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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

ra’
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AHOTAIIA

AKTyanpHUM | NepuIOYeproBUM 3aBJAaHHSAM [ KOXXHOrO 06’€KTa NMPUPOJHO-3anoBigHOrO GoHAY € MOBHA
iHBeHTapu3alis 6i0TH, B TOMY YUC/i CYAUHHUX POCIUH SIK 6231 N0JaJIbIIOro 60TaHIYHOI0 MOHITOPHHTY.

MeTa. HaBecTH y3araJibHIOKOUYHH epesliK BUAIB CyUHHUX POCTUH CIIOHTAHHOI GJIopU TepuTOpii perioHaJbHOT0
gangmadTHoro napky (PJII) «fdniBuuaa»

MeTopouoris. [losboBi focaigpkeHHss npoBoauarcsa B nepiog 2015-2022 pokiB AeTajlbHO-MapLIPYTHUMU Ta
HamniBCTal[iOHAPHUMH METOJJaMH y Mekax QYHKI[iOHAJIbHUX 30H MapKy, Horo sicoBux ekortomniB PJII «faiBupna» Ta
3/iliCHEeHO y3araJbHeHHs aBTOPCbKUX JaHUX 110/,0 GiTOpi3HOMaHITTA napky. [Ipy BUBYeHHI ¢pJiopu 6y BUKOPUCTAHI
3araJibHOBM3HaHi MeTo AU GJIOPUCTUYHOIO0 aHa 1i3y. Ha3BY TaKCOHIB Cy/IMHHUX POCIHH HaBOASATHCS HA OCHOBI Cy4aCHHUX
HiZIX0/1iB HOMEHKJIATYPH Ta 3rifiHO AaHKX HanioHanbHOI Mepexi inpopmariii 3 6iopisnomanitTs (UkrBIN).

HaykoBa HoBuM3HaA. Ha mnifcraBi npoBeJeHMX BJacHUX (JIOPOXOPOJIOTIYHUX JOCHi[KeHb, ONpalloBaHH:
repbaprHoi koseknii HanioHasbHoro yHiBepcuteTy «YepwiriBcbkuih koseriym» imeni T.I. llleBueHka Ta aHasizy
JIiTepaTypHUX JpKepeJs yIleplle CK/IaZeHO CHHUCOK CYJMHHUX POCJAMH CHOHTaHHOI ¢uiopu Ajasa Teputopii PJIII
«fniBwrHa» y micti YepHIrosi.

BuCHOBKM. Y ckiaAi cnoHTaHHOI ¢Jiopyd perioHasbHOro JaHAMATHOrO NapKy «fAniBIIMHa» BUSBIEHO
605 BUIB, 1110 32 CUCTEMAaTUYHOIO CTPYKTYPOIO PO3NOAiAAIThCA MiX 340 pogamu, 95 poAUHAMU CYJUHHUX POCJUH.
3arasioMm ciifg BigsHayuTH, mo ¢uopa P «SmiBuimHa» XapaKTepU3YEThCS 3HAYHUM BHJOBUM Pi3HOMAaHITTSM,
HasIBHICTIO pSAAY PifIKiCHUX TaKCOHIB (22 BUJY CYAUHHUX POCIKH). Y ckai Jiopu napKy nepeBakatoTh NPUPO/HI BUAU
JIiCOBOI Ipyny, aze [0 il CKJIaly BXOJATh TAK0XK PsAJi CAHAHTPOITHUX i iHTPO/[yKOBaHUX BU/IIB, 1110 MAlOTh pparMeHTapHe
NOIIMPEHHS, 1 Ije MOB’SA3aHO0 3 TPUBAJUM aHTPOINOTEHHUM BIJIMBOM Ha TepuTopito PJIII «dniBiminHa» Ta icHyBaHHSAM Ha
il TepuTopii 6oTaniuHoro cagy B 50-70-x pokax XX cTOMTTS.

Kirwo4oBi cioBa: ¢iTopisHOMaHITTS, CyAUHHI POCAMHU, IPUPOI00XOPOHHI TepuTopii, YepHiriBcbke [louiccs,
perioHa/ibHUH JaHA AP THUHN MTapK «SiBIHA», MicTo YepHiriB

ABSTRACT

A complete inventory of biota, including vascular plants as a basis for further botanical monitoring, is an urgent
and priority task for each object of the nature reserve fund.

The purpose of the article. Provide a general list of vascular plant species of the spontaneous flora of the territory
of the regional landscape park (RLP) «Yalivshchyna».

Research methodology. Field research was conducted in the period of 2015-2022 by detailed route and semi-
stationary methods within the functional zones of the park, its forest ecotopes of the Yalivshchyna RLP, and the author’s
data on the phytodiversity of the park were summarized. When studying the flora, generally recognized methods of
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floristic analysis were used. The names of vascular plant taxa are given on the basis of modern nomenclature approaches,
according to the data of the National Biodiversity Information Network (UkrBIN).

Scientific novelty. On the basis of our own florochorological studies, processing of the herbarium collection of the
T.H. Shevchenko National University «Chernihiv Colehium» and the analysis of literary sources, a list of spontaneous
vascular plants was compiled for the first time for the territory of the «Yalivshchyna» RLP in Chernihiv city.

Conclusion. In the composition of the spontaneous flora of the regional landscape park «Yalivshchyna»
605 species were found, which according to the systematic structure are distributed among 340 genera, 95 families of
vascular plants. In general, it should be noted that the flora of the «Yalivshchyna» RLP is characterized by significant
species diversity, the presence of a number of rare taxa. The flora of the park is dominated by natural species of the forest
group, but it also includes a number of synanthropic and introduced species that have a fragmented distribution, and this
is due to the long-term anthropogenic impact on the territory of the «Yalivshchyna» RLP and the existence of a botanical

garden on this territory in 50-70s of the 20th century.

Key words: phytodiversity, vascular plants, nature conservation areas, Chernihiv Polesia, regional landscape park

«Yalivshchyna», Chernihiv city

ITocranoBka poGaemn

Axmyanvricms pobomu. IlepcrieKTUBa iHTer-
paiii icHyr4Y0l NpUpoHO-3aloBiAHOI Mepexi
YkpaiHu i3 3arajibHO-€BpPONENChKOI0 Ta NPO6-
JieMa 30epekeHHs O6iOpi3HOMaHITTS pi3HUX
perioHiB NpuUBepTawTb yBary A0 IpPUPOAO-
OXOPOHHUX TEPHUTOPiH, 0CO6JMBO B Mexax
ypbaHi3oBaHHUX eKocucTeM. BigmoBigHO [0
1bOr'0 aKTyaJIbHUM I IleplioYeproBUM 3aB/laH-
HAM JJIS  KOXHOTO O00’'€KTa HpPUPOJHO-
3anoBigHoro GoHAYy € MOBHA iHBEHTapHU3allid
6i0TH, B TOMY YHCJi CYIMHHUX POCJMH K 623U
N0/|a/IbIIOr0 60 TAHIYHOTO MOHITOPUHTY.

TepuTopiss perioHasbHOro JaHAmadT-
Horo napky «fAnaiBmuHa» (gani PJII «fAnis-
IIMHa») 3HAxXOJUTbCS B TiBJeHHO-3aXiAHIN
yacTuHi Micta YepHiroBa. BoHa BKJIIOYaE
JUJITHKM 3amjiaBd Ta 60poBOi Tepacu piuku
CTpukKeHb | XapaKTepU3yETHCA PO3TaTYKEHOI0
cucteMoro fApiB i 6aJok B MOEAHAHHI 3
PIBHUHHUMU [AIJIAHKAMU.

IcTopyuuHo TepuTOpis ¢opmyBasacsd Ha
OCHOBI NpUPOAHOro Kapkacy, aJje MaJja
aHTponoreHHi TpaHcopmalii y pi3Hi nepiozay,
0COOJIMBO y Apyrii moJsioBuHi XX CTOJITTS.
Tak, 27 6epe3ns 1945 poky OyJjia npuiiHATa
nocrtaHoBa YepHiriBcbkoro o06JIBUKOHKOMY
npo opraxisanito YepHiriBcbKoro o6/acHoro
6oTaHiYHOTO cajy , MJolla SKOTO CTAaHOM Ha
1946 pik cknagana 170ra, a KoJiekLid
HaJstiuyBasia 480 BuaiB pocauH ta 720 coprTiB
JleKOpaTUBHUX pocuH [1]. Y TpaBHi 1956 p. Ha
Horo 6a3i 6yJ/io CTBOPEHO MiCbKUM OOTaHIYHUH
caji, 110 BiZMOBIAHO CTaJI0 MOYAaTKOM pyHHalii
L[i€l YyCTAaHOBU. Y MOJAJIBIIOMY CTAaTyC JAHOI
TEepPUTOpii 3MiHIOBAaBCA — BiJ] MapKy-nmaM ATKH
CaZloBO-IIApKOBOTO  MHUCTELTBA  MIiCLieBOro
3HavyeHHd (1964-1989) no sicoBoro 3aka3HuKa
Ha He3Ha4yHoI moi (7,2 ra 3 1991 poky) [1], a

3 28 6epe3Hs 2014 poky — TepuTOpii pekpeariii-
HOI0 NpU3HA4YeHHd Y KaTeropii «perioHajibHUN
JaHamadTHUM mapk» 1ouiero 1687 ra.
@parMeHTapHi BiOMOCTI MpoO OKpeMi rpymnu
dsopu Ta PJIOPUCTUYHI OCOBJUBOCTI TeEpHU-
Topil JociiPkeHb HaBeJeHi y psaai pobiT
aBTOpIB [2; 5].

Pe3yapTaTi AOCAIAYKEHHA

3riiHo 3 ¢i3uko-reorpapiyHUM pailoHy-
BaHHA YKpaiHW, TepuTopid «AsmiBIiAHU»
HaJIeXKUTb /10 pi3uKo-reorpadiyHOro nposiHILii
YepniriBcbkoro Ilosniccs 1 aBasge cob6oro
Ha/[3allJIaBHO-TEPACHY MiCLeBICTb, IOYJIEHO-
BaHY SIpY>KHO-0a/JIKOBOIO Mepexxelo, Ha (JitoBio-
rJIALia/IbHUX BiZIKJIaZlaX 3 CyNiaHUMU JepHOBO-
CepeiHbOMNIA30IMCTUMHU I'PYHTaMHU [6].

3rifHO  QJIOPUCTUYHOrO paloOHYBaHHSA
YKpalHy, TepUuTopia LOCAiJpKeHb HaJIeXKUTh 10
E€Bponelcbkoi o6Jacti, CxijHOeBpomecbKol
npoBgiHiiii, [Tosicbkoi mianpogiHii, JIiBo6epexkHo-
JIHIIPOBCHKOT0 OKPYTY [6].

B uisioMy npupoaHO-KJIMaTU4HI YMOBU
Teputopii PJIIl «dnaiBmimMHa» 3a KiJbKICTIO
TemnJia, CBiTJIa ¥ BOJIOTHM CHOPUATJAMBI s
3pOCTaHHS MepeBaXKHOI OiJbIIOCTI CYAUHHUX
POCJIMH OMipHOI 30HH.

BHacnifok npoBeseHUX (PJIOPUCTUUHUX
JlOCTi/KeHb, AeTaJbHOTO aHasli3y repbapHuX
360piB, Ha3B TaKCOHIB [3] i HasABHUX JiTepa-
TYPHUX JKepeJ Ta JaHuX HaljioHasibHOI Mepexi
iHpopmauii 3 6GiopisHomaniTTa (UkrBIN) [4]
HaMHU CKJI3JeHO IepesliK CYyAUHHUX POCIHUH
CrOHTaHHOI GJIopH, BUSBJEHUX HAa TEPUTOPIl
PJIIT «fAniBuwnHa», sAskui Hajaidye 605 BUAIB,
340 poais, 95 poauH, 5 kiaciB Ta 4 Bigaiau.
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IHBeHTapu3aLiiiHUI CIUCOK CYAUHHUX POCJHUH CHOHTAHHOI ¢pJiopH
Ha TepuTopii PJIII «AniBummuHa»

EQUISETOPSIDA

Poauna Equisetaceae
Egquisetum arvense L.

E. fluviatile L.

E. hyemale L.

E. sylvaticum L.

E. pratense Ehrh.

E. ramosissimum Desf,

POLYPODIOPSIDA

Poauna Onocleaceae
Mattenccia strubiopteris L.

Popuna Aspidiaceae

Dryopteris carthusiana (Vill.) H.P.Fuchs
Dr. dilatata (Hoffm.) A. Gray

D. filix-mas (L.) Shott

Gymmnocarpium dyyopteris (L.) Newm.
Polystichum aculeatnm (L.) Roth

Poauna Hypolepidaceae

Pteridinm aquilinum (L.) Kuhn

Poauna Athyriaceae

Athyrinm filisc-femina (L.) Roth ex Mert.

Popuna Thelypteridaceae
Thelypteris palustris Schott

Poauna Salviniaceae
Salvinia natans (L.) Al

Poauna Cystopteridaceae
Cystopteris fragilis (L.) Bernh.

PINOPHYTA

Poauna Pinaceae
Larix decidua Mill.
Picea abies (L.) Karst.
P. pungens Engelm.
Pinus nigra ].F.Arnold.
P. sylyestris L.

P. strobus L.

Poauna Cupressaceae
Juniperus commmunis L.

| sabina L.

|. virginiana L.

Thuja occidentalis L.

ANGIOSPERMS. MONOCOTS

Poauna Alismataceae
Alisma plantago-aquatica L.
Sagittaria sagittifolia L.

Poauna Amaryllidaceae
Allinm oleraceum L.

A. ursinum L.

Galanthus nivalis L.

Poauna Acoraceae
Acorus calamus L.

PoavHa Lemnaceae
Lemmna minor L.
Lemmna trisulca L.

Spirodela polyrhiza (L.) Schleid.

Poauna Hydrocharitaceae
Elodea canadensis Michx.
Hydrocharis morsus-ranae L.
Stratiotes alvides L.

Poauna Iridaceae
Iris pseudacorus L.

Poauna Asparagaceae
Asparagus officinalis L.
Polygonatum nuttiflorum (L.) AlL
Scilla bifolia L.

S. siberica Andr.

Maianthemum bifolinm (L.) F.W.Schmidt

Poauna Butomaceae
Butomus umbelatus L.

Poauna Cyperaceae

Carex acuta L.

C. acutiformis Ehrh.

C. digitata L.

C. hirta L.

C. leporina L.

C. pilosa Scop.

C. riparia Curt.

Schoenoplectus lacustris (L.) Palla.
Scirpus lacustris L.

Eleocharis palustris (L.) Roem. et Schult.
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Poauna Juncaceae
Juncus articulatus L.

. compressus Jacq.

. effusus L.

J. tenageia Ehrh. ex L.f)
Luzula campestris (L.) DC.
L. multiflora (Ehrh.) Lej.
L. pilosa (L.) Willd.

Popauna Liliaceae
Gagea lutea (L.) Ker Gawl.
G. minima (L.) Ker Gawl.
Convallaria majalis L.
Lilinm martagon L.

Poauna Orchidaceae
Epipactis helleborine (L.) Crantz
Plathanthera bifolia (L.) Rich.

Poauna Poaceae

Agrostis canina L.

A. gigantea Roth.

A. stolonifera L.

Alopecurns arundunacens Poir.
A. pratensis L.

Apera spica-venti (L.) P.Beauv.

Brachypodinm sylvaticum (Huds.) P.Beauv.

Briza media L.

Bromus carinatus Hook. & Arn.

B. hordeaceus L.

B. inermis Leyss.

Calamagrostis epiggjos (L.) Roth
Dactylis glomerata L.

Deschampsia cespitosa (L.) P.Beauv.
Digitaria sangninalis (L.) Scop.
Echinochloa crus-galli (L.) P.Beauv.
Ebhtrigia intermedia (Host) Nevski
E. repens (L.) Nevski

Festuca gigantea (L.) Vill.

F. ovina L.

F. pratensis Huds.

F. rubra L.

Glyceria maxima (Hartm.) Holmb.
G. fluitans (L.) R.Br.

Hordeunr murinum L.

Koeleria glanca (Spreng.) DC.
Lolinm perenne L.

L. pratense (Huds.) Darbysh.
Melica nutans L.

Phienm pratense L.

Phragmites anstralis (Cav.) Trin ex Steud.

Phalaroides arundinacea (L.) Rausch.
Poa annua L.
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P. bulbosa L.

P. compressa L.

P. nemoralis L.

P. palustris L.

P. pratensis L.

P. trivialis L.

Setaria verticillata (L.) P.Beauv.
S. viridis (L.) P.Beauv.

Poauna Potamogetonaceae
Potamogeton crispus L.

P. natans L.

P. pectinatus L.

Poauna Sparganiaceae
Sparganium emersum Rehm

Poauna Typhaceae (Poro3osi)
Typha angustifolia L.
T. latifolia L.

ANGIOSPERMS. EUDICOTS

Poauna Adoxaceae
Sambucus nigra L.

S. racemosa L.
Viburnum opulus L.

Poauna Amaranthaceae
Amaranthus cruentus L.

A. powellii S.Watson

A. retroflescus L.

Atriplex oblongifolia Waldst. & Kit.
A. patula L.

A. sagittata Borkh.

A. tatarica L.

Chenopodiastrum hybridum (L.) S.Fuentes,
Uotila & Borsch

Chenopodinm album L.

Ch. betacenm Andrz.

Ch. suecicum Murr:

Popauna Apiaceae
Aegopodinm podagraria L.
Aethusa cynapinm L.
Abnthriscus sylvestris (L.) Hoffm.
Chaerophyllum temulum L.
Coninm maculatum L.
Daucus carota L.

Erynginm planum L.

Falcaria vulgaris Bernh.
Oenanthe aquatica (L.) Poir.
Pastinaca sativa L.
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Pimpinella saxifrage L.

Peuedanum oreoselinum (L.) Moench.

Sium latifolium L.
Torilis japonica (Houtt.) DC.

PoauHa Anacardiaceae

Cotinus coggygria SCOP.
Rbus glabra L

Poauna Apocynaceae
Asclepias syriaca L.

V'inca minor L.

Vincetoxicum hirundinaria Medik

Poauna Araliaceae
Aralia elata (Miq.) Seem
Hedera helix L.

Poauna Aristolochiaceae
Avristolochia clematitis L.
Asarum europaenm L.

PoauHna Asteraceae
Achillea millefolinm L.
Awmbrosia artemisiifolia L.
Arctium lappa L.

A. tomentosum Mill.
Artemisia absinthinm L.
A. annua L.

A. marschalliana Spreng,
A. vulgaris L.

Asrer alpinus L.

A. novi-belgii L.

Bidens cernua L.

B. frondosa L.

B. tripartita L.

Carduns acanthoides L.

C. crispus L.

Centanrea cyanus (All.) Dost
C. jacea L.

C. phrygia L.

C. psendomaculosa Dobrocz
Cichorinm intybus L.
Cirsinm arvense (L.) Scop.
C. vulgare (Savi) Ten.
Crepis foetida L.

C. paludosa (L.) Moench
C. tectorum L.

Cyclachaena xanthiifolia (Nutt.) Fresen.

Erigeron annuus (L.) Desf.
Eupatorium cannabinum L.
Jurinea cyanoides (L.) Rchb.
Galinsoga parviflora Cav.

Gnaphalinm sylvaticum L.

Helianthus tuberosus L.

Heliopsis helianthoides (L.) Sweet.
Hieracinm umbellatum L.

Hypochaeris radicata L.

Inula bifrons L.

L salicina L.

Lactuca serriola L.

Lapsana communis L.

Leontodon antummnalis L.

Lencanthenum vulgare Lam.

Matricaria discoidea DC.

Mycelis muralis (L.) Dumort.

Picris hieracioides L.

Pilosella caespitosa (Dumort.) P.D.Sell & C.West
P. floribunda (Wimm. & Grab.) Fr.
P. officinarum F.Schultz & Sch.Bip.
Rudbeckia birta L.

Scorzoneroides antumnalis (L.) Moench
Senecio vulgaris L.

Solidago canadensis L.

S. virganrea L.

Sonchus arvensis Subsp. uliginosus (M.Bieb.) Nyman
S. oleracens L.

Tanacetum vulgare L.

Taraxacum officinale aggr.

T. proxcimum (Dahlst.) Dahlst.
Tragopogon dubius Scop.
Tripleurospermum inodorum (L.) Sch.Bip.
Tussilago farfara L.

Xanthium albinum (Widd.) H.Scholz

Poauna Balsaminaceae
Impatiens noli-tangere L.

I parviflora DC.

Poauna Berberidaceae

Berberis thunbergii DC.

B. vulgaris L.

Mahonia aquifolinm (Pursh.) Nutt.

Poauna Betulaceae
Alnus glutinosa (L.) Gaertn.
Betula pendula Roth
Carpinus betulus L.

Corulus avellana L.

C. corulna L.

Poauna Bignonioides
Catalpa bignonioides Walter


http://www.theplantlist.org/tpl1.1/record/kew-14042
http://www.theplantlist.org/tpl1.1/record/kew-14042
http://www.theplantlist.org/tpl1.1/record/kew-14042
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Poauna Boraginaceae Poauna Caryophyllaceae
Cynoglossum officinale L. Arenaria serpyllifolia L.
Echium vulgare L. Cerastium holosteoides Fries
Lithospermum officinale L. C. semidecandrnm L.
Lycopsis arvensis L. Dianthus borbasii Vandas
Mpyosotis arvensis (L.) Hill D. deltoides L.
M. palustris L. D. platyodon Klokov
M. sparsiflora L. Herniaria glabra L.
Nonea pulla (L.) DC. Moebringia trinervia (L.) Clairv.
Pulmonaria obscura Dumort. Moyosoton aquaticun (L.) Moench
Symphytum officinale L. Rabelera holostea (L.) M.T.Sharples & E.A.Tripp
Sagina procumbens L.
Poauna Brassicacea Saponaria officinalis L.
Alliaria petiolata (M.Bieb.) Cavara & Grande Silene vulgaris (Moench) Garcke
Apmoracia rusticana P.Gaertn., B.Mey. & Scherb. Stellaria holostea L.
Berteroa incana (L.) DC. S. graminea L.
Capsella bursa-pastoris (L.) Medik. S. media (L.) Vill.
Cardamine parviflora L. S. palustris Retz
Descurainia sophia (L.) Webb ex Prantl Viscaria vulgaris Rohl.
Diplotaxis muralis (L.) DC.
D. tenuifolia (L.) DC. Poauna Celastraceae
Draba verna L. Euonymus europaens L.
Erysimum cuspidatnm (M.Bieb.) DC. E. verrucosus Scop.
Lepidinm draba L.
L. ruderale L. Poauna Ceratophbyllaceae
Rorippa austriaca (Crantz) Besser Ceratophyllum demersum L.
R. sylvestris (L.) Besser
Sisymbrinm loeselii L. Poauna Convolvulaceae
S. officinale (L.) Scop. Calystegia sepium (L.) R.Br.
Thlaspi arvense L. Convolyulus arvensis L.
Poauna Campanulaceae Poauna Cornaceae
Campanula glomerata L. Cornus alba L.
C. patula L. C. sanguinea L.
C. persicifolia L.
C. rapunculoides L. Poauna Crassulaceae
C. sibirica L. Sedum acre L.
C. trachelinm L. S. album L.
Jasione montana L. S. maximum (L.) Suter.
S. pallidum M.Bieb.
Poauna Cannabaceae S. ruprechti Omelcz.
Cannabis ruderalis L. S. sexcangulare L.
Humnlus lupuins L. S. telephinm L.
Poauna Caprifoliaceae Poauna Cucurbitaceae
Dipsacus fullonum L. Echinocystis lobata (Michx.) Torr. et A.Gray
Knautia arvensis (L.) Coult.
Lonicera caprifolinm L. Poauna Dipsacaceae
L. tatarica L. Knauntia arvensis (L.) Coult.
Symphoricarpos albus (L.) S.F.Blake Scabiosa ochrolenca L.
Valeriana officinalis L.
Poauna Elaeagnaceae

Elaeagnus angustifolia L.
12
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Poauna Euphorbiaceae
Euphorbia eyparissias L.

E. falcata L.

E. saratoi Ard.

E. virgata Waldst. & Kit.
Mercurialis perennis L.

Poauna Fabaceae
Amorpha frutucosa L.
Astragalus glyeyphyllos L.
Caragana arborescens Lam.

Chamaecytisus ruthenicus (Fisch. ex Wot.) Klask.
Cladrastis kentukea (Dum.Cours.) Rudd.

Genista tinctoria L.
Gleditsia triacanthos L.
Lathyrus sylvestris L.

L. palustris L.

L. pratensis L.

L. vernus (L.) Bernh.
Lotus corniculatus L.
Lupinus polyphyllus Lindl.
Medjcago falcata L.

M. lupulina L.

M. sativa L.

Melilotus albus Medik.
M. officinalis (L.) Lam.
Omnonis arvensis L.
Robinia psendoacacia L.
R. viscosa Vent.
Trifolium alpestre L.

T. arvense L.

T. fragiferum L.

T. hybridum L.

T medinm L.

T montanum L.

T. pratense L.

T. repens L.

Vicia cracca L.

V. hirsuta (L.) Gray

V. sativa subsp. nigra (L.) Ehrh.

. tetrasperma (L.) Schreb.
1. villosa Roth

Poauna Fagaceae
Fagus sylvatica L.
Quercus robur L.

Q. rubra L.

Poauna Gentianaceae
Centaurium erythraea Rafn

PoavHa Geraniaceae
Erodium cicutarium (L.) L'Her.
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Geranium divaricatum Erhr
G. palustre L.

G. pratense L.

G. robertianum L.

G. sibiricum L.

Poauna Grossulariaceae
Grossularia reclinata (L.) Mill
Ribes aurenm Pursh

R. nigrum L.

Poauna Hydrangeaceae
Philadelphus coronarins L.

Popuna Hypericaceae
Hypericum maculatum Crantz
H. perforatum L.

Poauna Juglandaceae
Juglans cinerea L.

J. mandshurica Maxim.

J. regia L.

Poauna Lamiaceae
Ajuga genevensis L.

Ballota nigra L.

Betonica officinalis L.
Clinopodinm acinos (L.) Kuntze
C. vulgare L.

Galeopsis bifida Boenn.

G. speciosa Mill.

Glechoma hederacea L.

G. hirsuta Waldst. & Kit.
Laminm album L.

L. maculatum (L.) L.

L. purpureum L.

Leonurus quinguelobatus Gilib.
Lycopus enrgpaens L.

Mentha aguatica L.

M. arvensis L.

Origanum vulgare L.

Perilla frutescens (L.) Britton
Prunella vulgaris L.

Salvia pratensis L.

Scutellaria galericulata L.
Stachys palustris L.,

S. recta L.

Thymus serpyllum L.

Poauna (Melanthiaceae)
Paris quadrifolia L.


https://ru.wikipedia.org/wiki/Fisch.
https://ru.wikipedia.org/wiki/Wo%C5%82.
https://ru.wikipedia.org/w/index.php?title=Kl%C3%A1sk.&action=edit&redlink=1
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Poauna Malvaceae
Althaea officinals L.
Malva neglecta Wallr.
M. sylvestris L.

M. thuringiaca Vis.

Tilia cordata Mill.
T. americana L.

Poauna Moraceae
Morus alba L.
M. nigra L.

Poauna Oleaceae

Forsythia X intermedia Zab.
Fraxinus excelsior L.

F. pennsylvanica Marshall
Ligustrum vulgare L.

Syringa josikacea ].Jacq. ex Rchb.
S. vulgaris L.

Poauna Onagraceae

Chamaenerion angustifolinm (L.) Scop.

Epilobinm hirsutum L.
E. palustre L.
E. parviflorum Schreb.

Oenothera biennis L.
O. rubricanlis Kleb.

Poauna Orobanchaceae
Lathraea squamaria L.
Melampyrum nemorosum L.
M. pratense L.

Odontites vulgaris Moench
Rhbinanthus ninor L.

Poauna Oxalidaceae
Oxalis cornicnlata L.
O. stricta L.

Poauna Papaveraceae
Chelidonium majus L.
Corydalis solida (L.) Clairv.
C. intermedia (L.) Mérat
Fumaria schleicheri Soy.-WIlL.
F. vaillantii Loisel.

Papaver rboeas L.

Poauna Phyllantbaceae
Flueggea suffruticosa (Pall.) Baill

Poauna Phytolaccaceae
Phytolacca acinosa Roxb
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Poauna Plantaginaceae
Chaenorbinum minus (L.) Lange
Digitalis grandiflora Mill.
Linaria vulgaris Mill.
Plantago lanceolata L.

P. magor L.

P. media L.

P. uliginosa F.W.Schmidt
Veronica anagalloides Guss.
V. arvensis L.

V. beccabunga L.

V. chamaedyys L.

V. dillenii Crantz

V. incana L.

V. longifolia L.

V. officinalis L.

Veronica persica Poir.

V. polita Fr.

V. spicata L.

V7. verna L.

Poauna Lythraceae
Lythrum salicaria L.

Poauna Polemoneaceae
Phlox paniculata L.

Poauna Polygonaceae
Fallopia convolvulus (L.) A.Love
Persicaria hydropiper (L.) Spach
P. lapathifolia (L.) Gray

P. maculosa Gray

P. mitis (Schrank) Asenov
Pobygonum avienlare L.

P. amphibinm L.

P. hydropiper L.

Reynouria japonica Houtt
Rumex: acetosa L.

R. acetosella L.

R. confertus Willd.

R. crispus L. subsp. crispus

R. obtusifolins subsp. sylvestris (Lam.) Celak.

R. thyrsiflorns Fingerh

Poauna Portulacaceae
Portulaca oleracea L.

Poauna Primulaceae
Lysimachia numminlaria L.
L. vulgaris L.
Naumburgia thyrsiflora L.
Primula veris L.

Trientalis enropaea L.


https://ru.wikipedia.org/wiki/L.
https://ru.wikipedia.org/wiki/M%C3%A9rat
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Poauna Nympbhaeaceae
Nuphar lutea (L.) Smith

Poauna Ranunculaceae
Actaea spicata L.
Anemone nemorosa L.
A. ranunculoides L.
A. sylvestyis L.
Agquilegia vulgaris L.
Batrachinm agnatile Dumort.
Caltha palustris L.
Clematis recta L.
Consolida regalis Gray
Ficaria verna Huds.
Ranunculus acris L.

R. auricomus L.

R. ficaria L.

R. flammula L.

R. lingna L.

R. polyanthemos L.

R. repens L.

R. sclerantus L.
Thalictrum simplex L.
T. lucidum L.

Poauna Resedaceae
Reseda lutea L.

Poauna Rhamnaceae
Frangula alnus Mill.
Rbammnus cathartica L.

PoauHa Rosaceae
Agrimonia eupatoria L.
Alehemilla vulgaris L.
Amelanchier ovalis Medik
Abrgentina anserina (L.) Rydb.

Abronia melanocarpa (Michx.) Elliot.

Aprmeniaca vulgaris Lam.
Cotoneaster acutifolius TUrcz.
C. horizontalis Decne

C. lycidum Schlt.

Crataegus X kyrtostyla Fingerh.

C. laevigata (Poir.) DC.
C. rhipidophylla Gand.
C. ucrainica Pojark.
Crataegus monogyna Jacq

Cerasus vulgaris Mill.
C. avinm (L.) Moench.

Chaenomeles japonica (Thunb.) Lindl. ex Spach

Filipendula vulgaris Moench
Fragaria vesca L.
F. viridis Weston

Geum rivale L.

G. urbanum L.

Malus domestica Borkh.
M. sylvestris (L.) Mill.
M. baccata (L.) Borkh
Physocarpus opulifolins (L.) Maxim
Potentilla anserina L.

P. argentea L.

P. reptans L.

Prunus avium (L.) L.
P. armeniaca L.

P. cerasifera Ehrh.

P. cerasus L.

P. maakii Rupr.

P. padus L.

P. serotina Ehrh.

P. spinosa L.

P. tomentosa Thunb.
Pyrus communis subsp. pyraster (L.) Ehrh.
P. cerasifera Ehrh.

P. divaricata Ledeb.

P. fruticosa Pall

P. maackii Rupr

P. mabaleb L.

P. padus L.

P. serotine Ehrh.

P. spinosa L.

P. virginiana L.

Rosa canina L.

R. corymbifera Borkh.
R. majalis Herrm.

R. rubiginosa L.

R. rugosa Thunb.

R. villosa L.

Rubus caesins L.

R. idaeus L.

R. nessensis Hall.
Sorbaria sorbifolia (L.) A.Braun
Sorbus ancuparia L.
Spiraea japonica L.

S. media Schmidt.

S. salicafolia L.

Poauna Rubiaceae
Galium aparine L.

G. boreale L.

G. mollugo L.

G. odoratum L.

G. verum L.

G. palustre L.

G. physocarm Lebeb
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PoauHna Rutaceae
Phellodendron amrense Rupr.
Ptelea trifoliata L.

Poauna Salicaceae
Chrysosplenium alternifolinm L.
Populus alba L.

P. balsamifera L.

P. nigra L.

P. nigra italica L.

P. tremula L.

Salix alba L.

S. acutifolia Willd.

S. fragilis L.

S. pentandra L.

S. triandra L.

S. viminalis L.

PoauHa Santalaceae (CaHTas10Bi)
Viscum album L.
V. austriacum Wiesb

Poauna Sapindaceae (Caninzosi)
Acer campestre L.

A. negundo L.

A. platanoides L.

A. psendoplatanus L

A. saccharinum L.

A. tataricum L.

Aesculus hippocasranum L.

Poauna Scrophullariaceae
Scrophullaria nodosa L.
Verbascum lychnitis L.

V. thapsus L.

V. lychnitis L.

Bucuosxu

Y cknazi cnontanHoi ¢dsopu PJII «{nis-
I[MHa» BUABJeHO 605 BUAiB, II[0 3a CUCTEMa-
TUYHOK CTPYKTYpPOK pO3NOJAIISAIOTBCI MiX
340 popamu, 95 poauHaMu CyJUHHUX POCJIHH.
3arajsioM cjij, BiA3HauuTH, 1O ¢Jopa MapKy
XapaKTepU3YETbCS 3HAYHUM BUJOBUM pi3HO-
MaHITTSM, HasABHICTIO pAAY PiJIKICHUX TAKCOHIB
(22 BUAY CYAMHHUX POCJIHH).
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Poauna Solanaceae
Datura stramoninm L.
Hyoscyanus niger L.
Lycinm barbarum L.
Physalis alkekengi L.
Solanum dulcamara L.
S. nigrum L.

Poauna Trapaceae
Trapa natans L.

Poauna Ulmaceae
Ulmus glabra Huds.
U. laevis Pall.

U. pumila L.

Poauna Urticaceae

Urtica urens L.

U. dwica L.

U. galeopsifolia ].Jacq. ex Blume

Poauna Violaceae
Viola arvensis Murray

V. canina L.

V. hirta L.

V. odorata L.

7. rupestris F.W.Schmidt
V. riviniana Rchb.

V. mirabilis L.

Poauna Vitaceae
Parthenocissus guinguefolia (L.) Planch.
Vitis amurensis Rurp.

Y cknani ¢Jiopy mnapky mnepeBaXkarTb
IIPUPOJHI BUAH JIICOBOI Ipyny, aje 10 ii ckaagy
BXO/JIAITb TAKOX PsAJ, CUHAHTPOINHUX 1 IHTpoO-
JIyKOBAaHUX BH/IiB, 1[0 MalTh (pparMeHTapHe
NOUIMpPEeHHs, 1 Ile MOB’I3aHO 3 TPUBAJUM
aHTPONOTEHHUM BIJIMBOM Ha TEPUTOPIIO
PJIII «AniBujuHa» Ta ICHyBaHHAM Ha LiU
TepuTOpii 60TaHiyHOro caay B 50-70-x pokax
XX cToniTTA.
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ABSTRACT

Purpose: to analyze the nesting features of birds of the S#midae family living in the floodplain meadow of the
Pripyat River.

Methodology. For research, the route method was used, in which bird nests were identified during direct
examination of the territory of the floodplain meadow. Hard-to-reach areas of the meadow were surveyed from a boat.
To assess the morphological parameters of the eggs of birds of the S#midae family, the eggs were measured using a caliper.
The length (L) and diameter of the eggs (B) were measured. Based on the measurements, the index of intra-laying
variability (iv) was determined. During the study period, 245 eggs of birds of the S#midae family were measured, of which
88 eggs were in the Common tern, 60 eggs in the Little tern, 51 eggs in the White-winged tern and 46 eggs in the
Whiskered tern.

Scientific novelty. It has been established that the formation of multispecies colonies of birds of the Sze7idae family
makes it possible to qualitatively use territories favorable for nesting and provides protection of nests from raptors to
accompanying bird species. The smallest intra-laying variability of the studied egg parameters was found in the common
and barnacle tern, which is an indicator of the birds’ adaptability to nesting conditions.

Conclusions. The nesting of White-winged black and Whiskered tern is directly dependent on floodwater level.
A gradual decrease in the level of floodwaters leads to the drying up of the floodplain meadow and the impossibility of
building nests, since these species build nests on aquatic plants or floating bogs.

Nesting of Little and Common tern is limited by biotic factors, such as predation by Covidae birds and other animals,
as well as anthropogenic factors - people resting on the shore, fishermen and locals visiting the meadow, which in turn
creates a disturbance factor for the birds.

Among the bird species considered, the maximum value of the index of intra-variability of eggs laying in egg
diameter (iv) was found for White-winged black tern (iv=4.10 * 0.52). The minimum value of this index is observed in
Whiskered tern (iv=3.41 % 0.39). It should be noted that differences in this index among Common tern are less
pronounced than among Marsh tern

The maximum value of the index of intra-variability of eggs laying (iv) was found for Little Tern (iv=5.42 + 0.65).
The minimum value of this indicator was found in Common tern (iv= 3.90 + 0.44). For Marsh tern (Whiskered and White-
winged black tern), the value of the index of intra-variability of eggs laying length (iv) does not differ significantly.

Key words: terns, nesting, eggs, intra-variability of eggs laying.
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AHOTALIIA

MerTa: Ha 3amiaBHil ayni piuku [Ipun’saTh NpoBeCTH aHAJi3 FHi3ZlyBaHHS TAa BHYTPIilIHbOKJIAJKOBOI MiHJIMBOCTI
MOpP$OJIOTiUHUX NTOKA3HUKIB S€Lb ITaXiB POAUHU Sternidac.

MeTopaoJoris. Y Jocai/P)KeHHSIX BUKOPUCTOBYBAaBCS MapUIpyTHUU MeToA. ['Hi3ga nTaxiB BUABJSJIUCA MiJ 4ac
6e3nmocepelHbOr0 OIJIAAY TepUTOPil 3an1aBHOI AyKU. BaxkkoaocsakHI JiIIHKY 3allJlaBU 06CTeXyBasIuCsA 3 4YoBHa. Juig
OLIIHKY MOPGOJIOTIYHHX TOKA3HUKIB I€b NTaXiB POJAUHU Sternidae AL BUMIpIOBA/IM IITAaHI€HIUPKYJ1eM. BuMiproBaiu
nosxuny (L) Ta giameTp sens (B). Ha migcTaBi BUMiproBaHb 6yJ10 BU3HAUYEHO iHAEKC BHYTPIIIHbOKJIAAKOBOI MiH/IMBOCTI
(iv). 3a gocnimxyBaHUU nepiof BUMipsAHO 245 deub NTaxiB poaUHU Sternidae, 3 HUX: KpsiuKa piykoBoro — 88, kpsauka
MaJjioro - 60, Kpsiuka 6isiokpusioro - 51 i kpsiuka 6is10110K0r0 — 46 SEND.

HaykoBa HoBU3Ha. BctaHoBJieHO, 1110 GOpMyBaHHSA 6araTOBU/A0BUX KOJIOHIN NTaxiB pOJUHU Sternidae JO3BOJISIE
epeKTHUBHO BUKOPUCTOBYBATH CIIPUATJIUBI /15 THi3yBaHHA TepUTOPil Ta 3abe3neyye 3aXUCT THi3/J BiJl XWKaKiB JJ1g
CYNyTHIX BU/iB nTaxiB. HaliMeHI1a BHY TPillIHbOK/IaIKOBA MiH/IMBICTb JOC/i/P)KyBaHUX BJIACTUBOCTEH sIELL BUsIBJIEHA Y
KpSAYKiB piYKOBOr0 Ta 6GiJIOLIOKOr0, [0 € TOKAa3HUKOM MPHUCTOCOBAHOCTI MTaXiB /10 YMOB Hi3/lyBaHHS.

BuCcHOBKM. ['Hi3iyBaHHS KPAYKIB 61/I0KpUI0TO Ta 6iJI0LO0KOT0 6e3MmocepeHbO 3aJeKUTh Bij] piBHS NaBOJKOBUX
BoJ. [locTynoBe 3HUKeHHS pPiBHS MaBOJAKOBUX BOJ, MPU3BOJAUTL [0 BHCHUXaHHS 3allJIaBHUX JIYTiB i HEMOXJIMBOCTI
6yyBaTU IHi3/la, OCKIJIbKY Lji BUAU OyAYIOTh FHi3/la HAa BOAHUX POCAMHAX 260 MJIaBy4Yux 60J0Tax.

['Hi3yBaHHS KPSYKiB MaJsioro Ta piykKoBOT0 JIIMITYETbCS 6I0TUIHUMHU QaKTOpaMU (XK TBO BODOHOBUX NTAXiB
Ta {HLIKX TBAapHH), a TAKOX aHTPONOTeHHUMHU PpaKTOpaMy, 30KpeMa llepeObyBaHHSAM Ha 6epe3i piuku BiZimounMBaIbHUKIB,
pubaIoK Ta MicLleBUX KUTeJIIB. e, y CBOI0 4epry, CTBOpIo€ GaKTOp 3aHENMOKOEHHS /IS IITaXiB.

Cepe/ po3r/IIHYTUX BUJIB [ITaXiB MaKCMMaJIbHe 3Ha4YeHHs IHAeKCy BHYTPILIHbOKJIaZKOBOI MiHJIMBOCTI JjiaMeTpy
SIELb BCTAHOBJIEHO Y Kpsiuka 6isokpusioro (iv=4,10 £ 0,52). MiniMa/ibHe 3HaUYeHHS LIbOT0 MOKAa3HUKA CIIOCTEPIraeThCs
y Kpsiuka 6isomokoro (iv= 3,41 + 0,39). BapTo 3a3HayuTH, 110 BiAMIHHOCTI 32 IUM MOKa3HUKOM y Kpsuka piuKoBOro
MeHIII BUPAXKeHi, HXK y 60JIOTHUX KPSTYKiB.

MakcuMaJ/ibHe 3HauyeHHs IHJEeKCy BHYTPIIIHbOK/IAJKOBOI MiHJIMBOCTI JOBXWHU SIELb BUABJIEHE [JIA KpAYKa
Masioro (iv=5,42 + 0,65). MiHiMa/ibHe 3HAa4YeHHs LbOTO IIOKAa3HUKA BCTAHOBJIEHO /[JJid Kps4YKa pPivKOBOro
(iv=3,90 £ 0,44). /lnsa 60/0THUX KPsIUKiB (6is0m[0KOro Ta 6i/IOKPUIIOro KPSIYKiB) 3HAYEHHS NMOKa3HHWKA BHYTPILIHbO]
MiHJIMBOCTI IOBXKUHU siliLleKIa/KH (iv) CYTTEBO He BiJIpi3HAETHCA.

Ki11040Bi c/10Ba: BHYTPILIHbOK/IA/JKOBA MiHUBICTb, THi3AyBaHHSA, KPSAYKH, AU MTaxiB.

Introduction Sternula albifrons (Pallas, 1764) - Little tern is
There are 5 species of terns nesting in the arare nesting migratory species in the southern
country: Common tern, Little tern, White- part of the country and rare in the rest of the

winged black tern, Black tern and Whiskered territory. Little tern is included in Annex I of the
tern. White-winged black-, Black- and Whiskered EU Rare Birds Protection Directive, Annex II of
tern belong to the Morwennol group, which the Bern Convention, Annex II of the Bonn
build their nests not on sand spits, but on Convention and is classified as SPEC 3. The
various plant debris in the water. These species species is listed in the Red Books of Lithuania,
are mainly insectivores, with a small amount of Latvia, Poland and Russia. In our country, Little
fish fry in their diet. Common tern and Little  tern is listed as Category II of the Red Book [5,
tern belong to the Stemidae family. Fish is of ~ 99-100].

paramount importance in the diet of these Chlidonias  lencopterns (Temminck, 1815) -
species. Unlike Marsh tern, Common tern and White-winged black tern has the status of a
Little tern build their nests on sand spits, on aits common nesting migratory and transit

with thin vegetationand along the waterside. migratory species.

