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Foreword
from the Editor-in-Chief

There is no need to convince readers of the
first our issue that the natural environment
is created and maintained by living
organisms, the totality of which is biota.
The study of the diversity of living, which
began since the day of Hippocrates,
Aristotle, and Theophrastus, has not lost its
relevance in the modern scientific world.

In the 21st century, the search for scientists
in quite diverse - from inventory species
diversity of ecosystems to the study of
adaptation mechanisms of organisms and
biota metagenomic studies.

The biota, for which there are no
administrative boundaries, compensates for
any environmental disturbances that do not
exceed the threshold of destruction of the
biota itself. This implies the need for
international cooperation in various fields
of living research. In order to bring together
scholars who study different aspects

of biotic potential of the environment

and its conservation, we are launching

the international scientific journal Biota.
Human. Technology. We are the part

of the Editorial Board of the Journal
attracted scientists from different countries,
who carry out scientific research

in various fields of Biology, Ecology, Health,
Food and Chemical Technologies.

We expect from our potential authors
original articles dedicated to the results of
diverse studies of living matter at different
levels of the organization - from molecular
to biosphere. We look forward to articles on
the problems of the functioning of biological
systems (including the human body),
biodiversity protection of the environment,
as well as healthy human nutrition and
technological processes.

The BHT Journal pages always have a place
to cover the results of scientific discussions
which were made by researchers from all
the world.

Respectfully Yours,
Prof. O. Lukash
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Iryna Shyndanovina

DESMIDIALES (ZYGNEMATOPHYCEAE, STREPTOPHYTA)
OF THE QUARRY POND ZAVODSKE - A HOTSPOT OF DESMIDS DIVERSITY
IN CHERNIHIV POLESIE, UKRAINE

T

Ipuna IlIuHmaHoBiHaA

DESMIDIALES (ZYGNEMATOPHYCEAE, STREPTOPHYTA)
KAP’EPHOI BOZIOVIMM 3ABOJACHKE - «TAPSIYOI TEPUTOPIi» BIOPI3HOMAHITTS
JECMIZIEBUX BOJOPOCTEV B YUEHITIBCHLKOMY ITOJIICCI, YKPATHA

ABSTRACT

Purpose. Study of the composition of desmids in Zavodske quarry pond (Chernihiv Polesie, Ukraine), preparation
of the taxonomical list. Microphotographs illustrating the cells of desmid algae found Ukrainian and their dimensional
characteristics are intended to facilitate their identification and can be used for comparative analysis by both Ukrainian
and foreign desmidiologists.

Methodology. As part of the PhD dissertation, several field research trips were conducted and algological samples
were collected in Zavodske quarry pond (8,625 m?, depth 1.5-2 m), located near the village of Zavodske, Dobryana village
community, Chernihiv district and region, Ukraine. From the middle to the end of the last century it was used for
extraction of the clay for the needs of the local brick-making plant.

The samples were examined alive as well as fixed with 4 % formalin for further storage and examination. Water
chemical variables (pH and electrical conductivity) were determined by H&M COM-100 and H&M PH-200 portable
multimeters. Microscopic examination of the samples was carried out using light microscopes Olympus BX-51 (samples
2018-2021) and Zeiss Imager A2 (samples 2021-2022).

The main literature for the definition: Conjugates - Conjugatophyceae. Part 2. Desmids - Desmidiales. In:
Identification manual of the freshwater algae of Ukrainian RSR. Palamar-Mordvintseva, 1986; Flora of algae in
continental water bodies of Ukraine. Desmid algae. Part 2: Desmidiaceae. Palamar-Mordvintseva, 2005; Desmidiaceen-
flora von Osterreich, Teil 3. Lenzenweger, 1999; Desmids of the Lowlands Mesotaeniaceae and Desmidaceae of the
European Lowlands. Coesel & Meesters, 2007.

Scientific novelty. This is the first study of the desmid species composition of Zavodske quarry pond. In total
110 taxa were identified, 16 of them recorded for the first time in Ukraine.

Conclusions. Zavodske quarry pond is a unique locality with numerous desmids. The number of identified taxa
(110 taxa - 11.4 % of the desmidioflora of Ukraine) and part of the newly found in Ukraine (16 out of 110 taxa - 1.65 %
of the desmidioflora of Ukraine) are extraordinary and deserves close attention and protection of their habitat.

Key words: desmid algae, Chernihiv Polesie, quarry pond, biodiversity hotspot

AHOTALIA

MeTta po6oTH. JlociikeHHS CKIaAy ecMifiieBUX BoJopocTel kKap'epHoi BogoWMmu 3aBojcbke (YepHiriBcbke
[Toniccst). CkaaZaHHS TAaKCOHOMIYHOTO cnucky. MikpodoTorpadii, mo inrocTpyloTh 3HaHJeHI yKpalHChbKi KJIITUHU
JleCMi/lieBUX BO/IOPOCTEH, Ta IX pO3MipHI XapaKTepPUCTHUKU. MAlOTh HA MeTi MOJIETTINUTH IX BUSHAUYEHHS Ta MOXKYTb 6YTH
BUKOPUCTAHI /1/1s1 NOPIBHSAJILHOTO aHaJi3y sIK yKPalHCbKUMU TaK i 3apybiXKHUMU JiecMifiosoramMu.

MeTopouorisa. B paMkax aucepTaniiiHOro A0C/aiJKeHHs OyJid NpoBeJieHi ekcreAuliiHi BUi3AM Ta Bigibpani
a/broJIoTiYHi 3pa3ku B Kap'epHil BogoiMi 3aBojcbke (8625 M2, rinubunHa 1.5-2 M), 110 po3TalioBaHa HeloAaJslik cesa
3aBozcbke Jlo6psiHCbKOI cesmiHol rpoMan YepHiriBcbkoro palioHy YepHiriBcbkoi o6Jacti Ykpainu. 3 cepeiMiHU 10
KiHIIl MUHYJIOTO CTOJIITTS 3 HHOTO J06YBaJIM [JIMHY JJI1 HOTPe6 MiCI[eBOTO L[eTeIbHOTO 3aBOY.
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3pasku AOCHiKYBaJMCh )KUBUMHU Ta 6yau ¢ikcoBaHi 4 % dpopmasiiHOM A1 MoAadbLIOro AocaimkeHHs. pH Ta
eJIEKTPONPOBIAHICTb BOAM BU3HA4aJU NOpTaTUBHUMHU npuiagamu H&M COM-100 ta H&M PH-200. MikpockomniyHe
JOCJipKeHHs Mpo6 3/iMCHI0OBAJIOCh 3a JI0MOMOr0I0 CBiTJI0BUX MikpockomniB Olympus BX-51 (3pasku 2018-2021) Ta
Zeiss Imager A2 (3pa3ku 2021-2022). OcHoBHa JiiTepaTypa A/ BU3HAYeHHs: BU3HAYHUK NMPiCHOBOJHUX BOJOPOCTEN
Ykpaiucbkoi PCP. [Tamamap-Mopaginiesa 1986; ®iopa BogopocTell KOHTUHEHTAJIBHUX BOJIOWM YKpainu: JlecMminiesi
BojopocTi. Bumn.1, 4.2 Desmidiaceae. Tlanamap-MopasinieBa, 2005; Desmidiaceenflora von Osterreich, Teil 3.
Lenzenweger, 1999; Desmids of the Lowlands Mesotaeniaceae and Desmidaceae of the European Lowlands. Coesel &
Meesters, 2007.

HaykoBa HoBM3Ha. Brepuie gociaimkeHo BHUJOBUM CKJaJ, JeCMiJliEBUX BOJOPOCTeN Kap'€pHOi BOJOUMU
3aBojcbke. BuznaueHo 110 TakcoHiB, 3 HUX 16 Breplie HaBOAUTHCA JJi YKpalHU.

BucHoOBKM. BojjoliMa 3aBo/iCbKe € YHIKaJIbHUM JIOKQJIITETOM Pi3HOMaHITTH AeCMi/lieBUX BOLOPOCTEN, B MeXKax
SKOTO KiJbKiCTh BH3HadYeHUX TakcoHiB (110 TakcoHiB - 11,4 % duopu JecMmifieBux YKpaiHM), Ta 4yacTKa B HHX
3HalieHUx Brepiue Jus Ykpainu (16 3 110 TakconiB - 1,65 % ¢Juiopu pecMiziieBux YKpaiHH) € HaZI3BUYAUHOIO 1 15
BO/JI0MMa 3aC/IyrOBY€E Ha yBary Ta OXOPOHY.

Kirwo4yoBi cioBa: pecmigieBi Bomopocti, UepHiriBcbke [losticcs, kap’epHi BomoiiMu, «rapsiya TepPUTOPis»
6iopisHOMaHITTA

high silicon dioxide content used for the glass
. . industry. Zavodske originally was used for
Zavodske (Fig. 1) is one of the smallest extraction of the clay for the needs of the local

water bodies in the group of man-made quarry brick-making plant in the period from the
ponds, known as «Blue Lakes». Originally these middle to the end of the last century.

ponds were quarries for extracting sand with

Introduction

Fig. 1. Photograph of the quarry pond Zavodske (June)

The area of the pond is 8625 m2, the depth and region, Ukraine (N 51°96'3"; E 31°18'6")
is 1.5-2m. It is located at the distance of among the massif of pine and oak-pine forests
200 meters to the east from Zavodske village, (see Figure 2).

Dobryana village community, Chernihiv district

10
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ZavodskeVillage

Fig. 2 The map of location of the quarry pond Zavodske
(taken from Google Maps; https://www.google.com/maps)

Our study is the first investigation of the
species composition of desmids of Zavodske quarry
pond. The first publication referring to this pond
was in 2020 (Shyndanovina, 2020), the next one
was issued in 2023 (Shyndanovina & Lukash,
2023). Both these publications were describing
new for Ukraine and rare and extremely rare for
Europe desmid taxa. One of the described
species, Pleurotaenium simplicissimum Groénblad
1920, was considered close to extinction
(Stastny, 2009).

Samples were taken during 2018-2022,
and 22 samples were collected in total. The
results of this study are presented in the form of
the taxonomic list with 35 plates of microphoto-
graphs providing characteristic illustrations of
the newly found and some other taxa. Dimen-
sions of every illustrated taxon are also indicated.

Materials and methods

The samples were examined as alive and
fixed with 4 % formalin for further examination.
Water chemical variables (pH and electrical
conductivity) were determined by H&M COM-
100 and H&M PH-200 portable multimeters.
Microscopic examination of the samples was
carried out using light microscopes Olympus
BX-51 (samples 2018-2021) and Zeiss Imager

11

A2 (samples 2021-2022). Photographs are
taken with Canon Rebel XS and Canon R6
cameras.

The locality and the chemical variables of
the algae habitat are described in detail in
(Shyndanovina & Lukash, 2023). Here is a short
resume provided for the convenience of the
readers.

The hydrochemical parameters of the
algae habitat are: pH: 7.5-7.7; EC: 36-38 pS.cm;
ion concentrations (mg/L) NOs3: 0.017; NHas*:
0.018; P0O43-: 9.283; Cu?*: 0.057; Zn2*: 0.036,
Fe(2+3+): 0.016; Mn2+: 0.263.

Main literature used for identification:
Palamar-Mordvintseva (1986, 2005), Desmidia-
ceenflora von Osterreich (Lenzenweger, 1999),
Desmids of the Lowlands (Coesel & Meesters,
2007).

Results and Discussion

The taxonomic list of the discovered
desmid algae of the quarry pond Zavodske is
presented in Table 1. There were identified 110
taxa of desmids in total. Sixteen of 110 taxa
(14,5 %) are new for desmidioflora of Ukraine.
Newly found taxa of desmids represent 1,65 %
of the total number of taxa of desmids found in
Ukraine.
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Table 1
Taxonomic list of Desmidiales (Zygnematophyceae, Streptophyta)
in the quarry pond Zavodske
Name Author N
of figure
Desmidiales Bessey
A) | Closteriaceae Bessey
I) Closterium Nitzsch ex Ralfs
1 | Closterium acerosum Ehrenberg ex Ralfs 1848
2 | Closterium dianae Ehrenberg ex Ralfs 1848
3 | Closterium rostratum Ehrenberg ex Ralfs 1848
4 | Closterium striolatum Ehrenberg ex Ralfs 1848
B) | Desmidiaceae Ralfs
I) Actinotaenium (Négeli) Teiling
1 | Actinotaenium capax (Joshua) Teiling 1954
2 | Actinotaenium clevei (P.Lundell) Teiling 1954
3 | Actinotaenium cucurbita (Brébisson ex Ralfs) Teiling 1954
4 | Actinotaenium americanum * (West & G.S. West) Coesel &
Meesters 2023 3
5 | Actinotaenium perminutum * (G.S.West) Teiling 1954 3
6 | Actinotaenium turgidum (Ralfs) Teiling 1954
7 | Actinotaenium wollei (W. & G.S.West) Teiling 1954
II) | Cosmarium Corda ex Ralfs
1 | Cosmarium alpestre * J.Roy & Bisset 1893 4
2 | Cosmarium amoenum Brébisson ex Ralfs 1848
3 | Cosmarium binum Nordstedt 1880 5
4 | Cosmarium bireme Nordstedt 1870 6
5 | Cosmarium blyttii Wille 1880
6 | Cosmarium beckii Gutwinski 1897
7 | Cosmarium botrytis var. botrytis Meneghini ex Ralfs 1848 7,8
8 | Cosmarium botrytis var. tumidum Wolle 1884 8
9 | Cosmarium brebissonii Ralfs 1848
10 | Cosmarium connatum Ralfs 1848
11 | Cosmarium contractum Kirchner 1878 9
12 | Cosmarium neodepressum G.J.P.Ramos & C.W.N.Moura
2020 10
13 | Cosmarium difficile Liitkemiiller 1892 11
14 | Cosmarium formosulum Hoff 1888
15 | Cosmarium gibberulum * Liitkemiiller 1910 12
16 | Cosmarium hornavanense Gutwinski 1909 13
17 | Cosmarium humile Nordstedt ex De Toni 1889 14
18 | Cosmarium impressulum Elfving 1881 15
19 | Cosmarium margaritatum (P.Lundell) ].Roy & Bisset 1886 16
20 | Cosmarium margaritiferum Meneghini ex Ralfs 1848 17
21 | Cosmarium meneghinii Brébisson ex Ralfs 1848
22 | Cosmarium moniliforme Ralfs 1848 18

12
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Ne
Name Author S
23 | Cosmarium obsoletum (Hantzsch) Reinsch 1867
24 | Cosmarium obtusatum (Schmidle) Schmidle 1898 19
25 | Cosmarium phaseolus var. notatum * (Nordstedt) Coesel 1991 20
26 | Cosmarium ordinatum * (Borgesen) West & G.S.West
1896 21
27 | Cosmarium pachydermum P.Lundell 1871 22,23
28 | Cosmarium perforatum P.Lundell 1871 24
29 | Cosmarium porteanum W.Archer 1860
30 | Cosmarium pseudamoenum Wille 1884
31 | Cosmarium pseudoconnatum Nordstedt 1869
32 | Cosmarium pseudoornatum * B.Eichler & Gutwinski 1894 25
33 | Cosmarium pseudoprotuberans var.
pseudoprotuberans Kirchner 1878 26
34 | Cosmarium pseudoprotuberans var. (Raciborski) Krieger & Gerloff
saxonicum * 1965 27
35 | Cosmarium pseudoprotuberans var.
sulcatum * (Nordstedt) Coesel 1991 28
36 | Cosmarium punctulatum Brébisson 1856
37 | Cosmarium pygmaeum W.Archer 1864
38 | Cosmarium quadratum Ralfs ex Ralfs 1848
39 | Cosmarium quadrum P.Lundell 1871
40 | Cosmarium rectangulare var. hexagonu
m West & G.S.West 1908
41 | Cosmarium regnellii Wille 1884
42 | Cosmarium reniforme (Ralfs) W.Archer 1874
43 | Cosmarium reniforme var. compressum | Nordstedt 1887
44 | Cosmarium retusiforme (Wille) Gutwinski 1892
45 | Cosmarium retusiforme var.
incrassatum Gutwinski 1890
46 | Cosmarium simplicius * (W. & G.S5.West) Gronblad 1931 29
47 | Cosmarium striolatum (Nageli) W.Archer 1861
48 | Cosmarium taxichondriforme B.Eichler & Gutwinski 1894
49 | Cosmarium tetraophthalmum Brébisson ex Ralfs 1848
50 | Cosmarium tutum * Shyndanovina 2020 30
51 | Cosmarium thwaitesii Ralfs 1848
52 | Cosmarium undulatum Corda ex Ralfs 1848
III) | Desmidium C.Agardh ex Ralfs
1 | Desmidium swartzii C.Agardh ex Ralfs 1848
IV) | Euastrum Ehrenberg ex Ralfs
1 | Euastrum ansatum Ehrenberg ex Ralfs 1848
2 | Euastrum dubium Nageli 1849
3 | Euastrum montanum West & G.S.West 1905
4 | Euastrum turneri West 1892
5 | Euastrum verrucosum Ehrenberg ex Ralfs 1848
V) | Haplotaenium Bando
1 ‘ Haplotaenium minutum (Ralfs) Bando 1988
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Ne
Name Author
of figure
VI) | Hyalotheca Ehrenberg ex Ralfs
1 | Hyalotheca dissiliens Brébisson ex Ralfs 1848
2 | Hyalotheca mucosa Ralfs 1848
VII) | Micrasterias C.Agardh ex Ralfs
1 | Micrasterias americana Ehrenberg ex Ralfs 1848
2 | Micrasterias apiculata Meneghini ex Ralfs 1848
3 | Micrasterias crux-melitensis Ralfs 1848
4 | Micrasterias furcata C.Agardh ex Ralfs 1848
5 | Micrasterias truncata Brébisson ex Ralfs 1848
VIII) | Pleurotaenium Nageli
1 | Pleurotaenium coronatum (Ralfs) Rabenhorst 1868
2 | Pleurotaenium crenulatum (Ralfs) Rabenhorst 1868
3 | Pleurotaenium ehrenbergii (Ralfs) De Bary 1858
4 | Pleurotaenium elongatum (West) Coesel & Meesters 2023
5 | Pleurotaenium eugeneum (W.B.Turner) West & G.5.West
1904
6 | Pleurotaenium simplicissimum * Gronblad 1920
7 | Pleurotaenium trabecula Nageli 1849 31
8 | Pleurotaenium trabecula var. crassum™ | Wittrock 1872 32
9 | Pleurotaenium truncatum (Brébisson ex Ralfs) Nageli 1849
IX) | Sphaerozosma Corda ex Ralfs
1 ‘ Sphaerozosma vertebratum var. latius * | West & G.S.West 1897 33
X) Spondylosium Brébisson ex Kiitzing
1 ‘ Spondylosium luetkemuelleri Gronblad 1938
XI) | Staurastrum Meyen ex Ralfs
1 | Staurastrum avicula Brébisson 1848
2 | Staurastrum bacillare var. obesum P.Lundell 1871
3 | Staurastrum bieneanum Rabenhorst 1862
4 | Staurastrum brevispina Brébisson 1848
5 | Staurastrum cosmarioides * Nordstedt 1870 34
6 | Staurastrum dickiei Ralfs 1848
7 | Staurastrum gracile Ralfs ex Ralfs 1848
8 | Staurastrum orbiculare Meneghini ex Ralfs 1848
9 | Staurastrum tetracerum Ralfs ex Ralfs 1848
10 | Staurastrum vestitum Ralfs 1848
XII) | Staurodesmus Teiling
1 | Staurodesmus convergens (Ralfs) S.Lillieroth 1950
2 | Staurodesmus cuspidatus (Brébisson) Teiling 1967
3 | Staurodesmus dejectus (Brébisson) Teiling 1954
4 | Staurodesmus glaber (Ralfs) Teiling 1948
XIII) | Teilingia Bourrelly
1 ‘ Teilingia granulata (J.Roy & Bisset) Bourrelly 1964
XIV) | Xanthidium Ehrenberg ex Ralfs
1 | Xanthidium antilopaeum Kiitzing 1849
2 Xanthidium cristatum Brébisson ex Ralfs 1848
C) | Gonatozygaceae G.S.West
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Name Author
of figure
I) Gonatozygon De Bary
1 | Gonatozygon aculeatum * Hastings 1892 35
2 | Gonatozygon brebissonii De Bary 1858 36
3 | Gonatozygon kinahanii (W.Archer) Rabenhorst 1868 37
4 | Gonatozygon monotaenium var. Wittrock & Nordstedt 1886 38
pilosellum
D) | Peniaceae Haeckel
I) | Penium
1 | Penium margaritaceum Brébisson ex Ralfs 1848

Note: * — New for Ukrainian flora

17 out of 30 genera of desmids represented
in Ukraine (Petlovany & Tsarenko, 2015) were
found in Zavodske. The number of desmid taxa
found in Zavodske reflects 11,4 % of the total
number of the desmid taxa in Ukraine.
Gonatozygon and Pleurotaenium genera present
in Zavoske exceed 60 % of the total number of
taxa of these genera in Ukraine (see Table 2).

Consequently, Zavodske pond is rich in
desmid species and part of them which new for
Ukraine, rare and extremely rare species, not
only for Ukraine, but also for the whole Europe,
is high (see Shyndanovina & Lukash, 2023).
Therefore such «hotspot» of desmids diversity
deserves attention and conservation.

Table 2

Genera of Desmidiales (Zygnematophyceae, Streptophyta) present
in Ukraine compared to the flora of Desmidiales in Zavodske

Number of taxa in . Part of taxa in Zavodske
. Number of taxa in
Ne Genus name Ukraine (Petlovany Zovateles ol pond.of the tf)tal number of
& Tsarenko, 2015), > | taxa in Ukraine (Petlovany
pes pes & Tsarenko, 2015), %
1 Actinotaenium 20 7 35.0
2 | Bambusina 1
3 | Closterium 101 4 4.0
4 | Cosmarium 427 52 12.2
5 Cosmoastrum* 48
6 | Cosmocladium 2
7 | Cylindriastrum* 5
8 | Desmidium 10 1 10.0
9 Docidium 2
10 | Euastrum 56 5 8.9
11 | Genicularia 1
12 | Gonatozygon 6 4 66.7
13 | Haplotaenium 4 1 25.0
14 | Heimansia 2
15 | Hyalotheca 5 2 40.0
16 | Micrasterias 30 5 16.7
17 | Octacanthium 5
18 | Onychonema 3
19 | Oocardium 1
20 | Penium 6 1 16.7
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21 | Plewrotaenium | 3 | o | 2 |

29 | Triploceras | 4 | | |

Total: 969 110 11.4

Note: * — Cosmoastrum P.-M., Raphidiastrum P.-M. and Cylindriastrum P.-M. are currently
regarded as heterotypic synonyms of Staurastrum Meyen ex Ralfs (see Guiry, 2013) but traditionally
we use them for analysis and characterizations of Ukrainian desmid flora.

The illustrations of 37 taxa are presented in ~ They are presenting all new for Ukraine taxa and
36 plates of microphotographs that are all made  some other cells.
by the author of the article (see Figs.3-38).

s 20 1M

Fig. 3. Photographs A, B — Actinotaenium americanum (West & G.S. West) Coesel & Meesters 2023.
Cell dimensions: length — 53.22 ym, breadth — 20.89 pm, isthmus — 23.39 yum. Photographs
C, D - Actinotaenium perminutum (G.S.West) Teiling 1954. Cell dimensions C (D):
length —13.15 (12.05) um, breadth — 8.02 (7.19) pm, isthmus — 7.19 (6.44) pm
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Fig. 4. Photographs of Cosmarium alpestre J.Roy & Bisset 1893.

Cell dimensions A: length — 65,93 pm,
breadth — 52,96 ym,
isthmus — 50,37 pm.

Cells B, D are deformed under the cover glass.
The cell with mucilage sheath is on photograph A.
The scale of photograph A is 0,5 of this figure scale
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Fig. 5. Photographs of Cosmarium binum Nordstedt 1880.

Cell dimensions: length — 52,18 um,
breadth — 41,98 ym,
isthmus — 15,25 pm
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Fig. 6. Photographs of Cosmarium bireme Nordstedt 1870.

Cell dimensions: length — 14,43 pm,
breadth — 15,22 ym,
isthmus — 10,40 pm
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Fig. 7. Photographs of Cosmarium botrytis var. botrytis Meneghini ex Ralfs 1848. Cell dimensions:
length — 63.84 pm, breadth — 53.90 pm, isthmus — 15.48 pm, thickness — 32.60 pm

m—— 00 um

Fig. 8. Photographs of Cosmarium botrytis var. botrytis Meneghini ex Ralfs 1848 (A, B, C).
Photographs of Cosmarium botrytis var. tumidum Wolle 1884 (D, E, F).
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Fig. 9. Photographs of Cosmarium contractum Kirchner 1878.

Cell dimensions A (C): length — 25.05 (24.27) pm,
breadth — 16.86 (16.66) pm,
isthmus — 4.37 (4.50) pm
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Fig. 10. Photographs of Cosmarium neodepressum G.J.P. Ramos & C.W.N. Moura 2020
(synonym: Cosmarium depressum (Néageli) P. Lundell 1871).

Cell dimensions: length — 34.65 pm,
breadth — 36.93 pm,
isthmus - 9.70 pm,
thickness — 18.80 pm
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Fig. 11. Photographs of Cosmarium difficile Liitkemiiller 1892.

Cell dimensions A (D): length — 33.33 (32.89) pm,
breadth — 26.67 (21.85) pm,
isthmus — 5.33 (5.85) pm,
thickness (B) —19.44 pm
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Figure 12. Photographs of Cosmarium gibberulum Liitkemiiller 1910.

Cell dimensions: length — 29.95 pm,
breadth — 24.80 pm,
isthmus — 9.10 pm,
thickness — 16.53 pm
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Fig. 13. Photographs of Cosmarium hornavanense Gutwinski 1909.

Cell dimensions: length — 77.60 pm,
breadth — 59.06 pm,
isthmus — 18.71 pm
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Fig. 14. Photographs of Cosmarium humile Nordstedt ex De Toni 1889.

Cell dimensions: length —15.37 ym,
breadth —14.07 pm,
isthmus — 3.80 pm
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Fig. 15. Photographs of Cosmarium impressulum Elfving 1881.

Cell dimensions: length — 18.74 pm,
breadth —13.82 pym,
isthmus — 4.93 pm
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Fig. 16. Photographs of Cosmarium margaritatum (P. Lundell) J. Roy & Bisset 1886.

Cell dimensions: length — 65.22 pm,
breadth — 51.72 pm,
isthmus — 18.69 pm,
thickness — 34.93 pm
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Fig. 17. Photographs of Cosmarium margaritiferum Meneghini ex Ralfs 1848.

Cell dimensions: length — 52.35 pm,
breadth — 47.30 pm,
isthmus — 14.90 pm,
thickness — 34.04 pm
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Fig. 18. Photographs of Cosmarium moniliforme Ralfs 1848.

Cell dimensions: length — 25.32 pm,
breadth —15.56 pm,
isthmus —10.37 pm
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Fig. 19. Photographs of Cosmarium obtusatum (Schmidle) Schmidle 1898.
Cell dimensions: length — 42.20 um, breadth — 38.33 pm,
isthmus — 15.04 pm, thickness — 20.65 pm

Fig. 20. Photographs of Cosmarium phaseolus var. notatum (Nordstedt) Coesel 1991
(synonym: Cosmarium ocellatum var. notatum (Nordstedt) Willi Krieger & Gerloff 1962).
Cell dimensions: length — 25.70 pm, breadth — 24.31 pm,
isthmus — 6.50 pm, thickness —12.52 ym
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Fig. 21. Photographs of Cosmarium ordinatum (Borgesen) West & G.S.West 1896.

Cell dimensions: length — 22.07 pm, breadth — 21.19 pm,
isthmus — 7.63 pm, thickness —13.78 pm

Fig. 22. Photographs of Cosmarium pachydermum P.Lundell 1871.

Cell dimensions: length — 95.39 um, breadth — 74.94 ym,
isthmus — 34.07 pm, thickness — 53.17 pm
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Fig. 23. Photographs of Cosmarium pachydermum P. Lundell 1871.
Morphological variability of the cells
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Fig. 24. Photographs of Cosmarium perforatum P. Lundell 1871.

Cell dimensions A (C): length — 58.19 (59.82) pm,
breadth — 55.97 (58.58) pm,
isthmus — 29.47 (32.92) pm
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Fig. 25. Photographs of Cosmarium pseudoornatum B. Eichler & Gutwinski 1894.

Cell dimensions (A, B, D, G): length — 36.13 pm,
breadth — 37.11 pm,
isthmus —13.13 pm
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Fig. 26. Photographs of Cosmarium pseudoprotuberans var.
pseudoprotuberans Kirchner 1878.

Cell dimensions C: length — 36.02 pm,
breadth — 28.18 pm,
isthmus — 7.94 pm
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Fig. 27. Photographs of Cosmarium pseudoprotuberans var. saxonicum (Raciborski)
Krieger & Gerloff 1965 (synonym: Cosmarium elfvingii var. saxonicum Raciborski 1889).

Cell dimensions: length — 29.11 pm, breadth — 25.41 pm,
isthmus — 7.67 pm, thickness — 16.40 pm
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Fig. 28. Photographs of Cosmarium pseudoprotuberans var. sulcatum (Nordstedt) Coesel 1991.

Cell dimensions(A, D): length — 35.07 pm, breadth — 30.73 pm,
isthmus — 9.43 pm, thickness — 20.53 pm
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Fig. 29. Photographs of Cosmarium simplicius (W. & G.S. West) Gronblad 1931.

Cell dimensions A (C): length — 48.78 (48.88) pm,

breadth —20.79 (20.42) pm,
isthmus —16.26 (16.82) pm.

Front view with 2 pyrenoids (A, B), side view with visible one pyrenoid (C, E)
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Fig. 30. Photographs of Cosmarium tutum Shyndanovina 2020.

58.19 um,

Cell dimensions: length —

—55.97 pm,

breadth

29.47 pm,

isthmus —

thickness — 36.38 pm
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ssmmm (A, B) 40um; (C, D, E, F) 20 um

Fig. 31. Photographs of Pleurotaenium trabeculavar. trabecula Nigeli 1849.

Cell dimensions A (B): length — 462.18 (383.98) um,
breadth — 33.73 (27.80) um,
L/Br —13.7 (13.8)

40



Biota. Human. Technology. 2024. No 3 Electronic edition

(A) 40um; (B, C, D) 20 um

Fig. 32. Photographs of Pleurotaenium trabecula var. crassum Wittrock 1872.

Cell dimensions A: length — 285.46 pm,
breadth — 34.26 pm,
L/Br - 8,3.
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Fig. 33. Photographs of Sphaerozosma vertebratum var. latius West & G.S. West 1897.

Cell dimensions: length (without processes) — 7.78 pm,
breadth — 9.83 pm, thickness — 4.13 pm
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Fig. 34. Photographs of Staurastrum cosmarioides Nordstedt 1870.

Cell dimensions: length — 85.80 ym,

breadth — 57.46 pm,
isthmus — 23.69 pm,

.64 pm

thickness — 52.71 X 54

43



Biota. Human. Technology. 2024. No 3

Electronic edition

-
-
4
3
»
3
.
- -
-
N
‘l
=
4
3
-
.
5
ol
-
»
-
A

!.?.,_
a:
LA

AR

\\, ¢ "
)
o

ST

!
T
”

\
.

Ye)

.._.13
. [ m ’

o
as

R

-
”
L] .

z
R

il - - e
SRR A :
’ R ~!

AN N

‘J;'g".a‘_'

A

- s {(f- ——

o
. St
A (;.-M .. 3 b
‘1 . 0.»-0" o 9 f"r'.'."'tA¢!~ s o

.

— 20 MKMm

Fig. 35. Photographs of Gonatozygon aculeatum Hastings 1892.

Cell dimensions A (B): length —133.37 (76.21) pm,

breadth without spines and apexes — 7.55 (7.34) pm,
breadth with spines —13.81 — 14.89 pm,

apex 1-8.42 (9.71) pm,

apex 2 —8.63 (7.34) ym
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Fig. 36. Photographs of Gonatozygon brebissonii De Bary 1858.

Cell dimensions: length — 340.48 pm,
breadth in the middle — 17.36 pm,
apex 1—13.56 pm, apex 2 —14.27 pm.
Scale for B, C, D X2
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Fig. 37. Photographs of. Gonatozygon kinahanii (W.Archer) Rabenhorst 1868.

Cell dimensions: length — 340.48 pm,
breadth in the middle — 17.36 pm,
apex 1-13.56 pm,
apex 2-—14.27 pm.
Scale for B, C, D X2

46



Electronic edition

Biota. Human. Technology. 2024. No 3

iy

T Y FEEEE—

20 MKM

Fig. 38. Photographs of Gonatozygon monotaenium var. pilosellum Wittrock & Nordstedt 1886.

— 86.87 pm,
breadth without spines and apices — 9.42 pm,

breadth with spines — 11.47 pm,

Cell dimensions B: length

apex 2 —10.28 pm

apex 1-10.79 pm,
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Conclusions

16 new taxa of desmids from Zavodske
pond added to the Ukrainian desmidioflora, i.e.:
Actinotaenium americanum (West & G.S. West)
Coesel & Meesters 2023, Actinotaenium permi-
nutum (G.S.West) Teiling 1954, Cosmarium
alpestre ].Roy & Bisset 1893, Cosmarium
gibberulum Litkemiiller 1910, Cosmarium
phaseolus var. notatum (Nordstedt) Coesel
1991, Cosmarium ordinatum (Bgrgesen) West &
G.S. West 1896, Cosmarium pseudoornatum
B. Eichler & Gutwinski 1894, Cosmarium
pseudoprotuberans var. saxonicum (Raciborski)
Krieger & Gerloff 1965, Cosmarium simplicius
(W. & G.S.West) Gronblad 1931, Pleurotaenium
trabecula var. crassum Wittrock 1872, Sphaero-
zosma vertebratum var. latius West & G.S.West
1897, Staurastrum cosmarioides Nordstedt
1870, as well as previously published: Cosma-
rium tutum Shyndanovina 2020 (see Shyndano-
vina, 2020), and Cosmarium pseudoprotuberans
var. sulcatum (Nordstedt) Coesel 1991,
Pleurotaenium simplicissimum Gronblad 1920,
Gonatozygon aculeatum Hastings 1892 (see
Shyndanovina & Lukash, 2023).

All newly recorded and some other
interesting taxa are illustrated with micro-
photographs. This publication includes 36
figures with illustrations of 37 taxa. The
illustrations of the Ukrainian material of
desmids are scares, and this publication

®dinancyBaunns /Funding

presents the microphotographs of the Ukrainian
populations taken for the first time. This data
creates important basis for the morphological
comparison and better species delineation in a
very variable desmids with their sometimes
confusing taxonomy.

Zavodske pond is a water body with
extremely rich desmid diversity. A big part of
Zavodske desmidiaflora consists of the new for
Ukraine, rare and very rare taxa (see Shynda-
novina & Lukash, 2023). Therefore, such hotspot
of desmids diversity deserves close attention,
protection and conservation of this habitat as
part of the Ukrainian Polesie ecosystem.

The basics of the science of algae
protection (algosozology) in Ukraine were
developed by Doctor of Biological Sciences
N.V. Kondratyeva (Kondratyeva & Tsarenko,
2008). She emphasized the need to accumulate
primary information about the rare species for
the purpose of creating algological reserves and
conducting monitoring studies within them, as
well as creating appropriate search and informa-
tion systems that include previously accumu-
lated and new information (Kondratyeva &
Tsarenko, 2008).

[ am planning to prepare the scientific
substantiation for protection of Zavodske pond
as valuable locality of desmid algae i.e. creation
of a hydrological protected object «Algological
reserve Desmidian Wealth».

Lle gocnipkeHHs1 He oTpMMaJsio 30BHilIHbOro ¢giHaHcyBaHHs / This research received no

external funding.

3asBa po AocrynHicts AaHux / Data Availability Statement

Habip faHux nocTynHui 3a 3aUTOM /10 aBTopiB / Dataset available on request from the authors.

3asBa incruryniiinoi pesisiiinoi paau / Institutional Review Board Statement

He 3acTocoByeThbcs / Not applicable.

3asBa npo indopmosany 3roay / Informed Consent Statement

He 3actocoByeTbcs / Not applicable.

References

Coesel, P. F. M., & Meesters, K. ]. (2007). Desmids of the Lowlands Mesotaeniaceae and Desmidaceae of

the European Lowlands. KNNV Publishing.

48



Biota. Human. Technology. 2024. No 3 Electronic edition

Guiry, M. D. (2013). Taxonomy and nomenclature of the Conjugatophyceae (=Zygnematophyceae).
Algae. An International Journal of Algal Research, 28, 1-29.

Kondratueva, N. V., & Tsarenko, P. M. (Eds.) (2008). Fundamentals of Algosozology. Akadem-
periodyka.

OcHoBH anbroco3soJiorii / noa pea. H.B. Konapatbesa, [1.M. [Jlapenko. KuiB: «Akagemnepioguka», 2008. 480 c.

Lenzenweger, R. (1999). Desmidiaceenflora von Osterreich, Teil 3. - In: Cramer, ]. (ed.). Bibliotheca
Phycologica, 104. Gebriider Borntraeger Verlagsbuchhandlung.

Palamar-Mordvintseva, G. M. (1986). Conjugates - Conjugatophyceae. Part 2. Desmids - Desmidiales.
In: Identification manual of the freshwater algae of Ukrainian RSR. (Issue VIII Part 2). Naukova Dumka.
(in Ukrainian).
[Tanamap-MopaBuHiieBa ['M. BUsHauHUK NpiCHOBOAHUX BoJopocTel YKpaiHncbkoi PCP, Bum. 8. Kon'toratu -
Conjugatophyceae. Y. 2. lecmigieBi - Desmidiales / Bigmn. pen. M.M. l'onnep6ax. Kuis: Hayk. agymka, 1986. 320 c.

Palamar-Mordvintseva, G. M. (2005). Flora of algae in continental water bodies of Ukraine. Desmid

algae. Part 2: Desmidiaceae. Akademperiodica. (in Ukrainian).
[Tanamap-MopaBuHiieBa I'M. ®Jiopa BogopocTell KOHTUHEHTAJIbHUX BOJOWM YKpainu: JlecMiziieBi BoJopocCTi.
Bun. 1, 4. 2 Desmidiaceae. KuiB: Akagemnepioguka, 2005. 578 c.

Petlovany, O. A.,, & Tsarenko, P. M. (2015). Desmidiales. In P.M. Tsarenko, S.P. Wasser, & E. Nevo (Eds.),
Algae of Ukraine: diversity, nomenclature, taxonomy, ecology and geography. Volume 4: Charophyta.
(pp- 61-448). Ruggell: Koeltz Scientific Books.

Shyndanovina, 1. (2020). Cosmarium tutum nom. nov. a new name for Cosmarium perforatum var.
skujae (Charophyta, Desmidiaceae), a rare taxon newly found in Ukraine. Phytotaxa, 461(4), 243-
253. https://doi.org/10.11646/phytotaxa.461.4.2

Shyndanovina, I. & Lukash, O. (2023). New European locality of three rare taxa (Zygnematophyceae,
Streptophyta): Cosmarium pseudoprotuberans var. sulcatum (Nordstedt) Coesel, Gonatozygon
aculeatum W.N. Hastings and Pleurotaenium simplicissimum Gronblad. Ecological Questions, 34(4),
1-14. http://dx.doi.org/10.12775/EQ.2023.047

Stastny, ]. (2009). The desmids of the Swamp Nature Reserve and a small neighbouring bog: species

composition and ecological condition of both sites. Fottea, 9(1), 135-148. https://doi.org/10.5507 /fot.
2009.012.

Received: 11.11.2024. Accepted: 09.12.2024. Published: 30.12.2024.

Bu MoXKeTe UTYBATH [0 CTAaTTIO TaK:

Shyndanovina I. Desmidiales (Zygnematophyceae,
Streptophyta) of the quarry pond Zavodske - a
hotspot of desmids diversity in Chernihiv
Polesie, Ukraine. Biota. Human. Technology. 2024.
Ne3. C. 9-49.

Cite this article in APA style as:

Shyndanovina, I. (2024). Desmidiales (Zygne-
matophyceae, Streptophyta) of the quarry pond
Zavodske - a hotspot of desmids diversity in
Chernihiv Polesie, Ukraine. Biota. Human.
Technology, 3, 9-49.

Information about the author:

Shyndanovina L. [in Ukrainian: lllunaanoBina L], PhD student, email: i.shindanovina@gmail.com
ORCID: 0000-0002-5683-4894  Scopus-Author ID: 57219437858

Department of Ecology, Geography and Environmental Management,

T.H. Shevchenko National University «Chernihiv Colehium»

53 Hetmana Polubotka Street, Chernihiv, 14013, Ukraine

49



Biota. Human. Technology. 2024. No 3 Electronic edition

®

ENVIRONMENTAL POLLUTION
STRESSES AND ORGANISMS’ RESPONSE

CTPECU BABPYIAHEHHS JOBKIJIJIA
TA PEAKIIISA OPT'TAHI3MIB

O,

50



Biota. Human. Technology. 2024. No 3 Electronic edition

UDC 615.9:547.544 DOI: 10.58407 /bht.3.24.2

-l Copyright (c) 2024 Nataliia Tkachuk, Liubov Zelena, Yaroslav Novikov, Veronika Taranenko

Lis1 po6oTa JileH3yeTbCsl BiAmoBigHO fo Creative Commons Attribution 4.0 International License / This work is licensed under a Creative Commons
Attribution 4.0 International License.

Nataliia Tkachuk, Liubov Zelena, Yaroslav Novikov, Veronika Taranenko

PHYTOTOXICITY OF DIMETHYL SULFOXIDE
IN THE GROWTH TEST

T

Hatanis Tkauyk, J/Ito60B 3eseHa, SIpociaB HoBikoB, BepoHika TapaHeHKO

PITOTOKCUYHICTD AMMETWUJICYJIB®OKCUAY
Y POCTOBOMY TECTI

ABSTRACT

Dimethyl sulfoxide (DMSO) is widely used as an industrial solvent and for a variety of medical purposes. Reports
of the toxicity of DMSO to living organisms vary. The plants Lepidium sativum L. and Raphanus raphanistrum subsp.
sativus (L.) Domin. are widely used in the biotesting of toxicants. Currently, there is no information on the phytotoxicity
of aqueous solutions of DMSO for these test plants, which determined the aim of this study.

Methodology. Phytotoxicity of aqueous DMSO solutions was assessed using a growth test. The following plants
were used as test plants: 1) seed radish (R. raphanistrum subsp. sativus) of the French breakfast variety, 10 seeds of which
were placed in a Petri dish on filter paper moistened with distilled water (control) or 0.5 %, 1.0 %, 5.0 %, 10.0 %, 25.0 %
or 45.0 % aqueous solution of DMSO (experiment); 2) watercress (L. sativum) of the Aphrodite variety, 10 seeds of which
were placed in a Petri dish on filter paper moistened with distilled water (control) or a 0.025 %, 0.05 % or 0.1 % aqueous
solution DMSO (experiment). The research was carried out in triplicate for 6 days (radish) and 5 days (watercress),
during which the energy of seed germination of test plants (%) was determined on the 3rd day, on the 6th day (radish)
and on the 5th day (watercress) - seed germination (%) and biometric and morphometric indicators of test plant
seedlings (root and aerial part length, mm).

Scientific novelty. In a growth test with R. raphanistrum subsp. sativus showed extreme phytotoxicity for 5.0-45.0 %
aqueous DMSO solutions and no phytotoxicity for 0.025-1.0 % aqueous DMSO solutions in a growth test with L. sativum
and R. raphanistrum subsp. sativus.

Conclusions. Aqueous solutions of DMSO in concentrations of 0.025-1.0 % did not show phytotoxic properties
according to the growth test with L. sativum and R. raphanistrum subsp. sativus, in contrast to 5.0-45.0 % solutions, which
showed extreme phytotoxicity according to the growth test with R. raphanistrum subsp. sativus. The obtained results
indicate that this substance will not inhibit plant growth at concentrations found in wastewater (0.05-0.08 %).

Key words: biotesting, dimethyl sulfoxide, growth test, toxicity, Lepidium sativum, Raphanus raphanistrum subsp.
sativus

AHOTAIIA

Jumetuncynbdokcuy (AMCO) mmpoko BUKOPHUCTOBYETHCS SIK MPOMHUCIOBUH PO3YMHHUK i [T PI3HOMaHITHUX
MenuyHUx Lined. [loBifomyeHHs1 mofo0 TokcuuHocTi JIMCO jaJis KUBUX OpraHiamiB pisHATbcS. Y 6ioTecTyBaHHI
TOKCUKAHTIB IIMPOKO BUKOPHUCTOBYIOThCS pOCauHU Lepidium sativum L. Ta Raphanus raphanistrum subsp. sativus (L.)
Domin. Hapasi BifomocTi mozgo ¢iToTokcuuHocTi BogHux po3unHiB JAMCO 3a [UMHU TeCT-pOCAMHAMU BificyTHI, 1m0 U
3YMOBUJIO METY JJaHOI pOGOTH.

MeTomoJiorist. OniHKy GiTOTOKCHYHOCTI BOAHUX po3uunHiB JIMCO 3xilicHIOBa/JM 32 POCTOBUM TECTOM. {IK TecT-
poCaIMHYU BUKOpUCTaHO: 1) peabKy nociBHY (R. raphanistrum subsp. sativus) copTy ®paHIy3bKUH CHiZJaHOK, HACiHHSA K01
y KinbkocTi 10 mtyk po3mingyBanu y yamui [letpi Ha inbTpyBasbHOMY nanepi, 3MOUeHOMY JHUCTUIBOBAHOI BOJOI0
(konTpOJB) 260 0,5 %, 1,0 %, 5,0 %, 10,0 %, 25,0 % ab6o 45,0 %-HuM BogHUM po3uuHoM JAMCO (mocuifg); 2) Kkpec-canaT
(L. sativum) copty AdpoauTa, HaciHHSA sIKOTO y KisibKocTi 10 mTyk po3mimyBanu y yamui [leTpi Ha ¢inbTpyBasibHOMY
narnepi, 3Mo4YeHOMY JHUCTHUJILOBAHOI BOZOI0 (KOHTPOJIb) a6o 0,025 %, 0,05 % a6o 0,1 %-HuM BogHUM po3ynHoM [JMCO
(mocnin). locaimxeHHs 3/ilicCHIOBaIN y NOTPiHIN noBTopHOCTI 6 Ai6 (peAbka) Ta 5 Ai6 (Kpec-canaT), IPOTArOM SKUX
Ha 3-10 06y BU3HAYa/IM €eHeprilo MpopocTaHHs HACiHHA TecT-pocauH (%), Ha 6-y no6y (penpka) Ta 5-y 106y (kpec-

51


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Biota. Human. Technology. 2024. No 3 Electronic edition

cajlaT) — CXOXicTb HaciHHA (%) Ta 6ioMeTpuKO-MOpPOMETPHUYHI MOKA3HUKH MPOPOCTKIB TECT-POCAUH (JOBXUHY
KOpiHHS Ta HAa/I3eMHOI YaCTHHH, MM).

HaykoBa HOBH3HaA. Y pocToBOoMy TecTi 3 R. raphanistrum subsp. sativus nokasaHo eKcTpeMaJsbHy ¢iTo-
TOKCHUYHICTb Aas 5,0-45,0 %-Hux BoaHUxX po34yuHiB JIMCO Ta BiacyTHicTh ¢iToTokcuunocTi gus 0,025-1,0 %-Hux
BoAHUX po3uuHiB IMCO y pocToBOoMy TecTi 3 L. sativum Ta R. raphanistrum subsp. sativus.

BucHoBKM. BosiHi po3unnu IMCO y koHueHTpanisx 0,025-1,0 % He npossBUIM QiTOTOKCUYHUX BJIaCTUBOCTEH 3a
pocToBuM TecTtoM 3 L. sativum Ta R. raphanistrum subsp. sativus Ha BiaMiHy Biz 5,0-45,0 %-HUX PO34MHIB, IKi IPOSIBUIU
eKcTpeMasibHy (IiTOTOKCHYHICTH 3a pPOCTOBUM TecTOM 3 R. raphanistrum subsp. sativus. OTpuMaHi pe3yJbTaTu
BKa3yIOTh, [0 JJaHA peYOBHHA He rajJibMyBaTUMe PiCT POCIMH 3a KOHLEHTpalil, BUsABJeHUX y cTiuHUX Bozax (0,05-
0,08 %).

Kinwo4oBi cioBa: 6GioTecTyBaHHS, AUMETHJICYJAbGOKCH, POCTOBUN TECT, TOKCHUYHICTb, Lepidium sativum,
Raphanus raphanistrum subsp. sativus

(Pidkopaylo and Korzh, 2009; Atamaleki et al.,
_ _ _ _ 2021; Araniti etal,, 2022; Daniel et al., 2022) are

Dimethyl sulfoxide (DMSO) is widely used  widely used in the biotesting of toxicants.
as an industrial solvent and for a variety of Currently, there is no information on the
medical purposes (Hatton et al, 1994;  phytotoxicity of aqueous solutions of DMSO for

Makashova et al, 2017; Volkova et al., 2019). these test plants, which determined the aim of
DMSO is a commercially produced dipolar this work.

aprotic solvent. It is also a naturally occurring
substance and is apparently part of the complex
sulfur cycle on Earth (Gaylord Chemical Growth test
Company, L.L.C,, n.d.). Phytotoxicity of aqueous DMSO solutions
DMSO occurs naturally in marine and was assessed using a growth test (Tkachuketal,,
freshwater environments, soil, rainwater, and 2022). The following plants were used as test
the atmosphere, as well as in a variety of  plants: 1) seed radish (R. raphanistrum subsp.
beverages and foods (Gaylord Chemical sativus) of the French breakfast variety, 10 seeds
Company, L.L.C,, n.d.; Hatton et al,, 1994). DMSO of which were placed in a Petri dish on filter
has often been detected in industrial waste- paper moistened with distilled water (control)
water from processes in the manufacture of or 0.5%, 1%, 5 %, 10 %, 25 % or 45 % aqueous
semiconductors or liquid crystal displays in solution of DMSO (experiment); 2) watercress
concentrations 500-800 mg/L (Zhang et al, (L. sativum) of the Aphrodite variety, 10 seeds of
2016). which were placed in a Petri dish on filter paper
Reports of the toxicity of DMSO to living moistened with distilled water (control) or
organisms vary. There are publications that 0.025%, 0.05% or 0.1 % aqueous solution
note the low acute and chronic toxicity of DMSO DMSO (experiment). The research was carried
for animals, plants and aquatic organisms, as out in triplicate for 6 days (radish) and 5 days
well as the absence of carcinogenic properties, (watercress), during which the energy of seed
which led to its use as a neutral solvent in Ames germination of test plants (%) was determined
mutagenicity tests (Gaylord Chemical Company, on the 3rd day, on the 6th day (radish) and on
L.L.C, n.d.). However, there are publications that the 5th day (watercress) - seed germination
note the toxic properties of DMSO (Gallardo- (%) and biometric and morphometric indica-
Villagran et al,, 2022), in particular, phytotoxic tors of test plant seedlings (root and aerial part
ones (Erdman and Hsieh, 1969; Zhang et al,, length, mm).
2016). Thus, it was noted that a DMSO

Introduction

Materials and methods

. . : Phytotoxic indices
concentration of more than 0.1 % is toxic to
plant (Erdman and Hsieh, 1969). Lepidium Phytotoxic indexes were calculated - seed
sativum L. (Liwarska-Bizukojc and Urbaniak,  germination index (SGI) and root length index

2007; Pavel etal.,, 2013; Galli etal., 2019; Bozym, (RLI) according to previously given formulas
2020; Martinez Barroso and Vaverkova, 2020; (Bagur-Gonzalez et al., 2011; Tkachuk and Zelena,
Radlinska et al., 2020; Tkachuk and Okulovych, 2022).

2021; Tkachuk et al, 2022) and Raphanus

raphanistrum subsp. sativus (L.) Domin. plants
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A toxicity scale was used (Bagur-Gonzalez
etal,, 2011):

-0.25 < SGI or RLI < 0 - slight toxicity;

-0.5 < SGI or RLI < -0.25 - moderate toxicity;
-0.75 < SGI or RLI < -0.5 - high toxicity;

-1 < SGI or RLI < -0.75 - extreme toxicity.

Statistical processing of results

When processing the research results,
statistical data processing methods were used.
The arithmetic mean, the error of the arithmetic

Control (radish)

10.0 %

mean, the reliability of the differences of the
arithmetic means were determined as
described (Tkachuk and Zelena, 2023).

Results and Discussion

Phytotest with R. raphanistrum subsp. sativus

The results of the study of phytotoxicity of
0.5-45.0 % aqueous solutions of DMSO accor-
ding to the growth test with R. raphanistrum
subsp. sativus is presented in Fig. 1-5.

25.0 %

45.0 %
Fig. 1. Radish seedlings (6th day) growing on the tested DMSO solutions
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Fig. 2. Germination energy of radish seeds under the influence
of different concentrations of DMSO
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Fig. 3. Germination of radish seeds under the influence of different concentrations of DMSO
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Fig. 4. Root length of radish seedlings under the influence of different concentrations of DMSO
Note: * — the difference is statistically significant compared to the control (p < 0.05)

O Control

B DMSO 0.5%
LI1DMSO 1.0%
LI DMSO 5.0%
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Length of the above-ground part, mm
2
Lh

Fig. 5. The length of the above-ground part of radish seedlings under the influence
of different concentrations of DMSO
Note: * — the difference is statistically significant compared to the control (p < 0.05)
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[t was established that under the influence
of DMSO at 0.5 %, 1.0 %, and 5.0 % concent-
ration, germination energy and seed germina-
tion were at the same level as the control, no
statistically significant difference in these
indicators was noted (Fig. 2-3). The length of
the roots and the aerial part of the radish
seedlings under the influence of 0.5 % and 1.0 %
DMSO solutions were at the same level as the
control, no statistically significant difference
was noted (Fig. 4-5). However, the 5.0 % DMSO
solution significantly reduced the length of the
roots and the above-ground part of radish
seedlings compared to the control - by 14 times
and 8 times, respectively (Fig.4-5). The
calculated phytotoxic indices were: SGI-0.1;
RLI-0.9. According to the phytotoxic root length
index (RLI), a 5.0% solution of DMSO is
extremely toxic.

Also, extremely toxic according to the
growth test with R. raphanistrum subsp. sativus
were DMSO solutions with concentrations of
10.0 %, 25.0 % and 45.0 % (Fig. 1). Thus, under
the influence of a 45.0 % aqueous solution of
DMSO, the seeds of the test plant did not
germinate. At a 25.0 % concentration of DMSO,
the energy of seed germination was 3.3 %, seed
germination was 10.0 %, and the root length of
seedlings was 1 mm (110 times less than in the

Control
0.1 %

(watercress)

control). At a concentration of 10.0 %, DMSO
also affected all tested radish functions:
germination energy and seed germination were
10.0 %, root length was 1.3 mm (85 times less
than in the control). It was noted that under the
action of 10.0-45.0 % concentrations of DMSO
solutions, the aerial part of radish seedlings did
not develop. Our results confirm the previously
obtained results of complete inhibition of seed
germination of kidney beans, peas, barley and
rye under the influence of DMSO concentrations
10.0 % or more, and an insignificant effect of
5 % concentrations or less (Erdman and Hsieh,
1969).

Phytotest with L. sativum

Since high concentrations of DMSO were
found to be extremely toxic and considering that
the concentration of DMSO in wastewater is
from 0.05 % to 0.08 % (Zhang et al., 2016), the
phytotoxicity of 0.025-0.1 % aqueous solutions
of DMSO was investigated by growth test with
L. sativum. L. sativum was chosen as the test
plant because it is used for the bioassay of a
large number of toxicants. The results of the
study of phytotoxicity of 0.025-0.1 % aqueous
solutions of DMSO according to the growth test
with L. sativum are presented in Fig. 6-10.

0.05 % 0.025 %

Fig. 6. Watercress seedlings (5th day) growing
on the tested DMSO solutions
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Fig. 7. Root length of watercress seedlings under the influence of different concentrations of DMSO

Note: * — the difference is statistically significant compared to the control (p < 0.05)
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Fig. 8. The length of the above-ground part of watercress seedlings under the influence
of different concentrations of DMSO
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Fig. 9. Germination energy of watercress seeds under the influence
of different concentrations of DMSO
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Fig. 10. Germination of watercress seeds under the influence of different concentrations of DMSO

It was established that the changes in
indicators of the studied test functions of
watercress under the influence of 0.025-0.1 %
aqueous solutions of DMSO are statistically
insignificant and are within the control limits
(Fig. 6-10), except for the root length under the

influence of a 0.05 % DMSO solution (Fig. 7). In
the latter case, a significant increase in the
indicator (by 1.6 times) was recorded compared
to the control (Fig. 7).

The calculated phytotoxic indices are
shown in Table 1.

Table 1
Phytotoxic indices of the effect of aqueous solutions of DMSO on watercress
Research option SGI RLI Interpretation of the Comments
results of phytotest
Control (distilled 0.00 0.00 No toxicity No inhibition of growth
water)

DMSO 0.025 % 0.00 0.30 No toxicity No inhibition of growth
DMSO 0.05 % 0.04 0.62 No toxicity No inhibition of growth
DMSO 0.1 % 0.00 0.24 No toxicity No inhibition of growth

Note: SGI — seed germination index; RLI — root length index

The obtained results indicate the absence
of phytotoxic properties of DMSO aqueous
solutions at concentrations of 0.025-0.1 % for
watercress.

