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In today’s conditions of growing anthropogenic pressure
on aquatic ecosystems, the problem of heavy metal accumu-
lation, including cobalt ions, is becoming particularly relevant.
Cobalt ions can enter aquatic environments as a result of
mining activities, metallurgy, and the production of batteries,
dyes, catalysts, and magnetic materials. It is collectively may
lead to local exceedances of permissible concentration limits
in freshwater ecosystems. Despite the fact that cobalt is a bio-
genic element in low concentrations, its excess has a toxic
effect on hydrobionts, in particular affecting lipid homeostasis.
One of the sensitive indicators of metabolic disorders in fish is
a change in the fatty acid composition of tissues, which can be
used as a bioindicator of toxic pressure and the functional state
of the organism. The paper analyses changes in the fatty acid
composition of the muscle tissue of crucian carp (Carassius
gibelio Bloch) and pike (Esox lucius L.) under the influence of
cobalt ions at concentrations of 0.1 mg/dm?® and 0.25 mg/dm?
over a period of 14 days. These concentrations correspond to
2 and 5 maximum permissible concentrations. Total lipids were
extracted and transesterified to obtain fatty acid methyl esters,
which were then analyzed by gas chromatography for the quan-
titative determination of individual fatty acids. In crucian carp, the
influence of cobalt ions led to significant changes in the composi-
tion of essential fatty acids. In particular, the fractions of saturated
myristic acid (14:0) and long-chain monounsaturated eicosenoic
acid (20:1) increased proportionally to the concentration of the
investigated metal, while the levels of stearic acid (18:0) and oleic
acid (18:1) decreased. A more systematic effect was observed in
pike muscles: the content of many saturated fatty acid fractions
decreased compared to the control group, while changes in the
proportions of key polyunsaturated fatty acids likely indicate im-
paired desaturase activity. In the pike organism, a more systemic
effect of cobalt ions was observed, which consisted in a tendency
to decrease the amount of most saturated fatty acids. Some nu-
tritional indices for assessing fatty acids were also analyzed.

Key words: fishes, fatty acids, defense system, physiologi-
cal response, regulation, adaptive reactions, biomonitoring, toxic
pollution, cobalt

Introduction

mental concerns in contemporary ecological research.
The growth of industrial activity, wastewater discharge

Heavy metal contamination of aquatic ecosystems and the accumulation of man-made waste lead to in-
is recognized as one of the most significant environ- creased concentrations of these elements. This poses
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a significant threat to the environment due to the high
potential of metals for bioaccumulation and biomagnifi-
cation in living organisms [15, 24].

Fish are constantly exposed to heavy metals in the
aquatic environment, which explains their widespread
use as model organisms in ecotoxicological studies [22,
40]. The accumulation and toxicity of heavy metals in fish
organisms are multidirectional and often lead to phys-
iological and biochemical changes, such as excessive
formation of reactive oxygen species (ROS), enzyme
dysfunction, and imbalance of redox reactions. This usu-
ally leads to structural damage to lipids, especially unsat-
urated fatty acids [32]. This may frequently result in the
degradation of fatty acid molecules, which are essential
for the structural and functional integrity of fish biological
membranes and significantly contribute to their nutritional
value in the human diet [12, 27].

Fish is distinguished by its valuable nutritional com-
position, primarily due to the presence of high-quality
higher fatty carboxylic acids fatty acids, among which
long-chain omega-3 (w-3) fatty acids are of particular
importance [36, 46]. The lipid composition of fish muscle
tissue differs from that of mammals in terms of the num-
ber of double bonds. [27]. Omega-6 (w-6) and omega-3
(w—3) are important metabolic precursors of long-chain
polyunsaturated fatty acids (C 20—24), such as arachi-
donic acid (20:4), eicosapentaenoic acid (20:5) and
docosahexaenoic acid (22:6), which are mainly found in
fish with a high fat content [2, 21, 45].

Changes in the composition of fatty acids can indi-
cate not only the quality of fish products, but also the
level of toxicant contamination of freshwater environ-
ments [27]. Lipids and individual fatty acids are responsi-
ble for the permeability, fluidity and integrity of biological
cell membranes [3, 39]. They are precursors of bioactive
and signaling molecules responsible for regulating bio-
chemical reactions in cells [7]. Eicosapentaenoic acid is
a precursor of eicosanoids, which have a wide range
of physiological effects and play a role in immune and
inflammatory responses, nervous system functions, and
reproduction [37]. Eicosanoids also help fish adapt to
environmental stressors [27].