Most terns have the status of common Chlidonias hybrida (Pallas, 1811) — Whiskered
nesting and are widespread in river floodplains. tern is a nesting migratory species that has been
The exception is Little tern, which has the status removed from the 4th edition of the country's
of a rare nesting species in the country. Red Book. The population is gradually increasing,

Sterna hirundo (Linnaeus, 1758) - Common with fluctuations observed depending on the
tern is a common nesting migratory and transit duration of spring floods in large river basins.
migratory species. It inhabits the entire The current abundance of Whiskered tern is of
territory of the country, but is most widespread the least concern [1; 3; 4].
in the floodplains of the Polesye rivers. One of the forms of individual variability of

birds of the S7ernidae family is their intra-cladding
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variability, which makes it possible to assess the
state of the species population. The intraspecific
variability of the oomorphological parameters
of birds is relatively small and is largely due to
hereditary differences between individual
females. To some extent, the variability of eggs
is influenced by environmental factors. It has
been shown that with the decline of nesting
conditions, the intra-laying variability of bird
eggs increases [8, 209-214]. For this purpose,
intra-laying variability of eggs of terns co-
nesting in a floodplain meadow was studied.

Study area

The research was carried out in the
floodplain meadow of the Pripyat River on the
territory of the Turovsky Lug - a Biological
Reserve of local importance, located in the
vicinity of Turov city (Gomel region, 52.04 N
27.44 E). The characteristic features of this
region are large fluctuations in the Pripyat River
water level in different years and seasons
(Figure 1).

Fig. 1. Turovsky Lug - a Biological Reserve of local importance

Turovsky Lug is a Biological Reserve that
was established in 2008 to protect the unique
ecosystem of vast floodplain meadows along the
banks of the Pripyat River and has the
international status of an Important Bird Area
(IBA). It is one of Europe’s largest nesting and
staging areas for waterbirds during migration.

Material and methods

To assess the intra-variability of eggs
laying of morphological parameters, full clutches
consisting of 3-4 eggs were considered. Over
the study period were examined 65 full clutches
(245 eggs) of birds of the Stemidae family, of
which Common tern had 29 clutches (88 eggs),
Little tern - 20 clutches (60 eggs), White-
winged black tern - 17 clutches (51 eggs) and
15 clutches (46 eggs) had Whiskered tern. One
clutch of 4 eggs was found in Common tern and
Whiskered tern nests. Observations of birds of
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the Sternidae family have been carried out in the
region annually during the spring-summer
period since 2006. Data from 2006 were used to
estimate the intra-variability of eggs laying,
since it was this year that 4 out of 5 species of
terns were observed nesting on the territory of
the floodplain meadow. In later years, there
were isolated nests of Marsh tern, which did not
allow collecting sufficient material for processing.

Based on the measurements taken from
the eggs, linear dimensions were determined:
length (L) and largest diameter (B). To calculate
the index of intra-variability of eggs laying (iv)
the method proposed by Melnikov M. V. [7, 70-
79] was applied.

Results and Discussion

The morpho-biological characteristics of
birds of the Stemidae family have historically
developed under the simultaneous influence of
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the aquatic environment in which birds procure
food and the terrestrial environment with
which they are associated in their reproduction.
The heterogeneity of these environments
determined different directions in the develop-
ment of adaptability to each of them [6, 49-50].

Colonies of Common tern, Little tern,
White-winged black tern and Whiskered tern
were found in the study area. It should be noted
that these species are not isolated from each
other, but form joint colonies. Therefore, White-
winged black- and Whiskered tern nested
together in a more watered area of a floodplain
meadow. Common tern and Little tern form a
polyspecies colony together with Black-headed
gull (Larus ridibundus). The periphery of this
colony was occupied by Common tern (S7erna
hirnndo) and, in small numbers, by Little tern
(Sternuta albifrons). The Black-headedgull (Larus
ridibundus) was located in the central part of the
colony. Other bird species such as waders
(Limosa limosa, Vanellus vanellus, Tringa totanus) and
ducks (Awas platyrhynches) have also nested in and
around this colony. Their breeding in the direct
neighborhood to Black-headed gull nests is
most likely due to the fact that it occurs at a time
when gulls already have baby birds in their
nests and gull aggressiveness is at its highest,
thus providing other species with protection
from predatory birds.

Our observations have shown that the
nesting of terns, as well as their numbers in the
floodplain meadow area depend on biotic,
abiotic and anthropogenic environmental
factors. In particular, the nesting of White-
winged black- and Whiskered tern is directly
dependent on floodwater level. A gradual

decrease in the level of floodwaters leads to the
drying up of the floodplain meadow and the
impossibility of building nests, since these
species build nests on aquatic plants or floating
bogs.

Nesting of Little and Common tern is
limited by biotic factors, such as predation by
Corvidae birds and other animals, as well as
anthropogenic factors - people resting on the
shore, fishermen and locals visiting the
meadow, which in turn creates a disturbance
factor for the birds.

In addition, the overgrowth of floodplain
meadows with trees and shrubs has a significant
impact on nesting of birds of the Szrmidae family
with the consequence that many species lose
their nesting territories. The main reason for
this is the cessation of haying and grazing of
farm animals.

Intraspecies variability in morphological
parameters of birds is relatively low and in a
substantial way due to hereditary differences
between individual females. To some extent, egg
variability is influenced by environmental
factors such as weather and related feeding
conditions, age structure of the population, egg-
laying time, biotopic differences and specific
nesting year.

Among the bird species considered, the
maximum value of the index of intra-variability
of eggs laying in egg diameter (iv) was found for
White-winged black tern (iv=4.10 + 0.52). The
minimum value of this index is observed in
Whiskered tern (iv=3.41 *+ 0.39). It should be
noted that differences in this index among
Common tern are less pronounced than among
Marsh tern (Table 1).

Table 1
Intra-variability of eggs laying in morphological parameters of birds
of the Sternidae family
iy
Type
length (L) Diameter (B)
White-winged black tern (Chlidonias lencopterns) 5.12+0.80 4.10 £ 0.52
Whiskered tern (Chlidonias hybrida) 5.08 +0.73 3.41+0.39
Common tern (S7erna hirundo) 3.90+0.44 3.66 + 0.33
Little tern (Sternula albifrons) 5.42 +0.65 3.51+0.67
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In addition, the differences in this index
between the Whiskered tern and Common tern
are also less pronounced. According to litera-
ture data [2, 100-117], fish and amphibians are
more important in the diet of Whiskered tern,
which in this aspect brings this species closer to
Common tern. Among Marsh tern, Whiskered

tern has a larger size and it is pantophagous.
Consequently, Whiskered tern has similar
features to Common tern, in particular its
appearance and food. Comparing the morpho-
metric parameters of the eggs of four species of
this family, the similarity of Whiskered tern and
Little tern was revealed (Figure 2).

Sterna hirundo

Sternula albifrons

Chlidonias hybrida

Chlidonias leucopterus

0,2

0,6

0,8 1,0 al 22 1,4

Fig. 2. The similarity of the egg parameters of Marsh and Common tern

Analyzing the variability in egg length
within a clutch, the maximum value of the index
of intra-variability of eggs laying (iv) was found
for Little Tern (iv=5.42 * 0.65). The minimum
value of this indicator was found in Common
tern (iv=3.90+%0.44). For Marsh tern
(Whiskered and White-winged black tern), the
value of the index of intra-variability of eggs
laying length (iv) does not differ significantly.
Among the two groups of terns under
consideration, differences in the index of intra-
variability of eggs laying length in Common tern
are more pronounced than in Marsh tern.

Conclusions

Thus, the formation of multi-species
colonies of birds of the S#midae family makes it
possible to qualitatively use territories
favorable for nesting and provides protection of
nests from raptors to accompanying bird
species. Nesting of terns in the floodplain
meadow depends on abiotic, biotic and
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anthropogenic factors. Among the most
important factors, it should be noted the water
level in the Pripyat River, predation by corvids,
as well as human disturbance.

It has also been established that the
formation of polyspecies colonies of birds of the
Sternidae family allows the qualitative use of
favorable nesting areas and provides protection
of nests from predatory birds by accompanying
bird species.

The greatest intra-laying variability of the
oomorphological parameters of birds of the
Sternidae family is characterized by the length of
the eggs, and the smallest is the diameter.
Among the studied parameters, egg diameter is
a stable feature compared to its length.

Among the birds of the S#midae family, the
lowest intra-laying variability of the studied egg
parameters is characteristic of the common and
barnacle terns. The variability of egg
parameters is an indicator of the adaptability of
birds to nesting conditions.
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AHOTALIIA

Meta po6oTtu. Onep)xaTu BiAOMOCTI NpPO TaKCOHOMIUYHY CTPYKTYpy YIrpyHOBaHb I'DYHTOBUX HeMaToO[
npubepexxHUX cMyT pidok YepHiriBcbkoro [loJtices.

MeTopoJ10risA. 3pasky I'PYHTY BiAGKMpanu y 5 JIyYHUX eKOCHCTeMax, SIKi po3TalloBaHi y NpubepexHUX CMyrax
pivok PeBHa, CHOB, CBUIlEeHB, [lecHa Ta [lHinpo y yepBHi Ta iunHi 2014 poky. BuzinenHa HeMaTo 4 NPOBOAUIIU JIIHKOBUM
MetonoM bepmana 3 HaBaxkku 20 r. Exkcnosuuis craHoBusa 48ropn., micasa doro Hemarton ¢ikcyBamu TADom
(TpuetaHosiaMiH+dopManiH+BoAa y chiBBifHOUEHHI 2:7:91). BurotoBssisim TUM4acoBi BOJAHO-TJ/IIEPUHOBI MiKpo-
npemnapatu. [lepepaxyHok uucesbHOCTI 3ilicHIOBaau Ha 100 r abcot0THO cyXoro cy6cTpaTy. Po3paxoByBasind 4acTKy
y4acTi KOXKHOTO BUAY V ckaaji dayHu (moMmiHyBaHHs, D), sk BigHouweHHs (%) KiABKOCTI 0COOGUH LbOTO BUAY [0
3arajibHOI KiZibKOCTi HeMaTo[, Ta KoedinieHT TpannsaHHsa (F), Ak BigHomeHHs, y %, KiJbKOCTI 3pa3kiB, B IKUX BU/J
BUSIBJIEHUH, /10 3arajibHOI KiJIbKOCTi 3pasKiB.

HaykoBa HoBHM3HaA. Brnepiie BuB4YeHa payHa I'PYHTOBUX HEMATO[ NPUGEpPEXHUX CMyT pidok YepHiriBcbkoro
[loniccsi, mpoBeseHuit ii TakcOHOMIUHME aHasi3. 3apeecTpoBaHo 59 BHUJIB, sKi HazsexaTb Ao 9 pafis, 31 poauHw,
48 pogis. [lna ¢aynu Yepniriscbkoro I[losiccs BusiB/IeHI HOBI BUM HeMaTO[, a caMe: Hirschmaniella gracilis Ta Bastiania Sp.

BucHoBkM. CepeJjHa LIiIJIBHICTD HEMAaToJ, B YIPYNOBaHHSX I'DYHTOBUX HEMAaTOJ NpUOEpeXHUX CMYyr pidok
cTaHoBUJa 672 oco6unun/100 r. BusaBneHi 59 BujiB Hanexatb A0 9 pafiB: Enoplida, Triplonchida, Dorylaimida, Mononchida,
Monbhysterida, Plectida, Rhabditida, Aphelenchida Ta Tylenchida. 3a BUAOBUM 6araTcTBOM Ta YUCEJbHICTIO AOMIHYIOTb TPU PAAU:
Tylenchida, Dorylaimida Ta Rhabditida, B IKMX KiJIbKICTb 3apeeCTPOBaHUX BU/iB pa3oM cKJajae 37 a6o 62,6 %, a YHCeNbHICTb
IXHIX pe/CTaBHUKIB B YTpyNOBaHHAX CTaHOBUTL 87,9 % Bif 3arasbHOI. Bisbil pisHOMaHITHUMY BUABUJINCA POJAUHU
Plectidae Ta Cephalobidae (10 7 BUAiB a6o 11,9 % Bij 3arajbHOI KibKOCTI BUAIB), GibLI YMCENbHUMU OYIU Tylenchidae Ta
Cephalobidae (24,7 % Ta 17,3 % Bij 3arajibHOI YMCENbHOCTI, BiJIOBiHO). Y I'PYHTOBUX p0o6ax NpubepexHUX CMYT PivoK
HaWG6I/IbII 4acTo TpaIIAANCS Ta 6yJIM GiJIbLI YHCeJIbHUMU B YIPYTIOBAHHAX HeMATO/A Aglenchus agricolaTa Acrobeloides biitschlii,

Kio4yoBi cioBa: IpyHTOBI HeMaTOAM, TAKCOHOMiYHA CTPYKTypa, JOMIHYBaHHS, 4YacTOTa TpalJsHHS,
npubepexHa cMyra.

ABSTRACT

Purpose of the work. To obtain information about the taxonomic structure of soil nematode communities of the river
banks in Chernihiv Polesia.

Methodology. Soil samples were collected from June to July 2014 of river banks along rivers Revna, Snov, Svyshen,
Desna and Dnipro in 5 meadow ecosystems. Nematodes were extracted by a modified Baermann’s method from the 20 g
sample. The exposition time was 48 h. Extracted nematodes were fixed in the triethanolamine-formalin (TAF, 2 %
triethanolamine, 7 % formaldehyde solution, 91 % water), and mounted on the temporary hydroglyceric slides.
Nematode abundance was expressed as specimens per 100 g of dry substrate. For every species we calculated dominance
(individual domination, D) determines the percentage of specimens of a given species to the total number of nematodes
and the frequency of occurrence (F) as the ratio of the number of samples in which the species was found to the total
number of samples (in %).

Scientific novelty. The soil nematode fauna of the river banks in Chernihiv Polesia and its taxonomic analysis
were studied for the first time. A total of 59 species belonging to 48 genera, 31 families and 9 orders were identified. The
species Hirschmaniella gracilis and Bastiania Sp. are new for the fauna of the Chernihiv Polissya.
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Conclusions. The average density of nematodes in the soil nematode communities was 672 individuals/100 g. The
identified 59 species of nematodes belonging to nine orders: Engplida, Triplonchida, Dorylaimida, Mononchida, Monhysterida, Plectida,
Rhabditida, Aphelenchida and Tylenchida. Three orders Tylenchida, Dorylaimida, and Rhabditida dominate in terms of species richness
and abundance. The number of identified species together is 37 or 62.6 %, and the number representatives in those
orders is 87.9 % of the total. The families Plctidae and Cephalobidae are more diverse (7 species for each or 11.9% of the
species composition), Tylnchidae and Cephalobidae are more numerous (24.7 % and 17.3 %, of the total number, respectively).
Aglenchus agricola and Acrobeloides biitschlii were most numerous and most common in the soil samples of the river banks.

Key words: soil nematodes, taxonomic structure, dominance, frequency of occurrence, river banks

ITocranoBka npoGaemn

Armyansticms pobomu. TpyHTOBI HeMaToAn
HeBiJl'EMHUH KOMIIOHEHT 300KOMIJIEKCY Oy/b-
SIKOTO 6iolleH03y. 3a YMCEJIbHICTIO Ta 6ioMacoo
BOHHU 3aliMaloTh Apyre abo TPeTE Micle cepef
0e3xpebeTHUX TBapuH TIpyHTy. la rpyna
OpraHiaMiB BMKOHYE CYTTEBi 6GioreHeTU4YHIi
¢ynkuii. [Tapasutuuni HeMaTtogu (diToresb-
MIHTH) HeraTMBHO BIUIMBAlOTb Ha picT i
PO3BUTOK POCJWUH, BiJIbHOICHYIOYI BUAHU
NpUMMal4Yy y4yacTb y JAeCTPYyKIii opraHiyHoi
pEeYOBUHHU Ta YTBOPEHHI I'yMyCOBUX PEYOBHUH,
peryjamiTh YUCEJIbHICTh ['PYHTOBOI MiKpO-
baopu i MikpodayHu, HapewTi CAyTryrOTb
00’€EKTOM >XKMBJIEHHS JJIs OpPraHi3aMiB BUIIOTO
TpodiyHoro piBHsa [11].

TpaguuiiHO Kpallle BUBYEHI ['PYHTOBI
HEeMaTOJU arpoueHo3iB, TOAI AK HEMaTOZ0-
¢dayHa npupoaHUX GioreoineHo3iB mocaigkeHa
e HeAoCTaTHbO. OCTaHHIM YacoM [J0BeJeHO,
110 HeMaToAW 3pyYHHUM IHCTPYMEHT JJd
6ioJIOriyHOI OLIIHKK CTaHy I'PYHTIB i MOXYyTb
OyTH BUKOpHUCTaHI sK 6ioiHauKaTopu [1; 2; 10].
Y pi3HuxX KpaiHax CBiTy 3apa3 30iJbILyETbCSA
KipkicTh  iHpopMauii  mpo  CTPyKTypu
yrpynoBaHb QiTOHEMATO[ JIiCOBUX Ta JYYHUX
6io11eHO03iB, 30KpeMa TakKi A0C/iP>KEHHS TPOBO-
aunvca i Ha YepniriBcbkomy Ilosicci [12].
CneyudiyHMMU H6ioreoeHO3aMH € NpUOEpexKHi
CMyT¥M pi4OK Ta 03ep, AKi BUKOHYIOTbH pPOJb
pe3epBaTiB 6i0pi3HOMAHITTS HaBKOJIOBOHOTO
POCJMHHOTO i TBApUHHOTO CBITY, 36epiraroyu
NPUPOJHUN CTaH 3am/aBHUX JaHAwadTiB. Ha
CbOTO/IHI CIIOCTEPIraEThCA NOPYLIEHHS PEXUMY
I[UX LIeHO3iB yepe3 OYAiBHUIITBO Pi3HOTO POAY
cnopyZ, (B TOMy 4HCJi i HECAHKL[iOHOBAHOTO),
pO30pIOBaHHs, BUNAc i mepeBUNac XxyJo0H,
BJIALUTYBaHHA  HECAHKLIOHOBAaHUX  CMITTE-
3Basull. € JMlle OKpeMi mny6Jikauii, ki
NPUCBSYEHi BUBYEHHIO HeMaToi0dayHH I'PYHTIB
npubepexHUX cMyT pivok [6]. I[ndopmanis npo
dbayHy I'pyHTOBHUX HEMATO/, IPUOEPEKHUX CMYT
pidok YepHiriBcekoro [losicca BigcyTHA.

Mema odocridmcenrnn OfepaTH BiLOMOCTI PO
TaKCOHOMIYHY CTPYKTYpYy YIPyIOBaHb IPYHTO-
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BUX HeMaToJ, NpubepeKHUX CMYr MaJiuX Ta
BeJIMKUX pidok Yepniriscokoro Ilouices.
OTpuMaHi AaHi MOXYTb 6YTH BUKOPUCTAHI /1
€KOJIOTiYHOI OLIHKM CTaHy 6ioreoneHosiB Ta
piBHA BIUIMBY Ha HHUX AHTPOIOIE€HHOTO
HaBaHTAXXEHHH.

Metopoaorisa

@ayHicTU4YHI JocaiKeHHs yrpynoBaHb
I'PYHTOBUX HEMATOJ, NPOBOAMWJIH Yy YepBHI Ta
sunHi 2014 poky y JIydHHX €KOCUCTeMaX,
pO3TalllOBaHUX Y NpUOEPEKHUX CMyrax Maaux
Ta BeJUKUX pidok. O6paHi npo6Hi mouli
XapaKTepU3yBaINCA NMOAIOHUM CKJIAJIOM POCJIMH-
HOTO TIOKPHBY, /e TIepeBaXKaIi 0COKOBO-3/IaKOBI
Ta 0COKOBO-3JIaKOB0-6000Bi pocnHHU. lllopoky
BOHM 3a/IMBAIOThCS IOBEHEBUMH BOJIAMH.

[pyHT BigGupa/u 3 I’'ATH NPOGHUX MJIOLL;
1 po3rawmoBaHa y npubepexHiil cMy3i MaJsioi
piuku PeBHa (okosuni cena OpsukiBka); 2 -y
npubepexHiil cMy3si piuku /[lecHa (okosuLi cesa
HoBoceniBka); 3 - y npubepexHiil cMy3i piuku
Ceuwenb (okosuui cesna Kyseuwnui); 4 - y
npubepexHiil cMy3si piuku JJHinpo (okosauni cen
HoBocenku ta Kopob6ku); 5 - y npubepexHii
cMy3i MaJ1oi piuku CHOB (okosnLj cesia Bpycuiis).

Ha pinguni miomero 10 M2 pobuu
10 Big6opiB mpo6 TrpyHTY (Ha TJAMOUHY [0
15 cM), popmMyBaiu cepesiHiil 3pa3ok. BugineHHs
HeMaToJ, MNpPOBOJWUJM  3arajJlbHOBH3HAaHUM
JIINKOBUM MeToZloM bepmaHa 3 HaBaxxku 20 T.
Excno3unisg craHoBusa 48 roja., miciasg 4oro
HeMaTtoz ¢ikcyBasiu TAPoM (TpueTaHoJIaMiH+
dbopmanin+Bosia y cniBBigHOUIEeHHI 2:7:91).
TyvMyacoBi MikponpenapaTv BUIOTOBJISAJIUA 3a
MeToAukow KupbsHoBoi [5]. Akmo B mnpobi
oyJsio meHiie 100 HeMaTo/, BCiX OCOGUH mepe-
HOCUJIM Ha NpeJMeTHe CKJIO B KpaIlJIl0 BOJHO-
[JIILEpUHOBOI  CyMilli 3 CUHBKOW. fAKIno
HeMmaToZ y Impo6i 6yno 6Giabme 100, s
BU3HadyeHHs1 Bigobupanu niapsg 100 ocob6uH,
IHIIMX NepepaxoByBa/IM. BU3Ha4YeHHA BUA0BOIO
CKJaZly HeMaToJ, NpPOBOJAMWJIM 3a [JOINOMOIOI0
BITUM3HSHHUX Ta iHO3EMHUX BU3HAYHHUKIB [3; 5;
7]- BukopuctoByBasu Mikpockon Delta Optical
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Genetic Pro. [lepepaxyHOK 4MCeJILHOCTI 3AiucC-
HioBasikd Ha 100 r aBCOJIIOTHO CyX0ro cy6CcTpary.

Jl151 XapaKTepUCTUKU CTPYKTYPU HEMATOZ,0-
¢dbayHU BU3HAYAJIM YACTKY Y4aCTi KOX)KHOT'O BUAY
y ckaaai ¢aynu (D), ax BigHomeHHs (%)
KiJIBKOCTi OCOOMH 1LbOTO BHJY [0 3arajibHol
KiJIbKOCTi HeMaTo/,. 3a IIi€l0 03HAKOI0 HEMATO/]
00’eHa/IM y M'ATh rpyn: eyAgoMiHaHTH (ed) -
6inbmie 10 % Bixg ycix BUSABJIEHUX OCOOUH,
gaomiHantu (d) - 5,1-10,0 %, cy6a0MiHaHTH
(sd) - (2,1-5,0 %), peuegentu (r) - 1,1-2,0 %,
cyopeneaentu (sr) - w™eHme 1,1% [8].
Po3paxoByBasiu koedinieHT Tpanasauu4 (F), Ak
BilHOLIEHHS, B %, KiJIbKOCTI 3pa3KiB, B AKHUX
BYUJIT BHUSIBJIEHHHM, J0 3arajbHOi KiJIbKOCTI
3pa3kiB. BignoBigHO [0 4YOTHUpPBOX Trpajauin

nboro koeodilnieHTa BUAM, SKi CKJIAJalOTh
dayHy, nozisissaiu Ha akuuaeHTiB (ad) - 1-25 %
npo06, akuecopiB (as) - 26-49 %, koHcTaHT (c) -
50-74 %, eykoHcTtaHT (ec) - 75-100 % [9].

Hayxosa wosusna. Bieplie BUBYEHO ¢ayHy
I'PYHTOBUX HEMATOJ, NPUOEPEKHUX CMYT PidOK
Yepuiriscbkoro Ilosicca Ta mnpoBejeHo 11
TaKCOHOMIYHMM aHaJi3. BusBjieHi HOBI Buau
HeMaTtoz A5 dayHu JliBobepexxnoro [losiccs, a
came: Hirschmaniella gracilis Ta Bastiania Sp.

PesyapTaTn AOCAIAKEHHA

Bcboro B mnpubepexHHUX CMyrax pidok
YepniriBcbkoro Ilosiccsa 3HageHo 59 BUAiIB
HEMAaTOo/, Ki HaJiexaTb A0 9 paais, 31 poauHy,
48 pogis (Tabuuis).

Tabauys
TakcoOHOMiIYHA CTPYKTYpa yrpynoBaHb I'PYHTOBUX HEMATO/,
npuoéepeKHUX cMyr pidvokK YepHiriBcbkoro Ioticea
Ne
3/ Paan, poanHU, BUAU M D F
1 2 3 4 5
Enoplida Filipjev, 1929
Alaimidae Micoletzky, 1922
1 Alaimus primitivus de Man, 1880 1,3-5 st as
Rhabdolaimidae Chitwood, 1951
2 Rhabdolaimus terrestris de Man, 1880 1,4 sr ad
Triplonchida Cobb, 1920
Prismatolaimidae Micoletzky, 1922
3 | Prismatolaimus intermedius Biitschli, 1873 1-3,5 st as
Bastianiidae de Coninck, 1965
4 Bastiania sp. ‘ 5 ‘ st | ad
Diphterophoridae Micoletzky, 1922
5 | Diphterophora communis de Man, 1880 1,4,5 st as
Trichodoridae Thorne, 1935
6 Trichodorus primitivus de Man, 1880 1,4,5 sr ad
Dorylaimida Pearse, 1942
Aporcelaimidae Heyns, 1965
7 | Aporcelaimellus obtusicaudatus (Bastian, 1865) Heyns, 1965 1-5 sd ec
Dorylaimidae de Man, 1876
Dorylaimus stagnalis Dujardin, 1845 1-5 ST c
Mesodorylaimus bastiani Biitschli, 1873 1,4 sr ad
Qudsianematidae Jairajpuri 1963
10 Discolaimus major Thorne, 1939 1 sr ad
11 Ecumenicus monohystera (de Man, 1880) Thorne, 1974 4 sr ad
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IIpodosaiceHHss maba.

1 2 3 4 5

12 | Eudorylaimus centrocercus de Mann,1880 1,5 st ad

13 | Eudorylaimus circulifera Loof 1961 1 st ad

14 | Eudorylaimus sp. 1,4 st as
Nordiidae Jairajpuri et Sidiqqi, 1964

15 | Longidorella parva Thorne, 1939 ‘ 1,4 ‘ st | ad
Tylencholaimidae Filipjev, 1934

16 Tylencholaimus mirabilis (Biitschli, 1873) de Man, 1876 1,5 sr ad

17 | Tylencholaimus teres Thorne, 1939 1,4,5 d as
Nygolaimidae (Thorne, 1935) Heyns, 1968

18 | Nygolaimus sp. ‘ 5 ‘ sr | ad
Longidoridae Thorne, 1935

19 | Longidorus elongatus de Man, 1876 Thorne et Swanger, 1936 1 st ad

20 | Xiphinema index Thorne and Allen, 1950 5 st ad

Mononchida Jairajpuri, 1969
Mononchidae Chitwood, 1937
21 ‘ Clarcus papilatus (Bastian, 1865) Jairajpuri, 1970 ‘ 3 ‘ sr ‘ ad
Mylonchulidae Jairajpuri, 1969
22 ‘ Mylonchulus parabrachyurus (Thorne, 1924) Andrassy, 1958 ‘ 2 ‘ st ’ ad
Monhysterida de Coninck et Sch. Stekhoven, 1933
Monhysteridae de Man, 1876
23 | Geomonhystera villosa Biitschli, 1873 1,3 sr ad
24 | Monhystrella bulbifera (de Man, 1880 ) Steiner, 1920 4 st ad
Plectida Malakhov, 1982
Plectidae Orley, 1880
Anaplectus granulosus (Bastian, 1865) de Coninck et Sch.

> | Stekhoven, 1933 LIS T *
26 | Plectus cirratus Bastian, 1865 1,5 sr ad
27 | Plectus parietinus Bastian, 1865 2,4 r ad
28 | Plectus parvus (Bastian, 1865) Paramonov, 1964 2-5 ST as
29 | Plectus rhizophilus (de Man. 1880) Paramonov, 1964 4,5 sr ad
30 | Tylocephalus auriculatus (Biitschli, 1873) Anderson, 1966 1,35 st as
31 Wilsonema auriculatum (Butschli, 1873) Cobb, 1913 4 sr ad
Rhabditida Chitwood, 1933
Cephalobidae Filipjev, 1934
32 | Acrobeles ciliatus von Linstow, 1877 1,4,5 r ad
33 | Acrobeloides biitschlii (de Man, 1884) Steiner et Buhrer, 1933 2-5 d ec
34 | Cephalobus persegnis Bastian, 1865 1-5 r c
35 | Cervidellus cervus Thorne, 1925 2,4,5 sr ad
36 | Heterocephalobus elongatus (de Man, 1880) Andrassy, 1967 4 st ad
37 Eucephalobus mucronatus (Kozlowska et Roguska-Wasilewska, 4 o .
1963) Andrassy, 1967
38 | Eucephalobus oxyuroides (de Man, 1880) Steiner, 1936 2-5 sd as

29



BHT. 2022. No 3 Biota. Human. Technology

IIpodosaiceHHss maba.

1| 2 | 3 | 4 | s
Panagrolaimidae Thorne, 1937

39 ‘ Panagrolaimus rigidus (Schneider, 1866) Thorne, 1937 ‘ 1,2,4,5 ‘ sd | c
Mesorhabditidae Andrassy, 1976

40 ‘ Mesorhabditis monhystera (Biitschli, 1873) Dougherty, 1955 ‘ 1-4 ‘ r | as
Rhabditidae Orley, 1880

41 ‘ Rhabditis sp. ‘ 2-5 ‘ d ‘ as

Aphelenchida Siddiqi, 1980

Aphelenchidae (Fuchs, 1937) Steiner, 1949

42 ‘ Aphelenchus avenae Bastian, 1965 ‘ 1,4,5 ‘ ST | c
Aphelenchoididae Skarbilovich, 1947

43 Aphelenchoides bicaudatus (Imamura, 1931) Filipjev et Sch. 4 o -

Stekhoven, 1941

44 | Aphelenchoides composticola Franklin, 1957 12,5 r as

45 | Aphelenchoides minimus Meyl, 1953 4 sr ad

46 | Aphelenchoides pusillus (Thorne, 1920) Filipjev 1934 4 sr ad

Tylenchida Thorne, 1949

Tylenchidae Oerley, 1880

47 | Aglenchus agricola (de Man, 1921) Andrassy, 1954 1,2,4,5 ed ec

48 | Filenchus filiformis (Butschli, 1873) Andrassy, 1954 2,4,5 d c

49 | Tylenchus ditissimus Brzeski, 1963 1,2,4 r as

50 | Tylenchus sp. 4 st ad
Psilenchidae Paramonov, 1967

51 | Psilenchus hilarulus de Man, 1921 ‘ 5 ‘ sr ’ ad
Pratylenchidae Thorne, 1949

52 | Hirschmaniella gracilis (de Man, 1880) Luc & Goodey, 1964 5 sr ad

53 | Pratylenchus pratensis (de Man, 1880) Filipjev, 1936 1,35 d ad
Paratylenchidae Thorne, 1949

54 | Gracilacus audriellus Brown, 1959 2-4 sd as

55 | Paratylenchus nanus Cobb, 1923 3-5 sd as
Belonolaimidae Whitehead, 1959

56 ‘ Tylenchorhynchus dubius (Butschli, 1873) Filipjev, 1936 ‘ 1,4 ‘ st ‘ as
Hoplolaimidae (Filipjev, 1934) Paramonov, 1953

57 ‘ Helicotylenchus dihystera (Cobb, 1893) Sher, 1961 ‘ 1-3,5 ‘ sd ‘ c
Anguinidae Nicoll, 1935

58 ‘ Ditylenchus sp. ‘ 1,3,4 ‘ sr ’ ad
Heteroderidae Skarbilovich, 1947

59 ‘ Heterodera sp. ‘ 4 ‘ r ‘ ad

[Ipumimka: M - Micue 3Haxo[pKeHHA: 1 — okosinni cesna OpJIMKIBKA, 2 — OKOJIMLI cesia
HoBoceniBka, 3 - okosiui cesnia KyBeunui, 4 - okosnuui ces HoBocesiku Ta Kopo6ky, 5 - okosuni
cena bpycuniB; D - noMmiHyBaHHsA: ed - eyaoMiHaHTH, d - AOMiHAHTH, sd - Cy6JOMiHAHTH,
I' — PelMAeHTH, SI — CcyopenuaeHTH; F - TpamjisiHHS: eC — €yKOHCTAaHTH, C — KOHCTAaHTH,
as - akieccopy, ad — aKIIUAeHTH.
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[Ipy BuBYeHHiI HeMaTomodayHU Hpube-
PEeXXHUX CMYT pi4OK Ta NpubepeXHUx JIyKiB
JOCJTITHUKHU B CepelJHbOMY PeECTPYIOTh Bif 18
Jlo 68 BUAiB [4; 6].

CepeZiHA YMCeJIbHICTb 'PYHTOBUX HEMATO/,
B NIpUOEpexXHUX cMyrax pidyok YepHiriBcbkoro
[Tonticca cranoBuia 672 oco6unu /100 r rpyHTY.
B pocnipxkeHnx Micugax Lied NOKa3HUK KOJIU-
BaBcd Bif 1413 go 260 oco6un/100 r rpyHTy.
Liskovd M. i Cerevkova A. BkasyoTb [6], 1m0
YHCeJbHICTb HEMATO/, B I'PYHTI NpHUOepexHUX
cMyr pivyok CsioBakil KoJiMBasiach y MeXax BiJ,
180 1o 1241 oco6un/500 r rpyHTYy.

3apeecTpoBaHi BUM HEMATOJ, HaJlexKaTb
[0 9 papis: Enoplida, Triplonchida, Dorylainida,

11,9%

B Enoplida

Mononchida, — Monhysterida,
Aphelenchida, Tylenchida.

Panw Dorylaimida ta Tylenchida BKI10O4aOThb
HaWOi/IbIy KiJBbKICTh BUAIB, a caMe 14 BHUAIB
(23,7 %) ta 13 (22,0 %) BignosigHo (puc. 1).
Psan Rhabditida HapaxoBye 10 BuziB (16,9 %), psn
Plectida = 7 BupiB (11,9 %), pan Apbelenchida -
5 BuAiB (8,5 %), pap Triplonchida - 4 Bupu (6,8 %).
Papu Enoplida, Mononchida ta Monbysterida nipen-
cTaBJsieHi ABoMa BuJaMu (3,4 % Bij 3arajibHOI
KIZIBKOCTI BUSIBJIEHUX BUZAIB). TakMM YHUHOM,
OCHOBY ¢ayHHM CKJaJalTb TPU pAAH, a came
Dorylaimida, Tylenchida Ta Rhabditida, [0 AKHAX
HaJIeXKUThb Oijibllla KiJIbKICTb 3apeeCcTPOBAaHUX
BU/IiB, a came 37 (62,6 %).

Plectida,  Rhabditida,
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Puc. 1. TakcoOHOMiYHa CTPYKTypa yrpynoBaHb 'PYHTOBUX HEMATO/J, IPUOEPEKHUX CMYT PidOK
YepHniriscbkoro Iosicca: A - BUg0Be 6aratcTBo, b - yacTka y4acri

YucesibHA y4aCTh KOXKHOTO PSAAY y CKJIaAi
dayHu nofiioHa. 3a KiJIbKICTIO OCOOUH TaKOX
NepeBaXKalTh NpPEACTAaBHUKU TPbOX pAAiB:
Tylenchida (45,5 %), Rbhabditida (28,3 %) Ta
Dorylaimida (14,1 %), iXHsl 4acTKa y4acTi CyTTEBA
i craHoBUTH pa3oM 87,9 %. IlpencTtaBHULTBO
PANIB Plectida, Aphelenchida a Triplonchida B yrpyno-
BaHHAX HabaraTto HUx4e, a came 5,8 %, 2,6 % Ta
2,1 % BignoBigHo. YacTKa y4acTi paaiB Enoplida,
Mononchida Ta Monbysterida He nepeBuiye 1 %.

OTxXe, dK 3a 4YMCeJbHICTIO, TaK 1 3a
BUJIOBUM CKJIQZIOM, TEpPeBAXKAKThb IpeJCTaB-
HUKHU TPBLOX PAAIB, a came 1ylenchida, Rhabditida Ta
Dorylaimida.

Jlo mpoBiHUX POAYH 3a BUJ0BOIO pi3HO-
MaHITHICTIO Ha/leXaTb 'ATb: Plectidae (7 BULIB),
Cephalobidae (7 BURIB), Qudsianematidae (5 BULIB),
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Abpbhelenchoididae (4 Bupn) Ta Tylenchidae (4 BUN)
(Tabauus). BinbiicTs poiuH, a caMe ABALATD,
MICTATH 0 1 BUAY; WICTh POAUH — 110 2 BULH.
Tylenchidae Ta Cephalobidae He TIIBKA BUALIA-
€TbCS 3a Pi3HOMaHITHICTIO, asie € i HAUOiIbII
yuceJbHUMHU | ckimagaots 24,7 % Tta 17,3 %
BiNOBiAHO (puc. 2). Tykencholaimidae Ta Paratylenchidae
32 YMCEJbHICTIO NMpPeJICTABHUKIB 3HAXOAATHCSA
Ha Jipyromy Micui (8,7 % Ta 8,2 % BignosigHo),
X04a NpeJiCTaBJIeHI TiJIbKU ABOMa BHUJaMu. Ha
TPeTbOMY MICLi — POAUHU Pratylenchidae, Rhabditidae
Ta DPlectidae 3 4YacTKOI0 y4yacTi y 3arajbHid
yucesabHocTi 7,1 %, 6,2 % Ta 5,8 % BignmosigHoO.
Jlelio MeHIa YUCEJbHICTb INpeACTaBHUKIB
POIMH  Panagrolainiidae, Aporcelaimidae, Hoplolaimidae,
Heteroderidae, Mesorhabditidae, Apbhelenchoididae,
Belonolaimidae Ta Aphelenchidae (Bin 3,1 % mo 1 %).
IlTle 16 poayH MarTb npeAcTaBHULTBO 10 1 %.
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Puc. 2. CepeaHs yuceabHicThb (%) Ta pi3HOMaHITHICTh pPOAUH I'PYHTOBHX HEMATOJ,
npuéepeKHUX cMyr pivok YepHiriBcbkoro Ioaiccs
OTxe, TIIBKM 7 pOAUH € JOCTAaTHbO LeleHTH. 3a KIJbKICTIO BUJIB INepeBaxkasa

YHCeJbHUMHU Y IP06aX IPYHTY 3 NpUOEepeKHUX
CMYT pivyoK, fIKi pa3oM ckjaazawTb 78 %. IHui
24 poAMHHU MAKOTb HE3HAYHY YUCEJIbHICTD.

3a yacTkow y4acTi y cknaafi ¢ayHu
BU/IiJIEHO N'ATb TPyl HEMATO/: eyJAO0MiHaHTH,
JIOMiHaHTH, Cy6JJOMiHAHTH, pelieJIeHTH, Cyope-
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rpyna cybpeueaeHtu — 39 (66,0 % Buza0BOTO
CIIMCKY), pelie/IeHTH HapaXoBYyBaJlu BiCciM BU/IiB
(13,6 %), cy6moMinanTu - mwictb BUAiB (10,2 %),
JIOMiHaHTH - W'ATb BuAiB (8,5 %). Ipyna
eyJIOMiHAaHTH TMpejCcTaBJeHa JiUlle OJHUM
BuzoM (1,7 %) (puc. 3).

Bunose 6ararcTBo

McynoMiHAHTH B JOMIHAHTH

CyOIOMiHAHTH

YacTka yJacTi

Epemegentn O cyOpeleIcHTH

Puc. 3. CTpyKTypa yrpynoBaHb 'PYHTOBUX HEMATO/, IPUGEPEKHUX CMYT
piuyok YepHiriBcbkoro IloJsicca 3a AoMiHyBaHHAM

32



BHT. 2022. No 3

Biota. Human. Technology

['pyna foMiHaHTH BUsAABUJIACA HalYuCeJIb-
HilIOI0, B yTPYNOBAaHHAX HEMATO/, BOHH CKJIaIN
36,4 % 3arasbHOI KiJIbKOCTi HeMaTo[, (puc. 3).
o Hel noTpanunu Acrobeloides biitschlii, Tylencholainns
teres, Pratylenchus ~ pratensis, Rbabditis Sp., Filenchus
[filiformis, 4aCTKM yd4yacTi AKHUX BiJ 3arajabHOI
YyHCceJIbHOCTI HeMaTo/, cTaHOBUJIM 9,8 %, 8,2 %,
7,0 %, 6,2 % Ta 5,2 % BignoBigHo (Ta6suig).
Jlpyroro rpymnor 3a LUM IOKa3HUKOM OyJH
cyogomiHaHTH (19,5 %), fo AKol BiJHeceHO
6 BUAIB  (Helicotylenchus — dibystera, — Eucephalobus
oxcyuroides, Aporcelaimellus obtusicaudatus, Panagrolaimus
rigidus, Gracilacus audriellus, Paratylenchus nanus) (2,5-
4,9 %). B rpyny ey ioMiHaHTiB NOTPaNUB JIHILE
1 Bup Aglenchus agricola (17,3 % Bigf, 3aranbHOI
yucesqbHOCTI HeMaTo/[). Halbinblly KiJbKiCTb
3apeecTpoBaHUX BU/IiB, a caMe 39 BiJjHeCeHO /10
rpyny cybpeLefieHTH, sKi pa3oM CTaHOBWJIH
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57,6%

A

Bakmugentn Eaxknecopn

14,5 %. HaliMeH111010 YMCeNBHICTIO XapaKTepH-
3y€TbCA I'pyna pelefleHTH, Ka NpeJCcTaBjeHa
8 Bugamu (Acrobeles ciliatus, Anaplectus granulosus,
Aphelenchoides composticola, Cephalobus persegnis, Heterodera
SP., Mesorhabditis monhystera, Plectus parietinus, Tylenchus
ditissimus) 1 cknapae 12,3 %.

TakuM 4MHOM, B yrpynoBaHHAX ['PYHTO-
BUX HeMaToJ JOCHi)KEHUX eKOCUCTeM 3a
BU/JI0BOK0 pi3HOMaHITHICTIO [JOMIiHy€E Trpymna
cybpeuenentu (66,0 %), Toai Ak 3a 4ucesb-
HiCTI0 IepeBakaloTh AOMiHAHTHU (36,4 % ).

AHaJsli3 TpamisHHA OKpeMUX BHJAIB B
npobax I'pyHTy MOKa3aB, 1[0 B yrpyNoOBaHHAX
HeMaToJ, NpubepeXHUX CMyT pidyok YepHiris-
cbkoro [losicca BuaBJIeH] NpeACTaBHUKU YOTU-
pbOX TpyIl: aKUUJEHTH, aKLLeCOpHU, KOHCTAaHTHU
Ta eyKOHCTaHTH (puc. 4).

B KOHCTAaHTH

B eykoHCTAaHTH

Puc. 4. CTpyKTypa yrpynoBaHb 'pPyHTOBUX HEMATO/ NPUGEPEKHUX CMYT PidoK
YepHniriBcbkoro Ilosticcs 3a TpanIAHHAM: A - BUJ0Be 6ararcTBo, b - yacTka y4yacri

Hai6isnbioto KibKicTIO BU/IIB peicTaB-
JleHa rpyna akUJeHTH, 9Ka BKIKYae 34 BUAU
(57,6 % BHUAOBOro CHMCKY) 3 4aCTOTOK Tpar-
nsaHHA Big 8,3 go 25,0 % (Ta6uuusa). [pyroro
Irpyno 3a LUM NOKa3HUKOM € aKLecopu -
16 BuAiB (27,1 %) 3 4acTOTOIO TpaNJISIHHSA Bif
33,3 0o 41,7 %. [lo rpyniy KOHCTAHT BiZjHECEHO
6 BUAiB a6o 10,2 % (Aphelenchus avenae, Cephalobus
persegnis,  Dorylaimus  stagnalis, ~ Filenchus  filiformis,
Helicotylenchus dibystera, Panagrolaimus rigidus), 4acToTa
TpamJIsHHA fAKUX KosuBasaca Big 50,0 mo
58,3 %. 'pyna eyKOHCTaHT XapaKTepU3yETbHCH
HaWMEHILIOKW BHU/JOBOK pi3HOMAHITHICTIO i
npeJcTaBjeHa JiMIIe TpbOMa  BHUJAMU:
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Acrobeloides  biitschlii - (75,0 %), Aglenchus — agricola
(83,3 %) Ta Aporcelaimellus obtusicandatns (83,3 %).

