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Abstract. The growing interest in non-ionizing radiation and its potential biological effects has 
stimulated research into its application in animal husbandry. This article examines the impact 
of non-ionizing radiation, specifically extremely low-frequency pulsed electromagnetic fields 
(ELF-PEMF), on the productive indicators of dual-purpose chickens of the Dominant D959 
crossbreed. Changes in the mass of eviscerated carcasses and selected internal organs were 
analyzed under the influence of different levels of extremely low-frequency non-ionizing 
radiation. Particular attention was paid to the qualitative characteristics of the meat – the 
content of crude protein in hydrolysates of breast muscle proteins in the experimental chickens. 
The study revealed no pathological changes in the internal organs of chickens after exposure 
to ELF-PEMF, confirming the biological safety of the applied irradiation modes regardless of 
the protein content in the diet. The results indicate that statistically significant changes in the 
examined parameters occur under certain exposure conditions. In particular, a reliable 
increase in the mass of the eviscerated carcass was observed under a 30-minute daily 
irradiation regimen over 150 days, with the chickens being fed diets either 15% higher or lower 
in protein content. The research suggests a potentially positive role of periodic ELF-PEMF 
exposure as an adaptogenic factor that helps maintain or even increase protein content in 
muscle tissue, especially under conditions of moderate stress and adaptive protein deficiency. 
At the same time, constant electromagnetic exposure under nutrient-deficient conditions was 
found to suppress protein metabolism. The data obtained support the prospect of using ELF-
PEMF as a growth-promoting factor for chicken muscle mass, with constant exposure 
appearing more effective than periodic exposure. The mode of electromagnetic field exposure 
should be considered a significant regulator of metabolic processes capable of modulating 
protein metabolism efficiency depending on the organism’s nutritional status. Further research 
should aim to explore the underlying mechanisms of this influence and to optimize the 
parameters for applying ELF-PEMF in poultry farming to achieve maximum productivity. 
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In the current context of poultry farming development, increasing the productivity of 

agricultural poultry and improving meat quality have become particularly important 
(Balamatsia, 2006; Asmarani, 2024). The growing demand for environmentally safe and high-
quality meat encourages the search for new technologies that achieve high performance 
without the use of chemical growth stimulants (Alugwu, 2022). One promising direction is the 
use of physical factors, particularly non-ionizing radiation, which includes electromagnetic 
radiation of various ranges (ultraviolet, infrared, microwave, etc.) (Lin, 2011; Prosyanуi, 2020; 
You, 2024). 

Among environmental factors that cause significant changes in the functional state of 
biological organisms, electromagnetic fields (EMFs) play a special role (Zymantienė, 2020; 
Tong, 2024). 

Studies on the biological effects of the hypogeomagnetic field indicate that this factor 
induces a wide range of physiological, biochemical, and morphological changes in the 

 

organism (Balamatsia, 2006). This is directly related to the issues of «industrial extreme 
conditions», «magnetic deprivation», or «situational industrial chronic stress» (Wang, 2021). 

Unlike ionizing radiation, non-ionizing radiation does not have the ability to break molecular 
bonds but can influence physiological and biochemical processes in animals (Gunes, 2020). 
Recent studies suggest a potential positive effect of such radiation on metabolism, immune 
response, and morphofunctional characteristics of tissues (Hashim, 2024). However, data on 
the effect of non-ionizing radiation on the meat productivity of chickens remain limited and 
contradictory, highlighting the need for further research in this area (Wang, 2021). 

A key feature of the effect of electromagnetic radiation (EMR) on biological objects is its 
pronounced resonance (frequency-dependent) nature, which is considered one of the principal 
differences between informational and energetic influences, the latter being less sensitive to 
frequency (Chun, 2010; Lindberg, 2024). 

Based on a review of the literature, it can be concluded that EMFs, especially with 
prolonged exposure, can cause physiological and morphological changes in animals (Indiarto, 
2023). Changes in body weight and the condition of internal organs depend on the 
characteristics of the radiation (frequency, intensity, duration) and the sensitivity of the specific 
animal species. Given the inconsistency of the results, the topic requires further in-depth 
experimental research (Chun, 2010). 

