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

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

Methodology . As part of thePhD dissertation, several field research trips were conducted and algological samples
were collected in Zavodske quarry pond (8,625 & depth 1.52 m), located near the village of Zavodske, Dobryana village
community, Chernihiv district and region, Ukraire. From the middle to the end of the last century itwas used for
extraction of the clay for the needs of the local bricknaking plant.

The samples were examined alive as well as fixed with 4 % formalin for further storage and examination. Water
chemical variables (pH and electrical conductivity) were determined by H&M COMO0O and H&M PH200 portable
multimeters. Microscopic examination of the samples was carried out using light microscopes Olympus-BX (samples
2018z2021) and Zeiss Imager A2 (samples 2022022).

The main literature for the definition: Conjugatesz Conjugatophyceae Part2. Desmidsz Desmidiales In:
Identification manual of the freshwater algae of Ukrainian RSRPalamarMordvintseva, 1986; Flora of algae in
continental water bodies of Ukiaine. Desmid algae. Part DesmidiaceaePalamarMordvintseva, 2005; Desmidiaceen
Al T OA 011 vOOAOOAEAERh 4AEI 08 , AT UAT xACAOh pwwwn $AOI E/
European Lowlands. Coesel & Meesters, 2007.

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

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

Key words: desmid algae, Chernihiv Polesie, quarry pond, biodiversity hotspot
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Introduction _high silicon dioxide content used for the glass
_ _ industry. Zavodske originally was used for
Zavodske (Figl) is one of the smallest extraction of the clay for the needs of the local

water bodies in the group of marmade quarry  prick-making plant in the period from the
ponds, known asABlue LakesZ Originally these  middle to the end of the last century.
ponds were quarries for extracting sand with

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

The area of the pond is 8625 mthedepth AT A OACEIT T h S5EOAET A .
is 1.5z2m. It is located at the distance of among the massif of pine and oakine forests
200 meters to the east from Zavodske village, (see Figure 2).
Dobryana village community, Chernihiv district

10



Biota. Human. Technology. 2024. No 3

Electronic edition

ZavodskeVillage

»

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

Our study is the first investigation of the
species composition of desmids of Zavodske quarry
pond. The first publication referring to this pond
was in 2020 (Shyndanovina, 2020), the next one
was issued in 2023 (Shyndanovina & Lukash,
2023). Both these publications were describing
new for Ukraine and rare and extremely rare for
Europe desmid taxa. One of the desbed
species,Pleurotaenium simplicissimumt OET Al
1920, was considered close to extinction
f £ETAOOT Lh ¢mnmwgs

Samples were taken during 20182022,
and 22 samples were collected in total. The
results of this study are presented in the form of
the taxonomiclist with 35 plates of microphoto-
graphs providing characteristic illustrations of
the newly found and some other taxaDimen-
sions of every illustrated taxon are also indicated.

Materials and methods

The samples were examined as alive and
fixed with 4 % formalin for further examination.
Water chemical variables (pH and electrical
conductivity) were determined by H&M COM
100 and H&M PH200 portable multimeters.
Microscopic examination of the samples was
carried out using light microscopes Olympus
BX-51 (samples 201&2021) and Zeiss Imager

11

A2 (samples 202%2022). Photographs are
taken with Canon Rebel XS and Canon R6
cameras.

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

A A The hydrochemical parameters of the
algae habitat are: pH: 757.7, EC:380 ¢ { 38 Al
ion concentrations (mg/L) NGs: 0.017; NH*:
0.018; PQ3*d, w8 ¢ dQ57;-Z@" 0.036,
Fe2+3+4): 0.016; Mr¢+: 0.263.

Main literature used for identification:
PalamarMordvintseva (1986, 2005), Desmidia
AAAT £1 1T OA 011 vOOAOOARAEAE
Desmids of the Lowlands(Coesel & Meesters,
2007).

Results andDiscussion

The taxonomic list of the discovered
desmid algae of the quarry pond Zavodske is
presented in Table 1. There were identified 110
taxa of desmids in total.Sixteen of 110 taxa
(14,5 %) are new for desmidioflora of Ukraine.
Newly found taxa of desmids represent 1,656
of the total number of taxa & desmids found in
Ukraine.
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Tabld
3 axonomic list of Desmidiales (Zygnematophyceae, Streptophyta)
in the quarry pond Zavodske
Name Author u
of figure
Desmidiales Bessey
A) | Closteriaceae Bessey
1) Closterium Nitzsch ex Ralfs
1 | Closteriumacerosum Ehrenberg ex Ralfs 1848
2 | Closterium dianae Ehrenberg ex Ralfs 1848
3 | Closterium rostratum Ehrenberg ex Ralfs 1848
4 | Closteriumstriolatum Ehrenberg ex Ralfs 1848
B) | Desmidiaceae Ralfs
) Actinotaenium p- a1 1 OPAwW3I POPO
1 | Actinotaeniumcapax (Joshua) Teiling 1954
2 | Actinotaeniumclevei (P.Lundell) Teiling 1954
3 | Actinotaeniumcucurbita p! UBEPUUOOWI Rwl
4 | Actinotaeniumamericanunt (West & G.S. West) Coesel &
Meesters 2023
5 | Actinotaeniumperminutum* (G.S.West) Teiling 1954
6 | Actinotaenium turgidum (Ralfs) Teiling 1954
7 | Actinotaenium wollei (W. & G.S.West) Teiling 1954
)] Cosmarium Corda ex Ralfs
1 | Cosmariumalpestre * J.Roy & Bisset 1893 4
2 | Cosmariumamoenum lUBEPUUOOWI RwlE
3 | Cosmariumbinum Nordstedt 1880
4 | Cosmarium bireme Nordstedt 1870
5 | Cosmariumblyttii Wille 1880
6 | Cosmariumbeckii Gutwinski 1897
7 | Cosmarium botrytiszar. botrytis Meneghini ex Ralfs 1848 7.8
8 | Cosmarium botrytizvar. tumidum Wolle 1884 8
9 | Cosmarium brebissonii Ralfs 1848
10 | Cosmarium connatum Ralfs 1848
11 | Cosmarium contractum Kirchner 1878 9
12 | Cosmariumneodepressum G.J.P.Ramos & C.W.N.Moura
2020 10
13 | Cosmarium difficile +L U001 OLOOT UwhWN 11
14 | Cosmariumformosulum Hoff 1888
15 | Cosmarium gibberulum * +LUOI OLOOI UwhNh 12
16 | Cosmarium hornavanense Gutwinski 1909 13
17 | Cosmarium humile Nordstedt ex De Toni 1889 14
18 | Cosmarium impressulum Elfving 1881 15
19 | Cosmarium margaritatum (P.Lundell) J.Roy & Bisset 1886 16
20 | Cosmarium margaritiferum Meneghini ex Ralfs 1848 17
21 | Cosmarium meneghinii l UBGEPUUOOWI RwlE
22 | Cosmariummoniliforme Ralfs 1848 18
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Name Author u
of figure
23 | Cosmariumobsoletum (Hantzsch) Reinsch 1867
24 | Cosmariumobtusatum (Schmidle) Schmidle 1898 19
25 | Cosmarium phaseolwar. notatum* (Nordstedt) Coesel 1991 20
26 | Cosmariumordinatum * p! HUT) West 835.S.West
1896 21
27 | Cosmariumpachydermum P.Lundell 1871 22,23
28 | Cosmarium perforatum P.Lundell 1871 24
29 | Cosmariumporteanum W.Archer 1860
30 | Cosmarium pseudamoenum Wille 1884
31 | Cosmarium pseudoconnatum Nordstedt 1869
32 | Cosmariumpseudoornatum * B.Eichler & Gutwinski 1894 25
33 | Cosmarium pseudoprotuberavar.
pseudoprotuberans Kirchner 1878 26
34 | Cosmariumpseudoprotuberansr. (Raciborski) Krieger & Gerloff
saxonicum * 1965 27
35 | Cosmariumpseudoprotuberansr.
sulcatum * (Nordstedt) Coesel 1991 28
36 | Cosmariumpunctulatum l UBEPUUOOwWhWkK }
37 | Cosmarium pygmaeum W.Archer 1864
38 | Cosmariumguadratum Ralfs ex Ralfs 1848
39 | Cosmarium quadrum P.Lundell 1871
40 | Cosmariunrectangularevar. hexagonu
m West & G.S.West 1908
41 | Cosmarium regnellii Wille 1884
42 | Cosmarium reniforme (Ralfs) W.Archer 1874
43 | Cosmarium reniformgar. compressum| Nordstedt 1887
44 | Cosmariunretusiforme (Wille) Gutwinski 1892
45 | Cosmarium retusiformear.
incrassatum Gutwinski 1890
46 | Cosmarium simplicius * @6 6 wo w&d2861 UUK 29
47 | Cosmarium striolatum p- &1 1 OPAwW6d UET
48 | Cosmarium taxichondriforme B.Eichler & Gutwinski 1894
49 | Cosmariumtetraophthalmum l UBEPUUOOWI RwlE
50 | Cosmariumtutum * Shyndanovina 2020 30
51 | Cosmarium thwaitesii Ralfs 1848
52 | Cosmarium undulatum Corda ex Ralfs 1848
1)} Desmidium C.Agardh ex Ralfs
1 | Desmidium swartzii C.Agardh ex Ralfs 1848
V) Euastrum Ehrenberg ex Ralfs
1 | Euastrum ansatum Ehrenberg ex Ralfs 1848
2 | Euastrum dubium -a41 1 OPwhWKN
3 | Euastrum montanum West & G.S.West 1905
4 | Euastrumturneri West 1892
5 | Euastrum verrucosum Ehrenberg ex Ralfs 1848
V) Haplotaenium Bando

1

Haplotaenium minutum

(Ralfs) Bando 1988
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Name Author u
of figure
V1) Hyalotheca Ehrenberg ex Ralfs
1 | Hyalotheca dissiliens ' UBEPUUOOWI Rwl1lE
2 | Hyalotheca mucosa Ralfs 1848
VII) Micrasterias C.Agardh ex Ralfs
1 | Micrasterias americana Ehrenberg ex Ralfs 1848
2 | Micrasterias apiculata Meneghini ex Ralfs 1848
3 | Micrasteriascrux-melitensis Ralfs 1848
4 | Micrasterias furcata C.Agardh ex Ralfs 1848
5 | Micrasterias truncata lUBEPUUOOWI RwlE
VIIl) | Pleurotaenium -a4110b
1 | Pleurotaenium coronatum (Ralfs) Rabenhorst 1868
2 | Pleurotaenium crenulatum (Ralfs) Rabenhorst 1868
3 | Pleurotaenium ehrenbergii (Ralfs) De Bary 1858
4 | Pleurotaeniunmelongatum (West) Coesel & Meesters 2023
5 | Pleurotaeniumeugeneum (W.B.Turner) West & G.S.West
1904
6 | Pleurotaeniunsimplicissimum * &UgOEOEEwWhNI Y
7 | Pleurotaenium trabecula -4l 1 OPwhWKN 31
8 | Pleurotaeniuntrabeculavar. crassunt | Wittrock 1872 32
9 | Pleurotaenium truncatum ( UBEPUUOOWI BwilH
IX) Sphaerozosma Corda ex Ralfs
1 ‘ Sphaerozosmeertebratumvar. latius * | West & G.S.West 1897 33
X) | Spondylosium lUBGEPUUOOWI Rw* L
1 | Spondylosiumuetkemuelleri &UgOEOEE wWhNt W
XI) Staurastrum Meyen ex Ralfs
1 | Staurastrum avicula lUBEDPUUOOWHWK W
2 | Staurastrumbacillarevar. obesum P.Lundell 1871
3 | Staurastrum bieneanum Rabenhorst 1862
4 | Staurastrumbrevispina lUBGEPUUOOwWhWK W
5 | Staurastrumcosmarioides * Nordstedt 1870 34
6 | Staurastrumdickiei Ralfs 1848
7 | Staurastrum gracile Ralfs ex Ralfs 1848
8 | Staurastrum orbiculare Meneghini ex Ralfs 1848
9 | Staurastrum tetracerum Ralfs ex Ralfs 1848
10 | Staurastrum vestitum Ralfs 1848
XIl) | Staurodesmus Teiling
1 | Staurodesmus convergens (Ralfs) S.Lillieroth 1950
2 | Staurodesmus cuspidatus @' UBEPUUOOAW3I P
3 | Staurodesmus dejectus @! UBEPUUOOAWS3I P
4 | Staurodesmus glaber (Ralfs) Teiling 1948
XI) | Teilingia Bourrelly
1 \ Teilingia granulata (J.Roy & Bisset) Bourrelly 1964
XIV) | Xanthidium Ehrenberg ex Ralfs
1 | Xanthidium antilopaeum *LUapOT whWKN
2 | Xanthidium cristatum l UBEPUUOOWI Rwl1lE
C) | Gonatozygaceae G.S.West
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Name Author u
of figure
) Gonatozygon De Bary
1 | Gonatozygon aculeatum * Hastings 1892 35
2 | Gonatozygon brebissonii De Bary 1858 36
3 | Gonatozygon kinahanii (W.Archer) Rabenhorst 1868 37
4 | Gonatozygon monotaeniuvar. Wittrock & Nordstedt 1886 38
pilosellum
D) | Peniaceae Haeckel
) Penium
1 | Penium margaritaceum |l UBEPUUOOWI RwlE

Note: * 8 New for Ukrainian flora

17 out of 30 genera of desmids represented
in Ukraine (Petlovany & Tsarenko, 2015) were
found in Zavodske. The number oflesmid taxa
found in Zavodske reflects 11,846 of the total
number of the desmid taxa in Ukraine.
Gonatozygorand Pleurotaeniumgenera present
in Zavoske exceed 604 of the total number of
taxa of these genera in Ukraine (see Table 2).

Consequently, Zavods& pond is rich in
desmid species and part of them which new for
Ukraine, rare and extremely rare species, not
only for Ukraine, but also for the whole Europe,
is high (see Shyndanovina & Lukash, 2023).
Therefore suchAhotspotZ of desmids diversity
deservesattention and conservation.

Table 2

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

Number of taxa in , Part of taxa in Zavodske
: Number of taxa in
W Genus name Ukraine (Petlovany Zavodske pond, pond of the total number of
& Tsarenko, 2015), ocs taxa in Ukraine (Petlovany
pcs & Tsarenko, 2015), %
1 | Actinotaenium 20 7 35.0
2 | Bambusina 1
3 | Closterium 101 4 40
4 | Cosmarium 427 52 122
5 | Cosmoastrurh 48
6 | Cosmocladium
7 | Cylindriastrum*
8 | Desmidium 10 1 10.0
9 | Docidium 2
10 | Euastrum 56 5 8.9
11 | Genicularia 1
12 | Gonatozygon 6 4 66.7
13 | Haplotaenium 4 250
14 | Heimansia 2
15 | Hyalotheca 5 40.0
16 | Micrasterias 30 16.7
17 | Octacanthium 5
18 | Onychonema 3
19 | Oocardium 1
20 | Penium 6 1 16.7
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Pleurotaenium | 13 | o | s> |

29 |Triploceras | . | | |

Total: 969 110 11.4

Note: * 8 Cosmoastrum P-M., Raphidiastrum P-M. and Cylindriastrum P-M. are currently
regarded as heterotypisynonyms of StaurastrumMeyen ex Ralfs (see Guiry, 2013) but traditionally
we use them for analysis and characterizations of Ukrainian desmid flora.

The illustrations of 37 taxa are presented in  They are presenting all new for Ukraine taxa and
36 plates of microphotographs that are all made some other cells.
by the author of the article (see Figs3z38).

s 20 1M

Fig. 3. Photographs A, Bd Actinotaenium americanum(West & G.S. West) Coesel & Meesters 2023.
Celldimensions length 3 532 2 m, Greadthd 208 9 m, @thmus 8 233 9 m. Bhotographs
C, D 0 Actinotaenium perminutum (G.S.West) Teiling 1954Cell dimensionsC (D):
length 6 1315 (120 5 yn, bf@adthd 8.02 (71 9 n, ismusd7.19(64 4 m O
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Fig. 4. Photographsof Cosmariumalpestre].Roy & Bisset1893

Cell dimensionsi : length d 6593Qm,
breadth 6 52,96Qm,
isthmus d 50,37Qm.

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

17
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Fig. 5. Photographsof Cosmarium binum Nordstedt 1880

Cell dimensions: lengthd 52,180m,
breadth d 41,980m,
isthmus 6 15,250m

18
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Fig. 6. Photographsof Cosmarium biremeNordstedt 1870

Cell dimensions:length 6 14,430m,
breadthol 5, @,2 O
isthmusd1 0, /w0 O

19
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Fig. 7. Photographsof Cosmariumbotrytis var. botrytis Meneghini ex Ralfs 1848Cell dimensions:
length 6 6384 Qm, breadthd 5390Qm, isthmus d 1548Qm, thicknessd 3260Qm

m—— 00 um

Fig. 8. Photographsof Cosmarium botrytisvar. botrytis Meneghini ex Ralfs 184&A, B, C).
Photographsof Cosmarium botrytisvar. tumidum Wolle 1884D, E, F).

20
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Fig. 9. Photographsof Cosmarium contractumKirchner 1878

Cell dimensionsA (C): length d 25.05 (24.27¢m,
breadthd 1686 (166 6 )n, O
isthmus 8 4.37 (4.50¥)m

21
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Fig. 10 Photographsof Cosmariumneodepressuntz.J.P. Ramos& C.W.N. Moura 2020
(synonym Cosmariumdepressun{Nageli) P. Lundell 1871)

Cell dimensions: lengthd 34.650m,
breadthd 36.93Qm,
isthmus 6 9.70Qm,
thicknessd 18.800m

22



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

Fig. 11 Photographsof Cosmariumdifficile L ¢tkemgller 1892.

CelldimensionsA (D): length 6 33.33 (32.899m,
breadthd 26.67 (21.85)m,
isthmus 6 5.33 (5.85\0m,
thickness(B) 6 19.440m

23
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Figure 12 Photographsof Cosmariumgibberulum L ¢tkemgller 1910.

Cell dimensions length 8 29.95Qm,
breadthd 24.80Qm,
isthmus 6 9.10Qm,
thicknessd 16.530m
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)0 um

Fig. 13 Photographsof Cosmariumhornavanensédsutwinski 1909

Cell dimensions:length 6 77.60Qm,
breadth d 5906 Qm,
isthmus d 1871Qm

25
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Fig. 14 Photographsof Cosmariumhumile Nordstedt ex De Toni 1889

Cell dimensions: lengthd 1537 Qm,
breadthd 1407 Qm,
isthmus 6 3.80Qm
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Fig. 15 Photographsof Cosmarium impressulumElfving 1881

Cell dimensions: lengthd 1874 Qm,
breadthd 1382Qm,
isthmus 6 4.93Qm
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Fig. 16 Photographsof Cosmarium margaritaturm(P. Lundell) J. Roy & Bisset 1886

Cell dimensions: lengthd 6522 Qm,
breadthd 5172Qm,
isthmus 6 1869Qm,
thicknessd 34.93Qm
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Fig. 17 Photographsof Cosmarium margaritiferum Meneghini ex Ralfs 1848.

Cell dimensions length 6 52.35Qm,
breadth d 47.30Qm,
isthmus 6 14.900m,
thicknessd 34.04Qm
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Fig. 18 Photographsof Cosmariummoniliforme Ralfs 1848

Cell dimensions: lengthd 25.32Qm,
breadthd 1556 Qm,
isthmus 6 1037Qm
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Fig. 19 Photographsof Cosmariumobtusatum(Schmidle) Schmidle 1898
Cell dimensions: lengthd 4220Qm, breadthd 3833Qm,
isthmus 6 1504 Qm, thicknessd 2065Qn

Fig. 20 Photographsof Cosmariumphaseolusvar. notatum (Nordstedt) Coesel1991
(synonym Cosmarium ocellatumvar. notatum (Nordstedt) Willi Krieger & Gerloff 1962).
Cell dimensions: lengthd 25.70Qm, breadthd 24.310m,
isthmus 8 6.50Qm, thicknessd 1252Qm
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Fig. 21 Photographsof Cosmariumordinatum (Bl3rgeser) West& G.SWest1896.

Cell dimensions length 8 22.07Qm, breadthd 21.190m,
isthmus & 7.63Qm, thicknessd 13.780m

Fig. 22 Photographsof CosmariumpachydermumP.Lundell 1871

Cell dimensions: lengthd 95.39Qm, breadthd 74.94Qm,
isthmus & 34.07Qm, thicknessd 53.170m
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Fig. 23 Photographsof CosmariumpachydermumP. Lundell 1871
Morphological variability of the cells
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Fig. 24. Photographs of Cosmarium perforatumP. Lundell 1871.

Cell dimensions A (C): lengthd5819 (58 2 ) Om,
breadthd5597 (585 8) Om,
isthmus 82947 (329 2) Om
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Fig. 25 Photographsof CosmariumpseudoornatunB. Eichler & Gutwinski 1894

Cell dimensions(A, B, D, G): lengthd 361 3m, Q
breadthd 37.1 1m, Q
isthmus 8131 3m Q
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Fig. 26. Photographsof Cosmarium pseudoprotuberansar.
pseudoprotuberandirchner 1878.

Cell dimensionsC: length 6 36.02Qm,
breadth 28.180m,
isthmus 8 7.94Qm

36



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

20 M

Fig. 27. Photographsof Cosmarium pseudoprotuberansar. saxonicum(Raciborski)
Krieger & Gerloff 1965synonym Cosmarium elfvingiivar. saxonicumRaciborski 1883,

Cell dimensions: lengthd 291 1m, Qreadthd 254 1m, Q
isthmus 8 7.6 7m, @icknessd 1640Qm
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Fig. 28. Photographsof Cosmarium pseudoprotuberansar. sulcatum(Nordstedt) Coesel 1991

Cell dimensions@, D): length 8 350 7 m, Oreadthd 307 3m,Q
isthmus 8 9.4 3m, @icknessd 205 3m Q
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Fig. 29. Photographsof Cosmarium simplicius(\W. & G.SWe st ) Gr °.nbl ad 19

Cell dimensionsA (C): length8 4878 (488 8 m, Q
breadthd 2079 (204 2 m, Q
isthmus 6 16.26(168 2 m. Q

Front view with 2 pyrenoids(7 , 0), side view with visible one pyrenoidC, E)
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Fig. 30 Photographsof Cosmarium tutum Shyndanovina 2020.

Cell dimensions: lengthd 58.190m,
breadthd 55.97Qm,
isthmus 6 29.47Qm,
thicknessd 36.38@Qm
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ssmmm (A, B) 40um; (C, D, E, F) 20 um

Fig. 31 Photographsof Pleurotaenium trabeculavar. trabeculaN® gel i 1849

Cell dimensionsA (B): length d 462.18 (383.9&m,
breadth 6 33.73 (27.80pm,
L/Br 013.7 (13.8)
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(A) 40um; (B, C, D) 20 um

Fig. 32 Photographsof Pleurotaenium trabeculaar. crassumWittrock 1872

CelldimensionsA: length 6 285.460m,
breadth 6 34.26Qm,
L/Br 08,3
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Fig. 33 Photographsof Sphaerozosmavertebratumvar. latius West & G.S.West 1897

Cell dimensions length (without processes)d 7.78Qm,
breadthd 9.83Qm, thicknessd 4.13Qm
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Fig. 34 Photographsof StaurastrumcosmarioidesNordstedt 1870

Cell dimensions length 6 8580Qm,
breadthd 57.46 Qm,
isthmus 6 2369Qm,
thicknessd 52711 54.64Qn
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Fig. 35 Photographsof GonatozygonaculeatumHastings 1892

Cell dimensionsA (B): length 8 13337 (76.21) Qm,
breadthwithout spines and apexe® 7.55(7.34) Qn,
breadthwith spinesd 13810 1489Qm,
apex 10 8.42(9.70 @n,
apex 20 8.63(7.34 Qn
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Fig. 36 Photographsof Gonatozygon brebissoniDe Bary 1858

Cell dimensions length 8 34048Qm,
breadthin the middle 6 17.36Qm,
apex 10 1356Qm, apex 20 1427Qm.
Scale forB,C,DT 2
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Fig. 37. Photographsof. Gonatozygon kinahanifW.Archer) Rabenhorst 1868

breadthin the middle 6 17.36Qm

apex 10 1356Qm,
apex 201427Qm.
Scale forB,C,D T

Cell dimensions length 8 34048Qm,

2
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Fig. 38 Photographsof Gonatozygonmonotaenium var. pilosellumWittrock & Nordstedt 1886

Cell dimensionsB: length 6 86.87Qm,

breadth without spines and apices 9.42Qm,
breadth with spinesd 1147 Qm,

apex 10 1079Qm

apex 20 1028Qm
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Conclusions

16 new taxa of desmids from Zavodske
pond added to the Ukrainian desmidioflora, i.e.:
Actinotaenium americanum(West & G.S. West)
Coesel & Meesters 2023Actinotaenium permi
nutum (G.S.West) Teiling 1954,Cosmarium
alpestre J.Roy & Bisset 1893, Cosmarium
gibberulum , I OEAT | 1
phaseolus var. notatum (Nordstedt) Coesel
1991, Cosmarium ordinatum(®* GOCA OAT q
G.SWest 1896, Cosmarium pseudoornatum
B.Eichler & Gutwinski 1894, Cosmarium
pseudoprotuberanssar. saxonicum(Raciborski)
Krieger & Gerloff 1965, Cosmarium simplicius
i 78 0O ' 8387A0QaQleuroadnium |
trabeculavar. crassumWittrock 1872, Sphaere
zosma vertebratumvar. latius West & G.S.West
1897, Staurastrum cosmarioides Nordstedt
1870, as well as previously publishedCosma
rium tutum Shyndanovina 2020 (see Shyndanro
vina, 2020), andCosmarium pseudoprotuberans
var. sulcatum (Nordstedt) Coesel 1991,
Pleurotaenium simplicissimurd OET Al AA
Gonatozygon aculeatumHastings 1892 (see
Shyndanovina & Lukash, 2023).

All newly recorded and some other
interesting taxa are illustrated with micro-
photographs. This publication includes 36
figures with illustrations of 37taxa. The
illustrations of the Ukrainian material of
desmids are scares, and this publication
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presents the microphotographs of the Ukrainian
populations taken for the first time. This data
creates important basis for ttre morphological

comparison and better species delineation in a
very variable desmids with their sometimes

confusing taxonomy.

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

A A The,, Bagics of the science of algae
protection (algosozology) in Ukraine were
developed by Doctor of Biological Sciences
N.V.Kondratyeva (Kondratyeva & Tsarenko,
2008). She emphasized the need to accumulate
primary information about the rare species for
the purpose of creaing algological reserves and
conducting monitoring studies within them, as
V\§|L§ q{qziltlng appropriate search and infana-

systems that include previously accumu
lated and new information (Kondrayeva &
Tsarenko, 2008).

| am planning to prepare the scientific
substantiation for protection of Zavodske pond
as valuable locality of desmid algae i.e. creation
of a hydrological protected object#Algological
reserve Desmidian WealtiZ
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PHYTOTOXICITY OF DIMETHYL SULFOXIDE
IN THE GROWTH TEST
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ABSTRACT

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

Methodology. Phytotoxicity of aqueous DMSO solutions was assessedngsia growth test. The following plants
were used as test plants: 1) seed radistir(raphanistrum subsp.sativug of the French breakfast variety, 10 seeds of which
were placed in a Petri dish on filter paper moistened with distilled watefcontrol) or 0.5 %, 1.0 %, 5.0 %, 10.96, 25.0%
or 45.0 % aqueous solution of DMSO (experiment); 2) watercresk.(sativun) of the Aphrodite variety, 10 seeds of which
were placed in a Petri dish on filter paper moistened with distilled water (control) ora 0.025 %, 0.05 % or 0.1 % aqueous
solution DMSO (experiment). The research was carried out in triplicate for 6 days (radish) and 5 days (watercress),
during which the energy of seed germination of test plants (%) was determined on the 3rd day, on the Gthay (radish)
and on the 5th day (watercress)z seed germination (%) and biometric and morphometric indicators of test plant
seedlings (root and aerial part length, mm).

Scientific novelty. In a growth test with R. raphanistrumsubsp.sativusshowed extrene phytotoxicity for 5.0-45.0 %
agqueous DMSO solutions and no phytotoxicity for 0.025.0 % aqueous DMSO solutions in a growth test with. sativum
and R.raphanistrum subsp.sativus

Conclusions. Aqueous solutions of DMSO in concentrations of 0.0260% did not show phytotoxic properties
according to the growth test withL. sativumand R. raphanistrumsubsp.sativus in contrast to 5.045.0 % solutions, which
showed extreme phytotoxicity accordirg to the growth test with R. raphanistrumsubsp.sativus.The obtained results
indicate that this substance will not inhibit plant growth at concentrations found in wastewate(0.05-0.08 %).

Key words: biotesting, dimethyl sulfoxide, growth test toxicity, Lepidium sativum Raphanus raphanistrunsubsp.
sativus
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Introduction

Dimethyl sulfoxide (DMSO) is widely used
as an industrial solvent and for a variety of
medical purposes (Hatton et al., 1994;
Makashovaet al., 2017;Volkova et al., 2019.
DMSO is a commercially produced dipolar
aprotic solvent. It is also a naturally occurring
substance and is apparently part of the complex
sulfur cycle on Earth (Gaylord Chemical
Company, L.L.C., n)d.

DMSO occurs naturally in marine and
freshwater environments, soil, rainwater, and
the atmosphere, as well as in a variety of
beverages and foods (Gaylord Chemical
Company, L.L.C., n;dHatton et al., 1994. DMSO
has often been detected in industrial waste
water from processes in the manufacture of
semiconductors or liquid crystal displays in
concentrations 50800 mg/L (Zhang et al.,
2016).

Reports of the toxicity of DMSO to living
organisms vary. There are publications that
note the low acute and chronic toxicity of DMSO
for animals, plants and aquatic organisms, as
well as the absence of carcinogenic properties,
which led to its use as a natral solvent in Ames
mutagenicity tests(Gaylord Chemical Company,
L.L.C., n.d. However, there are publications that
note the toxic properties of DMSO (Gallardo
6EIT AcOUT AO Ai8h ¢mgg
ones (Erdman and Hsieh, 1969Zhang et al.,
2016). Thus, it was noted that a DMSO
concentration of more than 0.1% is toxic to
plant (Erdman and Hsieh, 1969. Lepidium
sativum L. (Liwarska-Bizukojc and Urbaniak,

¢

'~ [epidium ’sativurh,

(Pidkopaylo and Korzh, 2009; Atamaleki et al.,
2021; Araniti et al., 2022;Danielet al., 2022 are
widely used in the biotesting of toxicants
Currently, there is no information on the
phytotoxicity of agueous solutions of DMSO for
these test plants, which determined the aim of
this work.

Materials and methods

Growth test

Phytotoxicity of aqueous DMSO solutions
was assessed using a growth testTkachuk et al.,
2022). The following plants were used as test
plants: 1) seed radish R.raphanistrum subsp.
sativug of the French breakfast variety, 10 seeds
of which were placed n a Petri dish on filter
paper moistened with distilled water (control)
or 0.5 %, 1 %, 5 %, 106, 25% or 45 % aqueous
solution of DMSO (experiment); 2watercress
(L.sativum) of the Aphrodite variety, 10 seeds of
which were placed in a Petri dish on fikr paper
moistened with distilled water (control) or
0.025%, 0.05% or 0.1% aqueous solution
DMSO (experiment). The research was carried
out in triplicate for 6 days (radish) and 5 days
(watercress), during which the energy of seed
germination of test plants (%) was determined
on the 3rd day, on the 6th day (radish) and on
the 5th day (watercress) z seed germination
(%) and biometric and morphometric indica

T -V I SN

length, mm).
Phytotoxic indices

Phytotoxic indexes were calculated seed
germination index (SGI) and root length index

2007: Pavel et al., 2013Galliet al., 2019 1 I Ui (RLI) according to previously given formulas
2020: - AOO b T AUant ADOA OET OU ﬁ(BaguﬁcIT[I U BtlalA2011 Tkachukand Zelena

2 AA1 EetaD,2@20;Tkachuk and Okulovych,
2021; Tkachuk et al., 2022 and Raphanus
raphanistrum subsp. sativus (L.) Domin. plants
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A toxicity scale was useqBagur-' | T U U1 rAedn, the reliability of the differences of the

et al., 201):
Z1 8 ¢ BGIoBRLI< 07 slight toxicity;
Z1t 8 BGI& RLI<z0.257 moderate toxicity;
Zt 8 X BGIoBRLI< 70.57 high toxicity;
Zp S®lor RLI<Zz0.757 extreme toxicity.

Statistical processing of results

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

10.0 %

arithmetic means were determined
described (Tkachuk and Zelena, 2023).

Results and Discussion

as

Phytotest with R.raphanistrum subsp. sativus

The results of the study of phytotoxicity of
0.5-45.0% aqueous solutions of DMSO accor
ding to the growth test with R. raphanistrum
subsp.sativusis presented in Fig. 15.

25.0 %

45.0 %
Fig. 1.Radish seedlings (6th day) growing on the tested DMSO solutions
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Fig. 2. Germination energy of radish seeds under the influence
of different concentrations of DMSO
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Fig. 5. The length of the aboveground part of radish seedlings under the influence

of different concentrations of DMSO .
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It was established that under the influence
of DMSO at 0.5 %, 1.0 %, and 34 concent
ration, germination energy and seed germina
tion were at the same level as the control, no
statistically significant difference in these
indicators was noted (Fig2-3). The length of
the roots and the aerial part of the radish
seedlings under the influence of 0.5 % and 1.0 %
DMSO solutions were at the same level as the
control, no statistically significant difference
was noted (Fig.4-5). However, the 5.000 DMSO
solution significantly reduced the length of the
roots and the aboveground part of radish
seedlings compared to the controf by 14 times
and 8 times, respectively (Fig4-5). The
calculated phytotoxic indices were: SGD.1;
RLI-0.9. According to the phytotoxic rootength
index (RLI), a 5.0% solution of DMSO is
extremely toxic.

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

control). At a concentration of 10.0%, DMSO
also affected all tested radish functions:
germination energy and seed germination were
10.0%, root length was 1.3 mm (85 times less
than in the control). It was noted that under the
action of 10.045.0% concentrations of DMSO
solutions, the aerial part of radish seedlings did
not develop. Our results confirm the previously
obtained results of completeinhibition of seed
germination of kidney beans, peas, barley and
rye under the influence of DMSO concentrations
10.0% or more, and an insignificant effect of
5 % concentrations or less(Erdman and Hsieh,
1969).