['pynu akuecopiB Ta eyKOHCTAHT Iepe-
BaXKaJIM 3a YAaCTKOIO yyacTi y ckjaafi ¢ayHu
HeMaTo/[, Ae BOHM 3arMaiau 35,5 % Ta 30 %
BiAnoBiAHO (puc. 4). Ha agpyroMmy Micui 3a num
nokasHukoM aknugeHTH (20,3 %). Haiimen-
LIOK0 YHMCEJIbHICTI0O XapaKTepU3yeTbCA rpyna
KOHCTaHTH (14,2 %).

3a KiJIbKICTIO BU/IB CIIIBBiHOIIEHHA TPyl
I'PYHTOBUX HeMaTo/ 3a TpallJssHHAM (ad: as: c:
ec) craHoBwsio 11,3:5,3:2:1, a 3a 4YacTkolo
y4acTi y ckaagi ¢aynu - 1,4:2,5:1:2,1.
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Bucuosxu

1. HemaTozmodayHa IpyHTy AOCIIPKEHUX
npubepekHUX CMyr pidyok YepHiriBcbkoro
[Tonicca HapaxoBye 59 BUAIB, sKi Ha/lexKaThb A0
9 pagais, 31 poauny, 48 poais.

2. flapo yrpynoBaHb I'PYHTOBUX HEMATO/
JOCJIIKEHUX [JIJNITHOK CKJIaJalTb TPU pALU:
Dorylaimida (23,7 % Bif, 3arajJbHOI KIJIBKOCTI
BUAIB), Tylenchida (22,0 %), Rhabditida (16,9 %), no
SIKUX HaJIeXKUTb OiJiblla KiJIbKICTh 3apeecTpo-
BaHUX BUJIB, a caMe 37 a6o 62,6 %.

3. CepenHsA WiJIBHICTD HeEMaTOJ CTaHO-
Buia 672 ocobunun/100 r rpyHTy. CyTTEBOIO €
yacTKa yd4yacTi B YrpyNoOBaHHSIX I'PYHTOBUX
HeMaTo/, IIpeJiCTaBHUKIB TPbOX pAAIB, a came
Tylenchida (45,5 %), Rbhabditida (28,3 %) Ta
Dorylaimida (14,1 %), Aki pa3oM CKJIa[alTh
87,9 % Bij 3arajibHOI YHMCEJIbHOCTI.

4. B rpyHTi npubepexxHUX CMyr pidyok
YepHuiriscbkoro Ilosicca 3a BUAOBOIO pPi3HO-
MaHITHICTIO BUAUIATBCA POAVUHU Plectidae Ta

Cephalobidae (1o 11,9 % Bij, 3arasbHOI KiJIBKOCTI
BU/IiB), TOAi fIK 32 YUCEJbHICTIO JOMiHYIOTb
pPOnUHU Tylenchidae Ta Cephalobidae 1 CKIafa0Thb
24,7 % ta 17,3 % BignoBigHo.

5. B yrpynoBaHHAX I'PyHTOBUX HEMaToJ,
JOCJHiKeHUX JiIJIFHOK 3a BUJAO0BOK PIi3HO-
MaHITHICTIO JOMiHye Trpyna cyb6peLeseHTH
(66,0 %), Toni fIK 3a 4YHMCEJbHICTIO NepeBa-
»KaloTb JOMiHaHTH (36,4 %).

6. BisblIicTh 3apeecTpOBaHUX BUAIB €
npeJiCTaBHUKaMU Pyl aKUUJEHTH Ta aKLeCOPHY,
AKI pa3oM CK/1aZaTb 84,7 % BU0BOTO CIIUCKY.

7. Y TIPYHTOBUX Mpob6ax JAOCTiPKEHUX
npubepeXHUX CMyr HalyacTille Tpamsaiucs
TPU BUIN: Acrobeloides biitschlii (75,0 %), Aglenchus
agricola (83,3 %) Ta _Aporcelaimellus  obtusicandatns
(83,3 %). binbm yucenpHumu (D>5%) B
YyIPYNOBaHHAX HeMaToh  Oyau A bitschlii,
A. agricola, Filenchus filiformis, Rhabditis Sp, Pratylenchus
pratensis T Tylencholaimus teres.
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ABSTRACT

Purpose: We continue our investigations regarding assessing the antibacterial and antioxidant properties of
extracts derived from the leaves of various plants belonging to the Fius genus. In the current study, we aimed to assess
the antibacterial properties of ethanolic extract prepared from leaves of Fius cyathistipula Warb. against some Gram-
positive and Gram-negative bacteria to evaluate the possible use of this plant in the prevention and treatment of bacterial
infections caused by these bacteria.

Methodology. The leaves of . gathistipula were sampled at M.M. Gryshko National Botanic Garden (NBG, Kyiv,
Ukraine) and the Botanic Garden of Ivan Franko National University in Lviv (Lviv, Ukraine). Freshly collected leaves were
washed, weighed, and homogenized in 96% ethanol (in the proportion of 1:9, w/w) at room temperature. The extract
was then filtered and investigated for its antimicrobial activity. The testing of the antibacterial activity of the plant extract
was carried out 7z »i#o by the Kirby-Bauer disc diffusion technique. Gram-negative bacteria, Pseudomonas aeruginosa
(Schroeter) Migula (ATCC®27853™), Escherichia coli (Migula) Castellani and Chalmers (ATCC®35218™), and Escherichia coli
(Migula) Castellani and Chalmers (ATCC®25922™), as well as Gram-positive bacteria Staphylococcus anrens sUbsp. aurens strain
(ATCC®25923™), Staphylococcus anreus subsp. aureus strain (ATCC®29213™) and methicillin-resistant Szaphylococcus aurens
(NEQAS 3679™), as well as the fungus Candida albicans 1ocally isolated, were used as test organisms. Zone diameters were
determined and averaged. The following zone diameter criteria were used to assign susceptibility or resistance of
bacteria to the phytochemicals tested: Susceptible > 15 mm, Intermediate = 10-15 mm, and Resistant < 10 mm.

Scientific novelty. The ethanolic extract derived from the leaves of F. gashistipula exhibited varying inhibitory
activities against all the test strains. More sensitive for this extract was C. albicans strain. S. aurens subsp. aurens strain
(ATCC® 25923™), S. aurens subsp. aurens strain (ATCC® 29213™), methicillin-resistant 5. aurens (NEQAS 3679™), P. aeruginosa
(Schroeter) Migula (ATCC® 27853™), E. co/i (Migula) Castellani and Chalmers (ATCC® 25922™), and E. co/i (Migula)
Castellani and Chalmers (ATCC® 35218™) strains were more resistant to F. gathistipula extract. The results are
encouraging enough to pursue bioactivity-guided fractionation of this extract and structure elucidation of the active
phytoconstituents from the F. gathistipula extract as a possible anti-bacterial agent.

Conclusions. S. aurens and C. albicans appeared to be more sensitive to the F. gathistipula extract. The antibacterial
activity may be associated with the presence of secondary metabolites. The results of this study provide baseline
information on F. gathistipula potential validity in the treatment of fungus-induced and bacterial infections, caused by
Candida albicans and Staphylococeus aurens.

Key words: Ficus ¢yathistipnla Warb, Gram-negative bacteria, Gram-positive bacteria, susceptibility or resistance of
bacteria, Kirby-Bauer disc diffusion technique
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AHOTAIIIA

MeTta: MU npoJOBXKYEMO Haull JOCHIMKEHHS WI0A0 OIiHKM aHTUO6AKTepiaJibHUX Ta aHTUOKCHAAHTHHUX
BJIACTUBOCTEHN €KCTPAKTIB, OTPUMAHUX 3 JINCTSA Pi3HUX POCJHH, L0 HaJeXKaTb A0 poAy licus. Y 1boMy JOCTiIpKeHH] MU
MaJid Ha MeTi JoC/iJUTH aHTUOaKTepiaJbHi BJaCTUBOCTI CIUPTOBOTO €KCTPAKTY, OTPUMAHOTO 3 JIUCTSA Ficus cyathistipula
Warb. mofo fedkux rpaMIO3WTHBHUX | rpaMHeraTUBHUX OaKTepii, 100 OLiHUTH MOXXJMBE BHUKOPHUCTAHHA L€l
POCJIUHU J151 TPOPiNaKTUKHU Ta JIIKYBaHHS OaKTepiaJbHUX iHOeKIil, BUKIMKAHUX IUMU OaKTepisMU.

MeTtopounoris. 3pasku qucCTs F. gathistipnla BifbUpanu Ajs JocaijkeHb y HaljioHaspHOMy 60TaHi4YHOMY cagy
imeni M.M. I'pumika (HBC, KuiB, Ykpaina) Ta boraniunomy cagy JIbBiBCbKOr0 Hal[iOHAJIBHOTO YHiBepcUTeTY iMeHi [BaHa
®panka (J/IbBiB, YkpaiHa). CBi>ko3i6paHe JIMCTsI IPOMUBAJIH, 3BAXKYBaJIM Ta FOMOreHi3yBaJiu B 96% eTanoui (y npomnopuii
1:9, mac./mac.) npu KiMHaTHIN Temnepatypi. [loTiM ekcTpakT iabTpyBasu Ta AOCTIAKyBaayd HOro aHTUMIKPOOHY
aKTUBHICTb. TecTyBaHHA aHTHUOaKTepiaJbHOI aKTMBHOCTI POCAMHHOrO €KCTPaKTy NPOBOAMJIM in vitro MeTozoM
nuckoBoi nudysii Kip6i-bayepa. 'pamHeratuBHi 6akrepii, Psexdomonas aeruginosa (Schroeter) Migula (ATCC®27853™),
Escherichia coli (Migula) Castellani and Chalmers (ATCC®35218™) i Escherichia coli (Migula) Castellani and Chalmers
(ATCC®25922™), a TaK0 rpaMNO3UTUBHI 6aKTepil Staphylococcus aurens subsp. aunrens (ATCC®25923™), Staphylococcus aurens
subsp. anreus (ATCC®29213™) i MeTULMIIIH-PE3UCTEHTHUH Staphylococcus anrens (NEQAS 3679™), a TaKOK JIOKAJIbHO BU/IIJIEHUH
rpub Candida albicans BAKOPUCTOBYBAJIU K TeCT-OpraHi3aMu. BusHavaiu Ta ycepesHIOBaIM AiaMeTpPH 30H iHTi6yBaHHSA
pocty 6akTepiil. HactynHi kpuTtepii giamerpa 30H iHri6yBaHHS BUKOPHUCTOBYBAJHCA [IJisi BU3HAUYEHHS YYTJHUBOCTI
a60 pe3uCTEeHTHOCTI 6aKTepilt A0 AoCaimKyBaHUX PiTOXIMIYHMX pedyoBUH: YyTauBi = 15 MM, npoMixkHi = 10-15 MM i
cTikki < 10 MM.

HaykoBa HoBu3HA. ETaHO/ILHUN eKCTpaKT, OTPUMaHUMN 3 NUCTA F. gathistipula, BUABNAB pi3HY iHri6yro4y Airo
LI0/10 BCIiX AOCHIKYBaHUX IUTAMIB. Bilbll Yy TIMBUM 0 LbOI0 €eKCTPAKTy BUABUBCA WTaM C. albicans. ltamu S. aurens
subsp. aureus (ATCC®25923™), S. aurens subsp. aurens (ATCC®29213™), MeTULMIIH-PE3UCTEHTHUHN S. anrens (NEQAS
3679™), P. aeruginosa (Schroeter) Migula (ATCC®27853™), E. co/i (Migula) Castellani and Chalmers (ATCC®25922™) i E. coli
(Migula) Castellani i Chalmers (ATCC®35218™) 6y.iu 6iab11 CTIHKUMU 0 €KCTPAKTY F. ¢yathistipula. Pe3yIbTaTH € JOCUTD
06HaAiMIMBUMY, 106 NPOAOBXKUTH (PAKLiOHYBaHHS LbOTO EKCTPAKTy, KepoBaHe 6ioakTHBHIicTIO, i 3’scyBaTu
CTPYKTYPY aKTUBHUX PiTOKOMIIOHEHTIB €eKCTPAKTY F. ¢yathistipula AK MOXKINBOT0 aHTHOAKTEPiaJIbHOTO areHTa.

BucHoBkM. lllTamMu S. aurens i C. albicans BAABUINCA OLIbLI Yy TJUBUMU O €KCTPAKTY F. cyathistipnla. AHTHGAKTe-
piajbHa aKTUBHICTb 1IbOTO €KCTPAKTy MoOXke OYTH MOB’A3aHa 3 HAABHICTIO BTOPUHHUX MeTaGOJITIB F. ¢yathistipula.
Pe3ysbTaTH 11b0Or0 JOCIiXKEHHA HAJJAal0Th 6a30BYy iHPOpMallito NPOo NOTEeHLNHY poJb F. ¢yathistipula B TiKyBaHHI iHQeKLil
iHAyKOBaHUX TPpUOKAMU Candida albicans Ta 6akTepiaJbHUX IHPeKUiN, CHPUIUHEHUX Staphylococcus anrens.

Kiro4oBi cnoBa: Ficus cyathistipula Warb, rpamHeraTuBHiI 6akTepil, rpaMIO3UTUBHI 6GakTepii, 4yT/IUBICTH ab0
pe3UCcTeHTHICTb 6aKkTepill, MeTouKa ArcKoBoi Judysii Kip6i-Bayepa.

Introduction Ficus trees have widely been used by

Among 37 genera of Moraceae comprising humans over their history in a variety of
1050-1100 species in total, Ficus L. is the largest industries and fields of activity. Virtually all
one with ca 750 species of tropical and subtro- parts of their body are utilized by local people in
pical distribution worldwide. Its characteristic ~ various medicinal practices to cure wounds,
features include the presence of waxy glands on sores, stomach and eye problems, headaches
vegetative plant parts, heterostyly, and and toothaches, and even tumours and cancer,
prolonged protogyny, i.e., the anthesis of  etc. A number of species are known helpful in
staminate flowers in already mature fruits. healing disorders of digestive and respiratory
These features are functionally linked to the systems, parasitic infections, and also as
unique pollination mode in Ficus, which painkillers, tonics, and ecbolics [24].

involves mutualistic relationships with agaonid Fiens species have been used in Indian
wasps (order Hymenoptera) and has attracted ayurvedic and African traditional medicine [1,
much research interest over the last two 20, 11]. Over the past decades, the medicinal
centuries [9, 5]. In the review by Y. Shi and co- properties of the genus Ficus have been

workers [37], it was noted that Ficus is a large extensively investigated through both ethno-
genus of flowering plants with wide distribution =~ botanical field surveys and pharmacological
in tropical and semi-tropical temperate zones. studies [37]. Many Ficus species have been used
Plants in this genus have occupied many in traditional medicine in the treatment of a
ecological niches and can be deciduous or  variety of ailments and diseases such as
evergreen trees, shrubs, herbs, climbers or  convulsive disorder [7], wound healing [30],
creepers, and life forms can be free-standing  gonorrhea [11], tuberculosis [3], diabetes [12],
trees, epiphytes or semi-epiphytes in crevices,  diarrheal infections [18], dysentery [36],
rheophytes or lithophytes [37]. malaria [8] and HIV [17]. These plants possess

antioxidant [29], anti-diabetes and anti-hyper-

38



BHT. 2022. No 3

Biota. Human. Technology

glycemic [27], antibacterial [28], antifungal [43],
antiviral [13], anti-protozoal [8], anticancer
[25], cytotoxic [32], anti-ulcer [16], anti-
inflammatory [26], anti-diarrhea [18], hepato-
protective [34], muco-protective and gastro-
protective activities [35]. These plants to be rich
sources of flavonoids, lignans, terpenoids,
alkaloids, coumarins steroids, and ceramides [3,
10].

Antimicrobial resistance is the pheno-
menon causing a challenge in new drug
development through conventional methods.
Therefore, the requirement of alternative
medicine, such as phytotherapy, is in high
demand [15]. Several developing countries use
medicinal plants as a first medicinal response to
certain diseases including bacterial infection
diseases [19]. There were reports showing that
medicinal plants have antibacterial activity
against some pathogenic and opportunistic
bacteria [38]. The knowledge of traditional
medicines hidden and lost should be researched
and the loss of natural resources used as
traditional medicines should be prevented [19].

We continue our investigations regarding
assessing the antibacterial and antioxidant
properties of extracts derived from the leaves of
various plants belonging to the Fimus genus. In
the current study, we aimed to assess the
antibacterial properties of ethanolic extract
prepared from leaves of Ficus cyathistipula
Warb. against some Gram-positive and Gram-
negative bacteria to evaluate the possible use of
this plant in the prevention and treatment of
bacterial infections caused by these bacteria. A
study of Ficus species focusing on antibacterial
aspects may provide an understanding of a
wider range of health benefits of the genus Fieus.

Ficus  cyathistipula Warb. is a monoecious
evergreen tree reaching up to 8 m in height,
hemi-epiphytic or terrestrial, native to Africa.
Its leaves are 6-20 cm long and 3-7 cm across,
oblanceolate to obovate, with acuminate apex
and acute to attenuate base, coriaceous and
glabrous. The syconia are born solitary (or up to
3 together) in the leaf axils; they are globose to
obovoid or pyriform, sessile or pedunculate,
3-5 cm in diameter, often somewhat scabrous, at
maturity pale green to pale yellow [6].

Material and methods

Plant materials and Preparing Plant Extracts. The
leaves of F. gathistipula were sampled at
M.M. Gryshko National Botanic Garden (NBG,
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Kyiv, Ukraine) and the Botanic Garden of Ivan
Franko National University in Lviv (Lviv,
Ukraine). The whole collections of tropical and
subtropical plants both at M.M. Gryshko
National Botanic Garden (Kyiv, Ukraine) and
Botanic Garden of Ivan Franko National
University in Lviv (Lviv, Ukraine) (including
Ficus spp. plants) have the status of a National
Heritage Collection of Ukraine and are
supported through State funding.

The sampled leaves of F. ¢yathistipula were
brought into the laboratory at the Department
of Biology, Institute of Biology and Earth
Sciences, Pomeraniam University in Stupsk
(Poland) for antimicrobial studies. Freshly
collected leaves were washed, weighed, and
homogenized in 96 % ethanol (in the propor-
tion of 1:9, w/w) at room temperature. The
extract was then filtered and investigated for its
antimicrobial activity. The extract was stored in
the glass bottles with dark walls at 4 °C until use.

Bacterial  strains. Gram-negative bacteria,
Pseudomonas  aernginosa ~ (Schroeter) — Migula
(ATCC®27853™),  Escherichia  coli  (Migula)
Castellani and Chalmers (ATCC® 35218™) and
Escherichia coli (Migula) Castellani and Chalmers
(ATCC®25922™), as well as Gram-positive
bacteria Staphylococcus aunrens subsp. aurens strain
(ATCC®25923™), Staphylococcus anrens SUbSP. anrens
strain (ATCC®29213™) and methicillin-
resistant Staphylococcus anrens (NEQAS 3679™), as
well as the fungus Candida albicans locally isolated,
were used as test organisms. C. albicans were
differentiated from other Candida and Cryptococcns
species by its ability to grow on the Levine
formula of EMB agar and to produce germ tubes
within 3 h, and pseudohyphae and budding cells
at 18-24 h when incubated at 35 °C in 5%-10%
CO2. The addition of tetracycline to the Levine
formulation aids in the selection of C. a/bicans
from clinical sources that are contaminated
with bacteria. Susceptibility testing of the
isolate was performed by disk diffusion
according to the Guidelines of Clinical and
Laboratory Standard Institute (CLSI).

Evaluation of Antibacterial Activity of Plant Extracts
by the Disk Diffusion Technigue. Strains tested were
plated on TSA medium (Tryptone Soy Agar) and
incubated for 24 h at 37 °C. Then the suspension
of microorganisms was suspended in sterile PBS
and the turbidity was adjusted to equivalent to
that of a 0.5 McFarland standard. The antimicro-
bial susceptibility testing was done on Muller-
Hinton agar by disc diffusion method (Kirby-
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Bauer disk diffusion susceptibility test protocol)
[4]. Muller-Hinton agar plates were inoculated
with 200 ul of standardized inoculum (108
CFU/mL) of the bacterium and spread with
sterile swabs. Growth from freshly subcultured
C. albicans isolates was suspended in 10 mL of
sterile saline to obtain turbidity of 0.5 McFarland
standard. Using a sterile swab, the Sabouraud
dextrose agar plates were evenly inoculated
with the C. a/bicans suspension. The plates were
then incubated at 27 °C for 48 h. Each test was
repeated eight times. Sterile filter paper discs
impregnated by extract were applied over each
of the culture plates, 15 min after bacteria
suspension was placed. A control disc impre-
gnated with sterile 96 % ethanol was used in
each experiment. The disks were incubated for
24 h at 37 °C. The assessment of antimicrobial
activity was based on the measurement of the
diameter of the inhibition zone formed around
the disks (mm). The diameters of the inhibition
zones were measured in millimeters and
compared with those of the control disks. The
following zone diameter criteria were used

to assign susceptibility or resistance of bacteria
to the phytochemicals tested: Susceptible
(S) 2 15 mm, Intermediate (I) = 10-15 mm, and
Resistant (R) <10 mm [33].

Statistical analysis. Zone diameters were
determined and averaged. Statistical analysis of
the data obtained was performed by employing
the mean * standard error of the mean (S.E.M.).
All variables were randomized according to the
phytochemical activity of the extract tested. All
statistical calculation was performed on
separate data from each strain. The data were
analyzed using a one-way analysis of variance
(ANOVA) using Statistica v. 13.3 software
(TIBCO Software Inc., Krakow, Poland).

Results and discussion

The antibacterial activity induced by the
ethanolic extract derived from the leaves of
F. ¢yathistipnla estimated as diameters of growth
inhibition zones of examined Gram-positive and
Gram-negative strains was presented in Figures
1 and 2.

E’” g Candida albicans locally isolated \ '—|—' 17,21%
g3 Control (96% ethanol) | 4 748
Staphylococcus aureus (NEQAS 3679™) | - 1055 *
-é Control (96% ethanol) | -+ 627
E Staphylococcus aureus subsp. aureus Rosenbach (ATCC® 25923™) | 122 #
E Control (96% ethanol) | —1 671
g Staphylococcus aureus subsp. aureus Rosenbach (ATCC® 29213™) | - 13,95 ¥
Control (96% ethanol) | —4— 7,89
Pseudomonas aeruginosa (Schroeter) Migula (ATCC® 27853™) | {1089 *
'é Control (96% ethanol) | —— 6,92
5
.g Escherichia coli (Migula) Castellani and Chalmers (ATCC® 35218™) | —— 12,75 *
E" Control (96% ethanol) | 4 712
E Escherichia coli (Migula) Castellani and Chalmers (ATCC® 25922™) | 11,62 *
&}
Control (96% ethanol) | 656
0 5 10 15 20

Diameters of inhibition zones, mm

Fig. 1. The antibacterial activity of the ethanolic extract derived from the leaves
of Ficus cyathistipula estimated as diameters of growth inhibition zones
of examined Gram-positive and Gram-negative strains.
The data were presented as the mean # the standard error of the mean (S.E.M.).
Note: * - significant differences between the control (96 % ethanol)
and Ficus cyathistipula extract (p < 0.05)
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Our results revealed that the ethanolic
extract derived from leaves of F. gathistipula
possessed intermediate activity against the
Gram-positive bacteria, i.e. (12.2 * 0.65) mm
inhibition zone diameter for S. aureus subsp. anreus
strain (ATCC®25923™), (13.95 * 0.86) mm
inhibition zone diameter for . axreus subsp. aureus
strain (ATCC®25923™), and (10.55 * 0.56) mm
for methicillin-resistant  Staphylococcus  anrens
(NEQAS 3679™) compared to the 96 % ethanol -
(6.71 £ 0.44) mm, (7.89 £ 0.65) mm, and
(6.27 £ 0.35) mm, respectively. Also, the etha-
nolic extract derived from leaves of F. ¢yathistipula
possessed mild activity against the Gram-
negative bacteria, i.e.(11.62 +0.88) mm for
E. /i (Migula) Castellani and Chalmers
(ATCC®25922™), (12.75 + 0.64) mm for E. co/i

A

(Migula) Castellani and Chalmers (ATCC®
35218™), and (10.89 £ 0.74) mm for P. aeruginosa
(Schroeter) Migula (ATCC®27853™) compared
to the ethanolic controls 6.56 + 0.59 mm and
6.92 £ 0.47 mm, respectively). The ethanolic
extract derived from leaves of F. ¢uathistipula
possessed significant antifungal activity against
C. albicans strain (17.21 £ 0.87 mm for C. albicans
compared to the controls 7.48 + 0.24 mm). Thus,
S. anrens and  C. albicans appeared to be more
sensitive to the F. gathistipula extract.

Detailed photos regarding the zones of
inhibition induced by the F. gathistipula extract
against Gram-positive and Gram-negative

bacterial strains were recorded and presented
in Figure 2.

Fig. 2. Inhibition growth zones induced by the F. cyathistipula extract against
Escherichia coli (Migula) Castellani and Chalmers (ATCC®25922™) (A) and
Pseudomonas aeruginosa (Schroeter) Migula (ATCC® 27853™) (B)

This study is part of a continued investi-
gation of the antibacterial properties of some
species belonging to the Fiwus genus. In our
previous study [41], /» vitro antimicrobial activity
of ethanolic extract prepared from F. benghalensis
L. leaves against both Gram-positive (Szaphylococcus
anrens, methicillin-resistant §. axrenslocally isolated,
and Streptococcus pneumoniae) and Gram-negative
bacterial strains (Kikebsiella pneumoniae, Psendomonas
aernginosa, and Escherichia coli), as well as fungus
Candida albicans, were demonstrated to evaluate
the possible use of this plant in preventing

41

infections. The ethanolic extract derived from
leaves of F. benghalensis showed moderate anti-
bacterial activity against S. awreus, E. coli, and
Pseudomonas aernginosa, while no significant anti-
bacterial activity against Kkbsiella pnenmoniae and
Streptococeus pnenmoniae, methicillin-resistant S. asureus,
and Candida albicans were demonstrated. Among
the tested microbial strains, bacteria were
found to be more sensitive to many of the test
agents than fungi. This trend is not unusual
because the plant extracts often displayed
better bactericide than fungicide activities. For
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example, this tendency was revealed for crude
plant extracts, derived from the aerial parts of
25 plants belonging to four plant families
(Asteraceae, Euphorbiaceae, Rubiaceae, and Solanaceae)
[31]. Moreover, the antibacterial activity was
more pronounced in the Gram-positive bacteria
(8. aurens) than the Gram-negative bacteria (E. co/i
and P. aeruginosa). The pronounced antibacterial
activities of this extract could be a result of the
plant's secondary metabolites (carbohydrates,
reducing sugars, sterols, glycosides, phenolic
compounds, tannins, saponins, flavonoids, etc.).
Therefore, F. benghalensis has great medicinal
potential for the therapy of infections induced
by Gram-positive and Gram-negative bacteria
and may be used as a natural antiseptic and
antimicrobial agent in medicine [31]. Conside-
ring the increasing rate of antibiotic resistance
throughout the world, this species of plant can
be considered a potential source of antibacterial
agents.

Also, we have screened the antimicrobial
activity of ethanolic extract obtained from
Ficus lyrata Warb. leaves against the standard and
locally isolated strains of Gram-negative
bacteria Klebsiella  pneuwmonia (ATCC 700603),
Pseudomonas aernginosa (ATCC 27853), and Escherichia
coli (ATCC 25922), as well as Gram-positive
bacteria Staphylococcus  anrens (ATCC 25923),
methicillin-resistant S. awrens, and  Streptococcns
pneumoniae (ATCC 49619) [39]. Our results
showed that the ethanolic extract derived from
leaves of . jrata exhibited moderate activity
against the Gram-positive bacteria (11.3 mm of
inhibition zone diameter for S. awress), and the
Gram-negative bacteria (10.3 mm for E. c/).
K. pnewmonia,  P. aeruginosa, — methicillin-resistant
S. aurens, and S. pneumoniae appeared to be less
sensitive to the extracts, the inhibition zone was
89 mm, 85mm, 89mm, and 8.4 mm,
respectively. The ethanolic extract of F. /rata has
moderate antimicrobial activities attributed to
its higher triterpenoids, flavonoids, and
glycosides content, which confirms the
traditional use of this plant for the treatment of
diseases caused by pathogens. Yet, this research
illustrates that a Gram-positive bacterium was
more susceptible to the ethanolic leaf extracts of
F. hrata as compared to Gram-negative bacteria
species [39].

In our previous study [40], we also
assessed the in vitro antibacterial activity of
ethanolic extract prepared from Ficus sur Forssk.
leaves against Escherichia coli, Staphylococcus aureus,
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and Pseudomonas aernginosa strains, clinically impor-
tant bacteria, which are indicator organisms
commonly used in programs to monitor
antibiotic resistance. For this study, Staphylococcns
anrens ATCC 25923, S. aurens ATCC 29213, S. aureus
NCTC 12493, Escherichia coli ATCC 25922, E. coli
ATCC 35218, Psendomonas aeruginosa ATCC 27583
were used. The results of antibacterial activity
clearly showed that the extract has shown
antibacterial activity against the entire tested
organisms. The extract has shown better
activity against S. aureus strains compared to the
E. cw/i and P. aeruginosa strains. The ethanolic
extract exhibited mild antibacterial activity
against E. «/i. The results of this investigation
suggest that the leaf extracts of F. surcan be used
to isolate antibacterial agents for developing
new pharmaceuticals to control pathogenic
bacteria responsible for infective diseases in
humans and animals [40].

Also, other researchers revealed the
antibacterial activity of many Ficus species. For
example, Kuete and co-workers (2008) have
evaluated the antimicrobial activity of the
methanol extracts from Ficus chlamydocarpa Mildbr.
& Burret (FCR), Ficus cordata Thunb. (FCB),
mixture of the two plants (FCM), as well as that
of the isolated flavonoids Alpinumisoflavone
(2), Genistein (3), Laburnetin (4), Luteolin (5)
(isolated from FCR), Catechin (7) and Epiaf-
zelechin (8) (isolated from FCB). Mycobacteria,
fungi, Gram-positive and Gram-negative bacterial
species were tested for their susceptibility to
the above samples. The microplate dilution and
radiometric respiratory methods were used to
determine the susceptibility testing of the
samples against Mycbacterium  smegmatis and
Mycobacterinm  tuberculosis, respectively. The disc
diffusion assay was used to determine the
sensitivity of the samples, whilst the micro-
dilution method was used for the determination
of the minimal inhibition concentration (MIC)
and the minimal microbicidal concentration
(MMC) against fungi, Gram-positive and Gram-
negative bacterial species. All the samples
except compound 7 were found to be active to
Mycobacterinm smegmatis and the MIC ranged from
0.61 to 312.50 microg/ml. Compound 4 showed
the best activity against Mycobacterium tuberculosis
exhibiting a MIC of 4.88 microg/ml. The results
of the diffusion test indicated that the crude
extract from FCB, FCM as well as compounds 5
and 8 were able to prevent the growth of all
tested (fungi, Gram-positive and Gram-negative
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bacteria) organisms. The inhibition effect of the
crude extract from Ficus chlamydocarpa was obser-
ved on 10 (62.5%) of the 16 tested micro-
organisms (excluding mycobacteria) whereas
that of compounds 4, 2, and 3 was respectively
noted on 14 (87.5 %), 8 (50.0 %) and 7 (39.9 %)
of the tested microbial species. FCB was found
to be more active than FCR in most of the tested
organisms. The results of KueteV. and
co-workers [22] provided evidence that the
studied plants extract, as well as some of the
isolated compounds might be potential sources
of the new antimicrobial drugs.

The effect of ethanolic extract of F. re/igiosa
fruits extract was studied by Kumar Goyal A.
and co-workers [23] against two Gram-positive
bacteria (Staphylococcus epidermidis and Staphylococcus
anrens) and two Gram-negative bacteria (Psexdonionas
vulgaris and  Klebsiella  pnenmonia). The minimum
inhibitory concentration of extract effective
against . epidermidis and K. pnenmonia was 15 mg/ml
while the minimum inhibitory concentration for
S. aurens and P. vulgaris was 30 mg/ml. At 15 mg/ml
concentration of extract, K pneumonia showed
more sensitivity (inhibition zone 21 mm) than
S. epidermidis (inhibition zone 19 mm). At 30 mg/ml
concentration, P. vufgaris showed more sensiti-
vity (inhibition zone 12 mm) than . aureus
(inhibition zone 9 mm). Present observations
indicate that the extracts possess antibiotic
activity. Further scientific evaluation is needed
to screen active phytochemicals from this
important plant to use it for the production of
new antibiotics [23].

H. Usman and co-workers [42] tested stem
bark crude methanolic extract and its n-butanol
and residual aqueous portions from Ficus
thonningii Blume against clinical isolates of
Gram-negative (Escherichia coli, Klebsiella  spp.,
Pseudomonas  aernginosa, and  Salmonella  typh?) and
Gram-positive (Staphylococcus anrens and Streptococcus
spp.) bacteria and carried out a qualitative
phytochemical analysis of the extracts. All
tested organisms were susceptible and the
inhibition efficacy depended on the bacterial
species, extract and portion type, and
concentration, with no significant difference
between the effects on Gram-positive and Gram-
negative bacteria in general. Overall inhibition
increased in the sequence crude extract -
residual aqueous portion - n-butanol portion.
Based on the disc diffusion assay, S. aurens was
most strongly inhibited by the extract’s n-
butanol portion (inhibition zone diameter
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ranged from 20.0 to 26.33 mm), while the
residual aqueous portion appeared the weakest
(13 to 17 mm). Nutrient broth dilution essay
showed MIC 2.5 mg/ml for the crude extract and
n-butanol portion and MIC 1.25 mg/ml for the
residual aqueous portion against . aureus.
Although phytochemical analysis showed quite
rich chemical content of crude extract and both
its portions (with alkaloids, anthraquinones,
carbohydrates, flavonoids, saponins, and
tannins present), no difference between these
three reagents tested were found that would
potentially account for their variation in
bacterial inhibition efficacy.

The phytochemical test of the crude
extracts of Ficus species revealed the presence of
alkaloids, carbohydrates, flavonoids, saponins,
and tannins [21, 2, 44]. These classes of secon-
dary metabolites, such as alkaloids, saponins,
tannins, anthraquinones, and flavonoids are
known to have curative activity against several
pathogens and therefore could suggest the use
traditionally for the treatment of various
illnesses [42]. The antimicrobial activity of
secondary metabolites present in F. ¢yathistipula
extract can be responsible for the antibacterial
properties of this extract.

Phytochemical investigation of the
bioactive extracts of the leaves of F. gathistipula
was assessed by F. El-Sakhawy and co-workers
[14]. Ethanolic and aqueous leaf extracts of
F. ¢yathistipula significantly reduced blood glucose
levels, and improved triglycerides and
cholesterol levels of dyslipidemia in diabetic
rats. They similarly reduced the inflammation of
paw edema and stomach ulcers in rats.
Fractions obtained by the successive partition
of ethanolic extract were assessed by
F. El-Sakhawy and co-workers [14] for their
cytotoxicity, antioxidant and antimicrobial
activities. Petroleum ether fraction was the
most cytotoxic (IC50 = 4.43 + 0.2, 17.3 £2.22,
and 15.5 +3.67 ug/ml on MCF7, HepG2 and
HeLa cell lines, respectively). Ethyl acetate
fraction was the strongest antioxidant in the
DPPH assay (IC50 = 100 pg/ml). All samples
exhibited low to strong antimicrobial activity.
Chemical investigation of leaf extracts led to the
isolation of a-amyrin palmitate (1), lupeol
acetate (2), taraxerol (3), B-sitosterol (4), proto-
catechuic acid (5) and 3-0-caffeoyl quinic acid (6)
that were identified via spectral and chromato-
graphic analyses. Metabolite profiling was
performed via UPLC-PDA-MS and revealed the
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presence of flavonoid glycosides, phenolic acids,
isoflavones, coumarins, and fatty acids. Quanti-
tative determination revealed 593 * 0.5 mg BSE,
348.1 = 0.09 mg GAE, 238.7 + 0.5 mg rutin, and
9 £ (0.5 g tannins per 100 g d.wt. of leaves. GLC
analysis of lipid fraction revealed the identifi-
cation of phytosterols (15.6 %), saturated
(51.71 %), and unsaturated (41.9 %) fatty acids.
Galactose, glucose, arabinose, and glucuronic
acid (36.98 %, 28.86 %, 22.56 %, and 1.06 %,
respectively) were identified by HPLC analysis

methicillin-resistant . auxrens (NEQAS 3679™),
P. aeruginosa (Schroeter) Migula (ATCC® 27853™),
E. coi (Migula) Castellani and Chalmers (ATCC®
25922™), and E. w/ (Migula) Castellani and
Chalmers (ATCC® 35218™) strains were more
resistant to . gashistipula extract. The results are
encouraging enough to pursue bioactivity guided
fractionation of this extract and structure
elucidation of the active phytoconstituents from
the F. gathistipula extract as a possible anti-
bacterial agent. The results of this study provide

of mucilage-hydrolysate [14]. baseline information on F. ¢athistipula potential
validity in the treatment of fungus-induced

Conclusions infections, caused by Candida albicans.

The ethanolic extract derived from the
leaves of F. gathistipula exhibited varying inhibi-
tory activities against all the test strains. More
sensitive for this extract was C. a/bicans strain.
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ABSTRACT

Phytotesting has long been used to determine the quality of seeds, agricultural soil fertility, in biomedical research,
and recently in the field of environmental protection to assess the ecological quality of natural environment (water, soil)
in phytotesting of toxicants. Various plant representatives are used as model test organisms, in particular, onion (AZium
cepa 1..) is considered as a standard test plant for the determination of toxicants.

The purpose of the work is to generalize methodological approaches of using onion (LA%zum cepa 1..) in phytotesting
of toxicants.

Methodology. During the research, the following methods were used: 1) general scientific methods (methods of
theoretical research of available information); 2) analytical and generalized methods (for the analysis of scientific and
literature sources on the given problem); 3) empirical (for accumulating facts); 4) methods of argumentation (to prove
one’s own judgments).

Scientific novelty - methodical approaches of using onion in phytotesting of toxicants are summarized, formulas
for calculating phytotoxic indices (rootlength index, phytotoxic effect of solutions, toxicity index of solutions for each test
function, average toxicity index of the tested solutions) are presented.

Conclusions - phytotesting is a commonly used method of assessing the quality of natural environment (water,
soil) which is based on the sensitivity of plants to external chemical influences and is reflected in growth and
morphological characteristics. The standard test plant for the determination of toxicant influence is the onion (AZium
cepa), which can be used both in the growth test and in the .4/ix»-test. The most sensitive characteristics of onion are the
mitotic activity of the apical meristem cells and the frequency of cells with chromosomal aberrations.

Key words: A//ium cepa, Allium-test, phytotesting, phytotoxic indices.

AHOTALIIA

diTtoTecTyBaHHS 3aCTOCOBYETbCA 3JaBHA /i BU3HAYeHHS SIKOCTI HACiHHS, pPOAIOYOCTI I'PYHTIB
CiIbCBKOTOCIIOJapChKOT0 BUKOPHUCTAHHS, B 6i0MeUYHUX JJOCTiPKEHHSX Ta He TaK JaBHO y IIPUPO00XOPOHHIH cdepi
JJIsT  OLiHKM eKOJIOTiYHOi $fIKOCTI HNpUpPOJHUX cepefoBull (Boau, IpyHTIiB). PisHi mnpeacTaBHUKM pocCIUH
BUKOPHUCTOBYIOTbCSI fIK MOJIeJIbHI TecT-OpraHiaMu, 30KpeMa, UMby pinvyacta (Alium cepa 1.) pO3TNAsJAETbCA K
CTaHJapTHAa pOCJWHA /11 BU3HAYEeHHS TOKCUKAHTIB.

MeTa po60OTH - y3arajbHeHHsl MeTOJAWYHHUX MiJX0JiB BUKOPUCTAHHA LuOyni pindactoi (Alium cepa 1.) y
diToTecTyBaHHI TOKCUKAHTIB.

MeTopaosoris. Y xozi foc/i/pKeHHsI BUKOPUCTAHO MeTou: 1) 3arajibHOHAyKOBi MeTOAM (METO U TEOPETUYHUX
JocJimKeHb AocTynHoi iHpopMmalii); 2) aHaiTUYHUN Ta y3araJbHeHUH MeToAu (JJ1s aHaIi3y HAYKOBUX i JiTepaTypHUX
JhKepeJs 3 MOoCTaBJeHoi mpo6JseMu); 3) eMIOipudHUN (A1 HakonuvyeHHs $akTiB); 4) MeTOAM apryMeHTyBaHHS (/s
Jl0Be/IeHHs BJIaCHUX CY/IPKEHD).

HaykoBa HOBM3HaA - y3arajbHeHO MeTOAWYHI MiZIX0AW BHUKOPHUCTAaHHA LMOysi pimyactoi y ¢iToTecTyBaHHI
TOKCUKAHTIB, MpejacTaBjeHo GOpPMYJaH AJis PO3paxyHKiB PIiTOTOKCUYHUX iHJeKCiB (iHJeKCy MOBXHUHMU KOpIiHIIIB,
diToToKCMYHOTO ePeKTy pPO34YUHIB, iIHAEKCY TOKCUYHOCTI PO3YHMHIB JJIsl KOKHOI TecT-QYHKIIiI, cepeHbOT0 iHJeKCy
TOKCHUYHOCTI JOCi>KyBaHUX PO3UYUHIB).

BUCHOBKM - ITOTeCcTyBaHHs € 3arajbHOBXHBAaHUM METOJOM OILIiHKKM €eKOJIOTiYHOi SIKOCTi NpPUPOJHUX
cepefoBul (BOAU, [PYHTIB), IPUPOSHUX Ta CHHTETUYHUX 610aKTUBHUX CIONYK, IKUH 6a3y€ThCSA HA YYTJIUBOCTI POCIUH
J10 30BHIIIHBOTO XiMiYHOrO BILJIUBY, 110 MOX€ BUKJIWKATH 3MiHM QEHOTHUNIYHUX Ta FeHOTUMIYHUX XapaKTePUCTUK.
CTaHJjapTHOI0 TeCcT-pOCJAMHOI0 JJI1 BU3HAYeHHA TOKCUKAHTIB € L6y pinuyacrta (4. ¢pa), AKa BUKOPUCTOBYETLCA Y
poctoBoMy TecTi Ta Alium-tecti. Hak6iIbII 4yTIUBUMHM MOKAa3HUKAMM IU6YJi MPU AOCHIIKEHHSIX TOKCUKAHTIB €
MITOTHYHA aKTUBHICTb KJIITHH aliKaJbHOI MEPUCTEMH Ta YACTOTA KJITUH 3 XxPOMOCOMHUMU abeparismMu.

Kmio4oBi cinioBa: Alinm cepa, Allimm-TecT, diToTecTyBaHHS, QiTOTOKCHYHI iHJeKCH.
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Formulation of the problem

Phytotesting has long been used to
determine the quality of seeds, agricultural soil
fertility, in biomedical research, and recently in
environmental protection to assess the quality
of natural environment (water, soil) [23; 25; 40;
50]. Various plant representatives are used as
model test organisms, in particular, onion
(Allium cepa 1..) is considered as a standard test
plant for the determination of toxicants [11; 13;
38]. Thus, A. «pa was used to study the toxic
properties of synthetic organic compounds, e.g.
derivatives of 2,4- and 2,6-dinitroanilines [39],
two new complexes of silver(I) with sulfachlo-
ropyridazine [36], N-nitrosodiethylamine [15],
drugs [1], pesticides [18; 38]. The aim of this
work was to generalize the methodological
approaches of using A. «pa in the phytotesting
of toxicants.

Methodology
During the research, the following
methods were used: 1)general scientific

methods (methods of theoretical research of
available information); 2)analytical and
generalized methods (for the analysis of
scientific and literature resources on the given
problem); 3) empirical (for accumulating facts);
4) methods of argumentation (to prove one's
own judgments).