Electromagnetic radiation, as a non-specific stimulus that can trigger a range of adaptive 
responses and increase the overall adaptive resistance of the organism, allows the relevance 
of this research and the mechanisms of EMR action to extend from fundamental biological to 
applied agricultural aspects. 

The aim of this study is to investigate the effect of extremely low-frequency pulsed 
electromagnetic fields (ELF-PEMF) on the quantitative (weight of the eviscerated carcass and 
internal organs) and qualitative (crude protein content in breast muscles) indicators of meat 
products in Dominant D959 crossbreed chickens. The results of this study may serve as a 
basis for the development of new biotechnological approaches in poultry farming aimed at 
improving product quality while maintaining safety and environmental sustainability. 

Materials and methods. The study was conducted on Dominant crossbreed chickens, 
D959, raised under standard poultry farm conditions. One hundred clinically healthy 6-month-
old chickens were selected for the experiment. They were divided into four experimental groups 
and one control group, each consisting of 20 chickens. 

Irradiation and feeding of the chickens were carried out according to the experimental 
scheme (Table 1). In the magnetobiology laboratory, the room where the experiment was 
conducted was completely de-energized, and all external surfaces were covered with foil to 
isolate it from external magnetic radiation. 

Variable pulse electromagnetic fields (VPEMFs) were generated using a signal generator 
capable of producing magnetic fields with individually set frequencies ranging from 0.01 to 20 
kHz and oscillation amplitudes from 0 to 100 V, which is equivalent to a power of 150 W. 
Voltage and signal modulation control from the generator to the solenoid was performed using 
an S1-49 oscilloscope. The induction produced by the VPEMF was monitored with a G-49 
microteslameter. Experimental studies involving low-frequency VPEMF were conducted at a 
frequency of 8 Hz, which is considered the fundamental frequency of the ionospheric 
waveguide and is close to the frequency of certain biorhythms. 

After the experiment, 150 days later, the chickens were slaughtered and the carcasses 
eviscerated. The eviscerated carcass weight was determined by weighing after removing the 
head, legs up to the hock joint, digestive tract, and thoracic and abdominal organs. The mass 
of the internal organs was determined separately by weighing the liver, heart, lungs, kidneys, 
spleen, and muscular stomach. Before weighing, the organs were rinsed to remove feed 
residues and blood. All weighing procedures were carried out using electronic laboratory scales 
with an accuracy of 0.01 g. 
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Table 1 
Experimental design 

Group Number 
of 

chickens 
VLF-EMF irradiation regimen Feeding regimen 

Experimental I 
20 Irradiation with VLF-EMF for 

30 minutes daily for 150 days 
Basic diet (BD) + 15% 
increased protein level 

Experimental II 
20 Irradiation with VLF-EMF for 

30 minutes daily for 150 days 
BD + 15% reduced protein 

level 

Experimental III 
20 Irradiation with VLF-EMF for 

30 minutes daily every other 
week for 150 days 

BD + 15% increased 
protein level 

Experimental IV 
20 Irradiation with VLF-EMF for 

30 minutes daily every other 
week for 150 days 

BD + 15% reduced protein 
level 

Control 
20 

No irradiation 
BD with protein content 
according to standard 

norms 
Note: VLF-EMF – Very Low Frequency Electromagnetic Field; BD – Basic Diet 
 
Crude protein in the breast muscles of chickens was determined in accordance with DSTU 

EN ISO 5983-2:2022 Animal feedstuffs — Determination of nitrogen content and calculation of 
crude protein content — Part 2: Block digestion and steam distillation method (EN ISO 5983-
2:2009, IDT; ISO 5983-2:2009, IDT). 

All obtained experimental data were processed using methods of descriptive and 
inferential statistics with the help of Microsoft Excel and Statistica 10.0 software. Results are 
presented as mean values (M) and standard deviations (SD). To determine the significance of 
differences between group means, the Student’s t-test was used for normally distributed data, 
while the Mann–Whitney U test was applied when the data distribution deviated from normality. 
Differences between groups were considered statistically significant at p < 0.05. In cases 
where p < 0.01, the differences were considered highly significant. 