In general, reports on the toxicity of DMSO
to living organisms vary. Thus, it is noted that
DMSO has low acute and chronic toxicity for
animals, plants and aquatic organisms, without
carcinogenic properties (it is used as a neutral
solvent in the Ames tests for mutagenicity)
(Gaylord Chemical Company, L.L.C., n.d.). It does
not show teratogenic properties in mice, rats or
rabbits (Gaylord Chemical Company, L.L.C,
n.d.). Because of this, DMSO is used as a solvent
or co-solvent in pesticides that are applied to

the emergence of crops or to the formation of
edible parts of food plants (Gaylord Chemical
Company, L.L.C, n.d.). There are also reports
that the use of clay minerals and silica with
additives of DMSO and plant extracts in the
complex treatment of patients with hemophilia
reduces the level of endointoxication and
increases the procoagulant activity of blood, and
in general - accelerates the recovery of the
patient’s body after a hemorrhagic complication
(Kovzun et al., 2008).

However, there are bioassay results with
various test organisms that indicate the toxicity
of DMSO. Thus, in a study of the effect of DMSO
on human fibroblast-like synoviocytes in
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rheumatoid arthritis, which included five
different samples collected from the joints
(fingers, hands and pelvis) of five women with
rheumatoid arthritis, induction of caspase-3
and PARP-1 cleavage was shown (two pheno-
mena related to the mechanism of cell death) at
high concentrations (>5 %) of DMSO (Gallardo-
Villagran et al,, 2022). Even at a 0.5 % concent-
ration of DMSO, analyzes of the antiproliferative
test demonstrated strong toxicity after 24 hours
of exposure (*25 % cell death). Therefore, to
ensure a minimal effect of DMSO on human
fibroblast-like synoviocytes in rheumatoid
arthritis, the concentration of DMSO to be
considered safe must be less than 0.05%
(Gallardo-Villagran et al., 2022).

Exposure to DMSO (0.56-13.54 mM) caused
phytotoxicity for biomass growth and root
viability of rice seedlings (Zhang et al,, 2016).
DMSO induced oxidative stress in rice seedlings,
leading to H202 accumulation in roots.

®inancysauns / Funding

It is obvious that the reaction of living
organisms to the influence of DMSO solutions
depends on the studied species and the chosen
concentration. Therefore, biotesting research
should be comprehensive and include particular
model organisms as well as organisms at
different levels of organization.

Conclusions

Aqueous solutions of DMSO in concentra-
tions of 0.025-1.0 % did not show phytotoxic
properties according to the growth test with
L. sativum and R. raphanistrum subsp. sativus, in
contrast to 5.0-45.0 % solutions, which showed
extreme phytotoxicity according to the growth
test with R. raphanistrum subsp. sativus. The
obtained results indicate that this substance will
not inhibit plant growth at concentrations found
in wastewater (0.05-0.08 %).
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MYTATEHHUM BIIJIUB HAHOYACTMHOK HIKEJIIO, CUJIILIIIO, TUTAHY
HA OHTOI'EHE3 DROSOPHILA MELANOGASTER

N

Dariia Liubchykova, Pavlo Nahornyi, Valentyn Dedovych,
Yurii Diatlov, Oleksandr Tretiak

MUTAGENIC INFLUENCE OF NANOPARTICLES OF NICKEL, SILICON, TITANIUM
ON ONTOGENESIS DROSOPHILA MELANOGASTER

AHOTAIIA

MeTa po60oTu. [loc/i/PKeHHsI MyTareHHOTO BIJIMBY Pi3HUX KOHIIEHTpALil HAHOYACTUHOK THUTAaHy, HiKeJo Ta
cuJinito Ha oHToreHes Drosophila melanogaster (D. melanogaster) niniit Canton S i Ebony.

MeTopooris. /locnikeHHs NPOBOAMJIOCS LIJIAXOM INPUTOTYBaHHA NMOXUBHOTO cepezoBuld A D. Melano-
gaster 3 10AABaHHAM HAaHOYACTUHOK THUTAHY, CUJILiI0, HIKeJIIO; CXpeLleHHAM Yy [aHOMy CepefoBULLl eKCIIepUMEeH-
TaJIbHOI BUOIpKM KOMax YUCTHUX JiHil Ebony i Canton S, Ta noAaablIUM 06J1iKOM 3MiH pEHOTHUIIy B OCOOHH MePIIOro Ta
JIpyroro MoKoJIiHb. [IpUroTyBaHHS MOXUBHOTO Cepel0BUILA 3/1iliCHIOBa1oCs 3a MeToiuKol0 Yaschenko etal (2023). [lnsa
00pOOKH KiJIbKICHUX JaHUX 00J1iKy QpeHOTUNOBUX NPOSBIB MyTalill BUKOPUCTAHO MEeTOJAM OIMCOBOI CTAaTUCTHUKH,
HenapaMmeTpuyHuil U-kpuTepiit MaHHa-YiTHI, MeTou rpadiunHoi Bizyanisanii faHUX.

HaykoBa HoBHM3Ha. Briepiue cxapaKTepu30BaHO MyTareHHY aKTUBHICTb HAHOYACTUHOK TUTAHY, HIKeJII0, CUJIILIi 0
y koH1eHTpauigax 0,1 mr/cm3 i 0,01 mr/cM3 Ha npukIaji iHJyKOBaHUX MyTalill y eKCllepUMeHTalbHiM BUOGip1i 0cOGHH
D. melanogaster unctux ninii Canton S i Ebony, Ta iX HalaKiB Mepuioro i Ipyroro NOKoJiHb.

BHCHOBKM. BusaB/eHO, 1110 HAHOYACTUHKMA THUTaHY NPU3BOJATbH [0 BUHUKHEHHS MyTallill fIK y KOHLeHTpaLil
0,1 mr/cm3 (14,8 % MyTaHTHHX 0COOUH y nepuioMy nokoJiiHHi Ta 19,8 % y fpyromy mokoJiHHi), Tak i B KOHLleHTpaljil
0,01 Mmr/cm® (4,3% y nepmomy nokosiHHi Ta 3,7 % y aApyromy). BogHouac HaHOYAacTHMHKM CHJLil0 1 Hikesro
JIeMOHCTPYIOTb MyTareHHy aKTUBHICTb JiIlle 3a 6ibmuX KoHueHTpayin (0,1 mr/cm3). Cepen nigaocaigHUX 0cOOUH, sKi
po3BHUBaIKCS ¥ cepenoBulli 3 KoHIeHTpanismMu 0,01 Mr/cM3 HaHOYACTUHOK HiKeJiro 1 cuiinito, ¢eHOTHUIIOBUX 03HAK
MyTaliil He BUsABJeHO. [[poaHasizoBaHO TaKOX MeBHi BiAMIHHOCTI MyTareHe3y y BUOipkax ocoOHUH JiiHil Ebony Ta
Canton S, siki MOB’sI3aHi 3 BIUIMBOM JOCJi)KyBaHWX PEYOBHH Ha KJITHHHI cucTeMHu pemnaparnii D. melanogaster. 3a
HiZicyMKaMy  [0CJi/PKeHHsI OOIPYHTOBAHO NPAKTUYHY HEJOIIbHICTh BHUKOPUCTAHHS HAHOYAaCTHHOK THUTAaHY Y
dbapMaKoJIOTiYHUX Li/AX, @ TAK0XK HeOOXiAHICTh M0JalbIIOro 'PYHTOBHOTO JOC/iA>KeHHSI MOXJIMBOCTI MeJUYHOTO Ta
¢$bapMaKoIOTIYHOTO 3aCTOCYBaHHSI HAHOYACTUHOK CHUJIILIIIO Ta HiKeJto.

Ki1040Bi c/10Ba: HAHOYACTUHKY, HiKeJIb, TUTAH, CUJIiLIH, MyTalii, Drosophila melanogaster

ABSTRACT

Objective. Research of the mutagenic effect of various concentrations of nanoparticles of titanium, nickel and
silicon on the ontogenesis of Drosophila melanogaster (D. melanogaster) Canton S and Ebony lines.

Methodology. The study was conducted by preparing a nutrient medium for D. melanogaster with the addition of
nanoparticles of titanium, silicon, and nickel; crossing in this environment an experimental sample of insects of the pure
lines Ebony and Canton S, and further accounting for phenotype changes in individuals of the firstand second generations.
Preparation of nutrient medium was carried out according to the method of Yaschenko et al (2023). Methods of
descriptive statistics, non-parametric Mann-Whitney U-test, methods of graphic visualization of data were used to
process quantitative data of accounting for phenotypic manifestations of mutations.

Scientific novelty. For the first time, the mutagenic activity of nanoparticles of titanium, nickel, and silicon in
concentrations of 0.1 mg/cm3 and 0.01 mg/cm3® was characterized on the example of induced mutations in an
experimental sample of D. melanogaster pure lines Canton S and Ebony, and their descendants of the first and second
generations.
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Conclusions. It was found that titanium nanoparticles lead to mutations both at a concentration of 0.1 mg/cm3
(14.8 % of mutant individuals in the first generation and 19.8 % in the second generation) and at a concentration of
0.01 mg/cm? (4.3 % in the first generation and 3.7 % in the second). At the same time, silicon and nickel nanoparticles
demonstrate mutagenic activity only at higher concentrations (0.1 mg/cm3). No phenotypic signs of mutations were
detected among the experimental individuals that developed in an environment with concentrations of 0.01 mg/cm? of
nickel and silicon nanoparticles. Certain differences in mutagenesis in the samples of individuals of the Ebony and Canton
S lines, which are related to the influence of the studied substances on cellular repair systems of D. melanogaster, were
also analyzed. Based on the results of the research, the practical impracticability of using titanium nanoparticles for
pharmacological purposes was substantiated, as well as the need for further thorough research into the possibility of
medical and pharmacological use of silicon and nickel nanoparticles.

Key words: nanoparticles, nickel, titanium, silicon, mutations, Drosophila melanogaster

ITocranoBKa pobAeMU

Ha cyyacHoMy eTamni po3BHUTKYy 6iOoTexHO-
JIoTiil Bce OUIBLIOr0O 3HAYE€HHS MOYMHAKTh
BifjirpaBaTu MpenapaTy, 3aCHOBaHI Ha Cllenu-
¢biuniit nii HaHoyacTuHOK (Trakhtenberh, 2013).
Tak, 10CUTB yCHILIHO 3 6aKTEPUIUAHOI METOIO
BUKOPUCTOBYIOTbCA  HaHOKOMILUIeKcH  ZnO
(Androshchuk et al., 2017). IHmui npukaaj:
HaHo4YacTUHKU Cu MawThb BUpaXKeHY KapAio-
npotekTopHy Aito (Pedan & Tymchenko, 2014).
[IpOoTUTrpUIIO3HY aKTHUBHICTb BUABJSAKTH TAKOX
HaHocTpykTypH TiO2 (Moskalenko et al,, 2009).
3araJsioM, cdepa 3aCTOCYBaHHSI HAaHOYACTHHOK
JOCHUTD LIUPOKA, BU3HAYAETHCA IX IPUPOL0I0 TaA
BiAAMOBIAHUMH (i3UKO-XIMIiYHMMHM BJIACTUBOC-
TAMU. Y Hayli B AKOCTi HAaHOYACTUHOK TpaJu-
LIMHO  pO3r/IAJAITBCA  YaCTOYKM  NEeBHOI
pEe4OBUHH, TeOMEeTpPUYHI pO3MipU SAKHUX He
nepeByilyi0Tbh 100 HM 32 KOXXHUM 3 (Pi3UYHHUX
BuMIipiB. Taki Haj3BH4YaWHO Masi poO3MipHu
YaCTOYOK PeYOBUHU HAZAOTh IM 30BCIiM IHIIUX,
0COGJIMBUX BJIACTUBOCTeH. HaHo4YacTUHKU 3
JIETKICTI0O MpPOHUKAIOTb CKpi3b MeMOpaHHU
JAUXaJbHUX LUIAXIB, IIJIYyHKOBO-KUIIKOBOI'O
TpakTy (Androshchuk et al,, 2017). PesysnbTaTu
OKpeMHUX [JOCJipKeHb CBiA4yaTb, W10 HAHO-
YaCTMHKU HaBiThb [0J1al0Th I[JIaleHTapHUU
6ap’ep, MOXKyTb A0CAraTH spa KJIiTuH. [IpoTe
MOXJIMBICTb ~ KOHTAaKTy HaHOYACTUHOK 3
reHeTUYHHUM MaTepiajioM KJITUH 0OYMOBJIIOE
HEeBU3HAYEHICTb IX MYyTareHHOro BIUJIUBY
(Selivon M. et al,, 2012; Solodovnyk et al., 2011).
Came TOMy MOXJIMBICTb BUKOPUCTAHHA HaHO-
YAaCTUHOK Ie€BHOI pPEYOBUHHU JJI1 MeJUKO-
dbapMakoJIOTiYHUX Iiijlel HamnpsiMy 3a/eXUThb
Bi/Jj BUpQXX€HOCTI IX MyTareHHoi Ail.

[leBHMIM mnoTeHLian ¢apMakoI0TiYHOrO
BUKOPHCTAHHA MalOTb HAHOYAaCTUHKU HiKeJlo,
TUTaHy, cuiiliro. [IpoTe IX MyTareHHa aKTHUB-
HICTb 3a/JIMIIAETBCA MaMXe HeLOC/]IPKEHOIO.
BignmoBifHO MeTO0 AaHOTO AOCHiKEeHHS 6YJI0
BUABJIEHHA IHTEHCUBHOCTI MyTareHHol Jii
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pPi3HUX KOHLEHTpalild BigNOBIJHUX HAHO-
CTPYKTYP. Y IKOCTi TeCT-00’€EKTIB 06paHO YUCTI
qiHii Drosophila melanogaster (D. melanogaster),
BPaxOBYIOYU 'PYHTOBHUM PiBeHb AOCTIPKEHHSA
reHoMy Ta MOXJIMBHUX MyTallid, a TaKO0X
JIETKICTb po3Be/ieHHs JaHuXx koMmax (Protsenko
& Kozeretska, 2006; Protsenko, 2019).

Marepiasu Ta METOAU AOCAIAYKEHB

JlocnipkeHHA MPOBOAUJIMCA MPOTATOM
yepBHA - rpyaHa 2023 poky Ta TpaBHA -
BepecHsi 2024 poky Ha 6a3i JabopaTopil
reHeTUKu Kadeapu 6iosorii HauionasnbHoro
yHiBepcuTeTy «HepHIriBCbKMU KoJieriym» iMeHi
T.T. llleBueHka. lyis1 eKCnepUMeHTY O6YJ10 B3ATO
6113bk0 2100 cTaTeBO3PiJIMX OCOOUH YHUCTUX
JiHiin Ebony Ta Canton S D.melanogaster 3
JIOMIHAHTHUMH T[POsSIBAMHA O3HaK KOJIbOPY
ouel, popMHU KpuJi, 3ab6apBJIeHHS Tijla. 3 METOIO
BUsIBJIeHHS1 GE€HOTUINIOBUX NMPOSABIB MyTareHHoi
Jil HAaHOYACTUHOK HIKeJIlo, CUJIILiI0, TUTaHY
3/1iIMCHIOBABCS aHaJIi3 NpeJCTaBHUKIB IOKOJIiHb
F1 Ta F2 npu cxpeljyBaHHI B NOXWBHOMY
cepeZlOBUIIi 3a YMOBU JOJAaBaHHA LOCIIKY-
BaHUX pevyoBHUH. JlocaipKyBaBCcsad MyTareHHUU
BIUIMB KOHLIeHTpalill HaHo4acTUHOK 0,01 mr/cm3
ta 0,1 Mr/cm3. /lnis BUpi3HEHHA MyTalilHUX
3MiH ¢QeHoTUny Bif MoaudikauiiHuUx 6yJ0
BUOKpPEMJIEHO KOHTPOJIbHY Tpyly OCOOUH
D. melanogaster, siki cxpellyBajucs B cepeJo-
BUIIi 6€e3 JoJaBaHHS HaHOYACTUHOK. B gkocTi
MIO>KMBHOT'O CepelOBUIIA BHUKOPUCTAHO CTaH-
JIAapTHUU LYKPOBO-ZPiK/PKOBUH pPO34UH
(Yaschenko et al, 2023). 3agss cxpeliyBaHHS
0COOUMH y QJIaKOH 3 MOXXUBHUM CepeJlOBUILEM
po3MmimyBasiucsad 5 caMmiiB Ta 5 He3alWMaHHUX
CaMOK Ta YTPUMYBAJIUCA B HbOMY MPOTSrOM
5 1116, 1110 LiJIKOM AOCTAaTHBO JJIs BigkaagaHHSA
selb. [linpaxyHok ¢eHOTUNOBUX 3MiH 3/jiHCHIO-
BaBcs Ha 3 A06y micasa Buxony imaro. [
06J1iKy MyTaliil 1OCIiIKyBaHUX KOMaX HapKo-
tusdyBaau (Pedan & Tymchenko, 2014).
OTpumMaHi JaHi 10J0 KIJIBKOCTI BUABJIEHUX
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$beHOTUNOBUX 3MiH CTAaTUCTUYHO 0OPOOJISIU
3a JIOOMOTOI0 ONMKCOBUX METO/IB CTaTUCTHUKHU
Ta rpadiyHUX MeTOAiB pe/CTaB/JeHHSA JaHUX.

Pe3yapTaTh Ta iX OOroBOpeHHA

[lixz yac nmnpoBeLeHOro eKCllepUMeH-
TaJIbHOT'O AOCJiI>KEHHS 0YJI0 BUSIBJIEHO HU3KY

MyTallii B O0COOMH TIepumoro Ta JApyroro
NoKoJIiHb. OKpeMo po3rigpanuca MyTauil B
D. melanogaster ninin Canton S Ta Ebony.
KisnbkicHi gaHi mo40 ¢$eHOTUIIOBUX NpPOSBIiB
BUSABJIECHUX MyTalil y Komax JiHil Canton S
npejicTaBjeHi B Tabaui 1.

Tabauys 1

Busapaeni myrarii y AocaiaskyBaHux ocobun D. melanogaster ainii Canton S
IIEPIIIOro Ta APYIOro IIOKOAIHB

PeuoBuHa, KiabkicTn KiabkicTn KisbkicTn KiapkicTb
KOHIIEHTpPAITliA 0CcoOuH My TALiM 0CcoOuH MYy TALiM
B IIEPIIIOMY B IIEPIIIOMY B APyroMy B APyromy
IIOKOAIHHI IIOKOAIHHI IIOKOAIHHI IIOKOATHHI
Ti, 0,1 mr/cm3 203 32 Q114 &7 239 33 ®i1867 (2,3)
(2,3,4)*
Ti, 0,01 mr/cm? 56 313 71 3®3)
Ni, 0,1 mr/cm? 85 16 @ i12 6# (2,4) 136 8Qi6 e (24)
Ni, 0,01 mr/cm3 39 --- 68 s
Si, 0,1 mMr/cm3 34 5@i16 (1) 64 8®i4 et (1)
Si, 0,01 mr/cm3 51 - 84 ==
KonTpoas 77 125 ---
ITpumitka: *Tyr 1 AaAi BBEAGHO HACTYIHI IIO3HAYEHHA BHUABACHHX 3MiH ¢eHOTHILY:

1 — BiAcyTHiCTE 320apBA€HHA; 2 — HAAAMIIKOBI aHTEHH; 3 — PEAyKOBaHI KpHAa; 4 — BUAOBIKEHHI

X000TOK

OTpuMaHi KiJIbKiCHI faHi cBigyaTh mpo
HafABHICTb MyTareHHoi Ail JOCaiKyBaHUX
HAaHOYAaCTUHOK Ha oHToreHe3 D. melanogaster
JiHii Canton S, npuyoMy BUpakeHicTb Ta popma
NpOsIBy MyTareHHOro eQekTy 3aJIeXXUTb BiJ
KOHKpETHOI pe4YOBUHM Ta Il KOHLeHTpauii. 3a
HU3bKUX KOHLIEHTpaL il IeBHUX HAHOYACTUHOK
3MiH ¢eHOTUNY MigA0CAIIHUX KOMax He
BUABJIEHO B3araJi. BogHoyac 3a KOHLieHTpauil
0,1 Mmr/cm3 wMyTanii BHUABAAKTBCA fAK VY
IeplIoMy, TaK 1 y pyroMy NOKOJIIHHAX JJ1 BCiX
TPbOX JOCJI>KYBAaHUX PEYOBHH.

MoxeMo 06ayuTH, 10 B KOHTPOJIbHIU
rpyni ¢peHOTUNOBUX 3MiH He BUSBJIEHO aHi B
IeplLIOMY, aHi B PYroMy NOKOJIIHHAX. BiinosigHo
MOXXHa CTBep/pKyBaTH, 10 JOC/AiJHe cepeno-
BUle He Mae€ iHIMUX ¢GaKTOpiB BIJIUBY Ha
deHotun D. melanogaster, okpiM $§IK HaHO-
YAaCTUHKU HiKeJIlo, CUJIiLi0, TUTaHy. BiAnoBigHo
BUSIBJIEH] 3MiHU QEHOTUIY € NPOsIBaMU MyTallil,
a He Mo dikaLili.

Hai6inibin BUpaxkeHy MyTareHHy aKTHUB-
HICTb MalOTb HAHOYACTUHKY TUTAHY, AKi HaBiTb
y MaJIMX KOHLIeHTpaLiax NIpU3BOAATb /0 MOSIBU
neBHUX PEHOTHUIIOBUX 3MiH B OKPEMUX OCOOUH
JocaimkyBaHoi BUbipku D. melanogaster ninii
Canton S. BoaHoyac 3a 6i/1bIIUX KOHIIEHTpalin
tuTany (0,1 Mr/cm3) MmyTalii BUSIBJISIOTHCS BXKeE Y
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22,7 % ocob6uH nepuioro nokosiHHsA Tay 21,3 %
JIpyroro mokoJiiHHA. Halb6inbll momupeHun
dbeHoTHNOBUY NposAB MyTauinl D. melanogaster
JiHil Canton S, cupUYUHEHUX [JIi€0 HAHO-
YAaCTUHOK TUTaHy - peAyKoBaHi kpuJia. [IpoTte
3yCTpiYaloThbCA TaKOX TakKi 3MiHM (eHOTHIy:
Ha/IJIMIIKOBI aHTE€HH, BUJJOBXKEHHUU X060TOK.

MyTareHHUH BIJIMB HAHOYACTUHOK HiKeJI10
Ta CUJIILI0 € MEHII BUPaXeHUM. [Ipy KOHLeHT-
pauii 0,01 mr/cm3 BifmoBiJHUX peYOBHH 3MiHU
dbeHoTUNy B OCOOGHMH NeEpLIOr0 Ta Jpyroro
MOKOJIiIHb B3arajii He BusABJeHi. [IpoTe 3a
HasgBHOCTI KoHIueHTpauii 0,1 mr/cM3 4yacTka
MyTaHTHHUX OCOOUH CYTTEBO 3pocTae: 32,9 % y
nepwoMmy mnokoJsiiHHI Ta 10,3 % y apyromy
(nikesnp), 17,6 % y nepumioMy IOKOJIHHI Ta
18,8 % y apyromy (cuninii). Halinomupenimi
3MiHu peHoTuny D. melanogaster ninii Canton S,
BUKJIMKaHI MyTareHHUM edeKTOM HiKeJito:
Ha/JIMLIKOBI aHTEHHU, BUJOBXEHUH XOOOTOK.
Cepes deHOTHNOBUX 3MiH OCOOUH, SIKi 3a3Ha-
BaJIU BIJIMBY HAHOYACTUHOK CUJIILIi0, BUSABJIEHO
JIUIIE BiICYTHICTb 3a06apBJIEHHSI.

Ha pucyHky 1 HaBeJieHO rpadiyHe 306pa-
)KeHHs] 4YaCTKU MYTAaHTHUX OCOOUH cepej
NiAJ0CHIAHMX KOMax JiiHil Canton S mepuioro ta
Jpyroro MnoKoJiHb.
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Puc. 1. BiAHOCHI TIOKa3HUKY BUABACHUX MYTAIlil Y AOCAIA’KYBAHHX KOMax
D. melanogaster ainii Canton S nepuioro Ta Apyroro IoKOAiHb

Ha oxpemy yBary 3aciyroBye aHaJi3
3a/I©KHOCTI MyTareHHOro BIUIUBY HAHO-
YAaCTUHOK THUTAaHY, HiKeJlo, CUJIiLil0 Ha 0COOUH
D. melanogaster ninii Canton S 3a/1eXHo Bif ix
craTi. [lopiBHAHHA 4YMCeJIbHUX TOKa3HHUKIB
MyTallill y caMLiB Ta CaMOK J03BOJISIE 3pOOUTH
NpUNYLIeHHs NPO iX CTaTUCTUYHO OOIPYHTO-
BaHy HepiBHO3HauHicTb. /laHa rimoTe3a 6y.ia
CTAaTUCTUYHO MiJTBepJpKeHa 3a JOIOMOIOX0
HenapaMeTpuyHoro U-kputepia MaHHa-YiTHI.
OTxe, yacToTa GPeHOTUNOBUX NPOSABIB MyTalil
y OCOOMH 4YO0JIOBiYOi Ta »KiHO4YOl cTaTell He
o/jHaKoBa. BojaHoyac MoxeMO cnocTtepiraTtu
CTaTUCTUYHO [JOCTOBIpHY MEHUY YacTKy
O0COOMH 40JIOBIYOI CTATi B IEPLIOMY Ta APYTOMY
IOKOJIIHHAX 3a YMOBU [Ail AOCHIIKYBaHUX
HaHo4acTUHOK. Came TOMYy MOXHa MpuUIy-
CTUTH, 110 MyTareHHUHW eQdeKT BiANOBIAHUX
HAHOCTPYKTYp € Oi/bIl JiIeTaJIbHUM caMe JJif
0CO6HH 40J10Biv0i cTaTi. BpaxoByrouu ocob/u-
BOCTi Te€HETHYHOro OOyMOBJIEHHSl CTaTi y
koMmax D. melanogaster (ctaTb 0COOWMHHU 3aJie-
KUTb BiJ| KiibKoCTi X-xpomocoM - Syvolob etal,,
2018), ninkoM MMOBIpHO, 1110 BUsIBJIEHI My Tallil
JIOKaJ1i3yI0ThCAd B X-XpOMOCOMI Ta NPU3BOJAATH
Jlo cuHTe3y JedeKTHUX OinkiB. Skmo x
KiZbKicTb X-XpoMocoM 6isibiia Hixk 1 (0co6MHU
»KiHO4YOl cTaTi), JeTaJjbHUN edeKT MyTaliil
3MEHIYETHCA BHACAILOK HAABHOCTI HEYIIKO/ -
»KeHol X-XpOMOCOMMH.

CXoKi KiJIbKiCHI TOKa3HUKU (PEeHOTHUITOBUX
3MiH BUSIBJIEHO y NiJA0CAiAHUX 0COO6UH D. mela-
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nogaster ninii Ebony. B Tabsauui 2 cucremaTu-
30BaHO BIiAMNOBIAHI JlaHi JJisi KOHLEHTpalin
0,1 mr/cm® Ta 0,01 Mr/cm3 pocaigKyBaHUX
HAaHOYaCTHUHOK.

AHaJsti3yroud OTpUMaHIi KiJIbKICHI JaHi
100 BUABJEHUX (PEHOTUIIOBUX IMPOSBIB
MyTauii y komax D. melanogaster ninii Ebony
MO>KEMO 3pOOUTH HACTYIHI y3arajbHeHHS.

Ax 1 y Bumagky JaiHii CantonS, 'y
KOHTPOJIbHIN TpyIli He BUABJIEHO 3MiH ¢eHo-
THUILY aHi y nepuioMy, aHi B [pyromMy IOoKOJIiHHi.
BinnoBifHO came moXHMBHe cepefoBulle (6e3
Jl0/laBaHHs  HAHOYAaCTUHOK) He  MiCTUTb
dakTopiB MoaudikaLiiiHOI Ta MyTauiliHOI
MiHJIMBOCTi, @ BUSIBJIeHI peHOTUINOBI 3MiHU €
O3HaKaMH MyTallil, CHPUYMHEHUX [J0JaBaHHAM
JOCJiIKyBaHUX PEYOBYH.

Halb6inbminii MyTareHHUM eQpeKT BHUSB-
JIAIOTb HAHOYACTUHKU TUTAHY, NPUCYTHICTH
SKUX y TMOXWBHOMY CepeJioBUILI 0OYMOBJIIOE
HasfBHICTh MyTallid y MepuoMy Ta JAPyromy
nokoJiiHHAxX D. melanogaster niuii Ebony sik fnis
MeHmux (0,1mr/cM3), Tak i AJd OGiAbIIUX
koHueHTpanin (0,01 mr/cm3). deHoTUnoBi
O03HAKW BIJNOBIJHUX MyTallidi MalTb CXO0XUHU
BUSB K | y BUNIaJKy 3MiH, 3adikCOBaHUX NMPHU
JoCaipKeHHI KoMmax JiHil Canton S: pefykoBaHi
Kpusia (HaWbinbllla yacTKa cepefi BUSIBJIEHUX
deHOTUNOBUX MPOSABIB MyTalii), HaAJULIKOBI
aHTEHH, BUJIOBXKEHUH X000TOK.
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Buasaeni myrartii y AoocaiaxyBanux ocooun D. melanogaster Ainii Ebony
IEPIIIOro Ta APYIOro IIOKOAIHb

PeuoBuna, Kiapkicts
KOHIICHTPAIIiA 0CO0OUuH

B IIEPIIIOMY
IIOKOAiHHI

Ti, 0,1 mr/cm3 283

Ti, 0,01 mr/cm3 107

Ni, 0,1 mr/cm3 185

Ni, 0,01 mr/cm3 59

Si, 0,1 mr/cm3 64

Si, 0,01 mr/cm3 61

Koutpoan 177

MyTareHHM#  BIUIMB ~ HaHOYaCTHHOK

HiKeJIl0 Ta CUJILil0 32 MaJiUX KOHIeHTpalil
(0,01 mr/cm3) Ha miagmocaifHUX OCOOUH JIiHil
Ebony He BusBJieHHWH. BojHouyac 3a mpucyT-
HOCTI B MOXXMBHOMY CepeJOoBUILI BiANOBIJHUX
HAHOCTPYKTYp Vy KoHueHTpanii 0,1 mMr/cm3
3adikcoBaHO NMEeBHUH BifCOTOK (HEHOTHUIIOBUX
03HaK MyTalii. Tak, HasgBHICTb HAHOYAaCTUHOK
Hikesto y koHUeHTpauii 0,1 mMr/cm3 npussesa
Jlo nosiBu 3,7 % MyTaHTHUX OCOOMH y NepLIOoMy
NoKoJiHHI Ta 3,2% MyTaHTHUX OCOOMH Y
ApyromMy. HagBHICTb HAaHOYACTHUHOK CUJIILIIO ¥

Tabauys 2
Kiaskicts Kiaskicts Kiabkicts
MyTALIiNA 0COOMH B MyTAL{iN

B IIEPIIIOMY ApPyromy B APyromy

IIOKOAIHHI IIOKOAIHHI IMOKOAIHHI
22Ri4 @& (23) 124 13 Qi86° (2,3,4)
4Q03) 62 2@Q23)
6Ri26(2) 136 11 Qi3 6 (2)
- 18 -
2®i1& () 34 6Ri46F (1)
- 34 -

135

koHUeHTpauii 0,1 mMr/cMm3 npusBesa 0 MOSABU
4,7 % MyTaHTHUX OCOOWH y MEPLIOMY MOKO-
JiiHHi Ta 15,6 % MyTaHTHUX OCOOUH y APYTOMY.
®eHOTUNOBI MPOSABU MyTallill aHAJIOTIYHI AK iy
JlOCJIiI)KyBaHUX 0Cc00WH D. melanogaster ninii
Canton S: HaJJUIIKOBI aHTeHU (HiKeJb),
BiiCyTHICTb 3a6apByieHHA (CUMILiH).

Ha pucyHky 2 HaBezseHo rpadiyHe 306pa-
)KEHHS YaCTKU MYTAaHTHUX OCOOUH cepej
JIOCJIPDKYBAaHUX MOJIeJIbHUX O06’€KTIB  JiHil
Ebony nepiioro Ta pyroro noKoJiiHb.

294%
4,7%
0,0% 0,0% - 0,0%0,0%
Ni, 0,01 Si, 0,1 Si, 0,01
mr/cm3 Mr/cm3 mr/cm3

35,0%
30,0%
25,0%
20,0% 16,9%
0
,0%
Ti, 0,1 Ti, 0,01 Ni, 0,1
mr/cm3 mr/cm3 mr/cm3

B [[epirie MOKOTIHHSA

B JIpyre nOKOJIIHHS

Puc. 2. BiAHOCHI NOKA3HUKN BUABA€HUX MyTAIlill y AOCAIA’)KYBAaHHX OCOOHH
D. melanogaster Ainii Ebony nepmioro Ta Apyroro okKoaiHb
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[lopiBHIOIOYM OTpUMaHi BiJHOCHI MOKas3-
HUKU BUSABJIEHUX MyTalill y MNiAL0CAILHUX
KoMax JiiHi Canton S Ta Ebony mnepuoro i
APYroro IMOKOJIiIHb MOXXeMO IIOMITUTHU Ilepe-
BAXKHO MEHIIMH BiICOTOK MyTaL[il y KOMax JIiHil
Ebony. BukopucTaHHa HenmapaMeTpHUYHOIO
cratuctuyHoro  U-kputepia  MaHHa-YiTHI
TaKOX MNiATBEPJKYE BIJMIHHICTb Yy KIJIbKOCTI
MyTaHTHUX OCOOMH B 000X JOCTiJPKyBaHUX
JiHiAX. TakuM 4YMHOM, MOXHa MPUILYCTUTH, L0
MyTareHHUHd eQeKT [0CJAiAKyBaHHUX HaHO-
YaCTUHOK MEHUIOK MIipOl BHUpPaXeHUU Ha
KoMax JiiHii Ebony. [ pyHTOBHUH NOPIBHANBHUMA
aHaJli3 reHeTUYHUX KapT D. melanogaster niHiit
Canton S Ta Ebony 103BOJIUTH Oi/blll TOYHO
JIOKaJ/lisyBaTH MOXJIMBI MyTalidHi 3MiHHU
FeHOTHUIIiB KOMax 3a Jjii HAHOYaCTHUHOK HiKeJI1o,
cuiiLilo, TUTaHy. [HIe BaXJuBe crocTepe-
»KeHHs: Y KoMax JiiHil Ebony yacTka MyTaliil y
JpyroMy MoKoJIiHHi € piBHOIO 260 6iJIbILO0 AJ15
BCiX aHaJIi30BaHUX KOHLIEHTpaLil HAaHOYaCTHU-
HOK. BigmoBigHO cucTeMu pemnapalii 0co6uH
JlaHol y1iHil, Ha BigMiHy Big D. melanogaster ninil
Canton S, He IHAYKYIOTbCA B XOZi PO3BUTKY B
NIO)KUBHOMY  CepeJiOBHUILI 3 JOJaBaHHAM
JOCTI/P)KYBAaHUX HAHOYACTHUHOK.

TakuM YMHOM, MOKHA 3pOOUTU BUCHOBOK,
1110 BCi TPH JOCAIPKYBaHI KJ1aCh HAHOYACTUHOK
NPOABJIAIOTD TIEI0 YM iHIIIO MipOX0 MyTareHHy
aKTUBHICTb INIpY [JOJABaHHA Yy I[OXKHWBHE
cepenoBulle. BogHoyac Takuid MyTareHHUHU
BIVIMB HANpAMY 3aJIeXKUThb BiJ, KOHLIEHTpaLil
BignoBigHOI pedyoBUHU. TakK, NPUCYTHICTb
HAHOYAaCTHUHOK THUTAHY fAK Yy KOHLEHTpauil
0,01 mr/cm3, Tak i B koHueHTparii 0,1 mr/cm3
NPU3BOJUTH 10 BAHUKHEHHS 3MiH pEeHOTUIY B
060X JOCHipKyBaHUX JIiHIAX y nepuioMy Ta
ApYyroMy MOKOJIiHHI. TOMy MyTareHHa aKTHB-
HICTb TAKUX HAHOYACTUHOK € JOCUTh 3HAYHOIO,
a OTXXe MepcrneKTHBU IX (apMakKoJIOTiYHOTO
3acTOCyBaHHSI BKpall o6MexeHi. BopgHouac
JoJlaBaHHS HAHOYAaCTUHOK CHUJIILiI0 Ta HiKeJIto
B HeBeJIMKUX KoHIeHTpanisax (0,01 mr/cm3) He
npu3Besio [0 MOosABU (EHOTHUIOBUX MPOSIBiB
MyTaligax y »koaHoi ocobunu D. melanogaster

®inancysauns / Funding

Ji"id Canton S Ta Ebony. 3 iHmoro 60Ky,
BiporilHa HaABHICTb IMEBHOrO JIeTaJbHOI'O
epeKTy JaHUX HAHOYACTUHOK Yy 3raJlaHux
KOHLEHTpalifx y migaocaigHux koMmax. Tomy
MOXJIUBICTb Ta JAOLIJBHICTD BUKOPUCTAHHA
HAHOYaCTUHOK CHUJIiLiI0 Ta HiKeJlo y papMako-
JIOTIYHUX ULiJAX Ma€ JOCAiJKyBaTUCS Oiabll
I'PYHTOBHO.

BucaoBku

3a pe3y/JbTaTaMU NPOBELEHOr0 JOCJiJ-
)KEHHSl BUSMBJIEHO MyTareHHWW BIJIMB HaHO-
YaCTUHOK HiKeJilo, TUTaHy 1 CWJiLil0 Ha
eKcliepuMeHTabHi nonyaauii D. melanogaster
yucTux JiHik Ebony i Canton S. BcTraHOBJIEHO,
10 HAHOYAaCTUHKU THUTAHY MPOABJIAKTH
MyTareHHy akKTUBHICTb 4K Yy KOHUeHTpauil
0,1 Mmr/cm3 Tak i B koHneHTpanii 0,01 mr/cm3.
OcHOoBHI ¢$eHOTUNOBI MpPOSABUM 3a3HAYEHUX
MyTallid: HAJJIMIIKOBI aHTeHW, peAyKOBaHi
KpuJa, BUAOBXKEeHUN X000ToK. HaHO4YacTHHKHU
HiKeJII0 IPU3BOJATD J10 OSABU MyTalill y popMi
Ha/JIMIIKOBUX aHTEH i BUJOBXXEHOT' 0 XO0O0TKY B
000X MiJA0CAIAHUX MONYJSALifX JHIlIEe B KOH-
nenTpauyii 0,1 mr/cm3. HaHOYacTUHKM cuJiLito
BUABJIAIOTbL MYTareHHy aKTUBHICTBb, 110
NpU3BOAUTL [0 BiACYTHOCTI 3abapB/ieHHS B
OKpeMHX O0COOMH 000X AOC/i/P)KyBaHUX JiHIiH,
TaK caMmo JiMlie B KoHueHTparnii 0,1 mr/cm3. 3a
koHIleHTpauin 0,01 Mmr/cM3 HaHOYACTHUHOK
HiKeJI0 Ta cuJjilito 3MiH ¢eHOTUNY B MiAAo0C-
JiAHUX 0cobuH niHi Canton S i Ebony He
BUABJIeHO. BogHoyac Ha migcraBi cTaTwUc-
TAYHOI'O aHaJsi3y BHUCYHYTO TinoTe3y Ipo
HafABHICTb NEBHOIO JIETAJILHOTO BIJIMBY Ha
ocobuH D. melanogaster 4oJsioBiYOi CTaTi BCiX
TPbOX PO3IJIAHYTHUX KJIaCiB HAaHOYACTUHOK Y
koHueHTpanigx 0,1 mr/cm3 i 0,01 mr/cm3.
TakuM 4YHUHOM, MepCNeKTUBU BUKOPUCTAHHSA
HAHOYAaCTUHOK THUTAaHy B MeJULMHI Ta
¢dbapmakoJiorii BKpaii 0OMexeHi, a mepcrneKTUBHU
BUKOPDHUCTAaHHA HAHOYACTUHOK HiKeJl0 Ta
CUJIiLiI0 MOTPeOYIOTh NOJANBIINX I'PYHTOBHUX
JOCJIiKeHb.
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Lidiia Polotnianko, Olha Mekhed

CHANGES IN THE MORPHOLOGICAL INDICATORS
OF CARP UNDER THE ACTION OF MYCOTOXIN T2

<~
JIipist ITos1oTHAHKO, Osibra Mexes,

3MIHU MOP®OJIOT'TYHUX ITIOKA3ZHUKIB KOPOIIA
3A AII MIKOTOKCHUHY T2

ABSTRACT

Mycotoxins, toxic substances produced by fungi, are one of the most common contaminants of feed and food
products in Ukraine. Favorable climatic conditions and anthropogenic influence contribute to their active development
and spread. Contamination with mycotoxins can lead to significant economic losses in the agro-industrial complex and
negatively affect the health of animals and people. A complete list and detailed description of poisoning symptoms can
be used as indicators to identify poisons as well as non-infectious fish diseases.

The purpose of the work: to investigate the effect of mycotoxin T2 on the morphological parameters of the carp
organism. The object of the study: peculiarities of changes in the morphological indicators of fish under the influence of
mycotoxin T2. The subject of the study: the effect of mycotoxin T2 on external indicators of organs and tissues of carp.

Methodology. The object of the study were two-year-old carp: scaly and mirror carp (Cyprinus carpio L.) weighing
200-300 g. Experiments to study the effect of mycotoxin were carried out in 200-liter aquariums with settled tap water,
in which fish were placed at the rate of 1 specimen per 40 dm3 of water. In all cases, control was carried out and a constant
hydrochemical regime of water was maintained. The concentration of mycotoxin corresponding to 2 MPC was achieved
by adding calculated amounts of the mycotoxin solution. The zoological (L) and industrial (1) lengths of fish were
determined, Fulton's fattening factor (Q). All results were processed statistically.

The scientific novelty of the work is that the complex effect of mycotoxin T2 and the morphological indicators of
mirror carp and scaly carp were studied for the first time.

Conclusions. As a result of the study, a negative effect of mycotoxin T2 on the morphological parameters of the
carp organism was established. Under the influence of T-2 toxin, significant changes in the structure of gills, skin, fins and
internal organs were observed in fish. Discoloration of the ends of the petals, the appearance of light spots and numerous
hemorrhages were found in the gills, which indicates a violation of oxygen exchange. On the skin of the fish, the formation
of whitish mucus was recorded, as well as separate ulcers, which are a sign of dermonecrotic processes. It was also
established that mycotoxin T2 causes disorders of a hemorrhagic nature, manifested in numerous hemorrhages in muscle
tissues and organs of the digestive system. A comparative analysis of the effects of the toxin on scaly and mirror carp
showed that scaly carp had higher endurance, which may be due to its better growth rates and resistance to adverse
conditions. Thus, mycotoxin T2 poses a significant threat to fish health and can negatively affect aquaculture performance.
This study highlights the need to control feed quality and mycotoxin content to prevent intoxication in fish farming.

Key words: scaly carp, morphological indicators, mycotoxin T2

AHOTAIIA

MiKOTOKCHHH, TOKCUYHI pe4OBUHH, L0 YTBOPHIOIOTLCS IpUbAMHU, € OAHHMU 3 HaHIOIIMPEHINX 3abpyh-
HIOBauiB KOpPMIB Ta MPOJYKTIB xap4yBaHHA B YKkpaiHi. COpUATAUBI KJIMaTU4HI YMOBU Ta aHTPOINOreHHUU BILJINB
CIPUAKTh [XHbOMY aKTUBHOMY DO3BUTKY Ta MOLIMPEHHIO. 3apaXeHH MIKOTOKCMHAaMHU MOXe INPU3BOLUTHU [0
3HAYHHUX €KOHOMIYHHMX BTPAT B arponpOMHCIOBOMY KOMILJIEKCI Ta HEraTMBHO BIIMBATH HA 3J0pPOB'Sl TBapHH i
gwogei. [loBHUH nepesiik Ta JeTajJbHA XapaKTEPUCTHUKA CHMIITOMIB OTPYEHHS MOXYThb 6YTH BUKOPHUCTAHI fK
iHAMKATOPH A1 BUSHAYEHHS OTPYT, @ TAKOX He3apa3HUX 3aXBOPIOBaHb puob.
MeTa po6OTH: AOCHIAUTH BIUIMB MiKOTOKCHMHY T2 Ha MopdoJsioriuHi mokasHMKM opraHiamy kopoma. O6’eKT
JocJiKeHHsI: 0COBJUBOCTI 3MiH MopdoJioriYyHUX NMoKa3HUKIB pub 3a ail MikoTokcuHy T2. [IpeaMeT Joc/iKeHHS:
BIJIUB MiKOTOKCHHY T2 Ha 30BHIIlIHI TOKa3HUKU OpPraHiB Ta TKAHUH KOpoIIa.
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MeTogosiorisg. O6’eKTOM JOCTiKEeHHS OYJIH ABOXJ/IITHI KOPOIU: JIYCKaTHUH Ta A3epKanbHui (Cyprinus carpio L.)
Macow 200-300 r. Jlocsigu Mo BUBYEHHIO BIJIMBY MIKOTOKCUHY NpoBoAU/IK y 200-/1iTpOBHUX aKkBapiyMax 3 BiZICTOSIHOIO
BOJIONPOBiHOIO BOJ010, B sAKi puOy po3MillyBaju 3 po3paxyHKy 1 eksemmissp Ha 40aM3 Boau. B ycix Bumagkax
3JliICHIOBABCSl KOHTPOJIb Ta MiATPUMYyBaBCS NOCTIMHUH TiApOXiMiYHUM pexXuM BoAu. KoHLleHTpalito MiKOTOKCUHY, 10
BignoBigana 2 I'/IK mocaranacs misixoM BHECEHHS PO3PaXyHKOBUX KiJIbKOCTEH pO3YMHY MiKOTOKCHHY. BH3Hadaiu
3oouioriyHy (L) Ta npomucnoBy (1) AoBxuHU pu6b, KoedilieHT BrogoBaHocTi 3a PystoHoM (Q). Yci pesysnbTaTu 6yiu
06po6JieH]i CTaATUCTUYHO.

HaykoBa HOBHU3Ha POOOTH NOJISITA€ Yy TOMY, 110 BIeplle BUBYEHO KOMIJIEKCHUH BIJIMB MiKOTOKCUHY T2 Ta
Mop¢oJioriuHi MOKa3HUKU KOPOoTIa 13epKaJIbHOT0 Ta KOPOTIa JIyCKaToro.

BHUCHOBKM. Y pe3yJbTaTi A0CHi/keHHs1 0yJI0 BCTAaHOBJIEHO HEraTUBHUM BIJIMB MiKOTOKCHHY T2 Ha Mopdo-
JIOTiYHi MOKa3HUKU opraHiaMy Kapmna. Ilig fietro Tokcuny T2 y pub cnocTepirajuch CyTTEBI 3MiHU B CTPYKTYpi 356ep,
IIKipHUX MOKPUBIB, IJIaBLiB Ta BHYTPIlIHIX opraHiB. ¥ 3s16pax 6y BUsiBJIeHi 3He6apBJIeHHs KiHL[iB N1eJI0CTOK, [0s1Ba
CBITJIMX IJIIM Ta YUCJEHHI KPOBOBUJIUBY, 110 BKa3ye Ha NOpPYyLIeHHs KUCHeBOoro o6MiHy. Ha mkipi pu6 3adikcoBaHo
YTBOPEHHSI 6i/IyBaTOro CJM3Y, a TAKOXK OKpeMi BUPAa3KH, L0 € 03HAKOIO JEPMOHEKPOTUYHUX NpoueciB. Takoxk 6yJs0
BCTAaHOBJIEHO, 110 MiKOTOKCUH T2 BHUKJIMKAE MOPYLIEHHS reMOpPariyHoro xapakTepy, 10 NPOSABJSETbCA Y YUCIEHHUX
KpPOBOBUJIMBAX y TKAHUHAX M’A13iB Ta opraHax TpaBHOI cucTeMHu. [lopiBHAJBbHUU aHai3 BIVIMBY TOKCUHY Ha JIyCKaTOT O
Ta /A3epKaJIbHOTO Kapla IMOKas3aB, L]0 JyCKaTHUH Kapll Ma€ BUIIY BUTPHUBAJICTb, 10 MOXe OYTH MOB'S3aHO 3 MOro
KpallMMU TeMIIaMU POCTY Ta CTIHKIiCTIO 0 HECHPUAT/IMUBUX YMOB. TakKMM YMHOM, MiKOTOKCUH T2 CTaHOBUTbH 3HAUYHY
3arposy /it 3J0pOoB’s pub Ta MOXKe HETaTHBHO BIJIMBATH Ha MOKAa3HUKHU aKBaKyJbTypH. Lle focimkeHHs NifiKpecaoe
HeOoOXiIHICTb KOHTPOJIIO 3a fIKICTI0O KOPMIB Ta BMICTOM MiKOTOKCHHIB JAJfl MonepeiKeHHs iHTOKCUKalii B puGHOMY
roCroAapcCTBi.

Kiro4o0Bi cs10Ba: kopon JiyckaTui, MopdoJ1oTiuHi NOKa3HUKH, MiKOTOKCHH T2

Formulation of the problem study: the effect of mycotoxin T2 on external

Fish and fish products are among the main indicators of organs and tissues of carp.

ones human protein foods. Historically, produc- Materials and methods
tion in the field of aquaculture was one of the
most developed sectors of the Ukrainian
economy. Pollution of agricultural products
mycotoxins are a global problem: 25 % of the
world of grain production is affected by myco-
toxins, and 36 % of all plant diseases and related
products with the effect of mycotoxins. Myco-
toxins in feed cause such negative consequences,
such as an increase in morbidity, are massive
poisoning of farm animals, poultry and fish.

The degree of manifestation of which
depends on the degree of infection feed with
mycotoxins, as well as age, sex, species
characteristics of animals, their physiological
state and diet feeding (Fotina et al.,, 2013).

Mycotoxins are natural toxic compounds
synthesized by some types of fungi during their Results and Discussions
growth on plant material. They can enter the The biological effect of T-2 toxin on the
environment through contaminated feed and body of animals is characterized by a wide
affect the health of animals and people who  gpectrum of toxic effects. It includes dermo-
consume contaminated products. Carps, which necrotic, lymphopenic, immunosuppressive,

The object of the study were two-year-old
carp: scaly and mirror carp (Cyprinus carpio L.)
weighing 200-300 g. Experiments to study the
effect of mycotoxin were carried out in 200-liter
aquariums with settled tap water, in which fish
were placed at the rate of 1 specimen per
40 dm3 of water. In all cases, control was carried
out and a constant hydrochemical regime of
water was maintained. The concentration of
mycotoxin corresponding to 2 MPC was achieved
by adding calculated amounts of the mycotoxin
solution. The zoological (L) and industrial (1)
lengths of fish (Musiyenko et al., 2005) and
Fulton's fattening factor (Q) were determined.
All results were processed statistically.

are one of the key commercial species in fresh- neurotoxic effects and a number of remote
water and aquaculture, were used in our study. effects (Nikolaenko et al., 2023).
The purpose of the work: to investigate The dermonecrotic effect is manifested by

the effect of mycotoxin T2 on the morphological  exydative dermatitis and hyperkeratosis of the

parameters of the carp organism. The object of skin around the mouth, necrosis of mucous
the study: peculiarities of changes in the membranes (Figs.1, 2).

morphological indicators of fish under the
influence of mycotoxin T2. The subject of the
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Fig. 1. Hemorrhages on the skin of fish

Fig. 2. Hemorrhages on the skin and fins of fish

Among other important and characteristic
signs of T2 toxicosis is hemorrhagic syndrome,
which is manifested by numerous hemorrhages
in the muscles, under the serous and on the
mucous membranes of the alimentary canal
(Yatsenko et al,, 2017). It is believed that the
basis of the hemorrhagic syndrome is a

decrease in the blood clotting process due to a
decrease in the level of prothrombin and
antithrombin 3, a decrease in the activity of
antiplasmin with a simultaneous increase in the
content of kinins, which cause the expansion of
blood vessels and increase the permeability of
capillaries (Fig. 3).

Fig. 3. Hemorrhages in the organs of the digestive tract

71



Biota. Human. Technology. 2024. No 3

Electronic edition

T2-toxin damages the intestinal mucosa,
which leads to its ulceration, villous atrophy,
and necrotic changes. The thickness of the
intestinal wall decreases, and areas of destruc-
tion and inflammatory infiltration are observed
in the epithelium. Violation of the morphology
of the digestive tract affects the processes of
digestion and assimilation of nutrients.

Disorganization of the structural archi-
tecture of the liver lobes, swelling of the
intercellular space and destruction of

membranes is observed. Pigments such as
lipofuscin may accumulate in the cytoplasm of
cells, indicating oxidative stress.

Figure 4 shows the liver of a carp exposed
to mycotoxin T2.

Fig. 4. Morphological changes of carp organs under the action of mycotoxin

Indicative of T2 toxicosis is a violation of
the morphological composition of the blood,
manifested by leukopenia, lymphocytopenia,
thrombocytopenia, and anemia. Hematological
changes in T2 toxicosis are accompanied by
degenerative and necrotic processes in
immunocompetent organs and an immune-
suppressive state. Central and peripheral
organs of the immune system (red bone
marrow, lymphoid formations of the intestine)
are affected.

T2 toxin suppresses the body's immune
functions. This is accompanied by a decrease in
indicators of non-specific protection of the
body (phagocytosis), the titer of natural
antibodies, cellular (T lymphocytitis of their
subpopulation) and humoral (immune-
globulin) immunity.

It is believed that the main role in the
pathogenesis of T2 toxicosis is played by the
ability of T2 toxin to disrupt protein and
nucleic acid synthesis.

At the molecular level, the inhibition of
T2 protein synthesis by the toxin is associated
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with the blocking of translation initiation.
Moreover, it was established that toxins
capable of suppressing the initiation of
translation have more pronounced toxic
properties compared to those that affect the
later stages of protein synthesis in ribosomes.
Violation of protein synthesis is the result of
the cytotoxic effect of T2 toxin (Mekhed, 2024).
First of all, cells capable of active division,
including the mucous membrane of the
alimentary canal, hematopoietic tissues,
ovaries, and testes, are affected by this. The
appearance of a number of clinical signs in
poisoning with trichothecene mycotoxins,
including T2 toxin (hypodynamia, hypother-
mia, tachycardia) is associated with a violation
of energy metabolism (Polotnianko & Mekhed,
2023).

In addition to the mentioned effects of
the biological action of T2 toxin, a violation of
the functional activity of cellular organelles -
mitochondria, lysosomes, endoplasmic reticu-
lum and the interaction of the toxin with the
SH-groups of enzymes, as well as stimulation
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of lipid peroxidation processes, is also
characteristic.

The ability of T2 toxin to interact with the
SH-groups of the active centers of enzymes is
accompanied by a decrease in the activity of a
number of systems that primarily ensure its
metabolism and removal from the body
(SH-glutathione).

Important importance in the biological
action of T2 toxin is assigned to the state of
lipid peroxidation (LPO) and the system of
antioxidant protection of the body (AOZ). As a
result of LPO stimulation, free radicals, lipid
peroxides and hydroperoxides, reactive oxygen
species (superoxide anion, peroxynitrite, nitric
oxide, hydrogen peroxide) accumulate in the
body, which can disrupt the structure and
function of cell membranes. At the same time,

the activity of the AOZ system, which is

represented by enzymatic and non-enzymatic
links, decreases. Suppression of the enzymatic
link of AOZ is manifested by a decrease in the
activity of enzymes: superoxide dismutase,
glutathione peroxidase, glutathione reductase,
catalase, etc. Violation of the non-enzymatic
link of the AOZ is accompanied by a decrease
in the level of natural antioxidants - toco-
pherols, vitamin A and carotenoids, vitamin D,
ascorbic and uric acids in the blood and tissues
of the body.

The differences in the obtained results of
the quantitative indicators of the exterior of
two-year-old carp when being in conditions of
mycotoxin toxicity for 14 days (Table 1) are
not reliable. At the same time, there is a
tendency to decrease the mass of fish.

Table 1

Changes in carp exterior indicators under conditions of toxicosis (M*m, n=5)

Indicator Physiological conditions T2
Q 2,10+0,22 2,14+0,28
L, cm 29,60+2,40 27,70£2,27
1, cm 25,12+2,12 22,72%3,20
m,g 311,80+8,14 252,48+12,26

In order to more thoroughly study the
effect of mycotoxin T2 on the body of fish, we
studied the external changes of the integu-
ments, fins and internal organs of the carp
(Zhelai et al., 2023.). The results of the
experiments are presented in Table 2.

Comparing the morphological changes
under the action of mycotoxin in represen-
tatives of two breeds of carp, it is possible to
draw a conclusion about greater endurance of
scaly carp compared to mirror carp, which can
be explained by better growth rates and
endurance of scaly carp.