Presentation of the main material

The concept of phytotesting. Test plants and their
Selective sensitivity

Phytotesting as a soil assessment method has
long been used to determine the quality of seeds,
agricultural soil fertility, in biomedical research, and
recently in the field of environmental protection to
assess the quality of natural environment (water, soil)
[23; 25; 40; 51]. Phytotesting is based on the sensitivity
of plants to external chemical influences, that can
cause changes of phenotypic and genetic characteris-
tics. Speed, accessibility and simplicity of experiments,
reproducibility and reliability of the obtained results,
economical and cost-effective value, low requirement
for laboratory equipment as well as objectivity of the
obtained data are the main benefits for the
implementation of the phytotesting methods [25; 51].

There are many recommendations for using
one or another species of plant as a test-culture.
Thus, wheat seeds (Triticun spp.) [12; 32] are used for
ecotoxicological assessment. Seeds of oats (Avena
spp.) [46], radish (Raphanus sativus L.) [47], cress
(Lepidinm  sativum L.) [3; 14; 24; 33; 46; 48] are
recommended for using in laboratory phytotests.

51

The international [SO 11269-2 standard
regulates the choice of at least two species of plants,
while one must be monocotyledonous and the other
dicotyledonous [26].

Seeds of different species respond selectively
to certain classes of pollutants. In particular, the
sensitivities of lettuce, sorghum and mustard seeds
were studied on soils contaminated with a complex
of heavy metals and petroleum products, including
polycyclicaromatic hydrocarbons [14]. The researchers
established the following order of increasing
sensitivity of several plants to soil toxicity: Lepidium
satiyum L. < Sinapis alba L. < Sorghum saccharatum (L) Moench.

Biotesting of well water using seed
germination, and size and weight of the stem and
root of plants of the Poaceae family (Triticum aestivum 1.,
Avena sativa L., Hordeum vulgare 1..) as the test indicators
revealed its low quality, which was confirmed by
chemical analysis. At the same time, the seed germi-
nation of T. aestivum L. (1-2 days) and H. vulgare L.
(3-4 days), as well as the stem size of T. aestivum 1.
seedlings [45] were effective test indicators.

The manufacturer of the biotest recommend
selected plant species included both monocots
(Sorghum saccharatum) and  dicotyledonous plants
(L. sativum and Sinapis alba) [51). Sinapis alba and Sorghum
saccharatum had less germination than L. sazvum in soil
pollution from railway tracks [51]. At the same time,
a monocot plant, sugar sorghum (Sorghum saccharatum),
is more sensitive to oil-polluted soils [7]. Also,
monocot species Triticum aestivum L., stimulation was
visible in both root length and root number at two or
one highest doses, respectively, but dicot species
Lepidinm sativum 1.. and Raphanus sativus L. were generally
not sensitive to applied doses of essential oil
although a little stimulation effect at some
concentrations prevailed over inhibition effect [34].

The estimation of pollution level of aqueous
solutions of surfactant-containing dishwashing
detergents was performed on the basis of the
following characteristics of Lepidium sativum: seed
germination energy, seed germination and biometric-
morphometric parameters (length of aboveground
part and roots of seedlings) with further statistical
analysis [49].

Allium cepa 1. is considered as a standard test
object for the determination of toxicants [11, 13, 38].
In particular, A. «pa was used as a test organism for
determining the toxic properties of such synthetic
organic compounds as derivatives of 2,4- and
2,6-dinitroanilines [39], two new complexes of
silver(I) with sulfachloropyridazine [36], N-nitro-
sodiethylamine [15], medicinal drugs [1], pesticides
[18; 38]. In these studies, the root length of onion
seedlings was measured (growth test), and the
mitotic index and chromosomal aberrations in the
cells of the root meristem of the seedlings were
evaluated (A/inm-test).
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Allium-test is a plant test system for detection
and evaluation the mutagenic, mitosis modifying and
toxic effects caused by chemical and physical factors by
using A. cepa plants. The Alium-test uses the roots of
onion (A. epa) seedlings, which was first proposed by
the Royal Swedish Academy of Sciences as a standard
test object. In modern studies, 4. cepa is considered as a
reference plant test object for the analysis of
mutagenicity, mitotoxicity and toxicity of various
factors [44].

There were also reports of the assessment of
the toxicity of oil-contaminated soils by the seeds of
flax (Linum wsitatissimum 1..) and sunflower (Helanthus
annuns 1..) [22]. Studies of chlorpyrifos (a hazardous
insecticide and important pollutant of the
environment) conducted on white mustard seeds
(Sinapis alba) and maize (Zea mays L.) showed the
sensitivity these cultures [21].

Onion in toxicant testing

Onion (A/ium cepal.) is considered as a standard
test object for the determination of toxicants [11; 13;
38). Allium cepa (division Magnoliophyta, class Liliopsida,
subclass [ lidae, order [ .iliaks family Aliaceae genus
Allinm1..) genus Allinmn1.) is widely used as a test object
to assess the influence of chemical compounds, natural
and wastewater on organisms’ genetic potential. A/
has 8 (2n=16) chromosomes which can be well
defined by various dyes. The duration of the cell cycle
is approximately 17.8 hours. The mitotic index can
fluctuate in different roots of the same plant, but the
averaged data are quite stable. The duration of mitosis
in different tissues of the 4. wpa root is the same and
does not change along the root length. The ratio of
different phases of mitosis does not depend on the
fixation time [44].

The Alium-test is simple, economical, rapid and
sensitive enough to determine whether a factor is
«mutagenic» or «non-mutagenic», «cytotoxic» or
«non-cytotoxic». The A/ium-test is recommended for
the study of almost any chemical, physical and
biological factors. Since the new substances are being
synthesized, the test is getting modifications and
improvements that makes it one of the most popular
[31]. Factors of various origin are suitable for testing,
e.g. physical [different types of radiation, tempe-
rature], chemical [various chemical compounds or
solutions of substances (solutions of various salts,
nanoparticles, pharmaceutical and medicinal prepa-
rations, dyes, pesticides)], natural and anthropogenic
environments (natural waters, industrial emissions /
wastewater, mine waters, disturbed ecosystems in
areas of mineral extraction), biological [products of
living organisms (biotoxins, hormones, metabolic
products of cyanobacteria)] [31].

Thus, Fatma et al. examined [18] phytotoxic
effects of pesticides mancozeb and chlorpyrifos for
A. cepa seeds, via germination percentage, survival
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percentage, root and shoot length, root shoot length
ratio, seedling vigor index, percentage of
phytotoxicity and tolerance index. At the same time,
different toxicity of the new compounds-derivatives
of simazine on the growth of onion roots was
established. The calculated phytotoxic effect of the
solutions studied substances varied from 22.7% to
29.7% [50].

Toxicants can diffusely invade the plant
organism through the roots and aerial organs. Roots
absorb substances less selectively than leaves
because in root chemicals pass only the cell wall,
while in leaf these additionally pass through the
cuticle of the epidermis or stomata [44].

The root tip is the part of the plant that first
comes into contact with the environment. It contains
enzymes that activate promutagens and mutagens
[19], so the use of root meristems does not require
activation systems in the process of studying those
compounds that exert their mutagenic effect
through an activated metabolite. This determines
the high sensitivity of the root meristem cells to the
action of mutagenic factors [30].

Apical meristems are located at the top of
shoots (main and lateral) and at the tip of all young
roots. This arrangement of meristems is determined
already in the initial phases of ontogenesis [4].
Parenchymal cells of the primary (apical) meristem
of the division zone have thin walls covered with a
root cap [8].

Some authors [2; 9; 17] note that to assess
cytotoxicity and genotoxicity, attention should be
paid to inhibition of mitotic activity, delay of cells at
the stage of prophase or metaphase of mitosis, as
well as ratios of the cell number in different phases
of mitosis. This can be evaluated using the .A/iun-test
[19; 28]. The mitotic activity of onion apical meristem
cells is used to determine toxicants, for example to
analyze the contamination of agricultural soils [27].

Using Allium-test, phyto- and cytotoxic
activities of salts of heavy metals and aluminum was
evaluated [16-17], 2,4- and 2,6-dinitroaniline
derivatives were screened for phytotoxicity and
antimitotic activity [36]. For many years, this
method remains to be one of the main test systems
for evaluation genotoxicity, cytotoxicity, and general
toxicity of various factors [5; 44].

Methods of phytotesting with Allium cepa

Growth test

Onion seeds are spread evenly in 50 pieces on
filter paper in Petri dishes (d =90 mm). 5 ml of the
test solution (experiment) and distilled water
(control) are poured into each Petri dish. The
repetition is threefold. The closed Petri dishes are
placed at a temperature of 23-24 °C. On the 3rd day,
the roots length of the onion seedlings is measured
(Fig. 1) [5] and phytotoxic indices are calculated.
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Fig. 1. Seedlings of Allium cepa [29]

In particular, researchers use the following
phytotoxic indices [5; 6; 10; 37]: root length index
(RLI), phytotoxic effect of solutions (PhE), toxicity
index of solutions for each test function (TI), average
toxicity index of the tested solutions (Tlaw), which
are calculated according to formulas (1), (2), (3) and
(4), respectively.

The root length index:

RLI — LT(I)_ Lc
ke (1)

where RLI is the root length index, Lr(i) and L¢ are
mean root lengths in test (i) and control,
respectively. Phytotoxicity is determined by the
following scale [6; 10; 37]:

weak: -0.25 <RLI < 0;

average: -0.5 < RLI < -0.25;

high: -0.75 < RLI < -0.5;

extreme: -1 < RLI < -0.75.

The phytotoxic effect of solutions:
PhE = (L¢ - Lt) x 100% / L, (2)

where PhE is the phytotoxic effect of solutions, Lc is
the root length in control, Lt is the root length of the
in experiment.

To obtain comparable data from the test
results, the toxicity index of solutions for each test
function is calculated according to the formula:

TI = (TF1/TFc), (3)

where TI is the toxicity index of solutions for each
test function, TFr and TF¢ are the values of the
registered test-respond in the experiment and in
control, respectively.

TI below 80% or more, relative to the
control, indicates tendency to inhibit growth
and development. If these indicators are
reduced by two times, then the solution has an
inhibitory effect. The tendency to stimulation is
determined from an indicator of 120% to the
control, an excess of two times indicates a clear
stimulating effect [41].
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The value of the average toxicity index of the
tested solutions is determined by the formula:

where Tl is the average toxicity index of the tested
solutions, TIi, TI,, TIs, Tls are toxicity indices
calculated for each test function: germination
energy, germination, root length and aerial part,
respectively; 4 - the number of test responses
involved in the experiment.

Allinm-test (study of the mitotic index, the duration of the
mitosis phases and the frequency of cells with aberrant chromosomes
in the onion root meristem)

Onion seeds are placed in Petri dishes of
50 pieces on filter paper, which are moistened with
distilled water (control) or the investigated solution
(experiment). Petri dishes with seeds are placed for
3-4 days in a thermostat at a temperature of
23-24°C and moistened daily with the same
amounts of solutions. The repetitions of experiment
and control are threefold [5].

For analysis, seedlings with roots of 0.7-0.9 cm
long are selected, fixed in acetic alcohol (3:1),
stained in acetofuxin and washed from the dye in a
30% solution of acetic acid [42]. Temporary pressed
preparations are made from the root meristem
according to the generally accepted method and the
mitotic index (%o) is calculated according to the
formula (5):

P+M+A+T

MI, % = ———
, %00 I[+P+M+A+T

x 1000, (5
where MI, %o is the mitotic index;

[ - the number of cells in interphase;

P - the number of cells in prophase;

M - the number of cells in metaphase;

A - the number of cells in anaphase;

T - the number of cells in telophase.

The relative duration of each phase of mitosis
(prophase index, metaphase index, anaphase index,
telophase index, %) is also calculated using the
formula (6):

P

P,% =———
% [+P+M+A+T

x 100 (6)
where P, % is the prophase index;

[ - the number of cells in interphase;

P - the number of cells in prophase;

M - the number of cells in metaphase;

A - the number of cells in anaphase;

T - the number of cells in telophase [10].

The duration of other phases of mitosis is
calculated similarly.

Cells in different phases of mitosis are
presented in Fig. 2.

The study of genotoxicity of derivatives is
carried out by the ana-telophase method, deter-
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mining the frequency of cells with aberrant
chromosomes (%) according to the formula (7):
__A(ab) + T (ab)

= T x 100

FA, % (7)
where FA, % is the frequency of cells with aberrant
chromosomes;

A(ab) is the number of cells in anaphase with
aberrant chromosomes;

T(ab) is the number of cells in telophase with

aberrant chromosomes;

A is the number of cells in anaphase;

T is the number of cells in telophase [20].

At the same time, it should be taken into
account that the total number of viewed anaphases
and telophases should be at least 200 [35]. Light
microscopy at magnification (X400) is used in
research (Fig. 2).

Fig. 2. Microphotographs of mitosis in onion roots (light microscopy, acetofuxin staining,
magnification x400): A - interphase; B - prophase; C - metaphase; D - anaphase;
E - telophase (cells in the corresponding phase are indicated by arrows)

At the ana-telophase stage, mutations
associated with a gross violation of the structure
of chromosomes (a significant damage of
chromosome structure), as well as damage to
the mitotic spindle (division spindle) or a
change in the behavior of chromosomes on the
division spindle (Fig. 3) [43] are registered:

a

echromosome lag,
eaberrant mitoses:
1) tripolar mitoses,
2) quadrupole mitoses,
3) asymmetric mitoses.

d e

Fig. 3. Microphotographs of some types of chromosomal aberrations found in cells of the apical
meristem of A. cepa (light microscopy, acetofuxin staining, magnification x400): a - fragments
in telophase and micronuclei in interphase; b - the bridge and lag of chromosomes in telophase;
c - bridge in anaphase; d - double bridge in telophase; e - fragment in telophase

Conclusions

Phytotesting is a commonly used method of
assessing the quality of natural environment (water,
soil) which is based on the sensitivity of plants to
external chemical influences and is reflected in
growth and morphological characteristics. The
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standard test plant for the determination of toxicant
influence is the onion (_AZium cepa), which can be used
both in the growth test and in the A/Zium-test. The
most sensitive characteristics of onion are the
mitotic activity of the apical meristem cells and the
frequency of cells with chromosomal aberrations.
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AHOTAIIA

MeTa po60TH. BcTaHOBJ/IEHHS €KOJIOTYHUX aclleKTiB HEraTUBHOTO BIIJIMBY BiiCbKOBUX [Iill HA CYYaCHUH CTaH Ta
M0/la/IbIINH PO3BUTOK O/KIJIBHUIITBA y MMOJICHKiM YacTuHU YepHiriBcbkoi o6sacTi (Ykpaina).

MeTogoorida. BukopuctaHo JaHi 3 JOCTYHNHUX JKepeJ, 110 BifoO6paxkyloTb CTaH 6 KiJbHULTBA B YKpaiHi.
[IpoBefeHe couiosioriyHe ONUTYyBaHH:A 62-X 64k0J1piB. [[poBoAMIOCA clTOCTepeKEHHS 32 TOBEAIHKOIO 6/Ki Ha IBOX
nacikax, a Takox ¢oTorpadyBaHHs, Bifjleo3WOMKa, ayAio3amuc [0, mif 4ac Ta micasg BiMCbKOBUX [Aik. ¥ po6oTi
BUKOPUCTAHO [laHi J1abopaTOpPHUX aHaJi3iB caHiTapHo-ririeHiyHOi JsabopaTopii 1oJ0 3a0pyJHEHHS IPYHTY
HadTOMpoJyKTaMH Ta BOXXKMMU MeTaJaMH y MiCLsIX BeJleHHsI 60H0BUX Aill. [l/1s1 po3paxyHKy MPOrHO30BaHOTO BMICTY
BaXKKUX MeTaJliB y MeJii B MicLsX Bif6opy npob I'pyHTY BUKOPUCTOBYBAJIU JIiHilHI perpeciiiHi piBHAHHS 3a/1€KHOCTI
BMICTY BaKKMX MeTaJliB Y Me/ii BiJi BMICTY BaXKUX MeTaJliB y I'PYHTI.

HaykoBa HoBHM3Ha. BusnaueHo Ta kiacudikoBaHO GakToOpH, sKi COpUYMHWIM BilcbkoBi Aii 2022 poky i
JeCTPYKTUBHO BIUIMHYJIM Ha CTaH Ta PO3BUTOK O/KIJbHULITBA y MHoJicbkill 4YacThHi YepHiriBcbkoi o6.JacTi.
BcTaHOBJ/IEHO HACTiJKH BINCBKOBUX Ji, IKi 3HU3WJ/IM IO3UTHBHI eKoJI0Ti4Hi edeKTH 6/pKiIbHULTBA y PETiOHI, 30KpeMa:
3MiHM NOBEAIHKOBUX peaklild 6/Kij, 3MeHlIeHHS YMCeJbHOCTI 6/KOJIMHUX CiMel, 3MeHIleHHs 06csATiB Ta 3arposa
SIKOCTi mpoAyKIil 6/DKIIbHUIITBA (HacaMIiepe MeJy).

BucHoBKM. BilicbkoBi aii, siki BigOyBanucs i Bif0yBatoTbcs Ha TepuTopil mosickkoi yacTuHu YepHiriBcbKoi
06J1aCTi, CIPUYMHUINA NOSABY HU3KM PaKTOpiB HacaMmiepe], eKOJIOTIYHHUX, SIKi JeCTPYKTUBHO BIJIMHYJM Ha CTaH Ta
PO3BUTOK O/KIIBHUIITBA, Hacamiepes ¢dakTopu Oe3nocepefHboi Ail (MexaHiyHe 3HHUIIEHHS MacikK, IIyMOBe Ta
celicMiyHe 3a06pyAHEHHs Miclb YTPUMYyBaHHSA 6/KiJl Ta TepUTOpilt Me10360py) Ta paKTOpU onocepeKOBAHOTO BILJIUBY —
coljia/jibHi Ta TEXHOTeHHO-XiMiYHi.

AxkTuBHI BilicbkoBi [ii y moJiicbkili yacTuHi YepHiriBcbkoi 06/1acTi COpUYMHAIM 3MillleHHs 4acy nepeoiry
Ce30HHUX SIBUL Y 6/1Kis (HacaMIlepe[, BECHSIHOTO OUMCHOT0 06J1bOTY), a lIyMOBUI edeKT mif, yac BUOYxiB Maiixke yABidi
HiZIBUIIYBaB PaHr arpecii 6/K0JMHUX CiMeil.

HacnigkoM BificbKOBUX AiMl y moJticbKil yacTuHI YepHiriBcbkoi 06J1acTi € 3MeHIIeHHS KibKOCTI 6/pK010ciMelt y
perioHi, Hacamnepe y TpUKOPIOHHUX TepUTOpisAx. Lle MoXke MpHU3BECTH J10 3MeHIIeHHs 6i0JI0OTiYHOI MPOAYKTHUBHOCTI
€KOCHCTEM perioHy, fKa peasi3yeTbCsd 4Yepe3 BiJTBOPEHHd BHJOBUX MNONYyJASLid O/KOJMM MeJOHOCHOI Ta
6/1>K0J103aNNJIbHUX POCJIMH.

B Micuax BeZieHHs 6G0MOBHX i BHAC/iIOK 3a0pyJAHEHHS I'PYHTY HadTONPOAYKTAMH Ta BAKKHUMH MeTaJlaMH
icHye 3arposa ekoJioriyHiii 6esmnedyHocTi mpoaykuii 6/pkinpHULITBA. Ha mifcTaBi nporHo3y BMicTy BaKKUX MeTasliB
(Zn, Pb, Cu) y Mezi 3a BMiCTOM Ba)KKMX METaJIiB Yy I'PYHTi B MiCLISIX aKTUBHUX OOMOBUX il JOBEJ€HO, 1[0 TaKi JiITHKH
He NpUAATHI 1151 360py €KOJIOTIUHO 6e3MeYHOTo MeJy.

Kiro4oBi cioBa: 6/KiIbHUITBO, BiliHa, €KOJIOTi4HI Hacaifgky, ekosoriyHi pakTopy, [losices, Ykpaina
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ABSTRACT

Purpose of the work. To establish the ecological aspects of the negative impact of military actions on the current
state and further development of beekeeping in the Chernihiv region Polesia part (Ukraine).

Methodology. The data of available sources reflecting the state of beekeeping in Ukraine were used. A sociological
survey of 62 beekeepers was conducted. Observations of the behavior of bees in two apiaries, as well as photography,
video recording, audio recording before, during and after military operations were carried out. The laboratory analyzes
data of the sanitary and hygienic laboratory on soil contamination with oil products and heavy metals in the places of
hostilities were used. The linear regression equations of the dependence of the heavy metal content in copper on the
heavy metal content in the soil were used to calculate the predicted heavy metal content in copper at the soil sampling
points.

Scientific novelty. The factors that caused the military actions of 2022 and had a destructive effect on the state
and development of beekeeping in the Chernihiv region Polesia part were determined and classified. The consequences
of military actions that reduced the positive ecological effects of beekeeping in the region, in particular: changes in the
behavioral reactions of bees, a decrease in the number of bee colonies, a decrease in volumes and a threat to the quality
of beekeeping products (primarily honey) were established.

Conclusions. The military actions that took place and are taking place in the territory of the Chernihiv region
Polesia part caused the appearance of a number of factors primarily ecological that had a destructive effect on the state
and development of beekeeping, primarily factors of direct action (mechanical destruction of apiaries, noise and seismic
pollution of beekeeping places and honey collection areas) and factors indirect influence - social, technogenic and
chemical.

Active military operations in the Chernihiv region Polesia part caused a shift in the timing of seasonal phenomena
in bees (primarily the spring cleaning flight), and the noise effect during the explosions almost doubled the level of
aggression of bee colonies.

The consequence of military operations in the Chernihiv region Polesia part is a decrease in the number of bee
colonies in the region, primarily in the border areas. This can lead to a decrease in the biological productivity of the
region’s ecosystems, which is realized through the reproduction of species populations of honey bees and bee-pollinated
plants.

There is a threat to the ecological safety of beekeeping products in places where hostilities are being conducted
due to soil contamination with oil products and heavy metals. Based on the prediction of the content of heavy metals (Zn,
Pb, Cu) in honey based on the content of heavy metals in the soil in the places of active hostilities, it was proved that such
areas are not suitable for collecting ecologically safe honey.

Key words: beekeeping, ecological consequences, ecological factors, Polesia, Ukraine, war.

ITocranoska nmpobGaeMu cbopMyBasiacsd HM3Ka YMOBHUX | 6€3yMOBHUX

B/OKIIBHULITBO € BaXXJIMBUM €KOJIOTIYHUM pedJiekciB, CHpsIMOBaHUX Ha BIXUBAHHA
YUHHUKOM. 3HayeHHS O/KiAbHULTBA [ couiymy [4]. Ak npoJoBxeHHS Li€l AYMKHU Yy
yTPUMaHHS €KO0JIOTYHOro 6ajlaHCy NPUPOJHO- KOHTEKCTI BIJIMBY JOBKIJUIA Ha POCJMHU |
TEPUTOPia/IbHUX KOMIJIEKCIB BUABJIAETLCA Yepes MeJIOHOCHY 6/pkoay, B./l. BpoBapcbkuii 3 cniB-
HU3KYy Ollocepe/JKOBaHUX BIIMBIiB. BuciBaHHA aBTopaMu [3] HaAroJoulye, 10 HepalioHaJlbHe
Ta MiACiBaHHSA MeJOHOCIB B MiclfAX epo3ik Ta BUKOPUCTAHHS 3eMeJIbHUX VYTilb, BIPOBaJ-
cydosiii 3anobirae po3BUTKY LUX PYyHHIBHUX >KeHHS1 IHTEHCUBHUX TEXHOJIOTi BUPOOHUITBA

nporieci. [lifciBaHHA MeJJOHOCHHUX POCJUH Ha i nepepo6bKu NpoAyKIiii, 3aCTOCyBaHHS FT€HETUYHO
JIyKaX, MacoBUIAX, B CaZlaX € BaXXJIMBUM arpo- Mo/1MbiKOBaHUX OpraHi3aMiB, 6i0JIOriYHO aKTUB-
TeXHIYHUM 3axXO0JO0M [JJid INiJBHUIIEHHI poAto- HUX | TOPMOHaJIbHUX IIpenapariB, XiMi4YHUX
YOCTI I'PYHTY, BPO2KaWUHOCTI CiJIbCbKOTOCHOAap- PEYOBHH M iHIII YUHHUKHU CYTTEBO MOTiPIININ
CbKHUX Ta JICOBUX KYJbTYp (3a paxyHOK ix YMOBM ICHYBaHHSI MeJIOHOCHHUX O/ikia. 3a
epeKTUBHOIO 3amnuJieHHs) i HeKTapolnpoayK- OCTaHHI KiJIbKa [leCATKIB POKIB Yy BCbOMY CBITi
THUBHOCTI yriab. Hekrap MemoHOCIB cnpuse KpiM pi3KOro CKOpo4YeHHsl 4MCeJbHOCTI 6/K0-
PO3MHOXEHHIO KOPUCHUX KOMAX, SKi 3HULIYIOTh JIUHUX CiMel Bif0yBa€TbCcs 3HMXKEHHA iX
LWIKIJHUKIB IJIOLOBUX Ta OBOYEBUX KYJBTYP. NPOAYKTUBHOCTI Ta PE3UCTEHTHOCTI [0 XBOPOO.
BaxiuBe i Te, 110 HacesleHHs 3abe3Me4yeThCs [lisikoM HMOBipHO, 1110 rJI06aIbHEe MOTEeMIiHHSA i
MeZlOM Ta IHIIMMHM O/KOJONPOAYKTaMH [Jisl KOPMOBI pecypcH Tex iCTOTHO BIJIMBAIOTh Ha
3/I0pOBOr0 xapuyyBaHHs [15]. KUTTEMISANBHICTD OJKINT i MPU3BOAATH A0 IX
3a JaHMMH HayKOBIIiB, MEJIOHOCHI 6/1>K0JIH 3arubeui [3].
BpogoBx 40-100 MJIH. pOKIB IPUCTOCOBYBA- [Ipo akTya/bHICTb NPO6JIEMHU OZj€p>KaHHA

JIUCA [0 PI3HUX NOPUPOSHO-KJAIMAaTUYHUX | €KOJIOTIYHO 4YMCTOI MpOAYKIil 6/ KiJIbHUILITBA
MeZ030ipHMX YMOB. 3a Led mnepiof y OmKia CBiguaTh nyo6Jiikalii, NpUCBSYEHi eKOTOKCUKO-
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JIOTI4YHIM OLiHL BIJIMBY NEeCTULU/IB HA MeJO-
HOCHUX OJIKiJ [2], 3a/1€2KHOCTI BMICTy BaXKKHUX
MeTaJliB y NpoAYKIii 6/KIIbHULITBA BiJ, piBHSA
TEXHOTE€HHOT0 3a0pyZiHEeHHsI arpoeKOoJIOTIYHOro
cepegoBuina [12]. Huska 3akopfoHHUX my6.Ii-
Kallii OCTaHHIX pOKIB MpUCBSIYEeHA aHasily
BMICTy BaXKUX MeTajJiB y 3pa3kax Meay
OKpeMHUX perioHiB, 3okpema Itanii [18], Ipany
[17] Ta BAOCKOHA/IEHHIO METO/IB aHaJli3y BaX-
KHX MeTaJIiB y NpoAyKLil 6/pkiibHULTBA [1; 13].

AKTyasibHOMO € IpO6JIeMa pa/lioaKTUBHOTO
3a0py/iHeHHs1 MOpPOAYKLUil O/KiJbHULTBA. Y
bOMY acCIleKTi 3[ilCHEHO NpPOorHo3 pajio-
aKTHUBHOI0 3a0py/iHEHHS 6/1)KOJIMHOT'0 Me/ly Ta
OOHIIOKS B yMOBaxX paj/lioakTUBHOrO 3abpys-
HeHHs Kutomupcbkoro Ilosicca [14]. ¥V KoH-
TEKCTi Mp06JieMU paljioHaIbHOI'O0 BUKOPHUCTAHHS
JydHUXx ekocucteM llosiccd, 4kl 3a3Hanu
pPaAioaKTUBHOTO BIJIMBY i TPUBaJMUK 4ac He
nepebyBaJii y roCOJapCbKOMY BUKOPUCTAHHI,
3a II0Ka3HMKaMM BMICTy paZiOHYKJIiAIB 1
BaXXKUX MeTaJlliB y TIpPyHTI Ta pOCJAUHAX
3[IINCHEHO TMPOTHO3 MOXJIUBOCTI BUKOpPUC-
TaHHA  Solidago  canadensis L. 9K MeJOHOCHOIO
pecypcy y JiTHbO-OCiHHIN nepiof [16].

[IpobaemMa «O6KIIBHUILTBO 1 BiMCHbKOBI
Jliil» y CBITOBMX HayKOBUX pPO3pOOKaxX BUCBIT-
JIeHa y acleKTi BUKOPUCTAHHA MeJOHOCHHUX
Okl [y BUABJIEHHS1 BUOYXOHebOe3NMeuHUX
MaTepiaJiB, 30KpeMa Ha3eMHUX MiH. Pe3yib-
TaTU HAYKOBUX NOLIYKiB YHiBepcuTeTy MOHTaHU
NOKa3ylTb [JOCUTb e(QeKTHBHI pe3yJbTaTH
BUSIBJIEHHSl MiH 3 BUKOPUCTaHHAM KoMax [19].
Buenumu bocHii Ta 'epuerounu u Xopsarii
3alpoINOHOBAHO 6ioribpuaHy cuUcTeMy [
BUSIBJIEHHSl HA3€MHUX MiH, 1|0 BKJIIOYA€E y cebe
3aCTOCYBaHHAA /[IBOX B3AaEMO/ONOBHIOYHUX
MeTO/liB: NaCUBHOr0O Bif60py Mpob6 K aKTHUB-
HOTO0 NOIyKy [9].

Haxkasb, BilicbkoBa arpecis Pocii B Ykpainy
CIIpYsJIa aKTyaJIbHOCTI 11le OJHOMY acleKTOBI
3raJlaHoi npo6JsieMy — eKOoJIOTIYHUM HacJiKam
BIJIUBY BiMICbKOBUX il Ha 6/KIJIbHUIITBO.

Y YepHiriBcbkilt 06J1acTi 61>KiIBHULTBO €
TpaAUI[iHHUM HallPSIMKOM OpPTaHiYHOTI'0 BUPO6-
HuuTBa. [loyaTok nepioAy €eKOJIOTIYHOTO
NPOAYKTHUBHOIO O/ KIJIbHUITBA NOB’SI3aHUM 3
im'am ILL [IpokonoBuua, saxuid y 1814 p.
BUHAWIIOB pPaMKOBUU (K BiH HOro Ha3WBaB
«BTYJIKOBU») BYJIMK. 3aB/SIKU 11bOMY 3’sIBUJIACS
MOXJIUBICTb J00YBaHHS 4YUCTOTO Meay 6e3
HAaBMHUCHOTO 3HUUIEHHS O/KOJMHUX CiMel,
AKHAM He Nepez0avasoch HAaBMUCHE 3HUILEHHS
KOMax nepeJ, BiiloMpaHHAM y HUX MeJy.
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[lonicbka yacTuHa YepHiriBcbkoi 06/1acTi -
perioH, NpupojHi YMOBHU SIKOTO OyJd i €
COPUATIMBUMU JJIS PO3BUTKY OJKIJIbHULTBA.
g npukopZoHHa TepuTopia y 2022 p. 3a3HaJjia
BCEOIYHOTO AeCTPYKTUBHOIO BIJIMBY Mij, 4ac
BiliICbKOBMX JiH.

MeTor0 HaAlOro JOCHiP)KEHHS € BCTAHOB-
JIEeHH €eKOJIOTIYHUX acCHeKTiB HeraTUBHOIO
BIJIMBY BiMCbKOBHUX [Iil Ha Cy4yacHUH CTaH Ta
noJla/ibliMd  pPO3BUTOK  O/PKIJIBHULTBA Y
N0JIiChbKiM YacTUHU YepHiriBcbkoi 06/1acTi.

Marepiasu Ta METOAHU AOCAIAYKEHHSA

Ilix yac BUKOHAaHHSA AO0CAiA»KEHHS BUKO-
pUCTaHI JaHi 3 [JOCTYIHUX [DKepeJs, 110
BiZl0OpaKyl0Th CTaH O/KIJIbHUI[TBA B YKpaiHi
[5-7; 10; 22].

s pocnigkeHHs 6yJi0 MpoBeJeHe collio-
JIOTiYHEe ONMUTYBaHHS OK0JISIpiB, sIKi MalOThb
NAciKM y NOJICbKIA 4YacThHI YepHIriBcbKoi
o6us1acTi. ONUTYBaHHSA 6/1>K0JISIPiB IPOBOAUJIOCS
SIK TiJl Yac 0COOMCTOro CNijIKyBaHHS (23 ocobwu),
Tak i B coniasibHUX Mepexax (39 oci6). Posmno-
BiZli Ta BiANOBIAI peClIOHEeHTIB Ha NIOCTaBJIeH]
3alMTaHHSA JOCUTb 4acTo Oy/JM HebaraTocC/iB-
HUMU W CTpUMaHUMU. Baxonspi He moropxy-
BaJUcA JiMTHCca GOTO3HIMKaMHU Macik, fki
3a3HaJ/IU yIIKO/»KeHb (0COOJIMBO 3 MiCLEBOCTEH,
AKI 3Haxo4ATbCA NOpy4Y 3 JepKaBHUM
KOPZJOHOM).

[IpoBOoAMIOCA CcHIOCTepeXeHHd 3a IoBe-
JIIHKOIO0 6/1Kis1 HA IBOX HeBeJIMKUX (5-7 ciMelt)
nacikax Ha TepuTtopii YepHiriBcekoro panony
YepHiriBcbkoi obusacti, a Takok ¢oTtorpady-
BaHHs, BiZle03MOMKa, ay/io3anuc Jo, mij 4yac Ta
mic/is1 BiNCbKOBUX JIiH.

Y po60Ti BUKOPUCTAHO JjaHi J1JabopaTOPHUX
aHaJsi3iB caHiTapHO-TirieHiuHoi tabopaTtopii 1Y
«YepHIriBCbKHi 06J1aCHUM LIEHTP KOHTPOJIIO Ta
npo¢isakTUKU XBOopo6 MiHicTepcTBa 0XOpOHHU
3/10pOB’sl YKpaiHu» 040 3a0pyHEHHS I'PYHTY
HapTONMPOAYKTAMH Ta BaXXKUMU MeTallaMU y
MiclSIX BeIleHHSI 00MOBUX JIiH.

Jlns po3paxyHKy NPOrHO30BaHOI'0 BMICTY
BAXKKHX MeTaJliB y MeJii y MicLsx Bii6opy npo6
I'PYHTY BHUKOPUCTOBYBAJIU JIiHIMHI perpeciiHi
PIBHAHHA 3a/I€KHOCTI BMICTY BaXKKHUX MeTaJliB Y
Me/li BiJj BMICTy Ba>KKUX MeTaJliB y I'PyHTi [16].

PesyapTaTu T2 iX 0GroBopeHHA

Daxmopu  reeamustiozo 6nausy 6ilckosux 0il ta
O0HCLABHUYIHB0

Y nousicbkid 4YacTuHI YepHiriBcbKoil
006J1acTi, K i B YKpaiHi y 1iJI0My, 3 MOYaTKOM
BiMHM MOTeHLias O/ KIJIbHUITBA CKOPOTHBCS.
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Yepes BOeHHI Ail Bif0ysucA NeBHI BTpaTH B
rajysi: 3HauHe pyHHYBaHHs Iacik Ta BUPOO-
HUY0I 6334, CKOPOUeHHsI BUPOOHUIITBA, OCKIJIbKU
Ha HeNiJJKOHTPOJIbHUX TEPUTOPIAX He MOXKHa
OTpUMYBATHU mnpoaykuiro [22]. BilcbkoBi Aii
CIIPUYMHUW/IM NOSABY €KOJIOTIYHUX, EKOHOMIYHUX
Ta colliiaJibHUX GaKTOpiB, AKi JECTPYKTHBHO
BIJIMHYJIU HA CTaH Ta PO3BUTOK O KIJIbHUIITBA
y moJicbkid 4acTuHi YepHiriBcbkoi 06J1acTi.
3a3HavyeHi ¢axkTopu 3a CIOCOGOM BIJIMBY
MOXXHA TaKO0X pO3NOAIJIMTA Ha JABI rpynu:
dakTopu 6Oe3nocepefHbOl [Jii Ta ¢axTOpHU
ornocepeIKOBaHOTO BILJIUBY Ha 6/ KiJIbHUIITBO.

Jlo rpynu dakTopiB 6e3nocepefHbOI Ail
HasexaTb Qi3u4Hi (MexaHiuHe 3HMUILEHHSA
nacik (puc.1 Ta 2), myMoBe Ta CelCMiuHe
(30kpeMa, pizka MexaHiuHa [lisl HA KJAYyOU 61Ki
nif, yac BUOYXiB B3HWMKYy aBialjiiHUX 60MO,

Puc. 1. 3Hu1eHa nacika B OZHOMY
3rocnoaapcTB (YepHiriBcbka 06/1acThb)

[lif, yac o6CTpiniB y NoJiChbKiIM 4YacTHUHI
YepHiriBcbkoi 06J1acTi 6yJ10 3HULEHO YaCTUHY
rocnoZilapCTB, y sKUX Oyau mnaciku. Jasa
NOpPiBHAHHSA, 6/XKIIBHUITBO Ha CXO/i YKpaiHu
B3araJii OMMHUJIOCA MiJi 3arp03010 M0/1aJIbIIOTO
icHyBaHH4 fiK ranysi [21].

[llymoBe 3a6pyAHEeHHS MijJ Yac 06CTPiIiB €
JlyKe HebaKaHUM, JpaTiBJIUBUM YHUHHUKOM,
SIKUW HeTaTHMBHO BIJIMBAE Ha MOBEAIHKY O/Ki,
HallpUKJaj, IiJ 4Yac 3UMIiBJi, BECHAHOIO
OYMCHOTO 00JIBOTY, [isIIbHOCTI pO60YUX O42KiJI,
BJIACHE MpPOLeCy Me10360py TOLO.

JeToHanii  GoempumnaciB  BUKJIUKAIU
3aHENOKOEHHA O/pKia y3UMKy, ajpKe Mep3Jia
3eMJId € IPYKHUM CepeJloBHUILEM, fKe Nepefia€e
3BYKOBY XBUJIIO 3 BEJIMKOIO IIBUJKICTIO Ta Ha
BeJIMKI BifcTaHi. Baxosidapi 3 NpUKOpPAOHHUX
ClJI CTBEPZKYIOTh, 10 B 3UMOBUHU mepiof BiJ
JeTOHalil CcHapsJiB CrHocTepirajocs posna-
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pakeT, CHapsjiB, MiH TOLIO0), 3aOpy/HEHHHA
Miclb yTPUMYyBaHHA O/pKin Ta TepuUTOpiN
MeZ0300py) Ta arpob6ioTHYHI (3HUIIEHHS Ta
3MeHIlIeHHsI KOPMOBOi 6a3U 6/KiJIbHUIITBA).

€ npukJazu 3abupaHHs BiHCBKOBOCJIYX-
OOBIIMH HACTYMAKYMUX MiAPO3/iJIiB POCIHCHKUX
BiliCbK HAallOBHEHUX ME€JOM paMOK 3 BYJIMKIB
AN CcnoKMBaHHA B dkocti Dki. Ha pwuc. 1
300paXKeHO PO3KU/AaHi «BPYUHY» BYJIMKH OJHOT'O
3 TAaKHUX r'OCNOJAaPCTB. 3 BiAPUTUX BYJIMKIB Oy/IH
3abpaHi paMKu 3 MeZoM. [HIIi k Gy/iM IpOCTO
PO3KHU/AaHI HABKOJIO IX KOpIyCiB. 3p03yMiJIo, 1110
e npu3Beso A0 3arubesi BCiX O KOJTMHUX
cimeil. Ha puc. 2 306paxkeHO BYJIMK, pO3CTpi-
JIIHUM 3 aBTOMaTU4HOI 36poi, 1mo 6yJ0
MOMCTOI0 6/1K0OJIMHIH CiM'T, iKa 060pOHSs/Ia CBOE
YKUTJIO BiJl HE3AaKOHHOTO BTOPTHEHHH 10 HbOTO.

Puc. 2. Po3cTpiissHuii ByJIUK
(YepHiriBcbKka 0671aCTh)

JaHHA  KIy6iB  O/pkin, 1m0  Haldvacrime
NpU3BOAMJIO [0 3arubesi cimeit. Kiy6 6pkin -
1e CTaH O/ KOJIMHOI ciM’i B mepios, 3MMOBOTrO
CIIOKOI0; cepeioBUIIe iCHyBaHHS, sIKe CTBOPIO-
€TbCS 6/PKOJIAaMU. Y TPaBUJIbHO CGOPMOBAHOMY
3UMOBOMY KJIy6i O/ KOJIM BUTpPA4YarTh MaJio

eHeprii, TOMYy >KUBYTb [OBIlIe, HiX JITHI
o6mxonu. I[loBepxHs K/IyOy CKJIQJA€ETbCA 3i
IIiIIBHO CHUASAYMX OJKiJ, $KI YTBOPIOIOTH

CBOEPiZHY KipKy, 110 3amob6irae BTpaTi TemJa.
[lix yac BuUOYXiB cHocTepirajsacad HaAMipHa
HeCcBOE€YaCHa akKTHUBi3alisga 6/xin (30kpema
BUXiZ 6/pKis1 HA30BHI 3 BYJIMKA), 1[0 MPU3BO-
JAWJIO [0 IepefyacHOT0 BHUCHAaXKEHHA Ta
3arubesii 3Ha4yHOI 4YacTMHU KoMax. Ilig yac
MUTTEBOrO pPO3MaZlaHHA (OCUNAHHSA) KIy6iB
BHAC/JIZJOK BHOYXiB OmKosuMHI ciMT 1npu
HU3bKUX TeMIlepaTypax 30BHILIHbOIO cepefo-
BHMII[A HE MOTIJIM 3i6paTHCh i AOCATTH HeobXia-
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Hoi Oiomacu, moO6 NiJHATU TeMmIepaTypy B
K1y6i [0 HeoOXifHOro piBHA. B pesysbTaTi
TaKOoro nepeoiry noZiii KOMaxu MacoBO TMHYJIN
Bi/| nepeoxoJIoKeHHH.

[lig yac o6CTpisNiB y MOJiCbKIA YaCTHUHI
YepHiriBcbkoi 06J1acTi 6y/1M 3HUILEH] He JIMIIE
OKpeMi JiepeBa Ta Tpynu JepeB, a W JiicoBi
JUISSHKY, 110 Oy/JM KOPMOBOK 0a3010 AJs
6/ )KiJIbHUITBA. 3HAa4YHA YaCTHUHA CiJIbrocnyrijib
(mos1iB), 110 3a3Ha/IK OOCTPIJIiB, HE AOC/iXKEHA
MiHepaMU i TOMY He BUKOPHUCTOBYETLCA 3a
NpU3Ha4YeHHSM, TOOTO He 3aCiBa€ThCS KYJIbTY-
paMHu, fIKi HajiexkaTb [0 MeJOHOCIB. 3 iHIIOrO
00Ky, He3acisiHi moJss 3apociau Oyp’siHaMH,
cepel; IKMX € MeAOHOCU. Y Oe3nocepeHin
6JIM3bKOCTiI J0 JiHiA 60HMOBUX AiKk (3arajsom
MOTEHIIHHO HebOe3meyHa JIiHisg 3iTKHeHHS 3
Pocieto Ta Binopyccio ctaHoBuTh 1200 kM)
3a00pOHEHO CiITH COHAIIHUK. Lle mosiCHIOEThCA
THUM, L0 Yy 3apOoCTAX Li€l KyJbTYpH JIeTKO
XOBaTH BOPOXY TexHIKy. Ik HacaioK, cKopo-
YeHHs MOCiBy LIbOr0 POKY oLiiHIETbCS y 30%.
AJie X U4 KyJbTypa € i OCHOBHUM IIpeiMeTOM
eKCropTy (COHSIIHKMKOBA OJIis]) Ta OCHOBHUM
MeJJOHOCOM YkKpaiHu. BopgHouac, y [Jedakux
006/1aCcTAX 3HAYHO 301/IbIIMJINCS OCIBY TPEYKHU
(mo BiKiHK 50 % wi€l KybTypH iMIOpPTYBaJiacs 3
Pocii) [10]. Asie, 32 HAIIUMU CIIOCTEPEKEHHSIMH,
6/12k0/11 B3araJjii He BiJiBi/lyl0OTb KBITKU JeIKUX
Cy4aCHUX COPTIB I'PEYKHU.