Results. During slaughter, we performed a veterinary and sanitary assessment of the 
carcasses and internal organs of the experimental chickens, which revealed no deviations from 
the norm. 

A comparative analysis of the eviscerated carcass weight of chickens from different 
experimental and control groups (Table 2) demonstrated significant changes under the 
influence of low-frequency variable pulse electromagnetic fields (VPEMF-LF). Specifically, the 
eviscerated carcass weight in birds from the first and second experimental groups exceeded 
that of the control group by 1.29 and 1.24 times, respectively (p <0.05). This indicates a 
pronounced positive effect of VPEMF-LF on body weight gain in these groups. 

At the same time, the carcass weight in chickens from the third and fourth experimental 
groups was lower than that of the control group, although these differences were not 
statistically significant. 

As for the internal organ weights, although certain fluctuations were observed between the 
experimental groups and the control group, none of the differences were statistically significant. 
This indicates a stable physiological condition of the internal organs in all groups, which, on 
the one hand, confirms the safety of the applied VPEMF-LF exposure regimens, regardless of 
the protein content in the diet, and on the other hand, demonstrates the lack of substantial 
influence on the development of internal organs. 

 
 
 

 

Table 2 
Eviscerated carcass weight and internal organ weights in chickens 

(M ± m, n = 100) 
 

Indicator Control 
Group Group I Group II Group III Group IV 

Eviscerated body 
weight, kg 1.55 ±0.09 2.00 

±0.11* 
1.92 

±0.09* 1.50 ±0.12 1.51 ±0.08 

In
te
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Liver 38.72 
±0.93 

38.23 
±1.16 

37.91 
±1.02 38.47 ±0.81 37.98 

±1.40 

Heart 10.28 
±0.89 9.64 ±0.70 10.71 

±0.65 9.69 ±0.83 10.13 
±0.92 

Lungs 9.23 ±0.48 9.78 ±0.68 8.96 ±0.70 8.84 ±0.48 8.63 ±0.51 
Kidneys 8.03 ±0.39 8.25 ±0.35 7.99 ±0.30 7.88 ±0.29 7.80 ±0.44 
Spleen 2.99 ±0.19 3.25 ±0.31 2.73 ±0.22 3.04 ±0.43 3.10 ±0.20 
Muscular 
stomach 

38.48 
±1.27 

38.90 
±2.47 

38.74 
±2.16 38.54 ±0.92 37.95 

±0.86 
Note: *p < 0.05 – statistically significant difference compared to the control group. 
 
Based on the conducted research, it was found that the crude protein content in the breast 

muscles of chickens from the fourth experimental group, where VPEMF-LF exposure 
alternated with weekly breaks and the protein level in the diet was 15% below the norm, 
reached its maximum level, exceeding that of the control group by 1.06 times, which is 
statistically significant at p < 0.01 (Fig. 1). 

 
Fig. 1. Crude protein content in the hydrolysates of breast muscle proteins in 

experimental chickens 
 
Under a similar VPEMF-LF exposure regimen but with a 15% increase in dietary protein, 

the crude protein content in the breast muscles of chickens from the third experimental group 
was slightly lower than in group IV, yet 1.04 times higher than the control group (p < 0.05). 

Data analysis shows that in the first experimental group, where birds were exposed to 
VPEMF-LF continuously without interruption and received a protein-enriched diet, the crude 
protein content in breast muscles was 1.05 times higher (p < 0.01) compared to the control 
group. 

Conversely, under the same exposure regimen but with a protein-deficient diet (second 
experimental group), the crude protein level in breast muscle hydrolysates was slightly lower 
than the control value, although the difference was not statistically significant. 
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Discussion. In today's context, with the active implementation of technologies that 
generate electromagnetic fields (EMF), it is important to study their effects on biological 
systems. Particular interest lies in changes in the morphofunctional state of the organism, 
including body weight and the condition of the internal organs of animals under the influence 
of EMF, specifically low-frequency alternating pulse electromagnetic radiation (Prosyanyi, 
2021; Chun, 2010; Lindberg, 2024). 