Conclusions

As aresult of the study, a negative effect of
mycotoxin T2 on the morphological parameters
of the carp organism was established. Under the
influence of T2 toxin, significant changes in the
structure of gills, skin, fins and internal organs
were observed in fish. Discoloration of the ends
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of the petals, the appearance of light spots and
numerous hemorrhages were found in the gills,
which indicates a violation of oxygen exchange.
On the skin of the fish, the formation of whitish
mucus was recorded, as well as separate ulcers,
which are a sign of dermonecrotic processes. It
was also established that mycotoxin T2 causes
disorders of a hemorrhagic nature, manifested
in numerous hemorrhages in muscle tissues and
organs of the digestive system. A comparative
analysis of the effects of the toxin on scaly and
mirror carp showed that scaly carp had higher
endurance, which may be due to its better
growth rates and resistance to adverse
conditions. Thus, mycotoxin T2 poses a
significant threat to fish health and can
negatively affect aquaculture performance. This
study highlights the need to control feed quality
and mycotoxin content to prevent intoxication
in fish farming.
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Table 2

Morphological changes of integuments, fins and internal organs of scaly (S)
and mirror (M) carp under the influence of mycotoxin T2

Discoloration of the ends of the petals

The presence of light spots

. __

Uneven length of petals

The presence of whitish mucus on the scales

Ulcers at the base of the skull

The lower blade of the tail is dark
behind the upper

Numbers of hemorrhages
in the calves and thoracic

Color unevenness - - .

Graininess of fabrics - + +
Disorders of the bile ducts - - .
Size increase - - .
Bilious - ‘
Thin wall - + +

bladder

The presence of stones - - -

Note: + — sign is clearly expressed in all fish of the group; * — sign is not present in all fish of
the group; - — the sign is not expressed
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3MIHM BMICTY AZEHIJIATIB B TKAHMHAX KOPOIIA
3A I MIKOTOKCUHY T2

T

Serhii Matiushko, Olha Mekhed

CHANGES IN THE CONTENT OF ADENYLATES
IN CARP TISSUES UNDER THE ACTION OF MYCOTOXIN T2

AHOTAIIA

MeTa po60TH. [locikeHHS BIIMBY MiKOTOKCHMHY T2 Ha BMICT aJleHisIaTiB B TKaHUHAX 0i/1Mx M's13iB, Ne4iHKU Ta
MO3Ky Kopora.

MeTopoorisa. Busnayenns Bmicty AT®, A/J® ta AM® y TkaHWHaX BiANOBiAHUX opraHiB pu6 MpoBOAMIU
MeTOZI0OM BUCXiJHOI OJHOMIpHOI TOHKOIIapoBoi xpomarorpadii Ha cusikareseBUx MJIacTUHKax «Sorbfil» 3
BUKOPHCTAHHSM CUCTEMU PO3YMHHMUKIB: 1,4- niokcaH, i3onpomnaHoJ, amMiak, BoJia y ciBBigHoumeHHi (4:2:1:4). Kpim Toro,
JUIs1 6171b11I IOBHOI OLJiHKY CTaHY afleHiJIaTHOI CUCTeMH PiSHUX TKaHMH KOpOIla B yMOBaX HaBaHTaKeHHsI MiKOTOKCMHOM
T2 6y po3paxoBaHi Taki XapaKTepPUCTUKH €HEPTETUYHOI0 CTAHy KJIITUHU: a/leHi/IaTHUN eHepreTUYHUH 3apsas (AE3)
Ta BijHOIIeHHS Mac afieHislaTkrHa3Hoi peakuii ([JMak) Takox po3paxoByBaJ/iv BiICOTKOBE CHiBBiJHOIIEHHS a/leHIJIOBUX
HYKJIEOTUAIB Yy TKaHUHaX pub. KinbkicTe HeopraniuHoro ¢ocdopy BusHauyaau 3a MetosoM Picke-Cybapoy.

HaykoBa HoBHU3HA. [locikeHHS po3KpUBae cnelnrdivHi 3MiHK y BMicTi afjeHisaTiB nij, BIJIMBOM MiKOTOKCHHY
T2 B TKaHMHAx KOpoMNa, 110 J03BOJSE IJUOLIe 3p03yMiTU TKaHUHHY ClellUpiYHICTb eHepreTUYHOro 06MiHY y pHO.
BcTaHOBJIEHO, 10 AOC/IIKyBaHUM MiKOTOKCUH 3HAa4HO 3HIKYE KoHIeHTpanito ATP, ADP ta AMP B 6inux m’'si3ax i
nedinui. i pe3ysbTaTH CHPUAKTb PO3YMIHHIO BIJIMBY MIiKOTOKCHHIB Ha BOJHI OpPraHi3Mu Ta IXHIO eHepreTU4YHY
peryJsduio.

BucHoBkM. BrinB MikoTokcuHy T2 Ha ajieHisaTHHNA npodinb TKaHWH KOpomna BKAa3ye Ha HOro TKaHUHHY
cnenuoivyHicTb. [IpUcyTHICTD HOTO B KOpMax NPU3BOJUTH [0 3HAYHOIO 3HM)KEHHS KOHIIeHTpalill MaKpoepruyHuX
CIOJIYK, 0COBJINBO B 611X M'si3aX, 1[0 HETAaTHBHO BIJINBA€E HA eHEPreTUYHUH 6aslaHC KIiTHH.

[lig miero MiKOTOKCUHY, BHECEHOMY 6e3M0oCcepe/IHbO y BOAY aKBapiyMiB, B MediHIi Ta MO3Ky CIIOCTEPIra€ThbCs
nigTpuMka piBHs AT®, 1110 CBifYMUTh PO aKTHUBIi3allil0 eHepreTUYHOTOo 06MiHy. OTpHUMaHi pe3yabTaTH NiATBEPIKYIOTh
HeoOXiHICTh KOHTPOJII0 BMICTY MiKOTOKCHHIB Yy KOpMaX pHU6 Y CiJIbCbKOMY roCIoiap CTBi.

Knio4oBi c/10Ba: afieHi1aTH, eHepreTUYHUN 06MiH, KOpoI, MiKOTOKCUH T2

ABSTRACT

The purpose of the work. Study of the effect of mycotoxin T2 on the content of adenylates in the tissues of white
muscles, liver and brain of carp.

Methodology. Determination of the content of ATP, ADP and AMP in the tissues of the relevant organs of fish was
carried out by the method of ascending one-dimensional thin-layer chromatography on silica gel plates «Sorbfil» using
the solvent system: 1,4-dioxane, isopropanol, ammonia, water in the ratio (4:2:1:4). In addition, for a more complete
assessment of the state of the adenylate system of different carp tissues under pesticide load, the following characteristics
of the energy state of the cell were calculated: adenylate energy charge (AEC) and the ratio of the active masses of the
adenylate kinase reaction (AAR). The percentage ratio of adenyl nucleotides in fish tissues was also calculated. The
amount of inorganic phosphorus was determined by the Fiske-Subarow method.

Scientific novelty. The study reveals specific changes in the content of adenylates under the influence of
mycotoxin T2 in carp tissues, which allows a deeper understanding of the tissue specificity of energy metabolism in fish.
It was established that the studied mycotoxin significantly reduces the concentration of ATP, ADP and AMP in white
muscles. These results contribute to further understanding of the environmental impact of pesticides on aquatic
organisms and their energy regulation.

Conclusions. The effect of mycotoxin T2 on the adenylate profile of carp tissues indicates its tissue specificity. Its
use in feed leads to a significant decrease in the concentrations of macroergic compounds, especially in white muscles,
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which negatively affects the energy balance of cells. Under the mycotoxin introduced directly into the water of the
aquariums, the stability of the level of ATP is observed in the liver and brain, which indicates the activation of energy
metabolism. The obtained results confirm the need to control the content of mycotoxins in fish feed in agriculture in
order to preserve the ecological balance of aquatic ecosystems.

Key words: adenylates, energy metabolism, carp, mycotoxin T2

ITocranoBKa mpobAeMU

B yMoOBax po3BUTKY puOHOT0 rocrioiapCTBa,
0C00JIMBY HeOe3MeKy AJis TiAPO6iOHTIB CTaHOB-
JIATb MIKOTOKCUHM, 30KpeMa TOKCUMH T2. llen
MiKOTOKCHH € OJHUM i3 HaHOi/JbIl TOKCUYHUX
Npe/CTaBHUKIB TIPyNu TPUXOTELEHIB, SAKUHU
HEraTUBHO BIJIMBA€ HAa OpraHi3MM pisHUX BU/AIB,
BKJ/ItO4arouu pub. Kopon (Cyprinus carpio L.) sk
NONYJIIPHUM 00’€EKT aKBaKyJIbTYpPH Ta MO/ eJib-
HUH BUJ JIJIS1 EKOTOKCHUKOJIOTIYHHUX J0CIiPKEHb
€ O0COOJIMBO Bpa3JUBUM [0 TaKUX PEYOBUH
(Nikolaenko et al., 2023). OgHuUM i3 KJHOYOBHUX
OioxiMiYHUX MapKepiB, L0 BiOOpaKarOThb
eHepreTUYHUM CTaH OpTraHi3My pUOH, € BMICT
aJleHisIaTiB Y TKAaHWHAX, IPOTe 3MiHU AKICHUX
Ta KIJIBKICHUX [IOKa3HUKIB aJZieHij1aTiB y
BignoBiAb Ha Ait0 TOkcuHy T2 3a1uIarTbCA
MaJio JOCIiKEHUMH.

[linBUILlEHHS MNPOAYKTHUBHOCTI pub y
NPUPOAHUX Ta LUITYYHUX YMOBAX aKBAKyJIbTYpPHU
€ HaJ3BUYallHO Ba)KJIMBUM 3aBJAHHAM, sKe
notpebye [AOCAiAKeHHS BIJIMBY 3abpyJHIO-
BauiB Ha 6ioximiuHi Ta ¢iziosoriyHi nponecu B
iX opraHi3amax. Y mnomnepejHix JOC/HiKEHHAX
po3rysianuca pi3Hi acneKkTH BIJIUBY 3a0pyz-
HIOBayiB Ha 0ioXiMi4HI MOKa3HUKU TKAHUH
KOpomna, 110 BiloOpaXkaloThb eHepreTUYHUMN
CTaH opraHiamMy pubu. Hanpukiaza, 6yso
BUBYEHO OCOOJIMBOCTI eHEpreTUYHOro OOMiHY
y TKaHMHAaX KOpoIa 3a /il TOKCUYHHUX PEYOBUH,
1110 ZjaJI0 3MOTy OL[iHUTH BILJIUB KCEHODOIOTUKIB
Ha CTPYKTypy MeMOpaHHUX JimiAiB puob
(Yachna et al., 2019) Ta HacilKaM TOKCUYHOT'O
BIUIUBY Ha OOMIiH jinifiB (Symonova et al,
2018) IHwe pgocuifxeHHS Oy/10 HNPUCBSYEHO
BMBYEHHIO BIUIMBY TOKCHUYHUX PEYOBUH Ha
BMICT MeTaboJIiTiB B TKaHWHAaX Kopomna Mnpu
pi3HUX TeMIlepaTypax, 110 03BOJINUJI0 BUABUTHU
TepMo3aJieXkHi ~ MeTaboJiiyHi  3MiHHM  mij
BILJINBOM XiMiuHHUX 3a6py/iHI0BauiB (Mekhed et
al, 2004; Martseniuk et al, 2018). Takox
BMBYaJIMCh aZJalITUBHI 3MiHU ITOKa3HUKIB KPOBI
Kopomna siK BiAnoBijb Ha 3abpyAHeHHS BOJAH
MiKOTOKCUHOM, L0 HaJajJo JaHi Npo iMyHHY
BiAnoBiab opranismy (Nikolaenko et al., 2023).
OkpeMy yBary 0yJio IpU/iJIeHO HAKOTUYEHHIO
MIKOTOKCHHIB B TKaHUHax pub (Polotnyanko &
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Mekhed, 2023). OpgnHak, 3MiHM $KiCHUX Ta
KiJIbKICHUX IIOKa3HHUKIB  aJleHiJaTiB, 4Ki
BiZj06paXkaloTh CTaH €HEePreTUYHOTO 0OMiHy B
TKaHWHax KOpoIla Iif| BIVIMBOM TOKCUHY T2, He
OyJ11 NpeiMeTOM JleTaJIbHOTO BUBYEHHS.

OTxe, naHe [OCJIIKEHHSA € NepLIuM, 1110
Ma€ Ha MeTi aHaJi3 BIUIMBY TOKCHMHY T2 Ha
BMICT aJleHiJIaTiB y TKaHMHax Kopona. Ouinka
3MiH B eHepreTUYHOMYy OOMIiHi y BiANOBiAb Ha
[0 TOKCUYHUX PEYOBUH J[O03BOJIUTH Kpalle
3pO3yMiTH MexaHi3MM ajanTtayii pub g0
€KOJIOTIYHOT'0 CTPeCy i NOTEeHIiHHO PO3POOUTH
3ax0/M L0/|0 3MEHILIEeHH HETaTUBHOIO BILJIUBY
TOKCUYHUX PEYOBHUH Y akBakyJbTypi (Grubinko,
2005). BuBYeHHs 3MiH a/ieHiJIaTHOTO eHepre-
THYHOrO mnpodiso Kopoma mijg i€ MiKo-
TOKCUHY T2 € BaXJIMBUM BHECKOM y rajysb
eKOTOKCUKOJIOTII Ta aKBaKyJbTypH, SKUHU
flonnomMoxke chopMyBaTH HOBI mifxoAu [0
ylpaBJiHHA AKICTIO BOJHOIO CepeoBUINA Ta
NPOAYKTHUBHICTIO pUO.

Marepiasu Ta METOAU AOCAIAYKEHB

JlociimpKeHHA TPOBOJAUJIMCA BIPOLOBXK
yepBHA - rpyaHda 2023 poky Ta TpaBHA -
BepecHsa 2024 poky Ha 6a3i npob6sieMHOI
HAYKOBO-A0C/HiHOI JiabopaTopii ekoJioriyHoi
6ioximii, ixTioJiorii Ta 6iokopo3ii npupogHUYO-
MaTeMaTU4Horo ¢akyJsbteTy HalnioHasbHOTO
yHiBepcuTeTy «HepHIriBCbKMU KoJleriyMm» iMeHi
T.T. llleBueHka. Pob6oTu i3 cTra”HgapTaMmu
TOKCUHY IPOBOJAUJUCH Ha 06a3i akpeJUTOBaHOI
JlabopaTopii JlepKnpoAcnoXXUBCAYKOU. Jlocaiau
110 BUBYEHHIO BIJIMBY MiIKOTOKCHHY NPOBOAWJIN
y 200-niTpoBUX akKBapiymMax 3 BiJICTOSIHOIO
BOJIOTNIPOBIHOIO BO/I010, B SIKi pUOy po3Mmily-
Ba/iM 3 po3paxyHKy 1 eksemmusp Ha 40aM3
BoJ Y. B ycix Bunazkax 3/{iiCHIOBaBC KOHTPOJIb
Ta NiATPUMYyBaBCA MOCTIMHUU TigpOXiMiYHUU
pexuM BoAu. KOHLleHTpaLio MiKOTOKCUHY, L0
Bignosigana 2 I'/IK gocdaranacs wasixom BHe-
CEHHSl PO3pPaxyHKOBUX KIJIbKOCTEH pPO34YHUHY
MIKOTOKCUMHY. BusHauenHa Bmicty AT®O, AAD
Ta AM® y TkaHMHaX BiANOBiIAHKUX OpTraHiB pub
NPOBOJUJIA METOAOM BHUCXiTHOI OJIHOMiIpHOI
TOHKOIIApOBOi XpoMaTorpadii Ha cuJliKarejieBUX
njiactTuHkax «Sorbfil» 3 BUKOpUCTaHHAM cuc-
TeMHU PO3YMHHHUKIB: 1,4-Ai0KcaH, i30NponaHo.I,
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amiak, BoJa y chiBBifjHOmeHHI (4:2:1:4),
omnuvcaHiil B po6oTi Martsenyuk, 2019. HaBaxky
KokHoro oprany (0,50+0,05r) 3mimyBaau 3
0,5 cm3 0,6 H TeTpaxsioponToBoi Kuca0TH. JaJti
cymimm ueHtpudyryBasu npu 4000 06./xB
npotsirom 10 xB i Bigbupaau 0,5 ma cynep-
HaTaHTy. OcTaHHiA HeWTpasidyBasid 3Milly-
BaHHAM 3 0,06 mn1 2M po3uuny K2(COs.
[Ipo3opuii HafoCaZOBUK PO3YMH HAHOCUJIW B
KisibkocTi 0,03 MJ1 Ha JIACTUHKY JJ11 XpOMAaTO-
rpadii. XpomaTorpadiro NpoBoAUINA NPOTATOM
60-90 xB. [ln1IMM HYKJEOTUJIB JeTeKTyBaJlu
nij yabTpadioseTOBUM CBITJIOM Ta eJIIOBaIX
ix i3 maactuH 3 M 0,1H xsopupHOiI KHUCI0TH
npotsirom 30 xB. Enwat cnektpodoTomeTpy-
BasM npu A=260 HM. Kpim Toro, ajs 6iibii

IOBHOI OLIIHKKA CTaHy aJeHiJIaTHOI CUCTeMU
Pi3HUX TKaHMH KOpOIla B YMOBaX TOKCUYHOTO
HaBaHTa)KEHHs OYyJIM po3paxoBaHi Taki XapakTe-
PUCTUKU eHEepreTUYHOI0 CTaHY KJIITUHU: aJieHi-
JIATHUM eHepreTU4HU 3apsan (AE3) Ta
BiJHOLIEHHA MacC aJeHiJlaTKWHA3HOl peakuil
(AMak). Takox po3paxOByBaJM BiJICOTKOBE
CHIBBIJHOILIEHHA A/ EHIJIOBUX HYK/JIEOTUJIIB Yy
TKaHWHax pub. KinbKicTb HeopraHiyHoOro
dochopy Bu3Hauasum 3a MeToaoM Dicke-
Cybapoy 3rijHO omucy MeTOJAUKU B POOGOTI
(Mekhed et al, 2005).

Pe3yabpTaTh Ta iX OOroBOpeHHA

PesysibTaTy [ociaipkeHHA NpejCcTaBJieHi
B Tabsmni 1.

Tatauys 1

IToxazHuKHM €eHepreTUYHOro OOMiHy B TKAHHHAX KOPOMA
3a YMOB TOKCHYHOI'O HABAHTAKEHHS MiKOTOKCHHOM T2, MKkMOAB /T Tkanuau (Mtm, n=5)

N IToxazaux Kourpoas 12y BOAL P T2 B xOopM™mi P
n/no aKBapiymy
biai m’s13m

1 ATD 1,75+0,36 0,78+0,12 <0,1 0,93+0414

2 AAD 2,15+0,13 0,91+0,30* <0,01 0,33+0,01* <0,01

3 AMOD 2,46%0,34 2,12+0,33 1,24+0,22* <0,05

4 ATD/AAD 0,77 0,86 3,01

5 Cyma 6,26 3,81 : 2,50 :
ajeHizaTiB

6 AE3 0,45 0,32 - 0,44 -

7 AMax 0,88 1,88 - 12,64 -

Ileuinka

1 ATO 3,54+0,24 3,73+0,21 1,15+0,14* <0,001

2 AAD 1,41+0,21 1,19+0,28 0,92+0,02 <0,1

3 AMO 4,72+0,48 2,56+0,12* <0,01 4,48+0,24

4 ATO/AAD 2,51 3,13 1,25

5 Cyma 9,67 7,48 - 6,55 :
aeHiAaTiB

6 AE3 0,44 0,58 = 0,25 =

7 AMak 7,16 7,24 - 6,08 -

Mosoxk

1 ATD 1,320, 63 1,55+0,20 0,89+0,08 <0,1

2 AAD 1,35+0,22 1,36+0,16 <0,1 1,14+0,09

3 AMOD 1,70£0,45 0,78+0,04 <0,01 2,17+0,27 <0,1

4 ATO/AAD 0,98 1,14 = 0,78 =

5 Cyma 4,37 3,69 - 4,20 :
ajeHiAaTiB

6 AE3 0,46 0,60 - 0,35 -

7 AMak 1,20 0,88 0,75
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Pe3ysibTaTu fociif>keHHs, NpeACcTaBJeHi
B TabJ/ivIi, CBiluaTh, L0 NPU MNOTPAMNJISHHI
MIKOTOKCHHY T2 3 KOpMOM y TKAHWHAX KOpona
CIIoCTepirajuca CyTTEBI 3MiHU B eHepreTUu-
HOMY OOMiHi. ¥ 6GUIMX M'si3ax KOHIeHTpalis
AT® 3Hu3umaca npubsausHo Ha 47 % (3
1,75 MkMoub/T 10 0,93 MKMOJIb/T Y TOPiBHAHHI
3 KOHTpoJieM), ToAi sk piBeHb A/I® BmaB
6inb1 HDXXK y 6 pasiB (3 2,15 MKMoJab/T 10
0,33 MkMoJib/T). PiBenHb AM® Tako0X 3HU3UBCS
Ha 50 % (3 2,46 mkMousb/T A0 1,24 MKMOJB/T).
CyMapHa KiJIbKiCTb a/leHiJIaTiB 3MeHIIUIacsd Ha
60 % (3 6,26 MkMoJb/T 10 2,50 MKMOJIb/T), 1110
CBIJYMTB NPO 3HAYHE 3HWKEHHS €eHepreTUYHOI0
pe3epBy. AJleHIJIAaTHUN €eHepreTUYHUHN 3apaf,
3a/JIMIIMBCA MalKe HEe3MiHHUM, I0Ka3yl4u
jguie 2 % 3HuxkeHHs - 3 0,45 go 0,44.

Y TkaHuHi nedinku BMicT AT® 3MeH-
MBCcS Maike B 3 pasu (3 3,54 MKMOJIb/T [0
1,15 Mmkmosib/T), a piBeHb A/l® 3HU3UBCA Ha
35% (3 1,41 mxmoab/r o 0,92 mMkMoJb/T).
Cyma ajeninatiB 3HU3WIaca Ha 32% (3
9,67 MKMOJIb/T 0 6,55 MKMOJIb/T), 1110 BKa3ye
Ha 3HauyHe 3HW)KEHHSI eHepreTU4YHOro MOTeH-
niany. AE3 Takox BnaB Ha 43 % -3 0,44 n0 0,25,
110 CBiAYUTDH PO CYyTTEBE NPUTHIYEHHSI eHepre-
TUYHOTO CTaHy KJ/ITHH Ie4YiHKWA. Y MO3KOBIH
TKaHUHI KoHIeHTpalisg AT® 3uu3uiaca Ha 33
% (31,32 mkMouib/T 0 0,89 MKMOJIB/T), TOAI IK
piBenb AM® 3pic Ha 28 % (3 1,70 MKkMoJIb/T 10
2,17 MKMOJIb/T), 110 MOKe CBiIUMTHU NPO ajiall-
TalliiHUK NpOLEeC y BiANOBIAb HA TOKCUYHUU
ctpec. CyMapHUU BMICT a/ieHiJIaTiB 3aJIMIINBCA
MalKe HE3MiHHUM, 3HU3UBIIUCH Jinile Ha 4 %
(3 4,37 mkmoub/T A0 4,20 MKMoJib/T). OfHAK
AE3 BnaB Ha 20 % (3 0,44 no 0,35).

[Ipu BMmicTi MikoTOKCcMHY T2 y Bogi
aKBapiyMiB TaKOX CIIOCTepiraavcda 3HayHi 3MiHU
B eHepreTUYHOMY OOMiHI KOpOIa, IPOTe peaklis
TKaHUH OyJia [lello BiAMIHHOMW. Y 611X M's13ax
BMicT AT® 3meHmuBcs o 0,78 MKMoJb/T, a
pienb AJ® - no 0,91 MKMOJIB/T, 1[0 3HAYHO
HW)KYe KOHTPOJIbHUX 3HadyeHb. CyMa azieHinaTiB
3HU3Waca 3 6,26 go 3,81 mkmosib/r, a AE3
BnaB o 0,32. Ili pesysbTaTH BKas3ywTb Ha
CYTTEBE IPUTHIUEHHS EHEPTETUYHOTO 0OMiHY B
M'I30Bil TKaHHUHI MiJi BIJIMBOM TOKCHUHY Y BOJ.
TkaHMHU TeYiHKKW BUSBHWJMCA MEHII YyTJIU-
BUMM /10 TOKCUHY y BoAi. Xoya piBHI AT® i A1
3a/IMIIAJIMCA MalKe Ha TOMY K PiBHI, IO i B
KoHTpoJi (3,73 Ta 1,19 MkMoJIb/T BifOBIIHO),
piBeHb AM® 3Hu3uBCcA A0 2,56 MKMOJb/T (y
KOHTpoJIi - 4,72 MmkMosib/T). CyMa afieHinaTiB y
neviHii aMmenmuaaca 3 9,67 no 7,48 MKkMoJib/T,
tozi Ak AE3 pmemo migBumusca go 0,58, mo
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MOXe CBIJYUTHM NP0 aKTUBALil0 KOMIeHCa-
TOPHUX MexXaHi3MiB. Y MO3KOBiM TKaHHHI NpHU
BBe/IeHHI MIKOTOKCUHY 4Yepe3 BOAY TaKOX CII0C-
Tepirasucsa 3miHu. Bumict AT® nigBuiuscs 10
1,55 Mkmosb/T (y KoHTpOJi — 1,32 MKMOJIB/T), @
piBeHb AM® 3meHmuBcsa a0 0,78 MkMosb/T (y
koHTpoJi — 1,70 Mxkmosb/r). AE3 36inbmnBCA
7o 0,60, mo Moxe BKa3dyBaTHU Ha aJalTalilHI
NpoIeCcH, CIPSIMOBaHi Ha MiATPUMKY PYHKILio-
HaJIbHOI aKTUBHOCTI MO3Ky B  yMOBax
TOKCUYHOI'O HaBaHTAXKEHHH.

TakuM YMHOM, He3a/IeXKHO BIiJ LIAXY
NOTPAIVIAHHA 0 OpraHi3aMy MiKOTOKCUHY T2,y
6iMx M'I3ax cmocrepirajgocs CyTTEBe 3HU-
)KeHHS cyMU afeHisaTiB Ta AE3. lle Bka3ye Ha
3arajibHe 3HWXXEHHH €eHepreTU4YHOro IMOTeH-
niasy i Moxke o6MexyBaTH (QYHKILiOHAJbHI
MOXJMBOCTI M'sA3iB, 30KpeMa, B yMoOBax
nigBUILeHoI Qi3MYHOI aKTUBHOCTI. Y meyviHui
peakiiigd Ha MiKOTOKCUH Biipi3HsIacA 3aJIEXKHO
Bij 11axy BBeJeHHd. [Ipu BBeJjeHHI TOKCHUHY
yepe3 KOPM CIIOCTepirajaocs 3HauHe 3HWKEeHHS
AE3 i cymu ageHisnariB, 110 BKa3ye Ha eHep-
reTUYHUM AucOasaHC | MOXJIMBe MPUTHIYEeHHS
MeTabosliyHuX npoueciB. [lpyu TokcuyHOMY
BIJIMBI 4epe3 BOAY IlediHKa JeMOHCTpyBaJja
O3HAaKM KOMIIEHCATOpHOI  ajamTauil, 1m0
BUpaxkasiocsa y 36isbumieHHi AE3. MoskoBa
TKaHWHA BUSABWJIA HaWOIbLIy 34aTHICTb [0
ajanTalii 3a yMOB TOKCUYHOI'O BILIKBY. [lpu
BBeJIeHHI MIKOTOKCHUHY 4epe3 BOJY CIIOCTe-
pirasoca 3poctraHHa AE3, mo Bka3ye Ha
aKTUBAllil0 ajanTalilHUX MexaHi3MiB [AJd
HNiATPUMKU eHepreTUYHOro romMmeoctasy. OgHak
IpU BBeJleHHI TOKCUHY 4epe3 KOpPM BifOyBa-
Jiocsl 3HMKeHHS AE3, 110 CBiUMTh NMpO MeBHE
eHepreTUYHe BUCHAXKEHHS.

Bucuosku

BB mMikoTokcuHy T2 Ha afeHisaTHUR
npodisib TKaHMH KOpoIla BKa3ye Ha MHOro
TKaHUHHY crneuudiyHictb. HagBHicTh Horo B
KOpMax IPU3BOAUTbL 0 3HAYHOI'O 3HUKEHHA
KOHIeHTpaliil MaKpOepruyHUX CIOJIyK, 0CO0-
JIUBO B 6i/INX M's13aX, 1[0 HETaTUBHO BIIJIMBAE Ha
eHepreTUYHUM 6aJIaHC KJIITHH.

[lifg fi€ro MiKOTOKCHHY, BHECEHOMY 6€3110-
cepelHbO y BOJAY akBapiyMmiB, B IeyYiHLi Ta
MO3KY CIIOCTEPIraeThcs cTabiibHiCTh piBHA AT,
110 CBIJYWTH NPO aKTUBI3alil0 eHepreTUYHOro
06MiHy. OTprMaHi pe3y/sbTaTU MiATBEPIKYIOTh
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ZNACZENIE ZELAZA W DIECIE DAWCOW KRWI I JEJ SKEADNIKOW
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Malgorzata Gradziuk, Halina Tkaczenko, Natalia Kurhaluk

THE IMPORTANCE OF IRON IN THE DIET
OF BLOOD DONORS AND ITS COMPONENTS

STRESZCZENIE

Cel pracy: Niniejsza publikacja jest artykutem przegladowym i koncentruje sie na znaczeniu zelaza w diecie
dawcéw krwi, omawia mianowicie role tego mikroelementu w organizmie cztowieka, wptyw oddawania krwi na jego
poziom oraz zalecenia dotyczace suplementacji i zywienia w celu zapobiegania niedoborom tego pierwiastka. W sytuacji
rosnacej liczby dawcéw krwi oraz wptywu tego zabiegu na ich zdrowie, przedstawione w tym artykule informacje na
podstawie wynikéw badan licznych autoréw majg kluczowe znaczenie dla opracowania skutecznych strategii
dietetycznych.

Metody wykorzystania Zrodet literaturowych. W celu uzyskania wiarygodnych danych do niniejszego artykutu
przeszukaty$my bazy danych PubMed, Scopus, Web of Science, oraz Google Scholar. Bazowaty$my tylko na kombinacjach
stow kluczowych, takich jak «iron supplementation», «blood donors», «iron deficiency», «dietary iron», «anemia
prevention», «ferritin levels», odnoszacych sie do literatury opublikowanej w latach 1970-2024. Ponadto wykorzysta-
tySmy wyniki badan opublikowane w recenzowanych czasopismach naukowych. Wszystkie zidentyfikowane i
wykorzystane artykuty byly poczatkowo oceniane na podstawie tytutéw i abstraktéw. W wyborze uwzgledniano takie
informacje jak charakterystyka populacji, interwencje, metody oceny poziomoéw zelaza, wyniki oraz zgltoszone efekty
uboczne. Kluczowe wyniki dotyczace skutecznosci suplementacji zelaza, wptywu diety oraz monitorowania pozioméw
zelaza byly omawiane w kontekscie ich znaczenia dla dawcow krwi.

Nowatorstwo naukowe. W artykule tym proponujemy kompleksowe podejscie do roli zelaza w diecie dawcéw
krwi, taczac najnowsze wyniki badan z praktycznymi zaleceniami dotyczacymi diety i suplementacji. Dodatkowo
przedstawiamy w nim zar6wno aspekty biologiczne, jak i praktyczne, co stanowi nowatorskie podej$cie do omawianego
tematu, a takze taczy wiedze z réznych dziedzin, takich jak hematologia, dietetyka, biochemia i medycyna prewencyjna i
umozliwia kompleksowg analize zagadnienia. Integracja tych dyscyplin prowadzi do lepszego zrozumienia wptywu
zelaza na zdrowie dawcéw krwi. Przeglad niniejszy bazuje na najnowszych badaniach klinicznych i meta-analizach, co
zapewnia aktualno$¢ i wiarygodno$¢ przedstawionych danych. Analiza najnowszych wynikéw badan pozwala na
formutowanie aktualniejszych i precyzyjniejszych zalecen dotyczacych suplementacji zelaza. Sugerujemy réwniez
personalizacje zalecen dietetycznych dla dawcéw krwi, uwzgledniajaca indywidualne potrzeby tych os6b i osobnicze
réznice metaboliczne. Personalizowane podejscie do diety i suplementacji Zelaza moze zwiekszy¢ skutecznos¢
zapobiegania niedoborom tego pierwiastka. W artykule proponujemy nowe strategie prewencyjne, takie jak programy
wsparcia dla dawcow krwi, ktédre powinny objaé regularne monitorowanie pozioméw zelaza, edukacje na temat zywienia
i suplementacji oraz dostosowane interwencje dietetyczne. ZwrécitySmy takze uwage na potrzebe dtugoterminowego
monitorowania efektéw suplementacji Zelaza, co jest czesto pomijane w badaniach krétkoterminowych, a
dtugoterminowe podej$cie pozwoli na wiarygodng ocene trwatosci efektéw suplementacji i jej wptywu na zdrowie
dawcow krwi.

Whioski. Zelazo odgrywa fundamentalng role w utrzymaniu zdrowia dawcéw krwi. Jest niezbedne do produkcji
hemoglobiny, transportu tlenu oraz do wielu innych funkcji metabolicznych. Regularne oddawanie krwi powoduje
znaczng utrate tego mikroelementu, co moze prowadzi¢ do jego niedoboréw i anemii, jesli nie zostanie odpowiednio
uzupetniony. Aby zrekompensowac utrate zelaza, dawcy krwi powinni zwraca¢ szczegdlng uwage na diete. Produkty
bogate w Zelazo hemowe, takie jak mieso i ryby, oraz Zelazo niehemowe, takie jak ro$liny straczkowe i zielone warzywa
lisciaste, powinny stanowié¢ podstawe ich diety. Spozywanie dodatkowo witaminy C z positkami moze zwiekszy¢
wchtanianie zelaza niehemowego. Regularna suplementacja zelaza jest skuteczng metodg zapobiegania niedoborom tego
mikroelementu u dawcéw krwi. Badania kliniczne wykazaty, Ze suplementacja Zelaza poprawia poziomy hemoglobiny i
ferrytyny, redukujac ryzyko anemii. Suplementacja powinna by¢ dostosowana indywidualnie, a dawcy powinni by¢
regularnie monitorowani pod katem pozioméw omawianego pierwiastka. Edukacja dawcéw krwi na temat jego
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znaczenia i wtasciwej diety jest kluczowa. Programy wsparcia, ktére obejmujg regularne monitorowanie poziomdéw
Zelaza, dostarczanie suplementéw oraz dostosowane zalecenia dietetyczne, moga znacznie poprawi¢ zdrowie dawcow i
ich zdolno$¢ do dalszego oddawania krwi. Dalsze badania sa konieczne, aby doktadniej okresli¢ optymalne strategie
suplementacji zelaza i ich dtugoterminowy wptyw na zdrowie dawcéw krwi. Badania powinny réwniez skupi¢ sie na
indywidualnych réznicach w metabolizmie omawianego pierwiastka oraz na opracowaniu personalizowanych zalecen
dietetycznych.

Stowa Kkluczowe: zelazo, dawcy krwi, suplementacja zelaza, anemia, dieta bogata w zelazo, ferrytyna,
hemoglobina, wchianianie zelaza

ABSTRACT

Purpose: This review focuses on the importance of iron in the diet of blood donors, discussing the role of iron in
the body, the impact of blood donation on iron levels, and recommendations for supplementation and diet to prevent
deficiency. In the context of the increasing number of blood donors and their impact on health, this research is crucial to
the development of effective nutritional strategies.

Materials and methods. PubMed, Scopus, Web of Science and Google Scholar databases were searched. Keyword
combinations were used, including «iron supplementation», «blood donors», «iron deficiency», «dietary iron», «<anaemia
prevention» and «ferritin levels». Literature published between 1970 and 2024 was searched. Studies published in peer-
reviewed journals were included. All identified articles were initially assessed using titles and abstracts. Data from
selected studies were extracted, including information on population characteristics, interventions, methods of assessing
iron levels, outcomes and reported adverse effects. Key findings on the efficacy of iron supplementation, the effect of diet,
and iron monitoring were discussed in the context of their relevance to blood donors.

Scientific novelty. This article presents a comprehensive approach to the role of iron in the diet of blood donors,
combining the latest research with practical recommendations for diet and supplementation. It covers both biological
and practical aspects, which is a novel approach to the subject. The article combines knowledge from different fields such
as haematology, dietetics, biochemistry and preventive medicine to provide a comprehensive analysis of the issue. The
integration of these disciplines leads to a better understanding of the impact of iron on the health of blood donors. The
review is based on the most recent clinical trials and meta-analyses, ensuring that the data presented is current and
reliable. Analysis of the most recent trials allows for more accurate and up-to-date recommendations regarding iron
supplementation. The article introduces the concept of personalising dietary recommendations for blood donors, taking
into account individual needs and metabolic differences. A personalised approach to diet and iron supplementation may
increase the effectiveness of iron deficiency prevention. The article suggests new prevention strategies, such as blood
donor support programmes that include regular monitoring of iron levels, education about diet and supplementation,
and tailored dietary interventions. The review emphasises the need for long-term monitoring of the effects of iron
supplementation, which is often lacking in short-term studies. A long-term approach makes it possible to assess the
durability of the effects of supplementation and its impact on the health of blood donors.

Conclusions. Iron plays a fundamental role in maintaining the health of blood donors. It is essential for the
production of haemoglobin, oxygen transport and many other metabolic functions. Regular blood donation causes
significant iron loss, which can lead to iron deficiency and anaemia if not adequately replaced. To compensate for iron
loss, blood donors should pay particular attention to their diet. Foods rich in haem iron, such as meat and fish, and non-
haem iron, such as legumes and green leafy vegetables, should form the basis of their diet. In addition, taking vitamin C
with meals can increase the absorption of non-haem iron. Regular iron supplementation is an effective way to prevent
iron deficiency in blood donors. Clinical studies show that iron supplementation improves haemoglobin and ferritin
levels and reduces the risk of anaemia. Supplementation should be individualised and donors should have their iron
levels monitored regularly. Educating blood donors about the importance of iron and proper diet is essential. Support
programmes that include regular monitoring of iron levels, provision of supplements and tailored dietary
recommendations can significantly improve the health of donors and their ability to continue donating. Further research
is needed to better determine optimal iron supplementation strategies and their long-term effects on donor health.
Research should also focus on individual differences in iron metabolism and the development of personalised dietary
recommendations.

Key words: iron, blood donors, iron supplementation, anaemia, iron-rich diet, ferritin, haemoglobin, iron
absorption

takich jak anemia, choroby nowotworowe czy
urazy wymagajace intensywnej opieki medycznej

Oddawanie krwi i jej skiadnikow jest (Zeger et al, 2007; Gammon et al, 2021).
nieocenionym aktem altruizmu, ktéry ratuje Jednakze, aby proces oddawania krwi byt
zycie i wspiera zdrowie pacjentdw na catym bezpieczny i skuteczny zaréwno dla dawcy, jak i
Swiecie. Dawcy krwi odgrywaja kluczowa role w biorcy, konieczne jest utrzymanie odpowied-

Wprowadzenie

zapewnieniu stabilnych zapaséw krwi, niezbed-  nijego stanu zdrowia dawcéw. Kluczowym
ny.ch d? przeprowadzania .trans.fuzji, operacji elementem tego procesu jest wtasciwe zywienie
chirurgicznych oraz leczenia wielu schorzen, (Sadowska and Sacharczuk, 2011; Piskin et al,,
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2022). Zywienie odgrywa fundamentalna role w
przygotowaniu organizmu dawcy do oddania
krwi oraz w procesie regeneracji po jej oddaniu.
Optymalny stan odzywienia zapewnia nie tylko
wystarczajacy poziom energii i sktadnikéw
odzywczych, ale réwniez wspiera funkcje
immunologiczne, procesy regeneracyjne oraz
ogolna kondycje zdrowotng. Niewtasciwa dieta
moze prowadzi¢ do niedoboréw mikro- i
makroelementéw, co moze wptynaé negatywnie
na jako$¢ oddawanej krwi oraz na zdrowie
samego dawcy (Chen et al., 2018).

Zelazo jest pierwiastkiem niezbednym do
prawidlowego funkcjonowania organizmu
ludzkiego, odgrywajac kluczowa role w wielu
procesach fizjologicznych, w tym w syntezie
hemoglobiny, transporcie tlenu i produkcji
energii na poziomie komoérkowym. Jest ono
szczeg6lnie istotne dla zdrowia, gdyz bez
odpowiednich jego zasobow organizm nie jest w
stanie produkowac wystarczajacej iloSci erytro-
cytow (Boccio et al., 2003; Chifman et al.,, 2014).

Edukacja zywieniowa dawcow krwi jest
kluczowym elementem promowania zdrowia
publicznego i zapewnienia jakoS$ci zasobdéw
krwi. Swiadomo$¢é znaczenia odpowiedniego
zywienia i praktyczne wskazowki dotyczace
diety moga znaczaco wptyngé na zdrowie
dawcéw oraz na efektywnos¢ i bezpieczenstwo
procesu oddawania krwi. Poprzez edukacje i
wsparcie dietetyczne, mozemy przyczynic sie do
zwiekszenia liczby zdrowych i regularnych
dawcow krwi, co bezposrednio przetozy sie na
lepsze funkcjonowanie systeméw opieki
zdrowotnej (Gammon et al., 2023).

Celem tego przegladowego artykutu jest
szczegOtowe omowienie roli zelaza w zZywieniu
dawcow krwi i jej sktadnikow. W pierwszej
czeSci przedstawiamy podstawowe funkcje
zelaza w organizmie cztowieka oraz jego
znaczenie w produkcji krwi. Nastepnie pod-
dajemy analizie wpltyw dawstwa krwi na zasoby
zelaza oraz procesy regeneracyjne u dawcow po
donacji. Omawiamy réwniez  zalecenia
dietetyczne i suplementacyjne dla dawcow krwi,
a takze strategie zapobiegania niedoborom
zelaza. W koncowych sekcjach przygladamy sie
przypadkom szczegélnym, takim jak dawcy o
zwiekszonym ryzyku niedoboru zelaza, oraz
prezentujemy wnioski ptynace z przegladu
dostepnej i wykorzystanej literatury.

1. Rola zZelaza w organizmie czlowieka
oraz metabolizm tego mikropierwiastka.
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Zelazo jest zasadniczym elementem wielu
procesow fizjologicznych w organizmie czto-
wieka (Kiss, 2015), niezbednym do prawidto-
wego rozwoju i funkcjonowania, stanu
odpornosci, wydolnosci fizycznej i wydajnosci
pracy (Brittenham, 2011; Spencer and Mast,
2022). Jest sktadnikiem hemu, w potaczeniu z
ktéorym uczestniczy w odwracalnym wigzaniu
tlenu przez krwinke czerwona i zarazem
kluczowym elementem mioglobiny miesniowej
oraz mitochondrialnych cytochroméw (Chifman
et al, 2014). Catkowita zawarto$¢ zelaza w
organizmie wynosi $Srednio 50 mg/kg u mezczyzn
(okoto 3500 mg u dorostego mezczyzny) i
35 mg/kg u kobiet (okoto 2100 mg u dorostej
kobiety). Wiekszos$¢, bo az 60 % zapasoéw zelaza
znajduje sie w krwinkach czerwonych (Kiss,
2015).

Dobrze odzywiony dorosty cztowiek
zawiera w swoim organizmie okoto 3-5 g zelaza,
z czego prawie 60 % jest wlaczane do hemo-
globiny, a 10 % do mioglobiny mie$niowe;.
Pozostata cze$¢ jest magazynowana w hepato-
cytach i makrofagach siateczkowo-$rédbton-
kowych. Okolo 1-2mg zelaza jest tracone
dziennie przez pot, utrate krwi oraz ztuszczanie
sie komédrek nabtonka jelitowego. Aby zrekom-
pensowacé utrate tego pierwiastka, organizm
wchtania go z diety w ilo$ci 1-2 mg dziennie, ale
sama synteza hemoglobiny wymaga 20-25 mg
zelaza dziennie. Aby aktywowaé synteze
hemoglobiny i inne procesy metaboliczne,
zelazo musi by¢ poddawane recyklingowi, a jego
poziom w organizmie jest $ciSle regulowany.
Krazacy hormon peptydowy hepcydyna, wraz ze
swoim receptorem ferroportyna, przede
wszystkim utrzymuje systemowag homeostaze
zelaza, podczas gdy biatka regulujace poziom
tego mikroelementu odgrywaja gtéwna role w
kontrolowaniu jego wewnatrzkomdrkowej
homeostazy. Niedawno zidentyfikowano
wewnatrzkomorkowe reakcje biorgce udziat w
metabolizmie zelaza, skladajace sie ze 151
czasteczek chemicznych i 107 reakcji i etapow
transportu (De Domenico et al.,, 2007; Andrews,
2008; Hower et al., 2009; Hentze et al., 2010).

W  normalnych warunkach zelazo w
organizmie znajduje sie w dynamicznej rowno-
wadze (Geisser and Burckhardt, 2011). Z okoto
10 mg zelaza przyjmowanego z pozywieniem,
1-2mg jest wchtaniane przez enterocyty
dwunastnicy. W krazeniu zelazo jest zwigzane z
transferyna (okoto 3 mg), ktéra transportuje je
bezpiecznie do szpiku kostnego w celu syntezy
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hemoglobiny. Okoto dwéch trzecich zelaza w
organizmie wystepuje w postaci hemoglobiny, w
czerwonych krwinkach (1800 mg) i prekur-
sorach erytrocytéw w szpiku kostnym (300 mg),
podczas gdy 10-15 % znajduje sie w mioglobinie
i réznych enzymach. Zelazo jest magazynowane
w komorkach migzszowych watroby (okoto
1000 mg). Makrofagi siateczkowo-Srédbton-

kowe tymczasowo przechowuja zelazo odzys-
kane ze starzejacych sie erytrocytow (600 mg)
w tatwo dostepnej formie (Geisser and Burck-
hardt, 2011). Erytropoetyna, produkowana
przez nerki, reguluje absorpcje tego pierwiastka
w dwunastnicy i erytropoeze (Ryc. 1).

< Erywropostyna >/
e e ™ /
/’

4
“a r_ If.-'-E; o _-"-\
~—s, . roporzs

V. Sepikkostny O\ Tk >
R J00mg \ ‘
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Ryc. 1. Schemat metabolizmu Zelaza w organizmie
(Geisser and Burckhardt, 2011)

Nieorganiczne, niehemowe zZelazo jest
obecne w wielu produktach spozywczych,
takich jak jajka i warzywa, i jest wchtaniane
przez enterocyty dwunastnicy. Reduktaza
zelaza Cybrdl (DcytB) redukuje niehemowe
zelazo do Fe?* zanim zostanie przetran-
sportowane przez btone komoérkowa przez
dwuwartos$ciowy transporter metali 1, DMT1
(SLC11A2) (Gunshin et al, 1997; Turi et al,
2006). Wchtanianie hemowego Zelaza znajduja-
cego sie w czerwonym miesie nie jest w petni
poznane. Po wchtonieciu hemowe zelazo jest
transportowane do cytozolu i uwalniane przez
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hemowg oksydaze 1 (HO1) (Ferris et al., 1999).
Nadmiar wewnatrzkomorkowego zelaza jest
magazynowany w biatku ferrytynie. Ferrytyna
utlenia i wiaZe nadmiar zZelaza w rdzeniu
mineralnym zwanym ferrihydrytem (Theil,
2003; Arosio and Levi, 2010). Zelazo zwigzane
w ferrytynie enterocytéw jest tracone po kilku
dniach poprzez ztuszczanie sie komorek
nabtonka jelitowego. Cytozolowe zelazo jest
eksportowane do osocza przez eksporter
zelaza - ferroportyne (Fpn, SLC40A1) (Abboud
and Haile, 2000; McKie et al.,, 2003). Eksport
zelaza z enterocytéw do krwiobiegu wymaga
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ferroksydazy hefajstyny (HEPH), wielomied-
ziowej oksydazy, ktéra utlenia Fe?* do Fe3+
(Vulpe et al., 1999). W osoczu Fe3* krazy
zwigzane z transferyng (Tf), glikoproteing,
ktéra ma dwa miejsca wigzania dla zelaza i
utrzymuje go w rozpuszczalnej formie. Odkrycie
transferyny jako transportera Zelaza w osoczu
datuje sie na 1946 r. (Schade and Caroline,
1946). Transferyna peini dwie wazne funkcje,
mianowicie ogranicza powstawanie toksycz-
nych wolnych rodnikéw i dostarcza zelazo do
komoérek. U zdrowych oséb okoto 1/3 transfe-
ryny jest nasycona zelazem. Stezenia tego
mikroelementu u zdrowych dorostych wynosza
14-32 pmol/l, przy czym praktycznie -cale
krazace zelazo jest zwigzane z Tf. W warunkach
przecigzenia organizmu tym pierwiastkiem
gromadzi sie on w postaci niezwigzanej z
transferyng (NTBI). Uwaza sie, ze NTBI jest
gtéwnym czynnikiem przyczyniajacym sie do
patologii zwigzanej z przecigzeniem organizmu
zelazem (Hentze et al., 2010).

Glownym «konsumentem» zelaza jest
szpik kostny, a wiekszo$¢ tego pierwiastka
pochodzi z wewnetrznego recyklingu z
udziatem makrofagéw tkankowych, gtéwnie
makrofagéw $ledziony. Erytroblasty pozyskuja
zelazo za posrednictwem biatka obecnego
powszechnie na powierzchni komorki, recep-
tora transferyny 1, TfR1. Poprzez endocytoze
zalezng od receptora, TfR1 przenosi obcigZzong
zelazem Tf (holo-Tf) do zakwaszonych endoso-
mow, gdzie zelazo dysocjuje od transferyny przy
pomocy szeSciu transbtonowych biatek
antygenu nabtonka prostaty (STEAP) i opuszcza
endosomy za poSrednictwem DMT1 (Ohgami et
al,, 2006). Transferyna i receptor transferyny sa
odnawialne na powierzchni komérki. Zelazo jest
importowane z przedzialow wewnatrzkomor-
kowych do mitochondriéw przez wewnetrzne
biatko btonowe mitoferryne 1, tworzac hem,
ktérego wiekszo$¢ jest nastepnie wykorzysty-
wana do produkcji hemoglobiny (Shaw et al,
2006). Poniewaz nadmiar hemu jest toksyczny i
moze prowadzi¢ do apoptozy, musza istnie¢
mechanizmy utrzymujgce hem na odpowiednim
poziomie. Przypuszcza sie, ze receptor
komorkowy podgrupy C wirusa biataczki kotow
(FLVCR) i biatko kasety wiazacej ATP G2
(ABCG2) eksportujg nadmiar hemu, chociaz nie
jest to w petni zrozumiate (Krishnamurthy et al.,
2007; Keel et al., 2008).
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Makrofagi odzyskuja Zelazo ze starzeja-
cych sie i uszkodzonych erytrocytdw, najpierw
fagocytujac erytrocyty, a nastepnie kataboli-
zujac hem za pomocg oksydazy hemowej w celu
uwolnienia zelaza. Zelazo dwuwarto$ciowe jest
eksportowane do osocza za posrednictwem
eksportera zelaza, ferroportyny (SLC40A1), a
zelazo niewykorzystane jest magazynowane w
makrofagach, gtéwnie w ferrytynie (Donovan et
al.,, 2005; Hentze et al., 2010). Innym waznym
miejscem magazynowania Zelaza jest watroba,
poniewaz wiekszoS¢ tego pierwiastka trafiajagcego
do watroby jest magazynowana w ferrytynie i
moze by¢ mobilizowana, gdy organizm tego
potrzebuje. Hepatocyty pozyskuja holo-Tf za
posrednictwem dwoch receptoréw, TfR1 i TfR2,
ale uwaza sie, ze TfR2 dziata gléwnie jako
«czujnik» nasycenia transferyny i ma znacznie
nizsze powinowactwo do holo-Tf niz TfR1 (Robb
and Wessling-Resnick, 2004; Johnson and Enns,
2004). Gdy poziom zelaza w surowicy przek-
racza zdolno$¢ wigzania transferyny, watroba
staje sie gldwnym miejscem magazynowania
zelaza niezwigzanego z transferyng (NTBI)
(Andrews and Schmidt, 2007). Mechanizm, za
pomoca ktérego hepatocyty nabywaja NTBI, nie
jest w petni poznany, a jednym z kandydatéw na
wychwyt NTBI jest transporter cynku Zipl4
(SLC39A) (Liuzzi et al., 2006). Inne tkanki, takie
jak serce i trzustka réwniez s3 miejscami
gromadzenia sie Zelaza w  przypadku
przecigzenia organizmu tym pierwiastkiem i
rowniez maja mechanizmy wychwytu NTBI
(Chifman et al., 2014).

Aby unikng¢ przecigzenia organizmu
zelazem lub wystapienia jego niedoboru, orga-
nizm musi utrzyma¢ wewnetrzng réwnowage
tego pierwiastka, udostepniajac go tylko wtedy i
tam, gdzie jest potrzebny (Ryc.2). Krazacy
hormon peptydowy hepcydyna jest kluczowa
czasteczka w regulacji systemowej homeostazy
zelaza. Jest ona gtownie wytwarzana przez
watrobe, chociaz niektére badania sugeruja, ze
inne tkanki rowniez produkujg hepcydyne (Park
et al, 2001; Pigeon et al, 2001). Poziomy
hepcydyny ulegajg zmianom w odpowiedzi na
bodZce fizjologiczne, ktére wptywajga na
homeostaze zelaza, takie jak przecigzenie
zelazem, zapasy zelaza w watrobie, stan zapalny,
niedobor zelaza, aktywno$¢ erytropoetyczna i
niedotlenienie. WyzZsze poziomy hepcydyny
zmniejszajg wchtanianie zelaza i odwrotnie
(Chifman et al., 2014).
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Ryc. 2. Gtéwne tkanki biorace udzial w regulacji metabolizmu Zelaza
(Yiannikourides and Latunde-Dada, 2019)

Hepcydyna moduluje poziom zelaza w
surowicy i kontroluje wysycenie transferyny
poprzez hamowanie uwalniania zelaza z
enterocytow dwunastnicy, makrofagow i
hepatocytow. Konkretnie, hepcydyna reguluje
odptyw zZelaza poprzez wigzanie sie z
eksporterem Zelaza ferroportyna, indukujac
jego internalizacje i degradacje w lizosomach
(Nemeth et al, 2004). Mechanizm ten jest
utatwiany przez kinaze Janus 2 (Jak2), ktéra
wigze sie z kompleksem ferroportyna-
hepcydyna, fosforyluje ferroportyne i kieruje
ferroportyne do degradacji (De Domenico et al.,
2009). Opisano rowniez S$ciezke degradacji
ferroportyny za posrednictwem ubikwityny
(Qiao etal.,, 2012).

Ekspresja hepcydyny w watrobie jest
regulowana przede wszystkim przez mecha-
nizmy transkrypcyjne, za posrednictwem rodziny
czynnikéw transkrypcyjnych biatka morfogene-
tycznego kosSci (BMP) i innych skitadnikéw
sygnalizacyjnych, ktére s3 cztonkami rodziny
ligandéw TGF-f (Babitt et al., 2006). Badania
sugeruja, ze kluczowym regulatorem hepcydyny
jest BMP6, ktérego poziom wzrasta w
odpowiedzi na zapasy zelaza w watrobie
(Andriopoulos et al., 2009). BMP wiaze sie ze
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swoim receptorem (BMP-R) i ko-receptorem
hemojuweling (H]V), biatkiem powigzanym z
glikozylofosfatydyloinozytolem (Babitt et al,
2006). Ta interakcja indukuje fosforylacje biatek
R-SMAD i pozniejsze tworzenie aktywnych
komplekséw transkrypcyjnych obejmujacych
ko-regulator SMAD4, ktore wigzg sie z
elementami reagujagcymi na BMP w promotorze
hepcydyny (Wang et al, 2005). Receptor
btonowy neogeniny (NEO1) wzmacnia sygnali-
zacje BMP i ekspresje hepcydyny, prawdopo-
dobnie poprzez stabilizacje HJV (Lee et al,
2010). Transbtonowa serynowa proteaza
TMPRSS6 rozszczepia HJV, inaktywujac go i tym
samym hamujac produkcje hepcydyny (Silvestri
et al,, 2008). Inny mechanizm regulacji hepcy-
dyny obejmuje biatka hemochromatozy (HFE).
Zaproponowano, ze HFE dziatajg jako przetac-
zniki miedzy dwoma czujnikami holo-Tf, TfR1 i
TfR2. W tym modelu wysokie stezenia holo-Tf
wypierajg HFE z TfR1 i umozliwiajg interakcje
HFE z TfR2. Kompleks HFE/TfR2 nastepnie
aktywuje transkrypcje hepcydyny (Gao et al,,
2009; Wallace et al., 2009).

Ekspresja hepcydyny jest rowniez induko-
wana przez cytokine zapalng - interleukine-6
(IL-6) i inne cytokiny poprzez aktywacje STAT3,
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przekaznika sygnatu i aktywatora transkrypcji 3
(Wrighting and Andrews, 2006; Verga
Falzacappa et al., 2007). STAT3 wiaze sie ze
specyficznymi sekwencjami w promotorze
HAMP. Uwaza sie, Ze indukcja hepcydyny za
posrednictwem cytokin przyczynia sie do
hipoferremii, ktéra czesto towarzyszy przew-
lektej infekcji, ostremu zapaleniu i nowotworom
(Andrews, 2004).