Cepen dakTopiB, ski omnocepeaKoBaHO
HEraTHBHO BIUIMHYJU Ha OKIIBHULTBO Y
noJiiceKii yactuHi YepHiriBcbkoi o6sacti, Mu
BU/IVIIEMO collia/ibHi (MOKUHYTI YU 06/i/NeHi
HaJIe>KHUM [I0TJIIZI0OM NacCiKu BHACJAIZ0K Iepe-
ceJIeHHs rocrnojapiB 3 Micub 60HMOBUX JIill 4u
Mob6isizanii rocrnogapiB go 3CY), ekoHOMiuHi
(mopyiieHHsI JIOTICTUKM Ta MapKeTUHTy Y
O>KOJISIPCTBI), TeXHOreHHO-XiMiyHi (3a6pyna-
HeHHs1 HapTONMPOAYKTAMU Ta BAKKHUMH MeTa-
JlaMHM Micle3poCTaHb MeJOHOCIB, CIPUYHHEHI
HEraTUBHUMHU MOJIIMA TEXHOTE€HHOI'0 MOXOJ-
>)KeHHs1 6i 4ac O6oMoBUX [iil) ¢dakTopu Ta
¢dbakTOpu MPOTrHO30BaHOI HeGe3MeKU TePUTOPin
JJIT BeJeHHS OJ/pKiIbHULTBA. 3AiMCHUMO ix
OTJISA/L.

3 mepluuX THXKHIB BIMHU y 30HI BeJleHHA
60MOBUX /il TOCTPO MocTaJsia npobJsema nacik,
AKI NOKWHYJU rocnofapi. YactuHa macik
06/iiieHa HaJIe)KHUM JAOTJAJ0M. Y 3B’SI3KYy 3
Mob6inizaniero o 3CY rocmofapiB macik,
yacTUHA Macik 3ajuuuaach 6e3 JOTJsAA4Y,
OCKIJIbKM  rocrnoZapi BUKOHYBaJU  HHU3KY
BAXKJIUBUX y O/ KIJIBHULTBI po6IT, 30Kpema:
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PEMOHT BYJHKIB Ta 006s1aflHAHHS iX BEHTHU-
JIILIi€lo, HaZlaHHA AOMOMOrM 6/pKoJiaM MHiJ yac
BECHAHOT'O0 OYMCHOTO O00JIbOTY, NpPOBeJEeHHA
BeCHsIHOI peBi3il (To6TOo AeTa/JbHUM OIS YCix
ciMell maciku), 3abe3neyeHHsl iX A0JATKOBUM
XapuyBaHHAM, (HapUKJIaJ, L[yKPOBUM CUPOIIOM,
1110 CIIOHYKA€E KOPOJIEBY Z10 T0YATKY aKTUBHOTO
Bilk/alaHHS  s€llb, 4YUM 3abe3NedyeThbCs
30I/IbIIEHHS] KIJIBKOCTI po604YMx OKia micis
BUXOJY 3 3UMiBJi), 3/iiCHEHHS TMJIEMiHHOI
po60TH, AOTJIs/ 32 6/PKOJTMHUMHU CiM’SIMU Tics
roJIOBHOT'0 MeJ10360py TOLIO.

Besikux TpyAHOLLB 6/pK0JIsipaM 3aBAa0Th
JIOTiCTUYHI Mpo6JIeMHU, OB’s13aHi 3 BiiCbKOBUMU
AisgMU. Y 3B’A3Ky 3 NOpPYyLIEHHSAM MapKeTHH-
roBoi Mepexi y 6k0o/sipcTBi YKpaiHu mij yac
BIMICbKOBUX [Iill 6/1>K0OJISIpi perioHy He 3aBXAu
MalOTh 3MOTYy MpUAGATH MpenapaTtd s
60poTb6i 3 WIKIZHUKAMH O/PKJI, a TaKOX
BiZMpaBJ/IsATH BUPOOJIEHY NPOAYKIiIIO A0 MicCllb
11 peasnizanii.

YacTtuHa ekocucteM, fKi € KOPMOBOIO
6a30i0 O/PKIJIbHUIITBA, HacamIilepes JiicCM Ta
y3Jiccsi, MpOrHo30BaHO 3abpy/AHeHa BUOYXO-
HeOe3MeYHUMM MPUCTPOSIMH, SIKi He po3ipBa-
Jics abo CBijoMO 3aJiMIIeHi BiiCbKOBHUMU. B
YepHiriBcbkiit 06s1acTi 3a60poHEHO Mepeoby-
BaTH y Jlicax, TOMy TepUTOPii, Ky]U MO>KHa 0yJ10
KOUyBaTH 3 mnacikamMu, obMexeHi. lle 3HayHO
3BYXKY€ MOTEHLilMHI IO TEepuTOopin [JJd
Me10360py, He [103BOJIIDYM BUBO3UTH MaCiKU
Ha paHillle 06U Ti Miclis.

fAx 6auuMo, BilicbKOBI Aii cipusaau nossi
HacamIepe/; HeraTUBHUX €KOJIOTIYHUX YMH-
HUKIB, L0 CTAaHOBJISATb PHU3UK [ OJXKijb-
HULTBA Y IOJICBbKIA YacTUHI YepHiriBcbkoi
obJsiacTi, HacamIlepeJ, Ha MNPUKOPJOHHUX
TepuTOpisx (puc. 3).

3a3HavyeHi paKTOpU € BU3HAYAJIbHUMHU Yy
3HWKEeHHI MO3UTHMBHUX EKOJIOTIYHUX e(dEeKTiB
6mxinbHULTBA. i GakTOpU BUKJIMKAIU 3MiHU
NMOBeJ[IHKOBUX peaKlil O0/KijJ, 4HCeJbHOCTI
6/KOJIMHUX CiMel y perioHi, 3MeHIlIeHHs 06CsTiB
Ta 3arpo3y sKOCTi MNpoAyKLii 6/ KiIIbHUIITBA,
30KpeMa Mejy.

Smina emonoziunux peaxyii 60xin

[lim yac BegeHHS aKTUBHUX OOMOBUX JiH
HaBecHi 2022 pokKy y MOJICbKIM YacTHUHI
YepHiriBcbkoi o6JiacTi 6ysu 3MileHi TepMiHU
(y 6ik 3ani3HeHHs1) BECHSIHOIO OYUCHOIO
006/1IbOTY O/>KiJI, IEepIIOro MacoBOr0 O6JIBOTY
nic/isg 3uMiBJji. 3a3BUYall MOro MpoBOASTH Yy
TeNJIMA BEeCHAHUW [eHb, KOJIM MOBIiTpA
HarpiBaeTbcs o 6-8 °C (15-16 °C [11]).
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®AKTOPU BN/IUBY BINCbKOBUX I
HA BAXXINbHULTBO

BE3MOCEPEA-
HbOI Al

ATPOBIOTHUMYHI
TEXHOTEHHO-XIMIYHI

EKONOr4HI

NMPOrHO30OBAHOI

ONOCEPEAKOBAHOIO BNAUBY

HEBE3MEKW

EKOHOMIYHI
COLIANBHI

®AKTOPU BN/IMBY BINCbKOBUX AIA
HA BAXINNIbHULUTBO

Puc. 3. Yn"HHMKU HETaTUBHOTO BILUIUBY BiliCbKOBHUX /il Ha 6/ KiJIbHULTBO
y noJticbKiil yacTuHi YepHiriBcbKoi o61acTi

Y Bunajikax, KOJIM TOYaTOK OYHCHOIO
06/1b0TYy (mepiui 6/1K0JIM BUJIETIM i3 BYJIMKIB,
3BUJIbHUJIMCH BiJi KaJIOBUX Mac i OBEPHYJIUCH
Jl0 CBOiX BYJIMKIB) mnepe6uBaBCs 3ByKaMHU
apTuJepihcbKUX 06CTpiniB, 6/pK05pi crocTe-
pirasuy 36isbuIeHHS 4acy (BiJf 3BU4alHOTO0) 10
O4YiKyBaHOI'0O MAaCcOBOTO 3aJIMIIEHHS BYJIHUK JJId
OYMCHOTO O0OJIbOTY - OJpKOJIMHI ciM’i (HaBiTh
CWJIbHI, 1110 f06pe nepe3nuMyBa/iv) NPOBOAUIN
OYMCHMU OOJIIT B'S110, HEAPYXKHO.

3a3BUYyall OYHMCHMHM OOJIT O/KiT MOXKe
TpuBae Big 20-tu xBuaMH A0 1-iroaunu. Ilifg
yac o6CTpiJiB crocTepiranay 36i7blIeHHS Yacy
006JIbOTY J10 2 TOAUH. BificTaHb MiAHATTA 6Ki1
Bi/y ByJIUKIB y IOBITp4, AK i y IONepeHiX pOKax,
cTaHoBHUJa 5-15 M.

[lix yac mwymoBUX e(deKTiB, CTBOPEHUX
NOCTpiJiaMHy, O6/K0JiApi cnocTepiraivd mifgBU-
LIeHHs CTyIleHs arpecil 6/pKOJMHUX ciMen -
HaMipiB yxanuTu (puc. 4).

Puc. 4. ArpecMBHICTb 6/1Ki/1-36MpaTbHUIb
LI0/0 JIIDJVHM MiJ yac BUGYXY
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Jlo Toro > arpecuBHICTb cliocTepirasaacsd
He JIMlle Y 6/KiI-0OXOpOHLIB (Ki 0XOPOHSAIOTH
BYJIMK, CTOSITb HaBIPOTH JIbOTKA), @ U y 6/ KiJI-
PO3BiAHMIb Ta O/KiNI-30UpPaIbHULLb, SIKi TOKHU-
JaJM BYJMK 1 IOBepTaluCA 3 MHUJIKOM I
HeKTapoM. PaHr arpecii Ha piBHi KoJIOHii OyB
OLIIHEHMH 3a 3alIPONIOHOBaHO HaMu 10-6a/1bHO0
IIKaJ00, Je MaKCHMaJlbHe 3Ha4yeHHd - Le

HaMip y>KaJIUTH, 1110 BUSIBJASIETHCS Y BCiX 0COOUH

6/xonnHOI ciMi. Y MOMeHT BMOYXiB BiH
3pocTaB 3 3-X 10 7-H.
3HHKEHHS aKTHMBHOCTI O/Kij 11040

MeJ[0360py MmiJ 4ac LIyMOBOro 3a6GpyJHeHHS,
BUKJIMKAHOTO BHOyXaMH, He CIOCTepiranaocs

(puc. 5).

Puc. 5. AKTUBHU pyX 6K Nij yac Mex0360py

Smenmenns  uuceavrocmi  60xcos0ciMen
GionpoOyKIIUSHOCIIL eKOCUCHIEM

3pyWHOBaHI aciky B YKpaiHi CTAaHOBJIATh
110,4 THuc. 6/pKosI0CiMEN 3 HafgBHUX 2,3 MJIH.
BTpat y 11boMy cerMeHTi oliHO0OTh ¥ $0,1 MuIp .
Takox 25,2 Tuc. 64k0J0CiMelt 3arvHyJI0 Ta
3HukJO [6]. Ha aymky ¢axiBuiB, B YkpaiHi y
2022 p. rany3b y»Ke CKOpOTHUJIACA LOHAWUMeHLIe
Ha 30 % (mpu ToMy, 110 MOroJHI YMOBU OyJ/H
JlyKe CIPUATIUBUMU il O/KIBHULTBA), a
BpATYE il TiIbKU BifgaHicTh 6K0/5piB i TOM
daxkT, mo 90 % nacik B Ykpaini - npuBarTHi i
BOHHU OyJ/IM pO3MOBCIO/KEHI MO BCil TepUTOPIi
KpaiHu. Ta, 3BaXKaro4yu Ha IoNepeHi BTpaTH i
cnenydiky TMOTOYHOrO Ce30Hy, HaBiTh 3a
CHPUATJIUBUX IOTOJHUX YMOB i3 3UMiBJIi BUK/€e
He Gisibie 50-60 % 6axo010cimMmert. Y 2023 poui
OUiKYETbCS CKOpOYeHHs rajnysi Ha 50 % [7].

Ha YepniriBmuHi y 2022 p. 3apeectpo-
BaHO Ta nmacnopTu3oBaHo 1409 macik, B SKUX
HasiyyeTbcsd 56,6 Tuc. 6xK0s0ciMedt [5]. Yci
6/pK0Ji0orocnoAapcTBa  BHeceHi A0 Peectpy
nacnopriB mnacik. BosiHoyac He3apeecTpoBaHi
naciku po6JsATh 3HAaYHWM BHECOK y 3abesle-
YeHHS HaceJIeHHS NPOAYKTaMHU O0/KIJIbHULITBA.
3a pe3y/sibTaTaMU ONMUTYBaHHS 62-X 6/>K0JISIPiB

ma
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3 IPUKOPAOHHUX TepuTOpikh YepHIriBcbKOI
o6s1acTi, BHaCJiIOK BiMcbkOBUX Aid y 21 %
pecrnoHZieHTiB naciku BTpadeHi, a y 19% -
KIJIbKICTh O/[KOJI0CiMel Ha Macikax 3MeHIIH-
Jlacsl BHACJiZJoK BilicbKOBUX AiK (puc.6). Y
pPEeCNOHZIEHTIB CyMapHHUM 006CAr OCHOBHUX
NPOAYKTIB O/ KiJIbBHUITBA (MeAy Ta BOCKY) Y
cepelIHbOMY 3MEHIIUBCA y 2,5 pas3H.
3MeHIIeHHS1 KUJIBKOCTI O[KoJsociMen y
perioHi Moxe Npu3BeCTHU Lje 40 OLHOr0 Hera-
TUBHOT'O €KOJIOTIYHOro edekTy. 3alujeHH €
He Jiville 060B’sI3KOBUM arpoTeXHiYHHUM 3aX0/10M
30i/Ib1IeHHS] BpOaHWHOCTI eHTOMO]iTbHUX
CI/IbCBKOrOCNOapChbKUX KYJbTYp, a W BaX-
JIUBUM (GaKTOPOM HACiHHEBOI MPOAYKTUBHOCTI
POCJUH NPUPOAHUX GITOIEHO3iB — He3anu/aeHi
KBITKM BiIMUPAIOTh, HE YTBOPIOOYU HACIHHA.
Jledki pocJMHU € By3bKOCIeLiaJli30BaHUMU
moA0 3anuiaoBadviB. Came TOMy 3MeHLIEHHS
KiZIbKOCTI 6/pKoJsiociMel Y TMOJiChbKIA 4YacTHUHI
YepHiriBcbkoi 06Js1acTi MOXKe NPU3BECTH [0
3MeHLIeHHs1  6ioJIoriyHOi  MPOAYKTHUBHOCTI
€KOCHCTeM pEeTioHy, fiKa peaJi3yeTbC 4yepes
BiAITBOpEHHSI BUJOBUX MNOMNYJALIN O64K0HU
MeJIOHOCHOI Ta 6/1»)K0/103alIUJIbHUX POC/IUH.
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Puc. 6. [IpyyMHMU 3MiHU YMCEJIbHOCTI 6K010ciMell HaBecHi 2022 p. y NpUKOPAOHHUX TEPUTOPIsIX
YepHiriBcbKoi 06J1acTi: 1 - macika BTpauyeHa BHAC/AiA0K BilicbKOBUX Aii (13; 21%);
2 - nacika BTpa4yeHa BHACAiJ0K iHux npu4uH (10; 16%); 3 - KizibKicThb 64Kk0/10CiMeill 3MeHIIn/Iacs
BHACJIiA0K BilicbKOBUX AiHl (15; 24%); 4 - KI/IBKiCTb 6/3kK0/10CiMel 3MeHIIW/Iacsd BHACIIA0K iHIIMX
npudMH (13; 21%); 5 - KijIbKicTb 6Kx010ciMeli He 3MiHMaacA (11; 18%)

Saczposa  exonoeiuniil  besneyrocni
O0xHciabHUYINBA

3a JaHUMHU caHiTapHO-TirieHiyHoi J1abo-
paropii /1Y «YepniriBcekui OLKIIX MO3» y

3pa3kax IpPYHTY, BiZlibpaHUX 3 TepUTOPIK

npodyKyii

(moTeHUiMHUX Micllb Me03060py), Jie JioKaJli-
3yBa/IMCSl 3arapOHMIbKI Bilicbka Ta BeJUCA
BiMiCbKOBI Jil, MicTATbCA 3Ha4yHi KiJIbKOCTI
HaQTONPOAYKTIB Ta BAXKKUX MeTaJliB (TabJ1. 1).

Tabauys 1
BMmicT HaQTONPOAYKTIB y 'PYHTI NOTEHLiHHUX Micllb MeL0360py
. . . Bwicr, TAK, IlepeBurenns,
Micrie BiAGOpy Aarta BiAGOpy /KT /KT —

KoproxkiBchkuin parioH,
c. Boaosuku, 30 m 06.06.2022 4100,0 1000,0 4,1
Bia MiCIIsI pO3AUBY
KoprokiBcbkuii paiioH,
c. BoaoBuk, 40 m 06.06.2022 17630,0 1000,0 17,8
Bia MiCIIs pO3AUBY
YepHIiriBCbKUI P-H,

P . p 30.06.2022 1105,0 1000,0 1,1
c. PiBHOTIIAAS
3a JlaHLOraMM  JKUBJIEHHST  HadTo- NIMHUX MiclsIX MeAo300py Y  CiIbChKUX

NPOAYKTU Yepe3 POCJUHU MOXKYThb MOTPANUTHU
o mpoaykuii 6pxinbHuLTBa. KpiMm Toro, y
HesiIKiCHIii BOIIMHI, TaM Je € MNOXigHi
HapTOMPOAYKTIB, O/KOJIU XKUBYTb y UYKOMY,
OTPYHHOMY AJi HUX, cepeioBulli. [ innie nicsis
TOTO, K OJKoJla TaKUU BICK OYUCTUTD,
3alpoIloJIiCYeE  KOMIpPKHM, BOHA  I[OYMHAE
npanoBaTU. CKOPOYYETHCA I TPUBAJIICTD XKUTTA
Takux 6xin: Big 30-tu aHiB 1o 18-tu [20].

Y Tabs1. 2 HaBeJleHO pe3yJIbTaTH aHaJli3y
BMICTy BaXXKHUX MeTaJIiB B IPYHTi y IOTeH-
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MiCL|eBOCTAX NOJIICBKOI YaCTUHU YepHIriBcbKol
o6J1acTi, /e Besiucs BicbKoBi ail. Panime [16]
Ha OCHOBi PaKTHUYHHUX JJAHUX ITPO BMICT BAXKKHUX
MeTajliB y MeJi, pOCJMHAxX Ta IPYyHTI A4
Jy4HUX eKocucteM YepHiriBcbkoro Ilosiceq
6yJ10 BCTAHOBJIEHO KOpeJslLil y cucTeMax MeJ —
pOCJYHA Ta MeJ — I'PYHT, a TaK0X BH3HA4Y€HO
HaMBHUII KOHLEHTpalil BaXXKUX MeTajliB y
I'PYHTI, 3a KHUX IX BMICT y MeJii Oy/e Ha piBHI
['JIK (Tab.. 3).
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Tabauys 2
BMicT Baxkkux MeTasiB (BM) y rpyHTi B MiciisiX BiliCbKOBUX Aiid
Ha TepuTtopii YepHiriBcbkoro paiiony YepHiriBcbkoi 06J1acTi
Mi . Bumicr y
Ne icrie BiAGOpy :AaTa BM rpys, T'AK, HepeBnmeI.{Ha
mpoou BiAGOpY MI/KT Mmr/Kr T'AK, pasis
1 c. Burmnese 06.06.2022 Pb 81,6 6,0 13,6
2 c. Caoboga 22.06.2022 Pb 14,0 6,0 2,3
3 c. Ariane 22.06.2022 Pb 7,8 6,0 1,3
4 c. Jrigue 22.06.2022 Zn 112,0 23,0 4,9
5 c. Sriaue 22.06.2022 Cu 3,2 3,0 1,1
6 c. Isaniska 22.06.2022 Pb 88,0 6,0 14,7
7 c. bepesanka 30.06.2022 Pb 8,2 6,0 1,4
8 c.M.T. Muxaiiao-
KorrobuHchke 30.06.2022 Pb 6,7 6,0 1,1
9 c. PiBHorIi A4, 30.06.2022 Pb 10,5 6,0 1,8
10 | c. IOp’iBKa, 30.06.2022 Zn 105,0 23,0 4,6
11 | c. Crapuit biaoyc 08.07.2022 Zn 38,0 23,0 1,7
12 | c. Crapuit biaoyc 08.07.2022 Zn 42,5 23,0 18
13 | c.m.1. Cepmis 08.07.2022 Pb 14,5 6,0 2,4
Tabauysa 3
3asexxHicTb BMicTy Ba)KKUX MeTajiiB (BM) y mei Big BMmicty BM
y I'pyHTi (3a [16])
. .o ‘e Hatisummit emicr BM
BM ‘/.\IHIHHC perpectise. r P 12 y IPyHTi, 32 AKxoro Bmict BM
PIBHIIHEA sasexcHoctt B MeAi Oyae Ha piBHi TAK
Zn y =-0,2038 + 0,0682*x 0,9784 0,00000 0,9572 46,97
Pb y =0,0303 + 0,2752*x 0,9437 0,00001 0,8907 3,5
Cu y =-0,0092 + 0,3752*x 0,9858 0,00000 0,9719 2,69
3a UMMU AAaHUMH BUJHO, L0 HAMBUILIUU NIPOTrHO30BaHUMHU NOKa3HUKaMU BMIiCTY
BMICT BaXXKUX MeTaJliB y I'PYHTI, 3a AKOI0 BMIiCT BaXKKUX MeTaJliB He IPU/JIaTHi JJ1g 360py Meny.
BM B wMeni 6yae Ha piBHi ['IK, gna Zn BukopucToByro4YMd JIiHIMHI  perpeciuHi

ctraHoBuTUMe 46,97 mr/kr, aas Pb - 3,5 Mr/kr,
gasa Cu - 2,69 mr/kr. [lopiBHaBIIK 1i AaHi 3
pe3yJbTaTaMd JIabOpPaTOPHUX  AOCHI[PKEHb
BMICTy BaXXKUX MeTaJiB y IPYHTI B MicUsx
aKTUBHUX 60MOBUX Aik (Tabu. 2), MOXKHaA
CTBEPPKYBAaTH, IO [AOCJHIJPKeHI [OiJIAHKM 3a

PiBHAHHS 3aJIEXKHOCTI BMICTY BaXXKUX MeTaJliB
y MeAi BiJl BMICTYy BaXXKHUX MeTaJliB y I'PDYHTI
(Tabs.3), MM po3paxyBaJid NPOTHO30BaHUU
BMICT BaXKKUX MeTaJliB y Me/Jli y TOYKax Bii60py
npo6 rpyHTy. OfiepKaHi pe3y/bTaTH HaBeJeHO
y TabJ1. 4 Ta rpadiuHo npeAcTaBIEHO HA PUC. 7.

Tabauus 4

IIporHo3oBaHMii BMiCT BaXKKHX MeTaJs1iB (BM) y Meai 3 moTeHIiliHUX MeJ0360piB
y MicifiX BilCbKOBHUX [iil HA TepuTopii YepHiriBcbkoro paiiony YepHiriBcbkoi o6s1acti*

Ne 1 2 3 4 5 6 7 8 9 10 11 12 13
BM Pb Pb Pb Zn Cu Pb Pb Pb Pb Zn Zn Zn Pb
Bwmict,
22,49 3,88 2,18 7,43 1,19 24,25 2,29 1,87 2,92 6,96 2,39 3,69 4,02
MI/KT

*Micus Big6opy npob AUB. y TabI. 2.
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Puc. 7. BMicT BaXKKMX MeTaJIiB y MiclisIX BiliCbKOBUX Jiii Ha TepUTOPIi

YepHiriBcbKoro paiiony YepHiriBcbkoi o6acri: I - gakTuyHui, y rpyHTi (Mr/Kr);

II - nporHo3oBanui, y meai (Mr/kr). Micug Big6opy npo6 AuUB. y Ta6J1. 2

AxTuBHI BilicbKOBi il

Biota. Human. Technology

y TOJICbKIH

[8] TAK y menai a1 Zn, Pb, Cu BignoBigHO cTaHO-
BUTb 3 mMr/kr, 1 mr/kr ta 1 mr/kr. HatomicTb
MiHIMaJIbHUM NPOTHO30BAaHUM BMICT BaXKKHUX
MeTaJiB y Meji NepeBULIYE LONMYCTUMI CTaH-
JlapToM 3Ha4yeHHs, KpiM BMICTy Zn JJig npobu
Ne 11 (c. Crapuii Binoyc). OTke, 3a nporHo3osa-
HUMMU IOKa3HUKAMH BMICTY BaXKKUX MeTaJliB
(Zn, Pb, Cu) exkocucteMu B MiclsiX aKTUBHHUX
60M0BHX He NMpUJATHI AJs 3060py eKOJIOTiYHO
6e3MeyHOoro Meay.

Bucnosku

BiiicbkoBi aii, ki BifgbyBasiucs i Bif0yBa-
I0OTbCA Ha TepUTOpii TMOJICbKOI YaCTUHHU
YepHiriBcbkoi 06/1aCTi, COPUYUHHUIMU TOSABY
HU3KHU GaKTOpPiB, HacaMnepe[ eKOJOTiUHHUX, SKi
JeCTPYKTHUBHO BIIMHYJIM HAa CTaH Ta PO3BUTOK
O6/0KIIBHUIITBA, Hacamiepe ¢akTopu 6Gesmo-
cepeAHboi ail (MexaHiuHe 3HMIIEHHS MaciK,
HIYMOBE Ta CelCcMiuyHe 3a0pyAHEHHS Micllb
YTPUMYBaHHS 6/KiJI Ta TepUTOPiK Mej0360DPYy)
Ta ($aKTOpU ONOoCepesKOBAHOTO BIJIUBY -
colliaJIbHi Ta TeXHOTeHHO-XiMi4Hi.
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yacTUHiI YepHiriBcbkoi 06J1acTi COPUYUHAIU
3MillleHHsI 4Yacy mepeb6iry Ce30HHUX SBUL Y
6/kin  (HacamIlepes, BECHSIHOTO OYHCHOTO
006J1bOTY), a IIyMOBUM edeKT Mij yac BUOYXiB
MaKe yJBiYi NiJABUIIYBaB paHr arpecii
6/I>KOJIMHUX CiMeH.

HacnigkoM BiMCbKOBUX [l y MOJICBKIN
yactuHi YepHiriBcbkoi 06J1acTi € 3MeHIIEHHS
KIJIBKOCTI 6/1>k0JIociMel y perioHi, Hacammepe[

y TINpPUKOPAOHHUX TepuTopiax. lLle Moxe
NpU3BECTH 10 3MeHIleHHs  6GiosioriyHoil
NPOAYKTUBHOCTI €KOCUCTEM perioHy, dkKa

peaslisyeTbCd Yepe3 BIiATBOPEHHS BHUJ0BHUX
NOMNyJIALii 6/PKOJIK MeJO0HOCHOI Ta O6/K0J10-
3alUJIbHUX POCJIMH.

B Micigix BeZjeHHSI 60HOBUX il BHAC/TiJOK
3a0py/IHEHHS TIPYHTY HaPTONMPOJyKTaMH Ta
BaXXKMMHM MeTaJlaMM ICHYE 3arposa eKoJIo-
riyHiii 6e3me4yHOCTi NpoAyKIii 6/ KiIbHUI[TBA.
Ha migcTaBi NpOorHo3y BMIiCTy BaXXKHUX MeTaJliB
(Zn, Pb, Cu) y MeJii 3a BMiCTOM BaXKKHUX MeTaJliB
y TPYHTI B MiclIX aKTUBHUX OOMOBUX il
JOBeJleHO, 10 TakKi AIIAHKU He NpPUAaTHI A4
300py €KOJIOTiYHO 6€3MeYHOT0 MEJY.
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ABSTRACT

Purpose: to investigate the antioxidant properties of the aqueous extracts derived from leaves of Ficus deltoidea using
the model of human blood. For this purpose, oxidative stress biomarkers [2-thiobarbituric acid reactive substances
(TBARS), content of aldehydic and ketonic derivatives of oxidatively modified proteins, total antioxidant capacity (TAC)]
in the human erythrocytes after in vitro incubation with aqueous extracts derived from leaves of F. de/foidea (at a final
concentration of 5 mg/mL and 0.5 mg/mL) were used. Resistance of human erythrocytes after i» viro treatment by
aqueous extracts derived from leaves of F. de/widea (at a final concentration of 5 mg/mL and 0.5 mg/mL) was evaluated
by HCl-induced hemolysis using a percentage of hemolyzed erythrocytes per each 30 sec. and a total time of hemolysis.

Methodology. The leaves of F. deltoidea were collected in M.M. Gryshko National Botanic Garden (Kyiv, Ukraine).
Blood (10-20 mL) was obtained from normal volunteers via venipuncture (4 males and 5 females aged 28-53 years old).
An erythrocyte suspension at 1% hematocrit was incubated with 4 mM phosphate buffer (pH 7.4) (control) and pre-
incubated with the extract of F. de/tidea (at a final concentration of 5 mg/mL and 0.5 mg/mlL, respectively) at 37 °C for
60 min. The level of lipid peroxidation was determined by quantifying the concentration of 2-thiobarbituric acid reacting
substances (TBARS). The rate of protein oxidative destruction was estimated from the reaction of the resultant carbonyl
derivatives of amino acid reaction with 2,4-dinitrophenylhydrazine (DNFH). The total antioxidant capacity (TAC) in the
samples was estimated by measuring the TBARS level after Tween 80 oxidation. The HCl-induced resistance of
erythrocytes was measured spectrophotometrically with 0.1M HCL The significance of differences (significance level,
p < 0.05) was examined using the Mann-Whitney U test.

Scientific novelty. The treatment of human erythrocytes by extract derived from leaves of F. de/widea at the final
concentration of 5 mg/mL resulted in an increase of TBARS as biomarkers of lipid peroxidation and aldehydic derivatives
of oxidatively modified proteins with a simultaneous decrease in the total antioxidant capacity compared to the untreated
samples. On the other hand, 7 »i#ro treatment of human erythrocytes with an extract derived from leaves of F. de/toidea at
the final concentration of 0.5 mg/mL resulted in the same values of TBARS level, aldehydic and ketonic derivatives of
OMP, and total antioxidant capacity as the untreated samples. Extract of F. de/toidea at the final concentrations of 5 mg/mL
and 0.5 mg/mL possess hemolytic properties to human erythrocyte suspension after 1-h incubation 7 vitro.

Conclusions. The changes in the oxidative stress biomarkers using the 7 »#» model of human erythrocytes to
evaluate the antioxidant activities of the aqueous extract derived from the leaves of F. de/widea at the two final
concentrations (5 mg/mL and 0.5 mg/mL) revealed that high concentration of extract (5 mg/mL) resulted in the increase
of lipid peroxidation and protein oxidation with a simultaneous decline in the total antioxidant capacity. HCl-induced
hemolysis was activated after the treatment by extract derived from the leaves of F. de/widea at the two final
concentrations. More studies are warranted in the future, to illustrate the potential and mechanisms of F. de/foidea in
preventing oxidative stress using different cell models 7z »i#70 and different final concentrations of the extract. Also, further
studies are warranted to identify the bioactive components that contribute to this protective effect.

Key words: Fieus deltoidea Jack, human erythrocytes, lipid peroxidation, oxidatively modified proteins, total
antioxidant capacity, hemolysis.
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AHOTAIIIA

MeTa: 10C/IiAUTY aHTUOKCUJAHTHI BJaCTUBOCTI BOAHUX €KCTPAKTIB, OTPUMAHMUX i3 IUCTS Ficus deltoidea, HA MO eI
KpOBi JiToJUHU. J]JIs1 IbOTO Z0C/iIKyBaIu 6ioMapKepyu OKHMCHIOBAJILHOTO CTPECY [peaKTHUBHI PeYOBUHY, sIKi pearymTh 3
2-TiobapbiTypoBoto kuciaoTorwo (TBK-mpoaykTu), BMIicCT asbJerifHux i KeTOHOBUX IOXiHUX OKHUCHIOBAJbHO
MoudiKoBaHUX 6iJIKiB, 3arajibHa aHTUOKCH/JAHTHA aKTUBHICTb (3AA)]| B epUTpOLUTAX JIIOJUHU Nicas iHKy6auil 7 vitro
3 BOJHHUMM €KCTPaKTaMH, OTPUMAHUMHU 3 JIUCTA F. delvidea (y KiHLEBIM koHueHTpauii 5 Ta 0,5 mMr/mi). CtifikicTb
E€PUTPOLUTIB Mic/ast 06POOKU 77 vitro BOMHUMU €KCTPAKTAMU, OTPUMAHUMU 3 JIUCTSA F. deltvidea (y KiHU€BIN KOHLIEHTpALi]
5 ta 0,5wmr/mn), oniHoBanmu muisgxom HCl-iHgykoBaHOro remoJiidy, BUKOPHUCTOBYIOYM BiJICOTOK T'eMOJIi30BaHUX
epUTPOIMTIB HA KOXKHI 30 cek. reMouti3y i 3arajibHUM yac remMoJiisy.

MeTtopgounoris. Jluctku F. deltoidea 6ynu 3i6pani B HanjionaapHoMy 6oTaHiuHOMy casy imeHi M.M. I'puiuka (Kuis,
Ykpaina). Kpos (10-20 mu1) 6yJ1a oTprMaHa Bijj 3/[0pOBUX J0OPOBOJIBLIIB MIJITXOM BeHeNYHKIII (4 4oJ10BikiB i 5 KiHOK y
Bini 28-53 pokiB). CycneHsito eputponutiB npu 1 % remaTokputy iHKy6yBaau 3 4 MM dochaTHuM 6ydepom (pH 7,4)
(koHTpOJIb) 1 iHKYOYyBa/M 3 €KCTPAKTOM F. deltoidea (y KiHLeBil koHUeHTpauii 5 i 0,5 mr/mu BignosigHo) npu 37 °C
BIpo/0B:x 60 xB. PiBeHb NepekrnCcHOro OKMCHEHHS JIiNi/liB OLjiHI0BaJIU 3a KiJIbKICHUM BU3HaYeHHAM KoHUeHTpauil TBK-
npoaykTiB. IIBUAKICTE OKMCHOI JecTpykKIiii 6isika OlLiHIOBaJM 3a peaklli€el0 YTBOPEHHUX KapOOHIJIbHUX MOXiAHUX
aMiHOKUCJIOT 3 2,4-AuHiTpodeHinrifpasuHoOM. 3arajbHy aHTUOKCUAAHTHY aKTUBHICTH (3AA) y 3paskax OI[iHIOBaIU
nIsixoM BUMiproBaHHs piBHA TBK-npoaykTi micsis okucHeHHs Tween-80. CrilikicTs eputpouuTiB o HCl BuMiproBaiu
cnektpodporomerpruyno 3 0,1 M HCl. JlocToBipHicTb pisHuub (piBeHb 3Hauywocti, p <0,05) gocaimxysanu 3a
U-kputepieMm MaHHa-YiTHI.

HaykoBa HoBM3Ha. O6po6Ka epUTPOLUTIB JIOAUHU €KCTPAKTOM, OTPUMAHUM i3 JIUCTA F. deltoidea, y KiHLEBIH
KOHLeHTpanii 5 Mr/mj npusseJa fo nigsuieHHs TEK-npoaykTiB ik 6ioMapKkepiB nepeKUCHOT0 OKMCHEHHS JinifiB Ta
QJIbJIETiTHUX MOXiJHUX OKHCHIOBAJIbHO MOAMPiKOBAHUX GiJIKiB 3 0JTHOYACHUM 3HIDKEHHSM 3arajbHOI aHTHOKCHJAaHTHOI
aKTHUBHOCTI IOPiBHSHO 3 HEO6POOJIEHHMU 3pa3KaMu. 3 iHIIOT0 60Ky, 06p0OKa 777 viiro PUTPOLUTIB JIIOJUHU EKCTPAKTOM,
OTPUMAHUM 3 JIUCTA F. delfoidea, y KiHLeBi KoHLeHTpauii 0,5 Mr/mu npusBesa Ao nofi6HuX 3HadeHb piBHA TBK-
NPOAYKTIB, alib/IeTiAHUX i KETOHOBUX MOXiJHMX OKHCHIOBaJbHO MOAH}iKOBAaHUX GiJIKiB, a TAK0OXK 3arajbHOI aHTH-
OKCHUJAHTHOI aKTUBHOCTI K i y He06po6JieHUX 3pa3Kax. EKkcTpakT F. deliidea B KiHLLeBUX KOHLleHTpaLiax 5 i 0,5 mr/ma
NPOSIBJISIE TEMOJIITUYHI BJIACTUBOCTI I[O[0 CyCIeH3ii epUTPOIUTIB JIIOAWUHU Mic/s 1-roAuHHOI iHKy6aLii /2 vitro.

BucHoOBKM. 3MiHU 6ioMapKepiB OKHMCHIOBAJBHOTO CTPECY 3 BUKOPUCTAHHSAM MO/l epUTPOLUTIB JIIOJAUHU 71 vitro
JJI OLiHKA aHTUOKCHUJAHTHOI aKTUBHOCTI BOJJHOTO €KCTPAaKTy, OTPUMAHOIrO 3 JIUCTA I. deltvidea y [BOX KiHLIEBUX
KoHUeHTpanisax (5 ta 0,5 Mr/mJ1) nokasaJsiy, 10 BUILA KOHIIEHTpaLisi eKCTpakKTy (5 Mr/mi1) npusBo/uia 0 MOCUIEHHS
NEepeKUCHOTO OKUCHEeHHs JinifjiB i OKUCHeHHs OUJKIB 3 OJHOYACHUM 3HIKEHHSIM 3arajbHOi aHTHOKCHUJAHTHOI
akTUBHOCTI. [lokazaHo Takox akTuBauio HCl-iHgykoBaHOTO reMostisy mic/ist 06po6KH eKCTPAKTOM, OTPUMAHUM 3 JIUCTS
F. deltoidei, y [BOX KiHLIEeBUX KOHI|eHTpalifiX. Y MalloyTHbOMY He0oOXiiHi J0AaTKOBI Joc/aifKeHHs, 11[06 NPOiJI0CTPyBaTH
NoTeHLia/N i MexaHi3Mu Jii eKCTpakTy F. deltvidea y 3an06iraHHI OKHCHIOBAJbHOMY CTpPeCy 3 BUKOPUCTAHHSIM pPi3HUX
KJIITUHHUX MOJies1el /n vifro Ta PI3HUX KiHI]eBUX KOHIIEHTpaLiil ekcTpakTy. KpiMm Toro, Heo6xifHi mojaibli focaifKeHHs
JlJ1s1 BUSIBJIEHHS 610aKTHBHUX KOMIIOHEHTIB, SIKi CIIPUAIOTh LIbOMY 3aXUCHOMY edeKTy.

Knwo4oBi cnoBa: Ficus deltvidea Jack, epuTpOLUTH JIOAUHM, MepeKHCHe OKHWCHEHHS JiMNi/liB, OKMCHIOBaJIbHO
Mo audikoBaHi 6iJIKH, 3arajibHa aHTUOKCUIAaHTHA aKTUBHICTb, TEMOJII3.

Introduction attracted much research interest over the last
The angiosperm family Moraceae represents ~ two centuries [6; 11].
morphologically quite diverse plant groups, Ficus deltoidea Jack (Moraceae) is an evergreen
including terrestrial and hemi-epiphytic trees, shrub or a small tree that is widely distributed

shrubs, lianas, subshrubs, and herbs. Its in Southeast Asian countries such as Thailand,
distribution range lies mostly within the tropics Sumatra, Java, Kalimantan, Sulawesi, and
and subtropics with several taxa extending to ~ Moluccas [28]. It is a well-known medicinal
the temperate zone [5; 10; 12]. Among 37 genera plant used in customary medication to reduce
of Moraceae comprising 1050-1100 species in and mend sicknesses such as ulcers, psoriasis,
total, Fizus L. is the largest one with ca. 750 species ~ Cytotoxicity, cardioprotective, inflammation,
of tropical and subtropical distribution jaundice, vitiligo, hemorrhage, diabetes, convul-
worldwide. Its characteristic features include  sion, hepatitis, dysentery injuries, wounds, and
the presence of waxy glands on vegetative plant stiffness [4]. F. de/tvidea contains a wide variety of
parts, heterostyly, and prolonged protogyny, bioactive compounds from different phyto-
i.e., the anthesis of staminate flowers in already chemical groups such as alkaloids, phenols, flavo-
mature fruits. These features are functionally noids, saponins, sterols, terpenes, carbohydrates,
linked to the unique pollination mode in Fixs,  and proteins [4; 8; 25]. The methanolic extract
which involves mutualistic relationships with ~ Of ' deltvidea leaves has been reported to be rich
agaonid wasps (order Hymenoptera) and has in tannins, alkaloids, saponins, phenols, flavones,
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isoflavones, and flavonoids [16]. The antioxidant
property of the F. delfoidea extract was revealed
through a total phenolic content and ferric
reducing antioxidant potential (FRAP) assay by
M.H. Omar and co-workers [25]. It was found that
flavan-3-ol monomers and proanthocyanidins
contributed 85 % of the antioxidant activity of
the aqueous extract of F. deltoidea |8].

In our previous studies, we assessed i vitro
antioxidant activities of aqueous extracts
derived from leaves of juvenile and mature
shoots of Ficus pumila 1. [32] and leaf extract of
Ficus drupacea Thunb. using equine blood as a
biological model for cytotoxic studies [31]. The
current study was designed to investigate the
antioxidant properties of the aqueous extracts
derived from leaves of F. de/tvidea using the model
of human blood. Erythrocytes are well equipped
to degrade reactive oxygen species wviz the
actions of superoxide dismutase that converts
02 into H202, which is further catabolized by
catalase and glutathione peroxidase [20]. As
hemolysis is the cytotoxicity indicator, hemolytic
assays are performed to check the hemolytic
effect of compounds before establishing their
pharmacological preparations [29]. In the
current study, erythrocytes are used as a model
system for studying oxidative damage induced
by HCI and its pathophysiology.

Thus, the purpose of our study was to
evaluate the oxidative stress biomarkers [2-thio-
barbituric acid reactive substances (TBARS),
content of aldehydic and ketonic derivatives of
oxidatively modified proteins, total antioxidant
capacity (TAC)] in the human erythrocytes after
in vitro incubation with aqueous extracts derived
from leaves of F. deltoidea (at a final concent-
ration of 5 mg/mL and 0.5 mg/mL). Resistance
of human erythrocytes after in vitro treatment
by aqueous extracts derived from leaves of
F. deltoidea (at a final concentration of 5 mg/mL
and 0.5 mg/mL) was evaluated by HCl-induced
hemolysis using a percentage of hemolyzed
erythrocytes per each 30 sec. and a total time of
hemolysis.

Material and methods

Collection of Plant Materials and Preparation of Plant
Extracts. The leaves of F. deltoidea were collected in
M.M. Gryshko National Botanic Garden (Kyiv,
Ukraine). The whole collection of tropical and
subtropical plants at M.M. Gryshko National
Botanic Garden (Kyiv, Ukraine) (including Ficus
spp. plants) has the status of a National Heritage
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Collection of Ukraine. Plant samples were
thoroughly washed to remove all the attached
material and used to prepare extracts. Freshly
collected leaves were washed, weighed, crushed,
and homogenized in 0.1M phosphate buffer
(pH 7.4) (in the proportion of 1:19, w/w) at
room temperature. The extracts were then
filtered and used for analysis. All extracts were
stored at -25 °C until use.

Collection of human blood samples. Blood (10-20 mL)
was obtained from normal volunteers i
venipuncture (4 males and 5 females aged
28-53 years old). The Research Ethics Committee
of the Regional Medical Commission in Gdansk
(Poland) approved the study (KB-31/18). All
patients provided written informed consent
before the start of the study procedures. Human
erythrocytes from citrated blood were isolated
by centrifugation at 3,000 rpm for 10 min and
washed two times with 4 mM phosphate buffer
(pH 7.4) and then re-suspended using the same
buffer to the desired hematocrit level. Cells
stored at 4 °C were used within 6 h of sample
preparation. An erythrocyte suspension at 1%
hematocrit was incubated with 4 mM phosphate
buffer (pH 7.4) (control) and pre-incubated with
the extract of F. delfoidea (at a final concentration
of 5 mg/mL and 0.5 mg/mL, respectively) at
37 °C for 60 min. This reaction mixture was
shaken gently while being incubated for a fixed
interval at 37 °C. Erythrocyte aliquots were used
in the study.

