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kidneys, and testes of bulls), and statistical methods. It was established that when using GM soybean in the grain
mixture, the concentration of 137Cs in the muscle tissue of animals in Group Il (experimental) decreased relative
to the control by 2.57 Bg/kg, or by 40.5% with a statistically significant difference between groups (P > 0.99).
Furthermore, the transfer factor of the radionuclide into the muscle tissue of animals in Group Il compared to
Group | also had 2.15% abs. lower. The content of Pb in the muscle tissue of bulls in both experimental groups
exceeded the maximum permissible concentration by 2.52-2.78 times, while the concentration of Cd in the
longissimus dorsi muscle and Cu in the liver of animals in Group Il also exceeded sanitary-hygienic requirements
by 10.0% and 2.0%, respectively. The introduction of 40% (by mass) of maize grain and 30% of GM soybean into
the grain mixture instead of the same amount of wheat and lupin chop during the fattening of animals in the
third zone of radioactive contamination contributed to significantly higher content and transfer of heavy metals
into muscle tissue: Pb - by 10.3% and 0.10% abs., Cd - 10.0 and 0.03, Cu - 17.2 and 0.53, and Zn - by 17.2%
and 2.40% abs. The results of the research can be used in agricultural enterprises and private households that

produce livestock products in areas with a high anthropogenic load
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INTRODUCTION
As a result of the accident at the Chornobyl Nuclear
Power Plant, a large area of Ukrainian Polissya was con-
taminated with radioactive substances such as **’Cs and
0Sr. Their ingestion by animals through feed has neces-
sitated the use of technologies in livestock production
that enable the production of safe and high-quality
food for the population living in these regions (Bart-
kowiak, 2021). Reducing the impact of the Chornobyl
disaster on agriculture, specifically on crop production,
forestry products, and livestock products produced on
contaminated land, is a primary societal goal to ensure
the supply of safe raw materials and products (Chobot-
ko et al., 2023). Therefore, one of the primary objectives
of modern radioecological science is the systematic
monitoring of the contamination of plant and animal
products with *’Cs and *°Sr, and the study of the mi-
gration patterns of these radionuclides in agricultural
ecosystems (Romanchuk et al., 2019).

A significant challenge in the Polissya region is the
contamination of soils with heavy metal salts such as
Pb, Cd, Cu, and Zn (Savchuk et al., 2021). These heavy
metals and their derivatives are toxic at high concen-
trations and can harm human health, animal productiv-
ity,and the quality of livestock products (Bakhrillaeva &
Razamuradoy, 2022). The primary sources of heavy met-
al pollution in the environment include industry, the
thermal and chemical processing of minerals, the com-
bustion of coal, gas, and liquid fuels, municipal waste
(landfills, wastewater), and agriculture, particularly the
excessive use of mineral fertilisers and pesticides (Na-
kagawa et al., 2022).

Heavy metals are dense metallic elements that
accumulate progressively in the food chain, posing a
threat to human health. However, some elements such
as iron, iodine, cobalt, zinc, copper, manganese, molyb-
denum, and selenium are essential for various physio-
logical functions and are often added as dietary supple-
ments to animal feed (Chabanenko & Farionik, 2023).
In contrast, other metals (Cd, Pb, Hg) do not have
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established biological functions and are considered
pollutants. Heavy metals pose potential hazards due to
their toxicity, bioaccumulation, and biomagnification, as
they accumulate in living tissues more than they are
excreted from the body (Abd Elnabi et al., 2023).

Lead is a chemical element belonging to the car-
bon group of the periodic table, with the symbol Pb
and the Latin name Plumbum, meaning “liquid silver”.
It is considered one of the most dangerous heavy met-
al toxicants (Bernales et al., 2022). Lead can damage
nearly every system in the body, including the hae-
matopoietic, digestive, urinary, cardiovascular, and
endocrine systems. It can also disrupt metabolic pro-
cesses, the central and peripheral nervous systems,
and damage cell membranes and cellular metabolism
(Cuomo et al., 2020). According to studies by A. Ernyas-
ih et al.(2023) and S. Satarug et al. (2023), Pb is a tissue
toxin that accumulates over time and is found in the
bodies of animals, particularly in bones, liver, kidneys,
and brain. Research by A. Famurewa et al. (2022) has
shown that lead exposure causes clinical pathological
changes by increasing toxicity in the endocrine system
and kidneys.

Cadmium (Cd) is a metal widely distributed in var-
ious ecosystems, not only in areas of radioactive con-
tamination but also in soil and ore, where it is associat-
ed with zinc (Rahayuningsih et al., 2022). This metal is
both a mutagen and a carcinogen, posing a significant
genetic threat. It enters the environment through vol-
canic eruptions and is released by plants. However, the
primary source of cadmium is anthropogenic (Yuan et
al., 2019). Chronic cadmium poisoning disrupts calci-
um metabolism in bone marrow, causes anaemia, and
adversely affects the central nervous, cardiovascular,
reproductive, and musculoskeletal systems (Dashar-
athy et al., 2022). The high bioaccumulation factor of
cadmium is a characteristic of this element’s biological
action, meaning that even low levels of long-term ex-
posure can have negative health effects on animals.