Phytotest with L. sativum

Since high concetrations of DMSO were
found to be extremely toxic and considering that
the concentration of DMSO in wastewater is
from 0.05 % to 0.08% (Zhang et al., 2016)the
phytotoxicity of 0.025-0.1% aqueous solutions
of DMSO was investigated by growth test with
L.sativum. L. sativumwas chosen as the test
plant because it is used for the bioassay of a
large number of toxicants. The results of the
study of phytotoxicity of 0.0250.1% aqueous
solutions of DMSO according to the growth test
with L.sativumare preserted in Fig. 610.

Control

0.1 %
(watercress)

0.05 % 0.025 %

Fig. 6. Watercressseedlings 6th day) growing
on the tested DMSO solutions
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Fig. 8. The length of the aboveground part of watercress seedlings under the influence
of different concentrations of DMSO

100
90
80 -
70 1
60 -
50 A
40 ~
30 A
20 ~
10

—

@ Control

B DMSO 0.025%
O DMSO 0.05%
ODMSO 0.1%

Germination energy, %

Fig. 9. Germination energy of watercress seeds under the influence
of different concentrations of DMSO
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Fig. 10. Germination of watercress seeds under the influence of different concentrations of DMSO

It was established that he changes in
indicators of the studied test functions of
watercress under the influence of 0.028).1%
agueous solutions of DMSO are statistically
insignificant and are within the control limits
(Fig. 6-:10), except for the root length under the

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

to the control (Fig. 7).

The calculated phytotoxic indices are
shown in Table 1.

Tabld

Phytotoxic indices of the effect of aqueous solutions of DMSO on watercress

Research option SGl RLI Ip;g[ﬁ’{g?gﬁy?&g‘; Comments
Control (distilled 0.00 0.00 No toxicity No inhibition of growth
water)
DMSO 0.025 % 0.00 0.30 No toxicity No inhibition of growth
DMSO 0.05 % 0.04 0.62 No toxicity No inhibition of growth
DMSO 0.1 % 0.00 0.24 No toxicity No inhibition of growth

Note: SGI d seed germination index; RLIO root length index

The obtained results indicate the absence
of phytotoxic properties of DMSO aqueous
solutions at concentrations of 0.0250.1% for
watercress.

In general, reports on the toxicity of DMSO
to living organisms vary. Thus, it is noted that
DMSO has low acute and cbnic toxicity for
animals, plants and aquatic organisms, without
carcinogenic properties (it is used as a neutral
solvent in the Ames tests for mutagenicity)
(Gaylord Chemical Company, L.L.C., n.tt.does
not show teratogenic properties in mice, rats o
rabbits (Gaylord Chemical Company, L.L.C.,

the emergence of crops or to the formation of
edible parts of food plants(Gaylord Chemical
Company, L.L.C., n)d.There are also reports
that the use of clay minerals and silica with
additives of DMSO and plant extracts in the
complex treatment of patients with hemophilia
reduces the level of endointoxication and
increases the procoagulant activity of blood, and
in general z accelerates the recovery of the

DAOEAT 060 Ai Au AEZOAO A E

(Kovzun et al., 2008)
However, there are bioassay results with
various test organisms that indicate the toxicity

n.d). Because of this, DMSO is used as a solvent of DMSO. Thus, in a study of the effect of DMSO

or co-solvent in pesticides that are applied to
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rheumatoid arthritis, which included five It is obvious that the reaction ofliving
different samples collected from the joints organisms to the influence of DMSO solutions
(fingers, hands and pelvis) of five women with  depends on the studied species and the chosen
rheumatoid arthritis, induction of caspase3 concentration. Therefore, biotesting research
and PARP1 cleavage was shown (two pheno  should be comprehensive and include particular
mena related to the mechanism of cell death) at model organisms as well as organisms at
high concentrations (>|25&/0/9) of DMSQ@Gallardo- different levels of orgarization.
6EI | ACOUI ). Evén at/al0.8 % conaert ¢ -
ration of DMSO, analyzes of the antiproliferative Conclusions . .
test demonstrated strong toxicity after 24 hours ~ Aqueous solutions of DMSO in concentra
of AGDT OO A celj death). Therefore, to  tions of 0.0251.0% did not show phytotoxic
ensure a minimal effect of DMSO on human Properties according to the growth test with
fibroblast-like synoviocytes in rheumatoid L.sativumand R.raphanistrumsubsp.sativus in
arthritis, the concentration of DMSO to be contrast to 5.0-45.0% solutions, which showed
considered safe must be less than 0.0  €xtreme phytotoxicity according to the growth
(Gallardo6 E1 1 ACOUT). AO Al 8h feskwidh R. raphanistrumsubsp. sativus. The
Exposure b DMSQ0.56-13.54 mM) caused ~ Obtained results indicate that this substance will
phytotoxicity for biomass growth and root ot inhibit plant growth at concentrations found
viability of rice seedlings (Zhanget al., 2016)  in wastewater (0.05-0.08 %).
DMSO induced oxidative stress in rice seedlings,
leading to Oz accumulation in roots

he dé d¢ @ SHandidy
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ABSTRACT

Objective. Research of the mutagenic effect of various concentrations of nanoparticles of titanium, nickel and
silicon on the ontogenesis oDrosophilamelanogaster(D. melanogaste) Canton Sand Ebonylines.

Methodology. The study was conducted by preparing a nutrient medium fob. melanogastewith the addition of
nanoparticles of titanium, silicon, and nickel; crossing in this environment an experimental sample of ings of the pure
lines Ebonyand Canton S$Sand further accounting for phenotype changes in individuals of the first and second generations.
Preparation of nutrient medium was carried out according to the method ofraschenkoet al (2023). Methods of
descriptive statistics, nonparametric MannWhitney U-test, methods of graphic visualization of data were used to
process quantitative data of accounting for phenotypic manifestations of mutations.

Scientific novelty. For the first time, the mutagenic activity ofnanoparticles of titanium, nickel, and silicon in
concentrations of 0.Img/cm3 and 0.01mg/cm3 was characterized on the example of induced mutations in an
experimental sample ofD.melanogasterpure lines Canton Sand Ebony, and their descendants of the first and second
generations.
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Conclusions. It was found that titanium nanoparticles lead to mutdions both at a concentration of 0.Img/cm?3
(14.8 % of mutant individuals in the first generation and 19.8% in the second generation) and at a concentration of
0.01mg/cm3 (4.3 % in the first generation and 3.7% in the second). At the same time, silicoand nickel nanoparticles
demonstrate mutagenic activity only at higher concentrations (0.Ing/cm3). No phenotypic signs of mutations were
detected among the experimental individuals that developed in an environment with concentrations of 0.01 mg/céof
nickel and silicon nanoparticles. Certain differences in mutagenesis in the samples of individuals of Elgonyand Canton
Slines, which are related to the influence of the studied substances on cellular repair systemshinelanogaster were
also analyzed.Based on the results of the research, the practical impracticability of using titanium nanoparticles for
pharmacological purposes was substantiated, as well as the need for further thorough research into the possibility of
medical and pharmacological usef silicon and nickel nanopatrticles.

Key words: nanopatrticles, nickel, titanium, silicon, mutationsProsophila melanogaster
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Lidiia Polotnianko, Olha Mekhed

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

T~
Q3v Yy IFTxtTxveoeox " Brtwpt T &wiv
Hi a Al 1T BAGBQB" dANAl I FB'Yo HA'l Y& YBABT 9

Ha Adé¢ T aYBZB'YETAH Za

ABSTRACT

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

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

Methodology. The object of the study were tweyear-old carp: scaly and mirror carp Cyprinus carpid_.) weighing
200-300 g. Exeriments to study the effect of mycotoxin were carried out in 208iter aquariums with settled tap water,
in which fish were placed at the rate of 1 specimen per 40 dhof water. In all cases, control was carried out and a constant
hydrochemical regime ofwater was maintained. The concentration of mycotoxin corresponding to 2 MPC was achieved
by adding calculated amounts of the mycotoxin solution. The zoological (L) and industrial (I) lengths of fish were
determined, Fulton's fattening factor (Q). All resuls were processed statistically.

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

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

Key words: scaly carp, morphological indicators, mycotoxin T2
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Formulation of the problem

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

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

Mycotoxins are natural toxic compounds
synthesized by some types of fungi during their
growth on plant material. They can enter the
environment through contaminated feed and
affect the health of animals and people who
consume contaminated products. Carps, which
are one of the key commercial species indsh
water and aquaculture, were used in our study.

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

Materials and methods

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

Results and Discussions

The biological effect of T2 toxin on the
body of animals is characterized by a wide
spectrum of toxic effects. It includes derme
necrotic, lymphopenic, immunosuppressive,
neurotoxic effects and a numberof remote
effects (Nikolaenko et al., 2023).

The dermonecrotic effect is manifested by
exudative dermatitis and hyperkeratosis of the
skin around the mouth, necrosis of mucous
membranes Figs.1, 2).
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Fig. 1.Hemorrhages on the skin of fish

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

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

— —

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

Fig. 3. Hemorrhages in the organs of the digestive tract
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T2-toxin damages the intestinal mucosa,
which leads to its ulceration, villous atrophy,
and necrotic changes. The thickness of the
intestinal wall decreases, and areas afestruc-
tion and inflammatory infiltration are observed
in the epithelium. Violation of the morphology
of the digestive tract affects the processes of
digestion and assimilation of nutrients.

Disorganization of the structural archt
tecture of the liver lobes, swelling of the
intercellular space and destruction of
membranes is observed. Pigments such as
lipofuscin may accumulate in the cytoplasm of
cells, indicating oxidative stress.

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

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

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

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

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

At the molecular level, the inhibition of
T2 protein synthesis by the toxin is associated

72

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

In addition to the mentioned effects of
the biological action of T2 toxin, a viation of
the functional activity of cellular organellesz
mitochondria, lysosomes, endoplasmic reticu
lum and the interaction of the toxin with the
SHgroups of enzymes, as well as stimulation



Biota. Human. Technology. 2024. No 3

Electronic edition

of lipid peroxidation processes, is also
characteristic.

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

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

Changes in carp exterioindicators under conditions of toxicosis§ N m,

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

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

Tabld
n=>5)

Indicator

Physiological conditions

3 2

Q chpmmnhcg

chprmnhcuy

L, cm cwhemMmghtm ¢xhxmmghgx
l, cm cuhpemchopg cchxgemahgm
m, g opphynmmyhpt ughtympchg

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

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

Conclusions

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

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

Discoloration of the ends of the petals

The presence of light spots

" __

Uneven length of petals

The presence of whitish mucus on the scales

Ulcers at the base of the skull

The lower blade of the tail is dark
behind the upper

Numbers of hemorrhages
in the calves and thoracic

Color unevenness - - R
Heart ‘

Graininess of fabrics - M M

Disorders of the bile ducts - - R

Sizeincrease - - -

Bilious
bladder

Thin wall - M M

The presence of stones - - -

Note:+dsi gn is clearly expr e sdsignds notipresantih allfishsfh o
the group; - d the sign is not expressed
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CHANGES IN THE CONTENT OF ADENYLATES
IN CARP TISSUES UNDER THE ACTION OF MYCOTOXIN T2
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ABSTRACT

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

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

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

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

Key words: adenylates, energy metabolism, carp, mycotoxin T2
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THE IMPORTANCE OF IRON IN THE DIET
OF BLOOD DONORS AND ITS COMPONENTS

STRESZCZENIE

Celpracy: . ET EAEOUA DOAI EEAAEA EAOO AOOQUEOEAI DOUACI aAl xU
AAxA&x EOKEhI ERAKkxEAEA Oil1l6 OAci 1T EEOTAI AT AT OO x 1T OCATE
DI UETT 1T OAU UAI AAATEA AT OQUAUaAAA OOPI Al AT OAAEE E I UxEAT EAZ
Ol 0T aAAE T EAUAU AAx A& x ieGuna Eh zdrawleUprzedBt@wivreQu tytnfadykule ihdrinacje na
bl AOOAxEA xUlT EEex AAAAd 1 EAUTUAE AOOI O&ex | AEa EI OAUI x
dietetycznych.

-AOT AU xUET OUUOOAT EA MWaeéudyskaniaE OAOBQIODT BAREBAT UAE Al 1
DOUAOUQEA&UGLU AAUU AAT UAE 00A-AAn 3AT POOh 7AA T A& 3AEATA

|

I OU"aAUAE OEo6 AT 1 EOAOA’ZQIZ@G?UﬁadItOBVSZertyEEI x Al

CUGI U xUTEEE AAAAd 1T DOAIEETI xAT A x OAAAT UI xAT UAE AUAOI
xUET OUUOOAT A BAPOnEDBrYI AUBRAI BATA T A PI AOOAXxEA O6UOBEeEx E |
ET £ Oi AAREA EAE AEAOAEOAOUOOUEA bpi pdi AAEEHN EloAOxATAEAﬁ
OAT AUT A8 +1 OAUIT xA xUT EEE Al GUWA U AA A UAKHO GDHE WixIOG AE ADOWD i O AA)
F AT AUA AU¢U TiAxEAT A x EiT OAEGAEA EAE UT AAUATEA Al A AAxZ
Nowatorstwo naukowe 8 7 AOOUEOI A OUi DpOi pi T OEAI U ETIbPIAEOI xA E
EOxEh ¢aAUaA 1 AET I BOAROUANITBEHEE AXMMAMAAD EAT E AT OUAU&aAUI E
DOUAAOOAxEAI U x TEI UAOéxii AOPAEOU AEITI T CEAUT Ah EAE E £
OAil AOOh A OAEIA caAUU xEAAU®6 U detetykalbidhemial mellykymnapreivenéyiai E A E
OiTI1TExEA ETi bl AEOI xa AT Al EUs UACAATEATEA8 )1 OACOAAEA C
AT AUA T A UAOI xEA AAxAé&x EOxE8 O0OUACI aA 1 EI EAlrach, AAAUOE
UAPAxT EA AEOOAITT1 Gg E xEAOQOUCT ATT Gg POUAAOOAXEI T UAE AAIJ
Al Oi 6¢1 xAT EA AEOOAI T EAEOUUAE E DOAAUUUET EAEOUUAE UAIT AA,
DAOOT T Al EUAAKEGU ADAIT ABARRA dATAE ADAx A x EOxEh OxUCI 6 AT EAE&aAa E|

o&lrTEAA 1 AOAAT T EAUT A8 O0AOOITTAI EUIl xAT A DI AAEGAEA Al AER
zapobiegania niedoborom tego pierwiastka. W artykule proponujem nowe strategie prewencyjne, takie jak programy

x ODAOAEA Al A AAxAéx EOxEh EO8OA DPIixEITU T AEac OACOI Aol A

E OODI Al AT OAAEE 1T OAU A1 001 01T xAT A ET OAOx AT AEMe G\ AGDRRAI UEAI Uil »
iTTEOI O xAT EA AEAEQDSE x O06pi Al AT OAAEE I A1 AUAR Al EAOO ‘
AcOCi OAOI ETT xA DI AREGAEA DI UxTTE TA xEAOUCIT AT a 1TAAT & OC
AAxA&x EOxES8

Whnioski. AT ARBCOUxA &£OT AAT AT OAlTTa O1T16 x OOOUUI ATEO UAOIT x
hemoglobiny, transportu tlenu oraz do wielu innych funkcji metabolicznych. Regularne oddawanie krwi powoduje

01 AAUT & 00O0AGs OAGI [EEOI AREIATGEBRI AT Obkl £ BORKEEGE EAKI

OUOPACTEITU8 ! AU UOAET I PAT 01l xAg OOOAOG6 Al AUAh AAxAU EO
AT CAOA x A1 AUl EAI T xAh OAEEA EAE iEbOTO@éb@@M%AT@A@EAMﬂ
| EGAEAOOAR DI xETTU OOAT I xE¢ bDi AOOAx6 EAE AEAOU8 3PT I Ux
AECAT EATEA I AT AUA TEAEATT xACci 8 2AcOl AOT A OODPI Al AT OAAEA

mikroelAT AT 60 O AAxAg&x EOxE8 " AAATEA EIETEAUT A xUEAUACUR A
FAOOUOUT Uh OAABEOHEaAA OUUUET AT AieEes 306bpi Ai AT OAAEA bPi xEI
OACOI AOTEA 111 EOI O xATIEI AXIEAAT BEOAPEROWEAIOOEAS %AOEAAEA
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Ul AAUATEA E xEAGAExAE AEAOU EAOO EI OAUI xA8 001 COAI U xOf
AT AUAR AT OOAOAUAT EA OOPI Al A1 0éx 1T OAU APDPDAKEAT BAOAKEA/
EAE UAT11T1T Geg AT AAI OUACI 1T AAAxATEA EOxE8 $AI OU AAAAT EA
O0O0pil Ai AT OAAEE Al AUA E EAE AcOCI OAOIET T xU xpeUx T A UAOI
indywE AOAT T UAE O&él1 EAAAE x [ AOAATTEUIEA T1AxEATACI PDPEAOXE/
dietetycznych.
3¢ xA EI OROVIAVAD AAxAU EOxER OODPI Al A1 OAAREA Al AUANR

EAT T CITAET AR AXABEAT EAT EA

ABSTRACT

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

Materials and methods. PubMed, Scopus, Web of Science and Google Scholar databases were searched. Keyword
combinations were used, includinghiron supplementationZ Ablood donorsZ Aron deficiency Adietary iron ¢ Aanaemia
preventionZand Aferritin levels & Literature published between 1970 and 2024 was searched. Studies published in peer
reviewed journals were included. All identified articles were initially assessed using titles and abstracts. Data from
selected studies were extracted, including information on population characteristics, interventions, methods of assessing
iron levels, outcomes and reported adverseffects. Key findings on the efficacy of iron supplementation, the effect of diet,
and iron monitoring were discussed in the context of their relevance to blood donors.

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

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

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

, DOAEEAE EAE Al Ai EAh AET O]

Wprowadzenie cowe £ O0AUY AWM GABDAT QUxT AE T D

| ARAxAT EA EOxE E EéE ACEOAAMIGE EADPz R E(&ﬁ) v
TEATAATETTUI AEOAT Al GQRGH UG eQju AK O RAOW @@'@%Eé |
Uo UAEA E xOBDARDAT QIO ~AEd) pEMEAWIT U E. OEOOARAUI U U
ODx EAAEA8 $AxAU EOxE 1T ARE)WaAKa il 10AUA 18R OE R & O X
UAPAxT EATESO OBAAEI I UAETLEA\Q;Am BB AEOx EhA 3 1EAUA 0 A A
TUAE AT DPOUADOT xAAUAT EA] A@@A@@/ﬁé&@;ﬁ,xdgaﬁng*Exg
AEEOOOCEAUT UAE 1T OAU 1 AJAgU’ {IEBAOQ ERE Al @ QAR IEQRYA ek



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

¢mecd8 :SUxEATEA TACOUxAAERIUAATI EROAIT 1WA @A ATSE AU U
pouUuUCT Ol xATEO 1T OCAT EUI B O IAMA GIUDZXA i AEH UEA ATTBEAE A-UT UA
EOxE 1 OAU x DPOT AAOCEA OACARIEAOAAEEOGN ¢EREv qRAARE AL
/| POUI ATTU OOAT TAUDUXEAKRBREA ULDAxTEA TEA £O1 EAE
xUOOAOAUAE&aAU DI UEIT I ATAM)@EEEEOEEAE@EchJAAHHHHD@DzAE
[ AUoUxAUUAEHA AT A Ol DxbDEGAN jx"GEEEOROOMT E AHOR EABAp I
EiiT OT 11T CEAUT Ah DOl AAouan/chaAl*AﬁOG\G\UEEd&AAHCEAEtEA
I cibdi1a ETTAUAESG UAOI xEOT aAUI EHALDAOMA EAA UA A A
iTUGA DBOT xAAUEADz A4 E i(:ElAMlom OoomA U | EB®ET E6 AU
i AEOT A1 Al AT OT Dzxh AT 11 Gl 2O AUB exWii a AADz Ali AR AGONU = TIEEAI C
T A EAET ODZADz T AAAxAT AE 1 BAYE | BEOQAANETTMOBADT WEE A
OAl Acl AAxAU j#EAT AO ARIO8hAlcaip pgaptqs8 #ACEIT xEO
SAIT AUl EAOCO PEAOxEAIOOEAIAH UITERA AU ATOEI ODIOA AT |
DOAXxEACT xACI AOT EAET T§ AT ER olvGGIATIEQT @ AT OT O
I OAUEEACT h T ACOUxAE&AaA &i QXREBICxdD Gl AEA® KkEAI O
DOl AAGAAE AEUET 1T CEAUI BPAEBA&KUQBU 7 E 1 QUIATRIIAIDRA Al
EAT T Cl TOXEATUNDT OAEA O1 AUODAEACEARAT IOEBAEE EOxXxET EAA
AT AOCEE 1T A DPIUEIIEA EkinpbbDQBl xUi 8 *AO0O 111
OUAUACIDZATEA EOOIOTA Al 81 NGOA x EIAAUN QA B U & & AABERAU
I ADT xEAAT EAE EACI UAOIT AJADzE ATOAC AT I Ell E &) ORCAGGE B
OOAT EA POl AOET xAADz x UO QA GAIRAH a ABAGAADD OpA E ARAD A
AUOiDzx | "TAAET AO Al 8h CqnAEN UhE BMEI AlnE TAQ IAAEBIhU C
WAOEAAEA UG UxEAT ET x A0 TAA-OOADA RBOBDARBOE AL |
EIl OAUT xUi AT ATl AT OAT DPAUGAAME EBR DABDK ERQDOA bzA /Zvot;
DOAIT EAUT ACI E UADAxT EAN XKAAKESNER GBOABUG DA QAT DEAA C
EOxE8 3dzxEAAT I T ODAADz UTAAKARATTEA PAOAYEARAROEAQOOA
UloUxEATEA E DOAEQUAUT ROESOEAUI DWBE 1AA DUIATUEAEMA AE A
AEAOU 11 ca Ul AAU&AAT xBETUD TaxAM DA DA ODOOAOD x OBACT B
AAx Al Dzx AIMBAEOUIxA T ODZADz Ex ARUMERA UAN D OAIEA OAUU B A TET |
POl AAOO T AAAxAT EA EOxEBAICA DBAUIAQA UMA GEAN A BT R ET L
xODPAOAEA AEAOAOUAUT An UG AAIUA b G W EAWWAERSDA 02 B 6D U
UxEO EOQOUAT EA | EAUAU UVAGRXUVEET AET OACHI AO0TTWRAEDOT
AAxATDzx EOxEh Al AAUDI ODARAUET | ©O0OB ALK UADzUD IOEHA {
I ADOUA AOT EAET T 1T xAT EADT OBOOAIxi DixOCATPEWRIEEEA EAO
UAOT x1'ONTAE 1] A

O Al 8h c¢nxo&a®BuaaAU ET OITT PAPOUAT x
|

#A1 Al OACI DPOUACI aAIOAET AOAWRA®OD OBROOAAOOI
OUAUACiIiDzxT xA T11DxEAT EAOOUOBERH AIGOOAIUE OBR U AGULIG
AAxAiDzx EOxE E EAE OEOWRAI EEADx®1 KA DAERAOGOWAEE,
AUo ODZAAE BDOUAAOOA EAl’U ORCRODEBKEDKAT AERAITEOOEA T ACC
Ua Al AUA  x T OCATEUI EA EAUOOIBEABMT EO@AUEAEACT xAx
Ul AAUAT EA «x D.C‘)A‘\(A”(E EFEEAEEDRAE HOAUUS . EAAAXT I
AAEAT U AT Al EUEA xbPeEUx ARx®GOOUEDN B DIOE T AOTOAA E A
Ua Al AUA T OAU POl AAOU OAANAADA AWHTEAR OUR Kix Al A& pmI
AT 1T AAEES I T AxEAIT U O1Dwa ORIV A EU AIERA KTAEIA UAE E
AEAOAOQUAUT A E OODPI Al AT @OMU BOIDA OO 0A | A$ARX ASITDIzxA TEEOAXIE F
A OAEUGA OOOAOACEA UAcf)TtmLErM(AnE/SAo ROA AT BhOlgimmw
Ua Al AUA8 7 EAEDADWULSEADAEAERE®I AT T UAE xAOOT EA.
DOUUDPAAET I OUAUACTDZ T UI Iﬁ)(;A)IAHElEIIEﬁEALEI AEAOER TOE 6
UxEBEOUT T UI OUUUEO 1 EAMAAMIAG ' BEGMBRIDA MO AMODA it 11 p
DOAUAT OOEAI U x1EI OEE GrUTi aCA AU G BT AROOND ARCO GUAERT ATT xhA T
Al 006 BT AE E xUET OUUOOAIpRECT EORA®A OOCAEBE AT EAT A E)

Ax Ol AOOT EAU8 7 EOaUnAT EOD
p8 21T 1T A Al AUA x 1T OQMAHUWANMOUAGCIiNEAKA o 1 CQ
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87



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

Jo AD G\WAAA EX X

EAT T CII us [ ET ¢l Ax| BAEA OOWIAREARAEGT x
AUAE OE9o

| AET a
I OCAT EUI EA xuoé DICIEAE 1< UERAIDGRO AMAE. QM O (CA E
| UAE DI

x ET [T DzOEA" :
pmtniTg d8 - A

w

¢1

a
AUAOxT T U JEIEABRE-DOAHDAMOXx T AT 000 AE FEI-Of ERA
Ol OAAE AOUOO[AUOT Dzx x GEUBDREOD EkapbiB j%@@omuc;/nuh/l
bi AAUAG ©@AUT AEAOEA OEo DOUIARN QIAIOAEINE OACOI OEA AA
E Oiba0al UAE AT UUI AAE8 xS AxAUAODABBADECADUR®X AT
E

E [ EalU0OUi xUAE xa0O0il AU {1
Ol EAGCBHDOOPABAAWET

w
\c“

Y. sxpdt kostay : |
. 300 mg \, .
. -\ - "4

. 7 Makrofagi
5 . { siateczkowo-
. . . Arédblonkowe
600 my

Ry c. 1. Schemat metabolizmu felaza w
(Geisser and Burckhardt, 2011)

. EAT OCATEAUT Ah 1T EAEKIAA A& UDROBRAAUBGEROD (/ pQq
I AAAT A x xEAT O DOI AOE GMAGE AxOpx T IO UABDROE T x A
OAEEAEAERAX E xAOUUxAh I[EACAAAQO | x AECUAIXEMERACEOD A/
DOUAU AT OAOT AUuOU Ax OTOORNTEEAUB E 2ARDEOMA UA AAT E £
Uua Al AUA #UAOAp j$AUO"d EOAPAEDBAR TUXME AT x EAOOE
Ua AT AUTcc AT ERA UT OOAT EA nmbodP AIGGWIAGET AT A |, AOGEh ¢
ObP1 001 xAT A POUAU Ac¢ci T & EAOODOENT KA AD@AXOI AUOT D
AxOxAOOT ODAET xU OOAT OPADRAEO BHiAMUAR) pbc BOUWMAUAI
i3,.#pplcq ®' Ai 8BREEIp whx N AABGOH EAOC EAI &€1O1T xACi 8 #U
cnmnegQ8 7AECAT EAT EA A’ IAELO®IT ODd AIAABA N1 AEIAGEAU A
AACI OE®6 x AUAOxTA UH)A d e AEBIGOE AT BA0Ds6 | &BPT h 3
bi Ul AT A8 01 EAARAEsRA] DaREAAIW (AEORh ¢nnnn - A+EA
OOAT OPT 00T xAT A AT AUOT UG RDAEGA OWAIAN OAIOA ADOU Azy



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

AABOUAAUU EAEAEOOQOUT U | ( %O0AE
UET xAE T EOUAAUURCAE OF®EMUAEGOIOKITS EAE
i 601 DA A0 Al 8h pewkaBMACT AODABES®
UxEaUAT A U OOAI O/EAOUI V05 HUAMEEAI C
A
A
A

Eil MARBUOEDOEA U

ODUVUET AUT T UA
A &AOUOOT AU-OU
UEEDPDPDI DAET &
AU AA T UNUAA 8A U
DIAEABT / A B RAKRA
AUABA AWAR OIER OC

~

EOITDzOA I A AxA [ EAEOAA OxEBDERE

E
O0OUUI OEA ¢i x Ol UbOOUMAREADI OO A
OOAT OFAAOUI U EAEI OOAIO@EODKO@A@

>° g‘ ¢ m/
c

AAOOEA OEo 1T A pwte 08UGARIAENAAI EAAXUE# AOUDBAR A
pwt @(d8 40AT OFAOUT A DPACIT RE AixERC AMEN 10 T AexTT EEAE Ah
| EATT xEAEA T COAT EAUA ANl 8OO AxAMvEA (AT BOBAWRO Al ¢
TUAE x1 11T UAE OI AT EEI Dzxi EAEKJIADNA OANGA WAl xAAITE AATU
EIT i 1TDzOAE8 5 UAOI xQOAAT O MK DAAN AU 1x EBIEOUT ODzZADz OA (
OutT U EAOGO TAOUATTA UIARIT AVRDOBT ABLOERIXS EHAACARQT |
i EEOT Al AURDTIOGOQUAE AT O1 OCIUAE AURUDDZA R | RAIUVE UITOCGA T E
pwqi T T I h DHDOUU AUUI POABOAAOEEE AMABAOCIZA® OUA ;
EoaUadaAA UGAI AUT EAOCO b BDDIOAAA EBO&« A8 Axk DBAEGT BA
DOUAAEAUO AT EA 1T OCATEUIAD AOWxAWDERAOOEAGOBRRA 4 /2
cCOil i AAUE OEd '|'T AT o8 GDBAET EIGDARA EAAU OOAT OFAQUIT
OOAT OFEAOUT & . 4") Q8 5xTAHIBIAOUBE ®hi x BUARAEANMBYI B O
CelDzx1 UI AUUT T EEEAI E)OAJIUAAU'UM@IEE”I:‘AZUEEH @QBEwnt AT * 1T E
DAOIT 11 CEE UanuA AE U podAA®& UNEATIEAGG ATOCUMA EXI O
Ua Al AUAT j (AT OUA A0 Al ®RAAYhp UE 1 117 ODADz xE&UAT E
“ &1 Dzx PEJIT OOI & UWnAN 1T AUAOORABO OEOD c;é'l' Dzx1 Ui | EAE
OUPEE EIT OOT Uh EADS EQAODABRADA ORERUxEAUAT ACI U
E)'I'AEIAIUEXAXIOOO' Ac;|u OAAUVBDIAXIOC AT A 3AEI EAOh ¢
OAUEAICRE OT EEOE AT A C¢ | D& IEIADADDACI EADAOI AUuOU 1
i AEOT mBmd AB UBKIOIUOOT Al AOERODI BUOGRGEE BI UT AT Uh A
ua Al AUI UA Dl ODOAAT EAOWAEx UKEAcLE"A) TEAND AGDAT O
Dl xOUARET DA xEAOUAET E- Eji 3, HOEEG jQAMABIE AO Al 8h
Ol OA OOAT O&FAQUI U ph 4mbhB OROARNAE AdGUGRWDE A6 O
UAT AUl OTIOAhOANMRD DQGUACDIOEA A MAEBAIO T OE 6 ua Al AL
Ua Al AUAIZ maE ATETUAE x AQUITH QWAAE sAUGANITAEA 1T OCAT EUI O «
i Tbzxh CAUEA UaoAl AUT AUu@iDOx0ER UiA OABE O ARAEAI BB
PIiT1TAU OUAODAED OOAT jOAEE Il AUAEO AIESARE Acnp 1 038
AT OUCAT O T AACTITEA DOl OOAOQUAY 3 40h!E0EQ 4FA Dz D ®OUWARA 4
AT AT OTT U UA Pl ODOEBEMEE Ox Al AWA4p 1 OA xUOOADPEAT EA
Al sh®caahl OFEAOUT A E ‘AAEE}’JG)TC)’d‘:()iEAT@@E‘A@UDﬁA‘JAu&axAxi
I ATAxEAI PAXxEAOUAET E El ORmMOEDE A:0x KIADDIE ABDUOET O® O
Ei DIl 00T xAT A U DPOUAAUEAGADKx €AWEAOGUREIGddDOS0EANI
Eil xUAE AT [ EOI AET T AOET B OIDIOUADABABAIGODUEADAUAL
AEACET AciT 11T xA [T EOI AAODOWE GOAAEAx xOWAL OEAREBE O
EOI DzOACT xEOEOUT ODZADz EBADDI ARG DRDA s URAT OoQalion
xAT A Al DOi AOEAEE EAI I>CAORNEAGN jAEHAE AND AEAROI
cnned8 01T EAxAUOD T AAI EADT RAIOE AR Ad G OFREG & A G IDA DR
i TUGA DPOT xAAUEADz Al ABIOPAA I8N ({ ©odR (El@AlElAAD%w
i AAEATEUI U GAODWUIT @abda AKEAPRAUAUT U O1I ACAEa Ul EAT
bl UET I EAS OOUUDPDOOUAUA AT GE®MAA UEEUEORARBEAUDAN
ET 1 1Dz2OETl xU PT ACOOPU # XBEOBOIOOABDAE ABWEEABADI DBXAE
j &, 6#2QqQ E AEACEI EACAOWAT ABDAUha NABAOW oUn Ag¢ AUA
i!"#'¢cq AEODI OOOEa 1 AAIEAAIT AAMDEOHh AUAG AEIAODZA DzE A O
EAOO O x PACGTE UOT UOI HARAT;OHAE GERAITAABOOEUUAOUAI
¢mmxn +AAl A0 Al gh c¢nmnywds8 EAEOUAE xAE¢ AT EAT EA
8

¢mptT(ds8



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

Jelito

Fe'+
Komdrid Fai-
duzowe 3 T
'e'"ﬂ | ré"-“.‘y‘u —
'l Fo'r ) ‘,~
Watroba
Fer;y:?-na Fol*
2 v
Ry c. 2. GG-wne tkanki bi orfice udziaG w r

(Yiannikourides and LatundeDada, 2019)

T
0]

(ADPAUAUT A
00601 xEAU E EI
bl POUAU EAT T
AT OAOT AUOT Dzx A
EADPAOI AUOT Dzx8 +
I AD¢E Ux ua Al AUA
AEODPT OOAOAI U
EAcCi ET OAOT Al EUL
i. Al AADB Al &hn mhﬁﬁki
Ot AMYE POUAU EET AUd
xEauUdo A OEo U /EAEC’J‘C‘J"[IB‘Z]&WME-@
EADAUAUIEAO A
AAOOIT BT O [Be)
¢cnnwd8 [ DEOAT I Of DzxT EAU
ARAOOI B TU UA Dl ODODAI
i TEAT A isﬁ ¢mpcgQs A0 A E