The 2-thiobarbituric acid reactive substances (IBARS)
assay. The level of lipid peroxidation was
determined by quantifying the concentration of
2-thiobarbituric acid reacting substances
(TBARS) with the V.S. Kamyshnikov [18] method
for determining the malonic dialdehyde (MDA)
concentration. This method is based on the
reaction of the degradation of the lipid peroxi-
dation product, MDA, with 2-thiobarbituric acid
(TBA) under high temperature and acidity to
generate a colored adduct that is measured
spectrophotometrically. The nmol of per 1 mL
was calculated using 1.56:10°> mM-1 cm! as an
extinction coefficient.

The carbonyl derivatives of protein oxidative modification
(OMP) assay. To evaluate the protective effects of
the extract against free radical-induced protein
damage in erhytrocytes, carbonyl derivatives of
oxidative modification of proteins (OMP) assay
based on the spectrophotometric measurement
of aldehydic and ketonic derivatives was
performed. The rate of protein oxidative
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destruction was estimated from the reaction of
the resultant carbonyl derivatives of amino acid
reaction with 2,4-dinitrophenylhydrazine (DNFH)
as described by R.L. Levine and co-workers [19]
and as modified by Dubinina and co-workers
[13]. Carbonyl groups were determined spectro-
photometrically from the difference in
absorbance at 370 nm (aldehydic derivatives,
OMP370) and 430 nm (ketonic derivatives,
OMP430).

Measurement of total antioxidant capacity (TAC).
The TAC level in the samples was estimated by
measuring the 2-thiobarbituric acid reactive
substances (TBARS) level after Tween 80
oxidation. This level was determined spectro-
photometrically at 532nm according to
Galaktionova et al. [14]. The sample inhibits the
Fe2+/ascorbate-induced oxidation of Tween 80,
resulting in a decrease in the TBARS level. The
level of TAC in the sample (%) was calculated
with respect to the absorbance of the blank
sample.

Assay of HCl-induced Resistance of Erythrocytes.
The HCl-induced resistance of erythrocytes was
measured spectrophotometrically with 0.1M HCl
[30]. The assay is based on measuring the
dynamics of erythrocyte disintegration into
hemolytic reagent action. The time of hemolytic
reagent action serves as the measure of
erythrocyte resistance. The assay mixture
contained 5 mL of 1% erythrocyte suspension
and 0.05 mL of 0.1M HCI. The absorbance was
read at 540 nm every 30 seconds after HCI
addition till the end of hemolysis. The difference
in absorbance at the beginning and at the end of
hemolysis was determined as 100% (total
hemolysis). The disintegration of erythrocytes
(%) at every 30 seconds was expressed as a
curve.

Statistical analysis. The mean * S.E.M. values
were calculated for each group to determine the
significance of the intergroup difference. All
variables were tested for normal distribution
using the Kolmogorov-Smirnov and Lilliefors
test (p > 0.05). The significance of differences
(significance level, p<0.05) was examined
using the Mann-Whitney U test [37]. All
statistical calculations were performed on
separate data with Statistica v. 13.3 software
(TIBCO Software Inc., Krakow, Poland).

Results and discussion
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The data on TBARS content as a biomarker
of lipid peroxidation, aldehydic and ketonic
derivatives of oxidatively modified proteins
(OMP), and total antioxidant capacity (TAC) in
the human erythrocytes after 7z vitro incubation
with leaf extract of F. deltoidea at the final
concentrations 5 mg/mL and 0.5 mg/mL were
presented in Fig. 1.

In vitro incubation of human erythrocytes
with an extract derived from leaves of F. de/toidea
at the final concentration of 5 mg/mL resulted
in a significant increase in TBARS level of
(3797 £1.76 nmol/mL) compared to the
untreated samples (23.38 + 1.08 nmol/mL). The
increase in TBARS level was by 62.4% (p < 0.05)
(Fig. 1A). On the other hand, 7 vitro incubation of
human erythrocytes with an extract derived
from leaves of F. deltoidea at the final concent-
ration of 0.5 mg/mL resulted in the same values
of TBARS level as untreated samples
(26.24 £ 1.22 nmol/mL vs. 25.65 + 1.19 nmol/mL)
(Fig. 1B).

The levels of aldehydic and ketonic
derivatives of oxidatively modified proteins
were also changed in erythrocyte samples
treated with an extract derived from leaves of
F. deltoidea compared to the untreated samples.
When erythrocytes were incubated with the
extract derived from leaves of F. de/toidea at the
final concentration of 5 mg/mL, the levels of
aldehydic  derivatives were statistically
significantly increased by 21.2% (p < 0.05), i.e.
(25.35 % 0.94 nmol/mL) 2. (20.92 £ 0.97 nmol/mL)
(Fig. 1A). On the other hand, when erythrocytes
were incubated with the extract derived from
leaves of F. deltvidea at the final concentrations
0.5 mg/mL, the levels of aldehydic derivatives
were at the same level (19.70 = 0.91 nmol/mL)
as untreated samples (18.41 = 0.85 nmol/mL).
Levels of ketonic derivatives of oxidatively
modified proteins were at the same level after
treatment by extract derived from leaves of
F. deltoidea both at the final concentrations
5mg/mL and 0.5 mg/mL, (26.46 + 1.23 nmol/mL)
vs. (2592 +1.20 nmol/mL)  for  extract
at the final concentrations 5 mg/mL and
(23.03 £ 1.07 nmol/mL) 2. (23.86 = 1.11 nmol/mL)
for extract at the final concentrations
0.5 mg/mL (Fig. 1).
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Fig. 1. The TBARS content as a biomarker of lipid peroxidation, aldehydic and ketonic derivatives
of oxidatively modified proteins (OMP), and total antioxidant capacity (TAC)
in the human erythrocytes after in vitro incubation with leaf extract of F. deltoidea
at the final concentrations 5 mg/mL (A) and 0.5 mg/mL (B).
* — changes were statistically significant (p < 0.05) compared to the untreated samples (n = 9)

Also, a non-significantly decreased TAC
level was observed after incubation with an
extract derived from leaves of F. de/toidea at the
final concentration of 0.5 mg/mL (by 4.6%,
p > 0.05). On the other hand, when erythrocytes
were incubated with the extract derived from
leaves of F. deltoidea at the final concentration of
5 mg/mL, the levels of TAC were statistically
significantly decreased by 61.6% (p < 0.05), i.e.
(22.78 £ 1.06 nmol/mL) zs. (59.34 £ 2.75 nmol/mL)
(Fig. 1A).

Thus, aqueous extracts derived from
leaves of F. deltidea (at the final concentration of
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5mg/mL) after incubation iz vitro with the
human erythrocytes exhibited prooxidant
properties. On the other hand, when erythro-
cytes were incubated with the extract derived
from leaves of F. deltoidea at the final concent-
ration of 0.5 mg/mL, the levels of oxidative
stress biomarkers were unchanged (Fig. 1B).

Results of HCl-induced hemolysis of the
human erythrocytes after treatment by aqueous
extracts derived from leaves of F. delfoidea at the
final concentration of 5 mg/mL and 0.5 mg/mL
were presented in Fig. 2.
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Fig. 2. HCl-induced hemolysis of the human erythrocytes after treatment
by aqueous extracts derived from leaves of F. deltoidea at the final concentration
of 5 mg/mL (A) and 0.5 mg/mL (B)

In the control group (untreated erythrocyte
suspension), erythrocytes incubated with 0.1M
HCI remained stable and demonstrated slight
hemolysis. The maximum level of hemolyzed
erythrocytes was (19.8+1.1) %; the total
duration of hemolysis was 8.0 min. When
F. deltoidea extract at the final concentration of
5 mg/mL was added to the erythrocyte suspen-
sion, the maximum level of hemolysis occurred
after 6.0 min of incubation with 0,1M HCI
(34.7 £ 1.4 %). The total duration of hemolysis
after incubation with F. de/tidea extract was
6.0 min. The results showed that HCl-induced
hemolysis was increased by the treatment of
F. deltoidea extract at the final concentration of
5 mg/mL (Fig. 2A).

Similar trends were observed in the case
when F. deltoidea extract at the final concentration
of 0.5 mg/mL was added to the erythrocyte
suspension. The maximum level of hemolyzed
erythrocytes in the control group (untreated
erythrocyte suspension) was (4.4 + 0.3 %); the
total duration of hemolysis was above 26 min.
When F. deltoidea extract at the final concentration
of 0.5 mg/mL was added to the erythrocyte
suspension, the maximum level of hemolysis
occurred after 6.0 min of incubation with
0,1M HCI (13.2 + 1.2 %). The total duration of
hemolysis after incubation with F. deltoidea
extract was 12.0 min. The results revealed that
HCl-induced hemolysis was increased by the
treatment of F. delfoidea extract at the final
concentration of 0.5 mg/mL (Fig. 2A). Thus,
extract of F. deltoidea at the final concentrations of
5mg/mL and 0.5 mg/mL possess hemolytic
properties to human erythrocyte suspension
after 1-h incubation z vitro.

Our study is in the line of investigations
carried out by other researchers which revealed
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the antioxidant properties of F. de/toidea plants.
Previously, M.Hakiman and M. Maziah [15]
described an experiment, where different
aqueous extracts of F. de/toidea accessions were
evaluated for their antioxidant activities using
several assays such as FRAP, free radical
scavenging assay, total polyphenol, flavonoid,
phenolic acid, and vitamin C. Samsulrizal and
co-workers [28] revealed that F. deltidea
promoted bone formation in streptozotocin-
induced diabetic rats. F. de/foidea could prevent
diabetic osteoporosis by enhancing osteogenesis
and inhibiting bone oxidative stress. These
findings support the potential use of F. deltoidea
for osteoporosis therapy in diabetes [28].
F. deltidea aqueous extract at all concentrations
tested (12.5-100 ug/mL) exhibited antioxidant
power, suggesting the cytoprotective effect of F.
deltoidea aqueous extract could be partly attributed
to its antioxidant properties [27]. The report of
T.C. Ooi and co-workers [27] highlights that
F. deltoidea may provide a chemopreventive effect
on mutagenic and oxidative stress inducers.
Maizatul H.O. and co-workers [21] have
reported that 85% of the aqueous F. de/toidea
showed good antioxidant activity due to the
presence of flavan-3-ol monomers, proantho-
cyanidins, and c-linked flavone glycosides.
Adam Z. and co-workers [2] reported water-
soluble insulin-secreting constituents in an
aqueous extract of F. de/tvidea, which gave better
effects than glibenclamide. Vitexin and isovitexin
are bioactive compounds abundantly found in
the leaves of F. deltoidea that possessed many
pharmacological properties including neuro-
protection. Zolkiffly S.Z.1. and co-workers [38]
revealed that the extract of F. deltoidea showed
neuroprotective effects by attenuating the
levels of pro-inflammatory and cytotoxic factors
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in LPS-induced microglial cells, possibly by
mediating the nuclear factor-kappa B (NF-kB)
signalling pathway.

The antioxidant activities of F. deltoidea
aqueous extract (FDD) on menadione-induced
oxidative stress were determined in a V79
mouse lung fibroblast cell line by Ooi and co-
workers [27]. The ferric-reducing antioxidant
power (FRAP) assay was conducted to evaluate
FDD antioxidant capacity. Results showed that
pretreatment of FDD (50 and 100 pg/mL)
demonstrated remarkable protection against
menadione-induced oxidative stress in V79
cells significantly by decreasing superoxide
anion level. FDD at all concentrations tested
(12.5-100 pg/mL) exhibited antioxidant power,
suggesting the cytoprotective effect of FDD
could be partly attributed to its antioxidant
properties [27].

Mohd Dom N.S. and co-workers [24]
evaluated the potential of standardized metha-
nolic extracts from seven F. deltoidea varieties in
inhibiting the formation of advanced glycation
end products (AGEs), protein oxidation, and
their antioxidant effects. The antiglycation
activity was analyzed based on the inhibition of
AGEs, fructosamine, and thiol groups level
followed by the inhibition of protein carbonyl
formation. The antioxidant activity (DPPH
radical scavenging activity and reducing power
assay) and total phenolic contents were
evaluated. After 28 days of induction, all
varieties of F. deltvidea extracts significantly
restrained the formation of fluorescence AGEs
by 4.55-5.14 fold. The extracts also reduced the
fructosamine levels by 47.0-86.5%, increased
the thiol group levels by 64.3-83.7%, and
inhibited the formation of protein carbonyl by
1.36-1.76 fold. DPPH radical scavenging activity
showed an IC50 value of 66.81-288.04 pg/ml
and reducing power activity depicted at
0.02-0.24 pg/ml. The extent of phenolic
compounds present in the extracts ranged from
70.90 to 299.78 mg-GAE/g. Apart from that,
correlation studies between the activities were
observed [24].

F. deltoidea is  traditionally used for
regulating blood sugar, blood pressure, and
cholesterol levels. F. de/toidea has been shown to
have antidiabetic, anti-inflammatory, antino-
ciceptive, and antioxidant properties [23]. The
antidiabetic and antioxidant activities of the
fruits from different varieties of F. de/toidea,
employing 7z vitro methods, were investigated by
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Misbah and co-workers (2013). The crude
extracts and fractions of F. de/toidea (var. angustifolia
(SF) and var. &unstleri (BF)) inhibited both yeast
and rat intestinal a-glucosidases in a dose-
dependent manner but did not inhibit porcine
pancreatic a-amylase. The water fraction of BF
showed the highest percentage of a-glucosidase
inhibition while having the highest amount of
protein (73.33 = 4.99 pg/mg fraction). All the
extracts and fractions exhibited antioxidant
activities, with SF crude extract showing the
highest antioxidant activity and phenolic
content (121.62 * 4.86 mg/g extract). Fractio-
nation of the crude extracts resulted in the loss
of antioxidant activities. There was no positive
correlation between phenolic and flavonoid
content with a-glucosidase inhibitory activities.
However, phenolic content correlated well with
the antioxidant activities of the crude extracts
but not with the fractions [22].

Yahaya N. and co-workers [34] assessed
the insulin secretion activity induced by
F. deltoidea standardized methanolic extracts
from seven independent varieties and
mechanisms that underlie the insulin secretion
action of the extracts. The insulin secretion for
F. deltoidea var. deltoidea, F. deltoidea var. angustifolia
(Miq.) Corner, and F. deltoidea var. motleyana (Miq.)
C.C. Berg was dose-dependent; further evaluation
suggested that F. de/tvidea var. trengganuensis Corner
was involved in the Karp-independent pathway.
It should be noted that all varieties of Fious
deltoidea screened by the cited authors are
considered as synonyms of F. de/tvidea in The
Plant List, an international resource that is a
working list of all land plant species, funda-
mental to understanding and documenting
plant diversity and effective conservation of
plants. Thus, standardized methanolic extracts
of F. deltoidea varieties have an insulinotropic
effect on the clonal BRIN BD11 cell line and can
be utilized as a modern candidate for
antidiabetic agents targeting the escalation of
insulin secretion from pancreatic beta-cells
[34]. F. deltvidea var. deltoidea could potentially
improve insulin sensitivity, suppress hepatic
glucose output and enhance glucose uptake in
type 2 diabetes mellitus through the down-
regulation of the protein tyrosine phosphatase
1B (PTP1B) [1].

The mechanisms that underlie the
antihyperglycemic action of F. deltvidea were
revealed by Adam Z. and co-workers [3]. The
results had shown that a hot aqueous extract of
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F. deltoidea stimulated insulin secretion significantly
with the highest magnitude of stimulation being
7.31-fold. The insulin secretory actions of the
hot aqueous extract involved Karp-channel-
dependent and Karp-channel-independent
pathways. The extract also has the ability to
induce the usage of intracellular Ca2* to trigger
insulin release. The ethanolic and methanolic
extracts enhanced basal and insulin-mediated
glucose uptake into adipocyte cells. The extracts
possess either insulin-mimetic or insulin-
sensitizing properties or a combination of both
properties during enhancing glucose uptake
into such cells. Meanwhile, the hot aqueous and
methanolic extracts augmented basal and
insulin-stimulated adiponectin secretion from
adipocyte cells [3]. The inhibition of the
formation of mature adipocytes indicated that
leaf extracts of F. deltoidea could have potential
anti-obesity effects [33].

F. deltoidea is one of the well-known
medicinal plants that is traditionally used to
treat various ailments and for the maintenance
of female reproductive health [35]. F. de/foidea can
reverse symptoms of the polycystic ovarian
syndrome (PCOS) in female rats by improving
insulin  sensitivity, antioxidant activities,
hormonal imbalance, and histological changes.
Insulin resistance and hormonal imbalances are
key features in the pathophysiology of PCOS.
Haslan M.A. and co-workers [17] investigated
the biochemical, hormonal, and histomorpho-
metric changes in letrozole (LTZ)-induced PCOS
female rats following treatment with F. de/toidea.
The results showed that treatment with F. de/tidea
at the dose of 500 and 1000 mg/kg/day reduced
insulin resistance, obesity indices, total
cholesterol, triglycerides, low-density lipoprotein
cholesterol (LDL), malonic dialdehyde (MDA),
testosterone, luteinizing hormone (LH), and
follicle-stimulating hormone (FSH) to near-
normal levels in PCOS rats. The levels of high-
density lipoprotein cholesterol (HDL), estrogen,
and superoxide dismutase (SOD) are also
similar to those observed in normal control rats.
Histomorphometric measurements confirmed
that F. deltoidea increased the corpus luteum
number and the endometrial thickness. These
findings suggest the potential use of F. de/tvidea as
an adjuvant agent in the treatment program of
PCOS [17].

This medicinal plant is beneficial as a daily
dietary supplement for the maintenance of
female reproductive health. Zaid S.S.M. and co-
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workers [35] evaluated the potential protective
roles of F. deltoidea against bisphenol A (BPA)-
induced toxicity of the pituitary-ovarian axis in
pre-pubertal female rats. The findings showed
that F. delfoidea demonstrated a preventive role
against BPA-induced toxicity in the ovaries. This
was evident by the increased percentage of rats
with normal estrous cycle, qualitatively reduced
number of atretic follicles (as observed in
histopathological examination), and normaliza-
tion of the gonadotropins hormone (FSH) and
sex steroid hormone (progesterone) levels.
Thus, F. deltidea has the capability to prevent the
effects of BPA toxicity in the hypothalamus-
pituitary-gonadal axis of the prepubertal female
reproductive system, possibly due to its variety
of phytochemical properties [35].

F. deltoidea, which has strong antioxidant
properties, was selected as a potential
protective agent to counter the detrimental
effects of BPA in the rat uterus. As Zaid S.S.M.
and co-workers [36] revealed, after 6 weeks of
concurrent treatment with F. de/toidea, uterine
abnormalities in the BPA-exposed rats showed
a significant improvement. Specifically, the size
of stromal cells increased; interstitial spaces
between stromal cells expanded; the histology
of the glandular epithelium and the myomet-
rium appeared normal and mitotic figures were
present. The suppressive effects of BPA on the
expression levels of sex steroid receptors (ERa
and ER() and the immunity gene C3 were
significantly normalized by F. de/tvidea treatment.
The role of F. deltvidea as an antioxidant agent was
proven by the significant reduction in malonic
dialdehyde levels in BPA-exposed rats.
Moreover, in BPA-exposed rats, concurrent
treatment with F. deltoidea could normalize the
level of the gonadotropin hormone, which could
be associated with an increase in the percentage
of rats with a normal estrous cycle [36].

F. deltvidea has been shown to possess
antioxidant properties that could prevent the
development of chronic inflammatory bone
diseases [26]. The efficacy of F. deltvidea in
preventing alveolar bone resorption in
osteoporotic rats induced by ovariectomy
(OVX) was investigated by Omar N.I. and co-
workers [26]. The results showed that histolo-
gically, the OVXF group demonstrated a
significantly lower number of osteoclasts and a
higher number of osteoblasts compared with
OVXN. Thus, F. deltvidea has the capacity to
prevent alveolar bone loss in ovariectomy-
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induced osteoporosis rats by potentially
preserving trabecular bone microarchitecture
and decreasing osteoclast, and increasing
osteoblast cell count [26].

Osteoporosis (OP) and osteoarthritis (0A)
are debilitating musculoskeletal diseases of the
elderly. F. deltoidea was pre-clinically evaluated
against OP- and OA-related bone alterations, in
the postmenopausal OA rat model [9].
The F. deltoidea extract significantly mitigated
these bone microstructural and biomarker
changes by dose-dependently down-regulating
pro-inflammatory NF-kf, TNF-a, and IL-6 mRNA
expressions. The F. de/foidea extract demonstrated
good anti-osteoporotic properties in this OP/OA
preclinical model by stimulating bone formation
and suppressing bone resorption »sz anti-
inflammatory pathways. A report by Che Ahmad
Tantowi N.A. and co-workers [9] related the
subchondral bone plate and trabecular
thickening with the metaphyseal trabecular
osteopenic bone loss under osteoporotic-
osteoarthritis conditions, providing some
insights on the debated inverse relationship
between osteoporosis and osteoarthritis [9].

Conclusions

In the current study, we investigated the
changes in the oxidative stress biomarkers
using the 7 vitro model of human erythrocytes to
evaluate the antioxidant activities of the
aqueous extract derived from the leaves of

F. deltoidea at the two final concentrations
(5mg/mL and 0.5 mg/mL). The treatment of
human erythrocytes by extract derived from
leaves of F. deltoidea at the final concentration of
5 mg/mL resulted in an increase of TBARS as
biomarkers of lipid peroxidation and aldehydic
derivatives of oxidatively modified proteins
with a simultaneous decrease in the total
antioxidant capacity compared to the untreated
samples. On the other hand, 7z vitro treatment of
human erythrocytes with an extract derived
from leaves of F. deltoidea at the final concent-
ration of 0.5 mg/mL resulted in the same values
of TBARS level, aldehydic and Kketonic
derivatives of OMP, and total antioxidant
capacity as the untreated samples. Extract of
F. deltoidea at the final concentrations of 5 mg/mL
and 0.5 mg/mL possess hemolytic properties to
human erythrocyte suspension after 1-h
incubation 7z vitro. More studies are warranted in
the future, to illustrate the potential and
mechanisms of F. delwidea in preventing
oxidative stress using different cell models 7
vitro and different final concentrations of the
extract. Also, further studies are warranted to
identify the bioactive components that
contribute to this protective effect.
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AHOTAIIIS

B po6oTi HaBeZeHO pe3y/bTaTH aHAJITUYHUX [AOCJAiI[)KeHb CBITOBOrO PHUHKY aJKOTOJIbHOI MNPOAYKLii Ta
BCTAHOBJIEHO YacCTKy IJOAOBO-ATIJHUX BHH Ha HbOMY. [IpoaHasli30BaHO acOPTUMEHT IJIOJOBO-ATIAHUX BUH Ha
CBITOBOMYy PUHKY N 3p06JieHO BHCHOBOK, 1[0 HAWOiJIbIIMMU BHPOOGHUKAMU JaHOI KaTeropil mpoAykuii € AHIJIif,
Ipnangia ta HimeyurHa. BcTaHOBJIEHO, 110 HAM6i/blile pO3NOBCIO/XKEHHS cepe/; MJI0J0BUX BUH MAaIOTh S0JIy4YHI CUADH,
a CJIMBY 3 METOI0 BUPOGHUIITBA TAaKUX HAIMOIB CbOr0/HI BUKOPUCTOBYIOTh NepeBaXKHO B SMoHil.

B xogi aHani3y siTepaTypHUX JAHUX BCTAHOBJIEHO, 1110 YKpaiHa Ma€ NOTY>KHUU MOTeHIiaa JiJii BUPOOHHUIITBA
MJIOJIOBUX BUH, a/)KE BPOXKAKWHICTb CaZJ0BUX KYJbTYpP B Hallil KpaiHi 3pOCTa€ 1OPOKY, TOAL K B EBPOI — 3HUKYETHCS.

BigoMmo, 1110 CK/IaZHICTIO TEXHOJIOT{YHOT0 IPOLECY BUPOOHUIITBA BUH i3 JIOAIB i AITi/] € HEZOCTATHICTb B CUPOBUHI
a30THOTO >KUBJIEHHSA AJIs1 PIK/KIB, TOMY BUPDOOHUKH BUKOPUCTOBYIOTH [IJ1d 1X aKTHBaLii pi3Hi 06aBKU. ACOPTUMEHT i
TEXHOJIOTiYHMN eEeKT Bi/i BHECEHHS MTPOaHasli30BaHO B Iiil CTATTI.

3 MeTol0 3a6e3MeueHHs XXUBJEHHS APLKAXKIB Ta akTUBAlil CUPTOBOro 6pPO/iHHA MPU BUPOOHUIITBI MJI0L0BO-
SATiHUX BUH ¥ POOOTi 3alIPOMIOHOBAHO PO3TJISIHYTH MOXK/IMBICTh BHECEHHS IIPOTY 3aPOJKIB MIIEHULI. 3aBJsIKH BMICTy
B 3alpONOHOBAHIN cHMpOBUHI 6inKa y KiabKocTi 45 % I NOKpALYeETbCS a30THEe >XMBJIEHHS JAPDK/PKIB, a 3aBJSKU
HasIBHOCTI JIerko3acBooBaHUX IyKpiB, B 100 r axkux mictutbea 20,8 r ritokosy, 23,7 r dpykTo3y, 21,3 T caxapo3u Ta
34,2 r MaJIbTO3H, aKTUBYETHCS CIUPTOBE OPOAIHHSA MJIOA0BO-ATIAHOTO CyCJa.

3aBASKU TaKOMY CKJaAy BYTJIEBOJIB LIPOTY MOXJWBUM € BUKOPUCTAHHS WOTO JJis1 >KUBJIEHHS JAPDKIXKIB y
IJI0/I0BO-SITi{HOMY BUHOPOGCTBI Ta akTHUBALii CTUPTOBOTO 6POAIHHS.

MeTa cTaTTi - BU3HAYUTH YaCTKYy PUHKY, IKy 3aliMaloTh IJIOJ0BO-ATi/HI BUHA, MPOAaHali3yBaTH iX aCOPTUMEHT;
BUBUUTU ACOPTUMEHT J00ABOK, 1[0 BUKOPHUCTOBYIOTHCS 3 METOI aKTHUBAIil 6pOJiHHS IJIOJOBO-ATIIHOTO CycJa Ta
BCTAHOBUTH MOXKJIMBICTb BUKOPUCTAHHS MIPOTY 3aPOJKIB MIIEHUI]i y BUPOOHUIITBI IJIOJAOBO-ATiAHUX BHH.

MeTopgounoria. [lif vac npoBeieHHS pPOOGOTH BUKOPUCTOBYBAaJIM aHaMITU4HI Ta ¢i3nKo-XiMiuHI MeToau
nocuimkenb. OnpanBaHHS Pe3yIbTaTiB 3[4iHCHIOBAIM 3a JonoMoroto 6a3 ganux MC Excel.

HaykoBa HOBHU3Ha I0JISITAE B TOMY, LI[0 BUBYEHO CBITOBUN PUHOK IJIOJOBO-STiJHUX BUH Ta CHCTEMAaTU30BaHO
ACOPTUMEHT JIaHUX HAIOiB 32 BUPOOHHUKAMHU; CUCTEMAaTH30BaHO aCOPTUMEHT J106aBOK, [0 BUKOPHUCTOBYIOTHCSI 3 METOIO
A30THOTO KUBJIEHHS Yy IJIOJOBO-SITiTHOMY BHHOPOOCTBI Ta MpoaHa/i30BaHO BYTJIEBOJHUU CKJIaJ WIPOTY 3apOJKiB
NIIEHUIIi SIK TEPCIEeKTUBHOI CHPOBUHMU /11 aKTUBAllil CHUPTOBOTO OPO/IiHHS MJI0A0BO-ATITHOTO Cyca.

BHCHOBKM: BUBYEHO Ta CUCTEMATU30BaHO ACOPTUMEHT IJI0J0BO-STiITHUX BUH HAa CBITOBOMY PUHKY, B TOMY UM CJIi
i B YKpaiHi; BUBYEHO Ta CHCTEMAaTH30BaHO ACOPTUMEHT 106aBOK, 1[0 BUKOPHUCTOBYIOTHCS B IKOCTi a30THOTO KUBJIEHHS
VISl APDKDKIB Y MJIONOBO-SITiTHOMY BHUHOPOOCTBI; BCTaHOBJIEHA NMEePCIEKTUBHICTh BUKOPUCTAHHS MIPOTY 3apOJIKiB
MIIEHUIIi IK aKTUBAaTOpPa CIIUPTOBOTO OPOTiHHS.

Kio4oBi c/10Ba: pUHOK a/IKOroJIbHOI Ta BHUHOPOGHOI NPOAYKIii, acCOPTUMEHT IJIOJOBO-ATiAHUX BHH,
aKTHUBATOPU GPOAIHHS, IIPOT 3aPO/IKiB MIIEHHIL], JI0J0BE BUHO.

ABSTRACT

The paper presents the results of analytical studies of the world market of alcoholic products and established the
share of fruit and berry wines on it. The assortment of fruit and berry wines on the world market was analyzed and it
was concluded that the largest producers of this product category are England, Ireland and Germany. It has been
established that apple ciders are the most popular among fruit wines, and also plums are used mainly in Japan for the
production of such drinks.
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During the analysis of literature data, it was established that Ukraine has a strong potential for the production of
fruit wines, because the yield of garden crops in our country is increasing every year, while in Europe it is decreasing.

In order to ensure the nutrition of yeast and activation of alcoholic fermentation in the production of fruit and
berry wines, it is proposed to consider the possibility of adding wheat germ meal. Due to the content of protein in the
amount of 45% g in the proposed raw material, the nitrogen nutrition of yeast is improved, and due to the presence of
easily digestible sugars, 100 g of which contains 20.8 g of glucose, 23.7 g of fructose, 21.3 g of sucrose and 34.2 g of
maltose, the alcoholic fermentation of fruit and berry wort is activated.

The purpose of the article was to determine the market share occupied by fruit and berry wines, to analyze their
assortment; to study the range of additives used to activate the fermentation of fruit and berry wort and to establish the
possibility of using wheat germ meal in the production of fruit and berry wines.

Methodology. Analytical, physical and chemical research methods were used during the work. Processing of the
results was carried out using databases «MC Excel databases».

The scientific novelty consists in the fact that the world market of fruit and berry wines has been studied and the
assortment of these drinks by manufacturers has been systematized; the assortment of additives used for the purpose of
nitrogen nutrition in fruit and berry winemaking was systematized and the carbohydrate composition of wheat germ
meal was analyzed as a promising raw material for the activation of alcoholic fermentation of fruit and berry wort.

Conclusions: the assortment of fruit and berry wines on the world market, including in Ukraine, has been studied
and systematized; the assortment of additives used as nitrogen nutrition for yeast in fruit and berry winemaking was
studied and systematized; the prospects of using wheat germ meal as an activator of alcoholic fermentation have been
established.

Key words: market of alcohol and wine products, assortment of fruit and berry wines, fermentation activators,
wheat germ meal, fruit wine

IMocranoska mpoGaemMu Amnanis ocmannix docaiomens ma nybaixayii. B
YKpalHi aKTyaJJbHUM € PO3BUTOK IIJIOLOBO-
ArifHOro BUHOpOGCTBa. MoOXHaA CMiJIMBO
CTBEpPKYBaTH, 110 IUIOAOBO-ATiHI BHHa,
CUJAPHU, MUTHUN MeJ, HIYMM He MOCTYNarTbCA
BUHAM i3 BUHOrpasy abo HamosM Ha OCHOBI
conony. Cnip nuviie n6aTU Npo SKiCTb CHUPO-
BUHH, L]0 Oy/ie 3aCTOCOBYBATUCA [1Jil iX BUPOO-
HUI[TBA, a/IKe nepepo6Ka najaaulli, MiArHUanux
IJIOAIB 1 fAriJ HeraTMBHO BIIJIMHE Ha {KIiCThb
roToBoro npoaykry. Came 3JI0B)KMBaHHA
BUPOOHUKAMU nepepo6JieHHs najaauni
BUKJIMKAJIO CNaJ, 06CcAriB BUPOOHUIITBA TaKUX
BMH Ha I04YaTKy CaMOCTIMHOCTI YKpalHWu.
CporoaHi BUHa i3 JIOAIB Ta AT IOBEPTAThCA
Ha Hall puHOK. OHaK g NpOAYKILid peaCcTaB-
JIeHa TIepeBaKHO CUZpaMu. IX BUPOGHULTBO Ta
npogaxi 3pocraroTb 3 2020 poky. Excneprtu
OYIKYIOTb, 1110 IPOAAX LIUX HAIIOIB IPOJLOBXUTH
36isbyBaTUca o 2026 poky, 3pocTaHHA Oyze
BiAOyBaTHUCA KOKHOTO POKy Ha 2 % [20].

Bupo6HHMKaMU 3a3HAYAETHCS, 1110 YKpaiHa
Ma€ MOTYXHUH NMOTEHLia/l AJis BUTOTOBJIEHHSA
IJIOJIOBUX aJIKOroJIbHUX HamoiB. lle mos’sizaHo
I3 CKOpOYEHHAM HacaJXeHb OCHOBHUX JJid
NJIOJIOBOr'0 BUHOPOOCTBA JiepeB: 10/1yHb, TPy,
y EBpori Ta 36i/1blIeHHAM TaKHUX HaCa/)KEHb Ta
BPOKaWHOCTI ZiepeB B Hallil KpaiHi. Kpim Toro,
CbOTOJIHI yKpalHLi Oinblle NO0A0POXKYIOTH
CcBiTOM Ta KpaiHaMu €BpomnH, IO CIPUAE
MOXJIMBOCTI HaceJIeHHA PO3pi3HATU BUCOKO-
AKicHI Hamol 1 Taki, W0 Juue IiMITYIOTb
cnpaBxHiu cuap [20].

Armyanviticms pobomu. BAHOPOOHA POMMUC-
JIOBICTh 3alIMa€ 3HA4YHy Hilly Ha CBITOBOMY
pUHKY. OCHOBHUMY BUPOOHUKAaMH BUHOTPaJHUX
BUH € PpaHuig, Icnania Ta Itanis [5]. OcraHHIMU
poKaMHu B YKpaiHi IHTEHCMBHO PO3BUBAETbHCH
CEKTOpP BHHOIPA/IHO-BUHOPOOHOI MPOMHUCIIO-
BOCTI 3aBASAKM PO3BUTKY BHYTPILIHHOTO
TYpU3My, MiABULLIEHHA KYJbTYPH CIOXHUBAHHSA
QJIKOTOJIbHUX HAaIolB HaceJIeHHSM, PO3BUTKY
BJIACHUX OpeHJiB, 1[0 MOXXYTb KOHKYpPyBaTH 3
€BponelicbkuMu [2]. OfHaK cjif; 3a3HAYUTH,
110 /IJ1S1 TPaJULiiHOT0 BUHOPOOCTBA MiAXOASTH,
repeBaKHO, 3aXi/[Hi Ta MiBJAeHHI perioHu Halol
KpalHW 3aBAAKU CHPUATJIUBUM IPUPOJHO-
KJiMaTUYHUM yMoBaM [19]. Pemrta perioHiB
YkpaiHu Mae€ O6inbll COPUATIAMBI YMOBHU [JIs
BUPOLIYBaHHS OCHOBHHUX ILJIOJOBUX KYJbTYp:
A06JIyK, Tpyll, CJUB, abpUKOCIB, BUIIHI TOLIO,
ypOKalHICTh SKUX LOPOKY 3pocTae [14].

BpaxoByruyn BOEHHMH CTaH Ta CKJIAaLHY
cuTyanito Ha [liBaHiI YKpalHu MOXHa CTBEepAXKY-
BaTH, 10 0GCATYM BUPOOHHUIITBA TPAAUIIMHUX
BUHOTPA/IHUX BUH OY/yTh 3HWKYBATUCS Yepes
pyHMHYBaHHA  MNiAOPUEMCTB |  3HUILIEHHA
Haca/PKeHb BUHOTPAJHUKIB. ¥ 3B’A3Ky 3 UM
aKTyaJIbHUM € PO3IJiflJ, pUHKY IJIOJJOBUX BUH
JUISl TJIaHYBaHHA 1 pO3pOOKM HOBUX BU/IB
craboasikorosbHUX HamoiB. KpiMm Toro, ciia
nojbaTu U mnpo ix (QYHKIIOHANBHICTh, 110
MOXXHaA JOCATTH 32 BUKOPUCTAHHA CUPOBUHY,
6araToi Ha 6i0JIOTIYHO-aKTHUBHI peYOBUHH.
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36isblIeHHI0  006CATiB BUPOOHMITBA
IJIONOBUX BHUH CIPUAE TaKOXK 1 Te, WO Yy
BUPOOHUIITBI HATypaJIbHUX BUH i3 VIOAIB i ATif
0e3 olaBaHHA CIUPTY, [0 HUX 3aCTOCOBYETHCS
MiHiMaJibHa CTaBKa aKLMU3HOTro 360py MOpiB-
HSIHO i3 BUHOTPaJHMMU BUHaMH [1].

[TIpu nix60pi cMpoBUHU AJ11 BUPOOHULITBA
IJIOJIOBUX BUH CJiJ A6aTHU MPO BMICT a30Ty B
Hili 3 MeTO0 3abe3ne4yeHHsI a30THOI'0 »KUBJIEHHS
JPIKIKIB i yac CIMPTOBOr0 6POJiHHS. Horo
HecTa4ya 3yMOBJIOE YTBOPEHHSA CIpKOBOJHIO Ta
3HWXKEHHA OPraHOJIENITUYHUX XapaKTEepPUCTUK
BUHa [12]. KpimMm Toro, Moxxe BUHUKATH 3aTy-
XaHHS OpOJiHHA i, AK pe3yJbTaT, yTBOPEHHS
HeZ00po/iB. lle cioHyKae [0 MOIIYKYy LLIAXiB
MOJ0JIAaHHA HeCcTayi a30THOr0 J>KUBJIEHHH
JPIK/KIB Yy MJI0J0BOMY BHHOpPOO6CTBi. ToMmy
po3risaj 06aBOK, L0 BHKOPUCTOBYHTBHCH 3
I[iE}0 METOI0, € aKTyaJIbHUM Ha CbOTOJAHIIIHIN
JeHb.

OTKe, aKTya/IbHUM 3aBJJaHHAM HayKOBLIB 1
BUPOOHUKIB Ha CbOTOJHiI € MOUIYK Hilli Ha
CBITOBOMY PHMHKY aJIKOTOJIbHOI NPOAYKIi;
BUSIBJIEHHS NPO06JIEM MJI0J0BO-ATiTHOIO BUHO-
pob6CcTBa Ta MOLIYK ULISAXiB iX BUpilIeHHS. Y
3B’I3Ky 3 UMM Yy3arajJjbHeHHS JaHUX 1100
ACOPTUMEHTY  IUIOZOBO-ATIHUX BUH Ha
CBITOBOMY PUHKY Ta aCOPTUMEHTY J106aBOK, 1110
BUKOPHUCTOBYIOTbCH K a30THE XUBJIEHHA [JIF
JAPDK/IKIB, € aKTyaJIbHUM Ta CBOEYACHUM.

Mema  pobomy: BUSHAYUTHU YACTKy PUHKY,
AKYy 3alMaloTh IJIOJOBO-ATiAHI BUHA, IpOaHa-
JIi3yBaTH IX aCOPTUMEHT; BUBUUTHU ACOPTUMEHT
Jl00aBOK, 10 BUKOPHUCTOBYIOTBHCS 3 METOM)
A30THOTO ’KUBJIEHHd TiJi 4Yac OpoJiHHA
IJIOA0BO-ATIHOTO CyCJa Ta BCTAaHOBUTH
MOXJIMBICTb BUKOPUCTAHHA LIPOTY 3apO/KiB
MILEeHUL 3 I[i€E0 METOI0.

11 JocsrTHEHHS OCTaBJeHOI MeTH OyJx
cbopMysbOBaHi HACTYMHI 3a4ayi:

— BUBYUTH aCOPTUMEHT IJIOL0BO-ATIJHUX
BUH Ha CBITOBOMY PUHKY Ta OCHOBHY CUPOBUHY
JUIS1 iX BUPOOHUIITBA;

- BUBYUTHU aCOPTUMEHT J[00aBOK, 110
BUKOPUCTOBYIOTbCA B  SIKOCTI  a30THOTO
KUBJIEHHA OJ1 JPIKIKIB Y IJIOL0BO-ATIHOMY
BHHOPOOCTBI Ha CbOTOIHIIIHIN eHb;

— BU3HAYUTHU MOXJIMUBICTb BUKOPUCTAHHA
LIPpOTY 3apoAKiB INIUIeHUNi /A aKTUBi3aLil
npoueciB OpoJiiHHA y BHUPOOHULTBI BHUH i3
IJIOAIB Ta Arij,.

Memodonoein. IlpeaiMeTOM AOCHIIKEHb PUHKY
QJIKOTOJIbHOI IPOAYKLI BUCTYIIA/IX JIiTepaTypHi
JaHli Ta HampauloBaHHA BITYU3HAHUX |
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3aKOpPJOHHUX HAYKOBLIB, iHTEpHeT-CTOPiHKU
BHPOOHMKIB rOTOBOI MPOAYKIii Ta CUPOBUHH,
3aKOHO/JaB4yi aKTH Ta MOCTAaHOBHU.

B po6oTi 3anponoHOBaHO BUTOTOBJATHU
BUHO i3 c/MB copTy Yropka. B dAKocTi akTu-
BaTopa OpOJiHHA Ta JAJAd 3abe3nedyeHHs
a30THOI0 KUBJIEHHA APIXKIKIB 3alIpOTIOHOBAHO
BUKOPUCTOBYBAaTU UIPOT 3apOJKiB MIIEHULI
(II31T) Bupob6bHMuTBa HB TOB «?KnTomup6bio-
npoaykt» (M. Kutomup, VYkpaiHa) mwo €
BTOPUHHUM NPOJyKTOM BUPOOHMI[TBA 3apOj-
KoBOI oJiil cnoco6oM COz-ekctpakuii. Ha uei
NpPOAYKT BUPOOHUKOM po3pobJsieHa HOpMaTHBHA
nokymeHTanis (TY ¥ 20608169.002-99).

EkcTpakuisi osii uuM cnoco6oMm Bifoy-
BAEThCS 32 HU3bKUX TeMmepaTyp (He Gijiblie
40 °C). lle no3BoJisie 36eperTy BeJUKY KiJIbKiCTh
BiTaMiHiB, MiHepaJbHUX PE4YOBUH y BTOPUH-
HOMY TNPOAYKTI, a TaKOoX aMiJoJiTU4Hi
dbepMeHTH 3apoJiKy He iHAKTUBYIOThCA. llpoT
Ma€ 3HaYHUU BMiCT pocauHHOrO 6is1Ka (45 %),
BiTaminy B1(2,1wmMr/100r), BuCOKy amijo-
JITUYHY akTUBHIicTbh (315 Mr kpoxmasto/ron)
[11], w0 MO3MTHMBHO BIJIMBAaTHUMe Ha NpOLEC
6poaiHHA. CKJIaJ MOHO- Ta AULYKPIB y LIPOTi
oyso pocaimxeHo Metogom lllopas (Hopo-
MEeTPUYHUM MeToioM) [4].

Haykosa nosusna TONATAaE B TOMY, LIO
BUBYEHO CBITOBUM pPHUHOK IJIOJOBO-ATIJHUX
BUH Ta CHUCTEMATU30BaHO ACOPTHMEHT LUX
HamnoiB 3a BUPOOHHWKAMH; CUCTEMATH30BaHO
aCOPTHUMEHT [00aBOK, L0 BUKOPUCTOBYIOTHCS
3 METOK a30THOrO JXWBJIEHHA Y IJIOJOBO-
ArilJHOMYy BHUHOPOOCTBI Ta BCTAHOBJIEHA
NepPCHeKTUBHICTb  BUKOPUCTAHHSA  LIPOTY
3apO/IKiB MILIEHULi SK aKTUBATOpPa CIUPTOBOTO
OpoAiHHS.

Pe3yabpTaTi AOCAIAYKEHHA

Ha mnepumiomy ertani pgociifkeHb 06yJi0
[IPOAaHa/II30BAHO PUHOK aJIKOTOJIbHOI IPOAYKLIl
Ykpainu 3a 2021 pik (puc. 1).