The presence of pollutants such as heavy metals
can significantly affect the fatty acid profile in fish tissues
due to changes in the relative amounts of individual fatty
acids [14, 41, 43]. Changes in lipid metabolism and fatty
acid profiles were used to better understand how metals
affect aquatic organisms in food chains, as well as the
integrative biochemical response to the impact of pollut-
ants and their accumulation in aquatic organisms [31].
This makes them promising biomarkers for assessing
the impact of pollutants. Most previous studies have fo-
cused exclusively on metal accumulation or on analyz-
ing the fatty acid composition in fish [25, 29, 35, 50].

Considering that the lipid content in fish muscle tissue
is influenced by species-specific characteristics, the eco-
logical status of the water body, and the presence of toxic
agents, it is important to investigate alterations in the fatty
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acid composition of muscle lipids caused by metal ions in
general, with particular attention to cobalt. Cobalt is a tech-
nically important trace element with wide applications
across various industries and technologies, including its
use in high-temperature alloys for jet engines and in im-
proving the efficiency of magnetic materials and recharge-
able batteries. This metal is rarely present in freshwater en-
vironments at elevated levels, except in cases where min-
ing, manufacturing, or other anthropogenic activities cause
local increases in cobalt concentrations [44]. Although co-
balt is an important element contained in vitamin B;,, only
trace amounts are needed for life, and an increase in its
content can lead to toxic effects on aquatic biota [5].

Materials and Methods

Experimental studies were conducted on two-year-old
crucian carp (Carassius gibelio Bloch) and pike (Esox Iu-
cius L.), with average body weights of 200220 g and 150—
170 g, respectively. The effects of two elevated concentra-
tions of cobalt ions, 0.1 and 0.25 mg/dm?3, corresponding
to 2 and 5 times the maximum permissible concentrations,
were investigated. Metal in the form of CoCl, - 6H,0 was
added to the water in 200-litre aquariums containing test
groups of fish (five individuals in each). To limit the influ-
ence of fish exometabolites on their physiology, the water
in each aquarium was replaced every two days. To en-
sure the full development and maximal functional expres-
sion of compensatory-adaptive responses to the metal,
fish were acclimatized over a 14-day period. According to
the author [34], this period is sufficient for the formation of
adaptive responses in the bodies of exothermic animals.
The control group consisted of fish tissue samples taken
from aquariums without added cobalt chloride. The fish
were not fed during the research. The experiments were
conducted in accordance with the rules of the European
Convention for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes [17] and
the principles of animal research ethics [12].

To determinate the content of lipids and fatty acids,
the muscles were ground in cold glass homogenizers,
followed by extraction of total lipids from the tissue with
a chloroform-methanol mixture in a 2:1 ratio using the
Folch method [20]. At the same time, 20 parts of the ex-
tracting mixture were added to one mass part of the tissue
and left for 12 hours for extraction. Non-lipid impurities
were removed from the extract by washing with a 1 % KCI
solution. Total lipids were obtained after distillation of the
extract mixture [26]. The dried samples were dissolved in
1 ml of hexane and used for further analysis of fatty acids.

Fatty acid methyl esters (FAME) were obtained from
total lipids by acid-catalyzed transesterification [11].
100 mg of extracted lipid was dissolved in 1.5 ml of di-
chloromethane and 3 ml of methanol-sulphuric acid solu-
tion (200:3 by volume) and shaken vigorously. The re-
action mixture was heated at 100 °C for approximately
1 hour and then cooled to room temperature. Then, 3 ml
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of hexane and 1 ml of distilled water were added to
the mixture. After mixing and layering, the entire upper
phase was collected. One gram of anhydrous sodium
sulphate was added to the collected sample and then left
for 24 hours to allow separation. After filtration, the sam-
ple was evaporated until its mass became constant under
a stream of nitrogen. Heptane was added to the sample
to achieve a final concentration of 50 mg/dm3.

FAME analysis was performed using a gas chromato-
graph (Agilent6890, California, USA) equipped with
a BPX70 fused silica capillary column (length 50 m; inner
diameter 0.22 mm; film thickness 0.25 pym) and a flame
ionization detector (FID). Nitrogen was used as the carrier
gas, and the split ratio was set at 1:100.