%EODOAOE EADAUAUlUA@lUxadeAmEAEA 8
’TAO@@@@@@HABBNANDO|@Annh Uao AE & REBd ARNEWAA
AT OEOUDPAUET Ah UA EDE 0BOAATAKA OAA IAZGHHEA EHEAS
Dzx OOAT OEOUDPAURBIAIAB AEAEWHA i1l OMI @ A% EBOI

El ODAE j " -0Q x&DbERIOAEAE ( @8 NAUERIpD2E  (
""""" i Dzo&%ow AURRICIBE AHTH DOTAEWE T (U
8h AE GubpdqsO0MANT BAHAEBO EADA
x U ic mOARD 1 AABAMOAG h EADRAMA UT U

i OBMAAD mmA@Aﬁﬁa@TOA
) AK@E&@WN%A(

AQBAUDT ET T U
@DWEAEE ET A
JDd EAEXQURAE O>

e

T
Ei

/%o-x-:
S m

m
O
IO)
‘O
° Fﬁo X Ak >: mv
:Cfﬁ 21"@
— m. g;
g ¢

N
>

N s e s o~ oA s

Q
&
&
|/ >‘
7y
o
=
2
m

>
>
: o
o)
O
>
>
>
En—
‘8'6'
o B
<.
o
&
c o
g\
A
e
cC
b
12 J
M
B

OmOx

o -
O 2> = Do [Th
2, o

JADAOU xUAIl Al ABIGWUA W N&ﬁﬁﬂ@%@@M@BE
| 8h c¢mmipQ8 E" EDT AEAUOREBDEWGD BUADC(

90

=T mMO T OO0
= I Do QM C C/ O T D>
5 0000 BT CO
RO CT T O
e x

o m



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

DOUAEAUDAd EEA OUCT A¢ O E PA BOWAAID | vaiiCEGROAD OFE OWIBAEE]
ji7TOECEOEINTAQ T AOR x O¢ mBHOICAI EUAAES EAI O xU0ABAIT AU ABB< 1 (i
&A1l UARKODBDA &8h 3dmAayd xEaBWAU OEAEAUAEETI EA | AAEAT EU
OPAAUAEAUT Ui E OAExAT ABAI BUIx 4@t i IEOT DUBGOIT ExU

(!-08 5xAUOA OEoh UGATERAN®EADAT AAIDAWAUOOATUAMEA

bl OD2OAAT EAOxAI AUOT EETPT ODORNOAAWIT ED OEPpTAIl}] 3, #
EEDI ZAOOAI EEh EOI DzOA- AdJmo@ds O x AOUUOUU POUA x
I AECAE E1T ZAEAEEh DODOOARI O #ABPAUVATEMEE& 1TUT=AT U i A
i1 TAOAxOh ¢mnt Qs x UAAT AT EA Uo AT AUA U 1 0C/
711 1A ua Al AU FTU0AT OKRAADEUTSIAE QWU ARJTEATAT OOT 11
PDITEAxAUQ DOUUAUUT EA IOEBEAAIDATET -oEMNMOMEAEXNEA U
Ol ATEEI Dzx EUAOI EOQUI T xUNET BEAICGANEAEIEA &IAA OTAICAd EA
$1 AGACT DI UETT UGAI AUAT AAAT AOQUEERIT mxOBIT BRAGT UAE
i OOE AUADz ET1 O00T1 1T xAT UR ®% AUMBA EAGE 6EhA EUGEAT EERAIOO E
Uad AT AUA OUOOAIT T xAQT 8A UBMIXAMDIBAIET -OBMCT ! AAT OA A(
EOI DzOU ET 1T OAUT OEA xAx1T AOOUWHI8Ih DeOErf R I IAEABAT A
OAT EAn x UET OUUOOAT EAh OEIl AQAWUUIN *x AIADUEKRA OAAEAEE
xUAAT ATEA Ua Al AUAh ET 1T BRAOOGEARA dFmw GAA EAAAEOOD
AEACAE OACOI OEAAUAE DIQEIAT EQAEIA DE ADAMBDNEAKE AL A ;
j)20Qq E xUEI OUUOOOEA xOBMACOEAAA DA x UUDALCHN ET
Al AT AT OU j)2%wq f@B8EA AlOI AR £A®E Ol DEAOXxEAOO/
+1 1 1 DZOEE OOAEIDzx Pl UDDBDODAAUEADARBRT g¢6BRT EA!
UA Dl ODOAAT EAOxAI OAAARADOADAR h OO YOWEAOUAIU AP Al
i 4/£2pQ8 01 B DUAIARQ hEIUIXIE &0 AixA UD i EAEOAAI x U
4/ UG AT AUT EAOO xAECAT BATAA AU A OE AGOE A EDNT AEAD @IOL
I'A OAAADPOI OA Al UAExADBROBBEE AEADOT kUBZKOUUOOL
CAUEA Un Al AUT  OOA DEEIAOBIRIOOA EI xBOER OO 0T O AEADE B
Al <@ROUAU OOAT OAcT T ixaj AAIEH o Al AOARIAEAT EUI Uh
OAAOEOAU j34% 0qQq |/ ECBHEI A VO BB poukipgROUAU
$xOxAOO0I ODAET xU OOAT OPT AGAGOARAAOAARADDZ8 $ A8 Ah AU
Ot AOXEA OOAT OPT 00 Un Al ABAT AMEiGIxADODIODABUALCTOOR
AT AT OT 11T Dzx Al AUOT Pi ABLQBT 67 | BEAEOI bz QAEx  AAI
Ei Il TDzOEAAEh 1 D8 Al DADARLOARAGUHx T$A-Cdip BAIAG | 3EAX
OE6 OIDzx1T EAUG TAEBI K EABSABRIFOUEIN il T MzOET xU  EAI
OAUEAE x OOAT Obi C‘)AEA UxBIADDA PPOABROERABOET PACASY
. AT AUO0U UAOxAUOUADA UG AI BT T AAAGIRAEREATI4®%E 0j-U] OF
UAAAAT A E AT AOUA UAAAETARAIARADIAD ®U & WB b ARG T AAQIE] A<AAH hE A
i AEOT ZACAAEN EI T T DZ2OEAERT | ABRBDOD( Ap &N pz&l A GphA EpQuf
AOUOOT Al AOGOAAENIT AT AACKE DIVE ORBIEARR EGAD T ERAOOM UDT UT I
I AxT Al xUAE xUi ACA A AR AQ UQU AECGIAAMA AIADE Ac AE8  : S A
it'T AORxO8n@0 xUEODAEO UEARAIOAH AEAD TV xAITA AT E  x
OOAEFEA AALAPDRNGBE @ A AQACAUUT T xAT A x EAOOUOUI
AUOT UEDPDKE Oc¢AAIl UxEaUAKBCh EWi DOACAh CE 1 Dzx1 &
AT 006 b1 ACI Al OITDVIT UAXKEEUORBDAGRERND A ADAT B DA
AUaOOAREGEEMABI Al 8h ¢mpt QUi AEAAOOEEUAOUOO8 &AOOU
: AOOCAOT xATiTh UaA Ug®HIAMEAAERODDERxWEHAMOOUCET Ul
OOAT OP1T 00T xAT A DPOUAU AFAEABDUOUIAI €q1 KA1 EBEBAE
p i3, #BEAUROEEAT &ih A An@EqITEAPADOUAT xUAE x Ui EAT
AAAAT EA xUEAHOAGI v BHABOSETADBUIAEAAT T OOET xU  AEA
OOAT OPT OOAOAI Ej&E@@ AIOBENUAEQOEET | E Dz oo’TTéAquEL
¢cnmdp g2l E bi DUDAd EAE , #T QCAT DEAGT DWEBRET x Ad Al 8
EAET bl OAT AEAITACI EA | ARAOOWAO UATU Eil IBU 0O O URAIEA OA
i2AEAQNOD AT 8h. EAEQPODzOA HEIGAIDAAEABh OAEEAx AUO %11 T,
EAE i AEOT £ZACEh DT UUOERIExaA ABZA BT xBDIOADKAA AIAETOAAE

91



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

AAOOUOUT A EAOO EOUOUAUWpuUP BEAEBEEBAT OAU UADG AE AU
CATEO OOQGUET EUAT BzOALT UABNWE oob OOAT T xE Rkibl CI 1
DOUAU Uo Al AUT bDPi POUAU GEAIUAY EA BITANGOVER GE@RIT §
DPEAOXxEAOOEA x A& Oi EA 1 ERIOCAQIEIOAUKT AE EFEAGEG £l NAX E/
AO Al 8h c¢mpt (s DECI AT OAT EOxET AE AUAOxI
(T 1T AT OOAUA Uo Al AUA ABRGAGOOEIEE AT DABRET Dzx  CI1 |
x ACI EAOO OA DDA -OEIOA DIBUARAGEAR AUaOOAAUES Pl O4
DOUAL AEAcEA OACOl OEa ARUaUOA AUESG WUaRp AVA#Up AT &
)y 20c¢ "2 I APT xEAAU TRAAIUI AT EAEBAA xOBDOODPOEA
EACI E)IUEIIU i (AT QOUA OAil AT EADERT £ Ay ndi OUx
- OAERAIOAO AO Al 8h cnmyEksUG A2 ATER )ADEAC AEa A
| AAUEA¢OEa DI DOUAU xEaUAREAEIOEWAR) jAICOAMGTOMIEE A
OAACOE&AUIE TA UGAI AT j)RBANRENOOGBARADBEGAI EA AEX
OAcOIl AAUET Ul E UTIE‘['/SEEAHAEQEaxﬁAuma EOxEQh Dl xT MOER 0@ C
OACET T AAE 2 j1542DAAT CAUGTUOANTUMEA % 4EI T AO ANQAT RIpsrh
i AOAAT T EUI Uo AT AUA8 1| 2AAC EN ADGARAAT FEOOUODAEH E
AAOOI PT OOUT 6h ', 1'3¢h | B QCAHIR OGEAI7] ax WEHAE OANEB
j!'#/ ¢cqQ E AUUITEE ET ACEORAKEMUIEE AMITAOATAAERAT BRI T A
Cl(j&@AxEAOAEA DPT EAAUT AODUOD2 BT AUOX TiE#AEOCT EAO Al
be5428 (2.1 EIBGOERABCA 4BOUCOIPIARAUA EAOO DPOI-AAO/
x T AOBAEA o= 542h DI AAGAGaGAU (. AQTUEHIG OR&EER OOE
$-4ph ETTTITIC ' AUEI O BIAAU0BAAYURAIEI TDz2OEEX AQAIT T U,
pT i #AApt! gh EUAOT EOUEXMIOA xAh IxEQWAAEUS | AUEAT
pi (' / pQ IEDARBAOAEA DI EABDOBAIUE O Q%A K T EAGUT ADALU
Ox| EAE oc@®542 j#EEAI Al DOEADXEROOEP D8 OD4d AAT x UAE
"AU xAxT aO0OOUET I TUxd TAKBAE BAUGHhTI DPAcT EAAUAE AOT E
Oa THEOHREMCEA OACOI CEAANAIU DA QEMIJIUAEQI AAOO | 3A
DPEAOXxEAOOEA xEa&aUda OEBAABMAOABGENRU cAQp@BIi +1 O,
DI xET T xAAOxAi 8 7E&AUAT EAT OQAOANAI £AS £AE) 2@AU U
EAIi OEA OOAT Ol AAEs AAOOUOWAAT EAIEAADPOAPE EGBOAADE
bi AAUAO CAU xE)adail BRx VA Okd#s 4RAOCO | UT AAUAT EA DI
OOAAEI EUAAES 2.1 Ei i ODDADLAASUN AAA URAOD AT €A OT |
UxsEEOUAE&aA OUI OAIl Ui DT UET I O UGARRIANBA IxkT NiOGAT
AUOT b1 AUIT EA8 7 EIT i1 D2OEAREGT QM ICAHIIAGES x- BIGEATAUITU
AEAEO OACOI AAUET U )20 EG@IOGmOWI EAAKIAIAUGI ) 2ok E)Xv
AAT Al AACOAAAAEEh A ) »2ad@d BAAAKx AD CAJUBRA AT VET AE
El AOOAO ZDBAGEAWIULhI EOI DEDQOUUBARBEAE A@AIG AUUUT 8 $A:
xEaUAT BEEAEABTAI @ zIMHpAEOAG T A AUOAOAAE Al OUA
I AAEE )20 x [ AAEAT EUI AAGE AE 00 CEAE AEASE "EA A AJIAEEA
i 2.1 UAxXxEAOAEQRAREAE RTABMEAT EA EOxE [T U0A AL
T EAAT AT OAT Uo Al AUA E 1T ATl
7T DbEUx AAxOOxA EOxElI OCAT BUACGEAUAAxAU |- AOOh
Al & WA x EAOO OEAT Eah O&EtAaAREAAAOOEAE IO AD GDrASEh
peuUl Tl AE UxAT AE T O1 AUAAAARADOBAY) x BEAOBd BAD2E AEEA
OP1T OOAAET xEI 1 UAEZHE OxIEQ AEOIUARNDOBAEDT x OOAx AT EAO OAC
AEc UAEh EOxET AE AREOSEAOARI BOGAWY np &U®S
211 a EOxE x 1 OCATEUIEA Ouai MOAGAERAHEIAUAAxAUARO
I AAAAET xAh xUAAI T EAUGAhROOCDAIODIE@RIEx Al ATAO®@EDOA A U
OOEaAAh TAOITTAR Pl AOCNEBEXABUNA OBT EHEIHEAITIGRA 16
OUAWAART canv @Eos Ol OD/ADz EGART BOYEOOKXABADz U DI x1
AT O 6¢ AE 1 OT AU XUT'E®§AEIECECDACCDA vUtrAd AIUA8 U7ZA O Dzx 1 1
T EU0 wwbP EOxE OOAT T xEa ERA®XEIN EEE A 8 A OARA G OIE0ABRDE
OOAT T xEa UAOAUAI TAExiAFJAAEAE() Oa OARCU 6 GDEA DA % BREC
OEAT EE8 +AUGAA EOxEI EAATAUADAT BEOIQECHAND QH @h x ¢



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

Of UET T ~ Ua Al AUA ~x 1T OCADEUKBAA AAMEh EABAUDA EE
OUAIL Aval EITU TEA OUI ET OBIAUAANKAD GIAC DD OIAAA A AT H .
EOxEh Al A OAEUGA T A xkGIAD a&iijwikier AU U TCT B EAlEDizdh

EEAE EAEI IAIUQHA (EiEkeh AEHEQA VRV EAGOh DPEAER AU6C

OA
Uo UABEGD Al 8hi ABKAGQAO AIOA U} oftpay@i EA x ODT O AEA
xUEAUATI ER UaA T A DiUETI Uua Al AUA x 1T OCAT EUI EA

Wplj"“' dawstwa krwi na zasoby felaza worganlmle

_/ .—/ } \\ -_q_\“

Utrata elaza Wplywna Oudniowa Ryzyko Rekomendade
) podezas poziomy telaza zasobiw nledobor dla dawrciw
"--..,pﬂl_iawania Imn . W t_rrgnniar_lﬁa ?elam? _ telaza b S ) _lr.rwi_ )
Oirganizm zazwyczaj Dﬁﬁ!" Fﬂﬂllllﬂ Tmie Zaleea ste, aby dawey
i ) potrzebuje kilka typodn Dildajace Krew, krwi sposywali
Katda donac)a krwi Po didenin krwi, o ilku mieslgry, aby szezegllnie koblety 'aréwnnwp:mna diete
{okoto 450 mi) e pnzlo::L cathowicie vrupeinié w wl&km:ozr.n-dm.'m bogats wtelazo i
prowadzi do utraty umﬁmﬁl' I mmf':' eddaniu 1 WERE Carianie, mo gy ewentualnie rozwatali
okoto 200-250 mg :r?::im iema:;q ' E‘h"mz'ﬂ i suplementacje telaza
HAFAEONE 4 FOTWG| =
telazy sig Tmniejszye; Spodywanie pakarmaw niedoborn selaza | : k]:okonmllaru‘ii .
) bogatych wielazo [np. anemils ] e L
Czpste lzu_-.'ldawame To 2 kolel moge ceerwone mieso, ryby, : jesli ncldallq krew
krwi mulr.ta prowadziédo drih, rosling stracchowe, Wslazane jost regularnie;
prowadzicdo abnitenia wielone wargywa lisciaste)
niedoboriw delaza, — oraE porkarmbiw O L Preerwy migdzy
Siﬂié,gﬁllll.&llﬂﬂflb, i I'leom:wlka wapomagajacych jego j.'lﬂ:!lﬂ-l.'lll.li&lﬂ.‘!ﬂ I donacjami pqwin[u,- 'b:.u:
ktdre nie spodywajs =rryLyny, bla weldanianie [np. produkry hemogloblnyu odpowiednio dhugie,
wysta rmiﬁml iloéci u'agailll;"ujq'cEE“ 'h-ug:.te W Wll‘.:lﬂ.‘lllq 1:] mlﬂmﬂh dawcow ah}. PMW'I{'
telaza w diecie, ez, mode Preyspleszye ten krwi przez stutby organizmowi na pelne
proces drowia. odnowienie zasobow
telaza
Ryc.3.G5- wne aspekty wpGywu dawsrgamiamiek r wi na z

c8 &I O U I Al AUAURUKUNDBBABAE UA OPi URWOUBKE
[ TUalT A U1l Al AUDZADz Ax A OTODU AJE A QUAAT ADEARR Tx UGRE UANQ
EAI T xA E TEAEAITT xA joééEBﬁU@“AEv’\ium DeQrii ¢UI8U © U /
: SAT AUI EAIT T xA Ul AEAOBAOaGEBAI x DOER O DA U ik & Ad
DOl AGEOAAE UxEAOUSAUAENR OGAEEAR BABDI T E&GI AEAOAD
E AOIDZAh Pl AAUAO CAU UREKI AUOOY PR EADBAE PA AU AA A
OE6 x | x1 AAKBh MABALODUI Ex AOOQEICTARBh ExAO AOEIT OAEI]
I OUAAEAAERh DPOiI AOGEOAAE AUAT UEEEBAE AEADA@UAIUAN Ui
pwwx d j OUA8 1(Q8 S A1 AUIA EE Al 10Ok PH A DARA ERAR E ADA
EAT EO xUAAET EAE 1T EUO UikcklpAdWin TTEAGEAITE ARO | 2 A BDICELA /
AO Al 8h c¢nmnc¢Qg8 3dzZAEOEAUET EABDUAE & A xAKEICEAA TEEAA EWA
U AEAOU EAOCO 1T EAUASATBAIAOABDO YU pAd OFBAA GhE AADGRA C 1
bi UEkIi ©1 Oi Al T Ui UAEOAOKAEEBADZ PEAE @3AICHA O AUAE
OUUUEA EAci TEAAT AT O08 AEAAEAR AAU OOOUUI AADz C

"ET AT OO6 b1 1 ODZADz Ok¢e AINOEGAT P E ARG WA A ERARA Uo 1
EAMAE® DOi bl OAEA OECAAKBEEDBZK EAABDA UPDUBGABRUE Al
xAECAT EAT UAE E xABEOMAKEIOWk ADUREAMNT AT OO OAci 1T E
T ACI Pl EAOI 6 DPOUAU ETAODAOEEh AMOAQBAUOI Dzx
EAITTEUCEAMBUAT T h URECADEADP EVI x

©
w



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

Zelazo w Zywnosci =
Zelazo hemowe A Zelazo
~ . nichemowe
—— sk — \‘
i e
Zrbdla Przyswajalnos¢ Zrodia Pravenaleinoit

Zelazo nichemow mni rswajalne
Wystgpuje Zelazo hemowe jest lepiej przyswajalne wdovspesnci bl

ez organizm niz 2elazo k ;
wylacznie w przez organizm ni2 2elazo niehemows; Wystepuje zarbwno i i Ty
prodnkmch 3 w,p_rOd"k"_“h % Przyswajalnosd wynosi okoto 2.20%, w
pochodzenia A e = roslinnych, jak i zaleinosc od obecnoscl inmych skiadnikow
= zaleinosct od indywidualnych czynnikow | zwmrzqryr.h kAo Yci, A ORis Wl et s
IWIerzgeego ogolnego stanu zdrowia weklsaiania

Ryc.4Wy strpowanie w ftywnofFci
oraz przyswajalnoFL felaza hemowego I

13

7AECAT EAT EA U0 Al AUA EOABRERION diAoaU<EMUOGESG T Ca

CeibDzxT EA DOUAU AT OAOI EUGWDZAE Ax0Ol ADAUEAU xE Al
CiDzOT Ui EAI EAEEEAQA 8UD IDEOEIRAG MO0OMEA AR C U0 Ok d41 GOz,
O AUcT xEAEA TEA GOOAAXEAEAXxAEEOOAI U EAEAI T xAES
x UAAT ATEA UGAI AUAh EACAUABEAME EEATTEGDALE éA‘t;'EOl’E’E
El OAUT xA UT AAUATEA Al AxODOQUDAT BAODKBzT | WAQEE A
OACl DPEAOXxEAOOEA x 1 OCATEAODEAODAEOIORAEADAT AW BIhA
¢mp1d8 4UDI xA AEAOA UAAESIAQIEAODBAERBACI KAQEAT
Ua Al AUA TAT AnmOCEABRUN | BEEBAD BAAUUAE Al A UAOIT x
AUEATT E OUCEIOAQI | EEOROCBEEREEEEA Pl OOUAA U U
i *T EZ@ITAT AU AT A ' OAEATI Wi ODAg @8 GOGEIAIMER APOUA D
xUOO6DOEA Al wnb UNAT AUAMOIREAB AICOENDIOH) Ji10EEDDHOE
I AAAT A x UaUx1 1T ODAE % DPIRGEGAALRE AET;I5EBICA E®OA DI Arip I
A  EACI x AECAT EAT EA  URBKXADDUT hi A¢ mAouisi EGT DzAA O
AEAOAOQUAUT UARET EOC EACII ODATBOUBEA j1)Qq UaAl AUA A
AUcT xEAEA8 UOADAUEAOCDAT Ak A OEIADOOACI i EAGEaAAA |
xAECAT EATEA OUUAET E ©OAOBAATEERE BIDANAGIUVAEDA U
AUUTTEEE AEAOAOUAUT A8 T BAINIAXUI a G AF A XIAET O QMAIET OF A
prtb UOAT AUA x AEAAEA | &l Al BIEQTATxA a"0A A ThE AEGiuv N
- AAEATUEA AT A ' AOOEAERS$SKnAVLA8 1 EAEE AT EAT BRI x EA
Uad Al AUA EAIEIAIAGIACEEAT EDABBT AOOO [ EAOE®SAU x UT 1
I AAUxA OEO6 UA DPIiT Aa Axh OBEA OF DUyt BFAERAN YA E ST A
TEUITDzx 1171AEOI AOT UAEhxERADI AR HAEACKE 01 BO Al
OOAEEAEa Al OAE BiA RE BBIxEH OO0 EDI (1TAD0 E T A AUEA
Al TTx1 xAECTT E6OA UXAIODDIODAFA TG A Ax UT iD@IAU B AIE
TEAEAI T xA E 11 Ca AUADz ipAICRIAIU B ATAQZAARX E AEDYE A GE | Dz
I ACAUUT OEaAUIl EOAj{l' (B EAMOIx @O ARBOGQq x AOOI ODADz 2$!

¢mptd8 OTUETI Ja Al AUA B A WCECAA ARUEl GFhA TEE AQ T AEAREAR
Pi UG UxEATEA 11 Ca xbDeUxAADzI ICAADKQR@I Dz AR All AATARA A
x EAIT EOAAE8 011 AAOT UIAIE*xOAUAGA @ TBRJUE AEA AUETAK

94



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

2$! xUTTOE ¢ I CFTrAUEATDAOAI A xARODDAOUBRMAOEAR UAC
py CTAUEAT Dz Al T ERAEAGEDIOHN DIAA EAT xAT AE AEAOU8
pt CTAUEAT Dz AT A EAOI EAaQBAEATERARAD BARIADE WAKEE UAE
pydB EO UGUAEA E w I CTAUBRAKIADRO0RI A EEAEAOGAT AUUD A
pPy8 OITEO UGUAEA8 21 Dx1 ERACI AxXAERACEAQAGRAT UABAx
OT DzZUG T Az Ax AMO O4 AODAAEEA OE AT BEXI AAO 0T 6ODZAAEU IUJTWE ET Dzx  AAAAT
xUT T OE pt [ CTAUEAT DA Ai RUAT BxAECAREAA OEADAEO AT E A
xEAE@ ypt HOhT AO E DI xUORKRE vipsE OQOjAMBAEAHIOOAO Al
UdUAEA xUTTOE 1T AP xEAAAEIAHE HADACTT MERLOXEA OOE A
ptd CTAUEAI D ABUEAG D8 . EAGOTIAD DO UG AN AWNAT A T Az EAC
xUOOoDPOEARh CAU UADI OOUAADxADBAODAEAKEQI OET @O D;
OAT 1T EEOI PEAOXxEAOOAE TEKEA RAABHG UAOP] Ed ET BAM ABI
iTUoA DPOT xAAUEADz Al DOIVAOOKIBIDzXA UADIDed IOH UA K Al
YT OOEOOOA AT A53AADME-AT1O0I DzE x EADIT ODAET xAEh AET A
I OO0k Ad ©®Op 8 b1 All Ah ua A POUAU Al OA
: SAT AUT  EAIT R POOMACHAEE pinE6 OA UG Al AUT AxOxA
xEOACT ODPT UOUAEA UGAl AYUApEQEAODAI ADEABOKBE &8 ADE
T EUO U0 AT AGx AEICEAA EEANIT TAx AT UBIxTT ODYAE 1 b( DPICAWUNG A
puvl x UxEAUEO U AUUI xBAEDOBROBADA UMEADABNA AxOx
DPEAOXxEAOOEA 1T UGA OOCAT OKEBROOWA UAIATI AnOABC EH( |
xBA@T xAECAT EAT EA U0 AT A REKIKAD®IOF OO Ef « B0 0 DOIE
AT A %Cl Eh c¢npng8 :SAI AOT UPBABAUI kA @i DBEAEAOOK
UAOT Dzx 1 1 X UDOT DA AAEAS AWEA OUSIAQEAEh UT EOORA ADE  x
Ol OD4 ET T UAE j OE8 x UAIT BaAAQBAUIAAOT DET EOWEAICTIAAE C
xA xUAT CAATTAE x OAT 1 kOl DARAI ARDAUVUGDKAODDABEABEH
OAEEAE EAE x UAT CAAUGAUAAET AORT QUOAEUADPOUAU EI
i -A$SAOIEA AT A ,T7aillAOANI Al Addp AEREGATAAAADT CDREOE /
Ua Al AUA. x UaUxI T ODAE ABEAN A®OEBBUDEAL & T A UHEARCA A Dz
AET AT 006 D1 1 ODZA DA DI T EAXAHHAE QAGURAT kAEBAAEGMCT T
i EEOT OECAAT EEA UAIT AUo UDPTTBAOURRN EEGRCAUOT UBBODKAR A A
DOUAAA xOUUOOEEI I A BAECIAA AABDAO8 ERIOGDAURAIOBI E
UAxEAOAEa CcETDzx1 EA UG AABWIT HEADBAT 1x0% Ux AEAABAE
EAODIIAx AOOI ODZADz OACT DiH MGERAA ATH A DERADAGE O ZGAOLI
xUOI EAh EACi xAECAT EAT g OUABOO QBEOEEA UA xUCI 6 A
TA ET OAOAEAEA T E6AUU 1 EI +kADUaDORIBROABI AL x| WIDADME E
i 200UEA Ao @A hUOcAIA W8 AXOEA IDBAEA 1T x ACT x AEAAEA (
Tui | EGOEA  xUOO6POEA U Al AIUGOAIAEEAE ERT ©BCT  j 4A
" &1 Dzx1 UI L’JDZO'I DzA ¢ Al amcmimé\él@ EAROOEG OMAEA O xTUl Ax ODT 1 A
AT CAOA «x a Al AUT  EAI T VAMRT BOADZOXOXxEAOOA x BEBARARAO
AETAT()O@DTA j#U/i\ox‘l'qTaaEAA/E”/'x H GRARD U x £GpdxUi B( U
#UAOxT 1T A T E6OI EAOO AgEcAn[mo UH A QD20 DR U A UAT 1

ua AT AUA A1 A 1 OAUE .xA O OMAEQTAAEOC OO TELAXLE TE 6UJ UAAEE 8AT A #
i EAOO x EOAEAAE Oc¢tAAl APOBKkOREDEGBABR BI Dd UEEKRAOD:
AUAE OEo¢ ODPI Ud WARL UUCOA IGMEEAE T UDRIBREDG AT BAMAU x1 1 1T UAE
EOI DzOA UAxEAOA CdiiDeAIhDAT DUEA AQOI AT EAR £ A ODOAA .
AU 001 xAECAT EAT A pmEI ELODAIES | TAEANEAGURAGD pil UG A&l O
i ETTAOTATT AT A (OOAARIATI AT @Ay AU @UBO x | BFEEEACG G AERA
41 EAOUR ¢mpx(ds8 3DI UAUAEAI ®i0d AOEAT Bz AbDA £OAODRE [ 1
Gl AUl EAOCO EAAT Ul U ¢t iCo2All Wbd OAAR U EELuch&lAlE/:vA B
EAAUREOAQA DPEAOXxEAOOEA Al O0/OWAA EQIiDA8] ' Ol AA AO |
I DOAT EET xAT 1 |EAUTA A A

18 #UUITTEEE AEAOAOQUAWDAUxHEHExABDOHAAOEAOAET I xA
AET AT 006 b1 1 GZAITIAAUTAURBOODOD ARABARS xEAAAxTT +EI EA
AAOAEIAT O OTDUOT UAE DPOT BAPDOAREA @D ITAWEU -OMEA A i) ATU



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

DO[AOEQTDzV QTpDﬁE%bEAﬁgﬁﬂ@%%@qmgﬂé~ EgAQQ,Apﬁ
ET UEAOAAEERh [ EaU0OU | xxIHD3AtNAT NAARO EEAQ EAPAET
| T OET CEQh | UoAEsCEAQ (BT EA EQUAIN ABA ©1 AO T COAT EAUAE

G EAODZ EAD GASETIHDEOEE DOOA UIOOI DZEx AODT ORAKT xBCAD x LA OF
| AET Dzx 1 OAUEEACAKIEA EOBOEGDBBALUEACA OAI O EAI O

i ¢ mdA@OT &Eilx AGBEAAT ET 1 1 DOES KOUA xAEcQJﬁR@@AEE@?
# AE', Al UAAAAT EA xD¢ Ux 00 EXQBADI IZEI:‘;BZ);EUMAQAIE'(@(IWII&OB UEKX&EA
OUAUAxEAT O O1 AO E EOUAEEA@OA@EM@AEWLM@[ Q&AAEx
OdB ODZADz Ud Al AUA TIEGEAR 1ER £ OT x & DIl A AAMHAT E8
Czynniki dietetyczne wplywajgce na
biodostepnosc zelaza
Czynniki zwiekszajace / \‘ Czynniki zmniejszajace
N _Piodostqpnoéc’ ielazq 3 / ___biodostepnoéé ielmi —
= T P g gl
" 'f \
Wiumhuc(lnlwu K‘ll.\:l’:l':\.vk::\:y ; C::’O:‘::‘i‘f:: Fityndany Polifenole Wapn Oksalany
askorbinowy) organiczne nwhu&« siar k?
Produkty
Cytrusy Prod 3AE05h ol
(pomaraticze, rem:‘:ntuok\:'zne Mi by pe!:o;:amlsle, Herbata, kawa, m:I::::ty szpinak,
grejpfraty), (jogurt, kefir, d a0 Y : on:'a,. AT ST A wapniai rabarbar i
papryka, brokuly, kiszona rob, jajka orzechy i kak:::i’:'l:tore wzbogacone buralki
truskawki, kiwi kapus[a) s(::::::”;"e y produlty

Ryc.5.Czynni ki dietetyczne wpGywajfice na b

7TUEAUATTh UGA AUEA

IA AAxEE j $AOEAOQOI

UxE6 EOQOUAADz xAEGCAT E

I AA OECAATEEE 1 AUOU

i #1 T E AT A 2AAAUNR

001 PT ET xi xUOAOOBA

peuUl 1T AE & 0Oi 6¢uU

TEAEATT xACl AT AAxA]

ExAOO AOEI OAET T xA

i csa T7UEAUATI Ol Dz

AOET OAET T xACT DPOUL

UxEBEOUA xAE¢AT EA 2200

EAAT AEUGA ExAO AOE1qu(| oyl EA

Ci AUET xAUAODd EAE EAOC A\ POUWAD#1T DAL
ATA -TTOAT R pwxxQqs 7¢é& \LAKJ.IZNE%AAEF:@VZMQEA J\AJC’)EXT OEAT EA
AEXACI AT AEAOU 11 UdA >AMEOA Ag; AGEIE OAUB O X & @A QI C
x UxEOEOUATEO xAECAT EATEIAA OAG A ANBAA] ACH BB EAUE A& R
pi i EEAEaA OOOAT T ODAH OBAARTI OREBAA Ok EacUkipids (A
pouUuuci O xAT EAI x AH EDIOU AAHIDEHWA OOOI 61 E AEOUI EAI