Ax 6aynmo 3 puc. 1, HaunonyAApHiLIMMU
HanossMu B YkKpaiHi 3a 2021 pik 6ysu came
Jikepo-ropinyaHi  Bupobu. [Jlpyre Micue
pPO3JI/IAITH BUHO Ta [IUBO, YaCTKa CII0KUBAHHSA
c1ab0-aJIKOTOJIbHUX HANoiB, Z0 SIKUX MOXHa
BiJHECTH MJIOAOBO-ATiAHI BMHA, CTAHOBUTb
auiie 5%. [IpoTe ekcnepTaMM 3a3HAYa€EThCH,
10 caMe Led CerMeHT pPHUHKY CTpPiMKO
PO3BUBAETHCS, CIIO)KUBAHHA 3POCTAE, TOJI SK B
yCix IHIIMX KaTeropiax HalolB, OKpiM INHUBa,
CIIOCTEPIraETbCs CKOPOYEHHSA CIIOKUBAHHS.

B Hawii kpaiHi cTBOpeHi Bci mepegyMoOBHU
JIIs1 PO3BUTKY rasy3i cJ1ab0a/KOr0JIbHHUX HaMOiB.
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Cna6oankoronbHi

IrpucTi BUHA ?
KoHbsaK Q

Kpim ToOro, came faHu cerMeHT PHUHKY
QJIKOTOJIbHOI MNpOAYKLil Mopajx 3 IUBOM €
€/IMHUM, IKUM MOXHAa PO3BHUBATU B HANPSMKY
CTBOpPEHHS HaIloiB NpodiaKTUYHOr0 CHOpsSAMY-
BaHHS Ta HaJlaHHS FOTOBIN NpoAyKLil yHKLio-
Ha/IbHUX BaacTUBOCTeN. CaMe TOMy BaXKJINBUM
€ PO3BUTOK rasysi Ta nomnyJigpusalid 1i040B0-
ATiJHUX BHAH B YkKpaiHi. Cji 3a3HA4YUTH, 110
CI0>KMBAHHSA aJIKOTOJII0, SIK 1 Oy/1b-SIKHX HAIOIB,
Ma€ Ce30HHUM XapakTep. Y3MMKy 4acTKa
MIIJHOTO aJIKOTOJIK0O € BUUIO0I, a BJITKY -
HaBNaKW, HabyBalTb OinbIIOI MNOMyJSPHOCTI

Mnpa rpH

-34%

Hanoi | a
bt o

w Nikepo-ropinyani supo6m

> nuso

Puc. 1. CTpykTypa npojaxis aakoroyw y 2021 poui B YkpaiHi [9]

0e3a/JIKOroJibHi, cJ1ab0aJKoroJibHi Hamnoi, BUHO
Ta NHUBO.

ToproBuMu ekcrnepTaMu 3a3HA4YaAEThCH,
110 YacTKa NpOJa)KiB aJIKOTOJIbHUX HAIOIB Yy
2022 poui 3HU3WIack NOPiBHAHO i3 2021 pokowMm,
110 € MepeAbdadyyBaHUM, aJKe B KpaiHi 3ampo-
Ba/’KEHO BOEHHHUM CTaH i NPOAAX aJKOTOJIIO
OyB 3a00pOHEHUH 3 KiHIfl JIIOTOTO /10 MOYATKY
kBiTHA [9]. lle HeraTMBHO BIJIMHYJIO Ha
eKOHOMIiKy KpaiHu. [IpubyTok Bij mnpojaxiB
aJIKOTOJIbHUX HamnoiB 3HU3UBCA Ha 34..67%
NOPIBHSIHO 3 JIOBOEHHUM NepioaoM (puc. 2).

53
4.2

22

I nonosuta 2022

Muso NikepHo-ropinuaxi BuHO
supobn

2 ] ¥

-67%

32

2.4

1.4
‘B

KoHbAK IrpucTe BuHO CnaboankoronbHi
Hanoi

= ¥ Y

Puc. 2. 3MiHa cHOKMBaHHA aJIKOrOJIbHUX HaNoOiB B YKpaiHi
3a 2021 - 2022 poku y rpoiioBoMy BUpa>keHHi [9]
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3a JaHMMH aHaJiTUKIB Ile MOB’S3aHo i3
3aKPUTTAM 3aBOJIB, 1[0 3HAXOAATHCS OJU3bKO
Jlo JiHii GpoHTY Ta i3 mepiogoM 3a60pOHU Ha
MPOAAXK aJIKOTOJIbHOI TPOAYKIIil.

B Tou e wyac, aHasi3yH4d CBITOBUU
PUHOK aJIKOTr0Jit0, 6a4uMo, 110 NoJii B YKpaiHi,
enigemis Covid-19 HaBmaku HO3UTHBHO
BIUIMHYJIa HA HbOTO - 30UIBLUIMJINCH NPOJAXi
JOpPOTUX CerMeHTIB aJIKOTOJIbHOI NPOAYKII.
ExcnepraMu BigMiya€eTbcsd, 1[0 HaWOiNbIIUK
niii0M CIOCTepira€TbCcsl Yy BAHOPOOHIM ranyasi,
36i/IbLIWIMCh MPOAAXKI IOPOTUX BUH Ta JKUHY
[26]. Lle TakoX CIPUYMHUIIO AiJPKUTaMi3alilo
aJIKorosibHoOi iHAycTpii. O6GcAr esieKTpPOHHOI
KoMep1ii 36isbmuBcs Ha 43 %, Toai Ak y 2019 -
guie Ha 12 %. PaxiBli NPOrHO3ywOTh, 110 [0
2025 poky Ha LIMX pUHKaX eJIEKTPOHHA TOPTiBJsA
CTAaHOBUTHUMe NpU6IU3HO 6 % yciel po3pi6HOI
ToprisJi [28].

3rifHo 3 JaHMMHU MIi>KHAapOJAHOI BHUHO-
po6Hoi opranizanii OIV, cBiTOBe cnoXKHBaHHS
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BUHa B 2021 poui 3pocsio Ha 0,7 % nopiBHAHO i3
2020 pokoMm, 10 € NO3UTHUBHUM Ha TJi
BMHOPOOHOI KpH3M, fiIKa CHOCTepirajiacb Ha
cBiToBoMy puHKYy B 2018 poui [30]. JaHi,
OTpUMaHIi 3a3Ha4YeHOI0 OpraHisali€r, CBig4aTh,
0 Y TpaAuLiMHUX BHHOPOOHUX perioHax
CIIO)KMBAaHHA BWHA INaJa€, TOAI AK Ha
3araJlbHOMYy CBITOBOMY pUHKY - 3pocTae [30].
[le cBIAYMTH NpPO BIAKPUTTS HOBUX PUHKIB.
CBiTOBE CHOXMBaHHS BHHOPOOHOI MPOAYKILii
HaBeJleHOo Ha puc. 3 [34].

OkpiM mnpuBeZileHMX HA puC. 3 Kpail,
CIIO’KMBAHHSI BHUHA 30iJblIMJIOCHE B PyMyHii,
Higepsnanpax, ABctpii i Yexii. OgqHaK B Takux
KpaiHax, ak [loptyrasnida, besabrig, I'penia Ta
[[IBeriis piBeHb CIIOXXKUBAHHSA LIbOT'0 HAIIOKO 3HU-
3uBcd Ha 0,3...4,1 % nopiBHAHO i3 2020 pokoMm.
BopgHo4yac ekcrnepTaMu BiJ3HAYAETbCA, L0
CIIO>)KMBYMIM PUHOK BUHA y Besukiil bpuTanii €
CTabIbHUM i He 3MIHIOETHCS BXKE MPOTSTOM
n’satu pokis [30].
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Puc. 3. CBiTOBe ClIO>KMBAaHHS BUHOPOGHOI NPOAYKILii

Cnig 3a3HAauMTH, WO [0 PHUHKY BHUHA
TaKO>X BiJHOCATBL i BUHA 3 IJIOAIB Ta Arif. 3a
TOBApO3HABYOI0 K1acHpikalliero BOHU Ha/leXXaTh
J10 cJ1a60aJIKOTr0JIbHUX HAMOIB, OZJHAK, € BUHAMH.

CboroJiHi OiNbILIICTL JIOAEN NparHe A0
3/IOPOBOT0 CNOCOOY KUTTS, TOMY MeHIle
BXKMBAIOThb aJIKOT0JIbHI HAIOI, 30KpeMa, 1 BUHA.
OaHak iHTepec CHOXMBA4YiB /[0 IJIOJOBO-
ATIIHUX BUH CTPIMKO 3pOCTAE, 1110 NOB’A3aHO i3
3HAYHO MEHIIUM BMICTOM B HUX aJIKOTO0JII0. Bce
Oinblle JoJel 1IyKae 30J0Ty CEpeAUHY MixX
BUIIMBKOIO Ta QYHKIIOHAJbHICTIO, a QyHKIIiO-
HAJIbHOCTI TaKWUX HAIOIB [JOCATTU 3HAYHO
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JieT1le 3aB/sIKM BUCOKOMY BMICTY 6ioJioriyHO-
aKTHBHUX PEYOBHH B CHPOBHHI Ta MEHIIOMY
BMICTYy asikoroJito. BUpoGHUITBO BUH i3 M/10/1iB
Ta AriJl iIHTEHCHUBHO 3POCTAa€E, BOHU BCe GiJibllle
3al0BHIOKTb pUHOK [17]. [ BUpOOGHUILITBA
IJIOZ0BO-ATIJHUX BUH  BUKOPUCTOBYETHCA
IIMPOKUMA aCOPTUMEHT IJIOAIB Ta Arif, 110
NO3UTHUBHO BIJIMBAE Ha XapyoBUU mpodinb
Hanow. Tak, A/ BUPOOHHMILITBA 3a3HAYEHUX
€1a60aJIKOTOJIBHUX HANOIB LIMPOKO 3aCTOCO-
BYIOTb 510JIyKa, FPYL, BULIHI, YOPHUIIO, KaJIUHY,
ob6uinuxy Touwo [12; 13; 15; 20; 25; 31; 33].
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Ha cboroaHi HaWb6inbIIMKA PUHOK Caabo-
aJIKOTOJIbHUX HaAIloOiB, a caMe - IJIOAOBO-
arifHux BUH, - ILe HiMmeuyuyuHa, ase CIIA
LIBUJAKMMUA TeMIIaMU Ha3JoraHfe KpaiHy-
Jgigepa. KpiMm TOro, 3HauHUM CerMeHT PUHKY
IUX HaIoIiB 3alMMalOTh TaKi KpaiHu K Besuka
BpuTtanis, ®panuis, Icnanis, Anonis, ABcrpaiis,
bpasunisa, Kanaga ta IIAP. OpgHak ekcneprtu
Bi/I3HA4YalTh, 110 y Jijepa puHKy, HiMeuyuuHy,
npoaxi uiei npoaykuiiy 2021 poni 3HU3UAUCH

Ha 5 % mnopiBHaHO i3 2020 pokoMm, a B CIIA
BOHH, HaBMakH, 3pocau Ha 30 %, 1m0 cyTTEBO
HaOJIMKYE L0 KpalHy [I0 JIilepCcTBa Ha PUHKY.
3arasbHa CBiTOBa JgHWHaMiKa - lLie 3pOCTaHHA
CerMeHTy HallolB i3 HU3BKUM BMICTOM
asikoroJito Ha 3 % 1mopoky [16].

BpaxoByruyMd Taki TeHJeHLil Ha PHUHKY,
JIOCJIi/PDKEHO aCOPTUMEHT IJIOA0BO-ATiIHUX
BHH Ha HbOMY (TabJ1. 1).

Ta6auysa 1

AcopTUMEHT JIOA0BO-ATiAHUX BUH HA CBITOBOMY PUHKY [3; 20; 29]

Kpaina-

Toprosa Mmapka
BUPOOHMK p p

ITpoAykT T2 HOT0O XapaKTEepHUCTHKA

™
Katlenburger
Himeuunna

BuHO 4yepBoHe, coJioiKe, cnupTy 8,5 % 06., THXe. OCHOBA — MOJIYHULA

BuHO 4epBoHe, coJ0/Ke, cnupTy 8,5 %06., Tuxe. OCHOBA — OXKMHA

BuHO uyepBoHe, cosiofKe, cnupTy 8,5 % 06., Tuxe. OCHOBA — BULIHSA

C'ninTBeiiH Apple Cinnamon, 6ise, HaniBcosioake, cnupty 8,5 % 06, THXe.
OcHoBa - s16J1yKa 3 [0JJaBaHHSIM KOpHILi

BuHo 6is1e, HaniBcoJsioiKe, cniupTy 8,5 % 06., irpucte. OcHOBa — MaHTO

TM Valensina

['ninTBeliH Orange-Pomegran, yepBoHe, COJI0OAKE, CIUPTY 6,5 % 06., THUXE.
OcHOBA — Kynax aleJIbCUHY i rpaHaTy 3 [[0/JaBaHHIM KOPHIIi

['ninTeelH Orange-Tangerine, 6ise, coyoake, cnupTy 6,5 % 06., TUXe.
OcHOBa - aneJibCHHOBO-MaHAapUHOBHUI KyIaX 3 [10/JaBaHHIM KOPHIL

TM Fruits &

—
pantit Wine

Buno Blackberry Fruits and Wine depBoHe, HaniBcosiozke, cnupty 7,3 % 06.,
THXe, apoMaTH3oBaHe. OCHOBA - YepBOHe BUHOTpaZHe BUHO (63 %) i cik 0XHHU
(7 %), apoMaTH3aTOp 0’KUHHU Ta LYKPOBUH CUpOI

BuHo Fruits and Wine uepBoHe, HamiBcosiozke, cnupty 7,3 % 006. THXe,
apoMaTtu3oBaHe. OcHOBa - 4yepBOHe BHHOTpaZHe BUHO (63 %) i Cik MajMHHU
(3 %), apoMaTH3aTOp MAJIMHHU Ta IYKPOBUH cHpoN

Slouist ™™ CHOYA

Jlikep 6iauii, cnupty 10,0 %06., THXMH. OCHOBA - NJI0AM YMe (SIMOHChKA C/IMBA)

BuHo 6ine Silver, conogke, cnupty 10,0 %06. Thxe. OCHOBa - KymaXX COKiB
SIOHCHKOI CJIMBU Ta MEPCUKY

Buno 6ise Umeshu, conoake, cnuprty 10,0 % 06., Tuxe. OCHOBaA - CiK SIMOHCBKOI
CJINBU

TM Naomi

Buno yepBoHe «UepBoHUH rpaHaT», conogke, cnupTy 11,0 %06., Thxe. OcHOBa —
KyIa)X Y4epBOHOTO0 BUHOTPAJHOI0 BUHA, €KCTPAKTY I'PaHaTy, eKCTPAKTY BUILHI
Ta BUHHOTO HAaCTO POCAMHHOI CHPOBUHU

Ykpaina
TM Opeanga

Hamiii BuHHU# Mikago (a6pukoc, cauBa), cosozake, cnupty 16,0 %06., Tuxe.
OcHOBa - Kyna)K YepBOHOro a6o 6iJoro BUHOIPAJHOrO0 BUHA i3 CIMPTOBUM
eKCTPAKTOM CJMBU 260 abpUKocy

3 JaHMUX TaO6JMILi 6a4yMMoO, IO IJIOAOBI
BMHa @paHUii CTBOPWIOTbL HAa  OCHOBI
BUHOTIPaJJHUX BUH 3a JI0JlaBaHHA BiNOBIJHUX
COKIB y KizibkocTi 0 10 % Ta apoMaTH3aTOpIB.
[lnogoBo-sArigHi BuHA ITanii He BHeceHO [0
TabJIM1li, aJie mpoaHaJii3oBaHo. BusiBsieHo, 1110 11i
HaIlol TaKO»X BUI'OTOBJISIOTb HAa OCHOBI BUHO-
rpajiHUX BUH, aje 3a J0/laBaHHsI GAapBHUKIB i
apoMaTU3aTopiB IJI00BOI CUpOBUHU. Lli BUHA
Jyile iMITYIOTb CIpaBXHI [JI0J0BO-ATiAHI
Hamoi, OJHAaK BOHM TaKOX MaKTb CBOrO
cnoxkvMBaya. Ha Hamy yMKy Taka 0COGJIMBICTb
CKJaJly MJI0J0BO-ATiAHUX BUH y PpaHuii Ta
[Tanii noB’sizana 3 TUM, 1110 JJaHi perioHU MarTh
CIIPUATJUBI KJIMAaTU4YHI YMOBU [Ji BUPOILY-
BaHHf caMe BHWHOIpaJly Ta € IepejoBUMH
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BUPOOHHKAMMU BHHOTpaAHUX BUH. CazoBi K
KyJIbTYPU He BUPOLIYIOTbCA B JOCTATHIX
KiJIbKOCTSAX i aCOpTUMEHTI JiJisd 3ab6e3ne4eHHs
MiATPUEMCTB JOCTATHBOK KiJIBKICTIO CHPOBUHH.

3rifjHo 3 HaBeJeHUMHU B TabJ. 1 JaHUMU,
yKpaiHCbKi BUPOOHUKH TaKO0 BUT'OTOBJISIOTh
IJI0ZI0BO-ATIJHI BUHA HA OCHOBI BUHOTPAJHUX
BHHOMaTepiaJiB i3 3aCTOCYBaHHAM KOHLEHTPO-
BaHHUX COKiB ab0 CHHUPTOBUX €KCTPAKTiB
BIZIMOBiHUX NJI0/iB. MOXKJIMBO Taka TeH/leHIliq
MPUCYTHA HA PUHKY HalIOl KpaiHU Yepe3 BULLY
COHUPTYO3HICTh JUX HAMOIB, L0 paHille Gijblie
npuBabJIl0OBaJIO CIOXMUBaya, IMITyHOUM HaTy-
paJibHi BUHOTpPaZHI BHHA. [pyrow NnNpUYMHOIO
NpOBeJleHHA TEXHOJIOTIYHOr0 IpoLecy caMme
TaKUM UYMHOM MOKe OyTH NparHeHHs BUHOPOOiB
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3HUM3UTU BTpaTU Mify, Yac BUPOOHHUIITBA
BUHOTpaJHUX BUH. BizoMmo, 1o B TexHOJIOTII
HaTypaJIbHUX BUHOIPAJHUX BUH He MOXHa
BUKOPHCTOBYBaTH BoAy [6] Ha BiAMiHYy Bij
IJIO0BO-ATIAHUX HanoiB. [lig yac npoMHUBaHHA
TEXHOJIOTIYHUX JIIHIM Ha BUPOOHUITBAX MicJs
IlepeJIMBOK, BUKAa4YyBaHHI rOTOBOIO BHMHA Ha
PO3JIUB CIIOCTEPIraloThbCA 3Ha4Hi BTpAaTH BUHA,
aJpKe 3 METOI YHUKHEHHd IOoNaJaHHA BOJAU B
pe3epByapu 3 BHHOM BeJIMKa KIJIbKICTb
NPOAYKTY pa3oM 3 IMPOMUBHUMHU BOJAMU
3JIMBA€ETbCA B KaHaJsisawuiro. lle cyTTeBO
BIJIMBAE AK Ha LIIHY TOTOBOr'0 HAIIOI0, TaK I Ha
3a0py/iHEHHS1 HAaBKOJIMIIHBOTO cepesoBUlla. Y
3B’AA3KY 3 LIUM JiesdKi BUpOOHHMKU BBaXKaJld 3a
JOLJIbHE 3JIUBAaTU NPOMHUBHI BOAU B OKpeMi
€EMHOCTI Ta BUKOPUCTOBYBATU IX 3 METOIO
CTBOPEHHA HOBOI'O NPOAYKTY LLJIAXOM 3aCTO-
CcyBaHHSl (QPYKTOBUX COKIiB ab0 CHUPTOBUX
eKCTpakKTIiB i3 mofiB. lle 3Ha4YHO CKOpOYyE
BUTpPATU BUPOOHUIITBA Ta 36i/1bllIy€E NPUOYTOK
BUpOOHMKA. KpiM Toro, 3a6e3nevyyeTbcs Oiibila
€KOJIOTiYHICTh BUPOOHUIITBA.

Cnix 3ayBakuTH, 10 YKpaiHa 6araTa Ha
pi3HOMAaHITHI JIOAO0BI Ta ATiAHI KYJAbTYpPH, 110
MOXXYTb BUKOPHUCTOBYBATHUCS CaMOCTIHHO [
BUPOOHHUIITBA BHH. lle [03BOJIMTH OTpPUMATH
Hamol BHUCOKOI AKOCTI i3 HaTypaJbHUM

BUPaXEHUM CMAKOM I apoMaTOM, L]0 3MOXYTh
KOHKYpyBaTH 3 HaTypaJbHUMU IJIOLOBO-
arifgiuMyu  BUHaMu Himeyuunu. Kpim Toro,
BHPOOHMIITBO BHHA i3 IUIOAIB Ta Srij
Jl03BOJIMTh 3HAYHO PO3IUMPUTU ACOPTHUMEHT
BHHOPOOHOI NPOAYKIii, OTpUMAaTH HaTypasbHi
Hamnoi i3 3HWXEHUM BMICTOM CIUPTY, L0 €
aKTyaJIbHUM Ha CbOTOJHIIIHIN JeHb [Jid
6i/1bIIOCTI JItOJIEH, SIKI IParHyTh J10 3/J0POBOTO
croco6y *UTTs. Po3BUBaw4u M10J0BO-ATiHE
BUHOPOOCTBO B Hallill KpalHi MOXXHa JOCATTH
3HAaYHOr0 €eKOHOMiyHoro edekTty, u Oyje
CYTTEBUM He JiMlIe JJ1 BUPOOHMKA, a U N4
Jlep>KaBy B LIiJIOMY.

OpHak ciig mam’siTaTH, 10 IPU BUPOOG-
HUITBI NJIOJOBO-ATiJHUX BUH BUPOOHUK MOXKe
CTUKATUCA i3 3HAYHUMU TPYAHOLLAMHU B TEXHO-
JIoriYyHOMY Mpolieci, 110 NoB’sg3aHi i3 3aTyxaH-
HAM OpOJiHHA Ta yTBOPEHHSIM HeZloOpoJiB. Le
BUKJIMKAHO HECTA4€el0 a30THOI'0 XKUBJIEHHS [
APDKAXKIB, afpKe B IJI0JaX 1 ArofjaXx MiCTUTbCH
3HAaYHO MeHIle 3aCBOKBAHOrO a3o0Ty, HiX Yy
BUHOrpaJi [6; 12]. 3 MeTO0 aKTHBAallii a30THOTO
>KUBJIEHHS] Y BUPOOHUIITBI BUH i3 MJIOAIB i Arifg
CbOTO/HI BUKOPUCTOBYIOTH criernjiajbHi
Jl00aBKU — aKTUBATOPHU 6POJiHHSA. ACODTUMEHT
TaKHUX JJ00aBOK Ta TEXHOJIOTIYHUH edeKT Bif ix
BHECEHHsI HaBeJleHO B TabJI. 2.

Tabauys 2

AKTHBATOpPH a30THOTO KUBJIEHH BUHHMX APiXKIXKIB [7; 8; 12; 21; 27; 32]

Ha3Bsa A00aBku

iroua pegyoBHHA
(Toprosa mapka) A P

Edexr BiA BHECEHHA

. TiamiH, amiadyHMII 30T,
Axtudepm 1i2 | . S
iHaKTMBOBaHI CyXi APiKAXKi

[IpyckopeHHs1 mpouecy OpOAiIHHS, YHUKHEHHS 3aTyXaHHS
OpOAiHHA Ta YyTBOPEHHS HeJO6GPOJiB, MOXJIMBICTD OTPUMATH
cyxi BUHOMaTepiaJiy, TOKpallleHHsl apoMaTy rOTOBOT0 HAN o0

Opraniunnii asor
(aMiHOKMCAOTH Ta ETITUAN
3 HU3bKOIO MOAEKYASPHOIO

Macoxo)

AxtusitT Hat

[IpuckopeHHs1 mpouecy 6poAiHHSA, YHUKHEHHS1 3aTyXaHHs
OpOAiIHHA Ta YyTBOPEHHS HeJO6GPOJiB, MOXKJIHMBICTD OTPUMATH
cyxi BUHOMaTepiaJiy, OKpallleHHsl apoMaTy rOTOBOTO HAI o0

I'pyma siTaminis A i B,

Bitamon koMm0i . .
gucTuit pocdaT aMOHIIO

MoX/IMBiCTB KOHTPOJIIOBATH i cTabiNi3yBaTH Mpouec 6poiHHs,
CTUMYJIIOBAHHA  PO3MHOXEHHA  JAPDK/XKIB, IOKpalleHHs
CMaKOBHUX XapaKTEPUCTUK IOTOBOTO HAIOI. 3aCTOCOBYETbLCH
JJI1 BUTOTOBJIEHHA BUCOKOSKICHUX BHH, a TaKOX JJIS IIPOLecy
MOBTOPHOTO GPOJiHHS

Cyabdat aMoHiIo,

a30T Ta TiaMiH

HyTpicl)epM BIiT 3 LHBH:L[Ke )KHBJIer—m JPDKDKIB  a30TOM, 3a6esr{equHH
) ABOOCHOBHI (1)0C(1)aT CTabiJibHOTO G6pOAiHHS, 3abe3neyeHHsI HACUYEHOCTI cyc/aa
(cymepsir) R e BiTaMiHaMu Ipu TepMoBiHidikanii
7
y [HakTUBOBaHI ApbKA)Ki, KoMmneHcaris azoTHoi HegocTaTHOCTi, 3an06ir§HHﬂ MJ'IHBOI\./ly
(DepMeI/I,A,I a6bo nepepBaHOMy  OPOJiHHIO, azicopbuis TOKCHHIB,

IMOKpalleHHA apoOMaTy roTOBUX HamnoiB

AHanisyouu HaBeJeHi B TabJ.2 jaHi
MOXKeMO 3pOOHUTHU BUCHOBOK — BCi 06ABKH, 1110
BUKOPHUCTOBYIOTbCS 3 METOK >KHBJIEHHSA
APDKIKIB, MICTATb B CBOEMY CKJaZi, OKpiM

93

noKMBHUX ¢GopM as30Ty, Lje ¥ BiTamiH Bi
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@epmeiip | MicTATh B CBOEMY CKJaJli iHAaKTHU-
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BOBaHi Apibxaxi. lle € aAyXe nepcneKTUBHUM,
OCKIJIbKM HEaKTUBHI APDKIKI € NpUpPOSAHUM
JbKepeJsioM aMiHOKMUCIIOT, OiJIKIB, IoJlicaxapHr/iB,
MiHepaJIbHUX CcoJied, BiTaMiHiB, 6araToJiaH-
LIOFOBUX XUPHUX KUCJIOT Ta CcTepuHiB. [Ipu
bOMY CTiHKM HEaKTUBHUX JPIK/KiB /1006aBKHU
JlO3BOJIIIOTD a/IcOPOyBaTU TOKCHHHY, 1110 yTBO-
pror0ThCA pu 6poAiHHi. e nokpaiye GpyHKio-
Ha/IbHUM Ta OpraHoJIeNTUYHUM podisb HAMOIB.

3a BUKODHUCTaHHA JA00aBOK JJis >KHUB-
JIeHHH Y BCiX BUIIa/IKaxX aKTUBI3YETHCA MpoLec
OpoZiHHA 3aBJASKH BMICTy B HUX 3aCBOIOBAaHUX
dopMm azoty Ta BiTamiHiB. OfHAaK BUKOPHUC-
TaHHA iX MOXKe HeraTMBHO BiflobpakaTHcs Ha
AyMI CIIOXKMBAYiB, AKI MOXYTb BBaXKaTH, 110
BHACJIJOK BHECEeHHA XIMIYHUX aKTHUBATOPIB
OpoZiHHA Hamil cTae HeHaTypaJbHUM Takum
YUHOM, SIK aJbTepPHAaTUBU TaKUM J06aBKaM,
aKTyaJIbHUM € MOILIYK HaTypaJIbHOI CHPOBUHH,
110 MOXe BHKOPUCTOBYBAaTUCA $fAK a30THe
KUBJIEHHS /Il JAPDKIKIB Y BUPOOHUIITBI

IJIOLOBO-ATIAHUX BUH. TakKow CUPOBUHOIO
MepCIeKTUBHO BBa)XaTH UWIPOT  3apOJKiB
nweHuni (LI3I1), ockinbku 1ed NPOAYKT €
JPKepeJioM pOCJUHHOIO 6iJiKa, MICTUTh B
CBOEMY CKJIAJi IIMPOKUM CIIEKTpP BiTaMiHIB Ta
MiHepa/ibHUX pedyoBUH [23]. EdeKkTuBHICTb
BUKOPUCTAHHA TAKOro WIPOTY JJ aKTHUBaLil
OpoZiHHA xJiboNneKapCcbKUX ApDKIKIB OyJ0
JIOBEJIeHO eKclepuMeHTasbHO [11; 22; 24].
Tako HallMMU NoNIepeAHIMU AOCTIKEHHAMHU
OoyJsio BcTaHOBJieHO, 1o BHeceHHs I3[l go
CJIMBOBOTO CycJia i3 piXapKaMu pony Saccharo-
myces cerevisiae, a came Oenoferm C2, akTUBYE€
iIX pO3MHOXEHHf], CIpHUSAE MPUCKOPEHHIO
HakonudeHHs O6iomacu [10]. Lle ™MoxiuBo
3aBASIKA BUCOKIM KOHILEHTpalii MOXXUBHUX
pedoBuH pgaa apixmkie y I3[, a Takox
CHPUATJIMBOIO CKJIaZy MOro Byr/aeBoJiB. ToMmy
BBaXKa/IU aKTyaJIbHUM IIpOaHasi3yBaTU BMICT
6iIKy Ta BYIJIeBOAIB y 3alpolOHOBaHiu
Jl0[laTKOBIH cupoBUHIi (TabJ. 3).

Tabauysa 3

BMmicT Byr/ieBo/iB Ta 6ijika B IpOTi 3apoakiB nmeHuLi [23]

PevoBuna Macosa yacrtka peyoBuns, r/100 r
biaxn 45,0
Byraesoau 44,8
y T. 4. MOHO-, AMIcCaXapuau 22,0
Kpoxmaan caizm
HexpoxmaapHi 11oaicaxapuau 22,8
AirHin 1,0

Ax BUAHO 3 Tabuuli 3, WIPOT 3apoAKiB
NueHuIi 6araThil Ha 6iJIOK, 1[0 [A03BOJIUTH
3a0e3Me4uTH a30THE J>KUBJIEHHSI BUHHUM
ApDK[KaM, 3HU3UTbH BIpPOTiAHICTL 3aTyXaHHHA
OpoAiHHA Ta YyTBOpeHHS HeJo6poaiB. fAk
6a4rMMo, BYyrJIeBOJAM WIPOTY 3HAYHOK Mipolo
IpeJiCTaBJ€HO0 MOHO- Ta JAucaxapuamu. lle
Oy/ile TakoX MO3WTHMBHO BIJIMBAaTH Ha iHTEH-
CUBHICTb MpOXOJ>KEHHSI TMpouecy OpoJiHHSA

MJIOJIOBO-ATiZIHOTO CycJ1a, aJiKe i3 mpoToM bOyje
BHECEHO [0JAaTKOBI IMOXWBHI PEYOBUHU [IJid
ApbkakiB. OfHaK 1ie OyJe MOXJIMBUM JIMLIE Y
BUIA/IKy HasABHOCTI JIETKO3aCBOOBAaHUX LYKpPiB
y CKJIaZli MOHO- Ta AUcaxapHU/iB. Y 3B’3Ky 3 UM
OyJio BUpillEeHO BHUBYUTHU CKJaJ BYIJIEBO/IiB
HIPOTY 3apo/iKiB NnuieHuui (puc. 4).

O rroko3a
O dpykTo3a
B caxapo3za

OMmanteTo3a

Puc. 4. fIkicHu# ck1aj ByKpiB IIPOTy 3apoAKiB mmeHuni, %
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JocnimpKeHHa AKICHOro CKJIaAy LYKpiB
nokasaju (puc.4), 1o BYIJIEBOAU ILPOTY
IIpe/ICTaBJIEHO NIEPEeBAXKHO JIErKO3aCBOBAHUMU
LyKpaMH, 1[0 OPsJ, i3 3HAYHUM BMiCTOM OiJIKy
(45 %) mo3BOMTH 3a6€3MEUUTH SKICHE KUB-
JIeHHsl JpDK/DKIB y mpoleci OpoAiHHS Ta
YHUKHYTHU 3aTyXaHHS OpOJiHHA U YyTBOPEHHS
HesnobpoziB. Kpim Toro, I3[l € HaTypaibHOIO
6i0JI0TiYHO aKTHUBHOK [J06aBKOW, (QYHKIiO-
HaJIbHICTh s1KOI foBeAeHa [18]. Okpim cyTTe-
BOT'O TEXHOJIOTIYHOTO edeKTy Ije MO3UTHUBHO
BIJIMHE HA AYMKY CIIOKMBaya 1100 HaTypaJb-
HOCTi Ta (QYHKIIIOHAJIbHOCTI HamoiB 3a HOTO
BUKOPHCTAHHS.

TakuM 4yMHOM, IpOaHaIi3yBaBILIX CBITOBUM
PUHOK aJIKOTOJIbHUX HamoiB OyJI0 BCTaHOB-
JIEHO, 110 IHTEHCHUBHE 3pOCTaHHA crocrepira-
ETbCA Yy CerMeHTi ¢/1ab0aJKOroJbHUX Ta
dbepMeHTOBaHMX HamoiB, B TOMYy 4YHCI -
IJIOJIOBO-ATiHUX BUH. BUSBJIeHO TEXHOJIOTiYHi

npo6JieMy, 1110 NOCTAIOTh Nepes BAPOOHUKAMH,
PO3IJIAHYTO MOXJIUBI LIJIAXU IX BUPIlLIEHHA Ta
3alpONIOHOBAHO BJIACHI.

BucHoBxu

B po60Ti BHBYEHO CTPYKTYpy PHHKY
aJIKOTOJIbHUX HamolB B YKpalHi Ta CBITI,
HaBeJleHO aHaJli3 aCOpPTUMEHTY IJIOA0BO-
ATiAHUX BUH. BUBYEHO acOpPTHMEHT /J06aBOK,
10 BUKOPUCTOBYKOTBLCA B SKOCTI a30THOIO
)KMBJIEHHs, IX Ckjag Ta edeKT Bif
BUKOPUCTAaHHA B TEeXHOJIOTIYHOMY IPOLieCi.
BcTraHoBJIeHO, 1110 WIPOT 3apOJKiB NIIEHUL €
NEPCIEeKTUBHOI0 CUPOBUHOIO [JI >KUBJIEHHS
BUHHHUX JpPiK/IKIB 3aBASKU BMICTy 6iJKa,
BYIJIeBOAIB, BiTaMiHIB Ta  MiHepaJbHUX
peyoBUH. EKcneprMeHTaJbHO [AOBeJEeHO, L0
LYKPH WIPOTY MepeBaXXHO NpeiCTaBJeHi Jerko
3aCBOIOBAaHUMH LYKpamy, 110 CIIpUSE
akTuBi3aLii npouecy 6poJiHHA.
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AHOTAIIIA

36arayeHHs xJ1i600y/I04HUX BUPOOGIB HACIHHSAM JIbOHY 3YMOBJIIOE MOKpalaHHA ¢isiosoriuHux BiaacTUBOCTEN
BUPOOGIB, 0O/IHAK 4aCTO CyNPOBOJXKY€ETHCSA NOTipLIeHHAM OpraHoeNTUYHUX Ta Qi3NKO-XIMIYHUX NMOKa3HUKIB AKOCTI, 1110
oTpebye NMpoBeeHHsl NOAaNbLUINX JOCHiJKEHDb 110/0 PO3p06JeHHsI TEXHOJIOTIYHUX 3aX0/iB Ta peKoMeHJAalil Ajs
OTPUMaHHSI BHUPOOIB 3 XOPOLIMMM CIOXKHUBYMMH BJIACTUBOCTAMHU. TaKUM TEXHOJIOTIYHHM 3aX0JIOM € IOIEPEJHE
3aMOYyBaHHA HACiHHA JIbOHY. BUKOPUCTOBYIOYH METOAUKY €KCIepUMEHTaJbHO-CTaTUCTUYHOTO MOJEJNIOBAHHA [JA
BUpilIeHHA 3aZa4 TUNy «TexHoJIoTiA — BJIACTUBICTb» 3AIMCHUJIM ONTHUMI3alilo MapaMeTpiB 3aMO4YyBaHHA HAcCiHHA
JIbOHY.

Y po60Ti BUKOPUCTOBYBAJIU HACIHHSA >KOBTOHACIHEBOT'0 COPTY JIbOHY 0J1iHHOT0 «CBiT/103ip». [l03yBaHHS HACiHHA
JIbOHY y peLenTypi MiIeHH4YHoro xjaiba craHoBusao 15 % o mMacu GopomrHa. KoHTposbHUM OyB 3pa3ok TicTta 3
Jl0ZlaBaHHSAM CYyXOTro HacCiHHsl JIbOHY, AOCJAIAHUN 3pa3oK TicTa 3aMilllyBajy 3 J0JaBaHHAM IONepeJHbO 3aMOYEHOr0
HaciHHS JIbOHY. 3a /IONOMOTOI0 CHMILJIEKC-IeHTpoifHuX MaHiB llledde B cepefoBuili MaTEMaTHYHOTO MAKETY
MathCad15 BCcTaHOBJIEHO ONTHMaJbHI MapaMeTPU 3aMOYyBaHHS HACiHHA JIbOHY, 3aCTOCYBaHHs SKHUX CIpPUSE
HiZIBUILEHHIO TUTOMOT0 06’€My BUPOGiB Ta NOKPALIAHHIO CTAHY iX M’ SIKYIIKH.

Meta crarTi. BcTaHOBUTH onTHMasibHI MapaMeTpy 3aMO4YyBaHHS HACiHHA JIbOHY y TEXHOJIOTII MIIeHUYHO-
JIISTHOTO XJ1i6a.

MeToposoris. /lns npoBesieHHS JOCTI/PKEHb BUKOPUCTOBYBAJM OpPraHOJIENTHYHI Ta ¢i3uko-xiMiuHi MeToAM
Jloc/liXKeHb. MoJie/lloBaHHA Ta 00p00OKa eKClepUMeHTaJbHUX JaHUX BUKOHYBAJIMCS 3a J0MOMOT0 MaTeMaTUYHOTO0
nakety MathCad Ta «Anasnisy ganux» (ET) MS Excel.

HaykoBa HoOBHM3HA. MeTOJOM eKCIHepHUMEeHTaJbHO-CTaTUCTUYHOTO MOJIEJI0BAHHSA BIeplle BCTAaHOBJIEHO
napaMeTpH ollepallii 3aMoYyBaHHs HACiHHSA JIbOHY Y BUTOTOBJIEHI NMIIEHUYHOrO0 XJiba: rijpoMoay b 3, TeMnepartypa
BoAu it 3aMouyBaHHsA 60 °C, TpuBasicTh 3aMouyBaHHsA 120 a6o 150 xB. BUB4YEHHSIM MiKpPOCTPYKTYpH TicTa Bepiue
BCTAHOBJIEHO, 1110 36i/IbIIEHHS MUTOMOTr0 06’€My XJi6a y pasi 3acTOCyBaHHS 3aMOYeHOr0 HACiHHSA JIbOHY J,0CATAETbCS
3aB/SIKM TOMY 1[0 eKCTparoBaHi y piiKy ¢pa3y BoJopO3YHMHHI MosTicaxapuau HACiHHS JIbOHY i/l Yac 3aMilllyBaHHS TicTa
MPOSIBJISIIOTH CTPYKTYPOYTBOPIOBAJIbHI BJIaCTUBOCTI, OPMYIOUHU Y TICTOBIH CHCTEMI pO3BUHEHY TPOCTOPOBY CTPYKTYPY.

BucHoBkM. Ha mifcTaBi ekcrepuMeHTaZIbHUX [JOCTIPKEHb Ta ONTHUMI3alil TeXHOJIOTiYHOTO IMpolecy 6yJio
BCTAHOBJIEHO, 1110 ¥ Pa3i BUKOPUCTAHHSA HACIHHSA JIbOHY ¥ BUPOOHHUITBI MIIEHUYHOTO XJ/1i6a JAOLiJIbHO 3aCTOCOBYBATHU
olepalilo 3aMO4YyBaHHS HACIHHSA JIbOHY 3a TaKUX NapaMeTpiB: TiJpoMOAyJib — 3, TeMIepaTypa BOAU JJI 3aMOYyBaHHS —
60°C, TpuBasicTh 3aMouyBaHHs - 120 a6o 150 xB. 3a pe3ysbTaTaMu NPOGHOTO JTA60OPATOPHOr0 BUMIKAaHHS BCTAHOB-
JIEHO, 1110 3aCTOCYBaHHsI BU3HAY€HUX NapaMeTpiB 3aMOUYyBaHHsS HACiHHS JIbOHY Y BUPOOHHUITBI NMIIEHUYHOr0 XJiba
CTpUsI€ NiABUIEHHIO TUTOMOT0 06’eMy X/1i6a Ha 36 %, NOPiBHAHO 3i 3pa3koM 6e3 3aMO4YyBaHHS.

Knw4oBi c/oBa: HaciHHS JIbOHY, XJ1i6, 3aMO4YyBaHHS, TiCTO, BOJOPO34YMHHI MoJiicaxapuAu ONTHUMizallis,
MIKpOCTPYKTypa TicTa.

ABSTRACT

Enrichment of bakery products with flax seeds improves the physiological properties of the products, but it is often
accompanied by a deterioration of sensory, physical, and chemical qualities, which requires further research into the
development of technological measures and recommendations for obtaining products with good consumer properties.
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Pre-soaking of flax seeds is one such technological measure. Optimizing the parameters of soaking flax seeds was carried
out using the experimental and statistical modeling method to solve problems of the «Technology - property» type.

In this work, the seeds of the yellow-seeded oil flax of «Svitlozir» variety were used. The dosage of flax seeds in the
wheat bread recipe was 15 % to the weight of the flour. The control sample was dough with dry flax seeds, and the
experimental sample was dough with pre-soaked flax seeds.

With the help of simplex-centroid Scheffe plans in MathCad15, the optimal parameters of flax seed soaking were
determined, the use of which helps to increase the specific volume of products and improve the condition of bread crumb.

The purpose of this paper is to establish the optimal parameters for pre-soaking flax seeds in wheat-flax bread
technology.

Methodology. Sensory, physical, and chemical research methods were used in this study. Modeling and processing
the experimental data were performed using the mathematical package MathCad and «Data Analysis» (ET) MS Excel.

Scientific novelty. Using experimental and statistical modeling method, the parameters of pre-soaking flax seeds
in wheat bread technology were determined for the first time: hydromodule 3, soaking water temperature 60 °C, soaking
duration 120 or 150 min. By studying the microstructure of the dough, it was first established that an increase in the
specific volume of bread using soaked flax seeds is achieved due to the fact that water-soluble flax seed polysaccharides
extracted into the liquid phase during the kneading of the dough exhibit structure-forming properties, forming a
developed spatial structure in the dough system.

Conclusions. Based on experimental studies and optimization of the technological process, it was established that
when using flax seeds in the production of wheat bread, it is advisable to apply the operation of pre-soaking flax seeds
with the following parameters: hydromodule 3, soaking water temperature 60 °C, soaking duration 120 or 150 min.
According to the results of trial laboratory baking, it was established that using specified parameters of pre-soaking flax
seeds in the production of wheat bread contributes to increasing specific volume of bread by 36 %, compared to the
sample without soaking.

Key words: flax seeds, bread, soaking, dough, water-soluble polysaccharides, optimization, dough microstructure.