The temperatures for the injection port and detector were
set at 270 °C and 300 °C, respectively. The mass spec-
trum data were processed using STAR-GC3800 software.
Fatty acids were identified by comparing their retention
times with a mixture of standards (NU-CHEK PRER, Inc.).
Each fatty acid was quantified (%) by calculating its peak
and area relative to the total peak area.

The results of the studies were statistically processed
using Student’s t-test and R software to determine the
significant difference between the experimental and
control groups.

Research Results and Discussion

Fish tissues are characterized by a significant variety
of saturated (SFA), monounsaturated (MUFA) and poly-
unsaturated fatty acids (PUFA) [23]. As a result of experi-
mental research, we identified 13 fatty acids in the muscle
lipids of crucian carp and pike, including five SFA, three
MUFA and five PUFA (table).

In the muscles of crucian carp, under the action of both
concentrations of cobalt ions among SFA, some increase
in the content of myristic acid (14:0) by 35.6 % and 33.1 %
and a decrease in stearic acid (18:0) by 34.9 % and 33.3 %
relative to the control values were found. This probably in-
dicates that the elongation stages (which normally convert
C14:0 to C18:0) were disrupted, leading to the accumula-
tion of shorter SFA. Heavy metals such as cobalt can affect
the activity of enzymes that synthesize lipids. In particular,
it has been shown that cobalt exposure alters the activity of
desaturase and elongase in fish [10, 18]. Therefore, cobalt
ions can influence the balance between the synthesis of
saturated and unsaturated fatty acids.

Analysis of SFA in pike muscles indicated some de-
crease in lauric acid (12:0) content by 14.2 % and ara-
chidic acid (20:0) content by 25.4 % under the influence
of 0.1 mg/dm? cobalt ions, while under the influence of
0.25 mg/dm? of metal, the proportions of all saturated fatty
acids decreased: lauric (12:0) by 21.3 %, myristic (14:0)
by 10.4 %, palmitic (16:0) by 5 %, stearic (18:0) by 4.2 %,
and arachidic (20:0) by 20.8 %. Under the action of max-
imum cobalt ion concentration, the total content of all de-
tected SFAs decreased by 5.4 % compared to the control
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group. Various fish species have different lipid metabo-
lisms and therefore react differently to toxins. In particular,
due to biomagnification, predatory fish can accumulate
larger amounts of heavy metal ions compared to species
at lower trophic levels [24]. Under the influence of cobalt
ions, pike showed a significant decrease in the amount
of virtually all measured fatty acids, which indicates their
intensive mobilization or breakdown. In fish, cobalt ions
contribute to the generation of active forms of oxygen,
among which the hydroxyl radical (-OH) plays a leading
role, capable of initiating peroxide oxidation of unsatu-
rated fatty acids [24, 32].

Differences in the content of MUFA were found in fish
muscles: in crucian carp, their total amount in the con-
trol group was 37.6 %, and in pike — 13.5 %. As a re-
sult of exposing fish to cobalt ions at a concentration of
0.25 mg/dm?, a decrease in the content of essential im-
portant monounsaturated fatty acids in fish muscles was
observed oleic acid (18:1) by 20.1 % in crucian carp and
palmitoleic acid (16:1) by 9.1 % in pike. At the same time,
an increase in the concentration of eicosenoic acid (20:1)
was found in both species of fish studied — by 46.2 %
under the action of 0.25 mg/dm? of cobalt ions in crucian
carp, and by 19.1 % and 23.6 % under the influence of
both concentrations of metal in pike. An increase in the
proportion of eicosenoic acid (20:1) can alter the fluidity of
cell membranes (making them more rigid), which poten-
tially affects the transport of substances, the activity
of membrane enzymes and receptor function. This cor-
responds to the phenomenon of cellular adaptation to
stressful conditions — homeoviscous adaptation, when
a change in lipid composition ensures the preservation
of the physicochemical properties of membranes under
the influence of toxicants [16, 49]. The oleic acid (18:1)
content in crucian carp muscles was the highest, and its
decrease under the action of 0.25 mg/dm3 cobalt ions led
to a decrease in the total amount of MUFA in this group
of fish. In addition, the decrease in oleic acid (18:1) levels
is likely to be the result of its active use in the process
of lipid restructuring and cell membrane restoration. Sim-
ilar metabolic reactions are observed in stress response
models, where short MUFA are converted or directed into
PUFA synthesis to maintain the physicochemical stabil-
ity of membranes [47]. Fish under stress often remodel
membrane lipids to maintain cell function [19].