96



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

s A s s N~

AT AT CAT T AE AEEOAUUh AAU UAI AGABA T EABDA | BABK UBKDO I
OO00T E6AEA xPEUxA T A xAEOAT g&AN DA | BE A0 QXAE AxQAQ] Bl AECh
UadA xAECAT EAT EA U0 AT AUA AWRDU UTARERT BIRA TUMBASAEENU T8
x DOUUPAAEEEOBDEEDO8 46GAAGAR EUAG-8 1T Ul xET EA E
jempoq_ DOUAAT Al EUT xAl E2 EAUOH DA g it w @&\ AGAIT IDE AAA T 1 A
| OAUEAAERh T AATEAEAA xDABKAEEOADUI OBAREVDRRAIOOHO A
171 ODADz Ua Al AUA  E AUT EO®T $ii QUIER ANT xEED OEBAIUDKRUA
xObi I ACA xAECAT EAT EA ©Oa Al AUAI B 3AUOAG VO Al
Ppi OE¢ ET Dzx Ai CAOUAE x PpIAEDMBATEIATA | EEal WAI AT T OD
bi OAT AEA] EBRAz BABOAX EAT ijAx | IADC T A0 Bi x AT EA ]
xAPT EA E Al OA&I 00 | 40IAGARE A® CAIl 8T ToapAds
$AxET UAT AUoT uh EAI OEaAWAxDG U ARG OO CA |
A xAECATEATEA UGAI AUAMEBRIOOOAE A DDBBIAIT UL KD C
(Al 1LAAOCA E EI8 jpwypold Al A% Al K hht EOA Q]
AOEEE DOUATTA AAU AEEOUN @&a\iozx JEA AR T QI EGHBIxEH
AAxEAAE AITA {q€@8 7UEAUAE KEODAENXA ODAEAI E -
EAl OEaAU xbeUx AEOUI EAEQR] AUAA &AIOF OTTEAR
A EACI EI T ODAE x IAQEEAABES] 101 ABRNAOOGRA
EATT xAEU xAECAT EAT EA UdchlcAhWs Ix|p AR EOH X fbikd
OA T OEaQ® 6 ®AUUYc AAxAA ~xBEERAUREARO UaA 1 EAEOI DOA
xUT T OUaAAEB umAAAAT EO OUAAAEEATAEIEE EAR|T &A
Ol Dzx1 EAUG A©ODCEUAOCEEOAETJgx AUARE 1 AO0I 1 EAO
OOxBWAEDAR UDA Ai AACAE E3HEQ UBRKT GAENJ AR GRE
DOUAAExAUEACAE  EAT OEaAMIUO AUcRE UEN EEAEO
AEOUT EAT O j (Al1 AAOC AO pkiaAdK Eg&(@@(ﬁ(}lﬁpjugéc}z
. 5xAUDA OEoh U0A EAIOEadMe P ce) e /A QY
| AxAECAT BCAAEEROO *xUT T AOUBAGEIITY % nh_ vn E
AAAAT EARE TAA DI EAAUI ABRE D) ABS BEbiAL 4
B OTDzxT ATEO U AAAAT EALKREcIAA & ATEERRE TU A Q8 O
Ol ODAET xja EAMMORADO4A] 8sh .cAERRD AFEOUT I xU U
DOUURAAAMRT EA ACERIAGHH BRE AP 0] AT ODABE AABAS
x AEaUaU DOUAPOI xAAUI T A POSAE clop(EA OAlE
LempeQEAUACT R - UGA - 0PIgyq didih i | FBOYlaR/IAQ £

x A G 5 A0 <D i
ET1AE ! QicAtp«ulg ARIA8 Eh UGZQQR%%AU@@C?%%%?'AEEOTWW
OPT UoUxAT EA AEAOQU A'rc;q\%)iﬁ E X @@Qp};g’gﬁ:
Ui T EAEGUIAIDDE 4 AU ¢Ux ol AN G A OT B
T EAT EA Ua Al AUA EATT g i AQA! £ EkOPAERE
1 EOEIEUETBDIUAIAT AUA I AT Aly] (HPPALE BT
j gmpwq AllEAODA JOB 08 AT B Ao DL A
UEAOT EOOACI U 1 A0 LDHEF | pid Ol
AUB ODZAE AACEI xE Up TARAEE BB .b'AJré
xDEUX0 TA 00000 AT SRk BR A |
0Dl Ua UxAT EAI  AE g AJ] EAZEQIQE
UAxAOOT ODAEa OACI é g ,%AUEO %%
E Els jomnmpd EAR Braehoxi A bl
[ x OEAT AE 00T AET | LAQURWY EA "0 ] A
Al UAE Of AUAET D HADRD T EOE EAE N
Ol ODZAE AEOUI EAI J%ﬁﬁ?ﬁﬁ.'{.&@“é i AA
AUEEEACT ~ OUDOh. PFU e A XYET EAEQUUA
EOEOOUAUA UT O00A %ﬁf& |84&%AEAL
Ga Al AGA 1 OA %S4 . APAUT [ e B
xbeUx0O 11 AUAEET '% .LJ%%A',T '~~‘§E5§“Eé§
UAxAOOT ODAE AEO f A0 BT S A K EcA
ua Al AUA | - AT AT U ¢niitp q



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

AOET OAET T xAcCci E 1T U] ACAAEAOOAEEk I ADN CQIIETAMKEOE
UAR ODPIT UOUAEA PITEAATTIT EERT AE®EDI 8 OREWCE IOIAALIABDA A
ExAOO AOEIT QAEIDH ADCIA8 OBTTUNUATEMAEAOUAT Dzx 8 7U1
ExAOO AOET OAET T xACT -1 THOA GTAGRE PODOBANBYXRBz | Eo A
UEAECAADz EAI OEAAAT O xPCAxXAKIEI AR E QGEGUAITDZI
DT 1 EAMITTUIR SAATRAE ¢ AT EATPE AV EDJURIAAUEBIA ci1 T AETA E
EA| I xACT h AT A TEA I TARAAGI oa@@A”Mm@ém&\D&T A

E_Aj @GR4 O xPEUxI xE xUO'&ABAJ})Af_T EAaw@BADBDDzZAAU Ol EAX
bi 1 EAARAG EAT 8hA Ad EAAQ-D OAURAIBIOT EEA BT EAOI T xIAICAU AEA
x AAUT T A DOUAjUg nqmﬁ@\AHAAﬁlEtBlEauAAEcA 006 bPT 1 ODZAADz E x A

EAOAAOA AT CAOA x Dl il EAEKERAEDEI UEEA@@L(D@\@\&IAXAEQAQ

C

T EAT EA UVAAA ARV AN TAEQT xUATTBERARAT AT E pBEAWADOI x AA
OEAOAUAT Al ua Al AUA 1 OM A ERI é&ATAAb AW A AA UAD-GTU x (
vgcb O OAT ACAIEOERAEBA AGUA UT AE g"i Ax ¢l DEEA

, AUOAJEG E@_;ﬁ@s@é@r Al 006 bl 1 DDABAAEAD v ¢cOiu AO
U .2084! Al AAT ACT Al E)IE)G)EU(EEUIOD&XEA&U CMEUEIAE,A.I_S@BI‘IHX‘/
| aEE DPOUATI AE._"U Of Dzx- T/ KOE GU IAEM QJ0ARA b | TABAAIOE QA U
B

paau
Uh CcOi U AOAA

xEOOIAOMDAEhR OE ET AEAO U Dl BDOAIXEGRCRAOOKk ABAEREAT EA

APl AOOWLRIUD & thx@ééAUi\EEiaxAlE/&(AuEAlEA Ua AT AUA T EAI
EAT DzOEa UBRI EOaDzGA OB A OEN &M A AER@A O CAT 8h) E A x QAA
Ex OOGC AT QAT I DI TEEATT T B AT A OBRUBAEE Al OUAU&aAA (
AUEAT 1T EA8 7UI EEE xUEAUEd@kDElﬂLﬂM)O@WAG\CUL‘EAE’EAo&&b@@A
Ui TEAEOUUCET xAECAMEAT ERNCBiI AEABA U0 AAEAOI ET A TE
DI TAA wyoub UAOIDzxITT -0 UERABAA @ AT BAAtPAE HI AE
xEOOI ODZAEAa ADPI AOOUAUT aGEOEAEOURA UBMOARBREA EIAD GIEA EA «
T EAAT EOSSEOOAH AODEAEA AAOT OB AC AAG AIACUA UG AT AUAT  EI
bi OECEIDzx 1T A AAUEA | aEE BHOUA FFAI Al DEA GAA

gi
:
i
2

EAOAAOIUEIACUIE,@NXOIJ EA xUUO OBDAAOEET ABERA POUAU -1 EAI
U TEAATEOXxEOOI ODAEAEAOTADPGEEUXAEABDBE UD UODA ETC
T EAAKEOOT ODAES 30PIAT AxGAOEAUAUMEATONIEA & Ac OCIT ¢
E)I OOAABL$ 41AGREA 1T UGA DPAUABEBABEARUADAD CTUA ATI AT
UAEAT T ARAICE OPDAEE OACT DPERDXxEABDOOEA PBDWARAAU DI DOAx 6
PITEEAATTT A U EAOAAOUh J1TAURIOE xUIT EIARA EDIx EDIOA-IODZA B

ADIAOOUAUTAEh,QApgA AAOAOPAEAONARBT AUAT D2A ODI DEA

UxE6EOUT T A gh AUGAER]8AO MEOUxOEA& xAEEAl EAEEGH Ada /
"CITTEE PI"EAQIIEBEUSDT EOMONH GO (DOAAET OUAUT & xUET 1 C

EAOO EAAT UI U cCc¢l Dzl UAlEEE(I)ElclAOAQAElEHLDszUOEx@z@AH@Wﬂ
AUo ODAE O1 ODbad ETI 8 * AOO EIQI DXOADKE AT DZADAEIOCOMA x EARDE
xAECAT EATEA x EAI EAEA ABRDEED AUBh xEAEAQqE&E D# &IC
AACET xEQOAE 1 OA AU6ODAEUAAREOEAODAE OBDEEA &¢ AE-A8 A6/
COOAUI i SEEhCOANpAQs8 AT BAMABEAUG Al AUA PI DOUAU U
AT A1l EUOEaAaAA UxEaAaUAE [ HRdiAQA|] AEQAE OOsbBd EODABERz P
Ua Al AUA A UAxAOOT ODAE &b 1 AOIVIAUE DO ABEBAOPIO* A EIEA O
xUEAUAcU 1T EAEAATT UT AAUT AAUT EE & UAZEA T} @ABDIOAA D hA ¢
cnnmwd8 . EAOAVDPOOBEUMDMITEAOTAR®®T EEE AAAAT Dz OT DzUC
EAI OEA AET AT 006 b1 1 ODADRAIIARG AOBKallPEAs x AEAANDAREA A G,
OT UPOOUAUAI TIUT AREOUEEx BEAUY xRAET E TEAEAIT xACi 1
x AECAT EAT EA Uy "i__oaamE)AmlﬂzfémlElomWE\AU|A/lAaoc; E EI8 jop

AOIUIA AE TAgoinat  ji O oxoAEp TAEOM AjEx AET T OF
agA xDAIUADN TAE T TITAEEMAXEE  A&EA
XAECAIXIAEICIAAEIA(D[EAJUAAUAAUAE | EAEA

s A

I EUT AIAXTEEAU Al /E
EAE
(z& -UbBAOOAAE OEAOAUAT 6qh Al A
EA EAT T
C

bi EAOI T xAcCi
AET I AOEAOU mIixE OAUA
xEABGOEMAAT EA | ¢ U BAIEXITATEEA Bl EVAOIGUAL |

ATl
x Dbl OOAAE AOOEOITI ECI OCARABAABAUBODT DA HDOOAT EE CIO

98



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

i x Dbl OOCAABI BREA
vi ¢ Ua Al AUA EAI
EOI DhEEBAEQOOAI
AAxEADPI xEAAUDz A
x AECAT EAT EA UdAI

@'lﬁ)ﬂ X AOH CAATEEAMUIAE AOT EATT A AEEUET |
x ACT j xUTPAAQGAMNKEA BEAG T £ 1 Ix BREK DA EA
1T 1T AOI OEBDOI DHOWIUAABAE UADAOA
1A xPClUGOAT ENDERBA j TAI EEAAAA Al
A

A EAET KAEEODARA | ABOICT AOE AHI8Ir

E
:
i
A

pwwph pwwod8 $i xi AU 1 AD&BAMDZARG®D BMOEIGA EACI
xAEéATEATEATM@Ml@wwmm|mMDwxEAAmEW||UAE UA -xAEE¢
(AT1 AAOCA E ET 8 | pwiopDECpkédc «x EAABOMSME CH TEAE
(OCEAO E EI8 jpwveqh (EOIDIOUANOAAEA xoprmidBi xAl E
xDEUxO xAPTEA T A xDPEUxO I QWO ntptotoh BIAAR ADizE h AL
AEAOUR A DI 1TAAOI xUABOCAOEBGO ATNAAWERCIT Ax UAT C
bi AOOAxEA DI EAAUI AUUAEx BDOAJEKIEd D88 | AA QI IARDED x U
xUT EEE EAAUT AEDT DAOVA AT EABA EUA Ua Al AUA O ET AEA(
I EUIl xAET xB&Ux xADTEA il €EARN QODOAE Xd AE ANVGA O BIT WX
xAECAT EAT EA Un Al AUA EABNIXIEAMGIEACK BOTGORAED U
OEAOAUAT O0q DOUUEITXATAQKQHAIBB@D&IAMN%@@%EEDT
TEA PTI OxEAOAUECU EEDI ORBQIT EAUG AIAAEAI | #HI0T A OKD®O
Al 8h pwwpgs8 7 AAAAT EOUADAREDADHE: EMEIGAT AGitp pAU
DOUUEI T xAT 1T iea AUAEIAE pn@Db6 Yo OUBEA OACT [ EEOT Al Al
Ua Al AUA TEAEAITT xACT 1 OKE ALt n OOA OO0 EOA EHA AoEyk G AQE &
Ua Al AUA TEAEAI T xACi 8 "AWKGAEGRAESIT EGIOEOIABA 50 OAEA
x UEAUACT EQUABREE AAWBAARTAI G®@ICIUIxOAT Ui 8 7Ul1 EEE x|
xADT EA T A xAECAT EAT EA WIAAIEAUA xUBAEAAT ¥ ACT | ORAAI
EAI T xACT 8 Dl POAxEET OOAOOOO OAcCi £
$1T OUAEAUAOT x A xUTEEEEA@mAumA@ong@Eaﬁzum@AOE
x ADT Dz xDPlcAUxx AEEC AT EAT EAAIUGBIT AUAT BDATEEGUAREBDh AFEA E OB
OACcOl AAEs AEACAE OOAT ORRAQODOOP»ADAK ARINEA ABJTEAWA
AT OAOT AUOAAE j,1al11 AOCARAODhAI @mp G c qRAAEAIT EKWWE E
OUAE OAAEAEE T EA EAOO xADPDPEAT B nmbOiptGl ERACUhirt Al G
I EOAOAOOOUA UT AT AUETT T EAODEIAET U0 AIOADAAU U EREDIT E
x UEAODd EAT EA8 3O0CAOI x ADA OxIAEGEAEU Ux URATI TCLAIAE A A Qi A OF
AUEACAT GRaEA xADPT EA 11T D&EAT AAUDIOH ODEABER BixRANODO AOE
ETTDZAT xUAE AOAPAAE OOAMODPITQBGO B &l 11 QORIEOEE A
OD4d OUI DzxEE Al 1 Ol AUA ©&IAT OREh AEAET DEx EAU UK 00| U A
Uua Al AUA AT OOAT a OEo ADUEIGETWEZ TWBWET BAREATUmANT AU
ET T 1TD2OET xACT h DPOAxATI PI AEAREAOAEAORQDAE &AL ODPOAT /
AxEA &1 Ol U UGAI AUA | ABRACOT MEAJOXEIARBEROIDOWUD A,
ET I 1 DZOEAAEE GDE AUTAAOC AADDIAHMhE pbed G CAOKIAEAKHR |
* AART AE xUT EEE EITTUAE AVWARAITADYADT O x E AOA BEdE A A DRIBAC
AET AEAUO EOOI EAEa O1 D2UGAIUEA A T x ¢OAA A EAINOARE OA 1AA) EL
EAT T xACi E TEAEAITxACI Bi AADAEAT-EARDDTEEAM OBBRABAEOU
xAPT EA 11T UdaA xUOOaDEADﬁDA%@MAO &wmu&nnummx Ui
x AEODZAEA Ud Al AUA Al EixiEoEOONA) ®@DAUAU i D&xUAEU AET PAG U
EAI A% EA OOAT OPT 0006 OAQETOBE%@@HE@OB@u|xUI ¢ d
i 21 OCEAAA AO Al 8h ¢nnu@8EHSEDPAL E KIAEGAN EIAE & AE AUD
x DAECTE UOI UOI EA¢cUNh - PtAd EIH WEIVAAUOKLKREOT AAET 1 BDAT
Oil xAT1T EAI OEaAU xbcUx xPADKEAADIAEAARIAAIxAEC AT EA
006 P11 ODZADz UG Al AUA8 "BAEEBRIAA THB AAXEES ¢3tpbinA
xUEAUAI E [ EATT xEAEAh OO0OAI AfADICDzq UET EREBUDDOT A
xAECAT EATEAp W AP ABA 1 hipA) AHARRTAMEAEAUUE AO Al 8h
xPDeUx xADPTEA OIDUOTEE OE&EAUEMBBAADA IEHERAEOI
I OTAATE T DI AT ATUAE UADEQANRI Gu AIAEWEAS EIAD GEIAO UL £
AT OUIT E Al x] ETl OEOh UGRAE DODIYADACCEAE OMARAWAABI] /
OEOI 611 xATACi x 1 OCAT EXWUGAs OB AR O 2R SN REGMAAT

99



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

AT A (AT 1 AROCh pwxwn (OCOOARUIA ACCTAIEBh AAdAAAQRA EU.
AEACEAREABDABEA EAR AUEU POCAAABUAT B ®wIAGAI 1T ATT E E
ETEEAEOT OU j) OEEEAxA AQC AABOA AEm ol Gl -OEEAA AKTx B
i pwwuq DPOUADOT xAAUEI E TEAGIDI REOT OA x AIAB AIXBOT 00
Pl O1l Dzx1T OEAAA xbPeUx AEACRAKEAU | o RAQa 10UAEE AUD I RzdA
i xEADOUT xET Uh Al AOI ET UO GOVEIRER ek hia @Bk AE | H AR OO ix I
EAUAET UQ T A xAECAT EATAHAMATUG ARAUDT OECEEDACHT 1T E
Ol UDODURBADADz x EAI EOAAEGBAI AQABA OAUEAGEACT UxA ET E
AT AAOAE AEACEA xEADPOUI xBCAAUKARSED UADONA EEIMAIC # ¢
006Dl 1 ODAADz Ud Al AUA E AEKQIT E DT 0§ 0 Oy A B AIOIUIAOC DADY
EAI EOAAER 1T AOT I EAGD 1 AXIADAD DK DAL 1D GREJA TEIA ETAA A A x |
POT AAOU OA x T AExUUG OUUA AW CAICKA®IT | +EEI ER® At am
pwwuq8 #1TTE E EI 80} proyio@MABALAAT Eo ©AC P &l 100 DDy QU O
DI DX T AUUOUAUT T UAE AEACGIAEAEAIxI xBQOT EAAREAORE «x
AT AOI ETU EAE E EUTIT T xATA@QI | AXAEE A GOOAdAEQGTERN UL
Al AOI ETA EAE E EAUAET AaAUBBAYUAARODA DEI D BA xE ¢
Pi Dz OUT OAOQUAUT Ui Pl OECEGOEKAEAG ODA B AR GBE kA 11 EQ
x AUOT UAE AEACGEO DA¢T I xAOQRBOMmATA ORAITORA W AAADR O¢ T
xT xAT T UAI EUGT T 4E 6 O DEXAMNICE DAY R ADOUBABAT Eh UG A xU
jchubp E c¢hxpbpgh T1TAOI | EBOOOEH Dixi TOUAGIGA x BEBCEEOS OA
Ol ETl xA UITEAEOUUCT xAEDADPOAXEAT Alx AtthoAl BAITEHA U
AO Al 8s8h pwypQqs , Ul AE H ADIs EAAOET qQAOOQAKBPEPKE
OECAAT EETDzx EUIT 1 AOO -AEACEAADPAEEWACT x @i ACAAN B A ) & A
xAT EA xAECAT EAT EA Ud Al ODEMAS AEl QKIERA OAJIe AUTAEThO EID AT |
AxT T A C¢iDxBQii GAl ET BXEMHCEM BATGERMMEe AT OUAEAUAO UE
Uad AT AUA x EUIT T AOAAE AERRREA j éhE't'p%AgHO'l'MAd'AAI\@oOd
UxEaUAT A U AEACEEAI h UNABAOIBDBAATRES Ax EAECGAEADA]
ExAOO AEOUI T xAClI E EIT QI DODAXEE] x DE® 1 APl xEAAT E
4EATEE UxEAOUoAAh OAEEAEIEAH x AlxRAl EEW &b OEJAd D
EOOAUAEhR OUAAh xEAPOUIBEDADrEl AHACTUEAABAIAFET IAAE&
BT UUOUxT U x@E&W ERREAAIDEAEAIAT [ EoODd Ei xA 1 A x
xACi UaAIKDAMEAT AR ABACEEAT ET1 OA PADPOUAAI
701 AAT BABEGAWAU OEAT AE UxBRRAAUOABABAT AT T A Ul EAITAR
xAECAT EATEA TEAEAI T xACici BEAT ARA (UTEOADI bix1 €AUG
DEAOXOUU 1 ¢Cei OUITU POUAYI AROAREE A IXEARTAD Aich @ ¢ BE
AOGOI OUU AE xUEAUAI Eh U{( A giooRODd BAH AEARBRO AAMegaO
AEATGUWMU EUxEOEOUAEA *xAECALI EAGDEDUARBARAI kU + EA®DU/
xAGI UGAIAUA T punb O0yARIEET OB Ug UxPERRMEA] L
bl OECEE U EOEOOUAUU E APAQ] B&a AADRI BER JIAERBDBQA
Al 8h pwoyqer ACDAMAATAEE " EACEABDR  Opi Qu UAEA O
f poxwq BIET A O T xAl Eh QUAAJAREAROAE | BORNABAEARALU
x1 €1 xET Uh OUAU 1 OAaRKO0BPEAMDMEAYEGPOEE xAiApz EAI EA
EOEOOUAUEAT AE UxEOEOUApy AEAROANT EATEA WIAI ADAEC]
I EAEAT T xACT 8 " AAATEA OUABUHEERPI DzA OABE KUK WD E
QA LEOOL OxEOEOUA xAECALEAR ELL IULALAURS OUPLULL
ET AEOUxAAEG AUUTT EET Dzx x A fdd ATl AAT WAEK ABOEROA ( AR
AOUTTEEE UAPTAEACAEA AOAER A] EAT 6R)  PAET 00AOE
DEAOXxEAOOEAS 0i T AANCOU U EBEBAT EA AQ@e AT EAT EA
OOxEAOAUEI Eh UdA TAEA&QAOL@AE& YR OARAAAPEAT ATAUT o,
i AAEAT EUIT Al OACI AEAEOH: URAOGOR U@ RYAT E&T  Ex A
OOAT OBl OOAOA 101 ETAIT ALY RATERD DO QGRGEARTAQP TEQRG /@
Ua AL AUT AT AeTi U EI I ZDZGAE AgAjl MERDD QYlnAE ji G AT a
2A01 OOOAT AT A (Al 1 AAOCHh AR@AY @A8 1 A | QAUEAAE OAEL
/&1 0UOUXxT U] XAE?.E,UXNE/%X@E@%U%ﬁx.@'ﬁpm[\ 1A xA
ET Dzx [AE AGA All 006 D11 ODADZ HREABAYVAT EBAY O EXPEEI E A

100



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

xEQEOUI ODADz Ua Al AUA x Bi OEEEIOA GAICDA b O & A TDE (603
Ua Al AUA x AAUEA OOAx-EAEGAE® AWNAITEAA DG Uk Dkt G Godd
| EAU8 ' AU UG AT AUT xUO000BDEAC IxDzAEN B IEEBO QAGDHAMIOE A 1

Ol ODAEIT xAEh 1/AI8C A UREI ADEDIMRGACT OATT BT AUOCAEA U
AOET OAET T xUh  OT ExAO 1T GURUDOWRIIXOEa AUAIE AT A T EA
| COAT EAUAADz xAECAT EAT EADIOAKI T DEBOOEAAQAABA ORIARIGAWCA

ACI . DEAQAX EARO UADAxT EADz OF /
ROl D4 8T

PDOI AOEAEoDc")c')luE&AJ'

~

Ua Al AUA | 301 OAE

. NQ A A oA A N o~ N oA

>®m>
m O >
o~ > >1

]
¢cnmyds8 : EITAE EUEIAEZ\Ujdmn;(p(EE B A Al B A AEEA O
OUAUAXET AEEBADOI UDO@UEEME.I@%@UIAIIA UAO
xAEC Al EAI EA ua Al AUA E x APl EA U UEAT I UAE
| EODAEAOOUAE xAOUUxS8
— Wymagania Zywieniowe dawcow krwi __
— =
\\ \ \\
& » » v "Q \
Zelazo w:';":::ﬂm“ Kwas foliowy Witamina B12 Bialtko Plymy In:;:l;:::ikj
Czerwone migso,
Ny parwoy ( Cylru.r»'y ::‘l:;::’:;z':\:: Mieso, rvby, drob, Zdrowa
morza; pomarancze, ' , ryby, \ 7
on'::l.::,z:als‘iaom, ti:z?::‘:' awaokado, rodliny nabiat straczkowe, tofu, FRG A SRE witaminy i
wzbogacone platki ka Iu.l‘d . straczkowe, orzechy, nasiona mineraly
sniadaniowe EFTIEICAWIS, KW orzechy, nasiona
LS i - | | " @
#f‘c 3 . ' 9 naw
H? i WA,
b ‘ : A
- =\ 4 Yy &

Ryc.6Wy magani a fywieniowe dawc-w Kkr wi

A xUCIoAO TA OOCOAWI ANUIRE AUBOUAGBORAAWAEAAAC
I AAAx AT & EOxEa&ah AEAOA AOCKAEBEAAUUU EOXEAAEAI Eh xU
xAECAT EATEA U TEAE UOABABAUOAx WDIAACEDDOREAUEDD
Al A UADPAATTBATODAUU OACTOBEARMAAOGIEAO OAUAOOT EEI
x | OCAT EUI EAh A OUI OATUAARA A POOGUUI AEEGAOUOUI
x& AODAExACIT PDPIUETIT O (At @grduoha POIUIUET AEADUAEK o)
OOOUUI ATEO ETIT AT OOAUU VAQI AVUAAXAUMNCAUEAI EEAS
x UEAUACU AAAATEA POUADDI xWALUADAOKAME COGUFEODAET x
EIT 1T AT AROOEEAE AAxAiDzx ¢pAEFIAQ A0 MABAI Dexnquqd E
1 001 OUU COOAGA 1ARAAEAN Do A BO0TADYES B D24 hO CHIAUIDAXUAU E - EAC
DOUUEI T xATE U PIEAOI Al 1 ®0ABDBAEEIATODAAEE Bha ATl AWA
EAI T xACT E [ TEAEOQUA - EIEICODZERA EBA AT AUNCTToEAABAT AT A
xACl PDPIUETIU (A E AAODUDWIAATARACYU kNAADBASBEOX
:SAT AUT DPOUUEIT T xAT A x OAQURT & 8 A BA O&A kBHOMA h G DEAE ODA
bl xEAUAT A U bl UETITAI OBDPIEAl EROODARUTWBAI .AAUA DI
DI AOCOAAEAKAAABDCEUxO Al 0061 ADI DABE AIAAT DT UET I O OB«
OAAEE UOAIT AUA bPi1 T AAATEOY EAKES8 O ! ODUADOOT EEA Dix
T EAAT AT OAI Uad Al AUARh EOQOIMBUEAVER WAUUEOD x AN KT (
OO0DPI Al AT OT bzx OOxEAOAUT 1001 BOBDAPUDDBNEE EADPKAEER
OAIl ®PACAT AOAAEE (Ah 1 OAQA CAUA CKE OMR AR D ADBE EDC AE



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

Uad ATDzOEEAEh A x AT Al EUBART EEAQAULI OAAWBIT AEB OAU BEEAIA
Uad A OAUAOOT EAU U AEATEDEQOU G ARIQAN ATi @il ODOCEAOOAO A
xAi T OEaciolE DOIUETI (A oVerUEE ARIE Ex LHTI80UacAk mq
pghuv CTAI 1 0A xEOAAE ki AEGIQOOEEACAT AAANEBER
OOPI Al AT OAAEE Ua Al AUAIT Oi0HE Al ADO OAG EAT 8tha AlmkUuqs T
#ET AEAIC]T BAUDA xEAI EODQIADd EOEPANAEER OxEAOOEA E
PTUETI O (A BT Dl EAAUT AOBEGA AT QDREE AROKE TAUREM UIT
OO0l 00T ET x1 T EAxEAT EA J(EEUIN £ARCAI hT EBESOOGI AU y
UT AAUAT EA EI ETEAUT Ah GO xAKBAG AABAREAA ODEGE Dol
OUOOAT AOQUAUT A T AAAxAT EAT EDABz ERROO OADRAAIOAIN AU
EOAOAAUET Ui h EOIDzOU b AMAGOUAI E Px BAc®OEABARED
OOOAOU EUD Al AUAT AT EE OAUIO@\,&%@IEDZOU(AIEEAOEI x AT EA
AUEI EAUT UAE AAxATlDzxh Al AWALDU WA & AE AR Gah@ 1 AW
OAUOGAE (A b1 AiI1TAAEE URAODE: AAWARRE] EOXESPOWBAA A
Al T AAE48 EODBERAGOAXEI 1T APQUAAARBRARIEBEE OxEh AAU
AAAAT Dz 4EIl [ Aasdaf UITAIXODEANUDAd EEE EAI AOI 1T CEAUT
xUT EEAIT E OUUOEATUIE DOUWUAUAWAEITOAU BEODPEBAST | ODAI
i pYEQh DZOUUAT EUEADPDAAARAE ABOAFAAED CcOo0Ob DPOUUAUEA
AAOOUOUIT U 0 AUSBOOUAE OOMMAMAAT POBUDARDOAREDO EOXE
OO0PI AT AT OAAEE Ua Al AUABT AOOSBPEA OOUAAE i EAOGES®
"AAAT EA U1l AAUAT EA OOMU AA GDADALE EE U ABGABKBAG EO
AU OOUAE ZAAOAIUmMKx xj 101 EOHI IUEAUMICE h AxA OAUU  x
UdA xCAODAExU DPIUETI AAGAOEVIAW OPAUUABEAE OEIBOI
AAxATDzx DOUUEI OERBEARAAKEE ADRIAC EUO ATEAU A UAxE&aUAT A
ET xACl AUEATTEAR T AOQOT I BEAGAA xAD ERA & DFE BAEA xUAH DAA BA B
COOPAAE ETT OO I DUAERATEBRGT DkOUIAAEA AUEA DOAxAUE
DIl AAAAT 8 4UI ET O AAxAI DzOPAUBEI OBABRDAGAADADEE
O0O0pI Al AT OO AUEATT EA WA UED DT ODAEOUNQUTANAR DI A
x UOAOOA¢h Al OEOOET xACJOOAhAAOI BAOA AEAAAOAIT 1 x
Ua Al AUA j 2AA0EA A0 Al sigcoOmwt &OOUUI AcU PECOCEE
7UT EEE BEAAACAT T CITAEDT ATIAC )BEAOXxEAOOET xACI |
2AAT OAOU 3 OBDAWA B QT %)A2A30ACHT WEH T £AT O Ua Al AUAxACT h
¢cmpd8 x AUOAOAAE Al AOWEAM ITEDAOIEER ED ECAOICEEA AMBUE AT T E
EOxET AAxOOxA OAUAOOI EANBANAEESx 3DOODCOAAEA AT 1A
.AOET T Al (AAOOh , OT ChUADIAAT EAU T BOO)N 100 GAE G ARGAOT 1
i.(,")q OO0CAOOEah UuA DAcBa BOABEA EBMAIUUCT ARERBE
O xEAT O AAxANIDAUDBPA AQWALE | DBA&E & OADx EAUAT Dzh
UCEAOQOUAT I x AAAATEAAEO&@&%ODEAEEMEAO&UQJAEUG All AUA
Pl AOOAxEA EOID2OUAE OOOAIUIDT OAARBROOBAATILEADBUX O
AT 1T AAEAI E x OUICOBa EB o AXITAODAIDA AEUET I 1T CEAUT a
AT xT AU T A bl PAOAEA ILKDD&IIEAI[D\UQIAAIXEOEXAAU;DZI EEE xU
OOAT AAOAO T PEAOACU OEoOT ABN xAEAMANTEE A AEET TBOODOA B &AAT A
x AAUT 1T UAE I A i AEABUAEAIAIUAERAATI OUAUEAT Dz DOuA
OAUAOOT EEIDzx U xUOI EEI T POOEDARE DadAABRx PEAEB I (
7AAOxT OOEh pwuvuvq 1 O6A T A ~Ul‘ég&dfﬂiéﬁ)ﬁ(;ﬁ'rm[éﬂl‘zxUWETfaUAE@OT
OUUOEATUAE T A OACOI AOT EMOAAYAOBAEPEDBART xUGAO /
AT A " AOAOh pwt ¢ dh UAKkBEUxATIOD BAIEA | MagAIOU AO
xEAOUCI AT A DI i EAOU 21! UEI Uajoidda AUABAS AOROQUA AT U
AAAAT EAh xUET OL NARTITAAONEAES EAOMUG ©O0T Al A&
Cl T AKEIl UET T ODAEI I EPRAOABRUEEARA AicEU AEBDAKIUA EIE
i AGu EAITCII x UE A UAGBA U Qi sAA AmIA a;Miuc;AAu AEBMd t A
AUcA OUODPACI ODOAAPBUUE | "P&EAQ 1 &bl ORARAJEAHGTYWAA
AAAAT EA OA I COAxBAOADAUAZATHA OAAALEULAlAAE/bwwaA
xA EOxE Pl AITAAEE x Pl O



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

ITEA OODB] Al AT Of xAE A OACIAYBEADORAGODAE AEAOIQ EIADAE

UAOI Dzx1 1 TEEUR OUWAGUAE AKAIXEAAT B Dl AVWOAL AT BO EOPERG U
¢ACi AUEC U OUET Al ExA  0i@nia OEAl A (Paratiydrlat BOUO DM E T EA
x UAAET T ODZADz AEUET 1 | CEA U1A4 @ W Aelu jego suplementacji (Spencer,

_Pachikian i in. (2020) OOx EACAUBRWB)h ~UGA
| AOUEA 1T AUUOCEExATEA | ADUAAMIIDEd | REx B &Di UG U
E TEA OlDUAT ECA OEAOXEAOOE AC &OE AT CEA | AL AH A
JU POUUEI T xAl E OAAAROKEAAT EACAOODOMREE i Ou A
ni¢c E yn i¢c8 *AADADARBAANE AEADAUMDUITAA URA O

Ol UDOOUAUATTACT EOABRAPBE ORA OOR &OWEA QA@A O 4
0

DipUaT E¢ OE6 O AAEAN e AO xEAMIOOEMAT Tj @ DA O EIAA

~ e A o™ A A

ocoC—T0O——m

vO
O
O
V)
mh
" T
X
&
E
é
o
%
é
E
;
R
e
?%
2T
. M
2 o

U PTUETIT O4mF? pmuquAlEEAwu )SQEAoU|ETTAEAAJEME| i6
HIQQEIAQA AN ¢ inC¢ IUnzAll AUA8 DOl AGEOCAAE Ol
O1T x AT AE E)OAIIEIEO\WEE ipPADOADT AARBEHh ¢ WA A
Oi DzOA AOPAEOU i ACDGDOC]AIUXUE WAANIxABAAE GQWiAETA L
AEJIT Ax T BEAT EAAE OaEAqlAuaﬁlemAAE&A x AEAAEA

OO0bpI Al AT OAAES OACB x AD EAMOKATARYO EAA AR THox  AE
E8 o011 AAOQOI EAE ARAPRAAN EAI OXNBDPA A AN slo Amp
DzZA 1 ODd EO x OEAUDE &€&U0U Dzx 00H 0OAWAEADZA ED OEED
AEh [ AEOUI AidgA EUG Al AWIE OBA DIAPAOADE OACI

xA UOUDAAEA OxBRAUBEWAED® U BT UET I AT EAIT
xAT EOOPAAE OOPUAEAUARGEDAUABH AUU UABAOAI
mua Al AUA 1T OAU =ALDADEA EBIOMAAAUVEAUANT

Q DOy ~ I Q >m
)C\C\m)>\N O\ O>l_

>

oo

Cx T O 3> Do T T
C 210 2

.OC ES' m

mo
.
xgk

A cOOba DOUUEAOEEEMAT 7T h ALY OB Ug U x
Dzx AU¢ UOT DUm | BAIAEMITUsx ACA DX ABGBAAEA

x Ul EET Dzx ATUWKEABRJAAR o1 BT OEDhAIUGERAT T

Ax UBRAAAAT G&ACI DEAOXxEAOOEA O AAxAI
| E AAxAiDzn¢Eod& DOUAA OEOOEAIE

s o~ oA s~

A

E Ol | I E
E Al T AAEEh Al EEBDUYAAOPADz i /&m&En AAA (EALC
A

U

M= O > 2>

OXMC IO

c—/>»0 >
e DT

To To N, .
m— C M =«

Qm

x O
>

| —

CI
y > O

ITI=J>°C\_:C

—>=> oMo x>

UAAET x AT EADC UxARBAOU X IAI GDZUET I EAT T C

x A o™ A~ N s /\

&

A
AET 1 |
A U AT I0UAORAR & o@\cqul CDJE?tIE@@(Ti oB1 /
iq me) i WU AEN Az | T UaA T AT EUGU
Dzx- [OQOAGO xUAEBADUAADZOAUA AL

B0l CADRVEATERA 2080 x E B O UAK x | /A()

~

DT X T e T

— M >
O m—
N
6

OX BMC T X O WCMHC,n O PO "™ =0
(@}
To
m.