The results of studies on the effect of EMF on the body weight of animals are contradictory. 
It has been established that radiofrequency radiation causes a decrease in the mass of chicken 
embryos (Siddiqi, 2019). At the same time, research (Dyche, 2012) showed no significant 
changes in body weight under the influence of low-frequency EMF, suggesting that the effect 
depends on the intensity and duration of exposure. 

Studies on laboratory animals indicate that chronic exposure to EMF can lead to structural 
and functional changes in internal organs. Specifically, researchers (Zymantienė, 2020) 
confirm structural and functional changes in the internal organs of laboratory animals after 
chronic exposure to electromagnetic fields. 

Data on the effects of EMF on the cardiovascular system, kidney, and liver function show 
that prolonged exposure to low-intensity EMF can cause both adaptive and pathological 
changes in the body (Yakymenko, 2011). Studies also recorded structural changes in the heart 
muscle of chicken embryos after incubation under EMF conditions (Pawlak, 2018). Other 
studies point to the possible influence of EMF on the hormonal balance, which, in turn, may 
affect body weight growth. In animal experiments, slight fluctuations in weight were observed 
depending on the exposure parameters (Nisbet, 2016). 

However, information on the specific effects of low-frequency extremely low-frequency 
EMF (ELF-EMF) on birds is rather limited. 

Our comparative analysis of the slaughter weights of chickens from the experimental 
groups indicates significant changes under the influence of experimental ELF-EMF exposure 
regimes. Specifically, chickens from the first and second experimental groups showed a 
significant statistically reliable increase in this parameter compared to the control group, 
indicating a real biological effect of the conditions used in these groups. 

The results suggest that continuous, uninterrupted, prolonged exposure to ELF-EMF for 
30 minutes daily, as applied in the first and second experimental groups, positively affects 
muscle mass formation and overall growth intensity. Regardless of the protein content in the 
diet, ELF-EMF acts as a stimulating factor influencing the overall meat productivity of the 
poultry. Meanwhile, in the third and fourth experimental groups, the increase in slaughter 
weight was negligible, and statistical analysis revealed no significant difference compared to 
the control group. This may suggest that intermittent exposure, with weekly intervals of 30 
minutes daily, did not significantly affect the growth intensity of the chickens in these groups. 

These results allow us to hypothesize that continuous exposure to ELF-EMF without 
breaks contributed to more efficient nutrient absorption, intensified metabolic processes, and, 
as a result, more active muscle mass growth. On the other hand, the absence of significant 
changes in the third and fourth experimental groups compared to the control suggests that 
periodic but prolonged exposure to ELF-EMF had no substantial effect on the muscle mass 
increase in chickens. 

Regarding the mass of internal organs, the analysis demonstrated certain fluctuations 
between the experimental and control groups. However, statistical processing of the data did 
not reveal significant differences, which may suggest no substantial impact of the experimental 
factors we used on the morphofunctional state of the internal organs. On the one hand, this 
indicates the biological safety of the applied approaches since no developmental disorders or 
hypertrophy of specific organs were detected, while on the other hand, it indicates a selective 
effect of ELF-EMF mainly on muscle tissue. 

Thus, the results of the study point to the potential of the methods used in the first and 
second experimental groups for improving poultry productivity. Further research could focus 
on determining the mechanisms of these effects, optimizing their dosage or conditions of 
application. 

 

The analysis of the conducted scientific studies allows us to conclude that the effect of 
EMF may have both positive and negative effects on protein metabolism in animal muscles, 
depending on the exposure parameters (frequency, intensity, duration) and the physiological 
state of the organism. 

In particular, in the study (Morabito, 2024), the effect of extremely low-frequency 
electromagnetic fields on the skeletal muscles of adult mice was found to cause oxidative 
stress with short-term exposure, which is subsequently compensated by adaptive mechanisms 
in muscle tissue. Specifically, an increase in protein carbonyl content in muscles was observed 
after the first and fifth weeks of exposure, indicating oxidative protein damage. 

Meanwhile, the effect of pulsed electromagnetic fields can stimulate muscle cell 
proliferation and accelerate muscle tissue regeneration processes without inducing apoptosis 
or significantly disrupting metabolic activity (Zhang, 2016). 