Unlike saturated and monounsaturated fatty acids,
the content of PUFA in crucian carp muscles increased
by 23.2 % under the influence of 0.25 mg/dm? cobalt ions.
The highest concentrations of the studied metal caused
the biggest changes in the content of docosahexaenoic
acid (DHA) (22:6), which is an omega-3 fatty acid. Thus,
its percentage increased by 29.2 % and 78.8 % under the
action of 0.1 and 0.25 mg/dm? of cobalt ions. Elevated
DHA levels may help stabilize cell membranes under the
influence of heavy metals or modulate anti-inflammatory
signals. This effect is likely a compensatory adaptation: in-
creased DHA helps maintain fluidity and integrity of mem-
branes under the influence of toxic metal [18, 28, 41].
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Table. The content of fatty acids in fish muscles under the influence of cobalt ions, % (Mtm, n=5)

Crucian carp Pike
Fatty acids
Control 0.1 mg/dm? 0.25 mg/dm? Control 0.1 mg/dm? 0.25 mg/dm?
C12:0 0,15+0,01 0,14+0,01 0,17+0,01 0,49+0,01 0,42+0,02* 0,38+0,02*
C 14:0 2,34+0,09 3,18+0,23* 3,12+0,18* 0,55+0,02 0,56+0,02 0,49+0,01*
C 16:0 16,27+0,63 17,33+1,56 16,11+0,72 16,87+0,20 16,62+0,36 16,02+0,24*
C 18:0 8,09+0,63 5,27+0,52* 5,40+0,53* 4,92+0,07 4,93+0,15 4,71+0,04*
C 20:0 0,20+0,02 0,22+0,02 0,20+0,02 0,047+0,002 0,035+0,003* 0,037+0,002*
> SFA 27,05+1,10 26,14+1,45 24,99+0,35 22,87+0,15 22,56+0,42 21,65+0,29*
C 16:1 9,65+0,66 11,02+1,05 8,58+0,65 2,77+0,08 2,63+0,11 2,52+0,04*
C 18:1 25,00+1,36 23,28+1,86 19,97+0,66* 10,2040,35 10,4940,34 10,47+0,49
C 20:1 2,93+0,24 3,08+0,19 4,28+0,26* 0,51+0,02 0,60+0,02* 0,63+0,03*
> MUFA 37,58+1,43 37,38+0,89 32,83+0,82* 13,48+0,41 13,72+0,38 13,62+0,53
C18:2 7,41+0,50 7,42+0,58 7,14+0,69 5,26 + 0,15 5,88+0,48 7,07+0,38*
C 18:3 2,84+0,30 2,61+0,29 2,94+0,24 2,27+0,07 2,23+0,18 2,39+0,07
C20:4 4,81+0,34 4,40+0,36 5,260,48 8,47+0,11 9,12+0,20* 9,11+0,21*
C 20:5 3,32+0,32 2,69+0,21 2,96+0,30 5,43 +0,14 4,76+0,16* 4,39+0,10*
C22:6 7,86+0,55 10,16+0,33* 14,0240,93* 32,17+0,92 31,79+ 1,13 31,66+1,35
> PUFA 26,23 0,76 27,29+1,17 32,31+0,74* 53,60 + 0,99 53,78+1,50 54,62+1,30
Other 9,1410,27 9,20+0,13 9,87+0,03 10,05+0,97 9,94+1,18 10,1241,03

Note. * — difference from control is confident (P<0,05); SFA — saturated fatty acids, MUFA — monounsaturated fatty acids,