Wolne zZelazo moze by¢ toksyczne,
poniewaz przyczynia sie do powstawania
rodnikéow hydroksylowych w reakcji Fentona.
Dlatego poziom Zelaza wewngatrzkomérkowego
musi by¢ kontrolowany, podobnie jak poziom
zelaza systemowego. Mechanizm regulacyjny,
ktéry koordynuje wewngtrzkomérkowe pobie-
ranie, wykorzystanie, magazynowanie i
wydalanie Zelaza, koncentruje sie na obecnosci
biatek regulujacych poziom tego pierwiastka
(IRP) 1 wykorzystuje reagujace na niego
elementy (IRE) (Chifman etal., 2014).

Komorki ssakow pozyskuja zelazo gtéwnie
za posrednictwem receptora transferyny 1
(TfR1). Po zwigzaniu holo-Tf z TfR1, zwigzane z
Tf zelazo jest wchianiane w procesie endocytozy
od receptora do zakwaszonych endosomédw,
gdzie zelazo tréjwartoSciowe jest redukowane
do Fe2* przez transbtonowg rodzine metalo-
reduktaz (STEAP) (Ohgami et al, 2006).
Dwuwarto$ciowy transporter metali 1, DMT1,
utatwia transport zelaza dwuwarto$ciowego z
endosoméw do cytoplazmy. W niektérych
komorkach, np. enterocytach, DMT1 znajduje
sie rowniez na powierzchni komorki i bierze
udziat w transporcie zelaza pozakomorkowego.
Nalezy zauwazy¢, ze rola biatek STEAP zostata
zbadana i dobrze zdefiniowana w hepatocytach,
makrofagach, komorkach erytrocytow i
erytroblastach, podczas gdy ich rola w tkankach
obwodowych  wymaga  dalszych  badan
(Andrews, 2008). Po wyjsciu z endosomu zelazo
trafia do tzw. «labilnej puli zelaza» (LIP),
cytozolowej puli stabo zwigzanego zelaza,
dostepnego do réznych interakcji z innymi
czasteczkami (Chifman et al,, 2014).

Zasugerowano, ze zelazo hemowe jest
transportowane przez biatko no$nikowe hemu
1 (SLC46A1) (Shayeghi et al., 2005), ale inne
badanie wykazato, ze SLC46A1 jest gtéwnym
transporterem kwasu foliowego (Qiu et al,
2006). Rok po6zniej SLC48A1 zidentyfikowano
jako potencjalnego kandydata do importu hemu
(Rajagopal et al., 2008). Niektére komérki, takie
jak makrofagi, pozyskuja hem posrednio
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poprzez fagocytowanie erytrocytéw i katabo-
lizacje hemu w celu uwolnienia Zelaza. Hepato-
cyty maja kilka mechanizméw wnikania zelaza,
w tym TfR2 i mozliwy transporter Zzelaza
niezwigzanego z transferyng (NTBI), trans-
porter cynku Zip14 (SLC39A) (Liuzzi et al,
2006).

Chociaz nie jest znany mechanizm
wydalania zelaza z organizmu, istnieje dobrze
zorganizowana i kontrolowana regulacja wyda-
lania tego pierwiastka z komorek. Ferroportyna,
zlokalizowana na btonie plazmatycznej, jest
obecna w wielu réznych typach tkanek ludzkich
i uwaza sie, ze jest jedynym eksporterem zelaza
dwuwartosciowego (Abboud et al., 2000; McKie
et al, 2000; Donovan et al, 2005). Wymaga
skoordynowanych reakcji ferroksydaz (cerulo-
plazminy i/lub hefajstyny), aby aktywowac
utlenianie zelaza i tadowanie transferyny. Jak
wspomniano powyzej, komorki eksportujg
rowniez ten pierwiastek w postaci hemu za
posrednictwem FLVCR i ABCG2 (Krishnamurthy
etal, 2007; Keel et al., 2008).

Gléwnym miejscem wykorzystywania
zelaza jest mitochondrium, gdzie ten mikro-
pierwiastek jest wykorzystywany do syntezy
hemu i grup prostych klastra Zzelazo-siarka
(Fe/S), ale mechanizmy, za pomoca ktérych
zelazo jest przemieszczane w komorce, nadal sg
obiektem badan. Zelazo jest importowane do
mitochondrium przez transporter SLC mito-
ferryne (SLC25A37) w celu wiaczenia do
bioaktywnego hemu (Shaw et al, 2006).
Wewnagtrzkomdérkowy hem reguluje swoja
wtasng produkcje przez syntaze delta-
aminolewulinianowa (ALAS) i wtasng degra-
dacje - poprzez indukowanie oksygenazy
hemowej (HO1) (Ferreira and Gong, 1995). Po
syntezie hem jest eksportowany do cytozolu w
celu wigczenia go do biatek. Zelazo, ktére nie
jest eksportowane ani wykorzystywane, jest
magazynowane w ferrytynie, biatku cytozo-
lowym, ktérego gtéwnga funkcja jest utlenianie i
zwigzanie nadmiaru Zelaza w rdzeniu mineral-
nym ferrihydrytu. Ferrytyna jest polimerem
24-podjednostkowym, ztozonym =z ciezkich
(ferrytyna H) i lekkich (ferrytyna L) tancuchéw
polipeptydowych w zmiennych proporcjach.
Sktad podjednostkowy ferrytyny zalezy od
rodzaju komorki i stanu fizjologicznego
organizmu (Theil et al., 2003). Kazde biatko
ferrytyny moze zawiera¢ do 4500 atomow
zelaza. Poniewaz wolne Zelazo moze powo-
dowa¢ powstawanie reaktywnych form tlenu,
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ferrytyna jest krytycznym biatkiem w zapobie-
ganiu uszkodzeniom komorek wywotanych
przez zelazo poprzez wigzanie nadmiaru tego
pierwiastka w formie niereaktywnej (Chifman
etal, 2014).

Homeostaza zelaza wewnatrzkomorko-
wego jest regulowana post-transkrypcyjnie
przez biatka regulujace zelazo IRP1 (ACO1) i
IRP2 (IREB2) w odpowiedzi na zmieniajgce sie
jego poziomy (Hentze and Kihn, 1996;
Muckenthaler et al, 2008). IRP1 i IRP2
oddziatujg poprzez wigzanie sie z elementami
reagujacymi na zelazo (IRE), strukturami cis-
regulacyjnymi zlokalizowanymi w niekodujacych
regionach (UTR) mRNA zaangazowanych w
metabolizm zelaza. mRNA kodujace ferrytyne,
ferroportyne, ALAS2, mitochondrialng akonitaze
(ACO2) i czynnik indukowany niedotlenieniem
2a (HIF2a) zawierajg pojedynczy IRE w swoich
5'UTR. mRNA kodujace TfR1 zawiera wiele IRE
w obrebie 3’ UTR, podczas gdy mRNA kodujgce
DMT1, homolog A cyklu podziatu komérkowego
14 (Cdcl4A), hydroksykwasowa oksydaze
1 (HAO1) i MRCKa, zawieraja pojedynczy IRE w
swoich 3'UTR (Chifman et al., 2014).

Gdy wewnatrzkomoérkowe poziomy zelaza
sa niskie, biatka regulujagce poziom tego
pierwiastka wigzg sie z IRE z duzym
powinowactwem. Wigzanie IRP z 5" UTR IRE
hamuje translacje ferrytyny i ferroportyny,
podczas gdy wigzanie z 3'UTR IRE powoduje
stabilizacie mRNA importera zelaza TfR1,
zwiekszajagc tym samym poziom zelaza w
cytoplazmie. W komoérkach bogatych w zelazo
efekt regulacyjny IRP jest zniesiony: IRP2 jest
celem degradacji, a IRP1 nabywa kompletny
klaster zelazowo-siarkowy, ktéry zapobiega
wigzaniu IRE (Chifman et al., 2014). Rola regu-
lacji IRP w mechanizmach i funkcjach innych
mRNA zawierajacych IRE jest stabiej poznana.

2. Wplyw dawstwa krwi na zasoby
zelaza. Krew jest tkanka, sktadajaca sie z czesci
ptynnej zwanej osoczem oraz elementéow
upostaciowionych, morfotycznych - krwinek
biatych, krwinek czerwonych oraz ptytek krwi.
Rolg krwi w organizmie sg funkcje odzywcze,
oddechowe, wydalnicze, transportowe, bufo-
rujgce, obronne, podtrzymujgce i homeosta-
tyczne (Dean, 2005). Objetos¢ krwi u zdrowej,
dorostej osoby wynosi okoto 5000 ml. Wiecej
niz 99% krwi stanowig krwinki czerwone, ktére
stanowig zarazem najwazniejsza cze$S¢ tej
tkanki. Kazda krwinka czerwona sktada sie w
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65% z wody oraz w 35% z masy statej, w ktorej
az 33% stanowi hemoglobina (Hb), a 2%
stanowig pozostate biatka (Muzykantov, 2010).
Hemoglobina jest zawierajacym zelazo
pigmentem krwinek czerwonych. Sktada sie z
czterech tancuchow globiny, z ktérych kazdy
otacza czasteczke porfiryny zawierajaca
czasteczke zelaza zwang hemem. Atom Zelaza w
hemoglobinie wystepuje na drugim stopniu
utlenienia i jest to tzw. ferrohemoglobina, ktora
wiaze tlen, dziatajac jako transporter gazow
oddechowych (Attaullah et al., 2023).

Oddanie jednej jednostki krwi pelnej
(450 ml krwi), powoduje utrate od 225-250 mg
zelaza (Timmer et al,, 2020) oraz niemal 10 %
catkowitej objetosci krwi znajdujacej sie w
organizmie (ryc.3). W wyniku tak znaczacej
utraty krwi dochodzi do nasilenia procesu
erytropoezy (Caulier and Sankaran, 2022).
Erytropoeza jest procesem ztozonym, wyma-
gajacym podazy wielu roéznych skiadnikéw
odzywczych i mineralnych tj. aminokwaséw,
zelaza, witamin (cyjanokobalamina, folacyna,
pirydoksyna, niacyna, witamina C) oraz
pierwiastkéw sladowych (miedz, cynk, kobalt, i
nikiel), petnigcych funkcje katalizatoréw reakcji
enzymatycznych tego procesu (Sadowska and
Sacharczuk, 2011). Kluczowe jest zatem
dostarczanie ich wraz z dieta.

Badaniem kwalifikacyjnym do oddania
krwi jest oznaczenie poziomu Hb, ktéry tak
naprawde nie jest miarodajnym wskaznikiem
poziomu Zelaza w organizmie (Blood Donor
Counselling, 2014). Minimalny poziom Hb przy
ktéorym dawca moze odda¢ krew wynosi
12,5g/dl w przypadku kobiet i 13,5g/dl w
przypadku mezczyzn. Dawcy moga oddawac
krew od czterech do sze$ciu razy w roku, co
osiem tygodni. Badania wykazaty, ze czeste
oddawanie krwi moze by¢ powigzane z
niedoborem Zelaza i obnizeniem poziomu Hb w
organizmie dawcy (Mast, 2014; Timmer et al,,
2020; Mantadakis et al., 2022), jednakze niewiele
badan wyjasnia jakie czynniki dominujg w
procesie powstawania tego niedoboru (Lobier
etal., 2019).

Kobiety jako dawcy krwi, ze wzgledu na
utrate krwi menstruacyjnej, w znacznie
wiekszym stopniu niz mezczyZni sa narazone na
niedokrwisto$¢ z powodu niedoboru zelaza.
Utrata zelaza zaréwno u kobiet jak i mezczyzn,
jezeli nie jest uzupetniana, prowadzi do
niedoboru tego pierwiastka, a w konsekwencji
do anemii (Boulton, 2004; Mast et al,, 2020).
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Poziom Zelaza w organizmie dawcy jest
uzalezniony nie tylko od czesto$ci oddawania
krwi, ale takze od wielu innych czynnikéw,
takich jak czynniki fizjologiczne, dieta czy styl
zycia (Mast et al., 2020). Lobier et al. (2019)
wykazali, ze na poziom zelaza w organizmie

wptywaja wiek, wskaznik BMI, alkohol czy tez
spozywanie miesa, natomiast wedtug Timmera
etal. (2020) poziom hemoglobiny w organizmie
zalezy od wieku, ptci, czesto$ci oddawania krwi
oraz roznic w sposobie zycia dawcow.

ﬂdnwsma krwi na zasoby Zelaza w organizmie
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Ryc. 3. Gté6wne aspekty wplywu dawstwa krwi na zasoby Zelaza w organizmie

3. Formy Zelaza w Zzywnosci. W zywnosSci
mozna znalez¢ dwa rodzaje zelaza, w tym zelazo
hemowe i niehemowe (Piskin et al, 2022).
Zelazo hemowe znajduje sie wylgcznie w
produktach zwierzecych, takich jak mieso, ryby
i drdb, podczas gdy zelazo niehemowe znajduje
sie w owocach, warzywach, fasoli suszonej,
orzechach, produktach zbozowych (Hurrell,
1997) (ryc. 4). Zelazo hemowe jest wchlaniane z
jelit wydajniej niz zelazo niehemowe (Roughead
et al,, 2002). Scista kontrola wchtaniania zelaza
z diety jest niezbedna do utrzymania jego
poziomu w normalnym zakresie i zmniejszenia
ryzyka jego niedoboru.

Biodostepnos¢ sktadnikéw odzywczych w
jelitach to proporcja sktadnikéw odzywczych
wchtlanianych i wykorzystywanych ze strawio-
nego pokarmu przez komorki enterocytow
jelita. Wykazano, ze organizm wchtania 25-30%
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zelaza ze spozytych podrobdéw, 7-9% ze
spozytych zielonych warzyw lisciastych, 4 % ze
spozytych zbdéz i 2% ze spozytych roslin
straczkowych, co sugeruje, Ze rodzaj pozywienia
lub inne czynniki dietetyczne mogg wptywac na
biodostepnos¢ zelaza (Zijp et al, 2000). Na
przyktad, kwas askorbinowy jest znanym
czynnikiem dietetycznym, ktory poprawia
biodostepnos¢ zelaza (Cepeda-Lopez et al,
2015); natomiast wapn, polifenole i fityniany
zmniejszajg wchianianie tego pierwiastka w
jelitach (Lonnerdal, 2010). Dlatego musimy
wzig¢ pod uwage rodzaj pozywienia w naszej
diecie, aby utrzyma¢ réwnowage zelaza w
organizmie, poniewaz niewystarczajace jego
wchtanianie prowadzi do niedokrwistosSci z
powodu niedoboru tego mikroelementu (Piskin
etal,, 2022).
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Ryc. 4. Wystepowanie w zywnosci
oraz przyswajalnos$¢ zelaza hemowego i niechemowego

Wchianianie zelaza z diety odbywa sie
glownie przez enterocyty w dwunastnicy i
gérnym jelicie czczym jelita cienkiego. Poniewaz
u cztowieka nie istnieje aktywny uktad
wydalania zZelaza, jego wchtanianie z jelit ma
kluczowe znaczenie dla utrzymania réwnowagi
tego pierwiastka w organizmie (Gulec et al,
2014). Typowa dieta zachodnia zawiera 7 mg
zelaza na 1000 kcal, ale organizm wchtania
dziennie tylko 1-2 mg tego mikrosktadnika
(Johnson-Wimbley and Graham, 2011). W diecie
wystepuje do 90% zZelaza niehemowego. Jest
obecne w zywnosci w postaci kompleksow Fe3+,
a jego wechtanianie zalezy od czynnikoéw
dietetycznych i jego poziomu w organizmie
cztowieka. Natomiast zelazo hemowe jest
wchtanianie szybko i jest mniej podatne na
czynniki dietetyczne. Zelazo hemowe stanowi
10% zelaza w diecie (Fleming and Bacon, 2005;
Mackenzie and Garrick, 2005). Wchtanianie
zelaza hemowego i niehemowego w jelitach
odbywa sie za pomoca dwdch réznych mecha-
nizméw molekularnych, jednak obie formy
trafiaja do tej samej wewngtrzkomorkowej puli
co nowo wchloniete zelazo hemowe lub
niehemowe i moga by¢ magazynowane w biatku
magazynujacym ten pierwiastek (Gulec et al,,
2014). Poziom Zelaza w organizmie i rodzaje
pozywienia moga wptywac na jego wchianianie
w jelitach. Ponadto zeliwne garnki i naczynia
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kuchenne réwniez moga by¢ Zrédtem znacznych
ilo$ci zelaza w diecie, mianowicie
przedostajacego sie z nich do zywnos$ci w formie
hemowej lub niechemowej. Spozywanie wystar-
czajacej ilosci tego mikroelementu jest jednym z
wymogdéw zdrowego zycia (Piskin et al.,, 2022).
Wartosci referencyjne dziennego spozycia
(RDA), $redniego dziennego spozycia skiad-
nikéw odzywczych dla zdrowych ludzi w celu
zaspokojenia potrzeb zywieniowych organizmu,
zostaty ustalone przez Food and Nutrition
Board, Institute of Medicine (I0M) (Institute of
Medicine (US) Panel on Micronutrients, 2001;
Swanson, 2003). Ponadto ustalono Srednie
spozycie (Al) Zelaza dla niemowlat od urodzenia
do szodstego miesigca zycia, odpowiadajace
Sredniemu spozyciu zelaza u zdrowych
niemowlat karmionych piersig. Wedtug I0M, Al
dla niemowlagt w wieku do sze$ciu miesiecy i
RDA dla niemowlagt w wieku od siedmiu do
trzynastu miesiecy wynosza odpowiednio
0,27 mg/dzien i 11 mg/dzien. Dla dzieci w
wieku od jednego roku do trzech lat, od czterech
do o$miu lat i od dziewieciu do trzynastu lat
warto$ci te wynoszg odpowiednio 7 mg/dzien,
10 mg/dzien i 8 mg/dzien. U nastolatkow
(14-18 lat) wartos¢ RDA jest inna dla chtopcow
i dziewczat, mianowicie dla chtopcéw wynosi
11 mg/dzien, a dla dziewczat 15 mg/dzien. Dla
dorostych powyzej dziewietnastego roku zycia
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RDA wynosi 8 mg/dzien dla mezczyzn i
18 mg/dzien dla kobiet. Ponadto RDA wynosi
10 mg/dzien dla karmigcych kobiet ponizej
18. roku zycia i 9 mg/dzien dla kobiet powyzej
18. roku zycia. Rdwniez dla wegetarian RDA ma
rézne warto$ci - dla wegetarianina mezczyzny
wynosi 14 mg/dzien, a dla wegetarianek w
wieku 14-18 lat, 19-50 lat i powyzej 51. roku
zycia wynosi odpowiednio 26 mg/dzien,
14 mg/dzien i 33 mg/dzien. Niedobor Zzelaza
wystepuje, gdy zapotrzebowanie organizmu na
ten mikropierwiastek nie jest zaspokojone, co
moze prowadzi¢ do probleméw zdrowotnych
(Institute of Medicine (US) Panel on Micro-
nutrients, 2001).

Zelazo hemowe stanowi 10-15% catko-
witego spozycia Zelaza i jest lepiej wchtaniane
niz zelazo niehemowe (wchtaniane w ilosci
15-35%), w zwigzku z czym ta pierwsza forma
pierwiastka moze stanowi¢ ponad 40% catko-
witego wchtaniania Zelaza jelitowego (Hurrell
and Egli, 2010). Zelazo niehemowe znajduje sie
zarbwno w zrédtach zwierzecych, jak i
ro$linnych (tj. w zbozach, fasoli i ziotach) oraz
we wzbogaconej w ten mikroelement Zywnosci,
takiej jak wzbogacone w zZelazo zboza
(McDermid and Loénnerdal, 2012). Zawartos¢
zelaza w zywno$ci nie wskazuje na jego
biodostepnos$¢, poniewaz wchtanianie tego
mikrosktadnika zalezy od kilku czynnikéw, a
przede wszystkim od jego formy. RoSliny
zawierajg gtdwnie zelazo niehemowe i nawet
jesli zawarto$¢ tego pierwiastka w nich jest
wysoka, jego wchtanianie jest niskie ze wzgledu
na interakcje miedzy nim i czgsteczkami roslin
(Rutzke et al., 2004). 30-70% zelaza w czerwo-
nym miesie wystepuje w postaci hemu.
Gtownym Zrodtem zelaza jest czerwone mieso
bogate w zZelazo hemowe, ktore jest wysoce
biodostepne (Czerwonka and Tokarz, 2017).

Czerwone mieso jest gtéwnym zrodtem
zelaza dla ludzi w krajach rozwinietych. Nato-
miast w krajach stabo rozwinietych i rozwijaja-
cych sie spozycie Zelaza zalezy od diety roslinnej,
ktéra zawiera gtdwnie zZelazo niehemowe,
czesto wchtaniane w ilo$ci mniejszej niz 10 %
(Zimmermann and Hurrell, 2007; Czerwonka and
Tokarz, 2017). Spozycie produktéw zawierajacych
zelazo jest jednym z gtdwnych czynnikéw okresla-
jacych stan tego pierwiastka w organizmie.

4. Czynniki dietetyczne wplywajace na
biodostepnos¢ zelaza. Zelazo jest obecne w
bardzo wielu réznych produktach spozywczych,
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zatem wazne jest stosowanie zdrowej i
zréznicowanej diety. Dieta dawcy krwi i jej
sktadnikéw powinna by¢ tak zbilansowana, aby
zawarte w niej zelazo oraz elementy utatwiajace
jego wchtanianie zapewniaty prawidtowe
wartosci wynikéw badan morfologicznych oraz
umozliwialy odtworzenie rezerwy tkankowej
tego mikroelementu (Piskin et al, 2022).
Wochtanianie tego pierwiastka jest w duzym
stopniu zalezne od jego stanu fizycznego -
dwuwartos$ciowego i trojwartosciowego (Piskin
et al, 2022). Zelazo niehemowe w diecie
wystepuje gléwnie w formie utlenionej lub
tréjwartosciowej, chociaz jest bardziej prawdo-
podobne, ze przez enterocyty zostanie
wchtoniete zelazo dwuwartosciowe (Gulec et al.,
2014). Zelazo tréjwarto$ciowe wytrgca sie w
roztworach o pH powyzej 3, podczas gdy
wiekszos¢ zelaza dwuwarto$Sciowego pozostaje
rozpuszczalna przy pH obojetnym. Dlatego
zelazo dwuwarto$ciowe musi najpierw zostaé
rozpuszczone i schelatowane w Zotadku, zanim
bedzie mogto zosta¢ wchtoniete w mniej
kwasnym, proksymalnym jelicie cienkim
(Conrad and Umbreit, 2002). Chelatacja
zachodzi szybko przez inne sktadniki diety, gdy
zelazo jest uwalniane do S$wiatta jelita. Te
chelatory moga dziata¢ jako wzmacniacze i
inhibitory, wplywajac na wchtanianie zelaza
poprzez jego rozpuszczalnos¢ (Zijp et al., 2006).
Sktad diety jest zatem jednym z najwazniejszych
czynnikdbw wplywajacych na wchtanianie
omawianego pierwiastka (Sharp et al, 2010)
(ryc. 5).

Kwas askorbinowy. Obecno$¢ kwasu
askorbinowego w diecie zwieksza wchtanianie
zelaza niehemowego (Teucher et al., 2004).
Kwas askorbinowy wspomaga wchianianie
zelaza, tworzac chelat z zZelazem tréjwartos-
ciowym Fe3* przy kwasnym pH Zotadka, ktory to
chelat jest rozpuszczalny przy zasadowym pH
dwunastnicy (Lynch and Cook, 1980). Ponadto
askorbinian, s6l kwasu askorbinowego, dziata
jako pochtaniacz wolnych rodnikéw i redukuje
stopnie utlenienia Zelaza do Fe?2*, ktore jest
jedyng biodostepng forma dla komoérek
enterocytéw (Smirnoff, 2018). Fe2* jest jedyng
formga Zelaza, ktére moze by¢ wchtaniane przez
transportery  Zelaza jelitowych komdrek
enterocytow (Gulec et al., 2014). Do tej pory
opublikowano liczne badania dotyczace
wptywu kwasu askorbinowego na wchtanianie
zelaza. Niedawno Khoja i in. (2021) doniesli, ze
gdy kwas askorbinowy zostat dodany do
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produktéw roslinnych (kietki i nasiona
kozieradki, migzsz owocow baobabu i liScie
moringi), zwiekszyl on wchilanianie zelaza w
unieSmiertelnionej linii komérkowej gruczo-
lakow ludzkiego jelita grubego Caco-2. He i in.
(2018) zastosowali in vitro model komoérkowy
Caco-2 do zbadania wptywu kwasu fitynowego,
szczawianu sodu i krzemianu sodu na biodos-
tepno$¢ Zelaza niehemowego w obecnosci i

nieobecnosci kwasu askorbinowego. Wyniki
wykazaty, ze kwas fitynowy, szczawian sodu i
krzemian sodu ograniczajg wchtanianie zelaza
trojwartosciowego, ale kwas askorbinowy
przeciwdziala temu hamujgcemu efektowi i
zwieksza wchtanianie Zelaza. Podobne wyniki
uzyskali Villano i in. (2016), ktérzy wykazali, ze
kwas askorbinowy przeciwdziata hamujgcemu
efektowi polifenoli.

Czynniki dietetyczne wplywajgce na
biodostgpnos¢ zelaza

Czynniki zwiekszajace /

. biodostgpnosc zelaza =

it SIS

Kwas mlekowy | Cysteina i inne
Witamina C (kwas inne kwasy aminokwasy
askorbinowy) organiczne zawlerajace siarke
Cytrusy Produkty
(pomaraicze, fermentowane
grejpfruty), (jogurt, kefir, :lqsborvll:;.
papryka, brokuly, kiszona Do
truskawki, kiwi kapusta)

\‘ Czynniki zmniejszajace
/\‘-\_\_ biodostepnosc zelaza \

Fityndany Polifenole Waps Oksalany
Produkty
noziarniste, e
pet , Herbata, kawa, suplementy Szpinalk,
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orzechy i kalkao i niektire wzbogacone burald
rodliny i Aot produlkty
straczkowe

Ryc. 5. Czynniki dietetyczne wplywajace na biodostepnosc¢ zelaza

Wykazano, ze dzialanie witaminy C zalezy
od dawki (Davidsson et al, 1998), i moze
zwieksza¢ wchianianie Zelaza tylko wtedy, gdy
oba sktadniki odzywcze sg przyjmowane razem
(Cook and Reddy, 2001). Wchtanianie zelaza
stopniowo wzrasta z 0,8% do 7,1%, gdy do
ptynnej formuty zawierajacej 4,1 mg zelaza
niehemowego dodawane sa coraz wieksze ilosci
kwasu askorbinowego w zakresie od 25 do 1000
mg. Wykazano réwniez, ze 500 mg kwasu
askorbinowego przyjmowanego z jedzeniem
zwieksza wchtanianie zZelaza szeSciokrotnie,
jednakze kwas askorbinowy przyjmowany 4-8
godzin wczesniej jest mniej skuteczny (Cook
and Monsen, 1977). Wiaczenie kwasu askor-
binowego do diety moze wydawac sie skuteczne
w zwiekszaniu wchtaniania Zelaza, jednakze,
pomijajgc trudnosci techniczne zwigzane z
przygotowaniem i przechowywaniem dan,
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wynikajgce z niestabilnosci tego kwasu
(Teucher et al., 2004), dodawanie go do catej
diety ma raczej nieistotny wptyw na zwieks-
zenie wchtaniania Zelaza przez organizm
cztowieka (Cook et al., 1984; Hunt et al., 1994).

Fityniany. Fityniany i polifenole s3a
gtéwnymi inhibitorami wchtaniania Zelaza z
produktéw roslinnych, poniewaz wigza sie z
zelazem w przewodzie pokarmowym (Piskin et
al, 2022). Fitynian jest naturalnie wystepu-
jacym sktadnikiem roslin i ma hamujacy wptyw
na biodostepno$¢ wiekszo$ci mineratow
(Harland and Morris, 1995). Fitynian nie moze
by¢ trawiony przez ludzki organizm i nie moze
by¢ wchtaniany w jelicie cienkim z powodu
braku endofitaz (Bohn et al., 2008). W rezultacie
mineraty chelatowane w fitynianie nie s3
biodostepne (Brouns, 2021). Hallberg i in.
(1987) usuneli fitynian z otrebéw za pomoca
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endogennej fitazy, aby zaobserwowac, jak jego
usuniecie wptywa na wchianianie i stwierdzili,
ze wchianianie Zelaza byto znacznie zwiekszone
w przypadku braku fitynianu. Troesch i in.
(2013) przeanalizowali dowody z badan na
ludziach, oceniajagc wptyw fitazy na biodostep-
nos$¢ zelaza i cynku. Doszli do wniosku, Ze fitaza
wspomaga wchtanianie zZelaza i cynku z
positkéw bogatych w fityniany i moze
potencjalnie poprawi¢ wchtanianie magnezu,
wapnia i fosforu (Troesch et al, 2013).
Dawkozalezny, hamujacy wplyw fitynianu sodu
na wchtanianie zZelaza zostat zbadany przez
Hallberga i in. (1989). Podawali oni ludziom
butki pszenne bez fitynianu i z fitynianem (w
dawkach od 2 do 250mg). Wykazali, ze
hamujacy wplyw fitynianu byt istotnie zalezny
od jego ilosci w butkach. Podczas gdy 2 mg
hamowaty wchtanianie zelaza o 18%, to wartos¢
ta osiggnelta 82 % przy dawce fitynianu
wynoszacej 250 mg. W badaniu tym ocenili
réwniez wplyw kwasu askorbinowego i
stwierdzili, ze dodatek kwasu askorbinowego
przeciwdziatat hamujacemu wplywowi
fitynianu (Hallberg et al., 1989).

Uwaza sie, ze hamujacy wptyw fitynianu
na wchtanianie Zelaza jest wyolbrzymiony w
badaniach nad pojedynczym positkiem w
poréwnaniu z badaniami nad petlnowar-
tosciowa dietg (Gibson et al, 2010). Na
przyktad, badanie pojedynczego positku kobiet
w ciazy przeprowadzone przez Al Hasana i in.
(2016) wykazato, ze spozycie fitynianu
hamowato biodostepnos¢ zelaza i wapnia. Z
kolei Armah i in. (2015) wykazali, ze regularne
spozywanie diety bogatej w fitynian moze
zmniejszy¢ jego hamujacy wptyw na wchia-
nianie zelaza niehemowego u mtodych kobiet z
niskim poziomem zelaza. Podobnie Hoppe i in.
(2019) doniesli, ze spozywanie chleba petno-
ziarnistego z niska zawartos$cia fitynianu jako
czesci catkowitej diety nie miato znaczacego
wptywu na stezenie Zelaza w poréwnaniu ze
spozywaniem chleba petnoziarnistego z wysoka
zawartos$cia tego inhibitora. Wcze$niej Mendoza
i in. (2001) badali wchtanianie zelaza z
owsianek zrobionych z genetycznie zmodyfiko-
wanych rodzajow kukurydzy o niskiej zawar-
tosci fitynianu i z niemodyfikowanej kukurydzy
dzikiego typu, przy czym wykorzystane
kukurydze zostaty wzbogacone siarczanem
zelaza lub EDTA. Nie stwierdzono istotnego
wptywu modyfikowanej diety o niskiej
zawartos$ci fitynianu na poprawe wchianiania
zelaza (Mendoza et al,, 2001).
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Polifenole. Polifenole wystepuja w diecie
cztowieka gléwnie ze wzgledu na ich obecnos¢
w warzywach, zbozach, przyprawach, herbacie,
kawie, czerwonym winie i kakao (Pandey and
Rizvi, 2009). Polifenole sg znanymi inhibitorami
biodostepnosci zelaza i uwaza sie, ze dziataja
podobnie do fitynianu, tworzac kompleksy z
zelazem (Scarano et al., 2023). Wykazano, ze
polifenole majg zdolnos¢ do wigzania zelaza, z
powodu wystepowania w nich grup katecho-
lowych i galoilowych. Niektére badania wyka-
zaly, ze struktura 6,7-dihydroksylowa, katechol
pierScienia B, grupy galoilowe, wigzanie
podwodjne 2,3 oraz grupy 3- i 5-hydroksylowe
wspotobecne z grupa 4-keto sg zwigzane z
wilasciwo$ciami chelatujacymi i dlatego s3
kandydatami na miejsca wigzania zelaza
(Perron and Brumaghim, 2009; Wang et al.,
2021). Co ciekawe, przy uzyciu komoérek Caco-2
wykazano, ze niektore polifenole, takie jak
katechina i kemferol, wspomagaja wchianianie
zelaza, natomiast mirycetyna, mirycetyna-3-
glukozyd, kwercetyna i kwercetyna-3-gluko-
zydy byty inhibitorami wchianiania tego
pierwiastka (Hart et al., 2015, 2017).

Petry iin. (2010) zbadali wptyw polifenoli
fasoli (20, 50 i 200 mg) na wchtanianie Zelaza u
ludzi. Aby sprawdzi¢ wptyw polifenoli fasoli na
wchtanianie Zelaza, do maki chlebowej, w ktorej
kwas fitynowy zostat zniszczony podczas
fermentacji ciasta, dodawano coraz wieksze
ilosci tupin fasoli czerwonej jako Zrédta
polifenoli. Srednie wchtanianie zelaza z kleiku z
catej fasoli wyniosto 2,5 %. DwadzieScia mg
polifenoli fasoli nie mialo wptywu na wchta-
nianie Zelaza, natomiast 50mg i 200 mg
polifenoli z fasoli zmniejszyto biodostepnos¢
zelaza odpowiednio o 14 % i 45 %, co pokazuje,
ze polifenole z czerwonej fasoli hamujg
biodostepnos$¢ zelaza w sposéb zalezny od
dawki. Porownanie wynikow badan wykazato,
ze defitynizacja nie zwieksza wchtaniania zelaza
w obecnosci polifenoli, ale w ich nieobecnosci
wchianianie wzrasta 3,4-krotnie (Petry et al,
2010).

Bioaktywne polifenole w diecie hamujg
wchtanianie Zelaza hemowego w sposéb
zalezny od dawki. Niewielkie iloSci zwigzkow
polifenolowych obecnych w Zywno$ci s3 w
stanie zmniejszy¢ transport zelaza hemowego
przez enterocyty jelitowe. Jednak hamujgcemu
wptywowi  zwigzkéw  polifenolowych w
pozywieniu na wchianianie zelaza hemowego
mozna przeciwdziata¢ za pomoca kwasu



Biota. Human. Technology. 2024. No 3

Electronic edition

askorbinowego i mozna tego unikna¢, zmniejs-
zajac spozycie polifenoli podczas przyjmowania
kwasu askorbinowego. Regularne spozywanie
kwasu askorbinowego moze tatwo przeciwd-
ziala¢ hamujagcemu wptywowi niskich stezen
polifenoli w pozywieniu na wchtanianie zelaza
hemowego, ale nie moze przeciwdziata¢
hamujgcemu wplywowi wysokich stezen
polifenoli (Ma et al.,, 2011). Badanie przepro-
wadzone przez Ndiaye i in. (2020) wykazato, ze
herbata bogata w polifenole zmniejszyta wchia-
nianie Zelaza z chleba pszennego wzbogaconego
siarczanem Zelaza lub fumaranem zZelaza o
56-72% u senegalskich matek i ich dzieci.
Lazrakiin. (2021) zbadali biodostepnos$¢ zelaza
z NaFe-EDTA dodanego do positkéw na bazie
maki pszennej zaréwno u kobiet bez niedokr-
wistosci, jak i u kobiet z niedokrwistoS$cia
aplastyczng, spozywajacych tradycyjng maro-
kaniska zielong herbate, ktéra zawierata 492 mg
kwasu galusowego/ml polifenoli na porcje
dziennie. Wyniki wykazaty, Ze spozycie herbaty
zmniejszyto wchtanianie Zelaza z NaFe-EDTA o
ponad 85% =zaréwno u kobiet z niedokr-
wisto$cig aplastyczng, jak i u kobiet bez
niedokrwistosci. Frakcyjna absorpcja zelaza z
positkéw na bazie maki pszennej z herbata i bez
herbaty byta okoto dwukrotnie wyzsza u kobiet
z niedokrwistoscig aplastyczng niz u kobiet bez
niedokrwisto$ci. Suplementacja zZelaza w
postaci NaFe-EDTA nie moze przezwyciezy¢
zahamowania absorpcji tego pierwiastka przez
polifenole z herbaty, nawet w niedokrwistosci
aplastycznej, gdzie absorpcja Zelaza jest silnie
zwiekszona (Lazrak et al., 2021).

Btonnik pokarmowy. Btonnik pokarmowy
jest jednym z gtéwnych sktadnikéw jadalnych
czesci roslin. Jest on odporny na trawienie i
wchtanianie w jelicie cienkim cztowieka i ulega
catkowitej lub czeSciowej fermentacji w jelicie
grubym (Dhingra et al, 2012). Badania
analizujgce zwigzek miedzy biodostepnoscia
zelaza a zawarto$cig btonnika pokarmowego
wykazaty niejednoznaczne wyniki (Feltrin et al.,
2009). Nierozpuszczalny btonnik pokarmowy
hamuje biodostepno$¢ mineratéw. Jednak
rozpuszczalny btonnik ma mniejszy wpltyw na
wchtanianie Zelaza w jelitach (Bosscher et al,
2003). Agrizzi Verediano i in. (2023) przeana-
lizowali dowody dotyczace wpltywu btonnika
pokarmowego na wchtanianie Zelaza i
biomarkery zwigzane z poziomem tego pier-
wiastka. Badania oceniaty btonnik pokarmowy
w postaci fruktooligosacharydow, galaktooligo-
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sacharydéw, inuliny, pektyny, gumy guar
oligofruktozy, ksylooligosacharydéow i manna-
nooligosacharydéw. Wyniki nie wykazatly
istotnych powiagzan miedzy spozyciem btonnika
a biomarkerami zwigzanymi z wchtanianiem i
poziomem Zelaza (hemoglobina i frakcyjna
absorpcja zelaza). Jednak obecne dowody moga
by¢ niewystarczajace, aby uniewaznic zalecenie
btonnika pokarmowego jako $rodka modyfi-
kujacego biodostepnos¢ i wchianianie Zzelaza w
diecie (Agrizzi Verediano et al., 2023).

Weinborn i in. (2017) przeprowadzili
badanie dotyczace wplywu mieszanki prebio-
tycznej rozpuszczalnych wiokien (inuliny,
polidekstrozy, gumy arabskiej i gumy guar) na
poziom zelaza hemowego i niehemowego.
Odkryli, Ze podczas gdy mieszanka prebiotyczna
poprawiala wchtanianie zelaza hemowego,
wchtanianie zelaza niehemowego nie zostato
zmienione (Weinborn et al., 2017). Inne badanie
na ludziach dotyczace zwiekszenia efektow
inuliny przeprowadzili Petryiin. (2012). Jednak
zglosili, ze inulina nie wptywa na wchtanianie
zelaza u dorostych kobiet. Niedawne badanie in
vivo na szczurach na temat biodostepnosci
wzbogaconego zelazem jogurtu uzupetnionego
o inuline dtugo- i krétkotancuchowa zostato
opublikowane przez Mohammeda i in. (2021).
Wyniki wykazaty, ze jogurt wzbogacony inuling,
zwlaszcza inuling dtugotancuchowsy i zZelazem,
ma obiecujagcy wplyw na leczenie niedoboru
zelaza poprzez poprawe jego wchtaniania.
Mozliwym mechanizmem zwiekszonego dzia-
fania prebiotykéw moze by¢ to, ze prebiotyki
aktywuja wchtanianie Zelaza poprzez fermen-
tacje prebiotyczng wykonywang przez pozyteczne
mikroorganizmy w okreznicy, ktére produkuja
krétkotancuchowe kwasy ttuszczowe (SCFA)
(You etal., 2022). SCFA moga pomdc obnizy¢ pH
zawartosci Swiatlta jelita, poprawi¢ rozpuszczal-
nosc¢ zelaza poprzez zwiekszenie redukcji Fe(III)
do Fe(Il) i zwiekszy¢ powierzchnie absorpcyjna
poprzez stymulacje proliferacji komoérek
nabtonkowych (Capuano, 2017).

Wapn. Wyniki badan réznych autoréw na
temat wptywu wapnia na wchtanianie zelaza
hemowego i niehemowego nie sg zdecydowanie
jednoznaczne. Hallberg i in. (1991) ustalili, ze
40-300 mg wapnia (w postaci chlorku) miato
zalezny od dawki efekt hamujacy na
wchtanianie 5mg Zelaza niehemowego (w
postaci siarczanu), ale wieksze iloSci wapnia nie
powodowaty dalszego hamowania. Wymieniony
wyzej zespot ustalit rowniez, ze 165 mg wapnia
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(w postaci chlorku) zmniejszyto wchtanianie
5 mg Zelaza hemowego (w postaci hemoglobiny
kréliczej), nie wustalono natomiast Kkrzywej
dawka-odpowiedZ dla wptywu wapnia na
wchianianie zelaza hemowego (Hallberg et al,
1991, 1993). Dowody na wpltyw wapnia na
wchtanianie Zelaza pochodza gtéwnie z badan
Hallberga i in. (1991, 1993) oraz Dawson-
Hughes i in. (1986), ktérzy nie wyizolowali
wptywu wapnia od wptywu innych sktadnikéw
diety, a ponadto wyciggneli wnioski na
podstawie pojedynczych positkow. Natomiast
wyniki jedynego badania, w ktérym przeana-
lizowato wptyw wapnia (w postaci weglanu) na
wchtanianie Zelaza niehemowego (w postaci
siarczanu) przyjmowanego na pusty zotadek,
nie potwierdzily hipotezy hamowania (Cook et
al, 1991). W badaniu Gaitan i in. (2011)
przyjmowano tgcznie 600 mg wapnia i 37 mg
zelaza niehemowego lub 300 mg wapnia i 18 mg
zelaza niehemowego. Badanie to réwniez nie
wykazato krzywej dawka-odpowiedz dla wptywu
wapnia na wchianianie zelaza niehemowego lub
hemowego.

Dotychczasowe wyniki badan sugeruja, ze
wapn wplywa na wchtanianie zelaza poprzez
regulacje biatek transportujacych zelazo w
enterocytach (Lonnerdal, 2010). Mechanizm
tych reakcji nie jest w peini zrozumiaty, a w
literaturze znaleziono tylko préby jego
wyjasnienia. Sugerowano miedzy innymi, Ze
dziatanie hamujgce wapnia moze wystgpi¢ na
koncowych etapach transportu z komorek
Sluzéwki do osocza po tym, jak dwie formy
zelaza dostang sie do wspodlnej puli zelaza
komorkowego, prawdopodobnie dlatego, ze te
dwie formy zelaza majg rézne receptory na
komorkach $luzowki (Hallberg et al, 1993).
Jednak wyniki innych badan potwierdzaja, zZe
chociaz istniejg roznice w receptorach dla zelaza
hemowego i niehemowego, dziatanie hamujgce
wapnia moze wystgpi¢ podczas poczatkowego
wejscia zelaza do komorek Sluzéwki poprzez
hamowanie transportu tego pierwiastka
(Roughead et al., 2005). Mechanizm ten nie jest
w petni zrozumiaty, pomimo iz udokumen-
towano hamujacy wpltyw wapnia na biodo-
stepno$¢ zelaza. Benkhedda i in. (2010)
wykazali mianowicie, Ze wapn zmniejszyt
wchtanianie Zelaza z 10,2% do 4,8%; jednak
wpltyw wapnia roéznit sie znaczaco miedzy
osobami o podobnych zapasach zZelaza. Autorzy
doszli do wniosku, Ze oprocz ilosci zelaza
skumulowanego w organizmie i rodzaju diety,

99

osobnicze zmienne fizjologiczne lub genetyczne
znaczaco wptywaja na wchtanianie zelaza u
0s6b o podobnych zapasach tego pierwiastka w
organizmie (Benkhedda et al, 2010). W tym
kontekscie czynniki inne niz status zelaza moga
wptywa¢ na ekspresje jego transporterdw,
odpowiedzialnych za wchianianie tego mikro-
sktadnika w jelitach i ich lokalizacje komdrkowa
(Lonnerdal, 2010).

Toxquiiin. (2013) zbadali, czy spozywanie
produktu mlecznego wzbogaconego Zelazem i
witaming D ma dodatkowy wptyw na meta-
bolizm zZelaza u kobiet miesigczkujacych z
niedoborem Zelaza w poroéwnaniu ze spozyciem
odpowiedniego produktu z dodatkiem wytacznie
tego mikroelementu. Spozywanie wzbogaco-
nego zelazem produktu mlecznego, ktéry
zapewnial 100% wymaganego dziennego
spozycia tego mikroelementu, nie poprawito
jego statusu u kobiet z jego niedoborem w ciggu
czterech miesiecy w randomizowanym badaniu
kontrolowanym. Wyniki wykazaty, ze spozy-
wanie wzbogaconego zZelazem mleka nie
poprawito statusu tego pierwiastka u kobiet z
jego niedoborem i miesigczkujacych. Autorzy
doszli do wniosku, Ze przyczyna tego efektu byta
obecno$¢ wapnia i kazeiny w produkcie (Toxqui
etal, 2013). Walczyk i in. (2014) zbadali wptyw
wapnia (0, 100 i 200 mg/positek) na wchta-
nianie Zelaza z napoju na bazie kazeiny/
serwatki wzbogaconego siarczanem Zelaza w
nieobecnosci i obecnosci kwasu askorbinowego
(0, 42,5 i 85 mg/positek) w serii randomizo-
wanych badan krzyzowych u dzieci w wieku
szkolnym z niedoborem zelaza (IR) oraz z
niedokrwistoscia spowodowang niedoborem
tego pierwiastka (IDA). W przypadku braku
wapnia i kwasu askorbinowego wchtanianie
zelaza z napoju kazeinowego/serwatkowego
byto 0 20% nizsze u dzieci z IR niz u dzieci z IDA.
Dodatek wapnia zmniejszyt Srednie wchta-
nianie zelaza o 18-27%, przy czym efekt byt
wiekszy przy duzych dodatkach wapnia. Kwas
askorbinowy w stosunku molowym 2:1 lub 4:1
zwiekszat wchtanianie Zelaza o wspéiczynnik
2-4 i znacznie nadkompensowal hamujacy
wptyw wapnia na wchianianie Zelaza w sposéb
zalezny od dawki. Sole wapnia (stosowane jako
suplementy) i mleko/produkty mleczne miaty
podobne efekty (Walczyk et al., 2014).

Biatka. Biatka s3 inhibitorami lub wzmac-
niaczami wchtaniania zelaza, w zaleznos$ci od
ich 7Zrédta. Podczas gdy biatka z miesa
wystepuja jako wzmacniacze (Bjorn-Rasmussen
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and Hallberg, 1979; Hurrell et al., 2006), inne
biatka, takie jak jaja, byty zgtaszane jako
inhibitory (Ishikawa et al, 2007). Kim i in.
(1995) przeprowadzili kompleksowe badanie
poréwnujace wptyw biatek z réznych Zrédet
(wieprzowiny, albuminy jaj, zéttka jaj, soi i
kazeiny) na wchianianie zZelaza 1 jego
rozpuszczalno$¢ w jelitach. Stwierdzili, ze
dodatek biatka wieprzowego zwiekszat biodo-
stepno$¢ zZelaza i jego rozpuszczalno$¢ w
jelitach, natomiast dodatek zo6ttka jaja hamowat
procesy te w najwyzszym stopniu (Kim et al,,
1995). Cook i in. (1981) zbadali wptyw réznych
potoczyszczonych biatek, w tym Kkazeiny,
albuminy jaj i izolowanego biatka sojowego. Gdy
albumina jaj i kazeina zostaly zastgpione w
potsyntetycznym positku w ilosciach réwno-
waznych biatku petnowarto$ciowemu, zaobser-
wowano zblizong S$rednig absorpcje zelaza
(2,5% i 2,7%), natomiast izolowane biatko
sojowe zmniejszyto wchtanianie do 0,5% (Cook
et al, 1981). Lynch i in. (1994) ustalili wkiad
sktadnikéw izolatu biatka sojowego w hamo-
wanie wchtaniania zelaza. Doszli do wniosku, ze
dwoma gtéwnymi inhibitorami wchtaniania
zelaza w izolatach biatka sojowego byta czes¢
zwigzana z biatkiem, znajdujgca sie we frakcjach
kwasu fitynowego i konglicyny (75).

Tkanki zwierzece, takie jak wotowina,
kurczak, ryba, wieprzowina i jagniecina, maja
pozytywny wptyw na wchtanianie niehemo-
wego zelaza z diety (Cook and Monsen, 1976).
Wzmacniajacy wplyw tkanek zwierzecych na
wchtanianie niehemowego Zelaza zostat po raz
pierwszy ogtoszony przez Layrisse i in. (1968) -
autorzy ci wykazali, Ze mie$nie cielece, watroba
cieleca i ryby zwiekszajq wchtanianie niehemo-
wego zelaza o 150% u ludzi spozywajacych
positki z kukurydzy i czarnej fasoli (Layrisse et
al., 1968). P6zniej Bjorn-Rasmussen i Hallberg
(1979) poinformowali, Ze dodatek kurczaka,
wotlowiny, ryby lub grasicy cielecej do maczki
kukurydzianej zwieksza wchtanianie zelaza
niehemowego. Badania tych autorow wykazaty,
ze mieso zwieksza wchianianie Zelaza poprzez
inaktywacje czynnikow luminalnych, ktore to
czynniki  zapobiegaja  wchlanianiu  tego
pierwiastka. Ponadto wymienieni autorzy
stwierdzili, Zze najbardziej prawdopodobnym
mechanizmem tego efektu jest tworzenie
transportera luminalnego, ktory transportuje
zelazo do btony komoérek btony sluzowej (Bjorn-
Rasmussen and Hallberg, 1979).

O pozytywnym wptywie roéznych gatun-
kéw miesa na biodostepnosc¢ zelaza informowali
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takze inni badacze zajmujacy sie tym
problemem. Engelmann i in. (1998) po dodaniu
25 g chudej wotowiny do 80 g puree warzyw-
nego odnotowali wzrost wchlaniania zelaza
niehemowego u niemowlat. Bech i in. (2003)
ustalili, ze niewielka ilo$¢ wieprzowiny (>50 g)
dodana do positku o niskiej biodostepnosci
zelaza, bogatego w inhibitory i ubogiego we
wzmacniacze (7,4 mg witaminy C i 220 mg
fitynianu) zwieksza biodostepno$¢ zelaza w
sposéb zalezny od dawki (Bech et al.,, 2003).
Navas-Carretero i in. (2008) zbadali wptyw
rybiego miesa (tososia) na biodostepnosc¢ zelaza
niehemowego z bogatej w fityniany maczki
fasolowej i ustalili, Ze mieso rybie dodane do tej
maczki znacznie poprawito wchtanianie zelaza
u kobiet z niedoborem tego mikrosktadnika
(Navas-Carretero et al., 2008). O'Flaherty i in.
(2019) wykazali, ze wzbogacenie dzieciecych
ptatkéw ryzowych miesem z nerek, serca i ptuc
poprawito wchtanianie zelaza niehemowego
odpowiednio do 207,13%, 265,28% i 171,21%.

Mechanizm wzmacniajgcego  wptywu
tkanek zwierzecych, znany jako czynnik miesny,
nie zostatl dotychczas zidentyfikowany. Hurrell i
in. (2006) prébowali sklasyfikowaé czynnik
miesny. Wchtanianie zelaza niehemowego
poprawito sie odpowiednio o 180% i 100%, gdy
liofilizowane mieso wotowe i miesien kurczaka
porownano z albuming jaj. Ustalili, Ze zwierzeca
tkanka mieSniowa ma wptyw zwigzany z
biatkiem i/lub peptydem na wchtanianie zelaza,
ale takze inne zmienne, takie jak glikozamino-
glikany, moga rdéwniez odgrywac¢ role w
procesach wchtaniania tego pierwiastka
(Hurrell et al., 2006).

Kwas szczawiowy i szczawiany. Kwas
szczawiowy 1 szczawiany S3 uwazane za
niepozadane skladniki diety ludzi i zwierzat.
Nadmierne spozycie ro$lin bogatych w
szczawiany moze prowadzi¢ do hiperoksalurii,
ktéra moze skutkowac kamieniami nerkowymi i
pecherzowymi, a w najgorszym przypadku
obrzekiem nerek i zwapnieniem (Garland et al.,
2020). Donoszono, Ze kwas szczawiowy hamuje
wchtanianie wapnia (Heaney et al, 1988) i
cynku (Kelsay and Prather, 1983). Natomiast
jego wptyw na wchtanianie zelaza jest kontro-
wersyjny. Badania na szczurach wykazaty, ze
wplyw oczyszczonego kwasu szczawiowego
dodanego do diety jest neutralny (Van Campen
and Welch, 1980; Gordon and Chao, 1984).
Badanie na ludziach takze wykazato, ze wpltyw
kwasu szczawiowego na wchtanianie Zelaza jest
nieistotny. Wymienieni autorzy zasugerowali, ze
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wiekszos$¢ zelaza w positku wystepuje w postaci
zelaza w fazie trawienia w zotadku i dwunast-
nicy. Gdy zelazo wystepuje w formie dwuwar-
toSciowej, np. w produktach bogatych w kwas
askorbinowy, to kwas szczawiowy moze
ogranicza¢ wchtanianie tego pierwiastka poprzez
produkcje  nierozpuszczalnego szczawianu
zelaza (Storcksdieck genannt Bonsmann et al,,
2008). Z kolei Guptaiin. (2006) podali, ze kwas
szczawiowy jest najistotniejszym inhibitorem
wchianiania Zelaza i wapnia z zielonych
liSciastych warzyw.

——

5. Wymagania zywieniowe dawcow
krwi. Wymagania zywieniowe dawcow krwi sg
szczego6lnie istotne w celu zapewnienia zdrowia
i dobrego samopoczucia zar6wno dawcow, jak i
0s6b otrzymujacych od nich krew. Dawcy krwi
powinni zwraca¢ szczeg6lng uwage na swoja
diete, aby zapewni¢ sobie odpowiednig podaz
kluczowych skiadnikéw odzywczych i ptynow,
zeby mogli po donacji szybko sie regenerowac i
utrzymac optymalne zdrowie (ryc. 6).

Wymagania zywieniowe dawcow krwi
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Ryc. 6. Wymagania Zywieniowe dawcow krwi

Ze wzgledu na utrate zelaza wraz z
oddawang krwig, dieta dawcy krwi i
wchtanianie z niej zelaza sg szczegdlnie istotne
dla zapewnienia homeostazy tego pierwiastka
w organizmie, a tym samym dla utrzymania
wtasciwego poziomu Hb. Duza role diety w
utrzymaniu homeostazy zelaza w organizmie
wykazaly badania przeprowadzone na grupie
holenderskich dawcow (Timmer et al., 2020).
Autorzy tych badan ustalili, Ze u dawcow, ktorzy
przyjmowali z pokarmem wieksze iloSci zelaza
hemowego i mniejsze iloSci Zelaza niehemo-
wego poziomy Hb i ferrytyny byly wyzsze.
Zelazo przyjmowane wraz z dietg jest $cisle
powigzane z poziomem Hb i ferrytyny. Na
podstawie badania wplywu doustnej suplemen-
tacji zelaza po oddaniu krwi u uczestnikéw z
niedoborem zelaza, ktérzy nie przyjmowali
suplementéw stwierdzono duze zr6znicowanie
tempa regeneracji Hb, oraz czasu regeneracji
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znacznie przekraczajgcego zalecany minimalny
odstep miedzy donacjami, wynoszacy 56 dni.
Staty wzrost intensywnoSci regeneracji Hb
stwierdzono u uczestnikéw, u ktérych przed
donacjag poziom ferrytyny byt nizszy niz
50 ng/ml, przyjmujacych 37,5 mg pierwiastko-
wego zelaza dziennie. Wzrost poziomu Hb
powyzej wartosci wyjSciowych (powyzej
50 ng/ml) u dawcow z niedoborem zelaza,
ktéorzy otrzymywali jego suplementacje po
ostatniej donacji, odzwierciedlal wcze$niej
istniejaca wzgledng anemie, mimo ze od
poprzedniego oddania krwi mineto co najmniej
120 dni. U dawcéw, ktorzy nie przyjmowali
suplementéw Zelaza poziom ferrytyny nie
powrdcit do poziomu sprzed donacji w ciggu
168 dni. Autorzy tego badania stwierdzili
rowniez, ze suplementacja Zelaza w réwnym
stopniu poprawita poziom Hb i czas regeneracji
tego mikroelementu u dawcéw ptci meskiej i
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zenskiej, a w analizie eksploracyjnej wykazano,
ze uczestnicy z wiekszym prawdopodobienst-
wem osiggneli poziom Hb zylnej wynoszacy
12,5 g/dl lub wiecej w ciggu 56 dni dzieki
suplementacji zelazem (Timmer et al., 2020).

Chociaz bezwzgledna wielko$¢ spadku
poziomu Hb po pojedynczej donacji krwi byta
stosunkowo niewielka 1 miata nieistotne
znaczenie Kliniczne, to nalezy podkresli¢, ze
systematyczne oddawanie krwi jest procesem
iteracyjnym, ktéry prowadzi do postepujacej
utraty zelaza i do anemii u niektdrych
cyklicznych dawcéw, dlatego wazne jest, aby
ubytek Hb po donacji zostal uzupetniony przed
donacja kolejng. Przedstawione wyzej wyniki
badan Timmera i in. (2020) s3 zgodne z
wynikami uzyskanymi przez Simona i in.
(1981), ktorzy wykazali spadek poziomu
ferrytyny u czestych dawcéw przy braku
suplementacji zelaza.