Our research showed that the impact of ELF-EMF combined with different protein levels in 
the diet had a significant effect on the raw protein content in the breast muscles of chickens. 
The highest protein content was observed in the fourth experimental group, where exposure 
alternated with weekly breaks under conditions of protein deficiency (15% less than normal). 
In this case, protein content exceeded the control level by 1.06 times (p<0.01), which may 
indicate adaptive protein metabolism processes in response to intermittent stress caused by 
the electromagnetic field. 

Similar results align with other researchers' data (Takegaki, 2017; Reed, 2023), which 
suggest that intermittent stress factor exposure can activate protein metabolism and stimulate 
protein synthesis in tissues. Likely, alternating periods of exposure with recovery phases 
contribute to the activation of compensatory metabolic rearrangement mechanisms, allowing 
the body to use available protein resources more efficiently, even with dietary protein 
deficiency. Thus, intermittent exposure creates a favorable environment for activating 
compensatory protein metabolism mechanisms, even in conditions of limited protein intake. 

In the third experimental group, where the ELF-EMF exposure regime with breaks was also 
applied but the protein content in the diet was higher, a slight decrease in protein content was 
observed compared to the fourth group, yet the level still exceeded the control by 4% (p<0.05). 
This phenomenon can be explained by studies from other authors (Morabito, 2017; Morabito, 
2024), who established that low-frequency electromagnetic fields can affect protein metabolism 
in muscle tissues. Specifically, the study (Gerardi, 2008) showed that low-frequency EMF 
exposure leads to an increase in protein content in rat muscles, likely due to the activation of 
protein synthesis processes through stress-induced adaptation. Similar data on other tissues 
is provided by Lin (2011), where osteoblasts (7F2) were exposed to low-frequency pulsed 
electromagnetic fields (75 Hz, 1.5 mT) for 9 hours under inflammatory conditions. The results 
showed a significant increase in cell proliferation (by 23%) and expression of type I collagen 
mRNA (by 3.4 times) compared to the control, indicating activation of protein synthesis 
processes in cells. This study demonstrates that low-frequency electromagnetic fields can 
affect protein metabolism in cells, not limited to muscle tissue. 

Interestingly, in the first group (continuous exposure + increased protein content in the 
diet), protein levels were also high (1.05 times higher than the control, p<0.01). This aligns with 
data indicating that a high-protein diet promotes increased muscle protein synthesis (Fouad, 
2014), and continuous exposure, although exerting some stress, when combined with optimal 
feeding, may stimulate anabolic processes. 

On the other hand, in the second group (continuous uninterrupted exposure + protein 
deficiency), a decrease in raw protein content was observed to a level lower than the control, 
though the difference was not statistically significant. This indicates the destructive effect of 
continuous ELF-EMF exposure combined with protein deficiency, suppressing anabolism and 
promoting catabolic processes, as also indicated by some researchers (Gunes, 2020; 
Morabito, 2024). 

Thus, the results suggest that alternating exposure periods with recovery phases (absence 
of ELF-EMF exposure) under even moderate protein deficiency may have a more pronounced 
positive effect on muscle protein synthesis than continuous exposure with adequate or 
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excessive protein supply. This highlights the importance of the exposure regime as a factor 
modulating the metabolic response of the organism. 

Conclusion. Continuous daily exposure of chickens to ELF-EMF for 30 minutes per day 
leads to a significant increase in the weight of the slaughtered carcass compared to the control, 
indicating a stimulating effect of such regimes on the meat productivity of the birds. In chickens 
subjected to intermittent exposure (30 minutes daily with weekly intervals), the increase in 
carcass weight was insignificant and did not reach statistical significance, indicating the 
insufficient effectiveness of this mode of ELF-EMF exposure. The absence of significant 
changes in the mass of internal organs in all groups suggests a selective action of ELF-EMF, 
with a predominant effect on muscle tissue without disrupting the morphological and functional 
state of internal organs. 