Minerals such as copper (Cu) and zinc (Zn) are com-
ponents of numerous enzymes that coordinate many
biological processes, making them essential for main-
taining animal health and productivity (Oconitrillo et
al., 2024). Essential micronutrients perform four criti-
cal functions: structural, physiological, catalytic, and
regulatory. Zinc is necessary for maintaining and re-
storing barrier integrity, protecting against pathogens,
and modulating the immune system by promoting the
production of antibodies against intestinal pathogens
(Duffy et al., 2023). Additionally, zinc can reduce diar-
rhoea and increase growth rates in weaned piglets.
Copper is another important mineral with deep im-
plications in animal husbandry. Adding to the diets of
growing pigs results in faster growth and improved
feed conversion ratio (Voloshchuk et al., 2020). In poul-
try, both copper and zinc help prevent certain diseases:
copper prevents anaemia, while zinc acts as a catalyst
for many enzymatic and hormonal reactions.

Given the broad spectrum of biological and toxic
effects of *’Cs and heavy metals and their negative im-
pact on internal organs and animal systems, there is
an urgent need to improve livestock management and
feeding systems in regions with high levels of anthropo-
genic pollution in agricultural production.To reduce the
accumulation of radionuclides (**’Cs) and heavy metal
salts (Pb, Cd, Cu, Zn) in livestock products, research into
different feeding types and rations for livestock pro-
duction in the third zone of radioactive contamination
following the Chornobyl NPP disaster is crucial. These
studies aim to determine the accumulation of **’Cs and
heavy metals in the muscle tissue, liver, kidneys, and
testes of bulls fed different protein-rich feeds.

MATERIALS AND METHODS

Experimental research was conducted at the physio-
logical farm of the Polissya Institute of Agriculture of
the National Academy of Agrarian Sciences of Ukraine,
located in the Korosten territorial community, which
falls within the third zone of radioactive contamina-
tion due to the Chornobyl disaster (Hrozyne village,
Korosten district, Zhytomyr region), on young cattle
(bulls) of Ukrainian Black-and-White dairy breed during
2022-2023. For the experiment, two groups of clinical-
ly healthy bulls (7 animal units in each) were formed
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using the balanced group method according to method-
ological guidelines (Ibatullin & Zhukorskyi,2017).When
forming the experimental groups, the origin, live weight,
age, and growth rate of the animals during the compar-
ative period were considered. The average live weight
of the young cattle at the beginning of the experiment
was 151.3-151.7 kg, and their age was 6.5-7.0 months.
During the experiment, the animals were tethered and
fed twice a day. The feeding and watering regimes, as
well as the microclimate parameters, were identical in
both groups. The duration of the comparative and ex-
perimental periods was 66 and 242 days, respectively.

The diets of the experimental animals did not differ
significantly in terms of feed composition between the
experimental groups, although the diets were balanced
in terms of their content of major nutrients. The diets
of the experimental animals were adjusted monthly ac-
cording to the average daily gains and live weight of
the animals, following modern detailed feeding stand-
ards and taking into account the actual chemical com-
position and nutritional value of the feed (Ibatullin et
al., 2016). For feeding the bulls, cereal hay, mixed grass
silage, wheat, triticale, and lupin chop were used, which
were harvested from agricultural lands with a soil **’Cs
contamination level of up to 185 kBg/m?. Maize grain
and GM soy for the study were grown and supplied from
a farm in Zhytomyr district (State Enterprise Research
Farm “Nova Peremoha”).

According to the experimental design, the young
cattle in Group | (control) received a standard farm diet
consisting of mixed grass silage, cereal hay, common
salt, and grain mixture No. 1. Animals in Group II (ex-
perimental) received, in addition to the basic diet, grain
mixture No. 2 (Table 1). The difference in feeding the
experimental bulls during the main experimental pe-
riod was that animals in Group | (control) received the
same diet as in the comparative period of the exper-
iment. Meanwhile, in Group Il (experimental), 40% of
wheat chop (by weight) in the diet was replaced with
40% corn chop, and 30% of lupin chop was replaced
with an equal amount of genetically modified extruded
soybeans. In the feed ration structure of the bulls, in
terms of energy value, concentrates accounted for 39.4-
41.3%, roughage for 23.8-24.6%, and succulent feed for
34.9-36.0%.