Badanie znaczenia suplementacji zelaza u
czestych dawcéw (4-6 razy w roku) wykazato,
ze wlasciwy poziom ferrytyny utrzymywat sie u
dawcow przyjmujacych 20 mg Zelaza pierwiast-
kowego dziennie, natomiast spadat u dawcow w
grupach  kontrolnych, ktérym podawano
placebo. Tylko u dawcéw przyjmujacych 40 mg
suplementu  dziennie poziom ferrytyny
wzrastat, co skutkowalo dodatnim bilansem
zelaza (Radtke et al.,, 2004).

Wyniki badan The Hemoglobin and Iron
Recovery Study (HEIRS) przeprowadzonych w
2012r. w czterech amerykanskich centrach
krwiodawstwa uczestniczagcych w programie
National Heart, Lung, and Blood Institute
(NHLBI) sugeruja, ze regeneracja hemoglobiny
u wielu dawcoéw trwa znacznie dtuzej niz to
zglaszano w badaniach wcze$niejszych, na
podstawie ktorych ustalono odstep miedzy
donacjami wynoszacy 8tygodni. Jednakze
dowody na poparcie oSmiotygodniowego
standardu opieraly sie na badaniach przepro-
wadzonych na matej liczbie mtodych
uczestnikdw z wysokim poziomem Zelaza (np.
Wadsworth, 1955) lub na ograniczonych danych
uzyskanych od regularnych dawcéw (np. Fowler
and Barer, 1942), zanim dostepne byty
wiarygodne pomiary poziomu Zelaza. Nowsze
badania, wykorzystujace metode karboksyhemo-
globiny do iloSciowego okreslenia catkowitej
masy hemoglobiny wykazaty, Ze hemoglobina
byta uzupetniana $rednio 36 dni po donacji, ale
badania te mialy ograniczong generalizacje,
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poniewaz byly ograniczone tylko do miodych
mezczyzn (Pottgiesser et al., 2008).

Pachikian i in. (2020) przedstawili wyniki
nowatorskiego badania, oceniajgcego wptyw
suplementacji Zelaza na biomarkery statusu
tego mikropierwiastka i homeostazy oraz na
sprawnos¢ fizjologiczng dawcéw. W ich rando-
mizowanym, podiuznym badaniu (sposéb
prowadzenia badania, ktéry pozwala obser-
wowaé te same osoby wielokrotnie, na
przestrzeni wielu lat) uczestniczyto czterdziestu
czterech umiarkowanie wytrenowanych
mezczyzn w wieku 18-40 lat, ktoérzy nigdy nie
byli dawcami krwi. Mezczyzn tych przebadano
przed i po oddaniu krwi, aby oceni¢ liczne
wskazniki hematologiczne i biomarkery statusu
zelaza oraz sprawnosci fizjologicznej. Trzy z
czterech grup przydzielono do oddania
standardowej petnej krwi (WB) dwukrotnie, w
odstepie trzech miesiecznych, natomiast
czwarta grupa (kontrolna) - oddata krew
pozorowang dwa razy w odstepie trzech
miesiecy (donacja symulowana). Poniewaz
badani mieli zawigzane oczy podczas
oddawania krwi, zaden z nich nie wiedziat, czy
ich donacja byta prawdziwa, czy symulowana.
Grupa kontrolna otrzymata tabletki placebo, bez
zawartos$ci zelaza, podobnie jak jedna z trzech
grup, ktora oddata 470 ml WB. Pozostate dwie
grupy otrzymaty pigutki zawierajace 20 mg lub
80 mg pierwiastkowego zelaza w postaci
glukonianu zelazawego, z instrukcjg przyjmo-
wania jednej pigutki dziennie przez 28 dni po
donacji. Symulowana donacja i tabletki placebo
zapewnity istotng ochrone przed zaktéceniem
powigzan miedzy donacja, biomarkerami i
wydajnos$cia ¢wiczen, a takze przed wpltywem
uzupetniajgcego zelaza na te powigzania. W
rezultacie oceny wptywu donacji na wytrzy-
matos¢ fizjologiczng i wpltywu egzogennego
zelaza na wskazniki wydajnosci sportowej byty
odpowiednio kontrolowane. Pomiary wykony-
wano jeden tydzien przed donacja, a nastepne w
odstepach dwudniowych oraz jedno-, dwu- i
czterotygodniowych. Autorzy stwierdzili, co nie
jest zaskakujace, Ze donacja ma mierzalny
wptyw na biomarkery erytrocytarne i na
poziom zZelaza, obserwowany juz po pierwszej
donacji i czesto postepujacy po donacjach
kolejnych. Mniej oczekiwane okazaty sie wyniki
wykazujace, ze ani 20 mg, ani 80 mg zelaza
przyjmowanego przez 28 dni po donacji nie
wystarczato, aby znaczaco uzupeic jego ilos¢
we krwi po donacji w poréwnaniu z grupg, ktéra
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nie suplementowata tego pierwiastka. Natomiast
zarOwno nizsze, jak i wyzsze dawki Zelaza
lagodzity szkodliwe skutki donacji na
wydajnos¢ fizjologiczna.

Pachikian i in. (2020) stwierdzili, zZe
kinetyka odzyskiwania masy hemoglobiny i
poziomoéw ferrytyny po czterech tygodniach od
donacji nie réznita sie miedzy grupami dawcéw,
ktérzy przyjmowali tabletki o zawartosci zelaza
Omg, 20mg i 80 mg. Jednak spadek hepcydyny i
wzrost rozpuszczalnego receptora transferyny
(sTfR) roznit sie u dawcow w zaleznosci od ilosci
zelaza w tabletkach. Odzysk hepcydyny u oséb
przyjmujacych 80 mg zelaza byt porownywalny
z odzyskiem w grupie z symulowang donacjg,
podczas gdy poziom sTfR zmieniat sie inaczej u
0s6b przyjmujacych 20 mg lub 80 mg zZelaza.
Autorzy cytowanej publikacji postulowali, ze
niektére aspekty homeostazy zelaza i zelaza
funkcjonalnego w tkankach sa modyfikowane
przez suplementacje tego pierwiastka po
donacji. Ponadto ich badania wykazaty, ze
sposrod o$miu wskaznikéw sprawnosci fizjo-
logicznej, maksymalna moc wyjsciowa (Pmax) i
szczytowe zuzycie tlenu (VO2 peak) zwiekszaty
sie podobnie w grupach suplementujacych
20 mg i 80 mg zelaza oraz w grupie placebo
(symulowana donacja), natomiast miedzy grupa
placebo, a grupa przyjmujaca WB wzrost
wskaznikéow byt zréznicowany. Na podstawie
uzyskanych wynikéw doszli do wniosku, ze
suplementacja zelaza w dawce 20mg lub
wiekszej chroni dawcéw krwi przed skutkami
powtarzanej donacji, co ich zdaniem moze by¢
spowodowane  zachowaniem  aktywnoSci
enzymatycznej w mitochondriach mie$ni
szkieletowych, a nie zdolnos$cig transportu tlenu
(Pachikian i in., 2020). Ponadto z wynikéw
badan tych autoréw mozna wyciagna¢ dodat-
kowy wniosek, ze w przeciwienstwie do
aktualnej w wielu krajach praktyki, polegajace;j
na zalecaniu suplementacji zZelaza dla
«czestych» dawcéw oraz dla oséb z niskim
poziomem hemoglobiny, nawet dawcy z
wysokim poziomem tego mikropierwiastka
moga odnies¢ korzysci z zazywania Zzelaza
egzogennego.

Wyniki badan Pachikian i in. (2020)
sugeruja, ze nalezatoby zmieni¢ dotychczasowe
poglady dotyczace suplementacji Zelaza, miano-
wicie odrzuci¢ aktualne stanowisko wedtug
ktorego suplementacja zelaza jest wskazana
tylko w przypadku oséb, u ktérych wykazano
niedobor tego pierwiastka  (paradygmat
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«ryzyka») lub istnieje u nich ryzyko, ze sa na
niedobor narazeni i przyja¢ metode «uzupet-
niania zelaza» (paradygmat «uzupetniania
zelaza») w celu jego suplementacji (Spencer,
2020).

U dawcéw krwi spozywanie Zelaza jest
bardzo wazne dla utrzymania homeostazy tego
pierwiastka w organizmie oraz dla utrzymania
odpowiedniego poziomu hemoglobiny po
utracie Zelaza podczas donacji. Petne oddanie
krwi wigze sie z utratg okoto 225-250 mg tego
mikropierwiastka (O'Brien and Goldman, 2017).
Dieta =zazwyczaj zawiera zelazo hemowe
(znajdujace sie w produktach pochodzenia
zwierzecego) o wysokiej biodostepnosci
(15-35 %) i zelazo niehemowe (znajdujgce sie
gtownie w produktach roslinnych) o biodostep-
nosci 1-20 % (Cao et al., 2014). Zelazo hemowe
stanowi zazwyczaj tylko okoto 15% catkowitego
jego spozycia w diecie (Cao et al., 2014).

Dwa badania dawcéw krwi (Cable et al,,
2012; Kotzé et al., 2015) nie wykazaty zwigzku
miedzy spozyciem produktéw bogatych w
zelazo a zapasami tego mikropierwiastka, ani
zwigzku z poziomem hemoglobiny, natomiast
zwigzek pomiedzy zapasami Zelaza a spozy-
waniem miesa wykazano tylko w jednym
badaniu dawcow (Rigas et al.,, 2014). Dotychczas
nie wiadomo, czy spozywanie zelaza hemowego
i niehemowego w diecie jest pozytywnie
zwigzane z poziomem hemoglobiny i zapasami
tego pierwiastka u dawcow krwi (Timmer et al,,
2020).

Aktywno$¢ fizyczna moze réwniez
wptywac na poziom hemoglobiny. W dostepnej
literaturze znaleziono dwie ogo6lne hipotezy
dotyczace tego zwigzku. Po pierwsze, aktywno$¢
fizyczna moze obnizy¢ poziom Hb poprzez
utrate zelaza wraz z potem, moczem i za
posrednictwem przewodu pokarmowego, a
takze poprzez hemolize lub hemodylucje
wywotane wysitkiem fizycznym (Hinton, 2014).
Po drugie, aktywnos$¢ fizyczna moze zwiekszy¢
poziom hemoglobiny, poniewaZz ten rodzaj
aktywnos$ci wymusza transport wiekszej iloSci
tlenu przez hemoglobine w catym organizmie
(Otto et al., 2013).

Liczba badan na temat wptywu aktywnosci
fizycznej na poziom ferrytyny (tj. miary
zapasoOw Zelaza) jest ograniczona (Strain and
Cashman, 2009; Lynch, 2012), szczegdlnie w
przypadku dawcow krwi, a wyniki tych badan sa
niejednoznaczne (Bourque et al., 1997; Milman
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and Kirchhoff, 1999; Murray-Kolb et al., 2001;
Schumacher et al.,, 2002).

Z kolei badania przeprowadzone na grupie
szwajcarskich dawcow Kkrwi wykazaty, ze
sugerowana zmiana diety skutkowata u nich
zmniejszong liczbg przypadkéw anemii oraz
przypadkéw niedoboréw Zelaza (O'Meara et al.,
2011).

Suplementacja zelaza moze by¢ zalecana
osobom z grup wysokiego ryzyka i stanowi
leczenie niedokrwistoSci pierwszego wyboru,
jest skuteczna i niedroga, jesli jest stosowana
prawidtowo (Zimmermann and Hurrel, 2007).
Jednakze konwencjonalne metody uzupeiniania
niedoboru zZelaza poprzez jego suplementacje
moga powodowal zoladkowo-jelitowe skutki
uboczne, takie jak bole brzucha, nudnosci czy
zatwardzenie (Hoppe et al.,, 2013). Wydaje sie
zatem, ze dziatania oparte na wtasciwej diecie
stanowia najlepsza metode uzupeiniania
niedoboréw Zelaza we krwi dawcy i sg znacznie
bezpieczniejsze od suplementacji tego mikro-
pierwiastka.

6. Zapobieganie niedoborom zZelaza u
dawcow krwi. W Polsce obecnie stosowanym
badaniem przesiewowym w celu przyjecia
dawcy krwi do jej oddania jest ocena poziomu
hemoglobiny (Hb) metoda kapilarng (z palca): z
Hb 212,5 g/dl w przypadku kobiet i 13,5 g/dl w
przypadku mezczyzn. Niektdre kraje przyjety
wyzsze normy dla mezczyzn (np. 13,0 lub
13,5 g/dl), odzwierciedlajgce wyzszy zakres
normy dla Hb w ich populacji (Karp and King,
2010). Minimalny dopuszczalny poziom
hemoglobiny ma zapobiec pobieraniu krwi od
dawcoéw z anemig, ale nie zapobiega pobieraniu
krwi od dawcow z niedoborem Zelaza. Do oceny
poziomu zelaza stosowano rozne testy laborato-
ryjne, w tym poziom ferrytyny, stezenie
rozpuszczalnego receptora transferyny (sTfR),
stosunek  sTfR/ferrytyny,  protoporfiryny
cynkowej (ZPP), parametry erytrocytéw i inne
(Vuk etal., 2017).

Wspéiczesna norma dla poziomu hemo-
globiny obowigzujgca w Polsce dla dawcéw krwi
przed jej oddaniem (kobiety =212,5g/dl;
mezczyzni 13,5g/dl) jest kontrowersyjna.
Poziom Hb wynoszacy 12,5 g/dl jest wyzszy od
dolnej granicy normy dla kobiet i nizszy od
dolnej granicy normy dla mezczyzn. Raporty
sprzed kilkunastu lat informowaty, ze 10% proéb
oddania krwi pelnej zostalo wykluczonych z
powodu niskiego poziomu Hb (Mast, 2014).
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Badania przesiewowe wskaZznikow hemo-
globiny i zelaza pomagaja rozpozna¢ dawcow
narazonych na ryzyko poézniejszej anemii i
wspomagajg  strategie  zapobiegania tej
chorobie. Baart i in. (2013) wykazali, ze
subkliniczny niedob6r zelaza jest powszechny
wsrod dawcow krwi, ktérzy spetniajg kryteria
Hb dla donacji.

W stanie ujemnego bilansu zelaza, gdy
zapotrzebowanie na ten mikropierwiastek po
utracie krwi przekracza zdolno$¢ organizmu do
jego wchianiania, morfologia i wskazniki
erytrocytow pozostajg prawidtowe, podczas gdy
poziom ferrytyny w surowicy jest obnizony.
Synteza hemoglobiny pozostaje niezmieniona,
dopoki poziom zelaza w surowicy utrzymuje sie
w normie. Uwaza sie, ze zapasy zelaza w szpiku
kostnym s3 catkowicie wyczerpane, gdy poziom
ferrytyny w surowicy jest nizszy niz 15 pg/l.
Czesto okresla sie to jako stadium utajone lub
erytropoeza z niedoborem zelaza (IDE). Gdy
poziom ferrytyny spadnie ponizej 15 pg/l,
rozpoczyna sie niedokrwisto$¢ spowodowana
niedoborem Zelaza, a hemoglobina i hematokryt
zaczynajg spadac (Reddy et al., 2020).

Receptory transferyny znajdujg sie na
powierzchni czerwonych krwinek, a ich synteza
wzrasta, gdy dostepnos¢ Zelaza jest zmniejszona.
Sa one wydalane do krwi, stad nazwa stezenie
rozpuszczalnego receptora transferyny (sTfR).
Jesli ich poziom jest wyzszy od normalnego
zakresu referencyjnego, wskazuje to na
niedobor zelaza w tkankach przy braku innych
dolegliwosci, ktore zwiekszajg poziom sTfR, a
mianowicie stanow  zapalnych  watroby,
talasemii, niedokrwistosci hemolitycznej i
stanéw niedotlenienia (np., przebywanie na
duzej wysokosci) (Worwood, 2002). Ze wzgledu
na brak standardu odniesienia i zmiennos$¢
testu, warto$ci sTfR sg tgczone z pomiarami
ferrytyny w stosunku «log sTfR/ferrytyna». W
przypadku wartosci o zbyt duzej zmiennoSci,
logarytmiczna konwersja sprawia, Ze dane s3
bardziej liniowe (Suominen et al., 1998).

Zarowno stosunek sTfR/log ferrytyny, jak
i stosunek log (sTfR/ferrytyna) mozna zasto-
sowac¢ do odréznienia IDE od niedoboru Zelaza
magazynowanego. Obecnie nie ma wystarczaja-
cych danych w literaturze dla poréwnania tych
wskaznikéw. Castel i in. (2012) odkryli, Ze na
podstawie stosunku transferyny (g/1)/log
[ferrytyny (ug/1)] mozna oddzieli¢ pacjentow z
ferrytyng <20 pg/l (niedobdr zZelaza) od
pacjentow z ferrytyng >100 pg/1 (bez niedoboru
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zelaza). Mediana stosunku Tf/log (ferr) w
grupie bez niedoboru zelaza w ich badaniu
wynosita 0,84 (Castel et al., 2012).

Oszacowanie log sTfR/ferrytyny ma kilka
zalet. Wymaga tylko dwéch parametréw, ktore
odzwierciedlajg funkcjonalny przedziat zelaza i
koreluja z jego wyczerpanymi zapasami.
«Wskaznik» sTfR/log ferrytyny zostat uzyty do
odrdznienia ubytku zelaza od IDE (Suominen et
al.,, 1998). Skikne i in. (1990) oraz Cook i in.
(2003) wykazali zalete stosowania wskaznika
log sTfR/ferrytyny i ocenili zapasy zelaza
iloSciowo, doktadnie mierzac jego utrate u
pacjentow poddawanych seryjnemu pobieraniu
krwi, do momentu wyczerpania tego pierwiastka.
Metoda ta umozliwia réwniez oszacowanie
zapasow zelaza w tkankach, ktéry to zapas
mozna wyrazi¢ jako nadmiar zelaza w
magazynach lub niedobdr Zelaza w tkankach,
odpowiednio na podstawie warto$ci dodatnich i
ujemnych. Umozliwia réwniez oszacowanie
wchtaniania Zelaza u dawcéw krwi w badaniach
longitudinalnych. W badaniu REDS-II Donor Iron
Status Evaluation (RISE), sTfR nie korelowat z
IDE ani ferrytyng osocza, Rz = 0,54 w poréw-
naniu z R? = -0,96. Warto$¢ log sTfR/ferrytyny
wynoszaca 2,07 odpowiadata poziomowi
ferrytyny wynoszacemu 26,7 ug/l w regresji
wieloczynnikowej, co sugeruje, ze ten poziom
ferrytyny odzwierciedla IDE u zdrowych
dawcow krwi. Przy tym progu poziom ferrytyny
mial czulos¢ 95,1 % i swoistoS¢ 89,6 % w
identyfikacji IDE, a wskaZznik sTfR dodat
niewiele dodatkowych informacji diagnos-
tycznych (Kiss et al., 2013).

Radtke i in. (2005) oraz Nadarajan i in.
(2008) zastosowali logarytm 95 percentyla
(sTfR/ferrytyna) zaré6wno u mezczyzn, jak i u
kobiet, co dato stosunek 2,5-2,6 do zdefinio-
wania IDE. Metoda ta jest mniej czuta niz ta
stosowana w badaniu RISE. Mogto to dopro-
wadzi¢ do niedoszacowania czestosci wystepo-
wania IDE (8,2 % czesto$ci wystepowania
podanej przez Radtke i in. (2005) i 10 % przez
Nadarajana i in. (2008) w poréwnaniu do 42 %
og6tu w badaniu RISE w momencie rekrutacji),
chociaz wyzsza czestos¢ donacji u dawcow
przyjetych do badania RISE jest réwniez
czynnikiem przyczyniajacym sie do rdéznicy w
czestoSci wystepowania niedoboru Zelaza.
Zelazo w organizmie mozna zmierzy¢ z matej
probki krwi wtosniczkowej. Badania metabo-
lizmu oraz zmian w stezeniu zZelaza w
organizmie opiera sie na masie ciala, a nie na
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wartosciach bezwzglednych. Badanie sTfR jest
znacznie drozsze niz inne parametry (Punnonen
and Rajamaki, 1999).

Zmiany w konwencjonalnych parametrach
morfologicznych erytrocytow, w tym MCV, MCH
i MCHC, pojawiaja sie pdézno w rozwoju
niedoboru zelaza i sg nieczute w diagnostyce
tego schorzenia, co skutkuje stabg korelacja tych
zmian ze zmniejszonym poziomem zelaza i
nizsza od hemoglobiny przydatnoscia tych
parametréow w przewidywaniu pdzniejszego
niedoboru Zelaza (Alexander et al., 2000; Stern
et al.,, 2012). Poziom ferrytyny w surowicy jest
uwazany za «ztoty standard» w diagnostyce
niedoboru zelaza u dawcoéow krwi (Clark, 2009).
W kilku badaniach wykazano, Ze stezenie
ferrytyny w surowicy jest wskaznikiem
zapasow zelaza (Agha and Khan, 1989; Milman,
1996). Wedtug Guyatta i in. (1992), poziom
ferrytyny w surowicy <15 ng/ml jest zgodny z
niedokrwisto$cia spowodowang niedoborem
zelaza, z odpowiednio 59% i 99% czutoscig i
swoistos$cig. RDW zostato zaproponowane jako
marker wczesnej diagnozy niedoboru zelaza w
poréwnaniu z MCV lub MCH (Jain et al,, 2018).

Badanie przeprowadzone w Malezji na
92 regularnych dawcach krwi i 95 pierwszo-
razowych dawcach krwi wykazato, ze wsrdod
badanych niedobdr zelaza wystapit u 7,4 %
dawcéw pierwszorazowych i u 17,4 % dawcow
regularnych (Nadarajan and Eow, 2002).
Podobne wyniki uzyskali rowniez Mittal i in.
(2006), przy czym stwierdzili oni, Ze poziom
ferrytyny w surowicy u 21 %-29 % zbadanych
przez nich dawcow byt nizszy niz 15 pg/I.

Badanie przeprowadzone na 500 losowo
wybranych hiszpanskich dawcach krwi i na 200
osobach ubiegajacych sie o zgode na oddanie
krwi (grupa kontrolna) wykazato, ze dawcy ze
zwiekszonym niedoborem Zelaza (stezenie
ferrytyny w surowicy <15 ng/ml) stanowili
7,4 % mezczyzn i 11,8 % kobiet (Hernandez
Lamas et al., 1994). Wedtug Datta i in. (2013)
dawcow potencjalnie narazonych na rozwdj
niedokrwistosci z powodu niedoboru zelaza
mozna wykry¢ tylko poprzez oszacowanie
stezenia ferrytyny. W badaniu przeprowad-
zonym w Sokoto w Nigerii, zapasy zelaza
oceniano na podstawie stezenia ferrytyny w
surowicy i stwierdzono, ze dawcy mieli nizsze
stezenie ferrytyny w surowicy (mediana
95 pg/1), niz osoby nieoddajace krwi (mediana
136 pg/1) (Erhabor et al., 2014).
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U mezczyzn poziom ferrytyny w surowicy
wzrasta wraz z wiekiem. Wzrost ten jest
szczeg6lnie wyrazny w wieku od 18 do 30 lat.
Uwazano, ze u mezczyzn w tym wieku tworzg
sie wieksze zapasy zelaza (Finch et al,, 1977).
Zapasy zelaza u kobiet juz niemiesigczkujacych
sg wyzsze niz u kobiet miesigczkujgcych,
pomimo starszego wieku tych pierwszych, i
dtuzszego czasu posSwieconego na wysitek
zwigzany z pracg, wychowaniem dzieci i
prowadzeniem domu. Podkres$la to znaczacy
wptyw utraty krwi menstruacyjnej na zmniejs-
zenie zapaséw Zelaza w organizmach kobiet.

MezZczyzni po donacji majg najsilniejszy
spadek poziomu ferrytyny z powodu wysokich
zapasow zelaza przed donacjg, a u kobiet
czeSciej wystepuje problem wyczerpanych
zapasOw zelaza, co wymaga ponownej oceny
kryteriow dopuszczania ludzi do oddawania
krwi. Silny spadek poziomu ferrytyny po donacji
u mezczyzn moze by¢ spowodowany czestym
oddawaniem krwi oraz faktem, ze leczono tylko
dawcéw pici meskiej z niskim poziomem
hemoglobiny. Powyzsze fakty s3 waznym
dowodem na to, Ze suplementacja zelaza u
dawcéw Krwi nie jest stosowana we wiasciwy
Sposéb.

Ponowna ocena profilaktyki niedoboru
zelaza jest konieczna zar6wno dla mezczyzn, jak
i kobiet. Aby zapewni¢ gotowo$¢ dawcy, terapia
zastepcza zelazem wymaga zindywidualizo-
wanego podejscia. Dawcy bez zapaséw zelaza
(<15 ng/ml) powinni by¢ nim suplementowani,
otrzymujac 100 mg tego mikropierwiastka
dziennie w ciggu 20 dni po oddaniu krwi. U
dawcéw z poziomem ferrytyny nizszym niz
15 ng/ml, ktérych leczono Zelazem odnotowano
szybka poprawe poziomu hemoglobiny
(Alvarez-Ossorio et al., 2000).

W badaniu Anju i in. (2022) poziom ferry-
tyny w surowicy dawcow stopniowo spadat
wraz z liczbg donacji, co bylo statystycznie
istotne. Rdznica poziomu ferrytyny byta
wyrazna przy pordéwnaniu statych dawcéw,
ktérzy oddali krew mniej niz dziesie¢ razy ze
statymi dawcami, ktorzy oddali krew wiecej niz
dziesie¢ razy. Po dwudziestu i wiekszej ilosci
donacji poziom tego wskaznikowego biatka
pozostawat niezmienny. PowyZsze wyniki sg
zgodne z wynikami uzyskanymi w badaniach
dawcow krwi w Sokoto w Nigerii (Erhabor et al,,
2014), jednakze s3a sprzeczne z wynikami
uzyskanymi przez Mahida i in. (2008), ktérzy
nie znalezli istotnej réznicy miedzy poziomem
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ferrytyny u os6b z grupy kontrolnej i u dawcow,
ktoérzy oddali mniej niz 20 jednostek krwi.

Badanie RISE wykazato 14-krotnie
wieksze ryzyko niedoboru zelaza u dawcéw,
ktérzy oddali 3-4 jednostki krwi w ciggu
poprzednich dwoéch lat i 50-krotnie wieksze
ryzyko u tych, ktérzy oddali dziesie¢ lub wiecej
jednostek w poréwnaniu z dawcami, ktorzy
oddali krew po raz pierwszy (Cable et al., 2011).
Badania przeprowadzone w Malezji na 95
regularnych dawcach krwi i na 95 dawcach
pierwszorazowych wykazaty wystepowanie
niedoboru zZelaza u 7,4% dawcéw pierwszo-
razowych i u 17,4% dawcow regularnych
(Norashikin et al., 2006).

Aby okresli¢ zapasy zelaza przed ich
wyczerpaniem w wyniku donacji, nalezy
zmierzy¢ poziom ferrytyny na jeszcze
wczesniejszym etapie. W przypadku dawcéw
regularnie przyjmujgcych suplementy zelaza
pomiar ferrytyny w surowicy po Kkazdej
dziesiatej donacji jest wystarczajacy, aby $ledzi¢
skuteczno$¢ terapii. W badaniu Anjuiin. (2022),
39,1% dawcéw z niedokrwistoscia miato
poziom ferrytyny 15-50 ng/ml, podczas gdy
48,3% dawcow bez niedokrwisto$ci miato
poziom ferrytyny 15-50 ng/ml. 86,7% oséb z
Hb powyzej 12,5 g/dl miato poziom ferrytyny
<100 ng/dl, co bylo statystycznie istotne.
Przedstawione wyzej wyniki potwierdzaja
konieczno$¢ prowadzenia u dawcéw krwi
regularnych badan przesiewowych ferrytyny
oraz konieczno$¢ prowadzenia systematycznej
suplementacji Zelaza. Poprzednie raporty
sugeruja, Ze oddawanie 2-3 jednostek krwi
rocznie zapewnia poziom Hb i ferrytyny przed
donacja wynoszacy odpowiednio =14,7 g/dl i
58,9 pg/l1 (Djalali et al.,, 2006).

7. Badania nad suplementacjg zelaza u
regularnych dawcow krwi. W badaniach
Hemoglobin and Iron Recovery Study, bedace
czescia Recipient Epidemiology and Donor
Evaluation Study-1II (REDS-III), przeprowad-
zonych przez National Heart, Lung, and Blood
Institute w USA, poréwnano dawcéw, ktérzy nie
otrzymywali suplementéw Zelaza, z tymi, ktérzy
je otrzymywali. Uzywajac progu ferrytyny,
wynoszacego 26 ng/ml, wykazano, ze biorcy
suplementéw Zelaza mieli do 80% krotszy czas
regeneracji hemoglobiny zaréwno w grupie z
niskim, jak i wysokim poziomem tego
wskaznikowego biatka (Kiss et al.,, 2015).
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Nawet u dawcow z nadmiarem zelaza
$redni odzysk hemoglobiny wynosit tylko 70%
po o$miu tygodniach, poniewaz wchtanianie
zelaza z diety jest czynnikiem ograniczajgcym
uzupelnianie zapaséw tego pierwiastka na
drodze suplementacji (Kiss et al, 2015).
Badanie poréwnujace reakcje na placebo z
reakcja na suplementacje zelaza karbonylowego
u kobiet w wieku od 18. do 40. lat przez 56 dni
po pobraniu krwi wykazato, ze suplementacja,
dieta lub oba te czynniki byty wystarczajace do
uzupetnienia zapaséw zelaza u 85 % os6b
otrzymujacych zelazo karbonylowe w poréw-
naniu do zaledwie 29 % osdéb otrzymujacych
placebo. Ponadto wskazniki odroczenia do
ponownego oddania krwi wyniosty odpo-
wiednio 8 % i 36 % (Gordeuk et al., 1990).

W badaniach przeprowadzonych przez
Australijska Stuzbe Krwiodawstwa Czerwonego
Krzyza oceniono wptyw codziennej suplemen-
tacji zelaza karbonylowego i placebo,
podawanych przez osiem tygodni jako terapii
uzupetniajgcej ten mikropierwiastek u oséb po
oddaniu przez nich krwi. Dawcy otrzymujacy
zelazo karbonylowe mieli znacznie wyzszy
poziom ferrytyny oraz wyzszy S$redni poziom
hemoglobiny w dwunastym tygodniu od
rozpoczecia kuracji. Ponadto odsetek dawcéw z
niedoborem zelaza byt znacznie nizszy w grupie
otrzymujacej zelazo karbonylowe niz w grupie
otrzymujacej placebo, dzieki czemu zwiekszyta
sie liczba os6b zakwalifikowanych do ponow-
nego oddania krwi w dwunastym tygodniu po
ostatniej donacji. Okoto 87% dawcow, ktérzy
otrzymali zelazo karbonylowe, zgtosito, Ze beda
je nadal przyjmowad, chociaz znacznie wiecej
dawcow, ktorzy otrzymali suplementy Zelaza
doswiadczylo co najmniej jednego niepozada-
nego zdarzenia zotgdkowo-jelitowego (Marks et
al,, 2014). Skutecznos¢ krétkotrwatej suplemen-
tacji zelazem karbonylowym w bezpiecznym
uzupetnianiu zelaza utraconego podczas
oddawania krwi u dawczyn stwierdzili takze
Mantadakis i in. (2022).

W Szwecji wykonano badania randomizo-
wane z udziatem 120 dawcéw krwi, ktérzy byli
po co najmniej pieciu wczesniejszych donacjach,
w  ktorych to badaniach poréwnywano
skutecznos¢ dozylnej terapii zZelazem z
sacharozg ze skutecznoscig doustnej suplemen-
tacji siarczanem zelaza. Wymienione suplementy
aplikowano dawcom przez 20 dni po kazdej
donacji przez jeden caty rok. Oba sposoby
leczenia byty bezpieczne. U oséb, u ktérych
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zastosowano dozylng aplikacje zelaza z
sacharoza zapasy tego pierwiastka zwiekszyty
sie w znacznie wyZszym stopniu niz u oséb,
ktére otrzymaty doustng suplementacje
siarczanem zelaza. Ponadto, dawczynie pici
zenskiej, a szczeg6lnie panie w wieku ponizej
pieédziesieciu lat, lepiej reagowaty na dozylny
zastrzyk zelaza niz na preparat doustny
(Birgegard et al., 2010).

Bryant i in. (2012) ustalili na podstawie
swoich badan, ze rutynowe podawanie tabletek
siarczanu zelaza przez 60 dni jest bezpieczne i
skuteczne w zapobieganiu rozwojowi niedoboru
zelaza u dawcéw krwi. U 21 % badanych przez
tych autoréw dawcow, otrzymujgcych siarczan
zelaza, wystgpita nietolerancja na ten zwigzek,
wymagajgca jego zamiany na glukonian zelaza,
natomiast brak tolerancji na obydwa produkty
wystapit tylko u 5% dawcéw, ktérzy nie
kontynuowali juz terapii uzupetniajgcej niedobér
tego pierwiastka (Bryant et al.,, 2012).

W randomizowanym, podwdjnie $lepym,
kontrolowanym  badaniu  kobiety przed
menopauza, Z objawami zmeczenia, poziomami
ferrytyny w surowicy < 50 ng/ml i hemoglobiny
>12g/dl zostaly losowo przydzielone do
otrzymywania 800 mg dozylnego zelaza w
sacharozie lub placebo. Zmeczenie i poziom
zelaza w surowicy oceniano na poczatku
badania oraz po szesciu i dwunastu tygodniach.
Ogétem 82 % pacjentek leczonych zelazem
zglosito poprawe stanu fizjologicznego w
poréwnaniu do 47 % pacjentek leczonych
placebo, co stanowi znaczacg réznice. Dziatania
niepozadane zwigzane z lekiem obserwowano u
21 % pacjentek leczonych zZelazem i u 7 %
pacjentek otrzymujacych placebo, ale réznice te
nie byty istotne (Krayenbuehl et al.,, 2011). Na
podstawie wynikdw badania przeprowad-
zonego w Danii wykazano, Ze izomaltozyd
zelaza aplikowany przed drugim i trzecim
pobraniem krwi byt dobrze tolerowany i
powodowal wzrost poziomu hemoglobiny,
poprawe stezenia ferrytyny i wysycenia
transferyny w osoczu, a takze tagodzit objawy
zmeczenia (Gybel-Brask et al., 2018).

Wyniki badan randomizowanych, w
ktérych poréwnano wptyw suplementacji
glukonianem zZelaza z efektami przyjmowania
placebo przez 24 tygodnie po oddaniu krwi
wykazaty, ze glukonian zelaza pozytywnie
wptywa na uzupetnienie zapasow tego
pierwiastka (Cable et al, 2016). Badanie
regularnych dawczyn krwi w Tajlandii
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wykazato, ze dzienna dawka leku ztoZona z
200 mg fumaranu zelaza i 500 mg kwasu
askorbinowego byta dobrze tolerowana i
skutecznie przyspieszata odzyskiwanie hemo-
globiny do poziomu sprzed oddania krwi
(Chiamchanya, 2013). W badaniu klinicznym
dawcow krwi z ferrytyng <30 ng/ml przyd-
zielono losowo do aplikowania im pojedyncze;j
dawki dozylnej karboksymaltozy zelaza lub
doustnego fumaranu zelaza. Pojedyncza dawka
karboksymaltozy Zelaza byta wysoce skuteczna
w zapobieganiu niedokrwistosci, a fumaran
zelaza zazywany doustne byt dobrym
zamiennikiem (Drexler et al., 2020).

W amerykanskim badaniu (Instytut Badan
Krwi i Nauk Medycznych, Centrum Krwi
Wisconsin, Milwaukee, Wisconsin) oceniono
skuteczno$¢ dwodch réznych dawek pierwiastko-
wego zelaza (38 mg w porédwnaniu z 19 mg
wobec placebo) u 692 czestych dawcéw krwi.
Wycofanie sie z badania byto czestsze u oséb
przyjmujacych tabletki z zZelazem niz w
przypadku oséb przyjmujacych placebo (39 %
w poréwnaniu z 7 %), ale nie zaobserwowano
réznicy w zdarzeniach niepozadanych miedzy
osobami przyjmujacymi zelazo a placebo.
Natomiast u o0s6b przyjmujacych zelazo
nastgpita poprawa poziomu tego pierwiastka
niezaleznie od wielkosci dawki (Mast et al,,
2016). Rowniez wyniki badan przeprowad-
zonych w Niemczech wykazaly, Ze dzienna
dawka wynoszaca zaledwie 20 mg pierwiast-
kowego Zelaza w postaci glukonianu Zelaza,
zazywana przez sze$¢ miesiecy mogta uzupeinic
utrate zelaza u dawcow, ktérzy oddawali krew
do czterech (kobiety) Ilub do szeSciu
(mezczyZni) razy w roku (Radtke et al., 2004a).
Radtke i in. (2005) ustalili takze, ze 20 mg
pierwiastkowego Zelaza w postaci glukonianu
zelaza i 400 mg kwasu askorbinowego dziennie
przez zaledwie 30 dni po donacji odpowiednio
rekompensowato utrate Zelaza u wiekszoSci
dawcow krwi obwodowej. Ci sami autorzy
badali réwniez wplyw suplementacji 100 mg
doustnego kompleksu zelaza-glicyny-siarczanu
zelaza w poréwnaniu z placebo po kazdej z
trzech dwu-jednostkowych aferez erytrocytow i
wykazali skuteczno$¢ tego kompleksu w
zapobieganiu niedoborowi omawianego mikro-
elementu (Radtke et al., 2004Db).

Na koniec Macher i in. (2020) porownali
czestoS¢ 1 nasilenie objawow zwigzanych z
niedoborem zelaza przed i po dozylnej lub
doustnej suplementacji zelaza u dawcéw krwi z
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niedoborem tego pierwiastka. Objawy kliniczne
oceniano za pomocg ankiety przeprowadzonej
przed rozpoczeciem terapii i po uptywie o$miu
do dwunastu tygodni od rozpoczecia terapii
zelazem. Odnotowano znaczacg poprawe
samopoczucia u dawcow, zarowno w efekcie
doustnej, jak i pozajelitowej terapii tym
mikroelementem, natomiast nie odnotowano
réznicy miedzy rodzajem suplementacji zelaza a
wynikiem klinicznym (Macher et al.,, 2020).

Panel ds. mikrosktadnikow odzywczych
Instytutu Medycyny (Panel on Micronutrients of
the Institute of Medicine) ustalit dopuszczalny
gorny limit dziennego spozycia pierwiast-
kowego zZelaza na 45 mg. Odejmujac normy
Sredniego dziennego spozycia zelaza w diecie
zachodniej wynoszace okoto 11 mg, pozwala to
na okoto 34 mg dodatkowego ZzZelaza, zanim
pojawig sie skutki uboczne ze strony przewodu
pokarmowego (Vassallo, 2021). Badanie
STRIDE dotyczace suplementacji zelaza u
dawcow krwi potwierdzito te liczbe (45 mg),
poniewaz wykazato, ze ilo$¢ i rodzaje zdarzen
niepozadanych byty podobne u 0s6b otrzymuja-
cych 191ub 38 mg/dzien pierwiastkowego
zelaza lub placebo, a suplementy w obu
dawkach byty skuteczne w tagodzeniu
niedoboru zelaza u regularnych dawcéw krwi
(Mast et al., 2016).

Badania nad suplementacjg zelaza u
regularnych dawcéw krwi sg istotnym
zagadnieniem w medycynie transfuzjologicznej,
poniewaz regularne oddawanie krwi moze
prowadzi¢ do utraty zelaza i potencjalnie do
jego niedoboru. Regularni dawcy krwi powinni
by¢ informowani o korzySciach ptynacych z
suplementacji zelaza i jej wptywie na zdrowie.

Niektore centra  krwiodawstwa  oferujg
programy wsparcia, ktére obejmuja monitoro-
wanie poziomdéw zZelaza i dostarczanie

suplementow tego pierwiastka.
Edukowanie dawcéw o znaczeniu diety
bogatej w Zelazo i o tym, jak radzi¢ sobie z jego

ewentualnymi niedoborami, jest waznym
elementem prewencji. Suplementacja zelaza jest
efektywnym sposobem na zapobieganie

niedoborowi tego mikroelementu oraz zapo-
biega wystgpieniu anemii u dawcow krwi,
poprzez poprawe ich zdrowia i komfortu zycia.
Wiasciwe dawkowanie i wiasciwa forma
suplementacji powinny by¢ dostosowane do
indywidualnych potrzeb dawcoéw i monito-
rowane przez pracownikéw medycznych.
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Podsumowujac nalezy podkresli¢, ze
badania nad suplementacjg zelaza u regular-
nych dawcow Kkrwi wykazaty, Ze jest to
skuteczna strategia prewencyjna, ale wymaga
indywidualnego podejscia do pacjentow i
regularnego monitorowania. Suplementacja
zelaza moze poméc w utrzymaniu prawidto-
wego poziomu tego pierwiastka i umozliwi¢
dalsze oddawanie krwi, zapewniajac bezpiec-
zenstwo i dobrostan dawcow.

Whnioski

Rola zelaza w organizmie cztowieka,
szczeg6lnie w kontek$cie dawstwa krwi, jest
niezwykle istotna. Zelazo jest niezbednym
sktadnikiem hemoglobiny, biatka odpowiedzial-
nego za transport tlenu we krwi. Niedob6r tego
mikroelementu prowadzi do anemii, ostabienia
i zmniejszonej wydolnosci fizycznej oraz
psychicznej. Procesy fizjologiczne zwigzane z
absorpcja i metabolizmem zZelaza sg skompli-
kowane i zalezg od wielu czynnikéw, w tym od
diety, wieku, ptci i stanu zdrowia.

Regularne dawstwo krwi powoduje w
organizmie znaczgcg utrate zelaza. Kazda
donacja krwi pelnej moze prowadzi¢ do utraty
okoto 200-250 mg tego pierwiastka. Proces
regeneracji zasobow zelaza po donacji moze
trwa¢ od kilku tygodni do kilku miesiecy, w
zaleznosSci od indywidualnych predyspozycji i
nawykéw zywieniowych dawcy. Dawcy krwi
powinni dba¢ o odpowiednig podaz Zelaza w
diecie, koncentrujac sie na produktach bogatych
w zelazo hemowe (np. mieso, ryby) oraz
niehemowe (np. warzywa stragczkowe, orzechy,
nasiona). Wazne jest zwiekszenie biodostep-
nosci zelaza poprzez spozywanie witaminy C,
ktéra wspomaga jego absorpcje.

W niektdrych przypadkach suplementacja
zelaza moze by¢ konieczna, szczegdllnie u
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dawcow o podwyzszonym ryzyku niedoboru
(np. kobiety w wieku rozrodczym, wegeta-
rianie). Suplementy zZelaza powinny by¢
stosowane zgodnie z zaleceniami lekarza, aby
unikng¢ skutkéw ubocznych zwigzanych z
przedawkowaniem leku. Regularne monitoro-
wanie poziomdéw zZelaza, hemoglobiny i
ferrytyny u dawcow krwi jest kluczowe dla
zapobiegania niedoborom tego waznego
mikropierwiastka oraz biatek petnigcych wazne
funkcje w organizmie. Edukacja dawcéw na
temat roli zelaza oraz znaczenia odpowiedniej
diety i ewentualnej suplementacji jest
niezbedna dla ich zdrowia. Szczegbélng uwage
nalezy poswieci¢ dawcom z grup zwiekszonego
ryzyka niedoboru zelaza, takim jak kobiety w
wieku rozrodczym, osoby z restrykcyjnymi
dietami oraz sportowcy wytrzymatosciowi.
Indywidualne podejScie do suplementacji i diety
w stosunku do oséb w tych grupach moze
znaczaco poprawic stan ich zdrowia i zdolnos$¢
do regularnego oddawania krwi.

Konieczne sg dalsze badania nad opty-
malnymi strategiami Zzywieniowymi i suplemen-
tacyjnymi dla dawcéw Kkrwi, aby opracowac
bardziej precyzyjne wytyczne. Badania nad
wptywem réznych interwencji dietetycznych na
regeneracje zasobow Zzelaza moga przyczynié
sie do poprawy zdrowia i dobrostanu dawcow
krwi.

Podsumowujgc nalezy podkresli¢, ze
odpowiednie zarzadzanie zasobami Zelaza w
organizmach dawcéw krwi jest kluczowe dla ich
zdrowia 1 zdolnosci do kontynuowania
dawstwa. Przemys$lana dieta, suplementacja
oraz regularne monitorowanie poziomu zelaza
s3 niezbedne, aby minimalizowa¢ ryzyko jego
niedoboru i wspierac ten wazny akt altruizmu.
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MasroxaTta I'pagiok, 'ainHa TkaueHko, HaTtaniss Kypraarok

3HAUYEHHS 3AJII3ZA
B PAIIIOHI IOHOPIB KPOBI TA If KOMIIOHEHTIB

AHOTAIIA

Meta gociigxeHHs: L[g ny6Jikalis € or/is/joBo0 CTaTTel0 i IpUCBSYEHa BaXKJIMBOCTI 3aJ1i3a B palioHi JoHODiB
KpOBi, a caMe poJii LbOTO MiKpoeJieMeHTa B OpraHismi JIIOJMHH, BIJIUBY JOHOPCTBA KpPOBI Ha HOro piBeHb Ta
peKoMeHJallisiM 100 A00aBOK i XapuyyBaHHs, 100 3anmobirtu JediluTy LbOro esneMeHTa. B yMoBax 3pocTaHHA
KiJIbKOCTI JJTOHOPiB KpOBi Ta BIJIUBY L€l nporiefypy Ha IXHE 3,0p0B’sl, iHpopMariis, npesacTaBieHa B L{ild CTaTTi HA OCHOBI
pe3yJIbTaTiB AOC/iKeHb 6araTboX aBTOPiB, Ma€ BaXK/INBe 3HAUEHHS [JIJIs1 PO3POOKU epeKTUBHHUX JIETUUYHUX CTPATETIiM.

MeTogoJorid. /i oTpuMaTH JaHux [l cTaTTi 6yJi0 3/ifiCHEHO NOIYKH ¥ 6a3ax AaHux PubMed, Scopus, Web
of Science i Google Scholar. [Ipu iboMy o6upasvcs Jinile Taki KOMGiHAIT KITIOYOBUX CJIiB, SIK «100aBKH 3aJ1i3a», «(IOHOPH
KpOBi», «AedilUT 3asiza», «Ji€TUYHe 3aji30», «IpodisakTUKa aHeMii», «piBeHb GepUTHUHY». 3AiliCHEHO 06pOOKY
JiTepaTypu 3a nepiox 1970-2024 pokiB. KpiMm Toro 6yJio BUKOPUCTAHO pe3yJbTaTH AOCTiIKeHb, Ony6JiKoBaHi B
pelleH30BaHUX HAYKOBHUX KypHaJaX. Yci BUKOPUCTaHI CTAaTTi COYATKY OIiHIOBAaJIMCS Ha OCHOBI iX Ha3B Ta aHOTalill.
[Ipu BuGOpi BpaxoByBasu Taky iHdopMallilo, Ik XapaKTEepPUCTUKHU JOCAIJHUX TPyN, MeTOAW OLIHKMU piBHA 3asisa,
pe3yJsIbTaTH Ta 3apeecTpoBaHi nobiuni epextu. Kiarodosi pesysbrat mo40 epeKTUBHOCTI f06aBOK 3asi3a, BIJIMBY
JI€ETH Ta MOHITOPUHTY PiBHA 3aJ1i3a 06roBOPIOBAIMCS B KOHTEKCTI IXHbOI aKTya/IbHOCTI J1/1s1 JOHOPiB KPOBI.

HaykoBa HOBHU3HA. Y 1Lill cTaTTi 3alpONOHOBAHO KOMIIJIEKCHUW MiAXiJ /10 BUBYEHHS pOJIi 3asji3a B palioHi
JIOHOPIB KpOBI, MOEAHYIOUN pe3y/JbTaTU OCTAHHIX AOCAiZKeHb i3 NPaKTUYHUMU peKOMeHJalLisMHU IOA0 MIETH Ta
Znob6aBok. [IpeacTaBieHi sik 6iosioriyHi, Tak i NPaKTUYHI acneKTH, 110 € iHHOBaL[ilHUM MiJIX0J0M /10 06TOBOPIOBAHOI
TEMHU, a TAKOXK IMOETHAHO 3HAHHSA 3 Pi3HUX Tajiy3el, TaKUX sK reMaToJioris, AieTosioris, 6ioximisa Ta nmpodismakTrdHa
MeJIMLIMHA, 110 [03BOJISIE BCeOIYHO MpoaHasi3yBaTH L0 npobJieMy. IHTerpauis Lux JUCLHUIIIH BeJe O Kpalloro
PO3yMiHHS BIJIMBY 3aJTi3a Ha 3/0pOB's JOHOPiB KpoBi. Lle# oruisa 6a3yeThcsd HA OCTAHHIX KJIIHIYHUX JOCTIIKEeHHAX i
MeTa-aHaJi3ax, 10 3abe3neyye JOCTOBIPHICTb HpeJCTaBJeHUX AAaHUX. AHaJsi3 pe3yJbTaTiB OCTaHHIX AOCJ]iKeHb
Z103BOJIsIE CHOPMYJIIOBATH OiMBIN aKTyaJbHI Ta TOYHI peKoMeHAAlii I0oJ0 mpenapaTiB 3aji3a. 3amporoHOBAHO
NepCoHaMi3yBaTH AIETUYHI peKoMeHalil A/ JOHOPiB KPOBi, BPaXOBYIOUYH iHAMBIAya/bHI MOTpe6GH IUX JIIOAEH Ta
iHauBiAyanbHi MeTaboJsiyHi BigMiHHOCTI. IHAUBiAyanbHUN miaxif mo AieTu Ta A06aBOK 3aji3a MoXe MHiBHULIUTH
ebeKTUBHICTh 3amobiraHHa gedinuTty 3asiza. BucsiTiieHo npodinakTuuHi cTpaTerii, Taki ik MporpamMu MiATPUMKH
JIOHOpiB KpOBi, sIKi MOBUHHI BKJIIOYATH PEryJspHUNA MOHITOPUHT piBHSA 3aji3a, OCBITHULbKI HporpaMmu IIoJ0
XapuyyBaHHS Ta A06aBOK, @ TAKOX iHAMBI/lyasbHi AIETHYHI BTpyYaHHs. 3BepHEHO yBary Ha HEOOXiAHICTh JOBrocTpo-
KOBOT'O MOHITOpPUHTY edeKTiB 06aBOK 3asi3a, AKMM YacTO HEXTYIOTh B KOPOTKOCTPOKOBUX /IOC/I/PKEHHSIX, a JOBIrO-
CTPOKOBUH MiAXif J03BOJUTH HAZ[IHHO OI[iIHUTU TPUBAJIICTh ePeKTiB 106aBOK i HOro BILJIUB Ha 3/J0POB'sl JOHOPiB KPOBi.

BucHoBKkM. 3asni3o Bifjirpae ¢yHmaMeHTaJbHY poOJib Y MiATPUMIL 3/70poB's JoHOpPIB KpoBi. lleil enemeHT
HeOoOXiAHUN /IS NPoAYKILii reMorsio6iHy, TpaHCIOPTYBaHHS KHUCHIO Ta 0araThOX iHIIMX MeTabGoJivyHUX QYHKIIH.
PerysisipHa 3/1a4a KpoBi BUKJIMKA€ 3HAUYHY BTPATY LIbOTO MiKpOEJIEMEHTA, 1[0 MOKe MPU3BECTH /|0 Horo AediluTy Ta
aHeMil Mpy HeNMpaBUJILHOMY MOMOBHeHHi. [1l06 KoMIeHCyBaTH BTpaTy 3aJj1i3a, JOHOPAM KpPOBi CJ1i/i 3BepHYTH 0COGJIMBY
yBary Ha cBii pauioH. [IpoaykTy, 6araTi reMOBUM 3aJ1i30M, TakKi sk M’sico Ta puba, i HereMoBUM 3asi30M, Taki ik 6060Bi
Ta 3eJIeHi JINCTOBI 0BOYi, IOBUHHI CKJIaZaTHU OCHOBY iXHbOT0 palnjioHy. [lofaTkoBo npuiioM BiTaMiny C mif yac Dxi Moxe
30i/IBIIUTH 3aCBOEHHS HereMoBOro 3asiza. PeryssapHuil npuiioM npenapartiB 3ajiza € epeKTHUBHHUM MeTOJ0M
npodinakTuku fedinuTy 3amisa y qoHopiB KpoBi. KuiniuHi focaifgkeHHs nokasasy, o A06aBKH 3as1i3a MOKpaIlyoTh
piBeHb reMorJio6iHy Ta GepUTHHY, 3HIKYI0YH PU3UK aHeMii. /lo6aBKM NOBMHHI nifj6upaTHcs iHAUBIAyaIbHO, i JOHOPIB
CJIiJ, peryJispHO KOHTPOJIIOBATH 100 PiBHA LbOr0 eJeMeHTa B opraHisMi. [IpocBiTHHULbKI porpamMu JOHOPIB KpPOBI
IIOJI0 BAXJIMBOCTI PEryJIAPHOTO MOHITOPWHIY piBHSI 3asi3a, mpodisakTHUKM aHeMii Ta BiAmoBigHOI aAieTH Mae
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BUpilla/bHe 3HayeHHd. [IporpaMu miATPUMKH, fKi BKJIIOYAIOTb PEryJspHUN MOHITOPUHT DiBHA 3asis3a, HaJaHHA
06aBoK i iHAUBiAyanbHI pekoMeHAALii WOA0 AIETH, MOXYTb 3HAYHO MOKPAIIUTH 3/J0pOB’ AOHOPIB i IX 31aTHICTH
NpOJIOBXKYBATH JOHOpPCTBO. HeobxiHi mopasbii goc/i>keHHs, 1106 BU3HAYUTH ONTUMAJIbHI cTpaTerii JAojaBaHHSA
3asisa Ta IX JOBrOCTPOKOBUM BIIMB Ha 37J0pPOB’s JOHOPIB KpoBi. JlocmiXKeHHs TaKoK MalOThb GYTH 30cepeKeHi Ha
IHAMBiAyaJIbHUX BiIMiHHOCTSIX Yy MeTabo0J1i3Mi JlaHOrO esJieMeHTa Ta Ha POo3poOIi MepCcoHa/i30BaHUX AIETUYHUX
peKoMeHIalil.

Kiro4oBi ci1oBa: 3asi30, JOHOpPU KPOBI, J06aBKHU 3aJ1i3a, aHeMis, ZiieTa, PepUTHH, TeMOTrJI06iH, 3aCBOEHHS 3aJ1i3a
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Anastassia Rafalskaya, Halina Tkaczenko, Natalia Kurhaluk

ENVIRONMENTAL ENRICHMENT AS A KEY ASPECT
OF HUMAN WELL-BEING DURING THE COVID-19 PANDEMIC

~Tg

AHacTacisg Padanbceka, 'ammHa TkayeHko, Hatansa Kypraidok

3BATAYEHHS CEPEJJOBUIIA IK KJIIOUOBUW ACIIEKT
NOBPOBYTY JIIOAVHMU IIIJ] YAC HAHJAEMII COVID-19

ABSTRACT

Environmental enrichment (EE) has long been established as an effective method of improving neuroplasticity
and reducing behavioral problems in captive mammals. As the creation of an enriched environment includes the effects
of social stimuli and novel objects, its translation to humans can be considered reasonable. In this article, the authors
suggest that environmental enrichment should be considered as a promising strategy to combat the social isolation
caused by the pandemic, providing a better opportunity for behavioral adaptation.

Purpose: The aim of this review is to explore the importance of environmental enrichment as a fundamental
component of promoting human well-being in the midst of the COVID-19 pandemic. The aim of this paper was to
demonstrate the relationship between psychological distress, cognitive impairment and neuropsychological status in
patients suffering from COVID-19 and COVID-related isolation, and to describe the benefits of the environmental
enrichment approach and propose it as a potential solution to improve brain performance.

Methodology: Extensive searches were conducted in academic databases including PubMed, PsycINFO, Web of
Science and Google Scholar. Keywords including 'environmental enrichment’, 'nature exposure', ‘physical activity', 'social
interaction’, 'cognitive stimulation’, 'well-being', 'mental health’, 'COVID-19 pandemic' and related terms were used. The
search was limited to articles published in English and focused on human populations. Studies eligible for inclusion
included empirical research, review articles, meta-analyses and theoretical papers relevant to environmental enrichment
and human well-being during the COVID-19 pandemic. Relevant articles were screened using titles and abstracts to
determine eligibility for full text review. Data were extracted from selected articles, including study objectives, methods,
key findings and implications for human well-being. Studies were synthesized thematically to identify common themes,
trends and gaps in the literature. The review aims to provide a comprehensive and rigorous synthesis of the literature
on the role of environmental enrichment in promoting human well-being during the COVID-19 pandemic.

Scientific novelty: The review presents a new perspective by synthesizing the existing literature on
environmental enrichment in the unique context of the COVID-19 pandemic. It explores how environmental factors such
as exposure to nature, physical activity and social interactions can serve as critical resources for maintaining and
enhancing human well-being in times of crisis. By specifically addressing the impact of the COVID-19 pandemic on human
well-being, the review offers a novel examination of the challenges posed by pandemic-related restrictions, isolation and
uncertainty. It highlights how environmental enrichment strategies can serve as adaptive coping mechanisms to mitigate
the negative psychological and emotional effects of the pandemic. One of the key scientific novelties of the review is its
interdisciplinary approach to understanding human well-being. It synthesizes findings from psychology, public health
and environmental science to provide a comprehensive analysis of the role of environmental enrichment in promoting
holistic well-being during the pandemic.