ITocranoBka poGaemn JIbOHY, WOr0 TEeXHOJIOTIY4HO MOXJIUBe [03Y-

Axmyansmicms pobomu. Y CTPYKTYpl xapyy- BaHHA CTaHOBUTH 15 % A0 mMacu 6opoiiHa [3].
BaHHS HaceJIeHHS BCbOT'O CBiTY, B TOMY YMCJ [Ipy uboMy Bii3HA4YEHO, L0 AJd MOKpallaHHS
YKpaiHu, crnocrepiraloTbCs HeraTHUBHI 3MiHU SIKOCTi TOTOBUX BUPOOIB 3 10JJaBaHHSAM L1iJ1I0r0
3yMOBJIEHI 3MEHIIIEHHSIM BXXUBaHHS 6i0JIOriYHO HaCiHHA JIbOHY, JOLJIBHO 3aCTOCOBYBaTHU
LiHHUX NPOAYKTIB MPHU OJHOYACHO CTabiJIbHO TEXHOJIOTIYHI 3axX0JU, HaNpHUKJAJ, olepalito
BUCOKOMY PpiBHiI cHoXHWBaHHA padiHOBaHUX nonepegHbOr0 3aMO4YyYBaHHS HAaCIHHA JIbOHY.

npoAykTiB. lle 06YMOBJIIOE «IPUXOBAaHUHI Awanis ocmanmix docaiowens ma nybaicayii. B
rojoJ» BHaCHiOK JedilUTy B Xap4OBOMY OCTAaHHE JEeCATUJIITTA 3pOocCja pPOJib JIbOHY Y
pauioHi JiroJled BiTaMiHiB, Makpo- i MiKpo- Xapy4yoBiM MPOMHUCJIOBOCTI i Ile He AWBHO, aJiKe
eJleMeHTIiB 1 pedyoBUH, HAKi MalwTb aHTHU- NONMUT Ha HbOTO BHUHMIIOB Ha HOBHUH BUTOK

oKcUAaHTHI BaactuBocTi [14]. HemogaBHE 3aBJASIKM Hayli, fIKa OLjiHWJa WOTr0 3HAa4YeHHS
JlOCJIiI>KEHHS Xap4OBUX 3BUYOK Yy 195 kpaiHax JUIS1 310POB'S1 JIOIUHHU.

[0Ka3aJo, 110 HENOBHOLIiIHHEe XapyyBaHHA - JlnsiHe HaciHHSA 6araTe Ha XUp i OIIKH.
npuunHa 20 % nepeadacHux cmepteit [10]. ¥ BBaxa€eTbCs, 10 HACiHHA JIbOHY MICTUTb
3B’SI3Ky 3 UM, 3HAYHOI aKTyaJIbHOCTi HabyBae 19...33 % 6inka, xupy 30..50 %, ByrsieBojiB
npo6JieMa 3abe3nedyeHHs] HaceJleHHSl He JIulie 12..26 %, 3osau 3..4 %, BiTamiHu Ta iHII
IIOBHOLIIHHMUMU Ta 3[0POBUMH Xap4yOBUMHU 6ioJsioriyHO aKTHUBHI pe4yOBUHHU. BifcoTok *)upy
npojaykTtamu, a ¥ ¢yHkuioHanbHuMU. Uloaen- B HACiHHI JIbOHY € CTIKKO COPTOBOI 03HAKOIO
HUM MPOAYKTOM XapuyBaHHS JIIOJUHU € XJ1i60- JUISl OJTHUX 1 THX »Ke paloHiB BUpolyBaHHsA [19].
Oy/10uHi BUpPOOU. Bk/tOUeHHS [0 pelenTypu Jlo cknafy JuisiHOI oJii BXOASATb 5 OCHOBHHUX
x/J1i600yJIOUHHUX BHUPOOIB  HACiHHS  JIbOHY )KUPHUX KHUCJOT: 2 HaCH4eHi - MaJbMiTHHOBA
JIO3BOJISIE  MOKpALUTU IX PYHKIUiOHA/NbHI (5-7 %), cteapuHoBa (3-4 %) Ta 3 HeHacH4eHi -
BJIAaCTUBOCTI Ta Xap4yOBY LIIHHICTb. YHiKaJib- oneiHoBa (16-20 %), siHoneBa (14-17 %) Ta
HICTb HACiHHA JIbOHYy B TOMYy, IO BOHO € jiHoseHoBa (50-60 %). 3HauHuUM BMICT «-
JDKepeJsioM OJJHOYACHO TPbOX Ipym 6ioJoriyHo JIIHOJIEHOBOI KMCJOTH B OJIiI € OJHUM i3
aKTUBHUX PEYOBUH BAXJIMUBUX JJis 3/70pOB’sl dakTopiB, 1110 HAJla€ HACiHHIO JIbOHY QYHKILiO-
JIIOJUHU: K-JIIHOJIEHOBOI KUCJI0TH, PO3YHHHUX i HaJIbHUX BJIACTUBOCTEH [2].
HEPO3YHMHHUX Xap4yOBUX BOJIOKOH [7,6] Ta [Io3UTUBHUN  BIJIUB  (-JIiIHOJIEHOBOI
JirHasiB [20]. KHUCJIOTH JOBeleHO B 0araTboX KJ/IHIYHUX
B HYXT O6ysio BcTaHOBJIEHO, IO AJisl JOCHiKeHHAX, IiJ 4Yac MNpOBeAeHHA SAKUX
30arayeHHd [IIEHUYHOr0 XJi6a HacCiHHAM BUSIBJIEHO YITKy 3aJIeXXHICTb MDK piBHEM
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HaJAXOJKeHHA 1€l KUCJIOTU B OpraHiam
JIIOAWUHYM Ta 3HWXKEHHAM 3aXBOPKOBAHOCTI 1|
CMEepTHOCTI BiJ, cepleBO-CyAUHHOI MaTOJOrli,
Hacammepe/ Bij iHpapkTy Ta iHcysabTy [13].
JlocHimKESHHSIMU 772 vivo TIOKA3aHO, IO BKJIIIO-
YeHHs HAaCiHHS JIbOHY B PpAallioOH, HacHU4YeHUI
MIPOMUCIIOBO TiAPOTIHE30BAaHUMHU TPAHCKHUPAMH,
3aBJSKHA BMICTY B HACIHHI 0-JIIHOJICHOBOT KMCJIOTH,
JIO3BOJIIE 3HU3UTH BMICT «IIOTaHOTO» XOJecTe-
pPHUHY Ta pO3BUTOK aTepockieposy [1].
Oco6suBiCTIO  BYIJIEBOJAHOTO  CKJIAAy
HaCiHHS JIbOHY € Te, 1[0 GIbIIICTb BYTJIEBO/iB
IIpe/iCTaBJIeHO Y BUTJIA/I PO3YMHHUX Xap4OBUX
BOJIOKOH - CJIMU3€yYTBOPKIYHUX IOJIiCaXapUIiB.
C/iM3eyTBOpPIOIOYi MoJlicaxapuiu XapaKTepu3y-
I0ThCSl BUCOKOI0 BOJIOTOYTPUMYIOUOIO 3/JaTHICTIO,
10 Hajae IM BJIACTUBOCTEN CTPYKTYpO-
yTBOPHOBAaya Ta 3arylyBaya XapyoOBUX CUCTEM.
Kpim niboro, BakJinBa MeJJUKO-6i0JioriuHa poJib
noJiicaxapu/iB HaCiHHA JIbOHY B TOMY, 1110 BOHU
CIIPUSAIOTh 3HUKEHHIO TJIIKEMIYHOTO iHJIEKCY,
BMICTYy XO0JieCTEpUHY B KpoBi. BifgzHadeHo iIx
NO3UTHUBHUH BIVIUB y NpodinakTUli aiabety i
3MEeHIIEeHHI PU3UKYy KOpPOHApHOI HeJoCTaT-
HOCTI. BBaXKa€ThCH, 110 MoJicaxapuad HaCiHHA
JIbOHY IMpPOABJAITb PaAionpoTEKTOpPHI Ta
iMMyHO3axHucHi BaacTuBocTi [6, 9]. [ligBuieHe
CIIO’KMBAaHHS PO3YMHHUX Xap4yOBUX BOJIOKOH
MOXe 3HU3UTH pPU3UK CepALeBO-CYAUHHUX
3aXBOPIOBAaHb 3aBJASAKU 3HUKEHHI BMICTy B
OpraHi3Mi «rmoraHoro» xoJjiectepuny [15].
Hacinusi sboHYy - Halbinbm 6GaraTe y
pOCJMHHOMY  CBiTI JoKepesio JIIrHaHIB
(70 0,7...1,5 % Biz cyxoi Macu HaciHHA), cepef,
AKUX MepeBaXKa€e JUIJIIKO3UJ, CeKOi30J1apULy-
pe3uHosay. Y po6otax Prasad K. 3i cmiB-
aBTopaMu [17] mokasaHa mpeBaJil0l04ya poJib
JIITHaHiB, NOPIBHAHO 3 IHIIUMU CKJIAJOBUMHU
JIbOHY, B NIPUTHiIYeHi PO3BUTKY TrinepxoJiecTe-
PUHOBOTO aTepockyepo3y. JlirHaHW HaACiHHA
JIbOHY, Ha BiAMiHy, BiJ JIirHaHiB iHWIOI
POCJIMHHOI CUPOBHHU He PO3KJIaJAlTbhCA NPU
niJiBULIeHHI TeMnepaTypH, HaBiTb A0 250°C [8].
3Ba)Kalouud Ha BMICT B HaCiHHI JIbOHY
6i0JI0TiYHO AKTHBHHUX PEYOBHUH Ta KJIHIYHO
JIOBeIeHUU MO3UTUBHUH iX BIJIUB Ha 3/10pPOB’s
JIIOJWHY, HU3KaA JOCJHi[PKeHb INpUCBAYEHA
BUKOPUCTAHHIO HACiHHA JIbOHY Ta NPOAYKTIB
Horo nepepoO6KHM Yy BHPOOHMITBI XJi6O-
OyJIOYHUX BUPOOIB K HAUOI/IBII JOCTYIHOTrO
NPOAYKTY [JJifl XapyyBaHHf HaceJeHHA. Y
po6oTi [12] 3anpomoHOBaHO BUPOOGHUIITBO
NIIEHUYHOT0 XJiba 3 moApibHeHUM HACiHHAM
JIbOHY B KiJIbKOCTI 8 % 3aMicTb Macu 60pouiHa.
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Hus3kow BYeHUX [JOCJIPKEHO MOMKJIMBICTh
BKJIIOUEHHSI B peLeNnTypy XJi6oOy/0YHUX
BUpOOIB JIJIAHOTO OOpOIIHA, 30KpeMa [AJfd
MiBUILEHHS Xap4yoBOI I[iHHOCTI OYyJ0YHHUX
BUPOOIB Ta MOJIOBXKEHHSI TPUBAJIOCTI ix 36epi-
raHHs1 aBTOpaMu po60TH [21] peKoMeH/I0BaHO
BKJIIOYATHU B IX pelenTypy JiissHe GOpPOLIHO Yy
KisibkocTi 3 % 70 Macy 60poIiIHa NIIEHUYHOT0;
/i1l 30arayeHHs ipaHCbKOrO TOCTY JOLiJIBHO
fonasatu 1o 20 % snnaHoro 6opowHa [18]; y
BUPOOHUITBI  KUTHBO-NIIEHUYHOrO  XJIiba
PEKOMeH/I0BaHO /10/1aBaTH JIJITHE OOPOILHO BiJ
5,0% no 20,0 % 3aMicTb »XKUTHBOIO GOpPOILIHA
[11].

36arayeHHs1 XxJ1i60OY/JI0YHUX BHUPOOIB
HaCiHHSIM JIbOHY Ta NPOAYKTaMH HOro mnepe-
pPOOKU 3yMOBJIIOE MOKpallaHHs ¢i3iosorivHux
BJIACTMBOCTEN BUPODOIB, OJJHAK CYIPOBOKYETHCS
dopMyBaHHSIM BUPOHIB MEHIIOI0 06'EMY Ta 3 HE
JIOCTaTHbO PO3BHMHYTOI MOPHUCTICTIO M IKYIIKHY,
1110 OTpeby€e NPOBeAeHHSA NOAAAbIINX AOCi-
)KeHb LJ0J0 pPO3pO06JIEHHS TEeXHOJIOTIYHUX
3ax04iB Ta peKoMeHJaLil JJis OTpPHUMaHHA
BUPOO6IB 3 XOPOLUIMMHU CIIO)KWUBYKMMHU BJIACTUBOC-
TAMU. B siTepaTypi icHye iHpopmaliis, mo aas
MOKpalllaHHS SKOCTi XJ1i600y/JI04HUX BUPOOGIB
36arayeHux JUITHUM OOPOIIHOM, HOT0 J0LiJIbHO
BHOCUTHU y BUIJIAJi 3aBapku [21], a y pasi
BUKOPUCTAHHS WIPOTYy HACIHHAA JIbOHY
PEKOMEH/I0BaHO y peLlenTypy XJ1iba BK/IOYaTH
CyXy MIIeHUYHY KJEeNKOBUHY Ta acKOpOiHOBY
kucaoty [5]. Oco6iuBicTIO LiIOTO HACiHHA
JIbOHY € Te, 10 Ha Ii MOBepXHi pO3MillyThCA
BOJIOPO34YMHHI NoJlicaxapyuay y 3HeBOJLHEHOMY
CTaHi, Ha/lalo4u il 6JIMCKYy40To BUTIAAY. Y pasi
KOHTAKTy HaCiHHA JIbOHY 3 BOJOI0 HaWMeHIli
MOJIeKy/JsipHiI  ¢pakuii moJicaxapuAiB  Ha
NOBEpXHi 000JIOHKHU TiApaTyOThCS 3 YTBOPEH-
HAM OuIbIl B'S3KMX, MOPIBHAAHO 3 BO/IOI0,
po3uyuHiB. Jlani y rigpaToBaHHUN CTaH IMOYMU-
HalOThb NepexX0JUTU BUCOKOMOJIEKYIAPHI MOJIi-
caxapuay. OCTaHHIMU TipaTyOThCS HAUOIIbII
BUCOKOMOJIEKYIAPHI noJlicaxapu/iu, 110
JIOKaUTi3yI0ThCS Y BHYTPILIHIX lIapax 060J0HKH
HaCiHHA Ta B eHJocCIepMi. YTBOpeHi pOo34MHU
noJlicaxapuZiiB HacCiHHA JIbOHY XapaKTepu-
3YIOTbCS BiJlHOCHO HU3bKOIO B’I3KiCTI0, MAlOTh
BUCOKI eMyJIbI'y04i Ta IIHOYTBOPIOIOYi BJIaCTU-
BOCTi, 3aBASIKM 4YOMYy OpaTUMyTb y4acCTb ¥
dbopMyBaHHI CTPYKTYpHO-MeXaHIYHUX BJIACTHU-
BOCTEM TiCTa Ta NOKPALlyBaTUMYyTb SAKICTb
xniba [3]. Tomy mnomepesHeE 3aMOYyBaHHSA
HaCiHHA JIbOHY € epeKTUBHUM TEXHOJIOTIYHUM



BHT. 2022. No 3

Biota. Human. Technology

3ax0/l0M MOKpalllaHHS1 $KOCTi xJiba 36ara-
YEHOTr0 HaCiHHAM JIbOHY.

BigoMo, 110 KiZbKiCTh C/IM3Yy, IKMU YTBO-
PIOETHCA MiJ, Yac KOHTAKTY HACiHHA JIbOHY 3
BO/IO10, 3aJI€KUTD Bif| TapaMeTpiB 3aMOYyBaHHH.

JAna  3aMo4yBaHHA  HaCiHHA  JIbOHY
BaXJIMBUM € He JIMIle Miab6ip napaMmeTpiB
3aMO4YyBaHHA HacCiHHA (TizpoMoayJb, TpUBa-
JIICTh 3aMOYYBaHHA Ta TeMIlepaTypa BOAU JJIs
3aMOYyBaHH:A), a U epeKTUBHE NMOEAHAHHSA 1IUX
napameTpiB.

Mema  pobomu: BCTAaHOBUTH ONTHUMAJIbHI
apaMeTpyd 3aMO4YYBaHHA HaCiHHA JIbOHY Y
TEXHOJIOTiI NIIIeHUYHO-JIJITHOT0 XJ1i0a.

Memoodosoeis. 11i, 4ac npoBeseHHA LOCJiJ-
KeHb BUKOPHUCTOBYBaJIM OOpOLIHO MIIEHUYHE
Bumoro coprty (I'CTY 46.004-99); HaciHHA
JboHy oJiiHoro (JICTY 4967:2008); apixmxi
xjai6onekapcbki npecoBani ([ACTY 4812:2007);
cisib KyxoHHY xap4oBy ([ CTY 3583:2015); Boay
nutHy ([CauIliH 2.2.4-171-10).

Y xoai pgociaiikeHb 3aMilllyBaJiu 3pa3Ku
TicTa 32 HACTYMHOIO YHiIPiKOBaHOIO pelenTypolo:
6opoiHo nueHnyHe 100 Kr, ApiXpKi MpecoBaHi
3,0 kr, ciib KyxoHHa xap4yoBa 1,5 Kr, HaciHHA
JboHy 15 kr. KoHTpo/sibHMM OYB 3pa3ok TicTa 3
JI0ZJaBaHHSAM CyXOTr0 HaCiHHS JIbOHY, JOCTiJHUH
3pa3oK 3aMillyBajd 3 [JOJABaHHAM Iiolle-
peHbO 3aMOYEHOT0 HACIHHSA JILOHY.

Y po60Ti BUKOPUCTOBYBAJIU }KOBTOHACIH-
HEBUM COPT JIbOHY OJIINHOTO «CBIT/103ip», AKUH
OTPUMYBaJIU 3 [HCTUTYTY OJIIMHUX KYJIbTYP.

Ticto roryBasu 6e3omapHUM CHOCOOOM.
3amilllyBaHHS TiCTa NPOBOAMWJ/IM B TICTOMICUJIBHIN
MawmunHi ESHER. Bpoainns Ticta BigbyBasiocsa y
TepMocTaTi 3a TeMmneparypu (38+2)°C i
BiiHOCHIK BoJsiorocti (78 +2) % mnpoTsaroMm
120 xB., micjsi 4oro NpPoOBOAWJIM 0OPOOJIEHHS
Ticta Ta ¢GOpMyBaHHS TiCTOBHUX 3aroTOBOK
Bpy4yHy. OcCTaTOuHe BUCTOIWBAHHSA 3AiHMCHIO-
BaJiu y miadi BUcToroBaHHA Sveba Dahlin AB DC-
21 3a Temneparypu 35-40°C Ta BiiHOCHIiH
BoJiorocti 80-85% g0 NOBHOI TOTOBHOCTI.
BunikaHHsa BUPOG6iB IPOBOAWJIN Y TOA0BIN Meuyi
Mapku Sveba Dahlin AB DC-21 3a TeMnepatypu
200-220°C. OtpuMaHi 3pa3kKu aHaJji3yBaju
nic/1s MOBHOI'O OCTUTaHHA (Yepes 4 rof).

3aMo04yyBaHHA HACiHHSA JIbOHY IPOBOJUJIN
3a pi3HUX 3Ha4YeHb TeMIlepaTypHu BOJHU, TPUBA-
JIOCTI  3aMOYyBaHHAA Ta  TiAPOMOZAYJIIO.
OnTumisanito napaMmeTpiB 3aMOYyBaHHA
HaCiHHA JIbOHY 3/[iMCHIOBAJIM 32 METOJUKOI
eKCIlepUMEeHTa/IbHO-CTATUCTUYHOI' O
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MOJIeJIIOBaHHA /[JI1 BUDpILIEHHd 3aZa4d TUIy
«TexHoJI0TiA — BJJACTUBICTbY.

MikpocTpyKTypy TicTa BH3HaudaJu 3a
ZIOIIOMOT 010 €JIEKTPOHHOT0 CKaHy040ro
Mikpockony JEOL JSMM-200. 3pa3ku TicTa
3aMOpOXKyBaJ/Id, BUCYIIYBaJIX IiJi BAaKyyMOM,
nifjaBaju 3J1laMy, HalWJOBAJIU 30Jy Ha
JIJIIHKY 3J1aMy po3MipoM 5 MM, micias 1boro
MIKPOCKOIIiI0BaJIU.

['oToBi BUpOOGU aHasi3yBaJu 3a OpPraHoO-
JIENTUYHUMU INOKa3HUKaMU (30BHIWIHIN
BUIJIAJ, CTAH NOBEPXHI CKOPUHKH, CTPYKTypa
MOPHUCTOCTI, CMaK, 3anax) Ta ¢pi3uKo-XiMiYHUMHU
(muToMuit 06’'eM, PopMOCTIHKICTB) [4].

Hayxosa nosusna. ~ MeTomoM  eKCllepUMeH-
TaJIbHO-CTaTUCTUYHOIO0 MOJIeJIOBAHHSA BIleplle
BCTAHOBJIEHO I[1apaMeTpH omepanii 3aMouy-
BaHHA HaCiHHA JIbOHY Yy BUIOTOBJIEHI
NIIEeHWYHOro XJiba: rifpomMoaysb 3, TeMmepa-
Typa BOoAMU Ha 3aMo4yBaHHsA 60 °C, TpuBaJiCTh
3amouyBaHHs 120 a6o 150 xB. BuBYeHHAM
MIKpOCTPYKTYpPH TiCTa BIleplie BCTaHOBJIEHO,
110 36i/IbIIEHHSI TUTOMOr0 06’€My XJiiba y pa3si
3aCTOCYBaHHA 3aMOYE€HOT0 HaCiHHA JIbOHY
JlOCATAEThCA 3aBAAKY TOMY 1[0 eKCTparoBaHi y
piaky a3y BOJOpPO3YMHHI MoJicaxapuau
HaCiHHA JIbOHY i 4ac 3aMillyBaHHA TicTa
[IPOABJIATL CTPYKTYPOYTBOPIOBaJIbHI BJac-
TUBOCTi, ¢GOpMyw4Yd y TICTOBIK cucteMi
PO3BUHEHY IPOCTOPOBY CTPYKTYPY.

PesyabTaTu A0CAiAYKEHHA

BUKOpPHUCTOBYIOUM METOAUKY eKCIepH-
MEHTaJIbHO-CTATUCTUYHOI'O MOZIeJIl0BAaHHA /14
BUpilIeHHS 3a1a4 TUNy «TexHoJioris — BJacTU-
BiCTb» 3JIMCHWJIM ONTHUMI3aLil0 NapaMeTpiB
3aMO4YyBaHHS HAaCiHHS JIbOHY.

B nponeci Mozen0oBaHHA [O0C/IIKyBaIU
3ajiexxHicTb nutoMoro o6’emy (Y) xJui6o-
OyJIOUHUX BHUPOOGIB BiJi MapaMeTpiB 3aMoO4Yy-
BaHHA HACIHHA JIbOHY: TPUBAJIOCTI 3aMOYyBaHHA
HaciHHA JbOHY (X1), TeMmepaTypu 3aMouy-
BaHHf HaciHHA (X2) Ta cniBBiJHOLIEHHS
KIJIbKOCTI HaCiHHA Ta BOJAM [Jid 3aMO4YyBaHHSA
(X3).

Bubip pianasoHy ¢akTopHOro mpocTtopy
3/IINCHIOBABCA Ha NiJICTaBi pe3yJibTaTiB AOCTi/-
»KeHHS aBTOpaMHu [3] napameTpiB 3aMO4YyBaHHSI.

JlianazoH ¢aKTOpPHOro MNpOCTOpPY HaBe-
JleHUH y Tabauni 1.

MaTtpulua niaHyBaHHA eKCIepUMEHTY i
pe3yJIbTaTH NPOBeJeHUX AO0CIipKeHb Ipe/CTaB-
JIeHi B TaoJ1. 2.
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Tabauys 1
Jiana3oH paKTOpPHOTo NPOCTOPY
. . PiBHi BapiroBaHH:A IntepBaa
AocaipkyBaHi paxTopu o F = .
HYDKHIN BEPXHII HYABOBHI BapirOBaHHA
S .
1~ TPUBAAICTE 3AMOYBaHHA 90 150 120 30

HAaCiHHsI AbOHY, XB

X2 - TeMHepaTyEa 3aMOYYyBaHH:I 40 80 60 20

HaciHHsA AbOHY, °C

X3 — TiApoMOAyAb BOAU 40 Macu 1 3 2 1

HaCiHHsI AbOHY A5 3aMOYYBaHH:
Tabauys 2

MaTpuus nJ1aHyBaHHs eKCIIEPUMEHTY i iioro pe3yJibTaTH

Ne PiBens axTopy PiBens daxropy Buxiana 3mina
AOCAiAy X Xz X; X X, X3 Y(;;]jlcsn/q;,’ YP21;2§7;OBC’
1 0 0 0 120 60 2 2,55 2,403
2 0 0 +1 120 60 3 2,73 2,490
3 0 -1 +1 120 40 3 2,53 2,410
4 +1 0 +1 150 60 3 2,71 2,490
5 +1 =1l 0 150 40 2 2,52 22,3753
6 +1 -1 +1 150 40 3 2,58 2,410
7 -1 0 +1 90 60 2 2,70 2,476
8 -1 +1 +1 90 80 3 2,60 2,470
9 =il +1 0 90 80 2 2,62 2,483

MopentoBaHHS Ta 00po6Ka eKclepu-
MeHTaJIbHUX  JJaHUX  BUKOHYBa/JUCAd  3a
JloIIoMOoro MareMaTu4yHoro nakety MathCad
Ta «AHasnizy fanux» (ET) MS Excel [16].

B npoueci ontuMi3anii oTp¥MaHO piBHAHHSA
MaTeMaTU4YHOI MoOJeJi, L0 Ma€ HaCTyNHUH
BUTJIAL;

Y = 1,99 + 0,004 - X; + 0,004 - X, + 0,087 - X5

BigHomeHHa Jaucnepcii HeaJleKBATHOCTI
Jl0 aucnepcii ekcriepuMeHTy CTaHOBUTb F=1,43,
KpUTHUYHA BeJIMUMHA po3noaiseHHs Piuepa
F®=3,587 paioTh 3MOry OTPUMaHOMY

B Ko/iloBaHOMY BUTJISA 1
X1=0
X2=0
X3=+1

B KoZ0BaHOMY BUTJIAA1
X1=+1
X2=0
X3=+1
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PIBHAHHIO perpecili aZeKBaTHO ONMUCYBaTHU
npouec i BOHO MoXXe OyTH BUKOpPUCTaHe JJis
BUOOpPY ONTHMaJIbHUX IapaMeTpPiB BUPOOHULITBA
xJ1i600yJIOUHHUX BHUPOOIB i3 3acTOCYBaHHAM
3aMOYyBaHHS HaCiHHS JIbOHY.

/Il BCTaHOBJIEHHS 3a SIKMX caMe Mapa-
MeTpiB 3aMO4YyBaHHS JOCATAETHCS MAKCUMaJIbHE
3Ha4YeHHS MUTOMOro 06’eMy OyJio 3/iliCHEHO
ONTHUMi3allilo MPoLeCy 3a JJOIOMOTr 00 CUMILJIEKC-
neHTpoigHux muaHiB llledpde B cepenoBuiLi
MaTeMaTU4yHoro nakety MathCad15.

BcTaHOBJIEHO, 1110 MaKCUMaJslbHE 3HAY€HHS
NUTOMOTO OG’€EMYy JOCATAETbCS NPU KOOPAU-
HaTax ONTUMYyMY:

B HaTypasibHOMY BUTJIA/I
X1=120 xB
X2=60°C

X3=3

B HaTypa/ibHOMY BUTIA ]
X1=150xB
X2=60"°C

X3=3
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TakuM 4YMHOM, [JOCSATHEHHSI BUCOKOTO
3HaYeHHS MOKa3HHWKa MUTOMOro ob’eMy xJjiba
MOXUJIMBE 3a TifjpoMoAy/iio 3, TeMmepaTypu
BO/JM [iJI 3aMO4yBaHHsA HaciHHa 60°C Ta Tpu-
BaJsiocTi 3amouyBaHHA 1K 120 xB, Tak i 150 xB. B
N0/ a/IbIIUX AOCTIKEHHAX JJI9 paljiOHaJIbHOTO
BUKOPUCTAHHSI BUPOOHUYOrO 4Yacy BUTOTOB-
JIeHHs1 XJiiba i3 3acTOCYBaHHSIM 3aMOYyBaHHA
HAaCiHHA JIbOHY HMOro 3aMO4YyBaHHSl pPEKOMEH-
J0BAaHO NPOBOAUTHU npoTAroMm 120 xs.

Jnsa  nigTBep/keHHA  e(PeKTUBHOCTI
3aCTOCYBaHHSl BCTAHOBJIEHUX NapaMeTpiB Lecy

rifpaTanii HaciHHSI JIbOHY MPOBeAEHO MPOOHe
JlabopaTopHe BUIIKaHH{, 32 IKOTO J,03yYBaHHA
HaCiHHA JIbOHY cTaHOBUWJIO 15 %, rifzpoMoay b
3, TpuBaJlicTh rigparauii 120 xB, TeMnepatypa
Boau 60°C. KoHTposbHUM 0yB 3pa3ok i3
BHECEHHSIM CyXOI'0 HAaCiHHf JIbOHY 3a TaKOTO0 X
flo3yBaHHsA. KisbKicTh BOAU /19 3aMilllyBaHHSA
TicTa BHOCUJIaChb OJIHAKOBAa B 000X 3pa3kKax.
PesynpTaTH  aHanidy roToBUX  BUPOOIB
HaBeJleHOo B TabJinLi 3.

Tabauuys 3

IloKka3HUKHU IKOCTi roTOBUX BUPOOGiB (n=3, p=20,95, 6=3...5 %)

Pe3yabTaT BUMipIOBAaHBb AOCAIAHUX 3pa3KiB XAi6a

ITokasuauku

KouTtpoas 3 cyxum
HACiHHAM ABOHY

AocAiaHMI 3pa3oK i3
riApATOBAaHUM HACIiHHAM ABOHY

TTnrtomuit 06’em

1,82
xaiba, cM3/100 r 8

2,47

H/D nioaosoro xaiba 0,40

0,45

Cran nosepxHi
MmigpuBIB.

[IpaBuJIbHA, [V1a/1Ka i3 BKJIIOYEHHAMHU
HaciHHA JIbOHY, 6e3 TPiluH i

[IpaBubHa, rJ1aKa i3 BKJIIOYEHHAMUA
HaCiHHA JIbOHY Ha [I0BEPXHi,
6e3 TpimuH i nipuBis.

Koaip ckopuHku

CBIiT/I0-2)KOBTHH

30JI0TUCTHUH

CraH M’ SIKyIIKI

Koustip kpeMoBU#, 3a6apBJIeHHS
pPiBHOMIipHe, HaCiHHS JIbOHY
BKJIIOUEHE B M'IKYLIKY; B po3pi3i
HaciHWHM - cyxi. M siKy1Ika
JpiGHOTIOPHCTA, e/1aCTUYHa, IBUJKO
BiZJHOBJIIOETHCA MiC/I1 HATUCKAHHS.

Koutip cBiT/INH, 3a6apBJIeHHS
piBHOMIipHe, HaCiHHS JIbOHY
piBHOMIpPHO po3noAiseHe o BCid
CTPYKTYPi M"IKyLIKHU.
M’siKy1IKa npy>KHa, eJJaCTUYHa,
HIBU/KO BiTHOBJIIOETHCS Iic/s1
HaTUckaHH4. [lopucTicTb
TOHKOCTiHHA. HaciHHA MiHO
BKJIIOUEHE B CTPYKTYPY M’SIKYLUKH.

Cmak i apomat

BylacTuBU# XJ1i0y, XapaKTepHUH,
ropixoBUH, BiAUyBAETHCS
XapaKTepHUH OJIINHUHI MPUCMAK.
HaciHHA IbOHY TPOXH XOPCTKyBaTe
i/ Yac pO3>KOBYBaHHS.

ByiacTuBU# X116y, XapaKTepHUH,
ropiXoBHH, BiAUyBAETHCA
XapaKTepHUH OJIINHUHI MPUCMAK.
HaciHHA JIbOHY JIETKO PO3>KOBYETHCS.

BcTaHOBJIeHO, 110 Yy pa3i 3acTOCyBaHHA
3aMO4yBaHHS HaCiHHS JIbOHY 32 0O0paHUX Napa-
MeTpiB, TUTOMUI 06’€M XJ1i6a Ni/IBUILYETHCA HA
36 %, nokpaiyeTbcsi OPMOCTIMKICTb BUPOOIB.

BHeceHHA HaCiHHA JIbOHY Y 3aMO4YE€HOMY
CTaHi Crpusi€ 6ibLIOMY PO3MYIIEHHIO M IKYILIKH
Ta (QOPMYBaHHIO TOHKOCTIHHOI MOPUCTOCTI.
[Ipyu uboMy cnocTtepiraeTbcsi OiJbll piBHO-
MIpHUMU pO3MOJIJ HACiHHA B CTPYKTypi
M’'sKy1IKU. Ko>kHa HaciHWHaA Havye OropTaeThCcs
TOHKOIO IIJIIBOYKOIO IeHaTypOBaHOI KJIEHKOBHHH,
110 COPUAE MILIHOMY Il yTPUMaHHI B CTPYKTYpi
M'IKYIIKHA AOCJHiAHOTO 3pa3Ka, Ha BigMiHy Bif
KOHTpOJIbHOTO. M’AKyliKa B JAOCAifHOMY
3pa3Ky B MOpPiBHAHHI 3 KOHTpPOJIEM Oiabll
eJlacTU4Ha Ta npyxHa. KpiMm ppboro 06yJio
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BiI3HAaueHO, 10 M’SIKyllKa BUpoOOy 3 3amo-
YeHUM HacCiHHSM MaJia OiJiblll CBITJIMW KOJIip,
HiXK y KoHTpoJIi. lle, HaleBHO, 3yMOBJIEHO TUM,
110 Mij 4Yac nepeo6iry npoueciB TiCTONPUTOTY-
BaHH4, MoJlicCaxapyUJU HACIHHA JIbOHY B3a€EMO-
Jlilo4M 31 CKJIaJJOBUMHU OOpOILIHA YTBOPKIOTH
KOMILJIEKCH, BKJIHUHIOKWTBCA Y  CTPYKTYypy
KJIEMKOBUHHOTO KapKacy i IpUHUMalThb y4acThb
y dopMyBaHHi CTiHKM MOp MiJ Yac BUNiKaHHS.
[Ipuy nboMy mif pAiero TeMnepaTtypu Li
noJiicaxapu/ii 3HEeBOJHKOIOThCA i OpMyOTH
6/IMCKy4y NOBEPXHIO Ha CTiHKax Mmop. 3aBAsSKU
Takid OJIMCKYy4ill TMOBEpXHi 306i/MbIIYETbCA iX
BiflOMBasIbHA 3[@THICTH i Bi3yaJlbHO M SKylLIKa
CTa€E CBITJIILLIOIO.
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[lif, yac opraHoJieNTUYHOI OLHKU OyJs0
BCTAHOBJIEHO, 1110 HACIHHA JILOHY B JOCJAIJHOMY
3pa3Ky JIETKO PO3KOBYETbCH 3aBAAKU KOTO
HaoOyxsaocTi. CKOpPUHKA [JAOCAiHOTO BHUPOOY
HabyBa€ 30JI0TUCTOTO KOJIbOPY, HACIHHA JIbOHY
pPIBHOMIPHO pO3NOAJIAJOCA Ha IOBEPXHI
BUpOOY, HA BiAMiHy BiJi KOHTPOJIIO, B SIKOMY
HaciHHA 0yJ10 po3TalloBaHe JOCUTb XaOTUYHO.

[ nosiCHEHHA NO3UTHUBHOIO BIJIUBY
onepanii 3aMO4YyBaHHA HaCiHHA JIbOHY Ha
dbopMyBaHHSA AKOCTI NIIEHUYHO-JIJITHOTO XJIi6a
6yJI0 MPOBeJEHO JOCHi[KEHHS MIKpPOCTpYK-
TYpY MOJeJIbHUX 3pa3KiB TicTa 3a J0IIOMOI0I0
ckaHyro4oro Mikpockony JEOL JSMM-200.

28KV

15 % CHA

%14 808
N

“

15 %

Anda  pociip)keHHS TOTYBaJIM MOJeJIbHI
3pasku Ticta: 3 15 % 10 Macu 60polIHa HACiHHA
JboHYy y cyxomy (CHJI) i 3amoyeHOMy cTaHi
(HJI3) Ta 3pas3ok TicTa 6e3 goAaBaHHSA HaCiHHS
JIbOHY, ajle 3 BHECEeHHAM JJI 3aMilllyBaHHS
TicTa 3aMiCTb BOAWA PO34YUHY CJIM3iB, €KCTpa-
roBaHUX 3 HaACiHHA JibOHY. OCTaHHIA 3pa3ok
TicTa TOTyBaJMW [Jii BCTAHOBJIEHHS 0e3I0-
cepeJJHbOr0 BIJIMBY CJU3iB HAaCiHHAl JIbOHY Ha
$opMyBaHHS CTPYKTYpPH TicTa.

®otorpadii MIKpOCTpyKTYypu TicTa y
36isbeHHi 1000 HaBeseHO Ha puc. 1.

Fn

X ¥

HA3

Puc. 1. MikpocTpykTypa TicTa

AHasniz MIKpPOCTPYKTYpH II0Ka3as, L0
BHECEHHA CyXOro Ta 3aMOYEeHOro HacCiHHA
JIbOHY 3/1iMCHIOE BiJMiHHU BIIJIUB Ha CKJIa/|0BI
6opo1iHa. Y BUNIaJKy 3 CYXUM HACiHHSIM JIbOHY
y CTPYKTYpl TiCcTa CHOCTepiraloTbCAd 3TYCTKHU
B’SI3KHX TeJliB, IKi He piBHOMiIpHO pO3MO/iJeHi
no maci. To6To y pasi BHeCceHHs LiJIOTO CYyXOro
HaCiHH{ JIbOHY NPU MOr0 KOHTAKTi 3 BOJIOK0 3
MOBEPXHI HACIHUH BUAIIAIOTHCH BOJOPO3YUHHI
noJiicaxapu/Jiy, fIKi y BUIJISJi B’SI3KOr0 reJis
3HAXOAATBCA Yy CTPYKTYypi TicTa i TUM caMuUM
3aryuyTh TiCTOBY cucTeMy. He piBHOMIpHICTb
JOro po3MillleHHA 3yMOBJIEHA, UMOBIPHO, THUM,
10 B'SI3KUH PO3YMH BUJIJISIOYUCH 3 TOBEPXHIi
HAaCiHUHH, pO3MILLYETHCA Y AUIAHKAX TiCTa, 110
HAaBKOJIO HAaCIHWHU.

[lig 4yac omepanii 3aMO4YyBaHHS HaCiHHS
JIbOHY BOJIOPO34YMHHI NOJIicaxapuJUu eKcTpary-
I0ThC4, a IPU 3aMilllyBaHHI TicTa Bifipa3y NpuM-
MalTb y4aCcTb B YTBOPEHHI TiCcTa, BHACJILO0K
IbOTO BOHM BiJipa3dy B3aEMOJIIOTb 3 KJIEHWKO-
BUHHUMM OiJKaM{, YyTBOPIOIOYMU OIJIKOBO-
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noJiicaxapuiHi Komiiekcu. lle 4iTko MoOkHa
croctepiratv Ha $OTO, a/iKe GIIKOBI peYOBHUHU
HaOyJsu cTaHy Jpi6bHUX (pakliil B TiCTOBOMY
npocropi. HaneBHe, TyT NpogaBAATbCA CTPYK-
TYpOYTBOPIOBAJIbHI BJIACTUBOCTI PO34MHIB, a He
TIJIBKA 34aTHICTH 3aryuiyBaTu y BUIJIALL
B’A3KHUX rejyiB. Bigomo, 1mo mig yac 36uMBaHHA
PO34YMHMU NOJIiCaxapU/iB HaCiHHA JIbOHY MalOTh
3/laTHICTb HAOyBaTHU MiHOMO/IOGHOTO CTaHy |3,
21]. HameBHe, 111 BJIACTUBIiCTh B NEBHIiM Mipi
NPOABJIAETbCA MiJl 4Yac 3aMillyBaHHSA TicCTa.
[ligTBep/PKEHHAM LUbOrO0 € MIKPOCTPYKTypa
TiCTa, 3aMillaHOrO Ha pPO34MHI causiB. [as
LbOr0 3paskKa MU CIIOCTepiraEMo BiJCYTHICTb
YiTKO OKpecJeHUX OiJIKOBUX pevyoBUH. B
CTPYKTYpi TicTa 3HAXOAUTBHCA pO3rajlyKeHa
CiTKa, B AKIM YTPUMYIOTBHCA 3€pHAa KPOXMAJIIO.
[l ciTka, HaneBHe, € 6iIKOBO-MOJTicCaXapUAHUM
KOMILJIEKCOM, SIKUM MPOSIBUB CBOI CTPYKTYpO-
yTBOPIOBaJIbHI BJIACTUBOCTI y BUTAAI GOpMy-
BaHH# NiHOMO/Ai6HOI po3ray>KeHol CUCTeMHU.
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BucHoBku

Ha migcraBi ekciepuMeHTa/lbHUX JOCHI-
»KEeHb Ta ONTUMI3allil TEXHOJIOTIYHOTO NPOLECy
OyJI0O BCTAaHOBJIEHO, 110 y pa3i BUKOPUCTAHHA
HaCiHHA JIbOHY Yy BHUPOOHMITBI NILIEHUYHOTO
xJiba [AOLJIBHO 3acTOCOBYBAaTH oOllepallito
3aMOYyBaHHfA HaCiHHA JIbOHY 3a TaKuX
napaMmeTpiB: rigpoMoaysb - 3, TeMmIepaTrypa
BOJAMU JJi1 3aMo4yyBaHHA - 60°C, TpuBaJicThb
3aMouyBaHHsA - 120 a60 150 xB. 3acTocyBaHHA
00paHUX MapaMeTpiB 3aMO4YyBaHHS HaACiHHSA
JIbOHY Yy BHUTOTOBJIEHHI MILIEHUYHO-JIJITHOTO
xJiba crnpusie 36i/bIIEHHIO MUTOMOTO 06’€EMY

x/ai6a Ha 36 %, nmopiBHAHO 3i 3pa3koM 0e3
3aMO4yBaHHA. /JIOC/IIP)KEHHAM MIKPOCTPYKTYpH
TicTa Oy/J0 BCTaHOBJIEHO, 10 MOKpalleHHS
NUTOMOTO O06’'€EMy Ta CTPYKTYpH MSIKYIIKH
xJi6a y pasi 3acTocyBaHHSl IONepeLHbOro
3aMO4YyBaHHS HaCiHHS JIbOHY 3yMOBJIEHO NMOBIp-
HAM YTBOPEHHAM OI1JIKOBO-IOJiCaXapuHUX
KOMIIJIEKCIB Ta INpPOSABY HHUMH CTPYKTYpO-
yTBOPIOBAJIbHUX  BJIAaCTUBOCTEH,  30KpeMa
MiHOYTBOPIOKYHX BJIACTUBOCTEM IMOJIiCaXapu/iB,
1110 pO3NyILYTb CTPYKTYpY TicTa.
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T.H. Shevchenko National University «Chernihiv Colehium»
Pomeranian University in Stupsk
Mezyn National Nature Park
Chernihiv Regional Organization of the All-Ukrainian Ecological League

Dear colleagues!
We invite you to take part in the VII International Scientific Conference “Natural resources of border areas under a
changing climate”, which will be held on September 27-29, 2023.
Focus of the conference:

» Biological resources; > Protected areas;

» Water resources; > Recreational resources, tourism and human health;
» Land resources; » Military action and natural resources

» Mineral resources;

Conference languages:
Ukrainian, Polish, English.
Conference Calendar
Submitting applications and abstracts: March 31, 2023 - August 31, 2023
Mailing the second newsletter out - September 10, 2023
Publications
» The abstracts will be published before the conference. The payment of publication of abstracts - free.
» The articles based on the reports presented at the conference can be published in the International scientific
journal “Biota. Human. Technology”.
Requirements for the abstracts
The abstracts are given in one of the conference languages (Ukrainian, Polish, English) in the Microsoft Word
text editor. The volume - 1 full page A4, without listing sources of information. Font - Times New Roman, 14 pt,
spacing - indent 1 cm, fields (all) - 2 cm. Tables and drawings (black and white only) are given in the text. The name of
the file is the name of the first (sole) author in the language of the abstract, for example: Klui_abstract.
The abstracts structure:
The title (in the middle, without indentation, bold type)
The name and surname of the author(-s) (in the middle, without indentation, bold type, italics)
The institution, town, country, e-mail (in the middle, without indentation, italics).
The abstract text of the report (paragraph indent - 1 cm); the references are given in brackets, for example:
(Dalowski, Geter, Turwin, 2019) or (http://mezinpark.com.ua/rekrtsiya/vyznni-pamtky/402-2).
E-mailing by: conf narbac_2019@ukr.net

Application* for participation in the conference
“Natural resources of border areas under a changing climate”
(NARBAC 2023), September, 27-29, 2023

Full name

Degree and academic rank

Institution, position

Address
Telephone:

official private
e-mail:

I declare participating in the conference
1. o with the report 2. o with the poster (poster report) 3.0 in absentia (publication of abstracts)
Subject of the report

*The application form in the Microsoft Word text editor is attached as a separate file
The application for participation in the conference and abstracts should be sent to the organizing committee’s
e-mail: conf _narbac_2019@ukr.net
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