Table 1. Composition of grain mixtures during the research, % by weight

Concentrated feeds

Grain mixture No. 1

Grain mixture No. 2

Wheat chop 40
Corn chop 40
Lupine chop 30
GM extruded soybeans 30
Triticale chop 30 30
Total 100 100

Source: compiled by the authors
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Feed samples were collected into polyethene bags,
which were labelled with the feed name and the date
of collection. The average sample weight for the analy-
ses was 1.5 kg. Collected samples were delivered to the
laboratory for further analysis on the day of collection.
After the completion of the research, a control slaughter
of three animals from each group was conducted at the
Ovruch Meat Processing Plant, with live weights corre-
sponding to the group averages, using the technology
accepted in meat processing plants. The pre-slaughter
live weight of the bulls in Groups I and Il was 372.7 kg
and 392.7 kg, respectively.

For laboratory analysis, samples of the longissi-
mus dorsi muscle between the 9™ and 12* ribs of the
right half-carcasses were collected after 48 hours of
cooling at 4°C. The weight of the collected samples of
muscle tissue and liver was 1 kg, kidneys - 0.8-0.9 kg,
and testes - 0.15-0.2 kg from each slaughtered ani-
mal. Samples were packaged in tight polyethene bags
with zip closures. Labels were attached to the bags in-
dicating the sample (product) code and animal num-
ber. The specific activity of **’Cs in feed and products
(longissimus dorsi muscle and liver) was determined
using a SEG-0.5 gamma-ray spectrometer. Laboratory
analyses of muscle tissue, liver, kidneys, and testes of
animals, as well as feed for Pb, Cd, Cu, and Zn content,
were conducted in the Agrochemical Research, Environ-
mental Safety of Land, and Product Quality Laboratory
at the Institute of Agriculture of Polissia NAAS. Plant
and animal samples for heavy metal content were an-
alysed using the atomic absorption method according
to DSTU 7670:2014 (2015), with analysis performed on
an atomic absorption spectrophotometer “Kvant - 2A",

The transfer factors (TF) of *’Cs and heavy met-
als (Pb, Cd, Cu, Zn) from feed to animal products were
calculated using the formula: TF=C_/C_ - *100,where
TF is the transfer factor; C,,,, is the content of **’Cs and
heavy metals in animal products, Bq/kg, mg/kg; C,,. is
the content of *’Cs and heavy metals in the daily ration,
Bg, mg (Mamenko & Portyanyk, 2019). This factor is a
relatively integrated indicator that reflects, in percent-
age terms, the migration of harmful substances from
the diet into the product, allowing for a comparative
assessment of the transfer of pollutants when using
different feed mixtures for feeding bulls. The research
data were processed using variation statistics based

on the calculation of the arithmetic mean (M), mean
squared error (m), and significance of the difference
between comparable indicators (P) (Ruban et al., 2020).
ALl manipulations with animals were carried out by the
European Convention for the Protection of Vertebrate
Animals used for Experimental and Scientific Purpos-
es, as well as the Law of Ukraine “On the Protection
of Scientific Institutions Conducting Experiments and
Experiments on Animals” (European Convention for the
Protection..., 1986; Law of Ukraine No. 3447-IV..., 2006;
Order of the Ministry of Agrarian Policy and Food of
Ukraine No. 550 ..., 2017).

RESULTS AND DISCUSSION

Based on the average daily feed consumption by the
animals and the *"Cs content in the feed (Fig. 1), the
average daily intake of this element into the bodies of
growing and fattening bulls was calculated. In Group I,
this figure was 123.2 Bq/day, which is 0.9 Bg/day higher
than in Group II. In the course of the research, the main
pathways of receiving **’Cs entry into the animals’ bod-
ies: the lowest level of radioactive caesium was found
in grain mixture No. 2 - 4.0 Bg/kg, and the highest - in
mixed grass silage (7.5 Bg/kg).

Specific activity 137Cs, Bq/kg

M Grain mixture No. 2, Bg/kg
B Grain mixture No. 1, Bg/kg

Cereal hay, Bg/kg

B Mixed grass silage, Bg/kg

Figure 1. The specific activity of *¥’Cs in feed
Source: compiled by the authors

Observations of the behaviour of bulls fed radioac-
tively contaminated feed during the comparative and
main observation periods did not reveal any abnormal
symptoms in any of the animals. The study found a sig-
nificant intergroup difference in the concentration of
1%7Cs in the slaughter products of the experimental ani-
mals depending on the feed factor (Table 2).