Conclusions. The review highlights the importance of environmental enrichment, which includes exposure to
nature, physical activity, social interactions and cognitive stimulation, in promoting human well-being during the
pandemic. Environmental enrichment strategies offer valuable resources for mitigating the negative psychological,
emotional and social effects of the COVID-19 pandemic. By providing opportunities for stress reduction, mood
enhancement and social support, these interventions contribute to resilience and adaptive coping mechanisms in times
of crisis. Exposure to nature is emerging as a particularly powerful form of environmental enrichment, with therapeutic
benefits for mental health, emotional well-being and overall quality of life. Encouraging physical activity and facilitating
social interactions, albeit within the constraints of public health guidelines, play a critical role in maintaining human well-
being during the pandemic.

Key words: environmental enrichment, human well-being, physical activity, social interactions, cognitive
stimulation, mental health
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AHOTAIIA

36arayeHHsI HaBKOJIMIIHBOTO cepenoBuiia (3C) - e edeKTUBHUN MeTO/, MOKPAIeHHS HEUPOIJIACTUYHOCTI Ta
3MeHIleHHs MOBeAiHKOBUX MP06JIeM Y CCaBIIB, 1110 YTPUMYIOThCS B HeBoJIi. Ockizibku cTBopeHHs 3C nepeabavyae BIJIUB
colia/IbHUX CTUMYJIIB i HOBUX 06’ €KTiB, HOr0 eKCTPAMOJIALiS Ha JIIOJAEH MOXXHA BBAXKATU PO3YMHUM. Y 1iKi CTaTTi aBTOpHU
NpONOHYITh po3rasgaTu 3C fK NepCcreKTHBHY CTpaTerito G0pOoTHOM 3 COLiaJIbHOK i30JIAIi€I0, BUKJIHUKAHOIO
MaH/eMIi€l0, Ha/Ial04yy Kpallli MOKJIMBOCTI [IJ11 MOBEAIHKOBOI afanTariii.

MeTta: MeTa UbOro OrJsfy - AOCAiAUTH BaxkJuBicTh 3C K QyHJAMEHTAJbHOrO KOMIIOHEHTa CHPHUSHHSA
no6pobyTy aogent nicas nangemii COVID-19. MeTa i€l cTaTTi noJisiraszia B TOMy, 11106 NPOJIeMOHCTPYBATH 3B’I30K MiX
NCHUXOJIOTIYHUM JIUCTPECOM, KOTHITUBHHMHU MOPYLIEHHSIMH Ta HEUPOICUXOJIOTIYHMM CTaTyCOM y NAalli€HTIB, fKi
ctpaxgaroTb Ha COVID-19 Ta mop’sizany 3 COVID i3osndmiero, a Takox omnucaTu nepeBaru migxoxay go 3C Ta
3aNpOINOHYBATH MOTO SIK MOTEHIiiHe pillleHHs AJ15 MOKpalleHHs pO60TH MO3KY.

MeToo0J10ris: 6yB MpoBeJeHUH MOLIYK B aKaJIeMiYHUX 6a3ax JaHUX, TakuX sk PubMed, PsycINFO, Web of Science
i Google Scholar. BukopucTtoByBainca Taki KJIOYOBi CJI0Ba, K «36araueHHs HaBKOJIUIIHBOIO CepesoBUILA», «BIJIUB
npupon», «bi3udyHa aKTUBHICTb», «COI[iaJibHA B3aEMOJisI», «KKOTHITUBHA CTUMYJIALIS», «6JIArOMOIydUsi», «IICUXIYHE
3710poB’s1», «nangemis COVID-19» Ta noB’s3aHi 3 HUMU TepMiHU. [IomyK 6YB 00MEKEeHUN CTATTIMU, ONYy6JIiIKOBAaHUMU
AQHIJIIMCbKOI MOBOIO Ta 30CepePKEHUMU IepeBa)KHO Ha JIIOJCbKHUX NonyJsduisax. JlocaipkeHHs, Aki miguasaranad
BKJIFOUEHHIO, BKJIOYAJ/IM eMIiPUYHI A0C/iPKeHHS, OTJISIZ[OBi CTATTi, MeTa-aHaJli3u Ta TeopeTU4Hi cTaTTi, moB’sa3aHi 3i 3C
Ta jo6pob6yTOoM Jitozel nix yac nangemii COVID-19. BianoBizgHi cTaTTi nepeBipsincsa 3 BUKOPUCTAaHHSAM 3aroJiOBKIB i
aHOTAMi}, 06 BU3HAYUTHU NPUAATHICTH AJIs1 pelleH3yBaHHS MMOBHOTO TeKCTYy. [laHi 6ysiu Bifji6pani 3 BUGpaHUX CcTaTeH,
BKJIIOYAIOYH L[iJIi JOCTiA>KeHHS, METO/IH, KJII0YOBi BUCHOBKHU Ta HACAiAKU A5 J06p0o6yTy toguHU. JlocaifxkeHHs 6yIu
y3arajibHeHi TeMaTHU4HO, 11106 BU3HAYUTHU CHiJbHI TeMHU, TeHJeHIil Ta NporajuHu B JiTepaTypi. Orisaa Mae Ha MeTi
3a6e3MeYrTH BCeGiYHUIM CUHTE3 JIiTepaTypH nmpo posib 3C B cipusiHHI 106po6yTy Jroael nig yac mangemii COVID-19.

HaykoBa HOBM3HA: OrJif/, NpPeJCTaBJIsi€ HOBY [IePCIEKTUBY LJIAXOM CUHTe3y iCHyro4ol Jitepatypu npo 3C B
koHTeKcTi manaeMii COVID-19. Bin npezcTaBiisi€, sk G¢aKTOPH HaBKOJIUIIHBOT'O CEPeJOBUINA, TaKi sIK BIIUB IPUPO/IHU,
¢di3ryHa aKTUBHICTD i collia/ibHi B3aEMOJII, MOXKYTb CAYKUTH BaXKJIMBUMHU pecypcaMu [ NiJTPUMKU Ta MiABUILEHHS
J06pO6YTY JIIOAMHMU MiJ yac Kpusu. KonkpeTHo po3srasgaoyu BrauB naHgeMii COVID-19 Ha no6po0yT Jitoel, oras/,
IPOTIOHYE HOBUU aHaJIi3 Npo6JieM, OB'sA3aHUX i3 MaHAEeMiED 06MeXeHHMHY, 130J1511i€10 Ta HEBU3HAUYEHICTIO. Y HhOMY
nigkpecaoeTbcs, Ak cTrpaTerii 3C MOXyTb CJAYXUTH aJalTHUBHUMU MeXaHi3MaMHU IMOJOJIaHHS Ta MOMSIKIIEeHHS
HeraTMBHUX NCHUXOJIOTIYHUX | eMOLiMHUX HacAiAKIB MaHAeMil. B orsisg/ji BUKOpUCTaHO MIKAMCUUIIIHAPDHUA NiAXiJ A0
pO3yMiHHS 6JiaronoJiyyys JIOAUHU. BiH cMHTe3ye pe3yibTaTU ICUXO0JIOTi], 0OXOPOHU 3[,0pPOB’S Ta HAYK PO HABKOJIUIIHE
cepezloBulIle, 11106 3a6e3neYuTH BCe6iuHMM aHaJ1i3 poJii 3C B cnpusHHI LijlicHOro 6/1aronosyy4s nij yac naHaeMii.

BucHoBkM. Oruisaf migkpeciaroe BaxuBicTb 3C, siKe BKJIIOYAE KOHTAKT 3 MPUPOJOK, Pi3UYHYy aKTHUBHICTD,
colliasibHi B3aEMOJii Ta KOTHITUBHY CTUMYJISALiIO, AJ1 CIPUSHHSA J0Opo6yTy JitoAel mif yac naHgemil. Ctparerii 3C
NPONOHYIOTh I[iHHI pecypcu [Jisi MOM'SIKIIEHHSI HEraTHBHHUX ICHUXOJIOTIYHUX, €MOLIMHUX 1 COIiaiIbHUX HACTiAKIiB
naHgeMii COVID-19. Haparouu MOXKJIMBOCTI [iJ11 3MeHIEeHHd CTPeCy, NOKpallleHHsl HAaCTPOIO Ta COLiaJIbHOI MiATPUMKH,
Ii BTpy4aHHs COPHUAKTb CTIMKOCTI Ta aZJallTUBHUM MeXaHi3MaM NO/[0JIaHHSI KPU30BUX CUTyaliil. BniMB Ha npupoay
CTa€e 0co6MBO MOTYKHOK ¢opmor 3C 3 TepanmeBTUYHUMH IMepeBaraMu [AJis IMCUXIYHOTO 3/I0pPOB’Sl, eMOI[iiHOTO
6/1aronoJy4yus Ta 3arajbHOl IKOCTi XXUTTS. 3a0X04eHHs 0 Gi3MUHOI aKTUBHOCTI Ta CIPUSHHSA collia/ibHIN B3aeMozil
BiZlirpatoTh BUpilIaJbHY POJIb y MiATPUMI J06p0oOyTY Jto/ieH mijJ yac na"gemil.

Ki1040Bi c/10Ba: 36arayeHHsI HABKOJIMIIHBOT'O CEPEIOBUIIA, 106POOYT JIFOAUHUY, i3UIHA aKTUBHICTD, COIiaIbHi
B3a€MO/Iii, KOTHITUBHA CTUMYJIALiS, IICUXiYHE 3/J0pPOB’s

stress disorder (PTSD), anxiety and depression,
have been reported in patients with SARS-CoV-1

On 11 March 2020, the World Health Organi- during the atypical pneumonia epidemic and at
zation (WHO) announced that the COVID-19 1 month, 1 year, 30 months or more after illness
epidemic, caused by the SARS-CoV-2 virus first (Cheng et al,, 2004a,b; Chua et al., 2004; Wu et al,,
identified in December 2019 in the city of Wuhan, 2005; Lee et al, 2007). In addition, symptoms of

Introduction

China, had reached pandemic levels. As a result, an PTSD, depression and anxiety have been described
extensive programme of containment measures has in healthcare workers during the epidemic, 2 months,
been put in place, which has had a significant impact 2 and 3 years after the atypical pneumonia epidemic,
on the daily lives of people of all social groups, ages, and in the general population during and after the
genders and nationalities. Recent studies have epidemic (Hawryluck etal., 2004; Verma et al., 2004;
shown that the long-term lack of social interaction Lin et al,, 2007; Lancee et al., 2008).

and the monotony of the environment caused by In the post-COVID patients, PTSD is often
quarantine have led to behavioral changes of various accompanied by a sudden fear of death, shortness of
kinds, including negative ones. A strong relationship breath, difficulty falling asleep, nightmares and
between the duration of quarantine and stress, flashbacks. The most common symptoms are
anxiety and depression has been reported in the characteristic depressing memories or ideas
literature (Hamaideh et al, 2022). Psychiatric associated with shortness of breath and other
symptoms, including symptoms of post-traumatic unpleasant sensations of the acute period
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(Aiyegbusi et al, 2021; Al-Aly et al, 2022).
Conditions associated with the effects of COVID-19
or long COVID are characterized by severe cognitive
changes, including a condition recently termed
'brain fog'. The resulting cognitive impairment
facilitates the spread of the virus, as infected
individuals exhibit reduced anti-infection behavior
(Gouraud et al., 2021). It should be noted that
cognitive complaints are associated with both

Anxiety and
depression
SYmpLoms

anxiety and depressive symptoms and are
independent of objective neuropsychological status,
reflecting the leading role of anxiety and depression
in the cognitive impairment found. It is charac-
teristic that an increase in the number of somatic
symptoms of COVID-19 2 months after the acute
phase of the disease is associated with depressive,
anxiety and post-traumatic symptoms (Fig.1)
(Ismael etal., 2021).

5
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Post-traumatic
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Fig. 1. Association between psychological distress, cognitive complaints
and neuropsychological status after a severe COVID-19 episode

Itis also known that people who have suffered
from coronavirus infection experience cognitive
deficits such as difficulties in facial emotion
recognition, logical task performance and working
memory decline (Hampshire et al,, 2021). Cognitive
dysfunction, including impairment of executive
function and memory, as well as asthenia and a
dysregulation syndrome with frontal symptoms in
severe cases of the disease, may be caused by
respiratory and/or circulatory hypoxemia. Hypoxic
damage, microhemorrhage and inflammation of
neurons have been identified in various areas of the
brain, particularly in the brainstem. The brainstem
contains many different nuclei and sections that
regulate different physiological processes such as
respiratory, cardiovascular, gastrointestinal and
neurological. Neurons with a high metabolic
demand for oxygen become dysfunctional, leading to
cognitive impairment. Hypometabolism in the
parahippocampal gyrus, thalamus and some white
matter regions may be a secondary consequence of
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hypoxic damage to these areas, leading to memory
loss and cognitive dysfunction (Yan etal., 2021). The
pathogenesis of mental disorders in the post-Covid
period is multifactorial and multi-organ in nature,
caused by systemic (regulatory, tissue and organ)
pathological disturbances of the functioning of the
whole organism. The basis of the observed tissue
and organ disorders are metabolic disorders at the
cellular and subcellular levels, caused in particular
by damage to mitochondria, acceleration of lipid
peroxidation and the development of oxidative
stress. In addition, the side effects of pharmacot-
herapy for COVID-19 should be taken into account,
in particular the use of corticosteroids, interferon,
hydroxychloroquine and anti-interleukin monoclonal
antibodies (Ceban et al.,, 2022; Premraj et al., 2022).
It is therefore necessary to minimize the negative
consequences of human adaptation to new social
conditions and to create opportunities to stimulate
the brain's cognitive abilities.
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The aim of this review is to explore the
importance of environmental enrichment as a
fundamental component of promoting human well-
being in the midst of the COVID-19 pandemic. This
review will examine the multiple ways in which the
COVID-19 pandemic has affected human well-being,
including psychological, emotional and social
aspects. The paper will explore the concept of
environmental enrichment and its role in improving
human health and well-being. It will discuss
different forms of environmental enrichment,
including exposure to nature, physical activity,
social interactions and cognitive stimulation.

Materials and methods

Extensive searches were conducted in
academic databases including PubMed, PsycINFO,
Web of Science and Google Scholar. Keywords used
included ‘'environmental enrichment, 'nature
exposure', 'physical activity', 'social interaction’,
'cognitive stimulation’, 'well-being', 'mental health’,
'COVID-19 pandemic' and related terms were used.
The search was limited to articles published in
English and focused on human populations. Studies
eligible for inclusion included empirical research,
review articles, meta-analyses and theoretical
papers relevant to environmental enrichment and
human well-being during the COVID-19 pandemic.
Relevant articles were screened using titles and
abstracts to determine eligibility for full-text review.
Data were extracted from selected articles, including
study objectives, methods, key findings and
implications for human well-being. Studies were
synthesized thematically to identify common

themes, trends and gaps in the literature. The review
aims to provide a comprehensive and rigorous
synthesis of the literature on the role of
environmental enrichment in promoting human
well-being during the COVID-19 pandemic.

Maximizing brain potential through
environmental enrichment

It has long been known that animals' ability to
develop adaptive behavior is linked to their survival.
Every day they face tough challenges: avoiding
predators, finding food, shelter and a mate. The daily
routine creates a need for animals to learn
alternative and diverse behavioral strategies, in
which events must be studied, selected and
somehow connected for future decision making.
Inconsistencies in these processes caused by
captivity (lack of intellectual stimulation, lack of
social contact, reduced physical activity) have a
profound effect on the physiological, cognitive and
emotional state of the animals, affecting their
survival (Fehlmann et al., 2020). For example, many
captive orcas have been found to suffer from
pneumonia, kidney and gastrointestinal disease, and
various infections (Marino et al., 2020). Scientists
also report numerous attempts by the animals to
cope with captivity through stereotypical, aimless
habits. For example, constant nodding of the head
and constant wiggling or chewing of the rod of the
cell have been observed in laboratory rhesus
monkeys, which are not only abnormal behaviors
but also directly correlate with brain abnormalities
(Poirier and Bateson, 2017).
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Reduced cortical
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Fig. 2. Differences in the structure of the cerebral cortex in animals kept
in deprived (captive) and enriched (natural) environments
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For example, laboratory mice with various
neurodegenerative diseases were placed in enriched
conditions, i.e. conditions with sensory, cognitive
and motor stimuli (rich and varied diet, cells). The
mammalian brain is formed through the implemen-
tation of complex genetic and epigenetic programs.
However, sensory, cognitive and motor stimulation
through interaction with the environment from
birth to old age also plays a key role in the formation
of neural circuits necessary for normal brain
function. In recent decades, genetic and pharma-
cological factors modulating brain function and
dysfunction have been extensively studied, while
environmental parameters have received much less
attention (Mayeux, 2003). Without intellectual
stimulation and social interaction, the cerebral
cortex — the part of the brain responsible for higher
cognitive activity, including memory, planning and
decision-making - becomes thinner, the capillaries
narrow and the brain does not receive enough blood
to function normally. A thinner cerebral cortex, the
part of the brain involved in voluntary movement
and higher cognitive function, can lead to poor
decision-making and memory. Neurons become
smaller, as do dendrites, which disrupts communi-
cation within the brain. This means that captive
animals are less effective at processing information.
The chronic stress of living in captivity with no
control over their environment leads to learned
helplessness, a trauma response that affects the
hippocampus, which handles memory functions, and
the amygdala, which processes emotions. As a result,
a captive animal's memory and emotions are
irregular, and some animals have been shown to
become emotionally unpredictable. Prolonged
stress also disrupts the balance of serotonin and
dopamine in an animal's brain, which can lead to
repetitive and often harmful behaviors. The main
change is that animals lose some of their natural
behaviors, such as foraging, avoiding predators and
rearing young, and replace them with stereotyped,
destructive behaviors brought on by chronic stress
and boredom. These new behaviors, such as
gnawing on bars and running headlong into walls,
are often self-destructive. They also show a marked
difference between a captive animal and its wild
relatives (Haslam, 2013; Tuite et al., 2022).

The lack of a sufficiently stimulating natural
environment also has a significant impact on
neuroplasticity - the ability of the nervous system to
regenerate by increasing the number of neurons and
restructuring neural networks, creating new
synapses and altering synaptic transmission, which
underpins adaptive behavior (McEwen et al., 2015;
Been et al,, 2022). In other words, repetitive actions,
strong emotional influences or stimuli, including
negative ones, can cause structural changes in
neurons, affecting the appearance of so-called
"dendritic trees" and neural bridges, which are
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directly related to the number of synapses and brain
performance. It is known that each of the 86 billion
neurons in the brain is capable of forming about
10,000 synapses simultaneously. However, this
potential depends solely on the number and
intensity of stimuli to induce structural changes in
neurons with subsequent behavioral changes
(Davim et al,, 2021). The formation of new synapses
is extremely important because it allows animals to
change behavioral strategies that are essential for
survival.

One of the most prominent approaches to
identifying key experience- and environment-
related changes in brain structural and functional
plasticity is the use of the so-called enriched (multi-
stimulus) environment (EE) (Ward and Cohen,
2004). EE can be defined as an environment that
contains a variety of social and non-social stimuli
that influence different aspects of brain develop-
ment and function. This definition implies that the
importance of any one factor cannot be neutralized
and that the combined effect of several factors of
different types ensures the formation of a biological
response that cannot be achieved by the action of
any one factor alone (Rosenzweig and Bennett,
1969). The aim of EE is to maximize the brain's
potential by organizing the space in which the
organism exists so that it is more complex,
interactive and rich in events similar to real life, thus
offering a greater variety of possibilities to control
this environment and reduce or prevent cases of
abnormal behavior and cognitive impairment
(Hannan, 2014; Cutuli et al, 2022) with mazes,
running wheels, toys, increased social interactions),
showed significant positive dynamics of brain
activity, qualitative structural changes, i.e. slowing
down the onset and progression of the motor
disorder syndrome, the process of reducing the
volume of the cerebral cortex, a deficiency in the
expression of [-amyloid peptide (leading to the
death of neurons), improved performance in
problem-solving tasks, an increase in the number of
dendritic branches, expression of the GluR1 protein,
which plays an important role in the formation of the
neural network underlying normal motor behavior
(Nithianantharajah and Hannan, 2006).

Thus, laboratory mice with various neurode-
generative diseases placed in enriched conditions,
i.e. conditions with sensory, cognitive and motor
stimuli (rich and varied diet, cells equipped with
mazes, running wheels, toys, increased social
interactions), show significant positive dynamics of
brain activity and qualitative structural changes,
such as delayed onset and progression of motor
disorder, deficiency of 3-amyloid peptide expression.

EE may contribute to neuronal activation,
signaling and plasticity in different areas of the
brain. Increased sensory stimulation, including an
increase in somatosensory and visual information,
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activates the somatosensory (red) and visual
(orange) cortices. Increased cognitive stimulation -
for example, encoding information (the ability to
turn information into a concept, an image stored in
the brain that can then be retrieved from long-term
memory) related to spatial mapping, object
recognition, novelty and attention modulation - is

Mot@ mogniﬁve

likely to activate the hippocampus (blue) and other
cortical areas. In addition, increased motor activity,
such as natural exploratory movements (including
fine movements that are radically different from
simply riding a bike), stimulates areas such as the
motor cortex and cerebellum (green) (Fig. 3).

Somatosensory

Fig. 3. Effects of EE and enhanced sensory, cognitive and motor stimuli
on different brain regions (https://sites.oxy.edu/)

The key components of EE are physical
activity, socialization and cognitive stimulation.
Although the efficacy demonstrated in animals with
EE is quite high, it remains largely a laboratory
phenomenon with little use in clinical settings, for
example in patients with severe brain damage
(stroke) or mental retardation, because of
difficulties in standardizing methods, introducing
control groups, lack of data on which aspects are
critical for improving brain plasticity, and the wide
range of responses to therapy. It is not known how
long an intervention should last or what the
necessary 'dose’ of enrichmentis, as mostlaboratory
studies use continuous enrichment periods - a
condition that most clinicians consider inapprop-
riate (Hummel and Cohen, 2005; McDonald et al,
2018; Ball et al, 2019).

Relationship between neurons and glia
in an enriched environment

The relationship between neurogenesis and
the intricate interplay between neurons and glial
cells within an EE is a fascinating area of study in
neuroscience. The dynamic process of neurogenesis,
the generation of new neurons, interacts in a
complex manner with the supporting role of glial
cells, including astrocytes and oligodendrocytes
(Nilsson and Pekny, 2007). This chapter aims to
explore the multiple links between these elements
within EE, looking at how environmental factors
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affect the differentiation and integration of neurons,
while also influencing the functions of glial cells. By
examining these interactions, we aim to gain a
deeper understanding of the complex mechanisms
underlying brain plasticity in the context of EE.
Neurogenesis in the developing or mature brain is
one of the most attractive targets for the action of
environmental factors that regulate neuroplasticity
processes (Hummel and Cohen, 2005; Decimo et al,,
2012). The debate on the effect of EE on the number
of cells in the adult brain has a long history. In 1964,
J. Altman and G. D. Das, who first described neuro-
genesis in the adult hippocampus (Altman and Das,
1964), investigated whether EE could affect the
generation of neurons. However, they only found an
increase in the processes of gliogenesis (Altman and
Das, 1964). Subsequent studies showed that the
increase in glial cell numbers was associated with
oligodendrocytes and a slight increase in astrocytes
in EE animals (Walsh and Cummins, 1975; Kemper-
mann etal., 2002). EE, like exercise, helps to increase
the number of new neurons in the dentate gyrus.
However, the mechanisms by which new cells are
generated may differ between the two conditions.
EE mainly affects cell survival rather than cell
proliferation. In contrast, isolated running activity
stimulates both cell division and neuronal survival
in mice (van Praag et al, 2000; Mohammed et al.,
2002). Interestingly, EE without high motor activity
only slightly stimulates hippocampal neurogenesis
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(Clark et al., 2009; Mustroph et al., 2012), whereas
the use of treadmills in socially and physically
deprived mice promotes more intense cell
proliferation in the dentate gyrus than in EE mice
(Bednarczyk et al,, 2009; Schaefers, 2013).

Early experiments showed that enrichment
increased neurite branching and synapse formation
in the cortex (Greenough et al., 1985), and animals
kept in EE conditions showed a higher order of
dendritic arborization than the control group
(Greenough et al., 1985). Subsequent studies found
that environmental enrichment decreased neuronal
density but increased the synapse/neuron ratio,
synaptic disc diameter and subsynaptic plate
openings (Greenough et al, 1985). In the hippo-
campus, similar morphological changes were
characteristic of granular neurons in the dentate
gyrus and pyramidal cells in CA1 and CA3 areas.
Recently, a large number of dendritic spines and an
increased density of imperforate synapses were
found in the CA1 region after enrichment (Rampon
et al,, 2000). EE was found to promote neurogenesis
only in the dorsal hippocampus. These results
suggest that environmental factors may differen-
tially regulate neurogenesis in region-specific areas.
This phenomenon is thought to underlie the
heterogeneous functions of newborn neurons along
the septotemporal axis of the hippocampus, which
has functional implications (Rampon et al., 2000;
Petrosini et al,, 2009).

Studies of enrichment-induced plasticity have
traditionally focused on changes in neurons,
particularly their synaptic function. However, the
effects of EE on glial cells are no less important.
There is a growing body of data on the response of
astroglia to EE. Given the important role of
astrocytes in the regulation of neuronal activity
through the implementation of the mechanism of
neuron-astroglial metabolic coupling, ensuring
neurogenesis and the mechanisms of so-called
gliovascular control in active zones of the brain, the
presence of such an influence is quite predictable.
For example, EE promotes a significant increase in
the number of astrocytes in the dentate gyrus, but
not in the CA1, CA3 areas of the hippocampus or
cortex (Rampon et al., 2000). It has long been known
that astrocyte morphology changes in response to
EE. The changes depend on the duration of EE
exposure and the localisation of the astrocyte pool in
the brain (Markham and Greenough, 2004; Tanti et
al,, 2012). Morphological plasticity of astrocytes in
response to EE occurs on a similar time scale to
changes in neurons. Other studies support a strong
correlation between changes in astrocyte morpho-
logy and synapse formation, highlighting the synergy
between neurons and astrocytes within and around
a synapse (Ullian et al,, 2001). In general, one of the
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important targets of EE action is neuron-astroglial
interactions, which ensure the efficiency of synaptic
transmission, the adequacy of energy supply to
neurons and the local adaptation of blood flow
(Hummel and Cohen, 2005; Halassa et al., 2007).

Structural and functional changes in the brain
after exposure to EE in experimental animals are
impact on (Fig. 4).

Behavior

Exposure to an EE can improve learning and
memory, prevent memory decline in adults, reduce
anxiety and increase exploratory activity
(Kempermann et al., 2002; Friske and Gammie,
2005; Bennett et al., 2006). However, later studies
found that the activity of mice after 8 weeks of EE
was comparable to that of humans under standard
conditions. It has also been noted that changes in
anxiety and seeking activity appear to be
independent of neurogenesis in the hippocampus
(Silvaetal, 2011).

Exposure to an EE can lead to various
behavioral changes, particularly in animals. Animals
exposed to EE often show increased levels of
exploration and curiosity. They may actively seek
out new stimuli and environments in their
surroundings. EE can enhance cognitive abilities,
leading to improved learning and memory. This is
often seen in tasks such as maze navigation or object
recognition. EE with stimulating activities and social
interactions can reduce stress and anxiety levels in
animals. This can lead to calmer and more relaxed
behavior. EE typically provides opportunities for
physical activity, such as running wheels or climbing
structures. As a result, animals may engage in more
physical activity, leading to improved physical
health and fitness. EE have also been associated with
increased neurogenesis (the formation of new nerve
cells) and increased brain plasticity. This may lead to
improved brain function and adaptability. In
addition, exposure to EE has been associated with a
delay in age-related cognitive decline in animals.
This suggests that continued exposure to
stimulating environments may help maintain
cognitive function into old age (Friske and Gammie,
2005; Bennett et al, 2006; Takuma et al, 2011;
Kempermann, 2019).

Structural changes. Exposure to an EE can
induce several structural changes in the brain,
particularly in regions associated with learning,
memory and sensory processing. One of the most
notable structural changes is an increase in
neurogenesis, which refers to the generation of new
nerve cells. EE has been shown to promote
neurogenesis in regions such as the hippocampus, a
brain area critical for learning and memory
(Almeida Barros et al., 2021).
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Fig. 4. Structural and functional changes
in the brain after exposure to enriched environments

EE can lead to increased dendritic branching
and synaptic density in neurons. Dendrites are the
branching extensions of neurons that receive signals
from other neurons, and synapses are the
connections between neurons where information is
transferred. Increased dendritic branching and
synaptic density are associated with improved
neural connectivity and information processing
(Bindu et al, 2007). Exposure to EE has been
associated with an increase in cortical thickness,
particularly in regions involved in sensory
processing and higher cognitive functions. This
structural change may reflect increased neural
connectivity and complexity in response to
environmental stimuli (Alvarez et al.,, 2014). Glial
cells, including astrocytes and oligodendrocytes,
provide support and insulation for neurons in the
brain. EE has been associated with an increase in
glial cell density, which may contribute to
maintaining neuronal health and function (Bhide
and Bedi, 1984). EE has been shown to increase the
volume of the hippocampus, a brain structure
critical for learning and memory. This increase may
be due to a combination of factors, including
neurogenesis, dendritic growth and synaptic
plasticity (Miguel et al., 2019). EE can promote the
growth of blood vessels in the brain, a process
known as vascularization. Improved vascularization
can increase blood flow to brain regions, providing
nutrients and oxygen essential for neuronal function
and plasticity (Chen et al., 2023).

Exposure to an EE can reduce the intensity of
spontaneous apoptosis, increase the intensity of
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neurogenesis and the integration of new cells into
functional circuits, increase brain weight, cortical
and hippocampal thickness, dendritic branching,
length and density, synaptic size and number, and
the number of dendritic spines (van Praag et al,
2000; Johansson and Belichenko, 2002; Leggio et al,
2005). There is a marked increase in cell prolife-
ration and cell survival in the early postnatal period,
with a large increase in the number of neurons
forming the granule cell layer (Rizzi et al,, 2011). A
reduced pro-inflammatory response to lipopolysac-
charide injection into the hippocampus was also
observed. There was also a significant reduction in
the levels of the chemokines TNF and the
inflammatory cytokine IL 1B (Williamson et al,
2012). There was an increase in the strength of
synaptic contacts and modulation of synaptic
plasticity, such as long-term potentiation (LTP), an
increase in the slope of the excitatory postsynaptic
potential (EPSP) and an increase in the potential
from the hippocampal region (Foster and Dumas,
2001; Artola et al., 2006).

Expression of proteins and receptors,
growth factors, neurotransmitters. Exposure to an
EE can lead to significant changes in the expression
of proteins, receptors, growth factors and
neurotransmitters in the brain. These changes play
a critical role in neural plasticity, learning, memory
and overall brain function. Neurotrophic factors
such as brain-derived neurotrophic factor (BDNF),
nerve growth factor (NGF) and others are critical in
promoting neuronal survival, growth and diffe-
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rentiation. Exposure to EE often results in increased
expression of neurotrophic factors, which in turn
promotes neurogenesis, dendritic arborization and
synaptic plasticity (Falkenberg et al., 1992). EE can
increase the expression of proteins involved in
synaptic function, including neurotransmitter
receptors (e.g. glutamate receptors such as NMDA
and AMPA receptors) and synaptic scaffolding
proteins (e.g. PSD-95). This upregulation is
associated with increased synaptic strength and
efficacy (Cai et al., 2010; He et al, 2010). EE can
affect the activity and expression of several
neurotransmitter systems. For example, exposure to
EE has been shown to increase the release of
neurotransmitters such as dopamine, serotonin and
acetylcholine, which are involved in the regulation of
mood, motivation and cognitive function (Saadati et
al, 2023). EE can also modulate the activity of
gamma-aminobutyric acid (GABA), the primary
inhibitory neurotransmitter in the brain. Changes in
GABAergic transmission can affect neuronal
excitability and synaptic plasticity, contributing to
adaptive responses to environmental stimuli (Sbrini
et al., 2020). EE has been shown to modulate stress
response pathways, including the hypothalamic-
pituitary-adrenal (HPA) axis and the expression of
stress-related proteins such as corticosterone and
corticotropin-releasing hormone (CRH). These
changes may help to mitigate the effects of stress
and promote resilience (Ros-Simé and Valverde,
2012). Exposure to EE activates several intracellular
signaling pathways involved in synaptic plasticity
and neuronal survival, including the mitogen-
activated protein kinase (MAPK), phosphoinositide
3-kinase (PI3K)/Akt and cyclic AMP (cAMP)
pathways (Horwood et al., 2006). EE can affect gene
expression patterns in the brain, resulting in the
upregulation of genes associated with neuronal
growth, synaptic function and cognitive processes.
This regulation of gene expression underlies the

Lifestyle factors and habits to optimise brain function and reduce
the risk of cognitive decline

long-term adaptive changes induced by environ-
mental enrichment (Li et al., 2007).

Exposure to an EE led to changes in the
expression of genes involved in synaptic transmis-
sion and cellular plasticity. An increase in the
expression of synaptic proteins (the presynaptic
vesicle protein synaptophysin and the postsynaptic
density protein 95, PSD-95) was observed.
Increased expression of NMDA and AMPA receptors,
which are involved in glutamatergic signaling, was
also observed. Increased expression of mRNA
encoding EGR-1 (or NGF-14A, Zif268) (which
regulates angiogenesis) was also observed. An
increase in the activity of the transcriptional
regulator of endothelial cell activation - Kruppel-
like factor (KLF2) - was observed (Rampon et al,,
2000; Pascual-Leone et al.,, 2005; Lambert et al,,
2005). An increase in the levels of the main
neurotrophic factors (brain-derived neurotrophic
factor, BDNF, and nerve growth factor, NGF, glial
neurotrophic factor, GDNF) has been observed
(Gobbo and O'Mara, 2004). There is an increased
secretion of acetylcholine and selective
enhancement of serotonin 1A receptor gene
expression (Rosenzweig and Bennett, 1969).

Factors that optimize brain function
and prevent cognitive decline

Obviously, modern medicine will have to solve
several problems before EE therapy can be
introduced into clinical practice, but the benefits of
this approach are undeniable and its use in everyday
life is reasonable. As EE is a complex of inanimate
and social stimuli, it is suggested that the approach
must be comprehensive and manifest itself in
standards of diet, physical activity and social
interactions. A number of lifestyle factors and habits
can help optimize brain function and reduce the risk
of cognitive decline (Fig. 5).
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Adequate nutrition is necessary to optimize
brain function and prevent cognitive decline. The
brain needs a steady supply of amino acids to
synthesize neurotransmitters, especially serotonin
and catecholamines, which can correlate with
reduced learning ability when levels are low
(Fernstrom and Fernstrom, 2007; Martinez Garcia et
al, 2018). Adequate nutrition is necessary to
optimize brain function and prevent cognitive
decline. It is also recommended to consume
products with an adequate ratio of omega-6:3 fatty
acids (the Mediterranean diet, which includes fruits,
vegetables, whole grains, beans, nuts and seeds,
olive oil, fish, poultry and dairy products), as they
are associated with improved memory and a lower
risk of cognitive decline (Bourre, 2004a; Martinez
Garcia et al., 2018). Vitamins B1, B6, B12, B9 (folic
acid), D, choline, iron and iodine are neuroprotective
and have a positive effect on mental performance
(Bourre, 2004b, 2006; Gonzalez and Visentin, 2016;
Derbyshire and Obeid, 2020). Antioxidants (vitamins
C, E, A, zinc, selenium, lutein and zeaxanthin) play a
very important role in protecting against oxidative
stress, which is associated with mental decline
(Gonzalez and Visentin, 2016; Demmig-Adams et al.,
2020). It is also important to avoid foods rich in
saturated fats and refined sugars and to favor fruit
and vegetables (Martinez Garcia et al., 2018).

Another EE factor is regular exercise, which
stimulates the development of bone and muscle
tissue necessary for weight gain (Russo, 2009;
Ferraro et al, 2014). Regular exercise improves
cardiorespiratory activity, which effectively increases
physical performance by improving and accelerating
the circulation of oxygen, hormones and nutrients
essential for brain metabolism and cognitive
development (Nystoriak and Bhatnagar, 2018;
Pinckard et al., 2019). Regular aerobic exercise, such
as brisk walking, jogging, swimming or cycling, can
improve blood flow to the brain, promote
neuroplasticity and reduce the risk of cognitive
decline. Regular physical activity has an impressive
array of health benefits. As well as helping the brain,
it can reduce the risk of conditions such as
cardiovascular disease (Tian and Meng, 2019), type
2 diabetes (Asano et al., 2014), hypertension (Hegde
and Solomon, 2015), colorectal cancer (Oru¢ and
Kaplan, 2019) and breast cancer (Garcia-Chico et al.,
2023). Exercise may also have a protective effect
against cognitive decline and dementia (Law et al,,
2020). People who carry the APOE4 gene variant
(which is associated with susceptibility to
Alzheimer's disease) may particularly benefit from
exercise (Colovati et al., 2020). Recent studies show
that regular exercise of at least 30 minutes a day
significantly reduces the risk of cardiovascular
disease and boosts immunity (Hotting et al., 2016).

Keeping the brain active through mentally
stimulating activities such as reading, puzzles,
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games, learning new skills or hobbies can help
maintain cognitive function and build cognitive
reserve, which may protect against cognitive decline
(Gomez-Soria et al., 2023). Participating in structured
cognitive training programs that target specific
cognitive functions (e.g. memory, attention,
executive function) can help improve cognitive
abilities and delay age-related cognitive decline
(Sung et al,, 2023). Prioritizing good sleep hygiene
and ensuring adequate sleep duration (7-9 hours
per night for most adults) is also crucial for cognitive
function, memory consolidation and overall brain
health. Poor sleep quality and sleep deprivation have
been linked to cognitive impairment (Worley, 2018).
Brain health and cognitive function can be adversely
affected by chronic stress. Practicing stress-reduc-
tion techniques such as mindfulness meditation,
deep breathing exercises, yoga, or spending time in
nature can help mitigate the effects of stress on the
brain (Qi et al., 2020). Maintaining social connec-
tions and participating in social activities can
provide cognitive stimulation, emotional support
and a sense of belonging, all of which contribute to
brain health and resilience (Miceli et al, 2018).
Avoiding smoking, limiting alcohol consumption and
managing chronic health conditions such as
hypertension, diabetes and obesity are important
for maintaining brain health and reducing the risk of
cognitive decline (Livingston et al.,, 2020). Regular
monitoring of overall health, including blood
pressure, cholesterol, blood sugar and other risk
factors for cardiovascular disease, can help identify
and manage conditions that may affect brain health
(Rippe, 2018). Lifelong learning and intellectual
engagement can promote cognitive vitality and help
maintain cognitive function as we age, such as taking
courses, attending lectures or engaging in intellectu-
ally stimulating conversations (Flexman, 2021).

The social isolation caused by the pandemic
could affect the structure and function of the brain.
One of the areas most affected by chronic stress is
the hippocampus (the area of the brain responsible
for emotions, memory and learning). Studies have
shown that stressors such as job loss or isolation
alone lead to increased secretion of glucocorticoids,
followed by brain cell damage, synaptic disruption
and ultimately a reduction in hippocampal volume
and the onset of a depressive state (Snyder et al.,
2011). Chronic stress can also alter the prefrontal
cortex (the center of executive control in the brain)
and the amygdala (the center of fear and anxiety).
Long-term exposure to excess glucocorticoids can
disrupt connections both within the prefrontal
cortex and between it and the amygdala. As a result,
the prefrontal cortex loses its ability to control the
amygdala, leaving the center of fear and anxiety out
of control (McEwen et al., 2016). This pattern of
brain activity (overactive amygdala and insufficient
connection to the prefrontal cortex) is typical of
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people with post-traumatic stress disorder (PTSD),
another condition that escalated dramatically
during the pandemic (Leistner and Menke, 2020;
Thakur et al., 2022). In this case, social enrichment,
the active expansion of the network of social
interactions, normalizes the destabilized psycho-
logical state and qualitatively changes the brain -
increasing the volume and number of connections in
the prefrontal cortex, amygdala and other areas
(Schmalzle et al.,, 2017).

Conclusions

Maximizing brain potential through environ-
mental enrichment is a multifaceted approach that
emphasizes the role of the environment in shaping
neural architecture and cognitive function. Environ-
mental enrichment refers to the manipulation of the
environment to provide sensory, cognitive and
social stimulation that promotes neural growth and
cognitive function. The concept of environmental
enrichment originated from research in laboratory
animals, which showed that enriched environments
led to structural and functional changes in the brain.
These changes include increased dendritic arborize-
tion, synaptogenesis, neurogenesis and enhanced
synaptic plasticity. The basic idea is that exposure to
diverse stimuli and challenges causes the brain to
constantly adapt and rewire itself, resulting in
improved cognitive abilities and resilience to
neurological disorders. Environmental enrichment
holds promise as a non-pharmacological interven-
tion for several neurological and psychiatric condi-
tions. In clinical settings, structured enrichment
programs tailored to specific populations, such as
those with autism spectrum disorders, attention
deficit hyperactivity disorder (ADHD) or traumatic
brain injury, can complement traditional therapies
and improve outcomes. By harnessing the inherent
plasticity of the brain, environmental enrichment
offers new avenues for rehabilitation and recovery.

Behavioral changes induced by EE are often
attributed to the complex interplay between

®dinancyBanns / Funding

environmental stimuli, neural activity and genetic
factors. Enriched environments provide opportuni-
ties for sensory, cognitive and social stimulation that
can have profound effects on behavior and brain
function. Structural changes in the brain exposed to
EE reflect the brain's remarkable ability to adapt to
environmental experiences, a phenomenon known
as neuroplasticity. EE provides a variety of sensory,
cognitive and social stimuli that promote neural
growth, connectivity and function, ultimately
leading to structural changes that support improved
learning, memory and behavior. Overall, exposure to
EE induces a complex cascade of molecular and
cellular changes in the brain that ultimately lead to
improved neural plasticity, cognitive function and
resilience to stress. These molecular changes
provide the neurobiological basis for the beneficial
effects of EE on brain health and function.

Some key factors that can optimize brain
function and help prevent cognitive decline are
exercise, a Mediterranean diet, protection against
chronic inflammation, moderate alcohol consump-
tion, prioritizing quality sleep, staying mentally
active and socializing. By incorporating many factors
into daily life, such as a healthy diet, regular physical
activity, mental stimulation, adequate sleep, stress
management, social engagement, brain-healthy
lifestyle choices, cognitive training programs,
regular medical check-ups, continued learning and
intellectual engagement, individuals can optimize
brain function, promote cognitive health and reduce
the risk of cognitive decline as they age.

In conclusion, EE, which has been shown to be
effective in producing positive behavioral and
cognitive changes in animals, although not yet
available for widespread clinical use, holds great
promise for ensuring the well-being of human
populations in environments with low cognitive,
motor and sensory stimulation, such as after the
COVID-19 pandemic.
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ABSTRACT

Objective: To evaluate the condition of park ecosystems in Chernihiv in relation to urbanization levels and air
pollution from vehicular emissions.

Methodology: The study assessed the state of park ecosystems (PE) in various districts of Chernihiv, following
the methodological guidelines by Lavrov et al. (2021). Species composition, the health of vegetation by layers, and the
impact of anthropogenic pollution were examined in temporary sample plots (0.2-0.6 ha) established in mature park
areas in 2023. The urbanization index was calculated using the Urbanisation Score software, which analyzes land use—
such as asphalt, buildings, and green space intensity—using Google Maps imagery. Road traffic load and phytotoxic
emissions near the PEs were estimated based on the methodology of Miroshnyk et al. (2022). Maps were generated with
the GIS tools Golden Software Surfer 19.2.213, using the kriging method, and QGIS 3.16.3.

Scientific Novelty: This study provides the first environmental assessment of Chernihiv's green infrastructure a
year after the intense warfare of spring 2022. The findings reveal that urbanization index values in Chernihiv range from
2.5 to -5, decreasing as one approaches the Dnipro River valley.

Conclusions: The study found that the regional landscape park ‘Yalivshchyna’ and the remaining forest area in the
Podusivka neighborhood are significantly impacted by vehicular aerotoxicants. The central park, ‘City Garden’, and the
municipal forest park, ‘Maryin Hai,’ situated within the river valley, display better sanitary conditions than those in the
city's central areas. Urbanization levels decrease closer to the river valley. Additionally, the Ski Base forest area suffered
notable damage to its green infrastructure due to warfare during the city's siege in February-April 2022.

Keywords: green infrastructure, sustainable development, urbanisation index, warfare, biodiversity, air pollution

AHOTAIIA

MeTa po6oTH. O1iHIOBaHHSI CTaHy NMapKOBUX eKocucTeM Micta Yepnirosa 3asiexxHo Bif piBHA yp6aHisanii Ta
aepo3abpyiHEHHS BiJi aBTOLIAXIB.

MeTopouoria. Ctan napkoBux ekocucteM (IIE) M. UepHiroBa, po3TauioBaHUX B pi3HUX palioHaxX MicTa 3a
MeTOAWYHUMU pekoMeHaalismu (Lavrov etal., 2021). BumoBuii ckyiaf, caHiTapHUN CTaH HAaca/PKeHb 3a IpyCaMHU i BIIUB
aepoOTeXHOTeHHOTO 3a0pyAHEHHA BHBYa/IM Ha TUMYaCOBUX NPOOGHUX muomax (maoma 0.2-0.6 ra) y cepeiHbOBIKOBUX
HacapkeHHAX y 2023. Ingekc yp6aHizanii, po3paxoBaHuii 3a gonomoroto nporpamu Urbanization Score, sika aHaJs1isye
NOBEPXHIO 3eMJIi 32 KaTeropisMu - achaibT, 6YAiBJIi Ta iIHTEHCUBHICTb 3eJIeHUX HacaJpkeHb 3a 3HiMkaMu Google Maps.
HaBaHTa)keHHs aBTOLLIAXIB Ta KiJIbKICTh BUKUHYTHUX ¥ MOBITPps ¢iToTOKCcUKaHTIB 6isis [IE 06paxoBaHO 3a METOAUKOIO
(Miroshnyk et al., 2022. /I no6ymoBu kapT BukopuctoByBasu ['IC-maket Golden Software Surfer 19.2.213 3 meToi0M
kpurinry ta QGIS 3.16.3.

HaykoBa HoBM3Ha. Briepiie, yepes pik micjisg akTUBHUX GOMOBUX Zill, HaBecHi 2022 poKy MpOBeJH €KOJIOTi9HY
oniHKy 3eJieHoi iHppacTpykTypu YepHirosa. Pe3ysbTaTu JoCaiKeHHS MOKa3yIOTh, 1[0 3HAYeHHS iH/IeKciB yp6aHizanii
B UepHirosi ko/iMBalOThCs Bif 2,5 10 -5 1 3MeHUIYIOThCSA 3 HAGJIMKEHHSAM 10 JOJIMHU p. JHinpo.

BucHoBKM. BcTaHoBJIeHO, 110 perioHaJbHUHN JaHAIAGTHUN MapK «SIiBIIMHA» Ta 3a/IMIIKU JIICOBOTO MacCUBY
MikpopaloHy [losyciBka 3a3HalOTh 3HAYHOI'O BIJIMBY a€POTOKCHKAHTIB aBTOMOGI/IbHUX BUKU/IB. LleHTpaJbHUMN Mapk
KYJbTYPH i BiJTIOYUHKY «MicbKUH cai» i MicbKuH jiconapk «Map'in ['afi», po3TalioBaHi B JOJIUHI piYKH, MalOTb KpPaliuni
CaHiTapHUN CTaH, HiX y LeHTpaJbHiM 4YacTuHi MicTa. 3 HaOGJMKEHHSIM [0 [OOJUHU PiuKU CTymiHb yp6aHizaril
3MEHIIYEThCSA. 3HAYHI MOLIKO/PKEHHS 3es1eHO0] iHPpacTpyKTypH B JicoBiK 30HI JImkHOI 6a3u 3adikcoBaHO BHACTIIOK
601OBUX /il M 9ac 06J10ru MicTa B JIIOTOMY-KBiTHI 2022 poKy.

Kio40Bi cyioBa: 3esieHa iHQpaCTPYKTYpa, CTAIMH PO3BUTOK, iHAEKC yp6aHisallii, BilicbKoBi [ii, 6iopi3HOMaHITTH,
3a6py/HEHHS MOBITPsI
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Problem Statement

Urbanization, air pollution, and the
condition of urban green infrastructure (GI) are
interlinked factors that influence GI's capacity
to provide essential ecosystem services.
Sustainable forest management, preservation of
natural habitats, biodiversity, and sustainable
urban development are key global objectives
within the Sustainable Development Goals
(A/RES/70/1, Agenda for Sustainable Develop-
ment). This strategic document highlights the
need to improve air quality and conserve green
spaces as integral to achieving sustainable
urban development. Currently, Ukraine’s policy
on Sustainable Development Goal implemen-
tation, as outlined in a Presidential Decree
(2019), emphasizes the «protection and resto-
ration of terrestrial ecosystems, promotion of
their sustainable use, sustainable forest mana-
gement, combating desertification, reversing
land degradation, and halting biodiversity loss.»

Policy recommendations for GI mana-
gement and conservation in the context of rapid
urbanization have been provided for Ukrainian
cities (Lavrov et al, 2021; Miroshnyk et al,,
2023). Interdisciplinary research supporting

biodiversity conservation, policy development,
and global sustainability is especially critical for
Ukraine in the context of European integration
and the current emergency of warfare on its
territory (Blachowski & Hajnrych, 2021;
Dubyna et al.,, 2023; Lukash et al.,, 2024). An
analysis of prior research demonstrates that an
interdisciplinary approach has been developed
and recommended to assess ecosystem
functionality effectively.

The aim of the study to assess the
condition of park ecosystems in Chernihiv in
relation to urbanization levels and air pollution
from vehicles.

Research methodology

The park ecosystems of Chernihiv were
studied during the summer of 2023 (Table 1).
Research methods for analyzing tree and grass
layers were based on Lavrov et al. (2021).
Species composition, sanitary condition of
vegetation by canopy layers, and the impact of
air pollution were assessed in temporary test
plots (TP) with areas ranging from 0.2 to 0.6 ha
in medieval plantations.

Table 1

List of studied park ecosystems in Chernihiv city
Ne Name of PE GPS coordinates
1 | Forest area «Ski base» 51.53088440631798 31.354794952338857
2 Berezovyi Hai Forest Park 51.52045510031688 31.333408574947587
3 Ya,thShC,hyna Regional Landscape Park 51.52312061880307 31.297746013397923
with Yalivshchyna Forest Reserve
4 C?ntral R SOASUTIOE e M R R 51.499204613766736 31.324535312073664
City Garden
5 | Urban forest park «Maryin gai» 51.49435137384146 31.31177328156124
6 Park—r.nonument St e B2 el 51.478441697497544 31.284755172370115
«Boldina Gora»
7 Re‘mnants of the Podusivka 51.489222660694054 31.238644469751556
neighbourhood forest
Urbanisation Index (UI) calculated using released into the air near the PEs were

the Urbanisation Score software (Seress et al.,
2014), which analyses the land surface by
categories such as asphalt, buildings and green
space intensity using Google Maps images. The
load of roads and the amount of phytotoxicants
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calculated using the methodology (Miroshnyk et
al, 2022). The intensity of car traffic in
Chernihiv was determined in the locations
shown on the figure 1.
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Fig. 1. Locations of determining the intensity
of traffic in the Chernihiv city

Results

Chernihiv is the administrative center of
the Chernihiv region in Polesie, situated in the
mid-reaches of the Desna River. The city had a
population of approximately 300,000 people
before the full-scale invasion in 2022. The
average annual temperature is +7.6°C, and
annual rainfall averages 613 mm. Chernihiv is
home to the Desna and Stryzhen rivers, as well
as several ponds and lakes. Green spaces
include remnants of pine, oak-pine, and birch
forests, along with cultivated plantings. In parts
of the Desna River floodplain, alder and willow-
poplar forests have also been preserved
(Zavialova, 2011). According to Ukraine’s
floristic zonation, the study area belongs to the
European region, the Eastern European
province, Polesie sub-province, and the Left
Bank Dnipro district (Geobotanical zoning ...,
1977).

The primary stabilizing framework of
Chernihiv's urban ecosystem consists of areas
that have retained a near-natural character,
including green spaces and riparian zones along
natural water bodies such as the floodplain of
the Desna River and the slopes of its high right
bank. This framework encompasses the
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territories of the nature reserve fund, squares,
parks, and forest parks. The total area of the city
is 7,132 hectares, of which 3,100 hectares are
covered by green spaces (Pototska, 2014).
Researchers have conducted detailed studies on
the city's woody vegetation and parks
(Pototska, 2014; Lukash & Andrienko, 2011). In
Chernihiv, there are 265 species and 75
cultivars of woody plants, belonging to 125
genera and 54 families. In terms of quantitative
indicators, the Magnoliophyta division predomi-
nates, with 229 species. Among angiosperms,
the most diverse families are Rosaceae, with
75 species, and Salicaceae, with 22 species.
Among gymnosperms, the most numerous
families are Pinaceae, with 17 species, and
Cupressaceae, with 13 species (Pototska, 2014).
The vegetation of specific green spaces in
Chernihiv was studied in 2022 (Karpenko et al.,
2022).

Between 24 February and 6 April 2022,
intense warfare took place in Chernihiv and the
region, and Chernihiv was besieged and heavily
shelled by Russian troops, including aviation
(War Crimes in Chernihiv Region).

We conducted field research in 7 PEs in
Chernihiv (Fig. 2).
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Fig. 2. Investigated PEs in Chernihiv (2023):
1 - Forest area «Ski base»; 2 — Forest park «Berezovyi hai»;
3 — Regional landscape park «Yalivshchyna» with forest reserve «Yalivshchynax;
4 — Central park of culture and recreation — «City garden»; 5 — City forest park «Maryin hai»;
6 — Park-monument of landscape art — «Boldyna Horax;
7 — Remains of Podusivka neighbourhood forest area

A relief map (Fig. 3) was created to assess Consequently, air pollutants could migrate to
the dynamics of the spread of air pollutants the river valley to a greater extent due to the
from vehicles, as the relief drops into the Desna prevailing wind directions.

River valley as it approaches the river.
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Fig. 3. Relief of the Chernihiv city, where the numbers indicate the distance
in m above sea level. PE numbers as in the Fig. 2

The level of urbanization in the city was results indicate that urbanization index values
analyzed (Fig. 4). It was observed that the in Chernihiv range from 2.5 to -5, which suggest
degree of urbanization decreases as one a healthy condition for the studied landscapes.
approaches the river valley. The research The lowest urbanization index value reflects the
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least degree of urbanization and is charac-
teristic of natural, undisturbed areas. Overall,
the level of urbanization in Chernihiv is
significantly lower than that of Kyiv. In
Chernihiv, the maximum urbanization index is

2.5, while the minimum (indicating good
landscape condition) is -5. In comparison, Kyiv
has a maximum urbanization index of 3.5 and a
minimum of 4 (Miroshnyk et al., 2022a).

Fig. 4. The value of the urbanization indice (UI) of the Chernihiv landscapes

The intensity of traffic in the city was
assessed using the number of cars per hour
(Fig. 5). It was found that the highest volume of
traffic occurs in the neighborhoods near the

Yalivshchyna and Podusivka residential areas,
which corresponds with a high level of
urbanization in these regions (Fig. 5).

Fig. 5. Number of cars per hour, Chernihiv, where the numbers on the green background indicate
the studied Pes, 1 — Forest area «Ski base»; 2 — Forest park «Berezovyi hai»;
3 — Regional landscape park «Yalivshchyna» with forest reserve «Yalivshchynax;
4 — Central park of culture and recreation — «City garden»; 5 — City forest park «Maryin hai»;
6 — Park-monument of landscape art — «Boldyna Horan;
7 — Remains of Podusivka neighbourhood forest area
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In terms of vehicle emissions, the most as one of the city’s main thoroughfares, and the
severe pollution was found in the city center presence of checkpoints at the entrances and
(NOx, SOz, soot, hydrocarbons, formaldehyde, Pb exits of the border city further impacts traffic
compounds), particularly along Myru Avenue intensity and flow.
and Pashina Street (Fig. 6). Myru Avenue serves

-~ -
-~ T~

Fig. 6. Total emissions from transport traffic, 1 — Forest area «Ski base»;
2 — Forest park «Berezovyi hai»; 3 — Regional landscape park «Yalivshchyna» with forest reserve
«Yalivshchyna»; 4 — Central park of culture and recreation — «City gardeny»;
5 — City forest park «Maryin hai»; 6 — Park-monument of landscape art — «Boldyna Hora»;
7 — Remains of Podusivka neighbourhood forest area

The highest number of cars and total Guards Division, Pashina Street, First of May,
emissions (NOx, SOz, soot, hydrocarbons, Peremohy Avenue (Fig. 7).
formaldehyde, Pb compounds) were on 77th
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Fig. 7. Traffic indicators and pollutant hazard index (H1), Chernihiv
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The highest levels of hydrocarbon (HC)
and nitrogen oxide (NOx) emissions are
particularly concentrated on the central streets,
such as Peremohy Avenue, as well as on the
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outskirts where there is a high volume of truck
traffic, including Pashina Street and Levka
Lukyanenko Street (Fig. 8).
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Fig. 8. Pollutant emissions from motor vehicles

A comparison of anthropogenic load and
the geographical locations of the park ecosys-
tems (PEs) reveals that PEs 3 and 7 are situated
in a highly urbanized part of the city, with PE 3
located in the city center. Consequently, it is
significantly affected by aerotoxicants from

N | | | [

S ———

vehicle emissions. In contrast, PEs 1, 4, 5, and
6 are located on the outskirts of the city, in less
urbanized areas, with PEs 5 and 6 also situated
in the river valley. As a result, their sanitary
conditions are better than those found in the
central part of the city (see Fig. 9).