PUFA — polyunsaturated fatty acids

In pike muscles, more systematic changes were found
in the amount of other important PUFAs. In particular, this
increase in the proportion of linoleic acid (18:2) by 34.5 %
under the influence of 0.25 mg/dm? of cobalt ions, arachi-
donic acid (20:4) by 7.6 % and 7.5 % under the influence
of 0.1 and 0.25 mg/dm? of cobalt ions, and a decrease in
eicosapentaenoic acid (20:5) by 12.4 % and 19.1 % under
the influence of both concentrations of the studied metal
relative to the control values. Increased concentrations
of linoleic (C18:2) and arachidonic (C20:4) fatty acids in
tissues may indicate activation of pro-inflammatory path-
ways: linoleic acid is a precursor of arachidonic acid [48],
which in turn is a substrate for the synthesis of pro-inflam-
matory eicosanoid [1, 8]. The augmented production of
these mediators reflects a heightened immune response
triggered by toxic or damaging influences. In fish, some
highly unsaturated fatty acids with more than three double
bonds, such as arachidonic acid (20:4), eicosapentaenoic
acid (20:5) and docosahexaenoic acid (22:6), are consid-
ered essential [38]. These PUFAs are of crucial impor-
tance for the maintenance of vital activity and the normal
physiological functioning of aquatic organisms. For exam-
ple, eicosapentaenoic acid (20:5) is an excellent source
of energy and a precursor to eicosanoids, which regulate
inflammation and immune responses [6, 28].

Important indicators of environmental changes are
nutritional indices for assessing fatty acids [9]. In par-
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ticular, at the maximum concentration of cobalt ions in
the muscles of crucian carp, an increase in the PUFA/
SFA ratio of 32.5 % was found, indicating a shift in the
balance towards higher unsaturation and, probably,
a compensatory reaction to maintain membrane fluidi-
ty and cell stress signaling: membranes become more
fluid and dynamic, oxidative damage is buffered, and
the balance of lipid mediators shifts, which contributes
to the survival of fish under the influence of toxic sub-
stances [10, 18]. The same trend towards an increase
in the PUFA/SFA ratio was observed in pike muscles
exposed to 0.25 mg/dm? of cobalt ions. However,
a number of other publications indicate the opposite —
metal-induced lipid peroxidation breaks the double
bonds of PUFAs, leading to a decrease in PUFA con-
tent in fish muscles [24, 27, 33]. Part of the adaptive
response of the crucian carp organism may also be
an increase in the unsaturation index by 22.2 % under
the action of 0.25 mg/dm? of cobalt ions, indicating
a high degree of general unsaturation [9].

The increase in Fish Lipid Quality (FLQ) in crucian
carp muscles by 15.0 % and 51.9 % at both studied
concentrations of cobalt ions is an atypical result, as this
metal in high concentrations is usually considered toxic to
fish and can cause disturbances in lipid metabolism and
overall health, which typically leads to a decrease rather
than an increase in this nutritional index [4, 27, 30].
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Fig. 1. The ratio of PUFA/SFA in fish muscles under the influence of cobalt ions, % (M+m, n=5)
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Fig. 2. The unsaturation index (Ul) in fish muscles under the influence of cobalt ions, % (M+m, n=5)
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Fig. 3. The Fish Lipid Quality index (FLQ) in fish muscles under the influence of cobalt ions, % (M+m, n=5)
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Therefore, it was established that the composition of
fatty acids in fish muscles under the influence of elevated
concentrations of cobalt ions in water is primarily deter-
mined by the concentration of the metal and the type of
fish. In crucian carp, the influence of cobalt ions led to an
increase in the proportions of myristic (14:0) and eicose-
noic (20:1) acids, while the levels of stearic (18:0) and ole-
ic (18:1) acids decreased. A more systemic response was
observed in the pike’s body: the content of many SFAs
decreased compared to the control group, and multidirec-
tional changes in the proportions of key PUFAs likely indi-
cate a disruption in desaturase activity. It should be noted
that highly specialized and finely regulated adaptive
mechanisms are engaged to preserve the optimal fluidity
of cellular membranes, thereby ensuring their structural
integrity and functional performance in response to en-
vironmental fluctuations in aquatic habitats.
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OvHamika CKnagy XUpHUX KUCIOT y m’sizax Kapacs Ta WyKu

nig BNNMBOM NigBULLEHMX KOHLIEHTpaU il ioHiB KoGanbTy

B. C. Mapkis, b. M. lNMempywka, B. O. Xomer4yk, B. 3. KypaHm
viktor.markiv@tnpu.edu.ua

TepHONINbLCbKMN HaUioHanNbHWI NefaroriYHWin yHiBepcuTeT iMeHi Bonogmmupa MHaTioka, Byn. KpmeoHoca, 2, m. TepHoninb, 46027, YkpaiHa