Table 2. Specific activity of 137Cs in bulls slaughter products, Bq/kg

Groups
Indicators
| - Control Il - Experimental
137Cs concentration in the feed, Bg/kg 123.2 1223
137Cs concentration in muscle tissue, Bg/kg 6.34 £0.24 3.77+0.25"
137Cs concentration in the liver, Bg/kg 4.50 £0.15 488 £0.41

Note: ** P>0.99
Source: compiled by the authors
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The examination results showed that the specific
activity of ¥’Cs in the longissimus dorsi muscle and
liver of bulls in both experimental groups was with-
in the range of 3.77-6.34 Bg/kg and 4.50-4.88 Bq/
kg, respectively, which is significantly lower than the
permissible levels (PL) for radionuclides in food prod-
ucts established by National Hygienic Regulations of
Ukraine of permissible levels (MP) of radionuclides in
food products (PL established in 2006 - 200 Bg/kg). At
the same time, in animals that consumed diets with

6 5.15

3.65

Transfer factor, %

5
4
3
2
1
0

| - Control
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grain mixture No. 2, the concentration of »*’Cs in mus-
cle tissue was 40.5% lower (P >0.99), and in the liver
8.4% higher, compared to feeding the young animals
with grain mixture No. 1. The transfer factors of **’Cs
into the longissimus dorsi muscle and liver of the ex-
perimental bulls were 3.08-5.15% and 3.6-3.99%, re-
spectively. The highest transfer of *’Cs into muscle
tissue was observed in young cattle of Group | (con-
trol) = 5.15%, and into the liver - in animals of Group Il
(experimental) - 3.99% (Fig. 2).

3.99

3.08 B muscle tissue

liver

Il = Experimental

Figure 2. Transfer factors of ¥’Cs to muscle tissue and liver of bulls

Source: compiled by the authors

The levels of heavy metals (Table 3) in some
feeds exceeded the maximum permissible concentra-
tion (MPC) established by the Order of the Ministry of

Agrarian Policy and Food of Ukraine in the “List of Max-
imum Permissible Levels of Undesirable Substances in
Feed and Feed Raw Materials for Animals” (2017).

Table 3. Concentration of heavy metals in feeds, mg/kg of natural feed

Heavy metals MPC - - Feeds — —
Cereal hay Mixed grass silage  Grain mixture No.1 Grain mixture No. 2
Pb 5.0 3.514 1.340 0.897 0.791
Cd 0.3 0.588 0.052 0.386 0.491
Cu 30.0 6.02 0.30 6.55 5.36
Zn 50.0 12.9 11.7 22.5 18.6

Source: compiled by the authors

The research findings indicate that the levels of Pb,
Cu, and Zn in roughage, succulent, and concentrated
feeds grown on agricultural lands in the Ill zone of ra-
dioactive contamination did not exceed the maximum
permissible limits. However, the highest amount of Pb
was found in cereal hay, while Cu and Zn were most
abundant in grain mixture No. 1. Currently, the amount
of Cu and Zn in the analysed feed types is significant-
ly lower than the maximum permissible concentration,
which is confirmed by the data of Ukrainian authors
on the deficiency of these microelements in feeds of
the Polissia region of Ukraine (Ibatullin et al., 2016). In
terms of Cd content, most of the feeds exceeded the
maximum permissible concentration. For example, this
indicator was higher than the MPC for cereal hay by
96.0%, for grain mixture No. 1 by 28.7%, and for grain
mixture No. 2 by 63.7%. The lowest amount of Cd was
found in mixed grass silage - 0.052 mg/kg.

For feeding the experimental animals, diets with
different types of grain mixtures were used with a Pb

concentration ranging from 27.570 to 27.809 mg/day
(Table 4). According to the Ukrainian State Sanitary
Rules and Regulations “Maximum permissible levels of
certain pollutants in food products” (Order of the Minis-
try of Health No.1238,2020), the maximum permissible
level (MPL) of lead in meat is 0.10 mg/kg, in liver and
kidneys - 0.5 mg/kg, and in testes - not regulated. The
results of the examinations showed that the accumula-
tion of Pb in the longissimus dorsi muscle exceeded the
MPL in animals of both groups by 2.52-2.78 times. How-
ever, the concentration of this heavy metal in the mus-
cle tissue of young cattle in Group I, relative to Group I,
increased insignificantly by 10.3%. The content of lead
in the liver and kidneys of animals in both groups was
lower than the MPL by 20.8-26.6% and 35.4-40.4%, re-
spectively. Nevertheless, feeding the bulls diets with
GM soybeans compared to the control led to a decrease
in Pb content in the liver by 7.3% and an increase in
the concentration of the heavy metal in the kidneys
and testes of animals by 8.4% and 19.7%, respectively.