OvCr > M
X N
—)

P SV

)
k
of OAoz@gEUAhl RAEORIx 1 | ODADz A
)
A

S>M>» T 00U X OOX TN OO0 TODUR T SHCHCT X F MW M

>MT >0 CTU "MOCO 0 AMC ™ O OmoO0

>

J

B

C

(@]

é >\
I > TP
— >

IT ABhBioglobiayh BT T EAxAUO O,
ElOﬂJE@HE@EJﬁACExExALﬂOCEO\UA OO0AI
@a@&ﬂw@kaE\m@munm&gm
j/ 601 A0 Al 8hn ude)

N

— >
>°_
oc
O m
—
E‘_
EJ»
E

X

2o
T
gn

—
S
\ —

"O — C’_:
T
0

To = @ DO o TO O C o

L~ s oA s

8
éhikiajni Dzn. (2020) , EAUAA AAAAI] Dz
A TALAHACT ABEUUBAI

UAU&

_m
mm
o-B

A s o~ A s

"O >: Olm\>°_: ITI\ -
X — —. Cm

,,,,,,

—Omx OO X O
mcOom—QO

2> [T O Mh " o =, & " [T}
T e o O =) m: =

>
(D¢
@)

103



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

AT A +EOAEEIT AAN 1pk whod) AICBDWADEAPp NDOUAOEAXT xA - xOl
3AEOI AAEAO AO Ai8h ¢nng@8 AET U E Ua Al AUA DI T AC!
ET1 AE AAAAT EA POUADADAAAUT DAET A ACOODBAEI E
AEAAOOEEAE AAxAlIDzx x GBHAEABAUE AOBAGAGACEBRA UA
Ol xAT A Ui EATA AEAOM| OEOBLAS x ACAMAMOO TEEAET 8

A
A J
EAEOUI T a | xAUMB&AI BEGUWIDOAEIDEAUT U T EAAT AT DO L
Ju
@3

T
~

DAAET Dzx 1 EAAI- RIAO®ADzA ODMBA BAU M Ajx AT Dzx EOxEH
(A AT A AT 1 AAEES
1 Al AT OAAEA U0 AT AUA 71 OOAT BRAADGEBANT ABAI
COODP xUOT EEAQADIOOCUEAAT xEAT GAATITAx EOAT |
AAT EOxEOOT O0DAaA AEM OxUA B 10 OBk DA DB A
E TEAACEAQAIh EAGBIAE EERE6AK OATICH A&l
I T AOT ATT AQUAOI DOO®ADzh BInUixCOBAEA P
AT,A,ET T Al DA UEAOT ABA @WAO®DAIEU E AT E’()()OT
A

S
-

s Ng A oA

> [Tk > g, = =
;O e T

— > >*

& A AMDIDOOAEE B UET I Ua Al AUA x
TTAAQ T BEYD&EGES xAHMR A UAPAOU U
A0 BThU ic mpao QA ¢780 AXAEEARE A BxdU
AOOBOUIAU xx AODAE x A EUrA BA
ABBDRODI OGEDRAODA A OEs6 O F
A ADOODT HAANA BEU OBEHAAAIVD LI
A OCOPBDIAURIN IOAAMADOOAQT Ul BEEERAKE
OEAS OpU AUUT A OE6 1T EAAT EOxXxEO
T EAAT AT OAi Uo Al AUAR A EA

8 : APT AEACATEA 1T EAAAMIUQTIAEAAIOABAADDz | 2AAAU
AAxAedx EOBEBOAA TAAATEA QAIABGDOATIOWI OOAT OFEAOQUIT U

AAAAT EAI DPOUAOEAXxT xUi P xBAMMOURAEDBDURABAAEAT UAE E

e

>3 2
oCcC oM I O= ™
) T>
—_
mmx

OW > =T X P > X OC >

X M~ >C

ToC o DO O ) o Bt D> O D
Mo X 5O —

U>»TO0CCO— ™ * W m—
T 3> [T O 3> 3> I — [Th I O B I O

T 3> T

AAxAU EOxE AROGAE AAAABE@E@@Mh CAU Al 006 b1 1 ODAI
EATTCITAETU | (AQ 1 AOI ABaEABDE AQIAATIAD AD AATA AEIQx EOF
(A 1pghu CTAI x DPOUUDPAREODHONBAAT EACsh WAGADION O
DOUUDAAEOD 81 BABEG@IUIIWA EOABADAHDBUEBAE: Wi UEI T EAOO
x UUa OUA TT10iUu Al A T1iGGAUWABIQADO | DAEAQAIRAUET ACT h
poRTAI qh T AUxEAOAEAAT AERAM Ak Do 0081 AIAAE OA OOEAT
171 01U AITRE (Al XOIEAAEE | AAOBCARAEAT OBAER EOOEzER K U ¥
¢mpngs -ETEIiAITU AipbBBRUAERABA DD@fwax,,qAE
EATTCITAETU A UADI AEABAIDA QEIRDEA E T ERAGN EE Oix & 0 O
AAxATDzx U Al Al Eah Al A OOAT UAR®I AEAAA (i AIEEAAJAH A O
EOxE | A BBAAI Bk OMI Ua AADWA A ES ix UOA Al WDAE(Q | 71 Ox
BT UET 1 O UaAl AUA 001 O0F xAIAl DOAH 0 OOAD ABOWV O AIAA TORAA
OUET ARUI x PIOQUET I  AAOOUGAANOh O8AOOADEAE BPAGAI B
Oi UDOOUAUAI T ACI OAAAPOEBRNOVOUIT ¥ & O OOWDG R BSEAQ R
O00i 001 AE O4AE2T AAOOUOUD WBUDABREIOO i oA CCOAFOAIEY 1 U,
AUT Ei xAE j:00qh DPAOAI ADODGAQQOOOBABULAI bk 1 EAGOEA
i 60E AO AIl 8h ¢mpxQs AAOAUEAE T ETEIxA 3011 EIl
70DI DX AUAOGT A 11 Of A Al A: AOTURXTITO OONIGOT AE 04 A
CliTAETU 1 Ai xEaUOEa BOXEE) T QO @QAROIAA KA KA ¢ Alij oB4l A2 T UEA ¢
POUAA EAE TAAATEAQTAH@H%E,@UAII$é@pr0LE§JEA
i 6 U0 AUUUPA A qpothAOO ET T HOAWADORAT Agi 8 / AAAT EA
0T UETT (A xUlT OUaAU pcRWAETAAT BABO*xx U EDAOAODAHU
Ai 11T AE COAITEAU 110iU KAOLABDAELDD2ES 1#AG@AIU E AE
Ai1TTAE COATEAU 11 0iU MIAO0AYEAUUODBOQIABDY OAOAT
ODOUAA EEI EOT AOGO piibO BEOEAIADIDORIA @A [ TDAWAUE Al EADz £
I AAATEA EOxE DAl AE UiAQAOUIOUKIEIT 1040 iIETAM A I 020
Pi xi A® TEOEEACI bDiUET IBAAEAT QL Hizd OBt CAAOGUEOBI 4 ESR



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

Ua Al AUAQ8s - AAEAT A 001 AIOHO ODvAETA A AjAmkwad o U
COOPEA AAU 1T EAAT AT OO0 UGAIA@@EAxAOE{ﬁUE‘ﬂO@AA””EE@ E
xUT T OE¢EA mhuyt | #AO00AI A@Aﬁm&maeﬁpcq&wqu

/| OUAAT x AT EAOQU U TN A2Ar AAR IEAA U x T xAT AET T AT 1
UAT AO8 7Ui ACA OUI ET Axi bAEl IDIA({DIAA@IO@ABZXAOLE@G)'IDM@
I AUxEAOAEAAI AEa A£O01 EAETET Al # U# D O WA EAKAA EGI ADBY A
ET OAl OE 4 U EACI x UAURBMAAI i 60 WABAGAIAESE 04
K OEAQDAH EETI T C AE/Z\OOU‘ OUT QA Il COMET CREOEEAUHOMIA A D EBI (
I AOTD2UaT EATEA OAUOEO UWAIEAUA UA YSWEABOUI EDAT b
Al 8h pwwywgs8 3EEET A E HIELUIOpawnigA | 6AUT €1 1 EEIEU |
jcnmnoq xUEAUAT E UAI AOob AOGDA IO GANTDEXA  x O BDAOWDY x EEEAAJ x
11T ¢c O4&27AAOOUOUT U E TTEARAIEATEOOUAB® AOB U ADGjAITIAAAA
E1 1T ODZAAET xT h Al ECAABEAOAICEAOBHA cEAc8 OCOOORAKN | &R
DAAEAT OI Dzx BI AAAxAT UAE OCGAQURAREI 1G0T &@AIOWEMER 1T OC
EOxEh AT 1171 AT 00 xUAUAGPRAAAIAATCAT| UpAIADSAEAOOCEASA
-AOT AA OA OilTUal ExEA DI D2ENEDUIAATAAU EMAIAEAT EBE A
UADPAOI Dzx U0 AT AUA x OE/MABAABIT B OTHz0U0 001 x BHAB A O
iTual A x UOAUEADz EAE|I UABAOIEDYO UWARABAA}] ! €EA A
i ACAUUT AAE 1 OA 1T EAAT Al pwdlgadi ADAc &C OEAUAAGRA L E
IAPT xEAATET T A Pl AOOAx EAAGAOOIWOBZAER UAD HAOTTECAH 1E |
OEAIT TUAES8 5iTU0IExEA OEBAT EAWE OJTGDANE ax ADBR T /
xAECAT EATEA UGAIl AUA O AAAATADDPA hE Ok Ei AD IAABMAAIERAIA E
| TT CEOOAET Al 120#BB %1 AA DA) EDIOT ODAE&A8 2%$7 Ul O0A¢
30A000 %UOA) DADET 04 £ 1T EAOEROAKAWADI RE AEACI T UU
) $% AT E EAOOWROWDm & k ObARIADEO2xT ATEO U -#6 1 OA - #
1 AT EGEMWh @p8 7A00I ODzADz 11 ¢ AQAAEZEYOEAOBQIOUAAUT T A x
xUT T OUaAA ¢ hmy ADI WAA@WA@nuu BEi ARAEAAAE EO
AAOOUOUT U xUTf(;oru AAT OAGAQRAGPEEAE AAx AAAE EOxE x
xEAI TAUUTTEET xAEh Al om@AAbloEAE DeAAIOATDz® | w& AT .
AAOOUOUT U T AUxEAOAEAAIAM x A isDax EAOA OIU* O ALDA < AJIAlE:
AAx Al Dzx EOxES O@UUEAC(DLDIUO%IGZIOQ:@\OEDIUlAE"E'I i . AAAOAEAIT
i EA¢  AUOCP®I ODA Dz | ovpl ©DADAT hdbMe x UAEEE E OIODIOEA UG
EAAT OUEEEAAEE ) $%wh A jx@GEAQDId EBEOUD4 AP UIATAGRCE A
TEAxEAT A AT AAOGET xUAE EA G OO WAE Ex )€ xUEABAA AG Uqg
OUAUT UAE | +EOOC AO Al 8h POWAWq8 EAE AAxAT@pFiABUE |

2AA0EA E EIT8 jenmuq 1 OMAAT EAA ®OIMAD OE x EABT T /
jennmyq UAOGOT O1T xAT E 11 GAUAWAIN Ukp EEDOUALAN OIEA AE
i O4ADODERNDAQ UAOITDzxT T O OlsAIARAE UGBKER AEBEATAVUTCT Ad
ET AEAOh Al AAkch o ODI 00PEAKEHHIWCOOPA ETTO00TI11TAQ x
xATEA - AOU@BMA EAOCO 11 EAEUXARRKOEQUITI IO 1ORAAT AT OAI
O0i Oi xAT A x AAAAT EO -2)RAMBOUOUC UI xOllO@;DuamA@C)”p
x AAUEADz AT 1T EAAT OUAAT xAhEAT AU® DOUODA EEA xophQpp c
xATEA ) ®% AUpIOOT ODH EA AOADPTIAO Al 8h pwwt ds8 7 /
bl AAE DPOUAU 2AA0BA EEOLE&ALBxABMQAnAEAianEA T AOAUG I
. AAAOAEAT A E EIT 8 jcrpanQEAA'DEOMEz@f)ADEz@EAw TR xT .
I CiDO x AAAATEO 2)3% kI UGT AT ABARE QQRDOOOAMNREEQHD
AET AEAUO xUU0DOUA AU O@OGDADYT BAT ABAEORO UOUTAMSx AT D:
DOUUE® OUAE Al AAAAT EAUTIZ )T % xEADOET O Dzxxi EABCAO
AUUTTEEEAI DPOUUAUUI XAERABT EDNAED AA OIODAKEB O
AUbs OO1 ODAE x U006 DI x AT BEXOOT1T ERAMUAAH OO bx BIRdI ANABA U
SATAUT  x 1 OQATEUIEA i @ @aUoAA TUE AE A GHAWWAODXOUT UACAE
DOT DZAAEE EOxE "AAAOIHAEA UGG &MIE®h T EUG 1T OF Au 1T EAT A
ITEUI O 1TOAU Ui EAUOAXAUDGHE quchf OEAAT O AO Al 8h
| OCAT EUI EA T PEAOA OE% TA i EA AEA(:AH A TEA 1



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

(S, JoUuAUUOT BT UELT AEROODOOO LY xO GO Dok A ¢OOD
x UOAOOA xAOAU U xEAEEAE®I DDUOI DAAAAH [ EEAE T EU
OUAUACIDZ T EA % BOAWDAAE xo mx BAAED E A 2) 3% ZUIEGAIURAA

5 AUGATT h UGA O 1 6UVU0AUBEIEOUAUIOUYBEED 1 BAIADWAE O

OE6 xEOEOUA UAPAOU UDAEQIUDXOY R AT ABAAD GOBH EFOX
: ADPAOU Ua AT AUA O EiI AEADHT BOUAAT EAEE ABDHAEE @A
Oa x Uua OUA 1T EUG O EITQEVBWOET | DA OHALBE EBO4d AOABR 1
DI T EIT OOAOOUACI xEAEGEAQUADOAEAQRx ®IUANDEXT BT EO
At QACO MIODoxEoATTACT TAAAIUDEEREx BT OAU DPEAOX

UxEaUAT U U DPOAAah  xUABAIAAIIERAT D ONADOAE & AETIA Awl
DOl xAAUAT EAI AT i 08 01 AGAOAGIDAQN UAEE WBRAAABAEU EOxI
i3

~ A N £ AN

xbeéUx OOOAOU EOxE I A Oéé@@ﬂoﬂéi@épj}w@_m EXALEEOA U A |
UAT EA UADPAOI Dzx UG Al AUAT EAAOQATOBU I VUAME AUMEBOY h T
-6 U0 AUUUDZ E DI AT T ADABDT k AAE TEAEOQEIpixEhABOUB A x

E
ODAAAE BT UET 150 xERDO XAUOTEEGEOEEEE]  AO
UADAOI Dzx Uo Al AUA DPOUAA ARAUAAERGA OB EOA
AUo ODAEAE xUOO6POEA DOUAUAODAKBADAODPA

UADPAOI Dzx U A AUAR AT XUIEAAQUUBDZ T Pl NE 1T
EOQUOAOEIT sz AT DPOOUAUAT EAAUADDEE AEDUUIAAAO®ADPEAS
EOxE8 3EITU OPAAAE Pi UBAICDI AOOEAOUDOUDBEI BE&ABKAE
O T d6UGAUUUT 1 1TXATAU ADADD OAEEIAD A EAOOUOUT U 000
I AAAxAT EAI EOxE 1T OAU EABNBRIOE aOAL KAAAWVAEE GAIODI

AAxATDzx DEAE IoOEEAE OQEOOEAMDEEI ODAIDY BHAWAID HH 83 7;_

EAIT CIT AET U8 0T xUUO OUAc wiiEABE OUAA OAT DxAUGT UIEAAT E
ATl xT AAT T A Oih UadA OOmil REITAIT OAABRSD WBITAUM pBT /OA U,
AAxAiDzx EOxE TEA EAOO tOWH On xAAlAAA*@zxchA/SaDzAEElAA\
Obi O1 DZA 8 bl UET i AA@OUQDI U8 pwoh x

01T TT xT A TAAT A AOTAMMEIAEOUKBDUGAE pchu CTAI |’ [
Ua Al AUA EAOO ETTEAAUT ATYAOI DXCTARKA Alo U REA®AN U0 DA
E EI AEAO8 ! AU UAPAxT EADzO0RAIOOAREA DZAAAx BUDM A B A OAL
UAOO8BAUA Udn Al AUAI x UEAC A A AIETTAQDZEDx O DIOKE BTAAUAT |
xAT ACT DI AAEODAEA8 $AxARAC AIAAIOTUMAIEA OARKAATUIEADPAUA
jFpuv Tcriilq PIxETTE AUADXAUEIET © @EBIAAIN ATOOIADA TBEON x A
| OOUUI OEila@d @AGOI DlEé\@xE@()@‘EAl’ Al OAAEE Ua Al AUAS
AUEATTEA Al BEDCO TARAT BPOCEKORES8h 5 U0zA EAARKADER
AAxATDzx U DBITUETT AT AEAAOOBOUVUEB 0UADASUBDA HIEUWAID |
pd CTil h EOIDxOUAE 1 AAUT Ri 1T AAERAGAIN TIOANAIAQI GIAAD | &
OUUAEa4 Pl POAxH Pl UET b @hQuritA | ISEIAT AETEU AO Al 8h
(Alvarez-Ossorio et al., 2000)

7 AAAATEOC 'TEO E EI8 jgBcg¢@ARIN BRI I ASA@@DWDI Aj
OUT UOOOT xEAU AAxAl Dzx OGA®DIEA QI UAGD AA AR A AA A ATOKxA
xOAU U 1 EAUAa AT T AAEER AIAI ACEIT QA0 AG)GHAWA o & & A

Cl
EOOT O1 A8 21 D200 T EAA  DPiANES OPA E BEARXOU® U 194 E AAUCEA 1 1
x UOAUDZ A bHPOUU I O Dzx 1T AAORAD O DOBEI YR B GAG A T D ><O1UAD
EOI D2OUU 1T AAAT E EOAx | TWEIAIEUA EE.Uls © BAAUEAR O E(6 MDD GnA U, U(
OOAcCUI E AAxAAIT Eh EOIDzOJ U OOk OHORN EDRA®I BzEBD ARE AE
A UG DA UL 01 AxOAUEAOOODI Ex A4 EEs FEOMBPA A 1 BT 100Dz

w—)

AT TAAEE Dl UET I OACi x©AkAUDACERI AT E 8 E ASCUIAU x A E

Pl Ul O0AxA¢ 1T EAUI EAT T U8 x WIIx@WWaOUAT xcud EEET IGah  x

UCIT ATA U xUIEEAIE OUUGEOHIWIEATOI BAANDBAABA | EA

AAxAi Dzx EOxE x 31 ET Ol >OACEAGAAGHARA E E% OEEANAIT @I TAAOE TAU ¢

cnptqh EAAT AEUOA Oa ObPEOQEARAIUN A EANE x El EXNIOE EE|

QU UOEAT UI E POUAU - AEEAAOEAHBDBE  ignAQiqhA EAR D20 § Ut
|

AE OIDUa1T EAU T E®BAUU DI UETI

106



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

. AxAO O AAxAiIDzx U [UAKDICE OOAIAT UDa AANIADAUT T a A
OD2OAATE 1 AUUOE EAIT T CI | AERAHAODDEOPDADAOUEIOALHP DE
ua AT AUA U AEAOU EAOO AXUIDECGEAE E Al O G0QUd A CHA U A% aGhad
OUOPAAT EAEAOT Dzx  OACI (IEEMMLEAA@QEAUMAAAAAJMUU@E@\

A s o~ AL ~ s s~ s

“FAEa T A OODPI AI A OA EJOAOL(D.OAJIUAEUAUEADAUAUIIIBIB\C(;I

O EIT AEAO x xEAEO T A puyuB"BEOCAqQARo OA OA®OANIAZh vem pALt
Pbi BT AOATEO EOxE xUEAUAcT'OUBG A GO B ATcOvpAERA hD
AER O OA T AA OA AUUTT EEBxAEAE AAAAA OXHU AR BA DIOODA
OUOPA ¢ IUADIADA Dzx UBR AITTAJAYE DOAIAT O Ud Al AUA POUAU
| OOUUI OEAaAUAE UaAl AUiI GAOAAAWIA A WADPDIAGAIZAT EO
TATEO AT WA RAXEA «k@OUWni AAEABUAE AAPATADDA AE QAES T
pi AAAAT 8 011 AAOQI x OEAODFAEE A O OTA@ITDRU AA AAAT Bixh 1
DT TT1TxTACI I AAAT EA E-Ox80Ad AIUVRAIhRO W OO ADEC A T EAOI
x EAATPEH mypj ' | OAAGE AO AxBhAQAwaAAL HACITT AUACTI OET T

7 AAAAT EAAE DOUADPOTI KAQUI EAADE AOURAUOT | AOAT AE
| OOOOAI EEOEa 3¢0OU0ADB + 3UBIOAMAEOGOxBU IHARMA@ODIXACTEOI
+OUUUOA TAATETTT xbP&UxEIAT QUIEAI 1 AIEE GARIOA IQRAOADPE |
OAAEE ua Al AUA EAOAT T ORCKkABEAOEEA ®ORAMAR AJATBUAT O
bi AAxAT UAE DPOUAU 1 OEAI OUCIOAT AT EEBI x OAOAPDEBRT A
OUOPACT EAEEARBEDABXEAOOKET OOT OI BZAT BD EAABAOU
i AAATEO DPOUAU 1 EAE EO><IE/38I 1 PAOAE hT OOUWBIEAERAAE Ui
ua Al AUI EAOAT T UIT xA EERIOB U QWUHTAA U4 EROOk WwBAOUB v
bl UETI AAOOUOUIT U 1 c‘)AU PpU@N AU U UODXOAKTUE  1DIT QIEA Ti
EAI T CITAETU x AxOT AOOUOOULIUC* AT ES yimdm [ ¢ AT U
Ol UPT AUBAEA EOOAAEES8 O0IOARAKEQGIOT UEBAGATFA ABKAARAT &
T EAAT AT OATUIVAADIABA TABOBIVGAU AXUACO®DEBOOIT XAE ADT AIUAL
I OOUUi OEAaAAE Un Al Aui EAAARAT BAT kDAAUEDI ®UK}(O)IZQM)IE@
I Oouui OEAaAAE Pl AAAAT h AQGEDZA Bi ADIARBDATUB LB E O LA
OE6 |1 EAUAA 1 O1I DZA UAE x AU GEHEGEH exTA T LDAEDO/AlxoDl@@M O
TAci TAAATEA EOxE x Axil QiU ATCDA | DIARAWOAE 1,
I OOAOT EAE AT 1T AAEE8 / EIBIIl AAMAD hA AN ATCD2AN T k&1 Wil lAle
[ OOUWIGAITEAUT EAOATT UIT xRRADICOI ©®EAT A 0 sMAEGAIOMA A AT |
EA T AAAl DPOUUEI T xAADAh ABi DAMAEAT ORAA UTAEAU T 4HUS ZEA
AAxATDzxh EOID2OUU T OOUUDAAEATARAE AiKOuwu cea AUAEA
Al ODzx EAAAUUCT AT T AEITERE ARAD AEOOI GIADIT jU8@AWBATL
T Aci UAAOUAITZEAMA BQT <AQIE BA-IA@ESO RO xUT EET Dzx  -AAA/
Al 8h ¢mpt1q8 3EOCOAAWIIAGDIA DZAECOT DZOE I$ADEAE AEUBDABAT |
OAAEE UG AT AUAT EAOAT 1T Wil AIUAUAx ADA (EEEHGEA TUET POO .
OUOPACT EATEOD Uad Al AUA POAOAAERACIEOE ARWAO Al A
I AAAxATEA EOxE O AAxAWII-DzAORAEAOAUEI eo OADEIUUuEA i
- AT OAAAEEO E EI 8 jqgmngc®@3 DOAxG 006 UN AT FAOO

7 3UxAAEE xUETTATT- AGGANT GAEA ORI AT % EUDI AUOh A
xAT A U OAUEACATI pqemn AAYADBAEEXAGA OEH ARDZOAIU8 A U] 1E
bl AT 1T AE TxBAARA O oEAAEE OUUA i UATEIEAAE ARARBRWRT Dz  OAT AT |
x EOI DzOUAE o}] AAAAT EOAB2OURIEOIXBAT Ux Ak D Ux O (
OEOOAAUTT ODZADz Al Ua Uil 1T £E OEQM @ABRE A UAUOWA T ABARE OA IUE
OAAEAOT Ua UA OEOCOARAIUAIl DABAART ®ODAWANE ¢t OUCT Al
OAAEE OEAOAUAT AT U0 AT AWABE AWWACEM EUDA OCIPO Al 1AE OIU
APl EET xATT AAxAT |1 DPOUAUPCEUX AAT EA BT OUEORICA AEEAT EA
AT T AAEE DOANAU GIRAAT /| ADE OB OKMDE al, 2016)." AAAT EA
I AAUAT EA AucuUu AAUDPEAAUIABOI AOT OA BZA h K AD« AE QTUDEW A



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

xUEAUA¢T h UOA AUEATT A TERAEAT OAE QOOEREBAK K EE 1T

cnine A0 AOAT O UuCAIl BWAO@EAT BEART UA DI i1 Aa Al EE/
AOCET GARENT AUECA Al AOUA POUAROCOIXBDIAAUBEAEAI OAOAD
OEOOAAUT EA DPOUUODPEAOUABARA RAOUABBOATCGEIECT AAIEI T A
ciliT AET U Al DI UET T O OBNMUMAMURRKAAT EAT 1 OO AT I U

i #EEAI AEAT UAh ¢ 1Ed EqQ & A0 ARIA PATAB@®AEA O AAxAT Dzxh

)

AAxATDzx EOxE U AAOOUOWIHOObAEHN CTHIAD | DEAEWA QAAGEAA
UEATTTT 1101 x1T Al APl EEEEAT EAAEAT @AIERAAURDUARAEAC
AAxEE AT UGUITAE EAOAT ©DODAIT EAWU | Ba AUV UAT AIUGA A
AT 0001 AQAT &EOURAT AUMMBx ELAkBAEBEAUVDAE]I ET EAUT UI j - AA
EAOAT EDOT UU UG Al AUA AUCA OxAUANTAAAOEOCOLAEDI DEc AAT
x UADT AEACAT BOODAEAATA Q EDDADOOO0ARAUVADT U -jEAOT T
Ua Al AUA UAUO Ux AT U AT OBAT AT OAEDEIDAD AGAII-EAAEAT B
UAT EATTEEEAI j $0A@lI AO KODDI &h IcEICEQS8 AUEAT T-ACI
7 Al AOUEAIT DzOEEI AAAAEEROAL) T @WOUD @& A"/ AMKE iROE 4 A
+OxE E . AOE - AAUAUT UODWA AIAE OO AUEBXEACT ODI
7EOAT T OET h -EI xAOEAAh UARAGAIANT GRAIEQ x VIAIAOEAAA T EI
OEOOAAUT T ODAADz Ax1 DZAE - OlDAVUOTT IAES ARIxAEODEADGEA OO
x ACIAT AOA j oy 1 C x Pl OPDzZERAER CEOEBAPGHIGARE UA OO0O0I
xI AAA p1 AAAAT q O gwqg AicEYOQIAIEx AACA x ATiDaxA OO B 8 h
7UAT £AAT EA OE6 U AAAAT EA42QUR%D AUOOAROBAA O OOmIlDAA
DOUUEI OEAAUAE OAAIRWIE EAAYAT D& AEDB K DIOXEAOAUEC
DOUUDPAAEO 1 O DAI PMOAMDE PEBBAAEULG xUEAUACT h UGA
x Dl OIDzxPAHEAT VB Y EA UAIBAORAIOkI axMATTUAE AUCU BI AT
O DUGUAAQUAT EAAE 1T EADI BUWAEATQMEGHEGBAUDzZ DPEAOXI
I OT AAi E DOUUEI OEaAUi E UWAKRABAIT 1 GA bBIAARAAIBL A
AOTTEAOGO O 1 O0i DA DOUANEH AO¥ER AUMIEE U UDBEQ@AAUT A
T AOOAaPECA DI POAxA DI UEITEDATRNEO mm Mo -ARMO GE AOA C(
T EAVUAT AUaT EA T A xEAI ETjODAAGEO ADx AE 8h - aAﬁ)@(qu«SO Al
cmpeQd8 21 Dzx1T EAUDG xUFEEE "AAAAEDYr D AFADODBOAAIT AT
Ui TUAE x E EAUVUBANBACUh OREOIAAUGIAUAERA AAxAT Dzx EO
AAxEA xUlTT OUaAAC UBEABAxERAOAAT EAT EBT EA ODAAUAAOUE
Ei xACi UG Al AUA x DI OOMAEELX DEI | H)AMQG”D‘HM)T&KA(J'M%A
UAUOUxAT A POUAU OUAODA mOI XAGEERADz INICEAOOANOD A ID |
OO0OADH uuAiAUA O AAxATBARI EDEBAUATI O3 ARACEI AORA

~

Al AUOAOAAE i ETAEAOQUAUADDAET AITOI TOUWMIGDAEO ET OU

jlovaAuvuupd &G 20M0QE A Addo Ga sk AInOmAEB Ua Al AUA E

2AAOEA E ET8 jcnnuQCc OOBAE Gl EHOAAA EARORE | AR A O QA
DEAOxXxEAOOEI xACI UGAI AUAOIXC @A IO AAEGD A AEA hi EERD I0DzC
Ua Al AUA E tnn I ¢ ExAOOxAODEROAPDI UEACITI DAUERATREAU
DOUAU UAI AAxEA ToADTAIERA AOGH IAAT AIAGIEDzx OACI DEAOXE
OAET I PAT O1T xAecT OOOAOS6 UUGHKABBIAx AD E A E ARAGWAIT OB El
AAx AT Ox=E EI Axi AT xAE8 #EAT QADERE ADOOIAIVAUT E 1T OU
AAAAT E 0|sz| EAUG  x BeQUxAxAOBIONIT ATUOAAEE EAATAT OAI
AT 0001 Aci EIT iZpll ABDGAWAWAT AUAT OAi DPOAxAT AEE8 30D
ua Al AUA  x DIOIDZXT TEO AUEABOAARAT DPODPIEANUVAMAMAE TWA
OOUAAEZEAAX¥DOOET xUAE AZAODKBAAQUOOIXxEUOGIMDexi EI EEOIT Al
xUEAUAI E OEOOAAUT | ODADRE ORALT x UBIOAmIERE E® AT Al E
UADT AEREAREQIT O xE 1 1 Ax DAPAOUIAUI DE ®IOAx6 EAE UAOQOI
AT AT AT OO0 j 2AA0EA AO Al gk AODAEAAS8 AAxETI xAT EA E
. A ETTEAA -AAEAO E BIODRAIOAATEE DB IO BExITAT B UA D:
AU6OOI ODAADz E 1 AOEI AT EAT ABERAADORN] UAECEaDADOBEAA U
T EAAT AT OAI Uad Al AUA DPOUA A AEA pBOUARIUUBWAIAA KT E BIAD:
AT 0001 AE OODPI Al AT OAAEE Ua Al AUA O AAxATDzx EOXE



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

0T AOOI T xOEaA 1T AT AUd BAxBRI AEOAODAPEARPD UG OWAT Ui
AAAATEA T AA OODPI Al AT-OAAIER8 UHRARAAU IOA AOKEGEDH® A
T UAE AAxAIDzx EO&E kAGOERNEHARQQS 30bp1 Al AT OU ua ,
OEOOAAUT A OOOAOCACEA DPOBRADAWAT AhUQN AT BXAUT ACBAT /
ET AUXxEAOQAI T AcCI bl AAEODAERAET @A Dz DPAREAGE iOhzozx OAI AU
OAcOIl Aol Aci [ TTEOT O x ACAIMA AGEODd AN EARTOAIAEROS8 2/
Ua Al AUA T T UGA DPIiTTDA x«ADGAUUDPRAUEDI 1PD2A x EREAT AU
xACl BT UETIT O OACI DPEAGBEEODOOOBA UE O OIAIABAI Bz BADO x
AAT OUA 1T AAAxAT EA HBE®ERARU APANDVEA CEANEERAA AAEAAT AT OT i
UAT DZzOOXxT E AT AOT OOAT AAEEKIODzDEAOXxEAOOEA 1 OAU AE

L £OT EAEA x 1T OCAT EUI EA8 %
Whioski OAL AO. OT 1 E Ua Al AUA I OAU

21T 1T A UOAT AUA x T OCAERBUEAE AUKRGERTMAN AE

OUAUACIDAZTEA x EII C)AEq AERA oMB FRORITALK EEAGRX. Ej1UAI:'U,§&Q;
T EAUxUEI A EOOI O1 A8 S A ,&JUuUEép@DZXIEEO AREARGDA TAUAT x
OEC¢AAT EEEAI EAIT CI |'AET1¢rUU ME B A Al AA BRl A@JUE,ZiquA
TACi UA OOAT OPT OO Oi Al QEﬁEQEomE@m AEAAU“U i A szQpA

i EEOT A1 AT AT OO POT xAAUE AER QAT &I E[EDAU OcotpA@lbI. /& U
E UITEAEOUITTAE xUATITTH io/Qz[\tEA@FLUUNU,@)}AEAEszg\gA
DOUAEEAUT AE8 o001 AAOU UBbbi bOEE&BT Ay UxXEs (pal Ax U
AROLODAES € [ OAAITEULGI ARAIAU ook x @bl Blc O |
ELxAlR B UALAUDA TA xEA] OOAUOI ABEARH NI XALUAT &A
AEAOUR xEAEOR DEAE E OOATQ JUADAXIERA8Oa AAL OUA A
Lo CCOL AOT A ARXOOX]  ERAET ATEIFEOROALEAT E 00 U
| OCAT EUT EA Ul AAUaAa OQRMAORT UVEATAUABA AXAYPAA E
ATTAREA EOxE PACTAE 11 RASHABOAEADORENIAIET ROOCADG
[ET ¢lzumni ¢ OACI DEAOXxBAOQRAZEBMDAOWA] AEE. AEA
OACAT AOAAEE UAOQOI Al Dzx Ug A ,amu,aAOAE;z\l,;dAlgmazc;Eaﬁ Dk | Wiy A
OOxAADz T A EEI EO OUCI ATFEGAIAT EBI POAL EAQESAYA A X[
UAT DDAIET T A ET AUxEAOAI TEIAEE gPOAAUODPT UUAEE E
T AxUETDzx U0 UxEAT ETl xUAE AAXABS iSAXALUA EPAEAUG U
DI xETTE AAAADz I 1T ADI xEAAAEj'rExaEA@&'IMEé&L’JGUAL’@UgiA--A'.lh'ﬁ’ ER
AEAAEAR ETTAAT OOOE4aA OF ®ClAA ERQIAREE GAAR | AkxC AQ@KAL
x Ua Al AUI EAT T xA {1 P8UAOE® QWA | EOUAGSIA El OAY B
TEAEAI T xA j1D8 xAOUUxAARDOOARE! 0k All WA IFA A
T ACKQ8 7AvU0l A EAOOC UxHAQUAIAQG] Al Al $Q4 B §i Of x
| 1T ODAE UG Al AUA DI DOUAUp 0D JAUAAAERR xERAT EEVE i#/
EOT DzOA xOPi I ACA EACI AAGIAADAE QD li,XOE)EAQA”Dz oA

7 TEAEOI D-OUAE POUUDPAAEAAE OODPI Al Al OAAEA
Ua Al AUA 1T 1TUaA AUADz EiITEAAUT Ah OUAUACIDZTEA

Fe dd d¢ ¥ SFandidyq  /
e “Thi§ tesearch récéived nb .

external funding.

