0.92 0.76

Leaf 2017 2.85 4.16 4.25 3.85 2.98
2018 3.87 5.52 5.63 5.03 3.35

2019 3.34 4.67 4.96 4.48 2.87

Average 3.35 4.78 4.94 4.45 3.06

Generative 2017 — 6.56 6.08 6.58 1.72
organs 2018 — 8.60 8.34 8.43 2.83
2019 — 7.56 7.61 7.49 2.96

Average — 7.57 7.34 6.48 2.50

Aboveground 2017 2.07 2.60 4.08 4.06 1.92
part 2018 2.95 3.63 4.97 4.75 2.65
2019 2.60 4.09 4.57 4.38 2.64

Average 2.54 3.44 4.54 3.39 2.40

Root 2017 0.59 0.85 0.76 0.75 0.40
2018 0.78 1.05 0.98 0.98 0.53

2019 0.63 0.95 0.83 0.78 0.48

Average 0.66 0.95 0.85 0.83 0.47

Sambucus ebulus

Stem 2017 0.80 1.08 1.09 0.98 0.76
2018 1.04 154 1.64 154 0.93

2019 0.95 1.36 1.52 1.04 0.83

Average 0.93 1.32 1.41 1.18 0.84

Leaf 2017 3.23 3.91 4.02 4.35 2.65
2018 4.01 4.88 4.89 5.28 3.51

2019 4.39 4.03 4.34 5.12 2.93

Average 3.87 4.27 441 491 3.03

Generative 2017 — 4.27 4.85 5.18 2.76
organs 2018 — 5.58 6.47 5.98 3.48
2019 — 4.67 5.43 5.32 2.85

Average — 4.84 5.58 5.49 3.03

Aboveground 2017 2.03 3.35 4.07 4.16 2,28
part 2018 2.84 4.06 4.78 4.58 3,03
2019 2.67 4.38 4.03 3.89 2.68

Average 2.51 3.93 4.29 4.22 2.66

Root 2017 0.34 0.46 0.58 0.37 0.47
2018 0.46 0.55 0.79 0.49 0.56

2019 0.39 0.47 0.65 0.41 0.38

Average 0.39 0.49 0.67 0.42 0.47

Note: Deviation £0.1+0.2
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Compared to other vegetative organs, flavonoids accumulate little in the roots. The maximum
amount of flavonoids in the roots of S. nigra (0.95%) accumulates during budding and in the roots of
S. ebulus in the primary phase of flowering (0.67%).

It has been established that the minimum amount of flavonoids in the aerial part of the studied
species accumulates in the stems. The maximum amount of flavonoids in the stems of S. nigra
accumulates in the primary phase of vegetation — 1.46%, in the stems of S. ebulus in the budding
phase — 1.32%. The minimum amount of flavonoids accumulates in the stems of S. nigra during
fruiting (0.76%), in the stems of S. ebulus in the primary phase of vegetation — 0.93%. The content
of flavonoids in the aerial part of the studied species varies from 4.29% to 4.54%. In the aerial part
of the species S. nigra, the maximum amount of flavonoids coincides with the phase of mass
flowering (4.54%), S. ebulus — with the beginning of the flowering phase (4.29%). On plants used
for raw material purposes, it is of practical importance to establish the patterns of maximum
accumulation of active substances, their productivity in various organs and phases of plant
development. Of the species studied, Sambucus nigra is the official medicinal plant. The study of the
amount of flavonoid in the terrestrial part of the Sambucus ebulus species showed that this plant also
contains flavonoids in an amount that meets the requirements of the pharmacopeia and can be used
as a source of raw materials.

The main goal for using species of the genus Sambucus L. as a source of raw materials is to
determine the pattern of accumulation of flavonoids depending on the phase of development of their
distribution in various organs, flavonoid yield, and the optimal time for collecting plant materials.

The obtained results showed that it is advisable to collect Sambucus nigra and Sambucus nigra
plants in the phase of mass flowering for use as raw materials. However, in order to produce the latter
flavonoid product in large quantities, it is necessary to determine the optimal time for harvesting the
plant. To do this, we determined the density of plants and the yield of flavonoids per 1 m? (Table 2).

Table 2
DYNAMICS OF PLANT GROWTH BY DEVELOPMENT PHASES OF SPECIES
OF THE GENUS Sambucus L. ON ONE PLANT (% of dry weight)
Indicators Early growing Budding Early flowering The mass Fruit
period period flowering ripening

Sambucus nigra

Wet weight 5.70 21.60 27.36 49.40 43.60

Dry weight 0.62 2.46 3.36 9.24 10.24
Sambucus ebulus

Wet weight 4.46 26.64 36.20 52.60 45.20

Dry weight 0.50 2.98 5.18 10.78 9.84

According to the data of Tables 1 and 2, the yield of flavonoids per 100 m? and 1 hectare was
calculated, the results are shown in tables 3 and 4. The table shows that from the dry aerial parts of
both species, the maximum amount of flavonoids can be obtained in the phase of mass flowering (480
g/100 m? and 335.9 g/100 m?).

Table 3

YIELD OF FLAVONOIDS PER 100 m? AT DIFFERENT DEVELOPMENT PHASES
OF Sambucus ebulus (average data for 2017-2019)

Development phase  Dry weight per 100 m? (g)  Quantity of flavonoids, ~ The amount of flavonoids,

/100 m? per 1 ha (kg)
Early growing period 930.0 23.62 2.36
Budding 3649.0 111.7 11.2

(c9_® |
@ By Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 37



bBronnemens nayku u npaxmuxu | Bulletin of Science and Practice T. 8. Ne10. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/83

Development phase  Dry weight per 100 m? (g)  Quantity of flavonoids, ~ The amount of flavonoids,

/100 m? per 1 ha (kg)
Early flowering period 5040.0 192.02 19.2
The mass flowering 33740.0 480.12 48.0
Fruit ripening 13860.0 300.6 30.0
Table 4

YIELD OF FLAVONOIDS PER 100 m? AT DIFFERENT STAGES OF DEVELOPMENT
OF Sambucus nigra (average data for 2017-2019)

Development phase  Dry weight per 100 m* (g)  Quantity of flavonoids, ~ The amount of flavonoids,

/100 m? per 1 ha (kg)
Early growing period 13478.0 17.68 1.76
Budding 4768.0 162.58 16.26
Early flowering period 8288.0 338.0 33.8
The mass flowering 17408.0 671.8 67.18
Fruit ripening 16288.0 554.4 55.4

The aerial part of both studied plants in the flowering phase shows the mass productivity and
the amount of flavonoids obtained on an area of 100 m?, which is of practical importance and can be
used as a source of raw materials for the production of flavonoids.
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