Ukraine | xooverorcars ,1 2

2- Sum of pollutants
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lerrible

Fig. 9. Map of the condition of PEs and the degree of urbanisation in Chernihiv,
with the scale on the side showing the degree of urbanisation (Ul), 1 — Forest area «Ski base»;
2 — Forest park «Berezovyi hai»; 3 — Regional landscape park «Yalivshchyna» with forest reserve
«Yalivshchyna»; 4 — Central park of culture and recreation — «City gardeny»;
5 — City forest park «Maryin hai»; 6 — Park-monument of landscape art — «Boldyna Horax;
7 — Remains of Podusivka neighbourhood forest area
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In August 2023, field research was
conducted to assess the state of green
infrastructure following the impact of warfare
in 2022. The 'Ski Base' forest area was surveyed,
which had been subjected to shelling and
increased mine danger during the occupation in
2022 due to the proximity of enemy equipment

(Fig. 10).We also documented damage to green
spaces caused by shelling, fires, and shell
fragments in various parts of the city. Notably,
significant damage was observed along the city
border and in Novoselivka village (located in the
northern part of the city), which experienced
heavy shelling.

Fig. 10. Park plantations near the Ski base for training athletes
(Miroshnyk N., August 2023)

Significant damage to trees and soil was
observed, with nearly all of the upper portions -
specifically the crowns - destroyed, and 80% of
the tree trunks affected by shell fragments and
fires. The condition of the stands is severely
weakened, leading to drying and deterioration.

Conclusion

An environmental assessment of Chernihiv’s
green infrastructure has been conducted. The
results indicate that urbanization index values
in Chernihiv range from 2.5 to -5. A comparison
of anthropogenic load and the geographical
locations of the park ecosystems reveals that the
Yalivshchyna Regional Landscape Park and the
remnants of the forest area in the Podusivka
neighborhood are significantly affected by
aerotoxicants from vehicle emissions. In
contrast, the central cultural and recreational
park, «City Garden», and the municipal forest
park, «Maryin Hai», are situated in the river
valley, resulting in better sanitary conditions
than those found in the central part of the city. It

®inancysauns / Funding

was observed that the degree of urbanization
decreases as one approaches the river valley.
Additionally, significant damage to green
infrastructure in the Ski Base forest area was
recorded due to the warfare during the city's
siege from February to April 2022.

To effectively study urban ecosystems, it is
essential to implement sustainable develop-
ment goals in the management of urban parks,
while also considering social aspects and the
impact of warfare and internal migration on the
state of these parks. This approach will enable
more effective mitigation of the effects of
warfare on the urban green environment and
biodiversity, ultimately improving the quality of
life and health of city residents. Future research
prospects include the development of recom-
mendations for managing the condition of
urban green spaces. This is crucial for
establishing an optimal policy for managing
urban green spaces in a sustainability and for
predicting the state of urban ecosystems.
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research was funded by the National Academy of Sciences of Ukraine (No. SR 0122U000570) and a
grant for individual research of Dr. Miroshnik N.V. from The Research Institute for Sustainability
(RIFS) Potsdam, Germany https://www.rifs-potsdam.de/en.
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PO3POBKA TEXHOJIOTI'II IIIOTIB 3 BUKOPUCTAHHAM
INIOBIYHUX ITPOAYKTIB COKOBOI'O BUPOBHUIITBA

Ty

Nadiia Lapytska, Anastasiia Biloborodko

DEVELOPMENT OF SHOT TECHNOLOGY USING BY-PRODUCTS
OF JUICE PRODUCTION

AHOTAIIA

B po6oTi po3ryIsiHyTO MOXK/IMBICTh BUKOPHUCTAHHS BUYABOK i3 JUKOPOC/IHX STiJ| 111 BUPOOHUIITBA HACTOSHOK,
110 6yAyTh BUKOPHUCTOBYBATHCA Y pelienTypi moTiB. BcTaHOB/IEHO aKTyalbHICTh PO3LIMPEHHS aCOPTUMEHTY HAIOIB ¥
6apax Ta pecTopaHaX. [loBe/leHO, 1110 BUKOPUCTAHHSA NMOOGIYHUX NPOAYKTIB COKOBOTO BUPOOHHUIITBA — BUYABOK, OyJe
peHTabe/IbHUM, OCKIJIbKHU B 3aKJ/aflaX PeCTOPAHHOTO rOCMNOJapCTBa YacTo 3aMOBJISIOTh ¢pelli, IpyU BUPOOHUIITBI IKUX
HaKONMYYETbCA 3HAYHA KiJbKICTb MO6GIYHUX NpoAyKTiB. KpiM Toro, BU4aBKM 3HAYHOIO MipOI0 HAaKONUYYIOTbCA i Ha
COKOBMX NiJNPUEMCTBAX, 1110 3HU3UTh PU3UKU HECTA4l CHPOBUHHU.

Y npexcrtassieHi po6oTi nifjibpaHo iHrpeAieHTH AJ151 BUPOOGHUITBA WIOTIB. [[pMBEpHYTO yBary 3HMKeHHIO BMiCTy
aJIKOTOJII0 B LIbOMY Hanoi Ta NiZiBULIeHHI0 Horo GYHKILIOHAJIbHOCTI.

JIsT mpUroTyBaHHS HACTOSHOK BUKOPHUCTOBYBAJM BHUYABKM JKYPAaBJAMHMU 1 o06uinuxu. fK ekcTpareHT
BUKOPUCTOBYBaJIU ropijiky. CliBBiHOIIEHHSI BUYaBKU : Topijsika 6yso0 1:5. EkcTparyBaHHs 3JilicHIOBaJU 3a TeMIle-
patypu 8...10 °C mpoTsirom 12...24 ropa. Ilicia nporo HacTosIHKY nepemimyBanu i ¢inbTpyBaiu. PinbTpaT BUKOpUC-
TOBYBAJIU JJI1 IPUTOTYBaHHA LIOTIB.

3 MeTOH pO3POOKM peLeNnTypd HOBOIO IIOTYy OyJI0 BHBYEHO MNOKA3HUKM SKOCTI CUPOBHMHM, L0 OyJe
BUKOPHCTOBYBATHCS JIJIsI HOrO BUPOOHHUITBA. BCTaHOBJIEHO, 1110 HACTOSIHKY i3 BUYABOK »KyPaBJWHU 1 00/IITUXK MalOTh
Ha 44,4 1 56,0 % MeHIy MiUHICTb MOpPIBHAHO i3 ropinkoto. Ilopsg i3 THUM, 10 A9 BUPOOHMUITBA LIOTIB OYAyThb
BUKOPUCTOBYBATHCS alleJIbCHHOBUM CiK | aHaHACOBUH CHPOT], 10 B3araJii He MiCTATb CIUPTY, MOXKHA CTBEP/PKYBaTH NP0
JOCATHEHHS METU CTBOPEHHA aJIKOTOJIbHOI'0 HAMOI0 [JIf 3aKJIaZiB peCTOPAaHHOT0 rOCNOAApCTBA i3 3HUKEHUM BMICTOM
COUPTY Ta NiJjBULIeHOI0 QYHKIiOHAIBHICTIO.

llloTu - e wapysaTi Hanoi. /Il OTPUMaHHSA «IIAPyBATOCTI» CJIi/ YiTKO PO3yMiTH T'yCTHHY CUPOBHUHH, 110 Oy/ie
BUKOPHCTOBYBATHUCA. 3TiIHO i3 JaHUMU JOC/i>KeHb HalOI/IbIY I'YCTUHY Ma€E aHaHACOBUI CUPOI, HallMeHIy — Fopiska.

BiamoBiHO 0 OTpUMaHUX B POOOTi JaHUX GYJIO0 pO3pO6JIEHO PeLenTypy i TEXHOJIOTIYHY CXeMy BUPOOHHUIITBA
II0TIB 32 BAKOPHUCTaHHS NOGIYHUX NPOLYKTIB COKOBOr0o BUPOOHUITBA. OTpUMaHi Hamoi XxapaKTepu3yBaJInuCsi BACOKUMHU
OpraHoJIENTUYHMMH NOKa3HUKAMH, MaJld NPUBa6JIUBUY BUTJ/IAJ | opUTiHaIBHUI apoMarT. Bee e po6uTh po3pobieHu
Hamnii NpyuBaGJIMBUM /IJId CIIOKUBAYiB i 03B0OJISIE PO3MUPUTH ACOPTHMEHT aJIKOTOJIbHUX HAMOIB i3 pyHKLiOHAJIbHUMHU
BJIACTUBOCTSIMH y 6apax Ta peCTopaHax.

MeTa cTaTTi - pO3pOOUTH TEXHOJIOTIIO IOTIB 32 BUKOPUCTAHHS BUYABOK i3 06GJIINMXY Ta )KypaBJINHHU.

MeTopouoria. [lix yac npoBeJjieHHs POGOTH BUKOPUCTOBYBasU Gi3UKO-XiMiuHi Ta opraHosenTH4YHI MeToau
nocuimpkenb. OnpanBaHHSA pe3y/IbTaTiB 3A4iHCHIOBaIM 3a JoloMorolo 6a3 ganux MC Excel.

HaykoBa HOBHM3Ha MoOJIATaE B TOMY, L0 3alpONOHOBAHO KOMIJIEKCHY MepepoOKy CHPOBHHU 3 METOIO
NiZIBUILLeHHS] peHTabe/IbHOCTI BUPOOHUIITBA HANoOiB Ta HajaHHA iM QYHKILIOHAJIBHOCTI 3a paxyHOK BUKOPHUCTAHHSA
BMYABOK OGJIIMKXM i )KypaBJHMHH TP BUPOOHHUIITBI IOTIB Y 3aKJ/1a/laX peCTOPAHHOTO rOCIoapcTBa.

BHCHOBKM: [0Be/leHO JOLIJbHICTb BUKOPUCTAHHA HACTOSHOK i3 BHYaBOK JMKOPOCJUX ATiJ KYpPaBJIUHU 1
06JIinKMXU NpU BUPOOHULTBI 3MimaHux HamnoiB. [lizi6pani iHrpefieHTH, O Z03BOJSIOTH OTPUMATH OPUTIHAJIBHUHN
AKICHUH 1WOT. PO3p06/IeHO TEXHOJIOT{I0 OTPUMAaHHS IIOTIiB 32 BUKOPUCTAHHSI HACTOSHOK i3 BUYaBOK KYpPaBJIHUHU a60
o6uinuxu. [[poaHanizoBaHO OpraHoJIeNTUYHI TOKa3HUKH OTPUMaHUX HanoiB. CopMy1b0OBaHO MOJJabIli JOCTiPKEHHS
3a po6OTOH.

Kio4oBi c/10Ba: 3Milani Hamoi, )KypaBJjrHa, 06J1inM1uxXa, BAYaBKH, peCTOpPaHHe roCIoAapCTBO
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ABSTRACT

The paper considers the possibility of using extracts from wild berries for the production of tinctures that will be
used in the recipe of shots. The relevance of expanding the range of drinks in bars and restaurants has been established.
It has been proven that the use of by-products of juice production - juice extracts - will be profitable, since restaurants
often order fresh juices, the production of which accumulates a significant number of by-products. In addition, squeezes
are accumulated to a large extent at juice plants, which will reduce the risks of a shortage of raw materials.

In the presented work, the ingredients for the production of shots are selected. Attention has been drawn to
reducing the alcohol content in this drink and increasing its functionality.

Cranberry and sea buckthorn extracts were used to prepare tinctures. Vodka was used as an extractant. The ratio
of squeeze: vodka was 1: 5. Extraction was carried out at a temperature of 8..10 °C for 12..24 hours. After that, the
tincture was stirred and filtered. The filtrate was used to prepare shots.

In order to develop the formulation of the new shot, the quality indicators of the raw materials that will be used
for its production were studied. It was established that tinctures made from cranberry and sea buckthorn extracts have
44.4 and 56.0 % lower strength compared to vodka. Along with the fact that orange juice and pineapple syrup, which do
not contain alcohol at all, will be used for the production of shots, it can be argued that the goal of creating an alcoholic
beverage for restaurants with a reduced alcohol content and increased functionality has been achieved.

Shots are layered drinks. In order to obtain «layering», one should clearly understand the density of the raw
material that will be used. According to research data, pineapple syrup has the highest density, vodka the lowest.

According to the data obtained in the work, a recipe and technological scheme for the production of shots using
by-products of juice production was developed. The obtained drinks were characterized by high organoleptic indicators,
had an attractive appearance and an original aroma.

The purpose of the article is to develop the technology of shots for the use of sea buckthorn and cranberry
extracts.

Methodology. Physico-chemical and organoleptic research methods were used during the work. Processing of the
results was carried out using «MC Excel databases».

The scientific novelty is that the complex processing of raw materials is proposed in order to increase the
profitability of the production of drinks and give them functionality due to the use of sea buckthorn and cranberry
extracts in the production of shots in restaurants.

Conclusions: the expediency of using tinctures from extracts of wild berries, cranberries and sea buckthorn in the
production of mixed drinks has been proven. Selected ingredients that allow you to get an original high-quality shot. The
technology of obtaining shots for the use of tinctures from cranberry or sea buckthorn extracts has been developed. The
organoleptic parameters of the obtained drinks were analyzed. Further research at work is formulated.

Key words: mixed drinks, cranberry, sea buckthorn, squeezes, restaurant business

YYIOTbCSl Y BeJIMKIM KiJIbKOCTI NpU BUPOO-
HULTBI ¢pewiB. Taki Bigxoau yTUII3yIOThCH,

Akmyanvhicms  pobomu. Y Cy4acHOMY xou4a ix XiMiYHUH CKJaj € 6araTUM i NiAXoqUTh
CBiTi Bce 6iJIbIIOT0 MONMUTY HAOYBalOTh HAIOI 3 /1A 36aradyeHHs XapyoBHX NMpPOAYKTIB. BHKo-
$yHKI[iOHAJIbHUMU BJIACTUBOCTSIMU. AJTKOT'OJIbHI DUCTAHHSI BHYaBOK J03BOJUTb 3MEHIIHUTH
Harol He € BUHATKOM. Y 3aK/aZiaXx pecTopaH- BTPATH y 3aKJIaZjaX peCTOPAHHOI'0 rOCIOAapCTBa
HOro rocmnozapcrsa, a UOC_O_@IHBO B Gapax, Ta MiJBUIIMTH peHTabeJbHICTb HaMoiB 3a
MOXHa CTBOPUTH KOKTeHsi i3 /0CTaTHBO He paxyHOK  Ge3BifXOAHOCTI  TEXHOJOTIYHOro
BHMCOKMM BMICTOM QaJIKOTOJItO, 1O NP LIbOMY npouecy. [loTpi6HO BiAMITHUTH, 1110 BUYABKHU Y

ITocranoBka mpobaemu

6yAyTb MaTH QYHKILiOHaJIbHI BJIACTHBOCTI. 3HAUHIA KIJIBKOCTI HAKONUYYKThCA |1 Ha
[Iboro Mo>xHa AOCATTH LIJIIXOM BUKOPUCTAHHA COKOBHX MiAnpueMcTBax. Llle J03BOJHTDH
HaCTOAHOK i3 HeTpaﬂHHiﬁHOi CUpPOBUHH [/ YHUKHYTH O6paKy CHpPOBHHHU y pasi BiJICYyTHOCTI
NPUroTyBaHH:A 3MilllaHKUX HAMOIB, a/Ke BiZJOMO, JIOCTaTHbOI KiJIbKOCTi 3aMOBJIEHb Ha Qpelli.
oo 3a BHKODHUCTAaHHA  BOJHO-CIIMPTOBUX Cnif 3a3HAYMTH, 110 OKPIiM €KOHOMiYHOI
cymiuteit (ropiaku) MOKHa €KCTparyBaTn is BUIOJU BiJil BUKOPUCTAaHHA BHUYABOK IpHU
CMpOBHMHH  3Ha9HY  KUIbKICTb ~ KOPHMCHHX BUPOOHUIITBI 3MillaHUX HamoiB, MOXe OyTH
eceHHiaﬂbHHX_perBHH (Lgpytfka,2021)- focaruyto  ¢yHkuioHaabHoro edekrty. Li
B sAkocTi HeTpaAMLIHHOI CHPOBHMHH, 110 No6iyHi MOPOAYKTHM B TEXHOJOTII MOXYTb
6}’1_13 BUKOPHUCTOBYBATHUCA JIJIAA BUPOGHUIITBA BUCTYIIaTU fAK HATypaJibHI apoMaTU3aTOpH,
3MillaHMX HAMNoIB, MEPCHEKTUBHO BUKOPUCTO- 6yTH [PKePesIoM LIKPOKOro CIeKTPy BiTaMiHiB,
ByBaTH MOGIYHI MPOAYKTH COKOBOIO BHPO6U' MiHepaJIbHUX PEYOBHH i KJIITKOBHHHU. Kpim
HULTBA - BUYABKU. lle mpe/cTaB/sie HAyKOBUH TOr0, TaKe pillleHHA MOXe CIPUATH €eKO0JIO-

IHTEpeC MepHl 3a BCE 13-3a TOTO, 1110 y 3aK/aJax TiYHi¥ CTIKKOCTI B rajsiy3i BApoOHHUITBA HAMOIB.
pecTOpaHHOTO rocrno/japcTBa BU4aBKU HAKOIH-
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BaxyJMBUM [J11 pecTOpaHHOro TroOCHo-
JlapCTBa TaKOX € Te, 1[0 BUPOOHUI[TBO HANOIB Y
oro Mexax He Mae MacoBocTi. lle pae
MOXJIMBICTb JIETKO BapiloBaTU Ha pPHUHKY
BiZiMOBiIHO [0 MOTpPe6 CHOXKMBaya, L0 YaCTO
3MIHIOIOTbCA. BpaxoByro4u Lie, aKTyaJlbHUM
3aBJIaHHAM € pO3LIMPEHHA aCOPTHUMEHTY
3MIlIAHUX HamolB. BUKOpHCTaHHA BUYaBOK 3
L[i€E0 METOI 03BOJIUTh JOCAITH 3a3HAYEHOTIO
Ta NiABULUTH KOHKYPEHTOCIIPOMOXHICTb 3a
paxyHOK BUKOPHUCTAHHS HaTypa/IbHUX iHrpe-
JliEHTIB 3 QYHKIiOHAIbHUMU BJIaCTUBOCTSIMHU.

AHani3  ocmaHHIX ~ docaidxceHb  ma
nybaikayiti. Ha cborogHi omHuM i3 mnpiopu-
TETHUX HaNpPAMKIB PO3BUTKY AK Xap4oBol
MIPOMMUCJIOBOCTI, TaK i pecTOpaHHOI CIIpaBU €
BUPOOHUIITBO NPOAYKIii 030pOBYOT0 NpPU3HA-
YeHHs, 3Ha4Hy 4aCTKy cepeJ IKMX 3aUMalThb
Harol.

Bce 6isnblie Jirofeld BBaXKalOTh OJHHUM i3
eJIEMEHTIB 3/10pOBOT0 CIIOCOOY KUTTS JIFOJUHU —
BUKJIIDOUEHHS ab0 3HWXXEHHS CIO0XUBaHHSA
MilJHUX aJiKkorosibHUX HamnoiB (Kuchynska,
2013). Came 1e MOXe CJAyryBaTH NPUYMHOIO
PO3pOOKHU HAMOIB i3 HEBUCOKUM BMiCTOM aJIKO-
roJiro. Lle € MOXKJIMBUM caMe y 3aKJiaZlaX pecTo-
PaHHOr0 rocnojapcTBa, aJpKe iX aCOPTUMEHT
MOXKe OiJIbLIO Mipolo MiJJIalITOBYBAaTHUCS MiJ
BUMOI'M cIloxuBadiB. KpiM TOro, po3BUTOK
3aKJIaZjiB peCTOpPaHHOTrO rocnojapcTsaa — nepc-
NeKTUBHUN HANPSIMOK BiZI0Y/0BU HalliOHAJbHOI
€KOHOMIKH, 10 [OCTpa)xkjaja CIo4aTKy
BHacaigok COVID-19, a mnoTtim [OYaTKYy
pocilicbko-ykpaiHncbkoi BiiiHM (Kucheruk &
Podlepina, 2021; Huzar & Levchuk, 2023).

HopBe3bKMMH BYEHHMU [OBEJEHO, 110
HaMOi/bII MPUOYTKOBUMHU € caMe MaJli NiJnpu-
€EMCTBA kade, Oapu, Majsi pecTOpaHUYHUKHU
(Opstad et al., 2022). Came BOHU HaWIIBHU/AlIE
pPO3BUBAIOTHCS, a, OTXKe, OYAYTb HaMOGijblIe
CIPUATHA PO3BUTKY €KOHOMIKU. TakuM 4MHOM
caif, A6aTH NMpPO pPO3UIMPEHHS ACOPTUMEHTY
TaKUX 3akJafiiB. BpaxoByrouu, 1mo y 6Gapax
JIOAWM  30UpalOTbCS  MepeBaXKHO JIPYKHIMHU
KOMMAaHisIMH, 11106 BUMUTH i po3caabuTHCS, B
TOH >Ke Yac MparHyyu [0 3HWKEHHS B)KUBaHHSA
aJIKOT'0JI10, BaXK/JIMBO PO3POOUTH TaKi HaMoi, 1o
He OyJyTb MICTUTHU 3HAUYHOI YaCTKU CHOHUPTY,
OylyTh NPUBEPTATH yBary CIOXXUBA4viB i MaTH
byHKIiOHA/IbHI BJIACTUBOCTI.

Take 3aBJaHHA YaCTKOBO BUPILIYETHCHA
UIJIAX0M peaJiizaliii B 3aKjaZlax peCTOPaHHOro
rocnoZilapcTBa MUBa TpaJUlliiiHOro abo 36ara-
YEeHOr0 pOCJAWHHOK CUpOBUHOK. HaBiTb

162

TpaZHULiliHe MHUBO MOXXHA BXe PO3IJIAAATH K
byHKIiOHa/IbHUM IPOAYKT 3aB/SIKU HasiBHOCTI
B HbOMY aHTHOKCUJAHTIB, POJIIEBOI KUCIOTH,
(eHOJIbHUX CNOJIYK, KaJilo Ta HEe3HAa4YHOro
BMICTYy CHOUPTY €HJOIE€HHOI0 I0XOJKEeHHA
(Kuchynska, 2013). I[IpoTe BUKOpPUCTAHHSA Y
MMBOBAPiHHI HETPAJULIITHOI CHPOBUHH [103BOJISIE
3MIHUTHU CMaKO-apOMaTUYHUU NPOoPisb MiHHOrO
Halol0 Ta, TaKUM YUHOM, PO3LIWPUTU HOTO
acoptuMeHT. Tak, B po6oTi (Mukoid etal., 2021)
IIPONIOHYETbCA BUKOPUCTOBYBAaTH B AKOCTI
HeCOJIO/PKEeHOI CHUPOBUHU SApPHUM 1 O3UMHHU
4yMiHb. € iHpopMalis 100 BUKOPUCTAHHS
BOJHUX EKCTPaKTiB TOMiHAMOypy, KOHLEHT-
paTiB o6cMaxkeHoro nukopit (Pat UA 3481; Pat
UA 115398). Ix BUKOpUCTaHHS JJa€ MOK/IUBICTh
OTpPUMATH YHIKaJbHI COPTH NUBA 3 MiJBHU-
1mieHoto 6GiosioriuHoto 1iHHicTIO. KpiM Toro, B
po6oTi (Tatar, 2019) HaBejgeHa MOXKJIMBICTb
BUKOPHCTAaHHA 4YepeMXH 3a pPaxyHOK 3aMiHU
YaCTHUHHU XMeJIIO0, 10 [103BOJISIE OTPUMATH HalliK
3 YHiKaJIbHUM CMakoBUM npodinem. Takox B
1[ii1 po6OTi PO3rJAHYTO MOKJUBICTb BUKOPUC-
TaHHA TIpaHaTy, KOpPiHHA MNeTPYLIKH, JHUCTH
KYKypyZ34d, OpDYHbOK XpHU3aHTEMH 3 METOI0
36arayeHHs NMBaA BiTaMiHaMM i MiHepaJbHUMU
pe4oBHUHAMHU.

[IpoTe ci1if 3a3HAaYUTH, 110 JOAU, UYYU B
6ap abo pecTopaH, He 3aBXJW MpParHyTb
CIIO>KMBATH MUBO. IX yBary 4acTo IpuBepTaKThb
6isb11 MilHI Hamoi abo opUriHa/lbHI KOKTeM .
BigoMo, mo 37aBHa 3 JIIKyBaJIbHOKO METOO
BUKOPUCTOBYBaJu Jiikepu. Tomy caig npupi-
JIMTA 3HA4YHY yBary CUPOBMHI, 10 BUKOPUC-
TOBYETbCS JJI1 IX BUPOOHULTBA. 3 METOIO
BUPOOHUIITBA JIIKEPiB BUKOPUCTOBYIOTb, OKPIiM
CIMpTy 1 BOAM, 3HayHe pi3HOMaHITTH
pPOCJMHHOI CUPOBUHH, edipHUX O0JIiH, CMaKo-
apoMaTH4YHHUX J06aBoK i nykop (Harriss et al,
2007). Came yepe3 3HAUHY KiJIbKICTb LYKpPY
Taki Hamoi He MOXYTb CIIOXHUBAaTU JIOAU 3
MiJABUIIEHUM BMICTOM LYyKpy y KpoBi. ToMy B
po6oTi (Nepochatykh & Grebeniukova, 2018)
IIPONIOHYETBLCA 3aMICTb LYKPY BUKOPUCTO-
BYBaTH CTeBil0. B 11i#1 ke po60Ti NponoHyeThCSA
BUKOPUCTOBYBAaTH JIMMOH AK OCHOBY [JJIA
JiKkepy. ABTOpU CTBEpPXKYIOTb, 110 caMe
3aBJAKM TaKOMy TMO€JHAHHIO IHIpeieHTIB
po3pobJieHUM Jikep MiAXOAUTD AJ1s JiKYBaHHS
NPOCTYAHUX 3aXBOPIOBaHb i HaBiTh GPOHXITIB,
Ma€ 3JaTHICTb NiATPUMKH apTepiajbHOro
TUCKYy 1 XOJIeCTepUHy, MiACUJNIOE 3aXUCHI
byHKLiT opraHiamy.
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OkpiM aJIKOroJbHUX HamoiB y 6apax,
pecTtopaHax i kade 3HAYHOW MNOMYJSPHICTIO
KOPUCTYIOThCS 6€3a/7IKOT0JIbHI Haloi, KOKTeMnIi
Ta cokoBi Hamoi. Tak, B po6oTi (Stetsenko &
Gladysheva, 2019) nponoHy€eTbCSI BUTOTOBJSATU
KBacC Ha OCHOBI CUPOIIIB i3 JIiKapCbKOl i NpsaHO-
apoMaTH4HOI CUPOBUHU. /[l BUPOOHHUIITBA
cupony y Iil po60Ti po3rjsiiaeTbCsd MOXKJIU-
BiCTb BUKOPHCTAHHSA OOJINUXUM Ta JUTiApO-
KBEPLUTHHY, 110 J03BOJUTb OTPUMATU KBaC
030pPOBYOT0 IPU3HAYEHHA.

€ [laHi 110710 BUKOPUCTAHHSA COKIiB BUHO-
rpagy 1 MaJIMHY, a TakKO0X UIWIIIXWHOBOIO
BiZiBapy A/ pO3pOOKHU pelienTyp KyMnaXKOBaHUX
HanoiB (Lutsky & Osypenkova, 2019). B po6orTi
TaKOX IIPONOHYEThCA 3aMiHATU YAaCTUHY LIYKpY
Ha KCWJIIT, IO 3HU3UTHb TIJiKeMiYHHUH iHAeKC
HanoiB. CJij 3a3HAa4YUTH, 1[0 BUKOPHUCTAHHS
COKIB /1J151 BUpOOHHMIITBA HANlOIB Oy/ie BIJINBATH
Ha yTBOPEHHA 3HAa4YHOI KiJIbKOCTI BU4aBOK.

3anponoHoBaHi MeTOAUKH BUPOOHHUIITBA
HanoiB NOTPeOyITb CKJIAJHOTO0 TEXHOJOTiu-
HOTO OCHAllleHHs NpoLecy BHUPOOHUITBA, €
JOBrOTPpUBAJMMHU. lle He HAATO MiAXOAUTH JJIs
peasizanii TaKuX TeXHOJIOTIH Yy 3akJajax
pecTopaHHOro rocnojapcrBa. ToMy B po6OTi
(Izhevska & Maslinchuk, 2022) nponoHy€eTbcs
BUTOTOBJISITU HaMikl s6Jy4YHUNA, MOPKBSIHUM i
rpyllieBU 3 A0JaBaHHSAM HaciHHA 4yia. Po3po6-
JileHl Hamol Maju TyCTilly KOHCUCTEHLio
NOpPIiBHAAHO i3 BiAMOBIAHUMU COKaMH, OYJIM He
IPO30PHUMH, U0 3YMOBJIEHO  HadABHICTIO
PO3YMHHUX Xap4yOBUX BOJIOKOH Yy HACiHHI 4ia.
Buecenns 30 % HaciHH#A 4ia 40 MacH HaIlolo, Ha
JIYMKy aBTOpiB, OyJie epeKTUBHO 3amobiraTu
cepueBO-CyJMUHHUM 3aXBOPIOBAHHSM Ta IPUT-
Hi4yBaTU OXHUPiHHA. lle MOXJIUBO 3aBAAKU
xiMiYHOMY cKJaZly [00aBKH, 110 XapaKTepu-
3YETbCA 3HAYHOK KiJIbKICTIO KJIITKOBUHH, OJIil,
y CKJaAl AKol MicTATbCA oMmera-3 >KUpHI
KucaoTH, 6isiky, BiTaminu C, E, rpynu B, PP,
LIMPOKHWM CIEKTP MiHepaJbHUX pPEYOBUH
(Shydakova-Kameniuka et al, 2017). BpaxoBy-
I04M Te, II0 32 OCHOBY B TAaKHUX HANOAX B3ATI
COKH, MOXHa NPUIYCTUTU 3HAYHE HAKOIU-
YyeHHS BHUYaBOK IMpH iX BUPOOHUITBI. BoHuU
MalThb OyTH YTWJi30BaHi, mpoTe Xap4yoBUU
MOTEeHIjiaJ iX He BUYEpIaHO, OCKIJIbKM BOHU
MalwTb 3HA4YHY KIJIBKICTb  eCeHLiaJIbHUX
pe4oBUH y CBOeMy ckiyafi. Kpim Toro,
noJaJiblie BAKOPUCTAHHA BUYaBOK MiIBULUTH
peHTabesIbHICTh HAMO0, L0 € BAXXJIUBUM [Ji
Oy/lb-IKOTO BUPOOHHULTBA. ToMy 3 MeToOlO
MiIBUILEHHS] peHTa0e/JbHOCTI HAMOIB, a TAKOX
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MIOBHOI'0O BUKOPHUCTAHHS Xap4yOBOro MOTEeHIialy
CUPOBUHH, JIOLIJILHO PO3TJISHYTU MOMXJIUBICTH
BUKOPHUCTAaHHA BUYABOK /Il CTBOPEHHA HOBUX
NPOAYKTIB i3 MiABUILIEHOW XapyoBOW i
0i0JIOTiYHOIO I[iHHICTIO.

Y npejcraBiieHi po0OOTI NPONOHYETHCA
BUBYUTHU MOXJIMBICTb BUKOPUCTAaHHA BUYaBOK
i3 IUKOpOC/IUX ATif 0OJIINUXM i )KypaBJMHH, 3
MeTOK BHPOOHHUITBA HACTOSIHOK, 11O OYAyTb
BUKOPUCTAHI /[JIi TPUTOTYBaHHA IIOTIB i3
3HWKEHMM BMiCTOM aJIKOTOJII0 Ta MiZIBUIEHOI0
byHKLiOHAJBHICTIO.

Mema po6omu: po3pOOUTH TEXHOJIOTiIO
IIOTIB 32 BUKOPHUCTAHHS BUYABOK i3 00J1iMUXHU
Ta ’KypPaBJIMHU.

151 [oCcATHEHHS NIOCTaBJIeHOI MeTH Oy/in
cbopMysibOBaHiI HACTYIHI 3a4ayi:

- nifibpaTy CUPOBUHY JJi1 BUPOOHUIITBA
LIOTYy Ta BU3SHAYUTHU IOKA3HUKHU 11 AKOCT];

- BUBYUTH I'YCTUHY PiIKUX KOMIIOHEHTIB,
110 OyAyTb BUKOPHUCTOBYBATHUCH NPU BUPOO-
HUITBI;

— PO3POOUTH TEXHOJIOTIYHY CXEMY BUPOO-
HULTBA LIOTIB Ta BHU3HAYUTU [OKAa3HUKU
SKOCTi po3p06JIeHOT0 HAaNolo.

Memodosiozisi. B po60Ti 3anponoHOBaHO
rOTYBaTH LIOTH i3 BUKOPUCTAaHHAM HACTOSHOK
i3 06J1inuxy abo XypaBJIMHU BJIACHOTO BUPOO-
HULTBA; aHaHacoBoro cupony 3a /JCTY
7126:2009 «Cuponu. 3arajibHi TeXHI4YHI YMOBU»;
anejsbcMHOBOoro coky 3a /JICTY 7159:2010
«KoHcepBu. CoOKM BifiHOBJIEHI 3arajibHi TeEXHIUHI
yMoBU»; ropisiku 3a JICTY 4256:2021 «T'opinku
Ta ropiJiku 0co6JinBi. TexHiuHi yMOBU».

Jl1s1 IpUroTyBaHHSA HAaCTOSTHOK BUKOPHC-
TOBYBaJ/IU BHUYaBKM i3 06Jsinuxu abo Kypas-
JIMHY, 110 3a/JMUIaJuca IMicjJs BUPOOHUITBA
BiZIOBITHUX COKIB.

Y po60Ti BUKOPUCTOBYBaJM CEHCOPHUU
a”Hasli3 i MeToAu JerycTauilHOi OILiHKH [Jif
BH3Ha4Y€HHA NOKAa3HUKIB AKOCTI CUPOBUHHU I
FOTOBUX LIOTIB.

BMicT cnupTy B ropijili Ta B HACTOAHKAaX
BU3Haua/id MeTosoM neperoHku (Lapytska,
2023).

BMicT cyxux pedoBUH BU3HAYaIU pedPpak-
TOMETPUYHUM METOZOM, /IJI1 YOT'O HA NMPHU3MY
pebpakToMeTpy Kamajlu KpamuHy AO0CJIiKY-
BAaHOTO PO34YMHY, 3aKpUBaJIM Ta CIOCTepiraau
3a Nepexo/i0M KOJIbOpY Ha IIKaJli NpUuaaay.

AxkTHBHY KucaoTHicTb (pH) BU3Hauanu
LIJIAXOM 3aHypeHHs eJIeKTPOJiB NpuIafy y
JIOCJIIPKYBAHUU PO34YMH Ta 3a NMOKa3HUKaAMHU
npuaay. TUTpoBaHy KHUCJIOTHICTh — LIJIAXOM
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BiATUTPOBYBAaHHA KUCJIOT TiAPOKCULOM HATPIirO
y NPUCYTHOCTI TUMOJIPTaNEeIHy A0 Mepexony
KOJIbOPY [0  CBiTJIO-3esieHOro. JIy»HicTb
rOpiZIKM OyJI0O BU3HA4Y€HO 3a CTaHAAPTHOIO
MeTOJUKOM. ['yCTUHY [OCIIKYBaHOI CHUDOBUHHU
BU3Ha4ya/d apeoMeTpUYHUM MeTooM. [lokas-
HUKM apeoMeTpa IepeBOAWJIHU Yy 3HAYEeHHHA
TYCTUHU  3a  JOBiJIKOBUMH  TabJIMLSAMHU
(Lapytska, 2023).

Haykoea HOBU3HQ TIOJIATAE B TOMY, ILO
3alpONOHOBAHO  KOMILJIEKCHY  NepepoOKy
CUPOBUHM 3 METOI0 MiJBULIEeHHS peHTabeJsib-
HOCTi BUPOOHMITBA HAMNOIiB Ta HaJaHHA IM

bYHKIIOHA/IBHOCTI 32 paXyHOK BUKOPHUCTAaHHSA
BUYABOK OOJIIMUXM i KypaBJUHU NPU BUPOO-
HULTBI IIOTIB Yy 3akK/JaZax pecTOPaHHOTO
rocrnozapcTaa.

PesyabTaT AOCAIAKEHHA

OCKiJIbKM  BaX/JMBe 3HA4yeHHA A
CTBOPEHHSI OY/1b-SIKOTO HOBOT'O MPOAYKTY Ma€
CAUPOBUHA, TO HA NEepUIOMY eTali JOCaAiPKeHb
BHBYaJIM CaMe IMOKa3HUKHU il AKOCTi. Pe3yiib-
TaTU OPraHOJIENTUYHOI OL|iIHKM HaBeJeHO B
TabJ1. 1.

Tabauys 1

OpraHoAsenTHYHA OLiIHKA CUPOBHHH, 1110 BUKOPUCTOBYBAAACH
AAA BUPOOHHIITBA IIOTIB

OpraHoaen-
TUYHI Hacroauka Hacroanka Tobisxa AnanacoBuii | AneAbCU-HOBUM
MOKAa3HUKU | 3 )KYPaBAUMHU | 3 00AiIMXH P cupoIn Cik
AKOCTI
_ . | Obainmxosuit
[Texyuni 3i
CMaK 3 y g .
CmMmax CMaKOM Iexyunit Coaoakuin Kucao-coaoaxuii
A€TKOIO
JKypaBAUHA .
IIeKY4iCTIO
. Coaoaxka [Tpmnemumii, . y y .
ITicascmak . L. . 3irpisarounit Coaoaxuin Kucao-coaoaxmin
IeKy4iCTh 3irpisarouni
. O6ainmxo- Apomar
Cnuprosuii 3 . . . .
BUIA 31 . | Ananacosuii, BigTiOBiga€
Apomar apoMaroM CrimpTosuii Ny
CIIUPTOBUM CO/A0AKUIA IIPOAYKTY 3 SIKOTO
JKypaBAUHA o
apoMaToM BUTOTOBAEHMI CiK
. Csirao- ITomapanue- Hemae Baiao- y
Koaip y } y KosTnin
JepBOHMI BUIL KOABOPY SKOBTUI
ITposopmnit 3
ITposopicTs 3aMyTHeHa 3aMyTHeHa ITposopa orlaAeclieH- 3aMyTHeHMI
Ii€I0
OpraHosienTU4YHI  MOKAa3HUKMU  BCi€l 3rigHo i3 mpeAcTaBJeHUMMM Y TabJI. 2
CUPOBMHM, 110 OyJle BHUKOPUCTOBYBATHCH, JlaHMMM 06a4MMO, L0 HACTOSIHKM i3 BUYaBOK

BiZiMOBi/Jal0OTh BMMOraM CTaHJAAPTIB, TOOTO
MOX€EMO NPUIYCTUTH, L0 IOTHA 3a Il BUKO-
pUcTaHHs OyAyTb MaTH BHUCOKi opraHoJien-
TUYHI MOKAa3HHUKHU.

OpHak ciif 3a3HA4YMTH, WO AJ1 OTPU-
MaHHSl BUCOKOAKICHOTO MPOAYKTY BaXKJIMBUM €
po3yMiHHA ¥ (i3UKO-XIMiYHUMX MOKAa3HUKIB
AKOCTI cupoBUHU. ToMy Ha JApyromy erarni
JlocjifkeHb OyJM  TNpOBeJieHi caMme Taki
BU3Ha4YeHH:. Pe3yibTaTH HaBeAeHO B TAOJI. 2.

»KypaBJIMHM i 06J1inKxu MatoThb Ha 44,41 56,0 %
MEeHIy COUPTYO3HICThb MOPIBHAHO 3 FOPIJIKOIO.
[lopsg i3 TuUM, 0 A1 BUPOOHUI[TBA WIOTIB
OylyTh BUKOPUCTOBYBATUCS alleJIbCUHOBUH CiK
i aHaHACOBWHM CHPOII, 10 B3araji He MICTAThb
CIIUPTY, MOXKHA CTBEPPKYBaTH PO JOCATHEHHS
MEeTU CTBOPEHHA aJIKOTOJIbHOI'O HANOK JJsd
3aKJIa/[iB PECTOPAHHOI'0 TOCIO/[apCTBa i3 3HU-
KEHWM BMICTOM CUPTY. lle MO3UTHUBHO BIIJIMHE
Ha KIJIbKICTBb peaJsii3alil Takoi NpoAyKIil.
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Tabauys 2
Di3uKo-XiMidHI NOKA3HUKH AKOCTI CUPOBUHU AASL BUPOOHHUIITBA IIOTiB
IToka3HUK AKOCTi Ta IOr0 3HAYEHHA
Bwmicr . TurpoBaHa .
Cuposuna Bwmicr cyxmx TPO®: AyxHicTb,
cIupTy, 0 pH KHCAOTHICTB, 3
0 pedosuH, % cM
%00. rpaa

I'opiaka 39,0 - - - 0,89
Hacrosanka i3 XXypaBauHmu 27,0 21,0 3,26 6,8 -
Hacrosiaka i3 00ainnuxm 25,0 21,0 3,56 7,6 -
AT1e AbCMHOBUII CiK - 14,0 4,0 8,4 5
AHaHacOBUII CUPOIT - 15,0 3,33 7,1 -

Takox cJ1ii BpaxoByBaTHU 3Ha4YHY KUCJIOT-
HicTb Bciei cupoBuHM. lle Oyne cyTTEBUM
dakTOpOM BIJIMBY HAa POPMYyBaHHSA CMAaKOBOTO
npo¢isiro rOTOBOTO HAMO.

OkpiM 3a3HauyeHUX B TabJI. 2 MOKA3HHUKIB,
BU3Ha4ya/JM TyCTUHY BCiX 3alpONOHOBAHUX

1,06

I
o
=

o
(o]
»

I'yctuna, I1a

o
(o]
|

1

2

o
e}
(op}

iHrpeieHTIB. lley MOKAa3HHUK BiJirpae BaXXJIMBY
poJib NpU BUPOOHULTBI LIApOBAaHUX HAIMOIB,
OCKIJIbKM BIIJIMBA€E HA NMOPALOK PO3TalllyBaHHA
1iapiB Hanolo 3 METOK YHUKHEHHd IX 3Mily-
BaHHA. Pe3ysbTaTW BU3HAYEHHA TYCTHUHHU
HaBeJleHOo Ha puc. 1.

5

3

4

Puc. 1. I'yctuna cupoBuHHA, IIT0 BUKOPHUCTOBYETHCA AAA BUTOTOBA€HHA IITOTiB:

1 — HacToAHKa 3 00AINNXH; 2 — HACTOAHKA 3 Y)KYPaBAMHH; 3 — alleAbCHHOBHH CIK;
4 — ananacoBuii cupoir; 5 — ropiaka

3rigHo [0 AaHUX, HaBeJleHWX Ha puc. 1,
HaMOi/bIlly TYyCTUHY MAa€ aHAaHACOBUM CHUpOII,
HalMeHIy — ropijika.

[liz yac BUTOTOBJIEHHA LIAPYBATHUX LIOTIB
BAXKJINBO 3HATHU I'YCTUHY CUPOBUHH, fIKa BUKO-
PUCTOBYETBCH, OCKIJIBKM IIApY ILIOTY MarThb
UTU y NOpAJKY 3MeHLIeHHS TyCTUHH, TOOTO
HIDKHIH wap 6y/ie CK/IaJaTUCh i3 CHPOBHHHY, 1110
Mae 6i/blly r'yCTUHY, BiZiNOBIAHO BepXHil 1map
Oy/ie CKJIalaTUCh i3 CHPOBHHH, 1[0 MA€ HU3bKY
TYCTHHY. Tak¥M 4YHWHOM, HWXHIM ILIapoM
p03p0o6sIeHOr0 HaNoo 6y/ie aHaHACOBUH CHUPOT],
a BEpPXHiM - ropiJka.

3rifHO 3 OTpUMaHHUMHU JAHUMU MOXKHaA
3aNpoNnoHyBaTH peLenTypy BUPOOHUITBA
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moTiB (Tabs1. 3) Ta NPUHIUIOBO-TEXHOJIOTIUHY
cxeMy ix BUpOOGHUITBA (pUC. 2).

[liArOTOBJIEHY CHUPOBHMHY HaJIMBAEMO
mapaMM y CTONKYy 3a /I0NOMOrow 6apHoi
JIOKKU. [locailoBHICT, 1mapiB Taka: aHaHa-
COBUH CHUPOII, alleJIbCHHOBUM CiK, HACTOSIHKA i3
BUYABOK >KYpaBJIMHU 260 00JIiMUXU Ta rOpijikKa.
Kinbue aHaHacy po3pizaeMo HaBIijJ Ta po6UMO
HeBeJIMKMU po3pi3 nocepeauHi. lle aaa Ttoro,
o6 aHaHacC Kpalle TpUMaBCSd Ha CTOMI.
BUpoOGHULITBO WIOTYy MNOYMHAETBHCA 3 MiAro-
TOBKHU CUPDOBUHH.

3rilHO 3a CxeMol0, HaBe/JleHO Ha pHuC. 2,
aneJibCMHY MUIOTh, aHaHACOBUM CUPOII NPOLiJ-
KyH0Tb. BU4aBKU KypaBJIMHU NEpPeTUPAIOTH 3
LIYKPOM OKPEMO OJiHE BiJi OJHOTO.
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Tabauys 3
Pentenirypa 1oty 3a BUKOPUCTAHHA HACTOAHKH i3 BU4ABOK AUKOPOCAUX ATIA
Burpatu cupoBuHn
HaiimenyBaHHA CHPOBHHHI Ha 1 mopmiro, T
Bpyrrto Herto
AHaHacoOBIII CHPOIT - 10
AT1e AbCMHOBUI CiK - 10
HacTosiHKa i3 BU4aBOK >KypaBAMHM 200 00Ainmxm - 10
I'opiaka - 10
Kiapue ananacy 55 30
Buxia: - 70
AnenrscHH AHaHacOBHH Topinka Buuaeku BuuaBkH
CHpOT oGmimmxH JKYpPaBIHHH
BOJA . LOVEOP mepeTepTaMaca
Mutta ITpomimxky- Ilepernpanus
J/ BaHHA \L
OTpHMAH |EHEIaBEH ExCTparyBaHHs
HA COKY ;
=12-24 rom: t=8-10°C
Tpom- ] TlepeminTysanms
,E[}I{yBaHH.. M AEOTE
OCBiTIIe-
HHH cik
TIpomimKyBaHHA HACTOSAHKA | mporm
Kynaxyranua

J

T'oToBHH moT

Puc. 2. ITpuHIIUIIOBO-TEXHOAOTIYHA CX€Ma BUPOOHUIITBA IOTY
32 BUKOPHUCTAaHHA BUYABOK i3 AMKOPOCAUX ATIA

Ha HacTtynHoMy eTani BHpPOOHUITBA
TOTYETbCA CIK 3 ameJbCUHIB WIJIAXOM HOro
BUYABJIIOBAaHHA HAa COKOBUTHCKAYi AJIA LIUTPY-
coBux. OTpuUMaHUK CiK MNPOLIAXKYIOTh, a
BUYAaBKU Ta M'SIKOTb HAyTb Yy Bigxoau (MOX-
JIUBO BHKOPUCTOBYBAaTH /[IJI1 BUPOOHUITBA
HacTosHOK. Lli AaHi nOoTpebyOTh yTOUHEHHS).

Jlo mepeTepTHX Mac i3 BUYaBOK 06JIiNMHUXHU
Ta KypaBJMHHU JOJAIOTh TOPIJIKYy Ta eKCTpa-
ryloTb npu Ttemmnepatypi 8..10 °C mpotarom
12...24 rop. llicna TpuBaJoro ekcTparyBaHHs
PiAMHUA IepeMillyIOTb Ta INPOLiKYIOTh.
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OTprMaHa WIPOTHHA MHJe y BIiAXOAH, MpOTe
MOXXe BUKOPHUCTOBYBATHUCA [Jisi 36aradyeHHs
OOpOUIHAHUX KOHJAUTEPCbKUX abo xyi6o-
OysiouHUX BHUpPO6IB (i AaHi NOTpPedyHOTH
yTOYHEHHs1). Y pe3ysbTaTi BUXOAATb HACTO-
SIHKH i3 BUMABOK »KypaBJIMHU Ta 00JIIMUXH.
Jlani 3a cxeMoOw, amneJibCHHOBUM CiK,
aHAaHACOBHMM CHpOI, TOpijJiKa Ta, Ha BUOGIp,
HacTOsIHKa i3 BHUYABOK ’KYpaBJMHU abo
HaCTOSIHKA i3 BUYaBOK 00JIIMUXH, BUKOPUCTO-
BYIOTbCA JIJI1 KyNIaXKyBaHHA. Y pe3yJbTaTi LUX
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BCiX TEeXHOJIOTIYHUX omepanii OTPUMYEMO
FOTOBUU MPOAYKT — IIOT.

OTprMaBLIM TOTOBUM NPOAYKT JOLIIBHUM
BBOXa/IM JOCIAIJATA MOT0 OpraHoJIeNTHYHI

NOKa3HUKH, aJpke BiJ 1boro HampsaMmy Oyne
3aJ1eKaTy NONUT Yy CloXKuBadviB. /laHi opraHo-
JIEIITUYHOI OLIHKMW IIOTIiB 13 BHYaBKaMH
JIMKOPOCJIMX SITiJ HAaBeJIeHO B Ta0J1. 4.

Tatauys 4

OpranosenTrnyHa OLiHKA IIOTIB 32 BUKOPHUCTAHHA HACTOAHOK 13 AMKOPOCAUX ATIA

OpranosenrraHi IITor Ha ocHOBI IITor Ha ocHOBi 06AINIIXOBOL
MOKA3HUKU JKYPaBAMHOBOI HACTOAHKH HACTOAHKH
Cmax ITexyunii, BiguyBaloThcs yci IMexyunii, Big9yBarOTbCs yCi
CKAaAOBI iHrpeAieHT CKAaAOBI iHrpeAieHT
ITicascmak 3irpisarounit 3irpisarognii
Apomar CnupTrosuii, 3 2e4b BigUyTHUM CrnupToBuii, 3 BiA4yTHUM
P apoMaToM >KypaBAVHI apoMaToM O0AINNXNU
Kosken map Bigrosigae . .
. Kosxen map Bigniosiga€ koabopy
Koaip KOABOPY CKAaA0BOTO . .
. . CKAaA0BOTO IHTpeai€HTa
iHrpesieHTa
ITposopicTh He niposopuin He niposopuin
3rifHO i3 JaHMMHU OpPraHOJIeNTUYHOI p03p06JIeHO TEXHOJIOTiI0 OTPUMaHHS LIOTIB 3a

OL[iHKHU (TabJ1. 4) po3pobJieHi IOTU MaJv MPU-
BaOJIMBUM BUIJAJ, IPUEMHUNA OpUTiHAJbHUHA
apoMaT. Y cMaKy YITKO BifgdyBajiuca Yyci
KOMIIOHEHTH i OyJla IPUCYTHSA XapaKTepHa Lil
rpymni HamoiB MNeKydicTb. BigmidyeHo, 110
nicascMak 6yB IPUEMHUM, 3irpiBatounm. Bee e
pPO6UTH PO3p06IeHUI Hallikl NPHUBAOJIMBUM [1J151
CHO>KMBayiB i J103BOJISIE PO3LIMPUTH ACOPTHU-
MEHT aJIKOTOJIbHUX HamoiB i3 ¢QyHKIiOHA/b-
HUMHU BJIACTUBOCTSMHU y 6apax Ta pecTopaHax.

BucHoBku

B po6oTi f0BeIEHO 101iIbHICTH BUKOPHC-
TaHHS HAaCTOSTHOK i3 BUYaBOK JUKOPOCJIUX ATi/
)KypaBJUHU 1 OOJINKMXUM NOpH BUPOOHULTBI
3MimaHux HamnoiB. [lifibpaHo iHrpeAieHTH, 1110
JO3BOJISIIOTh OTPUMATH OPUTiIHAJIbBHUHU AKICHUHA
IIOT, Ta BH3HAYEHO I[IOKa3HUKH SKOCTI
CAPOBUHH, U0 BHUKOPUCTOBYBaJacd [JJsd
BUpOOHUIITBA. Ha OCHOBI OTpUMaHUX JaHHUX

®inancysauns / Funding

BUKOPHUCTAaHHHA HACTOAHOK i3 BUYaBOK >XypaB-
JIMHU abo obsinuxu. [IpoaHanizoBaHO opraHo-
JIEITUYHI IOKa3HUKHA OTPUMAHUX HAIIOIB.

3rilHO 3 JAHUMHM, BUKJIQJIeHUMHU Y CTATTI,
BUKOPUCTAaHHA BUYABOK I3 JKypaBJUHU |
06JIIMUXU AJis1 IPUTOTYBAHHSI HACTOSIHOK, 1[0
OyZyThb CKJIaZJ0BOIO LIOTIB, € MepPCIeKTUBHUM
pitieHHsIM. Po3po6/1eHa TexHO0JI0Tis J03BOJIUTD
PO3IIMPUTHU aCOPTUMEHT 6apiB Ta pecTopaHiB
aBTEHTUYHUMHU HaAMoOSIMU i3 QyHKIiOHAJBbHOIO
JIEL0.

[opanbui gocaifpkeHHs OyyTh Hampas-
JIeHI Ha BUBYEHHS MOXJIMBOCTI 3aCTOCYBaHHSA
aneJbCMHOBUX BWYAaBOK 1 IWIPOTUHH, 110
YTBOPUJIUCA TPU BUPOOHUITBI alleJIbCUHOBOTO
¢dpenry, i HaCTOSIHOK i3 BUYaBOK JUKOPOCIUX
Arig, BignosigHo. MoxinBe 1X 3aCTOCYBaHHA —
po3pobka 6e3aJKOTOJIbHUX KOKTEMJIiB, 60pol-
HSHUX KOH/JIUTEPCbKUX BUPOOIB MiJBUILEHO]
Xap4oBol LIIHHOCTI.

lle mocnifxeHHs He oTpuMaJsio 30BHimHboro ¢iHaHcyBaHHsa / This research received no
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XIMIYHUM CKJIAZL MAITEPATY HA OCHOBI BYPIITUHY:
METOAM AHAJII3Y TA PE3VYJIBTATU

T~

Yuliya Voronina-Tuzovskykh, Oleksandr Mikulenko,
Olena Bondar, Iryna Kurmakova, Oleksij Pleshakov

CHEMICAL COMPOSITION OF AMBER-BASED MACERATE:
METHODS OF ANALYSIS AND RESULTS

AHOTAIIA

MeTta craTTi. [locaiautu xiMiuHME CKJIaJ, KOMILJIEKCY-ManepaTy Ha ocHoBi Oypmtuny (TM IL SAV AMBER)
MeTOJiaMHU sIKiCHOT'0 Ta KisibKicHOro aHausi3y. [[poBecTu esleMeHTHUH aHa/1i3 OpraHidYHUX | HEOPraHiYHUX KOMIIOHEHTIB
3a3HAYE€HOr0 KOMIJIEKCY, a TaKO0X BHM3HAYUTH BMICT OYpLITUHOBOI KHCJIOTH Ta BiTaMiHIB 3 MeTOI0 OLHKHU
NepCreKTUBHOCTI BUKOPUCTAHHA B IKOCTiI CUPOBUHH [I/1S1 KOCMETUYHOTO0 Ta ¢papMaleBTUYHOr0 BUPOOHHUITBA.

MeToposorisa. BumicT kap6oHy, riporeHy, HiTporeHy, cy/ibpypy, OKCUTeHy B OpraHiuHii 4YacTUHI KOMILJIEKCY-
MallepaTy BHU3HAYa/ld 3araJbHONPUUHATHMU MeTOJAaMH KiJbKiCHOro aHasidy (rpaBiMeTpis, TUTpUMeTpis, MeTO.
K’'enbpans, metof Emka). MacoBy 4acTKy 30J1M - 32 BTPATOI0 Macu NpH 3ropaHHi B aTMocdepi MOBITps opraHiyHUX
KoMroHeHTiB 3a TeMmmepatypu 550 °C. EseMeHTHUH CK/IaJ, HEOpPraHiuHOi YaCTUHU [JOCJI/KYBaJd PEHTrEHO-
duroopuceHTHUM MeToj0M Ha aHasizaTopi EXPERT 3L; BiTamMiHU Ta 6ypIITHHOBY KUCJIOTY — 32 JOIOMOT00 PiAUHHOTO
xpomartorpada Hewlett-Packard HP 1100. KucsioTHOe ync/i0 Ta MEPOKCH/HE YHUCJI0 KOMIJIEKCY-MallepaTy BU3HAYaIN
TUTPUMETPUYHUM METOZOM (TUTPAHT PO34YMH HATpid riApokcuay Ta po3dyuH TiocyabdaTy BiJMOBiJHO); HoaHe -
MeTo/I0M peppaKTOMeTpii; MacoBy YacTKy BOJIOTH - METO/IOM BHUCYILIYBaHHA 0 NOCTiMHOI Macy (ap6iTpaxkHUi MeTO[).
[IpoBejeHO NOPIBHAHHA OJlep>KaHUX 3araJIbHUX NOKA3HUKIB 3 BiZIMOBIAHUMU NOKa3HUKAaMH »KUPHUX XapYOBUX OJIIH.