R6QBO6 KZmp ompgtTAdbegt¢g o0ddyz / Data Avail s
e T S S S R R L L TS T S AOA OEAOET
R6Qd¢ Lty LT e dpa /DdtonakRpvibepBoard Statement

AR * 'N6t applicable.

R6Q66 AKAZm e ds gdnformédentyStatpment

< %7~ NGt applicable.

109



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

Bibliografia
| AAThO&B8h O (AEIAh $8*8 2D ﬁ@ q AOAAT BPORDAERAI EADE
EOI I | AOGARAA T EOD®SIT Al I £ WE L € E &zAl b w OO TTA T E
PMIBPTNMXTITEAASB8- ITMMXPOCTMT
| CEAh &8h O +EAT h 28!Ed (DO yAA@8d E& A QOEERS 11 ITARGMAT |
OAEEOOAT - AABEAAWw} ppGOIS8REAOET |
| COEUUE 6AOQAAEATTh 48h | CAOxAIfR . 8R %BODA nkiclqdE
AEAOAOU AZEAAO 11 ETOAOOET Al EOIT AAOI OPOEI T h A
AT A Al ETEAREODDODOAEDAOEAXxO EI hA¢oA (gAha Bk ADE
Al EBI OCTpmn8pnuyni@muaaowP8¢mng 8T
'l (AOATh 38-8h (AOOAT h -8h 3AEARh 38h )OI Aih -
) TEEAEOO OEA "EIAOAEIAAEIEQU I £ )OI 1T AT A #Al AE
I #BADET 1Al #300B08REME EOCOPOJITAT ESMOMmMAtg@x 8 pp P
11 AgAT AAOh (8$8h 3EAOITAEh *808h Q "EAOOAEAh #.
ET Al TT A&I1AITEAAS AT A 1 AAiI OAG goduhyBoAVRI OALTTTIATT EB T O ¢
E8pfHoux8¢nnnd8nmnogod8yd
| 1 ORCAAN OETh , 8h +EOAET AOh (ghx+EADOBOR] (8AOCAI ©
Al O EOI I OOVD AIAIOAOE}V@DO&H%QAQMHpﬂA@GﬂNﬂﬂﬂDﬁ
| AAEAET A /| @AEpOdikp potiE 1 ADAHOG T T AT E Blp0 @B matguBwmgrtk
' TAOAxO .8#8 jqmmtqgs ! 1AI EEA}DIEEEEP‘EIAA Bl AEE AT T
ET OA OGE @AHADE TgpchvEBO®® d T T AT E8T OCTpm8ppXCT*#)CpTTop
' T AOAxO :8#& jenmnmyQgs &TOQE@Q A "BERIT A ¢ PEFMBEL |
EOODPOQTTAT E8T Q@8 pyau@ Al 11 A
' T AOAxOh . 8#8h OQ 3AEIEAOQhN! T086MI jQ@QAOEKAGS ) hividen i
EOODOFYTAT E8TI OCTpn8pptTAT 1 OOAOSBPEUOEI | 89pw8maop
' T AOET BT Ol 1 Oh "8h *Oh #1 OOAAEI Eh %8h B8EAh 98h &
'!8h 6O0EEAAOEAh 38h ,ETh (898h @i OAADAQIDI ABT 6
ABGPDOAOGOETT AT A. BOIDIOAT it A IIEBR BBIECOODP O T T AT E8T OC
' TEOh *8h ! AEEOEAEER "8h $AAAAOOAN 8h "1 AAUR
OACOI AO ATTIT A WIAA®O il OBAE OAIOOEIAIR EC OBA AT MEA B
POi CEPpwpBQEOOPDOYTTAI EB8T OCTpn8tpncFAEOOBAEOO, pp
I Ol AEh 38-8h "1 Uh %8h #EATh $8h_ #Al AAl h ZDBGOSOR
$SEAC 2AACAA®I OBA nykEAEA | /£ 2HEOUDAOAOI DDOHITIEAER
30AT POEI Al JOAT * BOOIOAIG8IpAEV] GAPE PEIocBOODOGT T AT E:
EIl 8pp18¢mwwyu X
I OT OET h 08h Q ,AOEh 38 jcqmpmQ8 #UOEODI| EA&E ARAICL
Ei i AT OOAOEO AT A T BEABRDEBOAA AAORAGED P EDPEAS X hA OB
AT E8T OCTpn8pnpefYEB8AAACAT 8¢mpmn8mng8mmu
I O0OAOI 1 AEh ! 8h lAEA l'8h . EAUh !'8h 'l EAA jcmgol
(AT AOT AGEDO ET ™IENT A AEIAIA Al OGE 00T Al 1 £ BABAROE &H
EOODPOQFTTAI ES8T OCTpm8coXxpXT"*3428¢mcao8ug8mnmyPgyXxs
"AAOOh 1'8-8h OAlT .11 OAh 08! 8h 6AO0CI OxAh 98h - 11
Q ! 00f dhp&g8 (ECE DOAOGAI AT AA 1T £ OOAAI EI EAAI EOI
Al O 11 x EAOACOKEAGEBWAI x p 8 x ®AG GE8A dOICIT p 11 Epupupups8TEBpoC
mTowue8Y

110



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

s A s oA A~

"AAEOOh *8,8h (OAT Ch V&8783V1AI7AOGE""'F(; EOE!N &t #A81- BAC18A
3AET AuAon 1'8,8h 71711 & #8*8h !'TAOAxOh .8#8h O
EAI T EOCOAI EI \ qurAlE
pt8pmoPrTl CpXXX

AAEh 38"8h (AT OATh -8h "OEEAOAR +8h *AlT OATh -
,8(8h O 3ATAOCOOI ax®i 1 8AAQN@D QB KIEAEERiIAMA EEEOU GEAI QA
AAAEOET T 1T &£ O Al 1 4MA QIICKODEAEPDT AEBE AN AS08E Addkhw 8p&X
EOODOQITYTAI EB8I OCTpn8pmnmwoXTAEAI TXXx8p8pxo

AT EEAAAAR +8h ,o2AAAADA -828h O #1 AEAI 1 h +8!38
xEOE | AOCET AUEKOTIOEOBAB O E8hO Op hd jcaf GARIESDODOE DEA T E
PTMBPTMPXT3INMAMYXPPTUTMWWOWETPY

"EOCACAG OAh s8h 3AET AEAAOh +8h O 51 ZAAAOCh *8 j
OUl AOT i A 2,3 EI_ OAcOIi A0 AIiTA Ai1T7100d EIT OOAO
I Ol 6B OAH ChE} 76@hp 80 LETOOD OQ T T AT E&A n@@Bpnamﬁmptﬁm
"E12ODI OOOAT h %8h QWEARRAADENRAT Bi AbwRO®OBAET O |
ET [.AOGOEOCEI T AR Ac ¢ iARGHA 8p dE@IODPOJTTAT E8T OCTpm8popu
“TTT A siTiTo #1101 OAITET @d ')ATEAGAIJAT OAGIEA T (A AOEGHEA
1'TTA@ ph JAMA&QDLA@IEAEIOIAOEII Al O EXICDIOAS K k k
| AAE8T 11 81 EE8BCI OTAT T EOT. "+agpmuxx7

"I AAETh *8h 3AICOAEOI h =*8h ,UOEITAER ! 8AOOOAED
ETT xI AACA T & Eomn|n@lNWMu@@mm%o&QAmam&8pmmooa
Al EBI OCTpmn8poyYPuvT"4%2dqwcdodp Pw

IETh ,8h -AUAOh ! 838BUQADAQI BOPARD B3B8+A1 PDEONC
I AEAIT 1T AT CA A O le@A@lA@EAOE%EEM@@o@QO@®®Ec
EOODPOQTTAI E8T OCTpmn8peopPEUOO8" mxpmetT

"T OOBBAOG AL ADABIBINA A Al #A@&MIQA@QEEQ&&&EMAAEIE(
AAT AEOQI

,,,,,, h EOiTh AT A UET A AOiIi AAEOU EI £ZAT O Al O]
ADAOAE AEOQLOEOEIOE j " OOAAT Eh h 1@zt ODHYLOT AU E
PTIBPTP OO WPWORTNTTPO

[ 01 011 &8 jc¢mmt1Q8 - Al ACEI&I AT ®AHODOY kA 1E® BEOA 181 ¢
EOOPOQTITAT E8IT O Pat@BTpIpTpP I TEBHRYS P

I OONOAh 3808h O0AOAh 2828h Q "OATAEh *8$8 j pww)
AEEAARAAO EOIT OOAOOOI OAIANIOOAMA GEA xii ii ARdnBABK j p$aERhO A
ppcp8 EOOPOQYTAT HBJ oo xmp @ F 3 MG

OEOOAT EAI '8-8 jcmppQ8 )OI 1T 4ARMEGVERD EjUiqThip 8TxuE
EOODPOQFTAI EBI OfL,dpuduppBEBOIOQRJD

OT 610 &8 jqmgpQgs8 OEUOEA ! AEA AT AOCOEEAHOP PAET
ECOPOYMPAT En8oown¥i Optmpmnmgu

' OUAT Oh "8*8h 9AOhz9BOOhT H OABhh (BBEBhOB AT BABN
OADI AAAT AT O OEAOAPU ET OEA Oi400A Q] 08 | Akl yAd 80
EOCODPOGQTTAT E8IT O ® arusppppSprpoft B8ps8uZo x
#AAl Ah 28'8h "OAITAEI T Ah $8h 'l UlTh 38!8h +1AEI
. ACGETT AT (AAOOh ,0ich ATA "111TA )T OOEOOOAZ pAAE
i2%53)q jcnpeQds %AEAROHIA HmIEGﬂHHD@EOAO AETAT £
AT T AOPRAT OHECOE] gqQhp ¢ 8imbBOODPOJTTAI EST OCTpmn8pppp 7 C

111



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

+EOOh *8%8h -AOOh !
EiTTh 48,8h 20) . {22 V@3 :
I$TAIITON A OAT T |j3m@9@aplz %)

#AAl Ah 28'8h 'iUTl h
' 3
4 )EITS$
| E£:80b «uC8BcprupBom p 8 T E8 p L 0 X
h
8

A A oz o~ N N =

_ +EOOh *8%8h -AOOh !
h 3EI'I'Ih 48,)8hi Qup.p(Q8
Q A @ VEOB1 1 e A) Qv
BPOOPOGITAT EBRWOGCBOE MNP

4 ET IhAGB, #881%82h/)0| QEQRTA +8/8 jenprds $0

EJ)>:

pxqas8 4EA AAEAOET O 1T &£ AEAOAOU AEAAO
PDEOCEAREARBAHEAXxO ET hAEIUYS p@ilhhitcdBik 6ODA
8pnwn7pnTnwoww8cnp¢8ppwnunp

I+
>
=y
_:m‘ﬁ\ O‘m\
O~ 2 eI 00 D Th DT«

—m> OX
"O—‘—:
g —

O eEemaA0Oo mco O
A-D O ®OO
M I
>0
> S
m e A By

Ol EAOh 18, 8h QO 3ATEAOATh 68'8 jqmgc(
DUOEOI DIIIEIA@EOB p7Q@ Qb w8T EMODOGTTAI ES8T OCTp
B

DEAMAUL 1Z8#1BhOOBAIDA! 8h 8hEIQ Z BIOOMAIOR h)-

I AAOGA xT 1T AT h AEAOAOU EOI1T AAOI OPOEITT EO ORZ
Al OAEA ZAAEA GBA &IAKICEIOl «EAIAT BAOEAA] I AT
O Qdp o B EDOODOGTTAI E8T OCT¥pn8owt u¥AEAT 8

P
98h - EAEAI AEh )-isthi COATGA 1114 h. QGBOEBA T OOn pAYi G
(AR CoEAsl A ET OO1T Al h Awnpd g flédLWwu AT A | AAEA
AEAT UA . 8 j ¢mpoAs8ERIADEIA ORIATIOA®AN OEl AEAT Al
00 ~AOI AOAOA AT A EECE AIIGOOIIAE AORITGEAE A- AMAR

At

iy MOo>» > T

>

— 3%

— — —

- A ~ ~

oOm >Om

AT H R R T D DD Do o RTH G E M
>
>

E XM MXI>M O 307> O> € —N >

R
5
B

1TAU MOOCERAE ABE]
=81 OCTpn8pmwyxT-/"8n
#1171 OAAh -8%8h Q 5i AOAEOh =* 8. 8 IjidmncAda 10000 H R A UG

' P 8pnn¢7AAIA8cnnc8nu

H*
s
&
o
o
N
=
=
e
el
o
©
>
T
Fﬁ
> >1

#1 1T Eh *8%$8h O -4iTTOATHOIYWS 2BA aEX@Egisl  ET EOI AT
AEEAAO 1T &£ AT EI Al DOT OAET OEA I AOEAATA EIOO DT MAIA Ol
Cwi Vo wB wEOODOGYTAI EBI OCTpn8pmnmwolXAEAI T¢ws8 Y8 yYyvu
#1 T Eh *8%$8h O -11 GAT Hhu®ER Apdixqs A6 BERA Al AOE!/
ET 60T Al 1T £ Al bink &dihp 8¢ CEOOERE X T AT E8T OCTpn8pnmwao T /
#1 1T Eh *8%$8h O 2AAAUh -8"38 j chthE /b‘fE/SAAAGDHOABOAE@
AT i bl AGAE AAEIAIOBOEAAT ET OOTHAT x diamGE ESEBRO d 1 1O OED
AEAI TxXo8p8wo

112



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

OThA v ol ApQFd 8 IrigB@8 O d DODIEDET

Oh #8(8h Q B3EEE
TTAT gatlam@dFyxmpspp ¥g

A
4BEBBEREQUOVBEAAERRG i £wPip 38

I OOThATo 11} A QAME BaB@PHD d, 7 100100

m:
¢
*
[00)

. >
aax O
B B8 ¢ M&™P

e 8 o @
>\j(
—_

ﬁ — m)—:
O — o
N m:
g O«

IS

$j< & =«

s ()

—_—)

>oj<
‘oo N M-

*
0]

5 >
O
ﬁ Oaj(
€o
QO

P!
—_

3EIi POITTA A&AEBRRO, EEORE
A Auwym&@uj 001 OAOS

Q 4 '|' EAOUREQEAT jAc- i@ 0B A 8% 1 b AE P O
T 8pmpeTES8I AAOOAESBCTMpO8mMwW8 TP

5¢
>> O >
i © VRN & g

I(

OO Xxm: © —m:
@)
O *

—:i 3%

OX>» m™—

s oA A s~

gihg mpdqs8 wAEAAO 1T £ AOAN Al
AA@AHE $ OBE ABAN ExgphoOlp A EAC

8h 7AI AUUEh 48h -1 OOEOh ! 8h 10 (EQG
M@ﬂQEﬂmAEKMMED%MIA&AE AOETEEAT! I* RO/
A SUQEOEREJ A ¥ Al E8T OCTpmn8pnwao ¥/

Q68! BCEAPDYEQd8 wAEAEAAOD
UEIA AT A EOl4EbA©MA@E@@
o7 TAT E8I OCTpm8pmnwaoTA I
| %8

E
Q ABDAEABRBDAABREDO

X W NTE U N

-
O
=0
>
=
> C

— Ez
e

OAT ©
I A 4

— >
=

m

_;Q

- m&e mMX>$» MmM$ mI*T >H O>H OH AH
oc »@»—
K
e
0
T
;

O > X
~N T O

®
O®¥ FwOw OO

T¢ Al Ao @il ABADRIOCEOAT
I E1@A A 7o80vEGA® @Y, T Al

p=|
—

— I £ X T O

* 4 T O®
—m A P
B>t € o2t

h 7A0Ah $8-8h O +API AT h *

T EAA] xpBxhuQBsp GEOQORO] M7 AT E8T OC

'Ol OPO AT A 2AA #Aidl . A]J

)L ATOLAOELL 4 534N ¢mmu 8

AAE8T 1181 EE8BCI OTATTEOT. "+¢ccooT¥
E

—_—
>1 3¢

X_:_
x—:

(UN®
H —_—)

S A AN M A m

Al h - sk ADADDO @Gt AOA 8 BHPO OEEADIEIOI/
IcIEAOD Oq T T Al EglippoHpni8p nmix ¥ Op o

h 4£882 SAvEAAMMA 11 B4 O AP AQ A3AE /

TEAANITGA EAT T TAGG T AOCAJ A EJ
I Al Q1 OAGA IABIET ATAA AT O @@IHDRAIE

NeXe)

C

8

mr O I >
To —
0 OX>
>0 L D
M > NMrg
¢
©

—

s A s oA o~z

3> 30— —
. mr O; >\
—_

OT A1 ET O O Aj Gty B cEc® A B

—o—0m
m=—Q > mm O~ X> O

:
g
;

~NmT OO0
‘AT L 0>
SO N>
OI
>\
O
>o
_: =%
Oz
O
_, o.
J>1 T B
_)o P
O
Oz

X~ """ [MI>H )>:OQVITI~€F} O Mm =&
Q
>\
> 32

~0—0 o8~

m
> O

—_—)
) —

om™—
bo- N
Ny

i

i AAO 11 ||®EAEAO@@%T@%@&W@%K&
B T AOATC DT TP T
113

O>0 € ~O> OU~
W > eTNy 0T @

ma
om=

iq

h

ES8 8
8h $AOEAOOITh ,8h 3A1 AOOOia& Il
yiS

T4p ax



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

%OEAAT Oh /8h )i OATAh 38h "OEAOEh (8!8h W&OANII
ATTT OO0 ET O1TET Ol h /16KNO0E* ixBR®OAIOT hh A ziE@BAGOAE ABE OAA O/
&A1 OOET h #8h "AOEOOA AA -1 OAEOh -8h AA #ADOOE/
3EI OAD2OET ' i ATAEI h /8-8 jlgrnnwdsOiwdErAd A A TGJA GG
ET OAOO AOOEI oAAloAOUEfmn@EmmulQ@%Eég%&%g@k@|
ccy8 EOOPOQTT E mmwmm8pnnx70pcnpp
8 #
AE

&AOOAEOA IMITANO 1Bl A U] &FEEVOMA OIOA P
*1 001 Al @A@gg@@mmaﬁmmadwmmmnmwc)

(3
T
3828h 3AxAh ! 8h 4AEAE
8 A

>
>§)%

—: 3¢
O

0
M
O
>
C

P
AO

01 OOh +8%$8h @ 3DVABDOhOG B8RRI
@lmpmﬁﬂx$@ ODOQTTAIEBIOQT P

"ﬁ *8$8h AAhRT 28@&BHT Ol # OEQI 1

O) a
om >
(@]}
>
O{ﬁ
ﬁ,o&
@@ =5
Ozg(
[o VR
0 >
[0#]
B =

Do D> 0
—

P>

28%8VF1 Q "AAITTh "828 j d@rEmu qaAx/ Of EA AJ A
i peh t@x EQOODOQTTAI EBI OCTpm8prmueX. %* - D

C
7H0d0Oh ! 808 jpwtcq8 2A0A 1T £ EAIRICPpAED

—R oo
>—)
m =
S0 O

— Ro
D

— = N _—

AAOAAOAh o08h -
SOERc ARADADODHET

Ao I A0O OEAN  *inGOI
TOQTpn80wTUTEI

EBRAA)SAS3A8N - BB G x

: iAUEIOEEh 38h O "1 AN

O PAUBT &p pipBAERAFIRAOG T T AT E 8

O—™>»0 ooO m™
N,

—)Q,))I-I-I % X
om—0 »n
>RGO M < D BM Oy

— —) -
> O
a)
1 3>=Ye

mwm‘_\

Rl N O
w O

x-I-I-I\I\) -

Qwﬂ'l:

io28h ROEAAIAIR -8R 2

,,,,,,, QAQA ATTAOETTO ATA A

OKEO Ejgﬂh&kuﬁOODOQIT E8IOQTpn8pppp700£8p¢p
8

O/n >\

>3

- =
-o —
>
|'|'|
O
g
ITI
ITI
o
> —
> —
>° T:

A -

h #EARIhL 40Dk A+ ODI AOH 8h : EA) COADBRBBERI-O PoF

EATTAEOI i AOI OEO DPOI }ﬁl,(&%mgﬁgEEO@@A@E,
| ASPDADADARNBX@E G pkOODPOdT T ANIEAROBO @B mMp 8 M
Ah 68h (AOIZEEYURE h, 808 G K AQAEIBA BEERIOAOA | AE
EOA 100 AT A-©6AAAOCAT PapppPQBT Rgoxcpg8 EOOD
XCp

>
¢
*

w2 oAz x N

I Do
%®>~>m
:i>~
- Rox>
O—)

ET AOCEAO AT A b
pn8cownTPEAOI
Aho2838h "AELAUL +8°8h  EA wmh.;8ﬁ,0 &A0COC

AT OOAOCEAAOA KT Abil 81l O AT OA@I AEIiITAA AATGAIAROEAO 1A
E AT @ BBD PO artf AT E8T OC

m
O
O
T>
O
¢
© A
(04}
¢
L®)
3
i®2
©r
2
B

(@}
c T _,m M
Q,
@)
N
o
T
(5,00 OF
-
T
- B
"o
> B0
vO
M

Z A A z o~

2>)
o
oy

O XD

h 68n8hi 8- 8ROOMA®AINN *8h (OCEAOh -8!38h O
| AU xEOQOE AAOAT T UKBOEDDKEOCBE] Y MG GO M T AN E
BpBOoPWNBOoNMOoOWNPWITIOCTULEYD

b >

114



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

'TOATTh $848h Q #EAOEEP8B&E ApbPi Qa1 0B ADE xEAA
AET AOGAEI AAEI EOQUEKT * 10GAT Afi Ad dEAIzOROBOEPDOD O T T Al E 8
El Ypp1808uqgo

6i AAR 38hHh | TAAOOITH "8*8h O #il1]ElIDE EBOAOPET
AAOT OPOBRDOEAAT ET OOT Al 1T &£ DEUOET | 1 QU8 1t xA &Gathin i BoQx
EOODPOQZYTAI EB8I OCT¥pni8ppufFTAEDPCE8nmot Y8¢mpo
' O1T OEETh (8h - AAEAT UEAR "8h "AOCAOh 58688801 OI
*8,8h QO (AAE€AOhErI 8! 81 ApABDRAQARAOAOEUALEGDIT AEAITAO:
OOAT OPTAO®OGE) Yi ¢ gt pyddh EQ@POJFTAT E8T1 OCTpn8pmnoygT 1
' ObPOAh 38h AEOEI gﬁj*aw}é‘m‘c‘bm"”‘mpﬁm" AR hEAEB | | AlmAtg )81
- Q/{\Al AA EU * 6bAQRAAAITAMBOEA 3AEAT AR  TEhIEREDAYK |
EOODO QTTAIE8IOQTpn8pnncTEOEA8cuww8

C)UAOQFL '8(8h /@i Al h 1'8$8h !'ITEh -8h 7EI | AliMOEIO8
| £ BAWEAEAT AU AT A €AQOTAIT TTOR OOERABAIT x Egd op Al
EOODPOQFTAI EB8I OCTpmn8pnnxf" &MU WYnmo
" UAOAOER -8h 3AAAAOCh *8h 4EIi i OATh ,8,8h QO *I
Ei POl OAO EAINIAAITIOOAIOEAT AT A E0|ZAA/EEONE0&A|OO EAT | A
OAT AT 1 EUAAI AT OABRABDAAT 1 AA 470 AHT OO b} de@ihp BBXxEOOD
AT E8BT OCTpn8ppppfOOA&E8pTULCD
(AT 1T AAoch ,8nh "0OO1 Ah )-@ihl QARGIBIAIEARQh ACAT FABA
AADAT AAT O ETEEABGRAI 1! | AOERAVOADDDIT Al  tiwf g@thESpE.
EOODOQTTAIE8IOQTpn8pnonAEAl7tw8p8an
(A1 1T AAOCH 8h " OOT1 Ah 8h %Ol Al ONOCA OZhh#-AdEd | j §pARHRAE
= AAEfEﬁE/—\OAI O AIZIA(DIAOGEEM]I IAA,GEIAG)%OEI | | BEOE ARl AEIOB
Al ET EAAR 0 OODGOBY EQOODOJTTAT E8BT OCTpn8pnwaXTAEAT Tu
(AL TAAOGH . 8h 21 OOAI AA@EUGB@AQ ABAODBABEAEG BIEAE
AAOT OPOET REAET! I AOBAAT EIT OOT Al 1 b yEquid ¢EBD@#Ad, 7 11 AG G
pm8pmMmwoFTAEAlI TtTuv8u8wyy
(ALTAAOCh Z ®h OEZADDAT ABG " OO AhT EHRAEQE FIOA R GARIA
DOEIT ET 1 AAEAU" QRAORAEGHI Bh O @mAz v &Y GBE0OONMEFOABI B 8 k O X
AEl powwomnmnuvo
( AOI AT Ah "8&8 O -1 OOEOh %828 j pwwyu d80®EDAGA O,
j . Ax 9IFOEML | B®AE @ cEcOODQT P 7t & b EBo@TXT CuXUPB T T TT T TT
(AOOh *8*8h haAXd 8 %schnp@ q81 AEIAOAAOAOEUAOQET T 1 A
00T TTOEIT T A )AT#ADODEAT AD A ARIOEAOI IO Ol p Aq M
ocwt8 EOOPOGTTAT E8I OCTpn8pngcpTAAOBEAEA8BQ@ATUYX LU
(AOOh *8*8h A4AENFAE%SNh 28I0BEEAMP LV AB6JMAADP OEAEAAOE
.8 01T UDEATI 1O 4EAO )T EEAKO #AR TAO@AOA 1T T TO4 AQOEA G
AEAT BEOQOY ¢ guhu quaqunooaoq,TTAl E8T OCTpmn8pmncpTAAOB8E/
(Ah 78shh ,$8Eh Ch +8h | ©ORATDAEAQ ! AERA AT QMAOROOA Ol
31T AEOI | @Al AOA AT A ,31 \EOI 3 EZ EAAOAARI ADPEIT Al A
OEOAI ET AT A 1T OOOCEOQEIT OAOASEOEOEAl OADTAEOEITICAOA
1 00T Al ET OAOT AGET T Al AAuPERAP & 1 H 00 LERT RO BZAT O ¢
wYopTFTATTnIMu MO

115



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

7TAAOAOh #8-8h O 2AAE

A

S Oh4EB281 ApwI
] X 50D Og T T Al ;

h
QTpn8pnonﬁ

_;>°
O >
Do
cC
g™ L
‘N
cc
o
(o0}
=y

AO
|

e
> Bo
y D¢

,,,,,,,, Ih
AEOAOEOO 1 BA
3 I |

1 ~~ w - — O)/\ m)/\
= J>1 Do 3o
> >0
oy dele]
>C e
e
Q
o©

—_
—_ o

An - EAT AOh -858h ' Al Uh "dhE Q

F8OODPOQTTAT E8T OCTpm8pmporl

ABh * 8 DDA U0 ORDOAWOT ET h ) 8h

& %8 | pwwtd8 $AOAOCIAETAMGAEGA
AEAA A1  ATT AT OAO AA OAT COA ¢ s$A
E ABpaBA AT TT OO0YS

T Io0 o > I»
&0
ﬁ"""

>: O/ ¢ O;
O

-~

DI IOPAEAAOBDAUDERODLUI
o hiOQMEOREDP EAODPOADA

= mems
B
Joo
—
>
;sv O)
¢ O

;O)m

> — —
—
U > O7>0 mM>»y

AR BEICT DEOAROBHAOIOEA AT
Esdigae ¥ @par8pnmnx ¥ Ommn
OAAT AAAEAOh 28h ! EI A
I ) AO/K)AE]NAEZ)CEEAAIO\OI &1 DB B} DX IcC
OgF¥TAT E8T OCTpn8pnowlZAypoexptA

8 2

|

— >° O' —
O > >
=y
J:p
@7
» B
N
> ¢
QO
oo
CX‘;
j
)>~ N
J>

o>
O X

8h ' Al 1,A8GHE8A Ghp BBT+@d @E@AE@ﬁMEHAOATQAQZ
xEOE [41EXA BOTAIOE@QQAIN OGS OT Al vhiEeQ@AloEp B
81 OCTpn8pnwoXTAEAT Tuw89e8paoyp

E
&8 jpwwxds8 0O0AOCRAOEI QOEM®EA A GRIAEDGAR @R
)
8

(@} O
o o

OdTTAI EBUWOEBp DBORBPATESNNE D

&8h 2AAAURh -8"8h *OEI T AOAOh -8h 0O #
AAOT OPOEREA EF I D AOHEBEIc I p pcQlhp EQOBDOJ T T AT E
wWwo

poe8pp8cyYmyY

ENeje
\l
mp
—>

h O %CIiEh )8 jgmnpngs )4HA !'AIEA GEORAI AE
0 O gl Fppxi3psp BEOOPDOGTTAI E8T OC& prni8owt v TAE
/e

5 - AAEAET A jjcaEng dBA i$AIA OIAIO U- R RAGHAIOB O GH
~+h 1 OOAT EAh "TOiTh #EOITEOih #1 PDAOR )1
ih ATA :ETA8 . AOCEITTAI | AAAAT EAO 00AOGO

3

h 4Ai AEEh 38h ! OEEAOAh +8h O )OI Eh

TAOGEOI h AT A* TEGOTTAT ANGERO BPER ¢ DA ED S KX

| O PppEpB8ePPERBEEEPRNED

-O0OUh .8h *AET h 38h 500Aih .8h O -AET]
00d %@PAOEAT AA NAAEALT GOBDO) RAEAE EI

ETTq AT T £ZZEAEAT EI OO0 AT AT 400h Tod AGPES BoAp!