Scientific Horizons, 2024, Vol. 27, No. 8

39



40

Quality and safety of products using GM soybeans in the diet of bulls

Table 4. Pb concentration in diets and slaughter products of bulls

. Groups
Indicators .
| = Control Il - Experimental

Pb content in the diet, mg/kg 27.809 27.570
Pb content in muscle tissue, mg/kg 0.252+0.004 0.278+0.010
Pb content in the liver, mg/kg 0.396+0.019 0.367 +£0.004
Pb content in the kidneys, mg/kg 0.298+0.008 0.323+0.017
Pb content in the testes, mg/kg 0.193+0.020 0.231+0.041

Source: compiled by the authors

The lowest transfer of this element to the longissi-
mus dorsi muscle, kidneys, and testes was observed in
the animals of Group I. However, in the liver of animals
from this group, Pb levels were 0.09% higher than in
Group Il (Fig. 3). Based on the obtained data, it can be
concluded that among the studied slaughter products

1,6
1,4
1,2

Transfer factor, %

longissimus
dorsi muscle

liver

142
1.33
117
55 1.07

1 0.9 0.83
0,8 0.69
06
0.4
0,2

0

kidneys

of the bulls, Pb accumulates the most in the liver, fol-
lowed by the kidneys and muscle tissue, with the least
accumulation occurring in the testes. Consumption of
hay, silage, and feed mixture No. 2 increased the intake
of Cd in the animals of Group Il by 0.238 mg/day com-
pared to those in Group | (Table 5).

m | - Control

Il = Experimental

testes

Figure 3. Pb transfer factors in slaughter products of bulls

Source: compiled by the authors

Table 5. Cd concentration in diets and slaughter products of bulls

i Groups
Indicators .
| - Control Il - Experimental

Cd content in the diet, mg/kg 2.961 3.199
Cd content in muscle tissue, mg/kg 0.050+0.003 0.055+0.003
Cd content in the liver, mg/kg 0.093+0.011 0.088+0.005
Cd content in the kidneys, mg/kg 0.169%0.006 0.167+0.004
Cd content in the testes, mg/kg 0.096+0.009 0.110+0.019

Source: compiled by the authors

The conducted research indicated that the concen-
tration of Cd in the longissimus dorsi muscle of young
cattle in the fattening Group Il (experimental) exceeded
the MPC by 10.0%, while the content of this element
in the muscle tissue of animals in Group | (control)
was at the level of sanitary and hygienic requirements
(0.050 mg/kg). At the same time, in bulls that consumed
grain mixture No. 2 (Group 1) as part of their diet, com-
pared to grain mixture No. 1 (Group ), there was an
increase in Cd accumulation in the longissimus dorsi
muscle by 0.005 mg/kg, or by 10.0%, with no signifi-
cant intergroup difference. The highest Cd content in
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the liver was found in the experimental young animals
of the control group - 0.093 mg/kg, which did not ex-
ceed the normative values (0.50 mg/kg). In animals fed
grain mixture No. 2, the concentration of Cd in the liver
decreased by 0.005 mg/kg, or 5.4%, compared to Group
I. The inclusion of different feed mixtures in the diet of
the bulls during fattening did not significantly affect the
Cd content in the kidneys and testes. Thus, when using
grain mixture No. 2 compared to grain mixture No. 1,
the element concentration decreased in the kidneys by
1.2% and increased in the testes by 14.6% at P <0.95.
The transfer factors of Cd into products were low and
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amounted to 1.68-1.71% in muscle tissue, 2.75-3.14%
in the liver, 5.22-5.70% in the kidneys, and 3.24-3.43%
in the testes (Fig. 4). It should be emphasised that the

highest amount of this heavy metal accumulates in the
kidneys of animals, followed by the testes, then the liv-

6,00

X 500

g 400

8 314578
= 300

=

B L0 168 171

&

[

1’00 .
0,00
The longissimus
dorsi muscle

Liver

er,and finally the longissimus dorsi muscle.

5.70 597
324 343 H Group |
I Group I
Kidneys Testes

Figure 4. Cd transfer factors in slaughter products of bulls

Source: compiled by the authors

The concentration of Cu in the longissimus dor-
si muscle, kidneys, and testes was low, ranging from
0.64-0.75 mg/kg, 2.92-3.37 mg/kg, and 0.63 mg/kg,
respectively, and did not exceed the maximum per-
missible concentration (Table 6). The highest content
of this element was found in the liver of the experi-
mental animals - 16.0-20.4 mg/kg, which was slightly

higher than the MPC in the latter case. In the muscle
tissue, liver, and kidneys of bulls in the experimental
group, whose diets included grain mixture No. 2 with
genetically modified soybean, the copper content was
higher compared to their counterparts in Group | (con-
trol) by 17.2% (P > 0.95), 27.5%, and 15.4% (P > 0.95),
respectively.