HaykoBa HOBHM3HaA. BusHaueHHs ck/iaZy (e/leMeHTHUH Ta KOMIO3MILIMHMNI) KOMILIeCy-MalepaTy Ha OCHOBI
OypIITHHY Ta OILHLi MNEepCHEeKTUBHOCTI HOro BHUKOPHUCTAaHHS B SKOCTI CHUPOBUHU [/ OJiep>KaHHS HOBUX
dbapMaleBTUYHUX Ta KOCMETUYHUX NpenapariB.

BHCHOBKHM. Pe3y/ibTaTy IKICHOTO Ta KiJIbKICHOr0 aHaJli3y BU3Ha4YeHHA OCHOBHOTO CKJIaZly KOMILJIEKCY MaLiepaTy
Ha OCHOBi OYPIITHHY Y3r0/KYIOThCS 3 JJITEPaTYPHUMH JJAHUMH 1110710 CKJIaly OYPIITHHY; HASBHICTh TaKUX BiTaMiHiB fIK
A E, K, F, PP, D Ta rpynu BiTamiHiB B i eleMeHTHUH CKJIaJ, BKa3ylOTh Ha [IePCIEKTUBHICTb BUKOPHUCTAHHS KOMILJIEKCY B
KOCMEeTHYHiHN Ta papMaleBTUUHIN raaysi.

Ki1040Bi c/10Ba: KoMIJIeKC-MalepaT Ha OCHOBI OYPIUTHHY, XiMiYHUN CKJIaJl, O6ypIITUHOBA KUCJI0TA, BiTaMiHU A,
E, K, kocMmeTn4He BUpOOGHULTBO, papMaleBTUYHA CHPOBHUHA

ABSTRACT

Purpose of the work. To investigate the chemical composition of the amber-based complex-macerate (TM IL SAV
AMBER) by qualitative and quantitative analysis. To carry out elemental analysis of organic and inorganic components,
as well as the content of succinic acid and vitamins in order to identify the potential as a raw material for cosmetic and
pharmaceutical production.

Methodology. The content of carbon, hydrogen, nitrogen, sulphur and oxygen in the organic part of the macerate
complex was determined by conventional methods of quantitative analysis. The mass fraction of ash was determined by
the mass loss during combustion of organic components in the air atmosphere at a temperature of 550°C. The elemental
composition of the inorganic part was determined by the X-ray fluorescence method using an EXPERT 3L analyzer;
vitamins and succinic acid were determined using a liquid chromatograph Hewlett-Packard HP 1100. The acid number
and peroxide number of the complex-macerate was determined by the titrimetric method (titrant sodium hydroxide
solution and thiosulfate solution, respectively); iodine number - by refractometry; mass fraction of moisture - by drying
to constant weight (arbitration method). The obtained general indicators were compared with the corresponding
indicators of fatty edible oils.
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Scientific novelty. The composition (elemental and composition) of the amber-based complex-macerate is
determined and the prospects of its use as a raw material for the production of new pharmaceutical and cosmetic

preparations are presented.

Conclusions. The results of qualitative and quantitative analysis of the determination of the basic composition of
the amber-based macerate complex are consistent with the literature data on the composition of amber; the presence of
such vitamins as A, E, K, F, PP, D and vitamins of B complex group and elemental composition indicate the prospects of
using the complex in the cosmetic and pharmaceutical industries.

Key words: complex-macerate based on amber, chemical composition, succinic acid, vitamins A, E, K, cosmetic

production, pharmaceutical raw materials

ITocranoBKa pobAeMU

AkmyasabHicmb po6omu. Makpo-, MiKpo-
eJleMEHTU Ta BiTaMiHM, BUKOHYIOTb 06e3Jiu
HaWBaXKJIMBILIUX QYHKIIiK B OpraHi3aMi JIIOJUHH.
[Ipu npoMy 6e3nocepeJHLO B HbOMY CUHTE3Y-
€THCSA JIMLIE KiJIbKa BiTaMiHiB, B ToMy uucii D, A
(petuHoN 3 6eTa-kapotuHy), K, B3 i B5, a
MiHepaJu He CUHTE3YIThCA B3araJii
(Pohorelov et al, 2017). OcHoBHa 4acTuHa
KOPUCHUX PEYOBUH Ma€ HAXOAUTHU 3 DXKelo, a 3a
NoTpebU - 3 alTEeYHUMM BiTaMiHHO-MiHepaJib-
HUMU KoMmmsekcamu (BMK). Bes pmoctraTHbOI
KIJIBKOCTI BiTaMiHIB 1 MiHepaJiB JIIOACBKUN
OpraHiaM NOBHOI[IHHO (QYHKIIiOHyBaTU He
Moxe (Bedzai, 2019). BiTaminu 6epyThb y4yacTb
nepeBaXXHO B OOMiHi pe4yoBUH, MiHepaiu — y
BCiX 6i0XiMiYHHX Mpoliecax OpraHiamy JIlOJUHHU.
[le HeoOXigHA CKJIaJl0Ba BCiX OpraHiB i TKaHUH,
06e3 HUX HEMOXJ/MBe IpaBUJbHE 3rOpTaHHS
KpOBI, M'sI30Bi CKOpOUeHHS, IOBHOIiHHE Tepe-
TpaBJIeHHA DXi, HOpMaJIbHUM CepLeBUU PUTM,
3aro€HHS paH, BHUCOKUM >KUTTEBUU TOHYC,
rapHe 3arajJlbHe CaMOIIOYYTTfl, HeEWpPOHHA
NPOBIAHICT, HOPMAJIbLHUU KUCJIOTHO-JIY>KHUU
6ananc Ta iH. (Gorobets, 2019). Minepaau
BXO/JIAITh B CKJIaJ] OY/10BU 6araTbox GepMeHTIB i
FOPMOHIB, 110 pPeryJilTb KJIITUHHY aKTUB-
HicTb. KpiM Makpo- 1 MikpoesieMeHTIB B
JIIOACBKOMY  OpraHi3Mi MNpPUCYTHI  TakKoOX
yJbTpaMiKpoesieMeHTH: XpOM, BaHa/lil, 6apii,
JiTii, cpi6ao ta in (Pohorielov et al., 2010).
HopmasbHa KOHUeHTpaLid yJbTpaMikpoelie-
MeHTIB HHk4e 0,0001 %, asie ix HaABHICTB [yxKe
BaxksnBa (Bedzai, 2019).

Y 3B’513Ky 3 LIUM iCHY€ NOTpeba po3poOKU
HOBUX PiI3SHOMAHITHHUX NpenaparTiB JJsd KoCMe-
TU4YHOI Ta ¢QapMaleBTUYHOI raaysi, i Hacam-
nepes, NOWYKY I KOMIJIEKCHOTO JOCJiKeHHA
SKICHOI NPUPOJIHOI CUPOBHUHU HaraToi Makpo-,
MiKpO-, yJAbTpaMiKpoeseMeHTaMU Ta BiTaMi-
HaMud. B 1nboMy mJaHi akKTyaJbHUM €
JloCHiPKeHHs1 OypUITUHY, fK 6araTOKOMIIO-
HEHTHOl npupofHoi cymimi 6ioJsioriyHo-
aKTHUBHUX pedyoBHUH (Mironov et al,, 2017).

172

AHaniz  ocmauHix  docaidnceHb  ma
nybaikayiti. OCHOBHUM HampsIMOM BHKOPUC-
TaHHSA OYPIUTHUHY (BUKOIHA CKaM siHiJIa cM0J1a)
€ IOBeJipHO-BUPOOHA Trajiy3b, INpPU LbOMY
cepeiHi, Api6bHI ppakuii OypIITUHY Ta Bigxoau
Bii BUDOOHOI0 Ta MPECOBAHOI'0 OYPLITUHY €
LIIHHOI0 CHPOBHHOIO XiMi4HO1, papMalLieBTUYHOI
Ta napdymepHoi ranysei (Kovalevich, 2007).
Tomy OyplITHH, IK 6araTOKOMIIOHEHTHA CUPO-
BUHA, NMpUBepTaE yBary 6araTbOoX aBTOPIB i
JOCJHIPKYETbCA PI3HOMAHITHUMU METOJAaMH,
30KpeMa: pamMaHiBCbKa CHEeKTPOCKOIIis,
[Y-cnekTpockorisi, TOHKoLIapoBa XxpoMaTorpadis,
Mac-crieKTpomeTpis, AudepeHLialbHUN Tep-
MiuHuKd aHani3 (Byelichenko & Gayevskij,
2012). AHani3 nacTu-abpasuBy OJEPXKAHOTO 3
OypIITHUHY HaBeJeHOo B mpani Voronina-
Tuzovskykh et al. (2023).

3anporoHOBAaHO pAJ MeTOLUK BHU3HA-
YeHHsI BMiCTY OYPIITHHOBOI KUCJIOTH, 30KpeMa

MEeTOJIOM NpsSIMOTrO  TUTPYBaHHSA  HaTpid
rigpokcugom (Chornyi et al, 2020). [nsa
OypLITUHOBOI KHCJOTH BCTAaHOBJIEHO pA/J

BAXKJINBUX 0I0JIOTIYHUX aKTUBHOCTEWN: BUSBJISIE
3HAaYHUM TaJIbMYIO4YMU BIUIMB Ha IOCUJIEHHA
NPOLIECIB IEepPeKiCHOro OKUCJEeHHA JimiAiB,
3HMXKyo4M piBeHb TBK-akTMBHHUX NpPOAYKTIB
Ta MiJABUILYIOYU piBeHb BiIHOBJIEHOTO IJyTa-
TiOHa y CUpOBATLi KpOBi, MeyiHLi, MaTLi Ta
IJIALLEHTH IypPiB 32 YMOB TeTPaxJIOpMeTaHOBOI
mianeHTapHoi  HegocrtatHocTi (Kudina &
Asadullayeva, 2019). ABtopamu (Lisenko &
Palchevska, 2020) Ta (Palchevska et al., 2020)
3alpONOHOBaHi JiKapcbki 3acob6u Ha OCHOBI
OypLITUHOBOI KHUCJIOTU Ta €TUJIMETHUJTiApPO-
KCUINIpUAMHY CYKLHUHAT. B po60Ti Stepanova et
al. (2011) nmokasaHO 3acTOCYyBaHHSl OYypLITH-
HOBOI KWUCJIOTH Yy ImefiaTpil JJd KOpekLil
nopyueHb QyHKI[iOHYBaHHS MipyBaTAerigpo-
JleHa3HOI aKTUBHOCTI MITOXOH/APIN y AiTen.
KoMmuiekcu-manepaTty, oJepxaHi  Ha
OCHOBI 0J1il Ta 6ypIITUHOBOI NyApHU abpasuBy,
MOXYTb OyTH NEPCIEKTUBHOI CUPOBUHOIO 11
dapmaneBTUYHOI MPOMHCI0BOCTI. AJie iX BUKO-
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pUCTaHHSI Tepeabavyae /JieTajlbHe BHBYEHHS
CKJIaZly Ta BU3HAYeHHs eJIEMEHTHOrO CKJIaAy,
BMIiCTy OYpPUIMHOBOI KMCJIOTH, BiTaMiHiB, MiKpo-
Ta MaKpoOeJIeMEeHTIB.

Memot pobomu 6y/10 NpoBeJieHHS fKic-
HOT'0 Ta KIJIbKICHOTO aHaJli3y AJi1 BU3HA4YeHHH
XIMIYHOrO CKJaZy KOMILJIEKCy-MaluepaTry Ha
ocHoBi 6yputuHy (TM IL SAV AMBER), sk
IIepCleKTUBHOI CUPOBUHU KOCMETHUYHOIO Ta
dapmaneBTUYHOTO BUPOOHHUIITBA.

MeTtoaoAorisa

JocaijpKkyBaiu  3pas3kd  KOMILJIEKCY-
ManepaTty Ha ocHoBi 6ypurtuHy TM IL SAV
AMBER.

1. Bu3dHayeHHs 3a2a/1bHUX PI3UKO-XIMIYHUX
NOKA3HUKI8.

BusHayeHHs1 MacoBOI 4YacTKH BOJIOTH
NpOBOJAUIM METOJO0M BUCYLIYBAaHHS HaBaXKKU
Jl0 TIOCTiMHOI Macu (apbiTpaKHUH MeTOoJA) NMpHU
TeMmnepatypi 100-105 °C.

MacoBy 4acTKy 3014 BHU3Ha4aJu 3a
BTPAaTO Mach NpU 3ropaHHi B aTMocdepi
MOBITPSA OpPraHiYHUX KOMIIOHEHTIB 3a TeMIle-
patypu 550°C (1roaunHa), BiAmoBiAHO [0
Mmetoauku EN 15403 «Solid recovered fuels -
Determination of ash content», Ta fogaTkoBOro
NpoKaproBaHHS 30J1M NpU TeMnepaTtypi 815 °C
(2 ropunu) BignmoBigHo no - ISO 1171 «Solid
mineral fuels - Determination of ash».

[lokasHUK 3aJIOMJIeHHS BHMipHOBa/H
pedpaktomerpom RND-025ATC, rycTunHy -
apeoMeTpOoM.

Jl1a BU3HAYeHHs KUCJIOTHOTO 4uCJIa B
KOHIYHY K0J10y Ha 200 cM3 nomimanu HaBaxKKy
3-5T Joc/aiPKyBaHOTO KOMILJIEKCY, A0JaBajiu
50 cM3® HeMTpasizoBaHOI cyMmilli eTaHoNy W
eTuysoBoro edipy (1:2) i nepemimyBanu. Tutpy-
Basiv npo6y 0,1M cnupTOBUM PO3UMHOM HATPil
rifpokcuay 3a npucytHocti 1 % cnupToBOro
po3uuHy ¢eHoadTaneiny. KucioTtHe uucio
(Mr/r KoMmIieKkcy) po3paxoByBaJiu 3a GopMy-
Jomwo (1):

561KV
m

K.u. ) (1)

ne 5,61 - kisnbkictb NaOH, 1110 MicTuTbCA B
1 cm3 0,1M po3uuHy;

K - nonpaBoyHu Koeilli€EHT;

V - 06’em 0,1M NaOH, 110 BUKOpucCTaHUH
Ha HeWTpaJsi3alilo BiIJIbHUX KUPHUX KUCJIOT Y
HaBaXkLi, cM3;

m — Maca HaBa»KKU KOMIlJIEKCy-MaLepary, I.
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Ho/iHe 4MCI0 KOMILIEKCy-MallepaTy BU3-
HayvaJu MeToJ0M pedpakTomeTpii. (peppakTo-
MmeTp UPD-454Bb2M; temnepatypa 20 % 0,2 °C).
3HavyeHHs HogHoro yuciaa (B r/100 r) o6uyucio-
BaJi1 32 popmyuioto (2):

(9]

Ny

_ (n¥-1,4595)-100
| 0,0118 (2)
[lepokcuHe 4YUCI0 BU3HAYAJIU TUTPY-
BaHHAIM Tiocy/sbpaToOM BiJILHOTO HOAY, 110
BUAIJNSBCI TNpPU OKMUCHEHHI Kajlik uoguay
IePOKCUHMMH TI'PyNaMH, 110 MICTATbCA B 1 T
KOMILJIEKCY-Malepary.

2. BcmaHnosaeHHsi  cknady — opeaHivHOi
yacmuHu. BmicT kap6oHy, rifporeHy, HiTpo-
reHy, cyJbQypy, OKCUreHy y 3pa3Kax BHU3Ha-
YaJiM 3araJbHONPUUHATUMHU METOAAMM KiJib-
KicHoro asanidy (Seheda, 2003). MacoBy
4acTKy KapOOHy Ta TilporeHy BHM3Hayaju 3a
pe3y/ibTaTaMy rpaBIMETPUYHOrO aHasuizy. Juisa
[JbOT'O 3/iMICHIOBAJ/IU [TIOBHE CHA/II0BAaHHI HABAXKKHU
y WBHAKOMY noTtoui kucHio (180-200 cm3/xB)
3a NPUCYTHOCTI TBEpPAOro OKMUCHMKA Ta 3a
YMOBU NPOCYBaHHS YOBHMKA 3 HABAXKOK ¥
30HI HArpiBy Ha3yCTpid TOKY KUCHIO.

MacoBy 4acTKy HITpOreHy BHU3Ha4a/lX
HaniBMikpomeTtogoMm K'enppanda. [Jnsa pboro
npoOy MeBHOI MacHh HarpiBajJu 3 KOHLLEHTpO-
BaHOIO CyJIbATHOI KHUCJI0TOI 32 IPUCYTHOCTI
3MillaHOro KaraJjlizaTopa [Jif IepeTBOPEHHA
HiTporeHy B aMoOHiWHY ¢opmy. OnepkaHUU
PO34YMH NiAJYyXKYBaJI4, Ta BiATaHAJU 3 MApOM
aMmiak, SIKMM TNOTJIMHAJU OGOPHOI KHUCJOTOIO.
Po3paxyHOK NpoOBOJAMJIM 3a KiJIbKICTIO MOTJIM-
HyToro NHs, micisg TUTpyBaHHSA Cy/abdaTHOIO
KHCJIOTOIO.

MacoBy yacTky cysbdypy BU3HaA4aJHu 3a
MeTojioM Elika: aHaniTU4YHY npoby pa3oM 3
cymimmwo Emka cnaamoBaid B OKHUCJIHBaJb-
HOMY CepeJoBMILI JJid BUJAJEHHA TOPHOY0I
Macu i mepeTBOpeHHs Ccyabdypy B cyabdat;
cyJbdaTH eKcTparyBaiyd po34MHOM XJI0PHU/HOI
kucaoTu. [lpoby /i MOpiBHSIHHSA eKCTpary-
BaJIM BOJOI0, I BU3HA4ya/U I'paBiMeTpUYHUM
CNoCco60M mic/sl 0caZPKeHHs XJI0pUA0M b6apito.

By3HayeHHA MacoBOI YaCTKU OKCUTEHY
NPOBOJAWJIM METOJOM TEepPMIiYHOr0 pO3KJa-
JlaHHA HAaBaXXKU B NOTOL iHepTHOro rasy. [Ipu
LIbOMY OKCUT€H KiJIbKICHO BUZIJIABCA Y BUTIAA1
BO/ZIU Ta OKCUT€HOBMIiCHUX CIIOJIYK, AKi BiJHOB-
JIANIMCA HaJ, pPO3XKapeHOl TI'PaHyJIbOBAHOK
caxero npu temneparypi 1100-1170 °C go CO i
H2. Kap6oH(II) okcup KibKiCHO OKMCHIOBaIU
0 BYIJIEKMCJIOTO Tra3y, i BHU3HA4YaJd TIpa.i-
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MeTpU4HO. [lapasesbHO NPOBOAUIA THUTPU-
MeTpU4YHe BU3HA4YeHHA [Jid BiJTBOPHOBAHOCTI
pe3y/bTaTiB, OCKIJIbBKU NpPU MipoJii3i OKCUTEH
MiHepaJIbHUX PEYOBUH TAKO0X BUIIIAETHCA Yy
BUrIsAAI kKap6oH(IV) okcuny i Bogu.

3. EnemenmHuli  cksaad
YaCMUHU KOMILJIEKCy-MallepaTy BH3Hadaju
pPeHTreHOQJIIOOPUCLIEHTHUM  MEeTOJOM  Ha
a”Hausizatopi EXPERT 3L. [lna opep:xaHHA
PO3UYMHHOI (pakKlii 3acTOCOBYBaJU CUCTEMY
PO3YMHHUKIB: BOJ3, E€TUJOBHM CIOUPT Ta
Aumetundpopmamif. ExcrparyBanu 3 roauHu
npu  Temnepatypi (70-100°C): cnupt
(65 - 70 °C), Boga, IM®PA (100 °C).

4. BusaHayeHHs emicmy cneyu@i4HUX CnOAYK.
ByplITHHOBY KMCJIOTY Ta BiTaMiHU KIJIbKICHO
BM3HayaJ/M 3a JONOMOIOI PiAMHHOIO XpoMa-
torpada (Hewlett-Packard HP 1100) i3 ¢ayo-
pecueHTHHUM Ta Ai0JHO-MAaTPUYHUM [JI€TEeKTO-
pamMu (obepHeHo-pa3oBa KoJsioHKa Hypersil
MOS piametpom 2,1 MM, goBxkuHa 200 Mm).
YMoBM xpomaTorpadyBaHHs: MOOibHa ¢asza
aneTtoHiTpuJ: Boa (70:80), LIBUAKICTb MOTOKY
0,4 mn/xB, Temnepatypa - 40°C. [leTekTop
dayopeclieHTHUH, JJOBXKMHA XBUJIi 30yI>KEHHS
295 HM, noravHaHHA 330 HM. ['paayroBasibHi
pO3YMHHU BiTaMiHiB TOTYBaJd i3 BUXIJHOIO
pO34MHY B MeTaHOJIi i aHaJi3yBaJu 3a TUX

Heop2aHiYHOT

caMHUX YMOB, 110 ¥ 3pa3ku. CTaHAapTU BiTa-
MiHiB - YHUCTi pe4OBMHU BUPOOHUILTBA QipMHU
Supelco; peakTruBu Bupo6HUITBa PipMm Aldrich
Ta Fluka. KizibKicHe BU3HaYeHHS NIPOBOAMIIU 33
MJIOLIEH0 MiKiB.

CTaTUCTUYHY OOpPOOKY BCiX pe3yJbTaTiB
(3-6 BUMiplOBaHb) IpPOBOAMJIU 3 BHUKOPHC-
TaHHAM nporpamu Microsoft Excel. Po3paxo-
ByBaJIi cepeJlHE apudMeTUYHe Ta CTaHAAPTHe
KBaJlpaTU4YHe BiJXUJIeHHS.

PesyabTaT AOCAIAYKEHHA

3arajibHi NOKa3HUKHU KOMILIEKCY-MaLlepaTy
HaBeJieHi y Tab6J1. 1. [x 3HaueHHs BignoBizawTHL
CTaHJAPTHUM MeXaM IOKa3HUKIB KUPHUX
Xap4yOBHUX OJIiH, 30KpeMa r'paHHUYHa JOIyCTUMa
HOpMa KHCJIOTHOT'O YUCJIA B MI'/T AJ1 KYKypY/-
31HOI HepadiHOBaHOi 0Jiii CTAHOBUTH 5, AJid
HepadiHOBaHOI COHAIIHUKOBOI oJii I copTy -
2,25 (ACTY EN ISO 660:2009; ACTY 4570:2006).
HoaHe 4MCI0 Ta NMEpOKCHAHE 4YUCIO0 MalTh
3Ha4YeHHA NPAaKTU4YHO Ha pIiBHI BepxHIW Mexi

JUisl COHsSILHUKOBOI oJsii - 145r/100 r Ta
4,8 Mmosib/kr  BigmoBigHo. lle BigkpuBae
MOXJIUBICTb ~ 3aCTOCYBaHHSI  JOCJAiKEHOTO

KOMILJIEKCY-MallepaTy He Julle AJis po3poOKHU
npenapariB 30BHILIHbOTO, @ ¥ /i1 BHYTpill-
HBOT'0 3aCTOCYBAaHHH.

Tabauys 1

3araApHi IIOKa3HUKI KOMIIAEKCY-MAIlepaTy HA OCHOBi OypIITHHY

IToxasHuk O.A FRCEELE ITpo6a1l IIpob6a 2 | ITpo6a 3 CepeaHe 3HAUYECHHA
BHUMipIOBAHHA

Boaora % 0,81 0,83 0,82 0,82+0,01
/leTKi pe4OBMHI % 0,71 0,73 0,69 0,71+0,02
ryCTI/IHa r/cm3 1,07 1,09 1,08 1,08+0,01
3oaa % 0,72 0,76 0,74 0,74+0,02
IToka3zHuk 3aa0MA€HHS - 1,508 1,528 1,512 1,516+0,01
Kucaorue uncao MI/T 2,91 2,83 2,84 2,86+0,04
HepOKCI/m,He qucao MMOAB/KT 532 5,28 5,30 5,30+0,02
Moaxe uncao r/100r 158 156 157 157+1

Heommnapni peyosnnmu % 2,68 2,71 241 2,60+0,17

Pe3ynbTaTu AOCHIP)KEHHSA €JIeMeHTHOTr o
CKJIaly OpraHiyHol YacTUHU KOMILJIEKCY-
MalepaTy mnpejcTaBjieHi y Tabs. 2. OxepxaHi
JlaHi BiAnoBifawTh ckaaAy OYpPLUTHHY, SKHUU
3rigfHo (Voronina et al, 2000) micTuth 6ins
80 % kap6ony, 10 % rigporeny, 8 % okcureny,
He3HA4yHy KiJIbKICTb HiTporeHy, cyjbdypy Ta
3osiM. Cuij 3a3HA4YMTH, 11O BHU3HAYEHHA
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€JIEeMEHTHOTO CKJIaJZy BaXJUBO JJid po3pa-
XYHKY CKJaJly mpenapariB, siki MOXYTb OyTH
CTBOpPEHi 3 BUKOPUCTAHHAM JJaHOI CUPOBUHHY,
Ta /11 KOHTPOJIIO i1 AKOCTI.

HactynHuM eTamoMm JociifpkeHHs OyJi0
BH3HAaYeHHd BMICTy BiTaMiHIB y CKJafi
KOMILJIEKCY-MalepaTy (Tabu. 3).
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Tatauys 2

EAeMeHTHHI CKAAQA OPTraHiYHOI YaCTUHU KOMIIAEKCY-MallepaTy

Mpoba KiABKiCTB €A€MEHTIB Y 3pa3Ky i3 BpaXxyBaHHAM 30AH, Mac. %o
p C N H S o
No 1 80,2 0,38 9,8 2,02 8,6
No 2 81,9 0,43 10,0 1,92 8,9
No 3 80,1 0,41 10,3 1,90 8,8
No 4 80,6 0,39 10,0 1,87 8,7
No 5 82,0 0,41 9,9 2,03 8,9
No 6 80,6 0,43 10,0 1,90 8,9
Cepeane
80,9+0,84 0,41+0,02 10,0+0,17 1,94+0,07 8,8+0,13
3HaYeHHsI
Tabauys 3
BwmicT BiTamiHiB B CKAQAl KOMIIAEKCY-MAallepaTy Ha OCHOBI OypIITHHY
Kiabkictp BiTaminis (Mr/100r) y BianoBiAHi# npo6i
Biramin
Nel | Ne2 | Ne3 | Ne4 Ne 5 Ne 6 CepeaHe 3HAaYECHHA
B2 0,83 0,82 0,79 0,83 0,81 0,84 0,82+0,02
B4 0,08 0,10 0,10 0,11 0,09 0,12 0,10+0,01
B6 0,18 0,20 0,22 0,20 0,20 0,22 0,20+0,02
E 54,46 55,01 55,12 55,08 55,42 55,51 55,10+0,37
K 1,87 1,85 1,80 1,86 1,83 1,82 1,84+0,03
F 0,11 0,09 0,09 0,10 0,11 0,10 0,10+0,01
PP 2,29 2,35 2,38 2,41 2,40 2,27 2,35£0,06
D 1,01 1,03 1,02 1,01 1,04 1,01 1,02+0,01
A 7,64 7,67 7,66 7,65 7,63 7,65 7,65%0,01
BcTtaHoBJIEHO, j1110) cepen HaABHHUX »KeHb 3aC00iB IIpn BHCTOCYBaHHi B KOCMETOJIOTI1

Halb6ijblIa KibKicTh BiTaMiHy E (Tokodepou),
AKHAM € )KUPOPO3YMHHUM BiTaMiHOM, 1110 BUAB-
JII€ aHTUOKCUIAHTHY 1 paZjionpOTEKTOPHY Ail0,
bepe yd4acTb y OiocuHTe3i rema i OiJKiB,
npoJidepanii KJAITUH Ta iHIIMX HaWBaXK/IU-
BillMX TMponecax KJITUHHOTO MeTaboJi3My
(Voronina et al., 2000). Ha gpyromy MmicTi 3a
KiJIbKiCTIO - BiTaMiH A, 9KMH Ma€ 3arajbHO-
3MILHIOBAJIbHY [il0, HOpMaJli3y€ TKaHUHHUU
00MiH; Ha TpeTbOMYy — BiTaMiH PP (HikoTHMHOBa
KHCJIOTA), AKUW € BOJJOPO3YMHHUM Ta HEobXiz-
HUH 17151 6araTbOX peakilii OKUCHEHHS Y )KUBUX
KJiTUHaX. [Hmux BiTamiHiB MicTuTbhbcs Big 0,1
Jo 1,84 mr/100 r. Ciig 3a3HAa4YMTH, 1110 BU3HA-
YyeHi 3HayeHHd KiJbKOCTI BiTaMiHIiB Bigmno-
BiZJal0OTb CTaHZAPTHUM MeXXaM I[IOKa3HUKIB
KUPHUX Xap4yoBUX oJid. lle mae MOoXIUBICTB
IJIaHYBaHHS MOJAaJIbIINX PO3p06OK Ta A0CiA-
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Ta JIIKyBaHHI pI3HUX MATOJIOTIYHUX CTaHIiB, a
TaKOX IMOBIPHICTb 3aCTOCYBaHHA KOMILJIEKCY-
MalepaTy B JIIKyBaJIbHOMY Xap4yBaHHI.
Pe3ysibTaTh BUSHAUYEHHS BMICTY OypLITH-
HOBOI KMCJOTH TpejCTaBJeHi y Tabu. 4.
KinbkicHui nokasHuk 1,33 % pgeljo MeHille 3a
BMICT 3a3Ha4€eHOI KUCJIOTH Y OYpUITUHI - 6-8 %
(Bielichenko & Haievskyi, 2012). [Ipu uboMy BiH
JIOCTaTHIN [J11 BUKOPUCTAHHA KOMILJIEKCY-
MalepaTy [Jid CTBOPEHHd IpenapariB /s
BUpilLIeHHS npobJsieMu edilUTy OypLIITUHOBOI
KHCJIOTU B OpraHi3Mi, poJib K01 3abe3nedyBaTu
KJITUHU KHCHeM, MNiJABUILYBATH Ipaue3zar-
HicTb, 3MinHIOBaTU iMyHiTeT (Kryvonosova &
Ziuzia, 2017). Illpenmapatu 3 OYpIITHUHOBOIO
KHCJIOTOK MalOTh JIeTOKCUKALIMHY JIit0, TIOKa3aHi
npy ¢pi3MYHUX Ta pO3yMOBUX HaBaHTAKEHHSIX.
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Tabauys 4

BmicT GypHIITHHOBOI KUCAOTH y CKAAAL KOMIIAEKCY-MallepaTry

KiapKicTb GypIITHHOBOI KHCAOTH Y BIAIIOBiAHII IIp0o06i
IIpobGa No1 No 2 No 3 No 4 Ne 5 Ne 6 Cepeane 3HaueHH:
% 1,31 1,33 1,35 1,34 1,33 1,32 1,330,01
EsieMeHTHUHA  CcK/JIa[,  HeOpraHivyHoi (HopMaJstizalissi po60TH TOPMOHIB), depyMy

YaCTUHU KOMILJIEKCY-MallepaTy HaBeJeHO Y
Tabs. 5. BiH Bka3ye Ha Te, L0 JIOCJi>KEHUN
KOMILJIEKC € /PKepeJioM MaKpo-, MIKpo- Ta
yJbTpaMikpoesieMeHTiB. 0C06JIMBO BaKJIMBUM
(Pohorelov et al, 2017) € HasfBHICTb LUHKY

(ctumysisinis GyHKILIl KpOBOTBOPHUX OpPraHiB),
KaJbLil0 (aKTUBHICTb HEPBOBOI CUCTEMU Ta
iH.), HWoay (PyHKLiOHYBaHHS ILMUTOINOJIGHO]
3aJ103H).

Tatauys 5

EAeMeHTHHIT CKAQA HEOPTaHIYHOI YaCTUHU KOMIIAEKCY-MallepaTy

Kiaskicts eaemenTis (mr/100r)
EAeMerT y BiAIOBiAHIN Ipo6i
Ne 1 Ne 2 Ne 3 Ne4 | Ne5 | Neé Cepeane
SHAYCHHA
Al 0,03 0,02 0,02 0,04 0,03 0,04 0,03+0,01
Ca 1,05 1,07 1,04 1,04 1,09 1,07 1,06+0,02
Fe 0,97 1,00 0,95 0,98 0,96 0,98 0,97+0,02
Si 0,22 0,20 0,21 0,21 0,22 0,20 0,21£0,01
Cu 9-105 1,10-104 9-105 1,5-10 1,210+ | 1,2-10* 1,13-104+2,3-10°5
K 0,07 0,09 0,08 0,08 0,09 0,07 0,08+0,01
I 0,003 0,002 0,002 0,001 0,001 0,003 0,002+8,9-10
P 0,11 0,09 0,07 0,10 0,08 0,09 0,09+0,01
Zn 0,004 0,003 0,002 0,002 0,003 0,004 0,003+8,9-10
Mn 9,0-10 1,0-104 1,1-104 1,1-104 9,0-105 | 9,0-10° 1,0-104+8,9-10
Ti 4,010 5,0-104 5,0-104 6,0-104 50104+ | 5,0-10+ 5,0-10-4+6,3-105
BucHoBku Ta MikpoesneMeHTiB (Ca, Mg, K, Fe). EnemeHT-
Pe3ysibTaTu 4KICHOrO Ta KIJIbKICHOTO HAW CKJaJ, CBiUUTb NpPO MEepCHeKTUBHICTb
aHa/lidy BU3HAYE€HHS OCHOBHOTO  CKJIagy BUKOPHUCTaHHsS KOMIUIEKCY y BHPOOGHHIITBI

KOMILJIEKCY-MallepaTy Ha OCHOBI OypLITHUHY
NiATBEP/KYIOTh  HAABHICTb Yy  KOMILJIEKCI
oyputiHoBoi kucaotu (1,33 % 3a macorw),
BiTaMmiHiB A, E, K, F, PP, D Ta rpynu BiTamiHiB B
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KOCMETUYHUX Ta papMaleBTUUHUX NPOJYKTIB
3a YMOBM J0[JaTKOBUX XiMiUYHHUX, 6i10XiMiUHUX,
JOKJIHIYHUX, KJIHIYHUX, TEXHOJIOTIYHUX Ta
€KOHOMIYHUX AOCJiKEHb.
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An example of writing the Latin names of taxa and syn taxa in one article:
PLATANUS L. GENUS IN TRANSCARPATHIA

PIJT PLATANUS L. HA 3AKAPITIATTI

ABSTRACT

... the coexistence of other Platanus L. species... Picea abies (L.) Karst.

... the study of the genus Platanus in the ... as Platanus acerifolia (Aiton) Willd. is a...

... the genus Platanus in Transcarpathia will.... Picea abies...

The spruce forest communities of the Dnieper part of Eastern Polesie belong to the
Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 and Querco-Piceetum (Matuszkiewicz 1952)
Matuszkiewicz et Polakowska 1955 associations of the Piceion excelsae Pawtowski et al. 1928
alliance of the Piceetalia excelsae Pawtowski et al. 1928 order of the Vaccinio-Piceetea Br.-Bl. in
Br.-Bl. et al. 1939 class.

The natural spruce forest of the Querco-Piceetum association...

Key words: introduced plants, Picea abies (L.) Karst., Platanus L., Transcarpathia

AHOTALIA

... MbKBU10BUX Ti6puAiB poay Platanus L. ...is Picea abies (L.) Karst.

... Tibpuau pony Platanus ... Picea abies...

... HanexuTb A0 Buay Platanus acerifolia (Aiton) Willd. i mae cTaTycy...

YrpynoBaHHS SJIMHOBHUX JIICIB MPUAHINPOBCbKOI YacTUHU CxigHoro Ilosicca HasexaTb [0
acouiauit Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 Ta Querco-Piceetum (Matuszkiewicz
1952) Matuszkiewicz et Polakowska 1955 3 coro3y Piceion excelsae Pawtowski et al. 1928 nopsaaky
Piceetalia excelsae Pawtowski et al. 1928 knacy Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939.

[IpupoaHuit SMMHHUK acoujianii Querco-Piceetum...

Kirouosi cioBa: 3akapnaTTs, poCIMHU-IHTpOAYLeHTH, Picea abies (L.) Karst., Platanus L.

Formulation of the problem

In ... two primary progenitors: Platanus orientalis L. and P. occidentalis L. Additionally, there are
several natural hybrid species, including the P. acerifolia (Aiton) Willd., P. cuneata Willd,, P. digitata
Gord., P. hispanica Miinchh. and others.

Results and discussion

P. occidentalis also known simply as «sycamorey, ..., Ficus sycomorus L., which is ... and even the
Acer pseudoplatanus L....

...Platanus orientalis along with...

Fig. 1: Platanus acerifolia (Aiton) Willd (photo by Ivan Dzurenko)
...P. occidentalis is notably affected by the fungus Gloeosporium nervisequum (Fuckel) Sacc....
... Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 association...

Table. Structure of the Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 association

...Eu-Piceetum is formed in an ecotone area ...

... both Platanus occidentalis and P. acerifolia grew....

... phytocenoses of the Epilobietea angustifolii Tx. et Preising ex von Rochow 1951 and
Robinietea Jurko ex Hadac et Sofron 1980 classes are formed...

Conclusions
... Among these species is P. acerifolia.
..., phytocenoses of the Epilobietea angustifolii class is...
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*The next line is the mandatory ORCID of the author (the profile must be filled and open for
public viewing).

*The next line is the author's ResearcherID (if available), the author's Scopus-AuthorID
(if available).
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works, indicating the index and country.

14. At the end of the page, the date it was sent to the editorial office of the magazine is indicated.

The article is accompanied by a list of 2-3 potential reviewers (PhD and/or Doctors of
Sciences who carry out research in a specialty that corresponds to the topic of the material submitted
for publication, and are authors (co-authors) of a total of at least three publications in scientific
publications included in category «A» and/or category «B» of the List of scientific specialized
publications of Ukraine, and /or in foreign publications indexed in the Web of Science Core Collection
and/or Scopus databases for the relevant specialty, published within the last five years) with an
indication of their place of work, scientific interests, ORCID and Google Scholar, e-mail.

Submission, publication and access to published articles are free.
The text of the article and additional materials should be sent by e-mail to the address
lukash2011@ukr.net or bht.journal.nuchc@gmail (indicate the author’s last name in the letter).

EDITORS OF THE JORNAL ARE NOT RESPONSIBLE FOR THE CONTENT OF THE ARTICLES
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publication choosing from the list: 1) study design, 2) data collection, 3) statistical analysis,
4) manuscript preparation, 5) funds collection.
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NepeHocCiB.

CTpykKTypa craTTi:
1. Inpexkc Y/IK, 3 a63aLiHMM BiACTYNOM, y BEepXHbOMY JIiIBOMY KYTi IepILOi CTOPiHKH.
2. HactynHu# psajiok - iM’s1 Ta npi3Buile aBTopa (aBTOPiB) aHIJIiHCbKOK MOBOIO.

3. HactynHuii pss/jok - Ha3Ba CTATTi aHIVIIHCbKOI0, YKPAIHCHKOIO Ta MOJILCHKOIO (IKL[O CTATTS
HalKcaHa IMOJIbCbKOIO MOBOIO) ab0 aHIJIIMCbKOI Ta YKpaiHChKOIO (SKIO CTAaTTs HamMcaHa
YKpaiHCbKOI MOBOI0O), BEJIUKUMU GYKBaMH, 6€3 a63allHOTo Bi/ACTymy, BUPiBHAHO IleHTpoM. Ha3Ba
Ma€ 6yTH KOPOTKOIO (He Gisibliie 8 ciiB) i Bijo6paXkaTH 3MiCT CTATTi.

4. HacTynHUH psaJOK - aHOTallid aHIJiHCbKOK0, MNOJbCbKOK (fKILO CTATTA HamucaHa
N0JIbCbKOI) Ta yKpaiHCbKOI MOBaMHU (i3 3a3HaueHHsAM cioBa «kKAHOTALIS» BifgnoBigHO0 MOBOIO,
10 LIeHTPY; TEeKCT aHoTallii 3 a63alHUM BiJICTyNOM, BUPiBHSIHO IIMPUHOIO TEKCTY, iHTEpBaI MixX
psakaMyd oauHapHui). 06car - He MeHiie 1800 cuMBoOJIiB 3 mpo6GisiaMu. AHOoTallisd MOBHHHA
MiCTUTH BU/IiJIEH] })KUDHUM TE€KCTOM HACTYMHI CTPYKTYpPHIi eJleMeHTH: MeTa po060TH, METOA0JIOT i,
HayKOBa HOBHU3Ha, BUCHOBKHM.

5. HactynHuil psfok — KJIIO40Bi cjoBa (caoBocnosydyeHHs «K/1lo4oBi c/10Ba» HamiBXXKUPHUM
mpudTOM, ab3alHUHN BiCTYI, BUPIBHSHO IIMPUHOIO TEKCTY, iHTEepBaJ MiXK psAZIKaMU OJJTMHAPHUH ).
He 6isibliie ’ITH KJIIOYOBUX CJIB.

6. Uepe3 psA0K - OCHOBHMM TEKCT CTaTTi BiJIMOBIAHO A0 CTPYKTYPHUX e€JIEMEHTIB:
NMOCTAaHOBKA NP06JieMH, pe3yJibTaTH AOCAIA)KeHHS, BUCHOBKH.

7. Y TeKcTi cTaTTi MaloTh OyTH OCUJIAaHHS Ha BCi /PKepeJia y CIUCKY JIiTepaTypH.
[TocuaHHA HA JiTepaTypHi AKepesa NOJAThCS Y KPYTJIUX AYKKaX 3 BKa3aHHAM Mpi3Buli(a)
aBTopa(iB) y XpOHOJIOTIYHOMY NOPSAAKY, HAPUKJIA/I:

oauH aBTOp - Lukash, 2019;

nBa aBTopu - Tkachuk & Zelena, 2020;

TPHU aBTOPH Ta b6isbiie - Kurmakova et al., 2021.

[TocusiaHHsA Ha BUJJaHHS 6€3 aBTOPiB 3/1iHCHIOETHCSA BiiMOBiHO A0 mpaBua APA cruio.
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8. Tabsuiji, cxeMU, pUCYHKH, AiarpaMy NOBUHHI OYTH aBTOPCbKHMH, a2 He CKOMiOBaHUMH 3
iHIIMX BUJIJaHb Ta MPOHyMepoBaHi. Po3MilyroTbcs 6e3 ab3ally B LeHTpi CTOPiHKK 6e3nocepeHbo
MicJisl MOCUJIAaHHS HAa HUX Y TEKCTI CTaTTi a6o Ha HacTynHiK ctopiHui. CioBo «Tabauus» Ta it Homep
NUIIYTHCA 3BepXy BUPIBHAHO CIpaBa, a PAAKOM HUKYe BHUPIBHAHO LEHTPOM - Ha3Ba TaOJIUL.
[ntoctpanii (pucyHkH, 6J10K-cxeMH, rpadiku) MOBHHHI OyTHM BUKOHAaHI B OJHOMY 3 rpadiuHux
penakTopiB. PUCYHKM MOXHa NoJaBaTH KOJbOPOBUMHM. B0K-cxeMu Ta pUCYHKHU (MOBUHHI OyTH
3rpymnoBaHi) A0JaTKOBO MOJAAIOTbLCA OKpeMUMHU (ailslaMy B eJJleKTPOHHOMY BUIJAJL. Lmtoctpanii
iU CYIOTbCA 3HU3Y BUPIBHAHO LIEHTPOM.

9. ®opmMy.iv Ta 6YKBeHI T03HAY€HHS BeJIMYUH HabupatoThcs y pefakTopi MathType-Equation
i mojarwThcA B TeKCTi abo0 OKpeMOMy psiiKy 6e3 ab3aliHOro BiACTYNy BUPIBHAHO LEHTPOM,
HyMepyTbhCa apabCbKUMU [UPpPaMU B KPYTJIUX AyKKaX 3 IPaBOro 60Ky CTOPiHKHU.

10. ITicis OCHOBHOTrO TEKCTY CTAaTTi MOJAETHCS CIUCOK JIiTepaTypu. Y HbOMY MalTb OYTH
JIMILIE Ti JPKepeJia, Ha sIKi 3po6JieHo mocuiaHHe ¥ TeKcTi. CioBo «References» nuiieTbcst BUPiBHSAHO.
Cnucok nmocuJiaHb Ha JpKepesia iHpopMalii noaetTbes y andaBiTHIN NOCAiOBHOCTI 32 JJaTUHUIIEIO.
/bxkepena, ki B oOpuriHajsi HamucaHi MOBaMH, Jie BUKOPUCTOBYETbCS JIATUHCbKUK WIPUPT,
N0/]al0ThCSl MOBOIO opuriHaiy, opopmieHoMy 3a APA ctunem. /kepeia, AKi HallMCaHi y OpUriHany
MOBOI0 3 KHUPWJIMYHUM HAMMWCAaHHAM, MOJAITbCA JBOMa ab63alaMU TaKMM YHUHOM: CIOYATKY
nepeKJaJ aHIJIiCbKOK MOBOIO (He TpaHcaiTepanis!), obopmieHuit 3a APA cTuiem i3 3a3Ha4YeHHAM
MOBU BHJAHHSA Y KPYIJIUX AyKKaX, a y Apyromy ab63aii — MoBoto opuriHaay 3a JACTY 8302:2015.
bibniorpadiune nmocunanus. 3aranbHi MOJIOKEHHS Ta MPABUIIA CKJIAIAHHS

Hanpuknan:

Tkachuk, N. V., & Zelena, L. B. (2022). Biosafety in the formation of professional competences
of bachelors from the courses «Microbiology and virology with the basics of immunology» and
«Genetics». Environmental sciences, 2(41), 41-145. https://doi.org/10.32846/2306-9716/2022.eco.2-
41.24 (in Ukrainian)

Tkauyk H. B., 3enena JI. b. bio6e3neka npu popMyBaHHI paxoBUX KOMIETeHIiil 6akaaBpiB 3
KypciB «Mikpob6ioJsioria i BipycoJsioril 3 ocHoBaMu iMyHoJiorii» Ta «I'eHeTHUKa». EKo/102i4HI HayKu.
2022.N22(41). C. 141-145. DOI: https://doi.org/10.32846/2306-9716/2022.eco0.2-41.24

11.Y TekcTi cTaTTi BXUBaWOThCA Taki 3HaKU: Janku - (« »), anoctpod - ('), uepe3 mpoobia
TUpe (-), a He Aedic (-). IBokpanka (:) ctaBUTbCs 6€3 npobiy.

12. CsioBa, CJIOBOCIIOJIyYE€HHS Ta peYeHHS JIATUHChKOI MOBOK Y CTATTi BUAIJIAIOTH KYPCUBOM,
He3aJIe)KHO BiJf MOBM HallMCaHHS CTaTTi.

[Ipuknaau:
... the plant extract was carried out in vitro by the Kirby-Bauer disc...
... € BAXKJIMBUMHU 6ioMapKepaMH in vivo i 6i0MOHITOPUHTY...

Takconu (yci) Ta CHHTaKCOHU POCJIMHHOCTI HABOAATD JIKILE JJATUHCHKOI0 MOBOIO | BUAIIAIOTH
KYpPCHUBOM. 3BUYaHUM WIPUGTOM CJiJ, HABOAUTH aBTOpa(-iB) TAKCOHY UM CUHTAKCOHY 3a MepILoro
3ralyBaHHs y KOXHil CTPYKTYpHiM 4acTHHI cTaTTi (Ha3Bi, aHOTaLifIX Ta KJIOYOBUX CJA0BaX Oy/Ab-
SIKOI0 MOBOI0, BJIaCHe TeKCTi (Tisi) cTaTTi), a Takox Miinycax A0 TabJiulb Ta PUCYHKIB.

AKio y cTaTTi 3rafyoThCca BUAY, AKI HajJleKaThb [0 OJAHOT0 POAY, i MXK LIMMHU 3ra/jlyBaHHAMHU
HeMa€ 3raJlyBaHb BU/IB IHIIUX POJIB, TO NiCJA MepIIOro HallMCaHHA IOBHOI BU0BOI Ha3BU Jasi y
TEeKCTI Ha3By BUAY CJIiJ, [OJABATHU, CKOPOYYIOYM HA3By pOAy A0 Ieplioi JiiTepu 3 Kpamnkor. lle
NpaBUJIO 3aCTOCOBYETHCS Y MexXaxX O0y/ib-KOI CTPYKTYPHOI YaCTUHM CTATTi, @ TaKOX MiJMUCIB 70
TabJIMIb Ta PUCYHKIB.
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[Ipuksiaj HanMCcaHHS JJATUHCbKUX HAa3B TAKCOHIB i CUH TaKCOHIB Y OJHIN CTATTi:

PLATANUS L. GENUS IN TRANSCARPATHIA
PIJI PLATANUS L. HA 3AKAPIIATTI

ABSTRACT

... the coexistence of other Platanus L. species... Picea abies (L.) Karst.

... the study of the genus Platanus in the ... as Platanus acerifolia (Aiton) Willd. is a...

... the genus Platanus in Transcarpathia will.... Picea abies...

The spruce forest communities of the Dnieper part of Eastern Polesie belong to the Eu-Piceetum
(Cajander 1921)  Keilland-Lund 1967 and  Querco-Piceetum  (Matuszkiewicz 1952)
Matuszkiewicz et Polakowska 1955 associations of the Piceion excelsae Pawtowski et al. 1928
alliance of the Piceetalia excelsae Pawtowski et al. 1928 order of the Vaccinio-Piceetea Br.-Bl. in
Br.-Bl. et al. 1939 class.

The natural spruce forest of the Querco-Piceetum association...

Key words: introduced plants, Picea abies (L.) Karst., Platanus L., Transcarpathia

AHOTALIA

... MbXKBUZ,0BUX TibpuAiB poay Platanus L. ...is Picea abies (L.) Karst.

... Tibpuau pony Platanus ... Picea abies...

... HanexuTb A0 Buay Platanus acerifolia (Aiton) Willd. i mae cTaTycy...

YrpynoBaHHs fIJIMHOBUX JICIB NPUAHINPOBCBKOI 4acTuHU CxigHoro Ilosicca HanexaTb f0
acouianit  Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 Ta Querco-Piceetum
(Matuszkiewicz 1952) Matuszkiewicz et Polakowska 1955 3 coto3y Piceion excelsae Pawtowski
et al. 1928 nopsaaky Piceetalia excelsae Pawtowski et al. 1928 knacy Vaccinio-Piceetea Br.-Bl. in
Br.-Bl. et al. 1939.

[IpupoaHuM ATMHHUK acouianii Querco-Piceetum...

Kirouosi cioBa: 3akapnaTTs, poc/IMHU-IHTpOoAYyLeHTH, Picea abies (L.) Karst., Platanus L.

Formulation of the problem

In ... two primary progenitors: Platanus orientalis L. and P. occidentalis L. Additionally, there are
several natural hybrid species, including the P. acerifolia (Aiton) Willd., P. cuneata Willd,
P. digitata Gord,, P. hispanica Miinchh. and others.

Results and discussion

P. occidentalis also known simply as «sycamorey, ..., Ficus sycémorus L., which is ... and even the
Acer pseudoplatanus L....

...Platanus orientalis along with...

Fig. 1: Platanus acerifolia (Aiton) Willd (photo by Ivan Dzurenko)
...P. occidentalis is notably affected by the fungus Gloeosporium nervisequum (Fuckel) Sacc....
... Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 association...

Table. Structure of the Eu-Piceetum (Cajander 1921) Keilland-Lund 1967 association
...Eu-Piceetum is formed in an ecotone area ...

... both Platanus occidentalis and P. acerifolia grew....

... phytocenoses of the Epilobietea angustifolii Tx. et Preising ex von Rochow 1951 and
Robinietea Jurko ex Hadac et Sofron 1980 classes are formed...

Conclusions
... Among these species is P. acerifolia.
..., phytocenoses of the Epilobietea angustifolii class is...
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13.Tlicnga cnucky JiTepaTypHUX [IKepesl HaJla€TbCs iHPopMallis Npo KOXKHOTrO aBTopa

AHIJIIICBKOI0 MOBOIO:

*[lepminii psgok - Surname, Name [in Ukrainian: Ilpi3Buine IM’'s1] 1[i], mocaga, HaykoBu#
CTyNeHb Ta BUeHe 3BaHHA (3a HasABHOCTI), e-mail.

*HactynHuil psafok - o60B’si3koBe 3a3HaueHHSA ORCID aBTopa (npodinb MOBUHEH OYyTH
3all0BHEHHUH Ta BiAIKPUTUH AJ15 Nlepersaay rpoMaiCbKOCTi).

*HacTynHuM psijiok - 3a3Ha4yeHHs ResearcherID aBTopa (3a HassBHOCTI), 3a3Ha4eHHS Scopus-
AuthorlID aBTopa (32 HassBHOCTI).

*HacTynHuM psAfoK - 3a3Ha4eHHs opraHisalii, B AKii paLie aBTop.

*HacTtynHuil psiiok - 060B’s1I3K0OBe 3a3HAa4YeHHsI MOBHOI aZjpecy opraHisaiyii, y kil npairoe
aBTOp, 3 YKa3aHHAM iHJEeKCy Ta KpaiHH.

14. Y KiHILi CTOPiHKY BKa3y€EThCA JaTa ii HaiCUJIaHHSA Y peaKIlilo XKypHaJy.

Jlo cTaTTi AOAAETHCA CIMCOK 2-3 NMOTEeHLiiHUX peleH3eHTIiB (KaHAuAaTiB HayK Ta/abo
JOKTOpiB HayK, sKi 3[iMCHIOIOTb [AOCJiIPKEHHS 3a CHeljiaJbHICTIO, 10 BiANOBIJA€E TeMaTHUIli
no/laHoro AJid ny6utikallii MaTepiasy, i € aBTopaMu (CiBaBTOpaMH ) 3arajibHoOO KiJIbKiCTIO HE MeHIlIe
TPbOX MyOJIiKallid y HayKOBUX BUJAHHSAX, BKJIKYEHHUX A0 KaTeropil «A» Ta/abo kateropii «b»
[lepesniky HaykoBuX ¢paxoBUX BUIaHb YKpaiHH, Ta/ab0 y 3aKOp/JOHHUX BU/IAHHSAX, IPOiH/IeKCOBAaHUX
y 6asax manux Web of Science Core Collection Ta/a6o Scopus 3a BiAnoOBiIHOW crHeliaJibHICTIO,
ONpPUJIIOJHEHUX YNPOJOBXK OCTAHHIX M'ATU POKIB) i3 3a3HauYeHHSM iX Micusg poO6OTH, HAYKOBUX
inTepecis, ORCID Ta Google Scholar, e-mail.

IlogaHHA MaTepiaJiiB, ny6JIiKaLis Ta ZOCTyN A0 ONy06/IIKOBaHUX CTaTeil 6€3KOLITOBHO.
TekcT craTTi 1 JOJATKOBI MaTepia/Ju HaJACUJATU eJIeKTPOHHOX IMOUITOK Ha ajpecy
lukash2011@ukr.net a6o bht.journal.nuchc@gmail (y sincTi Bka3zaTu npisBuiie aBTopa).

PEJIAKIIIA KYPHAJIY HE HECE BIAINIOBIJIAJIBHOCTI 3A 3MICT CTATEW TA MOXKE HE
NOAI/IATHU AYMKY ABTOPA!

[i] * BkasaTu BHecok BianoBigHoro (1 - mepuioro, 2 — Jpyroro Toi0) aBTopa y nyoJikarlliro,

o6paBuin 3 mepeJiky: 1) study design, 2) data collection, 3) statistical analysis, 4) manuscript
preparation, 5) funds collection.

188


https://journal.chnpu.edu.ua/index.php/biota/about/submissions#_edn1
mailto:lukash2011@ukr.net
https://journal.chnpu.edu.ua/index.php/biota/about/submissions#_ednref1

Biota. Human. Technology. 2024. No 3 Electronic edition

SCIENTIFIC EDITION

Biota. Human. T

a4

&

International Scientific Journal

BHT : Biota. Human. Technology / HaniionanibHUM yHiBepcATET
«YepHiriBcbkur KoJieriym» iMeHi T.I.IlleBuyeHka; roJ. pen.

0.B. Jlykai. 2024. Ne3. 189 c.

Designer — N. Tkachuk
Photo of the title page — 0. Lukash
Editing - O. Lukash, I. Kurmakova, 0. Syza, H. Tkaczenko, N. Tkachuk, O. Klimova
Administrator of site — N. Tkachuk
Designer cover — N. Tkachuk

Passed for printing
26.12.2024 Format A4

Editorial and Publishing Department of T.H. Shevchenko National University
«Chernihiv Colehium», 53 Hetmana Polubotka Street, Chernihiv, 14013,
Ukraine

Phone: +38(046)265-1799

nuchk tipograf@gmail.com

189


mailto:nuchk.tipograf@gmail.com