Al E8| Oqiupdmusgantx F Opgg Yy

116

- o

mo ®—o A

-0 O T0O ~O UxO
m> =

>

> —

Tt S

> —

M>— 0o~ > DM N7 M>» M MM #FM N O My,
—00

U] >1>\
N 0¢

*
O\ m\ X

H

il
:§
—_ E(

0O0~> O>/
—_ — —)

mo =

Oo>»—m O~ H
V)

OO > 2



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

*T ETO81T8h @898 1 Ponnt g8 $EAAOOEA OOAT OEAOOET O
OOAAEI BIOMsTT] proqQwoB8c EPODPOGTTAT BaUmM@HAxx8pp Wg TAIT T
*1T ETZ0EMT AT AUR 48$8h O ' OAEAI h $898 jqmppQd8 S$EACI
ET OBAAGD é&@ADAOOEA AAOAT ARO 1 E bz I £aDDDl O TTAAD TE

PIBPPXXTPXLOGUWOB8PPOWYYXOTQ

+AOBBI+8h +B%BET CmADE8 T AT ODADEA ET O1T1 01 OAA
AOE MAODEABEOOE] tupho 8 TEXOOD O T T AT EBR WOGCBpgapmemE E&Q

38"8h $1OUh 2848h 9ATCh :8h 10ECI AUh *8'

h -8"8h +ADPI AT h *8h O0AIE Q !'AET xEO

AAII,AEEEAOA OE BGEIAN A B E

DT TAT E8T OCTpn8ppgoeT OAEA

AUBOABEARBh Q%838 jpwypoq
AEAO AT A ET A AEAO4

O)
m
>\
O
.M

+

To

To
[Tl =¢
—_

M 3> o
o~ O

ax+
—mm € m> O >

>0 U0
£ O> O

— >) —)

h A

DAEI AAET EOQU 1T £ EOT I EO&TTEAK@@@%@&@@R&M&%N
OCTpmn8pmnpefES8AI | AAEAI 8¢mgmn8pgxoxp

- 8h AARh $84mihi g A OGVAGD G®BI3I8 AlpAv)uiIQBAOOET Al
$EAOAOU0®0E0§E|oonAAomqujmwme@qB@OQBEAQE
P TP @IOTPCXXipW L BABG TTT p

O *8%8 jgmpuds , AAT OAOT OU AATAAN EGAT AOHAAABWDA
I OAOT WU ol vAZRBE IBKBODOJTTAT EBT OCTpn8pmpoefEBAI

-4+ O >+ >: > +
— m\ — —
=SSN
— O ™
0¢
()
[08)
©
N
mr
O
O
V)
@)
ol
H
H
>
m
(o8]
O
0
|
o
p=|
"o ® =
o
cc A

A

UtriTh 38!'8h -AOON
I 2AZAABEBDDAT O %bEAAI
O06pbPIl Al AT OAOQET 1
OC¥pmn8pnmnpfXEAI A8c¢m

=+

_*8%8h " OAI AEIL 1 Ah $8h
ITAl (AAOOh EOOQA ATA ™)q

h

I 1

P) B2I2%E3 j ¢mpugs [/ OAl EOI
i 8 1

Ow-
L=

8 %87h0 ECEOMI Ashg * 882 8-hAOOh ! 8%8h #AOAUh 08- :

. s N o~ 2

18h  0Q (,") 2A0OI OEOOQ ) %dH KApicE]8l T,CAATSIAIGT
E

2
A C EOIIZ@A&HWEAIMQAGDOZ%WMHWWDEHOWQQEBMMJ
@pxxv8 EOOPOJQTTAT E8S8T OCTpn8ppppfOO0AE8pCCTW®
U
|
|
8
U

< OoXx>m OoO>m >Mm = Cm

Dh 3828h O0AAAOOAT h /8"8h O0AOAOOAT h -
OEih (8h 271 OOCAAOAh +8h 511 0I hAEBHhED
D0d, OAOGOI 66 AOT i OE A4 A TOHEDED b Toigitohp pBim
OCTpmn8ppppTOOA8paompp

s38h.
%@EE
I GO B

D 4 D D+
—_—— m —_

Do MO

¢

_:O»OJ»

JAT AGAEI h 08! 8h "AOOACAUR %8h " OAUI

O+
—Im,o,

A

 OORAEOEADBCOA EI TT1TATATEAh DPOATATI B
PpyjpzoqQh x8¢ EQODOGTTAT Kati@pRT pprodipp Y ¢
E h
E T
A

OOEUh 08h B8EAHAEAB8DI IQA 3IA£0AOA

O

T BDEHAJITOAOAABE G hQ pOhE A AR
EAOA8B8cnmy8mn¢g8mmp
h

|

p

© — QO

mo +
o om

/N\/)!\AA‘NA

Z18hOA-OMOGiggd AQ) 21 AEAh -8 jpwohQ8 i WAEED
iT8AOEAAT ET O600IhAIc pli A& rdpht dpdp ABD OD ODDEDIEE

T >

-

(8 jcmepqgs8 4AA #1711 001 POET

h +Zz8Ax BIOA KA1 hah 85BAA R AT # &
h

117



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

. A&A%S 41T ET TATATEA 711 AT ATA 71T AT xEOE )O
300AEA0 EUE Al@ﬂ@ T &lh Tpmpl GOPE BEGODOT T AT EST OCYT
I o v w

L AAh $8(8h :E"',OFJ\,Q*@E‘N:E"Z@H :8h 8EARh +*888h *O
ETEEAEOO (*6 oAAokEEAm AA AE DB EBARIOCADIDOAOOE A
PPUj pU@dp opd gE OO D OBLAN AN UA] e/t HRIEAL o TP 0 W

, EOUUER *808h ! UAAT EOh &8h . Aih (8h +1 000114 -8

OOAT OZ&ZRODAT EOT 1T om@Aa%A;f®@oAAw;@$A‘.AOETTAI I
30A0AO0 haEpl ioAQEAdEmpsd EOODPOJTTAIT E8T OCTpmn8pmnyxoTl
. | AEAOR -8h #AOOOADA h +8h .EEOOUI AaEER 08h OAI
AT TAOEI T AAOEOEOU AxAOAEO OEA AAEAAAO i A 1AR AA GO W
EOI 1T OO1 GRAOBIA wah Amncenyecs8 EOODPOGFTAIT E8T1 OCTpmn8
 Tali"ADAALmpnqs #Al AEGIZIZARBATERGITO ANOA OPOET EA
)1 OAOT AGET T Al ET 00T Al A O 1GARGAT EAI AT AAE OQRBIEOE It
%0l AEOOT COAI OOAEOT ¢8 *1 60T Al ET OA@T AT zAcksxwd\ A
EOODOQZTTAI E8I1 @QUIFopprd8AOTITLTL TFOTIO TT TT

, UT AEERBOAOCEITAI A £ 0O OAI AAOGET ¢ Al RAODOAT AIAOAL U
/| OCAT EUAQGEI TN ¢mpc8

, UT AEh 3828h Q #ITEh *8%$8 | punABO)i BAOBAOEARK
SAEMA Abbam i 8o EOODPOGT T AT E & ¢qOoCcT8pprusyprp8ohATcEpSapcxut 8ud

L, UT ABA8Nh $3A80 GBAn* BASIBBEIRN A1020h 02 §&800Ap dbohdt g8 ) 1 EEA]
Ol UARBR AT @METAOAA T 1T EAOU 11 EOIHMEAAAQIAGCEEGEATT EHITO O
I OOOKE O jl zuhe 8u EXOOD OGF T Al EB8I1 OCTpn8pnwocXAEAI Toemn38
(AR 18R +EfR @84 h EIsKQAGIpHER BEACAOY DI UDE,
AAOIO@OEL%ADMIAAADOAAIIAO ET zZE OA Alil i0@ OIA OO AR Al |
Xo0j val(  pE@ODOGTTAI E8I OPpp8opppBEEP YV ED

- AAEAOh 38h (AOOOAOh #8h (IIOAOhA-8ﬁ - T OEOUR -
$O0A@l AOh #8h QA4EROAEEAAGS I fEc A DAS OAO, I O AhOAI
31 AAph 10AIEOU 1 A& ,EAA Al BAZEGGRAOO "JACA 3UT A
I TAIUOGEO | £ OEAGPOEAPOPALR 2¢pdpos EOODOGTTAI E8I «
- AREAT UEAR " 8h 0 ) ONGOBHAEHI OCecseh 0j)CE Auda E AGH O AlEM
ET OAOOET A8 1 1 AOEAAT ABOODERDAOEE bAWOK IV pHE# @ il
EOODPOQYTAI EB8I OCTpn8ppufFTAEDPCE8S8MTMO@O8CTTU

- AEE68ARBh " EAOOEh 1'8h 0O ' OPOAh 38#81 AcANYgBAB C
ET OOT Al 1T £ OOAIKEEQAEROODAFATAREDALOLCBRp B8 TIpTIOT TW
- AT OAR#BHE OB AT A D1 &1 WOREARRHNRE OBHATQ EABOR EC cGhq 8
$AEEAEAT AU AT A "11TT1TA $IIAOE9H@O] | EOWE REDO&EMD K
XPYe8 EOODOGITFTAI E8B8I OCTpm8¢gpTtxFI*"-830xXUwWTUL

- AOEOh $8#8h 3DPAAAUR *8h 27T AET OiTh +8,8h "BAIA
xAAE AT OOOA T A& tuvnic¢c 1T A AAOAITI UAL@QAIXEMEﬁUAmM
ACAA py O 1u UAAOOd OAOOI 00 |1 A AAPDOIEO®AAD EDA ¢
XYPs8 EOOPOQITAT E8S8T OCTpn8ppppfOO0A&8pCcT QT

- AOO 18%8 jc¢mptQ8 , I x EAI 1400 ATAGAOD O\EA AA OIAiEpEH Ab |
(8 EOODOQITTAI EBI OCTpm8pnpeIFEBOI OO8¢mpo8pp8mmp

118



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

"EAI ET xOEE '
Q8 ! OAT ATAEUAAIhT I
i A& O I EOQE ETT 1

QTTATESIOQTpn8ppppT©OESp0rmw

'8h 3071 1T Ah -8

OiAng 2@ 3QEA AAT AEZEOO 1 £ EOI |
T AROERIAET AE T EOITFA T © @ AxGRBsBXAUEIIO 101D

CLUYTT

O Ow'!
T O)._...
O) A o

)O)j
Y mo
O _.

N

@)

(w)

O

™

@)

(>3

B

‘Fﬁ

BB

p>]

(o]

2x

~

h #AAl Ah 28' 8h
|

¢
>
>

0¢

_)C
mO

— == C W >
O® MTF0 & U0

:10: Y

oc>\>

Hm\/})
">t O o J>o)v :

\O mh mh ﬁ

= C«—:oo

>t en !
owm =

—=o)
o m

Nm O
m

00

1748 G AAGBARAG hE 1" 81 § GOibpQdq siza)g ¢ & O«
wTuvTAT 8ppc8nmccgop
E

N> N

OO >« 35« O
qQ =

O >

rl-l,l
T O3> e>T0 BUT0
¢ S
— QC
N

£ O>> OO0

> >
> +
>
bl '9 m _ > = Ol C‘ o w > =% bo_ _—

h 08h 2711 &#h ! 8h " OAT1ATA
ACGnOi-T8hl 818 *(8ATiOUAmT G &AL I

Ei Dbl EAAOAAAEDA OEAOARDIB Aud @AK
X OCiT TR P mp e Op T w X

<

0
o > O m
—_

_:>°
m o m =
>R >0 N

N OrRo
éo«:»

> O
54 —C
&

o

~

ABHK VB8 ®8h 91 &1 CAOAAI 8h" 8Qh" O x1
i AEUA BIEA OQAIAA O EAZEAUAI ucE|A0|onEM§EAMAh
AAT ET OOThA I olizqE GO GErEJATAg A 8 FOROLOGR

O

—) >\

oC [Mh — 5%«
6)

R — >

©® °oEe—

m3< O:T<ccj( o o -OOITI
B N
Bop:M NN~ O N x DIy

Cm>»>®E OX N
T ESEmMe WO mo*
X

(@]

N N s oA oA

BAON(N)A‘I'HAEAOOEOEI ET $AT AOd 000/
ADUAT EThOO¢ Ajl geddvESpENi O TITTIAT E

>° A
>

5

S

fa)

o

3 >
e

C

fS ol

o >
o -
° >
34>
=
—A 0y
N
< D
m

OX>m oA —m m—O
&
pe]

+EOAEET £&h -8 jpwwwd8 2A1 AOET T OEE
El Zxm oUAA@DA LD ACAAEMQAOLAUT GiIo BAE

0OO> HO> NO
2o

o

T OO
|'|'|\>‘3(
® o

o T 3¢
~m

oo
3¢
O TN DA
> (0] O

merme!
O >~

>

> !

f— m —
M —
— O: —

OW M 0 >

—)O 1
OO
T

S >>0 OO
R

Ah ,8%8h "AAOARh *8,8h H*I"I'EI')M,@D‘IE‘IFIH 788" 788h | % ATOk
AEEAAOO EOIT oo GA® A
o4 N\

QOO

™>C O
O/ m: >l b

- . s N s oA oA ~

838 Q %I ,x,ﬁm )8 jcqnmgQgs8 !'1TAAI EA
AERDH8 Al A.UOEAT Ef OQ1 jAd @4 8mo®AOET 11T CU
,,,,,,,,,, -

. AKAOQAEAT R 68h 3OEATAOExAOR 08h O % xfi ' 8)8 jc
I £ EOITT AAAEAEAT AW OAINTIOADOKI T T A ARERREOA& | ¢pileB O 4
EOOPOQITATEST OfdpuspppoppBEEPOo98J

. AGA DO OABANOT HOBRIOA MBI -GBhh  "BAOOEAMAAE AKRKOIB O A-hs2!i 8ihh
&AEOx BAMEEDHMO 38*8h O 6ANOAOT h -808 jc¢cmnmygs8 /[ EIU

119



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

i AAT EIT c”)ic; EOI*TI OOAAEAEB A GEAl 1TATASOE AAY jzord i d A«
EOODOQTT OCTpm8pnYnImXopUXCTE8CTMMNMYBSPIYXPWP YT

. AEAUAR .m ())h\lEBh) "0a OEI Eh 38h $EI O&Zh ! 8h
7AAAR - B ORK $8 | BDIEAEQSOAAI TABRAEMAGAO EOT T AAO]
AOAAA EI Al AOD AEIOQE AO A AEIT AOAEI AAEI EOU T
AEE] %OAI B 001 Alh Tx&E | AkpHEl cER&P B d, OTOOIEDEIT O CZ p 11 €

T GZT @ &b
. AT AGEh %8h 40
jgmnt g8 (ADA,E__

E8I
kscefﬁ)
QEh
AT AE
Al E

>°00 O>

-838h 01T xA1T O Th *8h
1 AGAOG AAT 101 A0 EOI

i VBRSO 8¢ E®ODOGT T /

PPTMTXTQG

.1 OAOEEEET h *8h

OAOOI MEAOOEOBEIT

I OEAI

h __4g3-8F1 21 !
~A I ¢ A(D/XX D i 44
lezéqeh& Al
- RN BOET | Al
81 OCT pmn8pp
'ATAIOOIOAT IMET & JEQrd x A D1 AOE)Td" 44171 .

)mO\

:o\o\
— Ou
[T Ro

S

__,>
H m,
o M

M

o D> O R >
>

;o(—)

¢
®
-Efoo
@)

— S w ~~
oM O
o0 m =
—_RN - m
— R >
—_ 9(

#A8 DAICT ARRSHh T O Adl Al ET (;ﬁ,-8$8 jemmoe Qe
T Al

DM GATOUA} Orpohw Tp80 YEIO OB O ¢, 7 i, 8l @@ uipo 8P ¥ G

h

DA A

ht g h) 3AAIADERAOh #8h 20AO0A
AAOOEOET | AA OO GAEDO FH
Ab®pB8gxpp8nopt Y8UY

I 0 ®&%8h AOQUASBE A EcApAcd] 8
00 I £ AGAOAEOA b A ol
rr

Al ERp@@Top m8ppPoTg

Tt
h AERSHh E'COOhd AABDARSHh #1 1 B
jgmgmngs )OI 1T O0bDI Al
Dl OO0 DPAOA Oil AT A
AT TAT E8I O Fip i8¢

C
8h QI 2AEIL(I)EEhI 13UD)EBA T I d 1Om AQB
EOA 1T AAEAET Ah Ad jAuvzgiRAY § YO AOD O g

= h_ - 84hE A3 EOCAI1 AhA
A BeBoOyiad 4, T DAOIBE

oxO
-O m\ >\
-5)

O © 0O
O To>

3 —o
e ©O O
O M =

O
m mo >
o=
o>
aQ_ —_—)
O>
- O~
€ >3
b =)
=
p]
.0
m —
>

Qo mm
%
@

T

i

$:
Q>

O)oc, m

s o~ o~

— >l

m

— 53¢
y D>

oo >
& OO0

A
0

~ >oc9

b= é;

b | o>
(S
%

8
0
PO

S5C =k Oz

B\ >
B c
FEb
&:
> 4

€
|
€
<

he Algi(@Ah %ws868h 7AOEICh !8*8h Q ' AT Uh 48 jc
OEAOCEUAAM BEA *GEROTIAHOAOE M EJ N ¢ jiCEph@ b Er@IERAG gETOrQ LE

A A~

PTIXTTEAAB8- TMYwWCCCTMT

D0Iigi2Bh © hOOGIBA@EHIcnnwds ! OAOEAx 1T A& OEA Al
DbI 61 A0 OAlI ACAA ADI BEIAEAEECRBOO® Adpamd ik Ik

— = 4 C> QM> € "l> Q>0

I'I'I—‘O o0 cOo— &

CI)
o
)
|
©
=
oc
B
4
8
>
o
N
=
o
Q

~ - s 2 N . N ~ P4 \ - -

.8h %CI Eh )8h #EAOCOQOA®AGS8 #BhOI, AIA QiAl
0

4

>

h AAAAI 1 AAOAOA AT T AAT OOAOEITh ATA

fE/
11 x BEA '0B80EABGS ET OOTRAIT w¢ jARBNERSERAOMT TTAD @
PMMBoWAILTAEgBTOUL X P X

s o~ A oA ~ ~

XHO MO ©DOO NIO DO Q= OO

U
O
/>\
O
m

m =" >
ou O
m OO
c
=y
o)

120



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

0AO0UN 8h %ClI Eh ) 8h AAAOR 1 #¥B8EAYTAI AUBER HEW O /
OEA 11 x EOII AE|AOAE|AAE|EOU4E@|Humolmmlpmﬁa@@
pwxxwPcs8 EOODOG T TR & rosCofpuniB@woT L ¥

OECATTh #8h )1 UETh "8h #1 OOOAI AOGAh "8h , AOT UAOI

| EDPBAEALAEA CAT Ah AT AT AET C A POT OAET EITITITCIO
I OAC DA C A AOC C *EQION Al OA @ 1AEA 8l Xi ] EpAphdiip g
prixTtrx

0

ay
ay
>
m
(00}
o
)
Ny
o
|

EAAS8- TMYwWCOCTT
8 h 'OIAAh 38h 411 Adh -
DA c AGHET téutssr pEOODOQTTAT E

_ |T|‘ O\

Oh 78h 51 EAOh -8h SEAEE
ADOEDE@R o B i BEGMAJ 7 TAOIEE

3 >

o > O

B OO
OX>> OO T
CO >

18 j pwwwd8 %OAl OAOE
I Awj jcadoEEDOD O g6l TTA TAH

— m—) :B >om‘ >°—)—) ao_

30—
=
&of’g

8 p

EAT OIzh A O@BEIAGIAINC iz ais/Ai 14081 - 8* 8h | ATtp

AA AIAIAUOIOEO 1 £ AAOOI BT OORIAOEMNISA A
mup T

-~k DO DNO >OO M

>\ >l a: o) — —) o — O)

> P

O™ o>
Sty

B
O
>

*AT OATh -8h 3AEAOEOh !8h -ETh
fcnmeds ) AAT OEAEAAOQET I

Al T AR T cAXl j Al SOBEXEO B B, 7T ¥ AT E8 T

>
> T
—_
¢
v
Cl')
&
v Q0

oA s o N

T — 3%

3 &
LE Al
oCcT
- AUAOh h" ®h + EROAKAOOAOSBh (BA| AinAEAQ8

h
DAA AT TTA AAT 1T AbRAOCAIGENZAD IAOAOIMI TIAAGAH COBBIR0 &
TEEK@ODOJTTAI EST O HpudQppuopBESOUVORD

(8h -AUAOh 48h +Al OOh 58h 21aAEARGDEAS]
-AAOETT i & EOIT AAEEAEAT AU ET AlTITA Al

dEdp@Bh EOODOGT T AT E &l «QuQUISpcrrBrpup8prpT FCEr8up8ud X

(8h 4ACOI AEAOR ~8h 27aAERQEI D8l OADAT A
Al EOI T AT I DAT OAOA A1 O EOIT 11 OOAIEEH OF

O 1 1 AQA TN o z@tho EEBIOHO T TAT E8T O H@Bu 8 p
X180

~(8h 4AcOi AEAOh *8h

Az ~ sz A

2
A0 AT TTA AR AODA OAOEA CA GERIOOHAE
Wy

e ¢

A O > M M 3 OO
m >
m
o
>
~ 0O
, & C

O MmO

3

- =00 T OO
FH ¢

oom I

>

> [T:

™ BTN
O
Om

g

13

- :)O =<
M

:O

DS DT DI UMD O O
—

O

CX> Ot UoOoO
o> o3>

EAT h -8h
naEO OACO
TTAT E8IT OC

S HMON MTN A O RTN
O> M O »>—>> O—»> I ~—> Od>>

0700 OB OTX M
e>A>~w—

>0

AOOOERh - ghi 1@ A" I B GAVFOE
A AT A EAITOEAOADUG I
K8) KiDOPBATXAT EBCOET p
GOA} BEGEDh ADdh O URGEBA O
DO AREBRAOD OO0 B WE #8X 1 C
1 00 4 @Al OEOBA] & A bxeliesqh
!l

C OX>» O OXMmMm o
:|O>00ED N O 5

__3EAOOOUK 3
AO0MICOAADBI T 1 A
OEOOET T Of AAEBE

h BOBNOADBAROBOA
A ﬁ +8h 271 OOCAAOA
ITTA ATT1T 004 oA

=N

m

me ' N

O m— 3>

oo »

Emo® o~
O>O> >



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

> >
—_) >)

om QO I«

RBOVTEABLRETR @‘jcnnTQ8 2ACOl AGETT 1T & Oc¢
OBimtj pos qowBc ®OO0OPOGTTAT ESUmMEHMmP8pp YT AI

:8+8h :EOIh A8l BBOANEA OATOA A MBQIBOH Qi
1 EALA EOILT EI EOILAT O AOA Ol AZEAA
AdEH AMA O AIEA Q\EAEA TE ORLIBO OThA T olf ArCAhE & BB AT T A

EATTX08¢8T1pw
£6i

O’ —
O ¢

©.0 O O
‘O)E.
PNy S~

3 M=
>\ —_) = 5%

>> Q O0O> -
‘O\ >: N — ﬂ'l\ >: Q(

N AN~ £~

M 3> — =

O > O

-=> «{ O m—0
—m ®O0 QM =

N

0]

h *1 AETh zsosﬁ“gq\,m§u'A”u" ~ 7A1 AE
.8 jcnnt s OBERABAE]I OOEINEOWITIT & T AWIED
EDLAICET 1 jh%wlpinGeri GA BO (e X} ¢) ™8

oo £ DD £ MO B> 1

Ol o«
¢

3 mm e
:>°O)
I>C

£ NN >N DO mM>N ON
g >
40
40
>
=

3AAT xOEAh *8h O 3AAEAOAUOEH
DPOUAU E0DPEI AKEAA

s L oA N

Pl OOEAEI EOGU 1T £ Al
0Cci kb wpao

DE K&K
owtnrt

ABAR BRA
i
(e

—
T >

(@}

3AEIEAh 2y

& o >

=81 Tmm
pmnas )T OAOOET Al EOIT AAPT OBIOEAIDE
\QFQAIH AT OAITCOMEIGEATTA O AXFAGIDAEG|
LS00 Al

Al ET OA@T ADEihT zAckocpd A

H Ol o] @\ —_ j>1

om=—y X>m
H—)

U>00 &
2 O >

th #8 AHT 60@I*isth +&h ( AOOAUR #8h | AEAOI /
SAORh $8h 40AAAR . 838K "AOOOR "818h : EI
OO0 Axdh, 8B ( 8BAD IcAtithy GELBRAEDIEAAO@EEIO AOUOE
¢nahE0@Doq77A|E8|ogrpn8pnow7|AoooA

A ~oA - A £ N~

B MBhAh AOCT8A / AEEEI 1T h *838h , AEOAEhRh ! ¢
1 h &8%3fMH 8- BAAON AASHOE A h& OABUABch 601 PAh #
AGET T 1T £ Al # MOROCCE) Tauhd fic 8B A d, TOT0AITT EODIT @
mu8m@e8m¢gu

TNW MRMW >>W ©O©w ™

“—oh -~
~MEM A >0

o O ST
=i J>l_’:7‘

—m>»0 T

DT> O T O O> >X>m Oy
C B oo X

-0
Cc N ¥ MM

AOOOEh . 8h OACAIEh ! 8ho  #AERAdAEM]SHAS RGAD
A}@Ap@gamaqﬁq ET EEAEOO EADAEAE] AAO@QAQ
AmA%HQQMMBHEOO QTTAIE8IOC7pn8pnp¢TE8AIAC

—O00 >

-_)

M M >OMmM 0> MmM >RemMm OO M Q
D
cc
cc
0
>\
(@
O)
Cz
3¢
5
6
Q
s
Q
#
;:;
@
%
G
I3
N
&
8,
%

W W HODW M~ w

A - s s o~

h
EET Ah "838h &I 1T xAOOh #8(8h Q #I T Eh *8%$8 jpww
R E O TH ANEE A S B A &

122



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

BETTIT xOEAR S8R O ' ¢aMOEMRA sBRA A mpidiQB ) T AABDEAI
31 OOAAO EI ' AT 1 ACGAAT O - AT OOOOAOQEL ©QOCOERAMPAO qET |
EOODPOQFTAI E8T OCT¥pn8cown¥i Oppriupmt @
3IEOT T £#& .8 jcmpyQs8 ! OAi OAEA AAEA [ AOAAT I EOI A
&OAA OAAEAAT WEp ¢ ¢oWps® el ORORONFITAAT E8T OCTpm8pmp @7TE
3DAT AAO "828 jqmngmnQgs8 /[ OAl EOITT AT AOAIN OABGORINI Ad
OAT BEOA Y} pohp 80 CELOODPOGTTAT ESBIDETPN8CTUNTICNENENE 0
3DAT AAOh "828h Q -AOOh ! 8%8# QQakic@ai I Bh 1G;QRAIGGE
cpzmp 8 EOOPOGITAI EB8I OCTpmn8pmnmwXF-/ (BMMMMAMMMATTIT
3®OT h -8h /o-AAOAR 18h )1 AATOER , 8F 3ECIAR *8c
DAOAT AOAOO AT A /EAOOEOEI ET DPOAAEAOEIT @ATAABOHGOAD
I £ EATROOLD i @@t 8x EWOODOG T Nt E@WoP O W1 8 p 1T 1T X
301 OAEOAEAAE CATATT O "1TT1TOiATTh 38h 7A1I AUUEh 438
10 EI Al OAEAAT T ARGAADOETT ET EOI Al 64 A ROODBALK
ET OOT Al 1T £ Al Bick Aoy 80 CFQOERDEJ A 7 AT E8T OCT¥pmn8pmoyr
300AETh *8*8h Q #AOEIATh +8%$8 jq¢nnw(ds - EIEAEAINC
31T AEAOUS
301 ETATH 08fi 0OTTITATR +8h 2AEAI AZEER 18h-0 )
AAOOET zoRAAMPMETO ET AA@ EAAT OEAU EAAI OEUI 16I0ME AAO
C W@ Wo w38
3xAT O 1T #8! &1j0AEAc dd A) WAICOI ACEI T d EIi DI EAAOET T C
FTATETT j &ARNAODXROESG S ABOOBOGNTI Al EALOQF muBprnpadOrT
4AOAEAOR "8h /1 EOAGAOR -8R O #[OER (8 AlckniQBA
| OCAT EAT AADBRABEI T Al EI OO1 Al A&l 0 1 ORA®A IABIET ATAA Al ©
6 EOXDEA %01 AEOOT COAI OOAEOT ¢8 *1 6001 Al &l &GAQIpAdE]
Tpw8 EOODBOGTTAI H8Y cOpCBIp8m8Tpan ¢ T ¥ Mo Tt
4EAREl %8#8 jqmnmnoQ8 &AOOQQETQ, AO OEAA AQTGAXNIONKA AA
pooju 30PEXboBGhEPODOYTTATI E8T OCTpn8pnwolXTEI FTpoaos8
4Ei T AOh 48#8h AA ' OI1Oh 28h 2EETTHAOGHS 788 88 - 8 hA
00ET OUAR &8*8h : Al POOER 38h OAl AAO 3AEIT Oh %8
ET OAEA T £ EAI A EOIT EO AOOI AEAOAA xEOE AAOOEOE
AOT | $TTT Q AATIABD@EGS v preGhne8t TBEOODOG T TAT E8T OC)
CMPWE8CCWTUT
41 NOEhRh Z ,08AH ARAMBOARB8EBh 2BAT XIOBEHGAM U &Mh 'O 16 AAD
j\gpp_gC[B %EEAAOO | ATZEIE@OH AH AOA EAITAOTAGAA GHEGA T HI
OAT AT T EUAA AT IAD &Il 1Al OAXEMED AH ATE@ICGTTI AT 81 £ OEA 11 A
OO0k O&( §f pothn 80 WO B JOCT P M8 P MYTNMT X OPUXCT8 CTPOCS
401 AGAEh "8h *EICh (8h ,AEIIT10Oh |A8~F|‘ QO &I xI1 AOh
| OPAOCEI 1 OO0 TECAO OECT EAEAAT Ol U EI A_(_ZD&EAA(EAGYGEIIHEI@NOE
ATA TOOOEBDEN | & 3BPBpBQE ODPOTTAT ES8T OCTpm8pp XX
400Eh *8,8h 7A1 ZhOBBAER A%&Emh-AAlg[é}E}lj,‘_ 8 1 8JEEE# OEOOI A
jenneqs $OT AAT Al AUOT AECT i A AJAREAI OAR] HEABOEDAS
DEUOE] IO CUBAAT 1 O1 AO AT Ah 1d b piAQATAEBOBOQET AT E8T OC
AEDPI Ol €C8nmnmot¢g8¢mmvu

123



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

cAl #AIDAIR $828R O TAIAER 28-8 jpuynds |OAEI AZ
AEA * 1 001 Alh lpA& nlj @udE @@BIpEOODP O TTAT E8B8T OCTpn8pnwoT
6AO0CAT 1T 2828 jcemngpd8 $UDADOEODPR] Pod bl €8CRIHG j 7 TEAIT E
PIB8PppppTOOABPPCP W

6 A0OCA &AI UAAADPDPAR - 868hnh3 GBIOGEEAL 3*DBAOEAAT G WBAR +AOK
jcmnxqs8 34!'40 | AAEAOAO EAPAOEA EADPAEAEIN ThR HB1@A G

cuvwu P8 EOODPOGITAI EsTi Ml oo g FAT 11 A

6EI T AT g1 h $8h 6EI AmEAANSNh#@NEDARKIAARISEIRA T 38800018 GAA
&8h ZQUNGEHAOAT h !'8 jqmpoQs 2AI AOI,EVI'I‘OVEEDEAAVEAQ&@E\I‘
(‘.ADAEAEI (1 OTAdAdIh AOMEINAHAGBAO | " ADAL pi BxEOUA DS @
Al E8T8Carmr i T 1 AAOI AOcppmnpooo

6 0Eh 48mMI1"DEIOEARAIDAA *8h | AAEADA 48h - AUAOh ,8*8h
ET AOOAOOEI ¢ AlT1T AOAT OEOOEHAI 11 AXH AN O xijj mmaiAB Opf
EOODPOQITTAI E8T OCIm n8ppppfOi A8pcgo

601 PAR #8$8h +OI R 98-8h -OOPEUR 48, 8h #Ix1AUR

i pwowg8 (ADPEAAOOET h A AAOOI T BIAOIET ETITITCOA

ET OEA OIALD OOAOKTAG pli RAD 8p (klOOD Oq ¥ T AT EB8T OCT¥pm8pmo
7AAOxT OOE '828 jpwovuvgs 2AAT OAOU AOT I AAO A TEGA
|

A A
£ DENOHICUjpc8uvEOODOYTTAT EBT OCTpn8pppoTEPEUOE
Al AG8kEh - OOEAUUAR 38h 7ACIGaN | ROAOBR@INA h4 EIAS hE AACE
OODAAh 1!'8h O (OOOAIITh 28&8 jqmptds )1 EEAEOETI
Al OOE AEZAAR AENAVNEA AOET E ET )| NAEAJ AEEI AOAT Al A

I £ ABAT &fERA 8T 00T Alh TpAET] PHQAEE@PIVBOTTAT EET OGP p &

3h 30i 1 AOOET T Ah ,8h #OAIDOITh %8-:
-1 AA AA1 AOEI 1T 1 AEAKEAI ARAOOCOAT DAADA
| (AADRAQDTTT T ICOA QI1H AAVGEE lpiq@iiia ®OROQ T 7T AT E

>\

o=
- ° o0 000
BN
—1m’\

@)

To
Op>» ©
p=yel

/3¢ o T«
: ®

Lo,
oo
C >0 Mo ® Nm

= e

> 40> QX>>
S
o €
—_
}z
'O o
—m
O
B Bk

_68h 6AI Al UGAI Ah #8h /1 EOAOAOCDOAREI DK
EATA EOIT AET AOAEAIAA ER GIOIU AE TAA QAZITIAROEQA
i Tu hw wpuBWTE OOD O T TAT E8T OCTpn8pmnowlAge Al mp P
I A -8 jenmngg8 3A00I OOAT OFAOOEI T AADARGE OA

- z A x_ Sa

BLIA NS e

O p

2

, = ¢
= >

NN N N TN e
_:O’

v('))>1x
é
.
.
I~
‘ -@
V)
o
Nel
Ny
Ny
J>
m
00
O
0
b |
o
=
(00)
o
N
c
<
Ny
=
=
=
—
(&)

Oasg 8h O !'1T AOAxOh Zp. &#H A GAATON (EQR A)ETAGEA O | AADEOR
o rtyj aokhnm ws MEOODP OGF ¥ Al K aump@Kxosmp Y TAT T 1 A

OOEAAGMAASLh ' @/ 8 REQMODOWRAOEAXx T £ )OI 1T -
U T A& )-BNAEAEE AIOOAAMA Iph c @k EQUAOIEAGGHM®D d, 7

Opmomnmnyvu

—_— O’ M —_
m

. m‘
Im:

O —

mh mj —_) z(
>l —) - '3 g(

_EJ©
o [T T
ex

>
m
T

124



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

-Ah 98h 9AT h "8h O0OAER 78h 70
o Al O P00 TAIBG BB Olgd CuonE O DE A B @ o

) 8 F
= A 8
CBPMMITUPX
8
E

$EI
8ihOT

m:(

1
g A

Bd O«

AT T CEAh d8inl A0 $IEHCAAQEATTh IAT8AA8# TiAJI AT
R WACABE ARG O O 7 7 AT B8 T 1Ol wdongB W TP pp ¥ ™ w X W

h

hi
,,,,,,, 8h +i1 OOAOh /8h QO 4EEAOOCHh ,8"8 jqgmnmnmQ:
# OEOEAAT OAOEAxO EIT hAU™W gdhiEdiQmodAp As g ODOEDE
WNMTMWPPYPwWpP WT
Ei T AOl AT 1
frt

; | Q. qQGOOEOAET1ThA T 2 8R@T N AcGrAykFBE AT A b
OXTi wuympq TTA

TAT ERKOQF muBloppeeB3mptm

T1rTpuyxotr 61 "wtvOo® "1 1p@el Zol 3&eox " AL O T

HA2 A- AAT 'Ha Qd'Ha
AasKaBA4G ABABAG  YAB a Za ¢€¢ YBi T

omeenceGoogleScholaB; T L T oo
. gh K w ¢h "~ Kegh K " T N 2,

> A .
~ y o~ A ~ .- R

~ A ~ -~ -~ ~ A ~ ~ - -~ R ) - ¢ A
S S U AR B
~ Y ~ » 8 Il v A © ~ N v v v © —
— ~ ~ ~ ~ ) F] ¢~ . i T D A VT - i — -~ — .
— N - 8 O L ) R . _ F] o~ =
“ ﬁ ¢~ ) — ) - - v ot e v o ﬁ )
T h ° T ©0 - S 8 v
- B ey ~ " e - - ~ 2 - - ~ - ~ . 8 x 7
v - \ ﬁ TN e T A e e — ~ va A~y o v oA vy — ,"~.. v W
— - — o o o 5 o= 8 — ~ ! o . . — — —
< - ~ 5 - - ) — <y - 8 ~ v e ¢ A
— - ~ - ~ F] ) ¢~ ~ 7 ~ ~ A - v v : ~ T 9 o~
- ~ i — ~ ~ F] . - ~ — - ) M — ~
T S - - T T - h
~ v8‘ ~ — ) - - - - - N - - o — -
o e — - - ) ¢ A - . \FI - < ~ w '~ A w ow i
- ¢ A v & A ~ v P o o ~ - 8 1 - o o ~ ~
VT " - B h ~" - - - - h )
“ v . - ~ ~ ) F\ o ~ - — ~ = -
~ v ~ ) \.v-_\,- ~ - &« A v & 8% * “A- ~ v
. A s — o — . o ~ - 8 - -
~ ~ v on = v 4w = v o A )y o~ oA f} ﬁ ~ = 8 ~
- - ~ v ~w Y A e =~ A - M -~ - - ~ - ﬁ



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

g 2 ey ,,,,ev._,,,’vﬁ,\..°o Lo ) oW A

- 4 ~ - - ~ " A v 7w 0 v 4 -

Received: 17.10.2024. Accepted: 13.11.2024. Published : 30.12.2024.