Table 6. Cu concentration in diets and slaughter products of bulls

. Groups
Indicators .
| - Control Il - Experimental
Cu content in the diet, mg/kg 33.19 30.50
Cu content in muscle tissue, mg/kg 0.64 £0.02 0.75 +£0.03
Cu content in the liver, mg/kg 16.0 £ 3.56 204 296
Cu content in the kidneys, mg/kg 2.92+0.12 3.37+0.06°
Cu content in the testes, mg/kg 0.63 £0.04 0.63 £0.09

Note: ** P>0.99
Source: compiled by the authors

The transfer factors of Cu from feed rations to the
liver of the animals were high - 48.20-66.88% com-
pared to 1.90-2.06% in the testes, 1.93-2.46% in the
longissimus dorsi muscle, and 8.80-11.05% in the kid-
neys (Fig. 5). A positive trend was observed: with the in-

) 1.93
The longissimus dorsi muscle 2.46

A

troduction of maize and GM soybeans into the feed grain
mixture,the accumulation of Cu in the longissimus dorsi
muscle, liver, kidneys, and testes of animals in Group Il
(experimental) relative to the control increased by
0.53% abs., 18.68%,2.25%,and 0.16% abs., respectively.

48.20
Liver — 66.88

8.80
Kidneys 11.05
ﬁ 1.90
Testes 2.06

0,00 10,00 20,00

30,00
Transfer factor, %

Group |

W Group Il

40,00 50,00 60,00 70,00

Figure 5. Cu transfer factors in slaughter products of bulls

Source: compiled by the authors
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A significant amount of Zn was supplied to the
experimental bulls with the feed rations (233.10-
224.29 mg/day), therefore its accumulation in the prod-
ucts was the highest among the studied heavy met-
als: in the longissimus dorsi muscle - 25.5-29.9 mg/
kg, liver - 30.9-31.0, kidneys - 13.98-15.10, and tes-
tes - 11.70-16.55 mg/kg without exceeding the MPC

(Table 7). Moreover, when feeding young cattle in
Group Il with a grain mixture containing genetically
modified soybean (30% by weight) compared to Group |
(30% by weight of lupin), the concentration of Zn in
slaughter products increased: in the longissimus dorsi
muscle - by 17.2% (P > 0.95), liver - by 0.3%, kidneys -
by 8.0%, and testes - by 41.4%.

Table 7. Zn concentration in diets and slaughter products of bulls

. Groups
Indicators -
| - Control Il - Experimental

Zn content in the diet, mg/kg 233.10 224.29
Zn content in muscle tissue, mg/kg 25.5+0.49 299+0.71*
Zn content in the liver, mg/kg 309517 31.0+0.99
Zn content in the kidneys, mg/kg 13.98 £ 0.67 15.10 £ 0.49
Zn content in the testes, mg/kg 11.70+£1.32 16.55+1.99

Note: ** P>0.99
Source: compiled by the authors

As a result, the transfer factors of Zn to the products
of bulls in the experimental group (Group Il) relative
to the control group also increased: in the longissimus

=
o

dorsi muscle - by 2.36% abs., in the liver - by 0.57%,
in the kidneys - by 0.74%, and in the testes - by 2.36%
abs. (Fig. 6).
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Figure 6. Zn transfer factors in slaughter products of bulls

Source: compiled by the authors

Research conducted on young cattle grown in the
third zone of radioactive contamination has revealed
certain patterns in the transfer of heavy metals into
animal products. According to the research results, the
transfer factors of heavy metals were (%):

* in the longissimus dorsi muscle: Zn - 10.93-
13.33>Cu-1.93-2.46>Cd - 1.68-1.71>Pb - 0.90-1.00;

* in the liver: Cu - 48.20-66.88 > Zn - 13.25-
13.82>Cd - 2.75-3.14>Pb - 1.33-1.42;

= in the kidneys: Cu - 8.80-11.05 > Zn - 5.99-
6.73>Cd - 5.22-5.70>Pb - 1.07-1.17;

® in the testes: Zn - 5.01-7.37>Cd - 3.24-3.43>Cu -
1.90-2.06 >Pb - 0.69-0.83.

These laboratory research results demonstrate and
confirm that Zn exhibits the highest migratory and dep-
ositional activity in the longissimus dorsi muscle and
testes, while Cu has the highest activity in the liver
and kidneys. Cd also displays significant accumulation
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properties. The transfer factors of cadmium were 1.7-
1.9 times higher than those of lead (Pb) in muscle tis-
sue, 1.9-2.4 times higher in the liver,4.5-5.3 times high-
er in the kidneys, and 3.9-5.0 times higher in the testes.

When growing cattle and producing beef in areas
with varying levels of radionuclide contamination, the
primary goal is to provide animals with ‘clean” feed and
to reduce the transfer factors of *’Cs and heavy met-
als into livestock products. However, this is not always
achievable. Therefore, measures to significantly reduce
the specific activity of radionuclides and the concen-
tration of heavy metal salts in feed, as well as chang-
es in the structure of animal diets and the addition of
supplements to ensure adequate nutrition, can contrib-
ute to reducing the transfer of harmful substances into
livestock products. Feeding animals clean and safe feed
is not only crucial for their health but is also a signifi-
cant factor in reducing the impact of toxic substances




on human health. The accumulation of radionuclides
and heavy metals in animal organs and tissues is a
complex environmental issue that primarily depends
on the concentration of toxicants in feed and the du-
ration of feed consumption by animals. Other factors
such as the age, weight, and sex of animals are less
significant (Cygan-Szszegielniak & Stasiak, 2022).