Y cyyacHuX yMoBax 3pOCTaryoro aHTPOMOreHHOTro HaBaHTa)XeHHS Ha BOAHI EKOCUCTEMM MPobrnema HakonNMYeHHS BaXKKUX MeTa-
niB, 30Kpema ioHiB KobanbTy, cTae 0COBNMBO akTyanbHO. |oHM KOBanbTy MOXYTb NOTPaNNSATN y BOAHE CepedoBuLLe B pe3ynbraTi
ripH14on00yBHOI AisiNbHOCTI, MeTanyprii, BUpOGHULITBA akyMynsiTopiB, 6apBHYKIB, kaTanisaTopis Ta MarHiTHUX Matepianis. Y CyKynHOCTi
Lie MOXe MPW3BECTN [0 NMOKanbHWX NepeBuLLEHb AOMYCTUMMX KOHLIEHTPALiN y NPiICHOBOAHUX ekocucTeMax. Hessaxatoum Ha Te, Wwo
KoGanbT € 6iOreHHVM eneMEeHTOM Y HU3bKUX KOHLEHTPALsIX, MOro HaasMLLOK Mae TOKCUYHY AIito Ha rigpoBioHTIB, 30KkpeMa BMNivMBaoum
Ha ninigHWN romeoctas. OgHWM i3 YyTNMBUX iHAMKATOPIB MOpYyLUEHb OOMiHY PeYOBUH Y pUO € 3MiHa XXVPHOKUCIOTHOIO CKNagy TKaHWH,
Lo Moxe ByTu BUKOpUCTaHO sIK BioiHAMKATOP TOKCUYHOIO BNAMBY Ta (hYHKLIOHANBbHOMO CTaHy opraHiaMy. Y cTaTTi aHaniaytoTbCsi 3MiHU
JKMPHOKUCIIOTHOIO CKnagdy M’A30BOi TKaHWHK kapacs cpibnsctoro (Carassius gibelio Bloch) Ta wyku 3BuyanHoi (Esox lucius L.) nig
BMIIMBOM iOHIB k0BanksTy B koHUeHTpauisx 0,1 mr/gm® ta 0,25 mr/gm® npotsarom 14 gHie. Lli koHueHTpauii BignosigaoTs 2 Ta 5 rpaHUyYHO
A0NYyCTUMMM KOHUEeHTpauisaM. 3ararnbHi niniay ekcTparysany Ta nepeTBopoBani Ha METUMOBI edpipy XUPHUX KUCNOT, SiKi MOTiM aHanisy-
Banv METOOM ra3oBoi xpomartorpadii 4Nnsi KinbKICHOro BU3HaYEHHST OKPEMMUX KUPHUX KUCIOT. Y kapacs BMnuB ioHIB kobansTy npu3sis
[0 CYTTEBUX 3MiH Y CKNafi OCHOBHUX XUPHUX KUCINOT. 30Kpema, 4acTkn HacuyeHoi MipuctnHoBoi kncnotu (14:0) Ta 4oBronaHUroBoi
MOHOHEHaCH4eHOT eiko3eHoBOI kncnotu (20:1) 36inbLuyBanmcsa NponopLinHO KOHLEHTpaLii AoCnig)KyBaHOro MeTary, TOAi SK piBHi cTea-
pviHOBOI kcnotu (18:0) Ta oneiHosoi kucnoTu (18:1) sHuxkyBanucs. B oprariami Lwyku 6yno BigMideHo GinbLu cucTeMHMI edekT Aiji ioHiB
KoBanbsTy, ik NonsiraB y TeHAEHLT A0 3MEHLLEHHS KiNbKOCTi BiNbLUOCTI HACUYEHMX XUPHUX KUCTOT. Takox Bynv npoaHanizoBaHi gesiki
MOKa3HWNKN Xap4yBaHHS AN OLHKW XXVPHWX KUCIIOT Xap4oBi iHAEKCU A5 OLHIOBAHHS XXVMPHWX KUCIIOT.

Kno4oBi cnoBa: pubu, XMUpHi KNUCNOTK, cUCTEMa 3axmuCTy, isionoriyHa peakuisi, perynsdis, aganTuBHi peakuii, 6ioMOHITOPUHT,
TOKCUYHe 3abpyaHeHHs1, kobanst

Markiv VS, Petrushka BM, Khomenchuk VO, Kurant VZ. Dynamics of fatty acid composition in the muscles of crucian carp and pike under

the influence of elevated concentrations of cobalt ions. Biol Tvarin. 2025; 27 (3): 61-67. DOI: 10.15407/animbiol27.03.061.