The effect of ELF-EMF, combined with different protein levels in the diet, significantly 
influences the crude protein content in the breast muscles of chickens. The highest level of 
crude protein in muscle tissue (6% higher than the control, p <0.01) was observed in the 
experimental chickens, where ELF-EMF exposure alternated with weekly breaks under 
conditions of protein deficiency (15% below the norm), indicating the activation of 
compensatory adaptive mechanisms in protein metabolism in response to intermittent stress. 

Conditions of continuous ELF-EMF exposure combined with an increased protein level 
(+15%) also contributed to the increase in crude protein content in the muscles (5% higher 
than the control, p <0.01). However, in the presence of protein deficiency, the protein level in 
such conditions decreased to values lower than the control, indicating the catabolic effect of 
prolonged ELF-EMF exposure in conditions of protein insufficiency. The obtained results 
suggest that intermittent exposure to ELF-EMF has a more pronounced positive effect on 
muscle protein synthesis, even under conditions of limited protein intake, compared to 
continuous exposure under optimal or excessive protein provision. 
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ВПЛИВ НЕІОНІЗУЮЧОЇ РАДІАЦІЇ НА КІЛЬКІСНІ ТА ЯКІСНІ ПОКАЗНИКИ М’ЯСНОЇ 
ПРОДУКЦІЇ КУРЕЙ 
Просяний С.Б., Горюк Ю.В. (ORCID: 0000-0002-7162-8992), Свінціцька О.О. 
Заклад вищої освіти «Подільський державний університет», Кам’янець-Подільський, 
Україна, email: goruky@ukr.net  
 
Резюме. Зростаючий інтерес до неіонізуючої радіації та її можливого біологічного 
впливу сприяв активізації досліджень щодо її застосування у тваринництві. У статті 
розглянуто вплив неіонізуючої радіації (змінного імпульсного електромагнітного поля 
наднизької частоти (ЗІЕМП ННЧ) на продуктивні показники курей комбінованого 
напряму продуктивності кросу Домінант, Д959. проаналізовано зміни в масі патраної 
тушки та окремих внутрішніх органів за умов впливу різних рівнів неіонізуючого 
випромінювання наднизької частоти. Окрему увагу приділено якісним 
характеристикам м’яса – вмісту сирого протеїну в гідролізатах білків грудних м’язів 
дослідних курей. Проведене дослідження засвідчило відсутність патологічних змін у 
внутрішніх органах курей після впливу ЗІЕМП ННЧ, що підтверджує біологічну 
безпечність застосованих режимів опромінення незалежно від вмісту протеїну в 
раціоні. Результати дослідження свідчать, що за певних використаних нами режимів 
опромінення, виникають статистично вірогідні зміни у досліджуваних показниках. 
Зокрема, виявлено, достовірне зростання маси патраної тушки курей під впливом 
неіонізуючої радіації за схемою опромінення по 30 хвилин щодоби впродовж 150 діб, 
годівля яких проводилась з підвищеним або пониженим на 15 % вмістом протеїну в 
раціоні. Проведені дослідження свідчать про потенційно позитивну роль періодичного 
впливу ЗІЕМП ННЧ як адаптогенного чинника, що сприяє збереженню або навіть 
підвищенню вмісту протеїну в м’язовій тканині, особливо за умов помірного стресу і 
адаптаційного білкового дефіциту. У той же час, постійна дія ЕМП при дефіциті 
поживних речовин має пригнічуваний ефект на білковий обмін. Отримані дані дають 
підстави вважати ЗІЕМП ННЧ перспективним фактором для стимуляції росту 
м’язової маси курей, а постійний режим опромінення – більш ефективним у порівнянні 
з періодичним. Режим впливу електромагнітного поля слід розглядати як важливий 
регулятор метаболічних процесів, здатний модулювати ефективність білкового 
обміну залежно від харчового статусу організму. Подальші дослідження доцільно 
спрямувати на вивчення механізмів впливу, а також оптимізацію параметрів 
застосування ЗІЕМП ННЧ у птахівництві для досягнення максимальної 
продуктивності.  
Ключові слова: неіонізуюча радіація, ЗІЕМП ННЧ, кури кросу Домінант Д959, 
продуктивність, маса тушки, внутрішні органи, м’язова тканина, сирий протеїн 
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