According to R. Kulibaba et al. (2023), contaminat-
ed feed is the primary pathway for radionuclides to
enter animal organisms after a nuclear disaster, while
air and water intake were most significant for animals
in the early stages of a nuclear accident. Furthermore,
research by V. Kozak and V. Brygadyrenko (2018) re-
vealed that chemical elements such as lead and cad-
mium and their compounds are highly toxic and do
not decompose in soil or water. Instead, they migrate
through the food chain, causing adverse effects on
both humans and animals. The authors’ studies indi-
cate that the main contaminants of meat, liver, kid-
neys, and testes in animals in the Polissia region are
coarse feed produced by natural drying and silage.
Young animals have a biological capacity for inten-
sive growth, development, and efficient utilisation of
nutrients in muscle tissue when provided with a com-
plete diet. Therefore, the production of high-quality
beef should be based on a stable, environmentally
friendly, and nutritionally complete diet for young
animals from birth to slaughter, depending on age,
breed, and live weight.

Following the conducted study, the authors com-
pared the total amount of heavy metals ingested by
bulls through feed and their content in muscle tissue,
liver, kidneys, and testes. They observed the follow-
ing accumulation patterns. Firstly, there is an une-
ven digestion of individual elements within the an-
imal’s body. Secondly, a significant portion of these
elements is not deposited in the longissimus dorsi
muscle or internal organs but is excreted from the
body. Similar results were obtained in studies by I.
Yashchuk and I. Savchuk (2021) when optimising the
protein nutrition of bulls using various high-protein
feeds. According to their data, the transfer factors to
the young cattle’s body were: copper - 3.62-3.97%,
zinc - 3.33-3.41%, cadmium - 2.16-2.87%, and lead -
0.3-0.6%, which aligns with the results of the con-
ducted experiment. Therefore, in conditions of high
anthropogenic load to reduce the accumulation of
harmful substances in animal organisms and obtain
high-quality livestock products, scientifically sound
feeding systems should be applied, balanced in terms
of basic nutritional parameters.

According to both Ukrainian and international re-
search, the transfer factors of radioactive substances
and heavy metal salts from feed to livestock products
are influenced by production and processing technol-
ogies, as well as environmental conditions (Mamenko
& Portiannik, 2021; Chalabis-Mazurek et al., 2021). The
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type and digestibility of feed, along with the age and
physiological state of animals, significantly impact the
transfer of these toxicants from feed to products. Addi-
tionally, the level and quality of animal feeding, a bal-
anced diet in all nutrients with radioprotective prop-
erties, also influence transfer factors. Such substances
can increase the body’s resistance to radiation, accel-
erate the excretion of toxicants, and reduce their con-
tent in livestock products. These substances include
sulphur-containing amino acids, minerals, vitamins A,
E, B, and C, and fibre (Hashemi, 2018; Alengebawy et
al., 2021). Furthermore, selecting the optimal type of
animal feeding can significantly reduce the transfer of
radionuclides and heavy metals into livestock prod-
ucts, as confirmed by studies conducted on dairy cows,
young cattle, and pigs.

It is anticipated that the findings of the authors’
research will assist experts in understanding the bio-
logical mechanisms of the internal effects of **’Cs, Pb,
Cd, Cu, and Zn when feeding young cattle with diets
containing various high-protein feeds in a radioactive
contamination zone. This understanding is crucial for
organising biologically complete feeding regimes and
producing safe food products.

CONCLUSIONS

When using various high-protein feeds for optimising
the protein nutrition of young cattle, it was found that
the specific activity of **’Cs in the longissimus dorsi
muscle and liver of the experimental animals varied
between groups within the range of 3.77-6.34 Bq/kg
and 4.50-4.88 Bqg/kg, respectively, and did not exceed
the established standards (PL-2006 = 200 Bg/kg). At
the same time, the introduction of GM soybean into
the grain mixture led to a decrease in the concentra-
tion of radiocesium in the muscle tissue of bulls in
Group Il (experimental) compared to the control by
2.57 Bg/kg, or by 40.5% with a statistically significant
difference (P > 0.99). Moreover, the transfer factor of
the radionuclide into the muscle tissue of animals in
the second group compared to the first group was also
2.07% lower (absolute). The concentration of Pb in the
longissimus dorsi muscle of young animals in both
groups was 2.52-2.78 times higher than the MPC, and
the level of contamination of muscle tissue with Cd
and liver with Cu in Group Il of bulls also exceeded
sanitary-hygienic requirements by 10.0% and 2.0%, re-
spectively. The introduction of 40% (by mass) of maize
grain and 30% of GM soybean into the grain mixture
instead of the same amount of wheat and lupin chop
during the fattening of animals in the third zone of
radioactive contamination contributed to significantly
higher content and transfer of heavy metals into mus-
cle tissue: Pb - by 10.3% and 0.10% abs.,Cd - 10.0 and
0.03,Cu-17.2 and 0.53,and Zn - by 17.2% and 2.40%
abs.Moreover, the use of grain mixture No. 2 in the diet
of young cattle in Group Il compared to Group | led to
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a higher concentration and transfer of heavy metals
to all internal organs of the bulls, except for the con-
tent of Pb and Cd in the liver and Cd in the kidneys.