>

T Tt . Cite this article in APA style as:

GradziukM., TkaczenkdH.,Kurhaluk N.Znaczenie Gradziuk, M., TkaczenkoH., & Kurhaluk,N.

AT AUA x AEAAEA AAxA&> (2024). The importance of iron in the diet of

Biota. Human. Technologg024.0 3.P.85-126. blood donors and its components Biota.
Human. Technolog)3, 85-126

Information about the authors:

Gradziuk M. [in Ukrainian: : ~ . 1%, Graduate Studentemail: gosiagra@op.pl

ORCID0009-0008-7064-5214

)T OOEOOOA T &£ "EIT 11T cUh o711 AOAT EAT 51 EOAOOEOU ET 3¢0DPOE
¢¢" ! OAEOUAxOEEAGNHO Boa@AAOh 3¢ODPOERh xo

Tkaczenko H. [in Ukrainian:* ~ * _ ~ " .J2°Dr. of Biol. Sc., Prof., emdilalina.tkaczenko@upsl.edu.pl
ORCID0000-0003-3951-9005 ScopusAuthor 1D: 16032082200

$APDAOCOI AT O T £ :1T1T1Tcuh )1 OOEOCOOA T &£ "El 11 ¢cuUh o111 AOAT EAI
¢g" ! OAEOUAXxOEEAGNO,Boa@AAOh 3EO0OPOEh xo

Kurhaluk N. [ in Ukrainian:- * ~ =~ * ] 3, Dr. of Biol. Sc., Prof., emailatalia.kurhaluk@upsl.edu.pl
ORCID0000-0002-4669-1092 ScopusAuthor 1D:55520986600

$ADAOCOI AT O T £ '"TEI Al O0EUOGEIT1TTcCcUh )T OOEOGOOGA 1T &£ "EIT 11 CUh
¢g" ! OAEOUAXxOEEAGNO,Boa@AAOh 3EO0OPOEh xo

1 Data collection,manuscript preparation.
2 Study design, dda collection,manuscript preparation.
3 Study design.

126



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

UDC 578.834CO0OVID19:3.073.5](477) DOI: 10.58407/ bht.3.24.7

m Copyright (c) 2024 Anastassia Rafalskaya, Halina Tkaczenko, Natalia Kurhaluk

Ko wxkxOoO! T38& @moF 0 wlreqtiveACpmmogsh Atnbaign 4\ ¥nternational License / This work is licensed under a Creative Commons
Attribution 4.0 International Li cense.

Anastassia Rafalskaya, Halina Tkaczenko, Natalia Kurhaluk

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

~Tg
201 T 01 T30 ALVl TwWi wol ° "1 1pel Zol 3&@eox Al 01

H; 92" 9 AN- AAT E-A- AB 1T Na TY YQZAB 10 >3
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ABSTRACT

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

“urpose: The aim of this review is to explore the importance of environmental enrichment as a fundamental
component of promoting human weltbeing in the midst of the COVIEL9 pandemic. The aim of this paper was to
demonstrate the relationship between psychological distress, cognitive impairment and neuropsychological status in
patients suffering from COVIB19 and COVIbBrelated isolation, and to describe the benefits of the environmental
enrichment approach and propose it as a potential solution to improve brain performance.

Methodology: Extensive searches were conducted in academic databases including PubMexy,cINFO, Web of
Science and Google Scholar. Keywords including 'environmental enrichment’, 'nature exposure', 'physical activity', 'social
interaction’, 'cognitive stimulation’, 'well-being’, 'mental health', 'COVIEL9 pandemic' and related terms were usedThe
search was limited to articles published in English and focused on human populations. Studies eligible for inclusion
included empirical research, review articles, metaanalyses and theoretical papers relevant to environmental enrichment
and human wel-being during the COVIBL9 pandemic. Relevant articles were screened using titles and abstracts to
determine eligibility for full text review. Data were extracted from selected articles, including study objectives, methods,
key findings and implications br human well-being. Studies were synthesized thematically to identify common themes,
trends and gaps in the literature. The review aims to provide a comprehensive and rigorous synthesis of the literature
on the role of environmental enrichment in promoting human welkbeing during the COVIBL9 pandemic.

Scientific novelty: The review presents a new perspective by synthesizing the existing literature on
environmental enrichment in the unique context of the COVI9 pandemic. It explores how environmental fators such
as exposure to nature, physical activity and social interactions can serve as critical resources for maintaining and
enhancing human weltbeing in times of crisis. By specifically addressing the impact of the COV1B pandemic on human
well-being, the review offers a novel examination of the challenges posed by pandemitated restrictions, isolation and
uncertainty. It highlights how environmental enrichment strategies can serve as adaptive coping mechanisms to mitigate
the negative psychologichand emotional effects of the pandemic. One of the key scientific novelties of the review is its
interdisciplinary approach to understanding human weltbeing. It synthesizes findings from psychology, public health
and environmental science to provide a cmprehensive analysis of the role of environmental enrichment in promoting
holistic well-being during the pandemic.

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

Key words: environmental enrichment, human weltbeing, physical activity, social interactions, cognitive
stimulation, mental health
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. stress disorder (PTSD), anxiety and depression,
Introduction have been reported in patients with SARE0\V1
On 11 March 2020, the World Health Organi  during the atypical pneumonia epidemic and at
zation (WHO) announced that the COVHRO 1 month, 1 year, 30 months or more after illness
epidemic, caused by the SARS0V2 virus first (Cheng et al., 2004a,b; Chua et al., 2004/ et al.,
identified in December 2019 in the city of Wuhan, 2005; Lee et al., 2007). In addition, symptoms of
China, had reached pandemic levels. As a result, an PTSD, depression and anxiety have been described
extensive programme of containment measures has in healthcare workers during the epidemic, 2nonths,
been put in placewhich has had a significant impact 2 and 3 years after the atypical pneumonia epidemic,
on the daily lives of people of all social groups, ages, and in the general population during andafter the
genders and nationalities. Recent studies have epidemic (Hawryluck et al., 2004; Verma et al., 2004;
shown that the longterm lack of social interaction Lin et al., 2007; Lancee et al., 2008).
and the monotony of the environment caused by In the postCOVID patients, PTSD is often
quarantine have lal to behavioral changes of various  accompanied by a sudden fear of death, shortness of
kinds, including negative ones. A strong relationship  breath, difficulty falling asleep, nightmares and
between the duration of quarantine and stress, flashbacks. The most common symptoms are
anxiety and depression has been reported in the characteristic depressing memories or ideas
literature (Hamaideh et al.,, 2022). Psychiatric  associated with shortness of breath and other
symptoms, including sympgoms of posttraumatic unpleasant sensations of the acute period
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(Aiyegbusi et al., 2021; AlAly et al., 2022).
Conditions associated with the effects of @QVID-19
or long COVID are characterized by severe cognitive
changes, including a condition recently termed
‘brain fog'. The resulting cognitive impairment
facilitates the spread of the virus, as infected
individuals exhibit reduced antiinfection behavior
(Gouraud et al., 2021). It should be noted that
cognitive complaints are associated with both

anxiety and depressive symptoms and are
independent of objective neuropsychological status,
reflecting the leading role of anxiety and depression
in the cognitive impairment found. It is charac
teristic that an increase in thenumber of somatic
symptoms of COVIBL9 2 months after the acute
phase of the disease is associated with depressive,
anxiety and posttraumatic symptoms (Fig.1)
(Ismael et al., 2021).

-":-Illll_lfll-r' 'f“'“j Post-traumatic Impact on emotional
epression sLress symploms well-being
SYmpLoms

ry ¥

——,

{ Psychological I]isli)
S —
( '
Association Between Psychological Distress,
Cognitive Complaints, and Neuropsychological
Status After a Severe COVID-19 Episode
b

\;:.--_‘E;nilivr. Complai

Memory difficulties

Attention and
concentration
issues

Executive function
challenges

Fig. 1. Association between psychologal distress, cognitive complaints
and neuropsychological status after a severe COVAI® episode

It is also known that people who have suffered
from coronavirus infection experience cognitive
deficits such as difficulties in fa&ial emotion
recognition, logical task performance and working
memory decline (Hampshire et al., 2021). Cognitive
dysfunction, including impairment of executive
function and memory, as well as asthenia and a
dysregulation syndrome with frontal symptoms in

hypoxic damage to these areas, leading to memory
loss and cognitive dysfunction (Yan et al., 2021). The
pathogenesis of mental disordersn the postCovid
period is multifactorial and multi-organ in nature,
caused by systemic (regulatory, tissue and organ)
pathological disturbances of the functioning of the
whole organism. The basis of the observed tissue
and organ disorders are metabolic diorders at the

severe cases of the disease, may be caused by cellular and subcellular levels, caused in particular

respiratory and/or circulatory hypoxemia. Hypoxic
damage, microhemorrhage and inflammation of
neurons have been identified in various areas of the
brain, particularly in the brainstem. The brainstem
contains many different nuclei and sections that
regulate different physiological processes such as
respiratory, cardiovascular, gastrointestinal and
neurological. Neurons with a high metabolic
demand for oxygen become dysfunctional, leading to
cognitive impairment. Hypometabolism in the
parahippocampal gyrus, thalamus and some white
matter regions may be a secondary consequence of

by damage to mitochondria, acceleration of lipid
peroxidation and the development of oxidative
stress. In addition, the side effects of pharmacet
herapy for COVIB19 should be taken into account,
in particular the use of corticosteroids, interferon,
hydroxychloroquine and anttinterleukin monoclonal
antibodies (Ceban et al., 2022; Premraj et al., 2022).
It is therefore necessary to minimize the neg#ve
consequences of human adaptation to new social
conditions and to create opportunities to stimulate
the brain's cognitive abilities.
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The aim of this review is to explore the
importance of environmental enrichment as a
fundamental component of promotirg human welk
being in the midst of the COVIEL9 pandemic. This
review will examine the multiple ways in which the
COVID19 pandemic has affected human welbeing,
including psychological, emotional and social
aspects. The paper will explore the concept of
environmental enrichment and its role in improving
human health and weltbeing. It will discuss
different forms of environmental enrichment,
including exposure to nature, physical activity,
social interactions and cognitive stimulation.

Materials and methals

Extensive searches were conducted in
academic databases including PubMed, PsycINFO,
Web of Science and Google Scholar. Keywords used
included ‘'environmental enrichment’, 'nature
exposure', 'physical activity', 'social interaction’,
‘cognitive stimulation', ‘well-being’, 'mental health’,
'COVID19 pandemic' and related terms were used.
The search was limited to articles published in
English and focused on human populations. Studies
eligible for inclusion included empirical research,
review articles, metaanalyses and theoretical
papers relevant to environmental enrichment and
human well-being during the COVIBL9 pandemic.
Relevant articles were screened using titles and
abstracts to determine eligibility for full-text review.
Data were extracted from seleted articles, including
study objectives, methods, key findings and
implications for human well-being. Studies were
synthesized thematically to identify common

themes, trends and gaps in the literature. The review
aims to provide a comprehensive and rigoras

synthesis of the literature on the role of
environmental enrichment in promoting human

well-being during the COVIBEL9 pandemic.

Maximizing brain potential through
environmental enrichment

It has long been known that animals' ability to
develop adaptivebehavior is linked to their survival.
Every day they face tough challenges: avoiding
predators, finding food, shelter and a mate. The daily
routine creates a need for animals to learn
alternative and diverse behavioral strategies, in
which events must be #udied, selected and
somehow connected for future decision making.
Inconsistencies in these processes caused by
captivity (lack of intellectual stimulation, lack of
social contact, reduced physical activity) have a
profound effect on the physiological, cogitive and
emotional state of the animals, affecting their
survival (Fehlmann et al., 2020). For example, many
captive orcas have been found to suffer from
pneumonia, kidney and gastrointestinal disease, and
various infections (Marino et al., 2020). Scielsts
also report numerous attempts by the animals to
cope with captivity through stereotypical, aimless
habits. For example, constant nodding of the head
and constant wiggling or chewing of the rod of the
cell have been observed in laboratory rhesus
monkeys, which are not only abnormal behaviors
but also directly correlate with brain abnormalities
(Poirier and Bateson, 2017).

: Decreased neural $e . Impaired
Reduced cortical z Limited synaptic p 2
: branching and z BT neurogenesis and
thickness 2 connections ’ 3
complexity gliogenesis
7/~ Captive (deprived) T—— T
environment 3 el
a=&tl -

Structural disparities in the
cerebral cortex of animals

- - - ~

Enhanced neural
branching and
complexity

Increased cortical
thickness

/7 Natural (enriched)
environment

— - -

Promoted
neurogenesis and
gliogenesis

Abundant synaptic
connections

Fig. 2. Differences in the structure of the cerebral cortex in animals kept
in deprived (captive)and enriched (natural) environments
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For example, laboratory mice with various
neurodegenerative diseases were placed in enriched
conditions, i.e. conditions with sensory, cognitive
and motor stimuli (rich and varied diet, cells). The
mammalian brain is formed through the implemen
tation of complex genetic and epigenetic programs.
However, sensory, cognitive and motor stimulation
through interaction with the environment from
birth to old age also plays a key role in the foration
of neural circuits necessary for normal brain
function. In recent decades, genetic and pharma
cological factors modulating brain function and
dysfunction have been extensively studied, while
environmental parameters have received much less
attention (Mayeux, 2003). Without intellectual
stimulation and social interaction, the cerebral
cortex z the part of the brain responsible for higher
cognitive activity, including memory, planning and
decision-making z becomes thinner, the capillaries
narrow and the brain does not receive enough blood
to function normally. A thinner cerebral cortex, the
part of the brain involved in voluntary movement
and higher cognitive function, can lead to poor
decisionrmaking and memory. Neurons become
smaller, as do dendriteswhich disrupts communi-
cation within the brain. This means that captive
animals are less effective at processing information.
The chronic stress of living in captivity with no
control over their environment leads to learned
helplessness, a trauma responsehat affects the
hippocampus, which handlesnemory functions, and
the amygdala, which processes emotions. As a result,
a captive animal's memory and emotions are
irregular, and some animals have been shown to
become emotionally unpredictable. Prolonged
stress also disrupts the balance of serotonin and
dopamine in an animal's brain, which can lead to
repetitive and often harmful behaviors. The main
change is that animals lose some of their natural
behaviors, such as foraging, avoiding predators and
rearing young, and replace them with stereotyped,
destructive behaviors brought on by chronic stress
and boredom. These new behaviors, such as
gnawing on bars and running headlong into walls,
are often selfdestructive. They also show a marked
difference between acaptive animal and its wild
relatives (Haslam, 2013; Tuite et al., 2022).

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

One of the most prominent approaches to
identifying key experience and environment-
related changes in brainstructural and functional
plasticity is the use of the secalled enriched (multi-
stimulus) environment (EE) (Ward and Cohen,
2004). EE can be defined as an environment that
contains a variety of social and nossocial stimuli
that influence different aspecs of brain develop
ment and function. This definition implies that the
importance of any one factor cannot be neutralized
and that the combined effect of several factors of
different types ensures the formation of a biological
response that cannot be achied by the action of
any one factor alone (Rosenzweig and Bennett,
1969). The aim of EE is to maximize the brain's
potential by organizing the space in which the
organism exists so that it is more complex,
interactive and rich in events similar to real lig, thus
offering a greater variety of possibilities to control
this environment and reduce or prevent cases of
abnormal behavior and cognitive impairment
(Hannan, 2014; Cutuli et al.,, 2022) with mazes,
running wheels, toys, increased social interactions),
showed significant positive dynamics of brain
activity, qualitative structural changes, i.e. slowing
down the onset and progression of the motor
disorder syndrome, the process of reducing the
volume of the cerebral cortex, a deficiency in the
expression of r-amyloid peptide (leading to the
death of neurons), improved performance in
problem-solving tasks, an increase in the number of
dendritic branches, expression of the GIuR1 protein,
which plays an important role in the formation of the
neural network underlying normal motor behavior
(Nithianantharajah and Hannan, 2006).

Thus, laboratory mice with various neurode
generative diseases placed in enriched conditions,
i.e. conditions with sensory, cognitive and motor
stimuli (rich and varied diet, cells equippedwith
mazes, running wheels, toys, increased social
interactions), show significant positive dynamics of
brain activity and qualitative structural changes,
such as delayed onset and progression of motor
AEOT OAAOh AdhymE peptidel edptdssibrE 1

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

likely to activate the hippocampus (blue) and other
cortical areas. In addition, increased motor activity,
such as natural exploratory movements (including
fine movements that are radically different from

simply riding a bike), stimulates areas such as the
motor cortex and cerebellum (green)Fig. 3).

Cognitive

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

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

Relationship between neurons and glia
in an enriched environment

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

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

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

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

Behavior

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

Exposure to an EE can lead to various
behavioral changes, particularly in animals. Animals
exposed to EE often show increased levels of
exploration and curiosity. They may actively seek
out new stimuli and environments in their
surroundings. EE can enhance cognitive abilities,
leading to improved learning and memory. This is
often seen in tasks such as maze navigation or object
recognition. EE with stimulating activities and social
interactions can reduce stress and anxiety levelin
animals. This can lead to calmer and more relaxed
behavior. EE typically provides opportunities for
physical activity, such as running wheels or climbing
structures. As a result, animals may engage in more
physical activity, leading to improved physial
health and fitness. EE have also been associated with
increased neurogenesis (the formation of new nerve
cells) and increased brain plasticity. This may lead to
improved brain function and adaptability. In
addition, exposure to EE has been associatedtivia
delay in agerelated cognitive decline in animals.
This suggests that continued exposure to
stimulating environments may help maintain
cognitive function into old age (Friske and Gammie,
2005; Bennett et al., 2006; Takuma et al., 2011;
Kempermann, 20D0).

Structural changes. Exposure to an EE can
induce several structural changes in the brain,
particularly in regions associated with learning,
memory and sensory processing. One of the most
notable structural changes is an iorease in
neurogenesis, which refers to the generation of new
nerve cells. EE has been shown to promote
neurogenesis in regions such as the hippocampus, a
brain area critical for learning and memory
(Almeida Barros et al., 2021).
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EE can lead to increased dendritic branching
and synaptic density in neurons. Dendrites are the
branching extensions of neurons that receive signals
from other neurons, and synapses are the
connections between neurons where information is
transferred. Increased dendritic branching and
synaptic density are associated with improved
neural connectivity and information processing
(Bindu et al.,, 2007). Expsure to EE has been
associated with an increase in cortical thickness,
particularly in regions involved in sensory
processing and higher cognitive functions. This
structural change may reflect increased neural
connectivity and complexity in response to
environmental stimuli (Alvarez et al., 2014). Glial
cells, including astrocytes and oligodendrocytes,
provide support and insulation for neurons in the
brain. EE has been associated with an increase in
glial cell density, which may contribute to
maintaining neuronal health and function (Bhide
and Bedi, 1984). EE has been shown to increase the
volume of the hippocampus, a brain structure
critical for learning and memory. This increase may
be due to a combination of factors, including
neurogenesis, dendritic gravth and synaptic
plasticity (Miguel et al., 2019). EE can promote the
growth of blood vessels in the brain, a process
known as vascularization. Improved vascularization
can increase blood flow to brain regions, providing
nutrients and oxygen essential foneuronal function
and plasticity (Chen et al., 2023).

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

Expression of proteins and receptors,
growth factors, n eurotransmitters. Exposure to an
EE can lead to significant changes in the expression
of proteins, receptors, growth factors and
neurotransmitters in the brain. These changes play
a critical role in neural plasticity, learning, memory
and overall brain function. Neurotrophic factors
such as brainderived neurotrophic factor (BDNF),
nerve growth factor (NGF) and others are critical in
promoting neuronal survival, growth and diffe
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rentiation. Exposure to EE often results in increased
expression of neurotrophic factors, which in turn
promotes neurogenesis, dendritic arborization and
synaptic plasticity (Falkenberg et al., 1992). EE can
increase the expression of proteins involved in
synaptic function, including neurotranamitter
receptors (e.g. glutanate receptors such as NMDA
and AMPA receptors) and synaptic scaffolding
proteins (e.g. PSE®5). This upregulation is
associated with increased synaptic strength and
efficacy (Cai et al.,, 2010; He et al., 2010). EE can
affect the activity and expression of several
neurotransmitter systems. For example, exposure to
EE has been shown to increase the release of
neurotransmitters such as dopamine, serotonin and
acetylcholine, which are involved in the regulation of
mood, motivation and cognitive function (Saada et
al.,, 2023). EE can also modulate the activity of
gammaaminobutyric acid (GABA), the primary
inhibitory neurotransmitter in the brain. Changes in
GABAergic transmission can affect neuronal
excitability and synaptic plasticity, contributing to
adaptive responses to environmental stimuli (Sbrini
et al., 2020). EE has been shown to modulate stress
response pathways, including the hypothalamic
pituitary -adrenal (HPA) axis and the expression of
stress-related proteins such as corticosterone and
corticotropin-releasing hormone (CRH). These
changes may help to mitigate the effects of stress
and promote resilience (Ros3 ETl & AT A
2012). Exposure to EE activates several intracellular
signaling pathways involved in synaptic plasticity
and neuronal survival, including the mitogen
activated protein kinase (MAPK), phosphoinositide
3-kinase (PI3K)/Akt and cyclic AMP (cAMP)
pathways (Horwood et al., 2006). EE can affect gene
expression patterns in the brain, resulting in the
upregulation of genes associated wlh neuronal
growth, synaptic function and cognitive processes.
This regulation of gene expression underlies the

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

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

Exposure to an EE led to changes in the
expression of genesnivolved in synaptic transmis
sion and cellular plasticity. An increase in the
expression of synaptic proteins (the presynaptic
vesicle protein synaptophysin and the postsynaptic
density protein 95, PSB95) was observed.
Increased expression of NMDA and AM¥receptors,
which are involved in glutamatergic signaling, was
also observed. Increased expression of MRNA
encoding EGRL (or NGF1A, Zif268) (which
regulates angiogenesis) was also observed. An
increase in the activity of the transcriptional
regulator of endothelial cell activation z Kruppel-
like factor (KLF2) z was observed (Rampon et al.,
2000; PascualLeone et al., 2005; Lambert et al.,
2005). An increase in the levels of the main
neurotrophic factors (brain-derived neurotrophic
factor, BDNF, and nerveggrowth factor, NGF, glial
neurotrophic factor, GDNF) has been observed
(Gobbo and O'Mara, 2004). There is an increased
secretion of acetylcholine and  selective
enhancement of serotonin 1A receptor gene
expression (Rosenzweig and Bennett, 1969).

Factors that optimize brain function
and prevent cognitive decline

Obviously, modern medicine will have to solve

6 Advérah Qrdifidms before EE therapy can be

introduced into clinical practice, but the benefits of
this approach are undeniable and its use in everyday
life is reasonable. As EE is a complex of inanimate
and social stimuli, it is suggested that the approach
must be comprehensive and manifest itself in
standards of diet, physical activity and social
interactions. A number of lifestyle factors and habits
can help optimize brain function and reduce the risk
of cognitive decline (Fig. 5).
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Adequate nutrition is necessary to optimize
brain function and prevent cognitive decline. The
brain needs a steady supply of amino acids to
synthesize neurotransmitters, especially serotonin
and catecholamines, which can correlate with
reduced learning ability when levels are dw
i &AOT 00011 AT A &AOT O0OIT I
al., 2018). Adequate nutrition is necessary to
optimize brain function and prevent cognitive
decline. It is also recommended to consume
products with an adequate ratio of omegé#:3 fatty
acids (the Medterranean diet, which includes fruits,
vegetables, whole grains, beans, nuts and seeds,
olive oail, fish, poultry and dairy products), as they
are associatedwith improved memory and a lower
OEOE
' AOA p A2018)OvVitdning B1, B6, B12, B9 (folic
acid), D, choline, iron and iodine are neuroprotective
and have a positive effect on mental performance
i"1T O00Ah ¢mntAh c¢mmoen ' 1
Derbyshire and Obeid, 2020). Antioxidants (vitamins
C, E, A imc, selenium, lutein and zeaxanthin) play a
very important role in protecting against oxidative
stress, which is associated with mental decline
jrTTUU0l AU AT A 6 E GAdan Etlalh
2020). It is also important to avoid foods rich in
saturated fats and refined sugars and to favor fruit
AT A OACAOAAI AG |- A0OpT AU

Another EE factor is regular exercise, which
stimulates the development of bone and muscle
tissue necessary for weight gain (Russo, 2009;
Ferraro et al., 2014). Regiar exercise improves
cardiorespiratory activity, which effectively increases
physical performance by improving and accelerating
the circulation of oxygen, hormones and nutrients
essential for brain metabolism and cognitive
development (Nystoriak and Bhatagar, 2018;
Pinckard et al., 2019). Regular aerobic exercise, such
as brisk walking, jogging, swimming or cycling, can
improve blood flow to the brain, promote
neuroplasticity and reduce the risk of cognitive
decline. Regular physical activity has an impssive
array of health benefits. As well as helping the brain,
it can reduce the risk of conditions such as
cardiovascular disease (Tian and Meng, 2019), type
2 diabetes (Asano et al., 2014), hypertension (Hegde
AT A 3T1TITTh c¢mpu(h
+AP1 AT h ¢mpwq AT A-CAicbAtaid O
2023). Exercise may also have a protective effect
against cognitive decline and dementia (Law et al.,
2020). People who carry the APOE4 gene variant
(which is associated with susceptibility to
Alzheimer's disease) may particularly benefit from
exercise (Colovati et al., 2020). Recent studies show
that regular exercise of at least 30 minutes a day
significantly reduces the risk of cardiovascular
AEOAAOA AT A AT T 0600 Eii Ol

Keeping the brain active through mentally
stimulating activities such as reading, puzzles,
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games, learning new skills or hobbies can help
maintain cognitive function and build cognitive
reserve, which may protect against cognitive decline
j ' & i-Shria et al., P23). Participating in structured
cognitive training programs that target specific
cognitive  functions (e.g. memory, attention,
fexequtiver XuRction)A @u® dlpAitprovel €oiritide A O
abilities and delay agerelated cognitive decline
(Sung et al., 2023). Prioritizng good sleep hygiene
and ensuring adequate sleep duration (-® hours
per night for most adults) is also crucial for cognitive
function, memory consolidation and overall brain
health. Poor sleep quality and sleep deprivation have
been linked to cognitive mpairment (Worley, 2018).
Brain health and cognitive function can be adversely
alfectpd’ bly Ehéd@IAskressc PracticiAgistressdd@cOp T A
tion techniques such as mindfulness meditation,
deep breathing exercises, yoga, or spending time in
nature can help mitigatethe effects of stress on the
briiny (Qiket) al. AJ020). Bldin@ikihgGsEcialhconger p ¢ N
tions and participating in social activities can
provide cognitive stimulation, emotional support
and a sense of belonging, all of which contribute to
brain health and resilierce (Miceli et al., 2018).
Avojpligg3maokidy| limifng alcohol consumption and
managing chronic health conditions such as
hypertension, diabetes and obesity are important
for raiDtAining braindheahhl asdiredugingathg @8 of
cognitive decline (Livingston etal., 2020). Regular
monitoring of overall health, including blood
pressure, cholesterol, blood sugar and other risk
factors for cardiovascular disease, can help identify
and manage conditions that may affect brain health
(Rippe, 2018). Lifelong learning ad intellectual
engagement can promote cognitive vitality and help
maintain cognitive function as we age, such as taking
courses, attending lectures or engaging in intellectu
ally stimulating conversations (Flexman, 2021).

The social isolation caused by the pandemic
could affect the structure and function of the brain.
One of the areas most affected by chronic stress is
the hippocampus (the area of the brain responsible
for emotions, memory and learning). Studies have
shown that stressors such as job loss or isolation
alone lead toincreased secretion of glucocorticoids,
followed by brain cell damage, synaptic disruption

Ad 1 Tacdiulidedely a dudtidn AnChipgodarpal é/olude

anfd Ahle Arse ofja’ dép@dsipeAstate (Snyder et al.,
2011). Chronic stress can also alter the prefrontal
cortex (the center of executive control in the brain)
and the amygdala (the center of fear and anxiety).
Long-term exposure to excess glucocorticoids can
disrupt connections both within the prefrontal
cortex and between it and the amygdala. As a result,
the prefrontal cortex loses its ability to control the
amygdala, leaving the center of fear and anxiety out
BfContrgl (MEEWerEdt ql., 2006). Ahisgphtterq mfp ¢
brain activity (overactive amygdala and insufficient
connection to the prefrontal cortex) is typical of
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people with posttraumatic stress disorder (PTSD),
another condition that escalated dramatically
during the pandemic (Leistner and Menke, 2020;
Thakur et al., 2022). In this case, social enrichment,
the adive expansion of the network of social
interactions, normalizes the destabilized psyche
logical state and qualitatively changes the brairg
increasing the volume and number of connections in
the prefrontal cortex, amygdala and other areas
i 3AET RI.(EDIK). A0 Al
Conclusions

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

Behavioral changes induced by EE are often

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

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

In conclusion, EE, which has been shown to be
effective in producing positive behavioral and
cognitive changes in animals, although not yet
available for widespread clinical use, holdgyreat
promise for ensuring the well-being of human
populations in environments with low cognitive,
motor and sensory stimulation, such as after the
COVID19 pandemic.
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ASSESSING THE LEVEL OF ANTHROPOGENIC PRESSURE
ON PARK ECOSYSTEMS IN CHERNIHIV
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ABSTRACT

Objective: To evaluate the condition of park ecosystems in Chernihiv in relation to urbanization levels and air

pollution from vehicular emissions.

Methodology : The study assessed the state of park ecosystems (PE) in various districts of Chernihiv, following
the methodological guidelines by Lavrov et al. (2021). Species composition, the health of vegetation by layers, and the
impact of anthropogenic pollution were examined in temporary sample plots (020.6 ha) established in mature park
areas in 2023. The urbanization index was calculated using the Urbanisation Score software, which analyzes land use
such as asphalt, buildings, ahgreen space intensity using Google Maps imagery. Road traffic load and phytotoxic
emissions near the PEs were estimated based on the methodology of Miroshnyk et al. (2022). Maps were generated with
the GIS tools Golden Software Surfer 19.2.213, using tkigging method, and QGIS 3.16.3.

Scientific Novelty: This study provides the first environmental assessment of Chernihiv's green infrastructure a
year after the intense warfare of spring 2022. The findings reveal that urbanization index values in Chernitrange from

2.5 t0-5, decreasing as one approaches the Dnipro River valley. . N o
Conclusionsd, 4 EA OOOAU &I O1 A OEAO QEA 'QA'C{‘ EITAI

Podusivka neighborhood are significantly impacted by ve’higu]arﬁ;o I Ol GEAAI OO8

O- AOUEI
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city's central areas. Urbanization levels decrease closer to the river vallefdditionally, the Ski Base forest area suffered
notable damage to its green infrastructure due to warfare during the city's siege in Februa#pril 2022.

Keywords : green infrastructure, sustainable development, urbanisation indexyarfare, biodiversity, air pollution
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