Further research will be aimed at studying various
feedstuffs and feeding types for young mallard ducks
to reduce the accumulation of radionuclides and heavy
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AHoTauif. BupobHULTBO SKicHMX | 6e3neYHMX XapyoBUX MPOAYKTIB B yMOBaX PafioakTMBHOIO 3abpyLHEHHS TepuTopii
BHACNIAOK aBapii Ha YopHOOWMNBCbKIA aTOMHIA enekTpocTaHLii Oyno i 3anuWAaETbCs akTyanbHOK npobnemoto.
MeTa pob0TM — BU3HAUMTM MOKA3HMKM KOHLEHTpauii Ta nepexoay 137Cs, Pb, Cd, Cu, Zn y npoaykuito byranuis 3a
BKJ/IIOYEHHS Y IX paLioOHWN pPi3HWMX BUCOKODINKOBMX KOPMIB — JIOMMHY BY3bKOMIMCTOIO Ta reHETMYHO MOAMGDIKOBaHOI
coi. [pn npoBeaeHHi AOCNIAKEHb BUKOPUCTAHI HACTYMHI METOAM: 300TEXHIYHI (MOCTaHOBKA i NpOBefeHHS HayKOBO-
rocnofapCbkoro eKCnepuMeHTy Ha TBapuHax), pafioNioriuHi i CNeKTpPOMETPUYUHI (BU3HAYeHHS KoHueHTpauii 137Cs,
Pb, Cd, Cu, Zn B KOpMax, HAaMAOBLWIOMY MA3i CMMHU, NEYiHLi, HUPKaxX i CiMaHMKax Oyraiuis), cTaTUCTUYHI. byno
BCTAHOBJIEHO, L0 33 BUKOPUCTAHHS Y CKNafi 3epHocyMili M-coi, koHueHTpauiga 137Cs B M930BiiM TKAHWHI TBApUH
Il (pocnifHOT) rpynu BiLHOCHO KOHTPOMK 3HMXYBanacs Ha 2,57 bk/kr, abo Ha 40,5 % 3a cTaTUCTMUYHO 3HAYyLWOi
MiXrpynoBoi pisHuui (P>0,99). o Toro x koedilieHT nepexony pafioHyKAigy B MA30BY TKaHUHY TBapuH |l rpynu
MOPIBHSHO 3 aHanoramu | rpynu Takox BUSBMBCS MeHWMUM Ha 2,15 % abc. Ymict Pb y M930Bii TkaHuHI byraiuis
060X NiafoCNiAHMX rPyN NepeBuLLYBaB MPAHNYHO AONYCTUMY KOHLEHTpaLito B 2,52-2,78 pa3a, a koHueHTpauis Cd y
HaipoBsworo Ma3i cnuum i Cu B neviHui TBapuH Il rpynu Takox BMsBMAACS BiNbLUOI 33 CaHITapHO-TIriEHIYHI BUMOTK
Ha 10,0 % i 2,0 % BinnoBigHo. YBeneHHs o cknagy 3epHocyMiwi 40 % (3a Macoto) gepTi Kykypyasu i 30 % 'M-coi
3aMiCTb TaKOI X KiNbKOCTI AepTi nweHuui i ntonuHy 3a Bigroaisni tBapuH y Il 30Hi pagioakTnBHOro 3abpyaHeHHS
CNpUSIE 3HAYHO GinNbWOMY BMICTY i Mepexody BaXKMX MeTaniB y Ma30BY TKaHuHy: Pb — Ha 10,3 % i 0,10 % abc.,
Cd-10,0i0,03,Cu-17,2i0,531aZn-Ha 17,2 % i 2,40 % abc. Pe3ynbTaTv JOCNIAKEHD MOXKYTb OYTUM BUKOPUCTaHI
y CiflbCbKOroCnoaapcbkux MiAnpUEMCTBAX i 0COBUCTUX rOCNOAAPCTBAX HACENEHHS, SIKi BUPOONSOTb TBAPUHHULLbKY
NPOAYKLi0 Y 30Hi 3 NiABULLEHUM TEXHOTEHHUM HAaBAHTAXKEHHAM
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